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Infection remains the number one killer worldwide. Nevertheless, it is the expecta-
tion that bacterial infections can be eliminated with antibiotics. Unfortunately, there
remain infections due to bacteria that are difficult to detect and difficult to reach,
because of minimal blood supply, with even the most potent antibiotics. One of the
diseases in this category is infections that initiate on the inner lining of a vital organ,
the heart. These infections are referred to as endocarditis since they involve the
endocardium, the inner lining of the heart and valves. The initial site of infection is
generally in areas exposed to mechanical trauma or prosthetic device. Unfortunately
the damage to the heart if not treated can be fatal and often survival requires surgical
replacement of one of the valves. Despite the tremendous array of antibiotics and
the marked increase in potency of these drugs to eradicate bacterial infection, the
efficacy of treating the relatively avascular lining of the heart or its valvular appara-
tus often eludes the desired effect. This is further complicated by the changing sub-
strate for bacterial endocarditis, namely, artificial valves and devices and the
increasing number of individuals who are immunosuppressed because of drug use,
human immunodeficiency virus infections, or other debilitating conditions.
Endocarditis due to bacteria and other agents remains a continuing threat as well as
a challenge in terms of diagnosis, management, and treatment.

Drs. Chan and Embil have brought together the expertise of pathologists, infec-
tious disease experts, cardiologists, pharmacologists, and surgeons to provide a
comprehensive approach to the problem of endocarditis. The book is organized to
include a chapter on the pertinent pathology followed by population studies. The
diagnostic section is extensive, comprehensive, and very clearly written so that both
medical and paramedical personnel can appreciate the armamentarium and its appli-
cation. The management section is broad based to include the treatment of the acute
and chronic forms as well as potential sequelae that may occur. Echocardiography
has become a major tool in the management of endocarditis and transesophageal
echocardiography is now essential in the diagnosis and management of suspected
prosthetic valve endocarditis. The role of echocardiography is critically assessed in
several chapters dealing with specific clinical situations. The chapters reflect the
authors’ first-hand experience in dealing with endocarditis. The book in essence
brings together the most current and evidence-based approaches as practiced by a
group of experts who are intimately involved in the management of this disease.
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In a world in which longevity is sought by all and life span has doubled just in
the past century, it is expected that bacterial infections will not rob us of this expand-
ing life span. The fact that they can and do in today’s world of modern technology
and ever-revolving therapies remains a sobering thought. This book is an example
of the thoughtful analysis that is required if we are to prevail in our long battle with
serious infections such as endocarditis. It is a gem for the student, the teacher, and
the practitioner.

Robert Roberts, MD, FRCPC, FACC
University of Ottawa Heart Institute
Ottawa, ON, Canada



Endocarditis is a serious disease with a high rate of morbidity and mortality. The
poor outcome of patients with this condition is due in large part to the delay in mak-
ing the diagnosis which frequently can be elusive. As a result of its wide spectrum
of manifestations, endocarditis can mimic many different conditions ranging from
stroke to renal failure. In order to minimize the delay in diagnosis, clinicians need
to always be mindful of the possibility that endocarditis may be the cause of the
symptoms. There have been ongoing efforts in the development of molecular probes
and new imaging techniques to improve our ability to identify the disease early and
reliably. New treatment strategies have been studied with the aim to prevent compli-
cations and to improve survival. This new addition will provide an update on the
current prophylaxis guidelines, the new diagnostic approach in the detection of the
disease, the proposed schemas to predict prognosis, and the new treatment strategies
to improve the outcome of patients afflicted with this serious condition.

The structure of the previous edition is preserved. The book is divided into three
sections with the first section covering the historical perspective and basic princi-
ples, the second section dealing with the diagnosis and management approaches,
and the last section on specific clinical situations that pose management dilemmas.
All the chapters have been updated to include new information from the recent stud-
ies. In particular, the approach to the use of antibiotic prophylaxis has been exten-
sively revised to discuss the implications of the current guidelines on clinical
practice, and the development of new imaging modalities such as positron emission
tomography in the early diagnosis of endocarditis is critically reviewed.
Echocardiography particularly transesophageal echocardiography is indispensible
in the diagnosis and management of this disease. The recent development of three-
dimensional echocardiography has provided unique perspectives of cardiac struc-
tures and may be useful in the assessment of perivalvular complications. This
additional information can be crucial in optimizing outcome during surgical inter-
vention. The role of three-dimensional echocardiography is illustrated with repre-
sentative images and has been included in the chapter on echocardiography. The
treatment of endocarditis has been updated by the inclusion of the current guide-
lines together with an appraisal of the recently published randomized trial on the
effect of early surgery on embolic events.

This update is timely and should be of interest to all clinicians involved in the
care of patients with this serious disease. We believe that this new edition will be a

vii
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good resource for internists, infectious disease specialists, cardiologists, and cardiac
surgeons alike.

We thank all the contributors for the thoughtful and comprehensive treatment of
their topics. Our deepest appreciation goes to our families for their patience and
support during the preparation of the book.
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Allan Ronald

Abstract

Bacterial endocarditis was an invariably lethal usually subacute illness until the
advent of penicillin. Six decades later it continues to often present enigmatically.
However management has improved enormously with more exact etiological and
anatomical diagnosis by means of blood culture and cardiac ultrasound, antimi-
crobial regimens are almost always effective and surgical interventions can usu-
ally ensure adequate cardiac function. Now over 90 % of patients are well 1 year
after an episode of endocarditis. This is a good news story and a host of clinicians
and scientists have made seminal contributions.

Keywords
History of progress with endocarditis ¢ Residual controversies ¢ Major
contributors

Key Points

1. Major advances in the diagnosis and treatment of endocarditis over the past
70 years have transformed our ability to care for and cure this illness.

2. Access to surgical expertise has dramatically improved the prognosis of
patients with endocarditis.

3. Endocarditis remains an elusive diagnosis because of its many disguises.

4. Early diagnosis and prompt correctly chosen antimicrobial therapy are the
most effective way to minimize mortality and morbidity.

A. Ronald, OC, OM, MD, FRCPC, MACP, FRSC, FCAHS

Department of Internal Medicine, St. Boniface General Hospital/University of Manitoba,
C5124-409 Tache Ave, Winnipeg, MB R2H 2A6, Canada
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2 A.Ronald

Case Study

Alfred Reinhart was born in 1907 and contracted rheumatic fever at age 10.
Rheumatic fever left him with severe aortic insufficiency and for about 10 years he
had a diastolic blood pressure of zero. He graduated from Harvard Medical School
at age 21. He became ill with Streptococcus viridans in 1931. He faced this “incur-
able” disease with dignity and went on to provide a vivid chronicle of his clinical
illness.

The following is his description of extrasystoles [1]:

The extrasystole has always affected me as if it were a cannon ball, shot point blank at my
brain. The sensation is that of a terrific explosion, occurring within the narrow and limited
confines of a calcified skull, which refuses to yield to the compressive force. It is like an
irresistible force against an immovable object. Most of the time I am helpless before it and
simply wait patiently in terror until the ordeal has passed.

Reinhart was convinced he had endocarditis when he noticed petechiae on his
wrist [1]:

At approximately one-quarter to twelve that night, I remember distinctly getting up from
my chair and from the table, where my books lay, and taking off my suit coat. No sooner
had I removed the left arm of my coat, than there was on the ventral aspect of my left wrist
a sight which I never shall forget until I die. There greeted my eyes about fifteen or twenty
bright red, slightly raised, hemorrhagic spots about 1 millimeter in diameter which did not
fade on pressure and which stood defiant, as if they were challenging the very gods of
Olympus. I had never seen such a sight before, I have never seen such a sight since, and I
hope I shall never see such a sight again. I took one glance at the pretty little collection of
spots and turned to my sister-in-law, who was standing nearby, and calmly said, “I shall be
dead within six months”.

He died of endocarditis following complications with splenic infarcts, retroperito-
neal hemorrhage, embolic stroke, subarachnoid hemorrhage, and pulmonary edema.

This case illustrates some of the protean manifestations of endocarditis, vividly
described by an observer with medical knowledge. Despite major advances in the
diagnosis and treatment of endocarditis, it remains an elusive diagnosis, and the
complications which afflicted Reinhart are still observed today.

Historical Perspective

Historical perspectives are fraught with interpretation and bias. For this author, par-
ticular points of interest include recollections and reminiscence from 58 years of
medical learning and practice, as an observer to both the science and the manage-
ment of endocarditis and the personal triumphs and failures in the care of patients
with endocarditis. My goal is to provide a historical perspective on what many
regard as the most intriguing of infections.

Several authors attribute the initial description to clinicians and pathologists in
the seventeenth and eighteenth centuries who described the clinical course and
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autopsies in patients who in retrospect almost certainly had bacterial endocarditis.
This includes Rivierins in 1646, Lancisi in 1707, Glynn in 1749, Morgagni in 1769,
and Baillie in 1797 [2]. Baillie clearly differentiated rheumatic endocarditis from
what we now know as bacterial endocarditis [3]. Corvisart in 1806 described the
“warty” lesions on heart valves and some of these appear to have been bacterial
vegetations [4].

Over the next 75 years, however, rheumatic endocarditis and bacterial endocar-
ditis were not differentiated clinically or pathologically. In 1852 Kirkes was the first
to describe emboli arising from heart valves in cerebral, renal, splenic and other
arteries [5]. Subsequently Virchow and Backmann each described embolic phenom-
ena and showed that they contained elements which appeared to be bacteria [6, 7].
Specifically, Heiberg described chains of cocci in vegetation [8].

In 1859 Quinquaud used the term “chronic” to describe a patients’ course and
this allowed subacute bacterial endocarditis to be differentiated from acute [9].
Cayley in 1888 first used the term “infective endocarditis” and this replaced the
earlier term “ulcerative endocarditis” [10]. A major advance occurred when Osler
in his Gulstonian Lecture in 1885 reported on the clinical course and outcome of
209 cases [11]. As well, he identified the tendency of bacteria to localize on “dis-
eased valves”. Osler was also the first to emphasize the importance of bacterial
culture [11, 17].

Concomitantly in Paris, Jaccoud also described endocarditis, and subsequently
in France the disease is often referred to as “Jaccoud’s disease” [12]. The long dura-
tion of the illness and its subacute presentation were emphasized by both Osler and
Jaccoud [11, 12].

Numerous other individuals have made important contribution. At the end of the
nineteenth century, the clinical course of endocarditis and its microbial etiology
were described fully [11-15]. Thayer and Blumer recovered gonococci from the
blood of a patient with endocarditis in 1895 [13]. Lenhartz introduced material from
a vegetative lesion into the urethra of a male patient and produced classical gono-
coccal urethritis [14]. In 1903, Schottmuller isolated the organism from blood cul-
tures of endocarditis patients which he called Streptococcus mitiorseu viridans [15].

The clinical features, including fever and murmur, were well described by Osler
in his classic presentations [11, 16, 17]. The appearance of a new murmur and the
clinical features of embolic phenomena were identified as being particularly impor-
tant for the diagnosis.

In 1893 Osler described “red swollen areas on fingertips” now referred to as
Osler’s nodes and in 1899 Janeway noted the painless lesions on the palms and soles
which now bear his name [16, 18].

Horder carried out classical studies linking anti-mortem blood cultures to post-
mortem valve cultures and published these in 1905 [19]. Positive blood cultures
became the sine qua non for diagnosing endocarditis in the vast majority of patients
and this remains as important today as it was in 1905.

A paradigm shift in management occurred in 1945 when Loewe and colleagues
treated seven consecutive patients successfully with penicillin [20]. Change
occurred rapidly with increasing opportunity to use penicillin and other antibiotics.
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By 1947 Seabury reported on the “Penicillin Era” and noted that it completely
changed the practice of infectious diseases and cardiology as it pertained to bacte-
rial endocarditis [21].

These advances were transforming medical practice as I commenced medical
school in 1957. Although endocarditis was largely cared for, at least in Canada, by
cardiologists who had a variable interest in microbes and antibiotics, the experience
of caring for and curing this previously uniformly fatal illness was one of the most
satisfactory memories of my medical residency at the University of Maryland
Hospital. The importance of blood cultures prior to treatment and antimicrobial
susceptibility tests was paramount. The broad-spectrum bacteriostatic drugs, such
as the tetracyclines and chloramphienicol, were shown to be relatively ineffective.
The dose of penicillin was gradually increased, initially from 100,000 units a day,
which cured only 41 % of patients, to 600,000 units a day, which was still associated
with a substantial mortality [21, 22]. Increasing the dose of penicillin with intrave-
nous and the addition of streptomycin was quickly recognized as the regimen of
choice for penicillin-susceptible streptococci [23].

Anderson and Keefer followed 222 patients who were “responsive to antibiotic
therapy” [24]. Of those who responded with negative blood cultures, only 21 died
within a year — 12 from heart failure, 3 from cerebral emboli, and 2 from renal fail-
ure. An additional 22 % died between 1 and 3 years, primarily of heart failure. The
risk of a new episode of endocarditis was about 2 %/year.

Huge advances continue to occur in the diagnosis and management of bacterial
endocarditis throughout the past 40 years and this history is chronicled within the
remaining chapters. The importance of enterococcal, both coagulase-positive and
negative staphylococcal, and fastidious gram-negative rod endocarditis have all
been recognized, and strategies for early diagnosis and treatment are now routine.
The Duke criteria for diagnosis and its continued modification have made the diag-
nosis more precise [25]. The management of prosthetic valve and intravascular for-
eign bodies infections have become an ongoing challenge. The appropriate timing
for surgical interventions has also become evidence based. In particular, the require-
ment for surgery to be scheduled earlier with particular pathogens and/or complica-
tions has significantly improved outcomes [26, 27].

The role of echocardiography has markedly changed the management of bacte-
rial endocarditis and given us a tool that has enabled the diagnosis to be sensitive
and specific. Today it is difficult to envision management of endocarditis without
access to this technology. Transesophageal echocardiography has become routine
for excluding endocarditis in patients with staphylococcal bacteremia [28].

Recent advances have enabled the serologic and cultural diagnosis of very fas-
tidious microorganisms, including Coxiella brunet, Bartonella sp, Streptobacillus
moniliformis and others [29, 30]. Fungal endocarditis remains unusual and often
requires surgery to achieve a cure. Infective endocarditis of unknown etiology is
now less common due to continued improvements in microbial diagnosis particu-
larly with the advent of nucleic acid technologies.

The ongoing emergence and spread of antimicrobial resistance among bacterial
populations, particularly among patients who use intravenous drugs, may require
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changes in antimicrobial choices and presumably will lead to treatment failures in a
subset where regimens will be less effective [31-34].

The prophylaxis of endocarditis with antimicrobial use during dental and other
procedures has decreased dramatically but these changes remain controversial and
largely expert consensus-based [35, 36]. A small but significant increase in endocar-
ditis has been observed in the United Kingdom where these prophylactic regimens
have been reduced by 85-90 % during the past two decades [35]. Additional
population-based studies are required [37].

Infective endocarditis remains a complex illness and continues to fascinate us as
clinicians and as scientists investigating the complex biologic processes of host and
microbe interactions. Certainly there is more to learn. However, we have reached
the point in 2015 where we can usually precisely diagnose the infection, localize it
to a site on the endocardium, treat it with an established effective regimen, manage
complications including surgical interventions with a low mortality, and expect a
favorable outcome in over 90 % of patients. This is remarkable progress over seven
decades.

Only the future will identify further landmark events that will be highlighted by
individuals recording their memories of this disease. In the meantime, as physicians
seeing patients with a wide variety of symptoms, we must continue to remember the
lessons learned, always obtain blood cultures before antimicrobial therapy is insti-
tuted and remain aware of the many, many presentations of this intriguing illness.
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John P. Veinot

Abstract

Infective endocarditis (IE) may give rise to numerous extracardiac, cardiac and
valvular findings including infected thrombi (vegetations), sequelae of local tis-
sue destruction, and systemic manifestations including vasculitis, emboli and
ischemic events. This is an appropriate term as the causal organisms may be bac-
terial, fungal, rickettsial, or even mycoplasmal. Traditionally a distinction between
acute and subacute IE was made depending upon the illness severity and rate of
disease progression. This reflected an organism’s virulence and the presence of
underlying cardiac disease. With anti-microbial treatment these clinical divisions
have little significance, and it is preferable to think in terms of active, healing, and
healed IE [1, 2]. Endocarditis is now probably best described by its anatomical
location and the organism involved.
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Key Points

1. Infective endocarditis may be definitely diagnosed from surgical or post-
mortem material. It may be an unexpected finding, and suspicious patho-
logic specimens should always be evaluated for microbes.

2. It is useful to consider valve thrombus to be infected until proven other-
wise. Multiple special histological stains to look for bacteria and fungi are
recommended and complimentary.
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3. Grain stain may become negative after antibiotic treatment.

4. Infective endocarditis produces valve destruction usually resulting in valve
regurgitation, but rarely stenosis.

5. Very large vegetations are often from culture negative organisms (HACEK)
or from fungi.

6. Local perivalvular destructive lesions such as abscesses and fistulas may
cause significant complications such as heart failure, and arrhythmias.
This is a dynamic process and generally progressive resulting in perivalvu-
lar regurgitation, pseudoaneurysm or fistula.

7. Prosthetic valve endocarditis may involve both mechanical and biopros-
thetic valves. It may be difficult to treat without surgery.

8. Some of the clinical manifestations related to infective endocarditis are
due to systemic sequelae including sepsis, embolization, and immune
related complications.

Introduction

Infective endocarditis (IE) may give rise to numerous extracardiac, cardiac and valvu-
lar findings including infected thrombi (vegetations), sequelae of local tissue destruc-
tion, and systemic manifestations including vasculitis, emboli and ischemic events.
This is an appropriate term as the causal organisms may be bacterial, fungal, rickett-
sial, or even mycoplasmal. Traditionally a distinction between acute and subacute IE
was made depending upon the illness severity and rate of disease progression. This
reflected an organism’s virulence and the presence of underlying cardiac disease.
With anti-microbial treatment these clinical divisions have little significance, and it is
preferable to think in terms of active, healing, and healed IE [1, 2]. Endocarditis is
now probably best described by its anatomical location and the organism involved.

Infective endocarditis may arise in normal hearts with normal valves, or more
commonly in patients with abnormal cardiac anatomy [2—4]. The most common
pre-existing cardiac valvular lesions are left-sided ones including aortic stenosis
(especially the congenitally bicuspid aortic valve), aortic insufficiency, and mitral
insufficiency [5-9]. Valves damaged by rheumatic fever continue to be the most
common type of predisposing cardiac valvular abnormality in developing countries.
However in developed countries degenerative or age related diseases including
mitral valve prolapse, degenerative aortic stenosis and mitral annular calcification
are becoming a more predominant background for IE [2, 6].

Other important predisposing conditions are congenital heart diseases including ven-
tricular septal defect, patent ductus arteriosus, coarctation, transposition of the great arter-
ies, tricuspid and pulmonary atresia or stenosis, and tetralogy of Fallot [10]. Hypertrophic
cardiomyopathy and prosthetic grafts or valves may also predispose to IE [11].

For IE to occur there are usually three features — valvular thrombus, circulating
bacteria, and bacterial growth on the valve [12, 13]. Hearts may develop valvular
thrombus due to abnormal flow and anatomy. Thrombus may develop due to



2 Pathologic Findings 1

regurgitant jet lesions, on contact surfaces or other areas of mechanical trauma. It
should be realized that many phenomena of modern medicine including prolonged
intubation, immunosuppression, chemotherapy, complex surgical procedures and
increased use of anti-microbial agents might contribute to increased susceptibility
to develop IE [8]. Other predisposing conditions include immunodeficiency, alco-
holism, malnutrition and diabetes [4]. Intravenous drug use (IVDU) may give rise
to a repetitive bacteraemia and is an important risk factor for IE.

Catheter and Line Related IE

Intravascular and intracardiac catheters and devices have proliferated, and now
include pacemakers, defibrillators, indwelling heart catheters, cardiac assist devices,
grafts, and valve or non-valve prostheses. These foreign bodies may be the nidus for
infection and may also lead to thrombus formation on neighboring structures or
heart valves [14]. Insertions of catheters, pacemakers, and cannulas are routine pro-
cedures in modern medical therapy for resuscitation, feeding, hemodynamic moni-
toring, and therapy of disease [15, 16]. Lines or catheters may contuse, tear,
penetrate, perforate, tangle, or thrombose the intracardiac structures. Biofilms of
infecting organisms and extracellular matrix may form on the surface of lines or
devices and serve as a protective environment for the infective organisms [14, 17].

The most common catheter or line-related lesions involve the right atrium, right
ventricle, pulmonary and tricuspid valves [15, 18]. These lesions are rarely signifi-
cant unless they are infected [15]. The catheter lesions are located on the atrial side
of the tricuspid valve or on the ventricular side of the pulmonary valve [18]. The
lesions usually follow the line of the catheter and the catheter may be surrounded by
thrombus which chronically may organize and fibrose.

Infections in defibrillators and pacemakers may occur anywhere along the lead
and are not limited to the tricuspid valve [14]. Pacemakers and defibrillators may
have infection involving either the lead or the pouch, and staphylococci are the most
common pathogens involved [19]. Fungal infection may also be seen [20]. Septic
and bland pulmonary emboli may complicate pacemaker/defibrillator infection. If
the device has been in place for some time, lead extraction is usually impossible and
open-heart surgery and/or laser extraction may be necessary. Ventricular assist
devices are also increasingly used. The percutaneous drive lines are commonly
infected and there may be sepsis. Increasingly these defibrillator, pacemaker and
assist devices are becoming smaller and solely intracardiac ones are being tested.
Whether these will be less or more prone to infection is unknown.

Approach to Infective Endocarditis at Surgery or Autopsy

At surgery or autopsy examination of hearts, valves and vascular prostheses, clinical
suspicion that the patient has IE may or may not be present. The presence of a suspi-
cious valvular lesion should prompt a proper workup for IE regardless of the degree
of clinical suspicion. Before immersion of the heart or resected valve in fixative, a
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Fig.2.1 Gross photograph of excised three cusp aortic valve with infective endocarditis. The left
cusp has adherent infected thrombus (vegetation). The middle cusp has a small non-ruptured
acquired aneurysm (windsock lesion) related to the infection. Ruler = 1 cm

thorough examination should be made to visualize all the valves and perivalvular
structures. Sterile instruments should be used if a suspicious lesion is encountered
at surgery or autopsy (Fig. 2.1). The proper approach is to assume that all valvular
thrombi are infected until proven otherwise. Portions of the actual thrombus should
be submitted for culture. Swabs of the lesions are not recommended. Culture results
should never be interpreted in isolation. Pre-mortem or pre-operative blood cultures
should be consulted. Microscopy of the valve or thrombus to confirm the presence
of microorganisms is essential [21]. Molecular analysis is valuable and part of the
specimen should be reserved for this if possible [22].

Special stains are useful to detect microorganisms, however treatment with anti-
microbial agents has changed the utility of these stains. Gram stain is useful to
detect bacteria, but after a few weeks of antimicrobial treatment the organisms may
not stain (Figs. 2.2 and 2.3) [2]. Therefore silver stains should always be performed
not only to detect fungi but also to detect bacteria that have lost their positive gram
staining, yet still can be detected with silver stain of their cell walls (Fig. 2.4). Care
must be exercised with silver stain interpretation as this stain also highlights cellular
debris and some intracellular organelles. Giemsa stain is useful to detect rickettsial
organisms, which may not stain with the other stains. Other histological stains such
as stain for acid fast bacilli are useful in some clinical situations.

Correlating the blood culture result with cultures of the tissues and vegetation is
essential. Communication with the clinicians may save much frustration if the spe-
cial stains are negative and the organism is known from prior cultures and/or molec-
ular studies. This is common in patients who have received prior anti-microbial
agents [23]. In culture negative IE, the common culprit organisms include Eikenella,
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Fig. 2.2 Photomicrograph of valve cusp with infective endocarditis. The valve cusp tissue is
heavily infiltrated by acute inflammatory cells and there is inflamed thrombus (left). (Hematoxylin

phloxine saffron x200)
- W
A

Fig.2.3 Photomicrograph of valve cusp. This is a gram stain demonstrating large clusters of blue
staining gram positive cocci bacteria. (Gram stain x200)

Brucella, Neisseria, fungi, Chlamydia, acid fast bacilli or right-sided endocarditis
where the lungs filter out the organisms. HACEK (Hemophilus, Aggregatibacter,
Cardiobacterium, Eikenella, Kingella) organisms may be particularly difficult to
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Fig.2.4 Photomicrograph of valve cusp. This is a silver (Grocott) stain demonstrating degenerat-
ing clusters of cocci bacteria. This is an excellent stain for fungi, but it is also useful to detect
degenerating or dying bacteria after antibiotic treatment. (Grocott x200)

grow [24-26]. Clinical history and history of treatment and exposures may be very
relevant [27]. Electron microscopy, immunofluorescence, polymerase chain reac-
tion (PCR) or other molecular techniques may be valuable in the search for these
often culture negative organisms [21, 27-29]. Studies have suggested that PCR may
be a better diagnostic tool than culture, especially after anti-microbial therapy, but
there remains concern about false positives and background contamination [21, 22,
29, 30].

Pathological diagnosis of healed IE can be difficult, as the findings may be non-
specific and organisms frequently cannot be found. The diagnosis can only be made
with confidence when the gross and microscopic features are typical, and there are
collaborative clinical findings. This is quite common in patients with adequate pre-
operative antibiotic treatment.

Active Infective Endocarditis Pathology (Table 2.1)

On gross examination, infected thrombi of variable size, commonly known as “veg-
etations”, are detected along the lines of valve closure or at the low pressure end of
jetlesions [2, 12]. They are usually gray, pink or brown and often friable (Figs. 2.1
and 2.5). They may be single or multiple and may affect more than one valve.
Common sites are the downstream side of the intracardiac high velocity flow jets,
such as the atrial side of the mitral valve or the left atrial endocardium in cases of
mitral insufficiency, the ventricular side of the aortic valve, the ventricular septum
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Table 2.1 Pathology of Acute
valvular sie.quelae of infective Vegetations — infected thrombi
endocarditis -
Valve ulcers or erosions
Aneurysms
Chord rupture

Annular and ring abscess

Endocardial jet lesions

Flail leaflet or cusp
Chronic

Perforations

Calcified nodules

Valve tissue defects

Valve fibrosis

Fig.2.5 Gross
photograph of excised
tricuspid valve from a
patient with intravenous
drug use related bacterial
infective endocarditis.
Numerous large infected
vegetations are present.
Ruler=1cm

or the anterior mitral leaflet in cases of aortic insufficiency, or on the right ventricu-
lar endocardium in ventricular septal defects. Infection may also involve the intima
of a blood vessel distal to a coarctation or involve the pulmonary artery side of an
infected patent ductus arteriosus (Fig. 2.6). Left-sided valve lesions are more com-
mon than right-sided lesions except for cases related to interventional devices, cath-
eters or IVDU [12].

Vegetations may be located anywhere on the valve cusp or leaflet or endocardial
surface. In fact this is an important distinguishing feature to note, as valve thrombi
associated with non-bacterial thrombotic endocarditis (NBTE) and those related to
rheumatic fever do not have this variability in location, and are usually along the
lines of valve closure. Libman Sacks lesions in systemic lupus patients and those
with lupus anticoagulant (anti-cardiolipin or anti-phospholipid antibodies) may be
on both sides of the valve. Thrombi from NBTE, rheumatic fever, Libman Sacks are
not associated with valve destruction.

The valve structures may have destructive lesions including perforations, defects,
aneurysms, erosions and chordal ruptures (Figs. 2.7 and 2.8). The amount of thrombus
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Fig.2.6 Gross
photograph of an opened
pulmonary trunk — artery
with the opening of a
patent ductus arteriosus
that had become infected.
There is ragged material
surrounding the ductus
opening (D) and the
pulmonary valve (PV) is
also destroyed by the
infection

Fig. 2.7 Gross photograph of excised aortic valve with infective endocarditis. There are diffuse
ragged cusp defects and the right cusp has a ruptured cusp aneurysm. Ruler = 1 cm

Fig.2.8 Gross
photograph of an excised
mitral valve leaflet with
infective endocarditis.
There is chordal vegetation
with chord destruction.
Most of the leaflet has no
remaining intact chords.
Ruler =1 cm
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Fig.2.9 Gross
photograph of excised
anterior mitral leaflet with
infective endocarditis
related aneurysm
(windsock lesion)
formation. These infected
aneurysms eventually
erode through and form
valve perforations. Ruler =
lcm

and destruction may mask the underlying predisposing valve disease. Thrombi may
obstruct the valvular orifice creating stenosis, but valvular insufficiency is a more com-
mon complication. Chordal rupture may result in flail leaflets [31]. Leaflet or cusp aneu-
rysms bulge toward the flow surface and may resemble “windsocks”, and IE is the most
common cause for leaflet aneurysm or diverticulum (Fig. 2.9). If the aneurysm ruptures,
the valve may become severely regurgitant due to the resulting cusp or leaflet defect.

On microscopic examination, the appearance of the vegetation depends upon
both the virulence and destructiveness of the organism and the duration of the infec-
tion. Early in the disease course there are fibrin, neutrophils and clumps of organ-
isms (Fig. 2.2). With therapy the organisms may calcify, and the thrombi organize
from the base. Organizing thrombus may show no easily recognizable organisms,
and only show acute and chronic inflammation with neovascularization and fibro-
blastic proliferation. With thrombus organization giant cells may be seen. If giant
cells are prominent one should consider doing serology for Coxiella or considering
a fungal infection or an autoimmune disease. IE can mimic autoimmune diseases,
including many types of vasculitis [9, 32, 33]. Pathological changes in the infected
valve tissue depend on the chronicity or duration of the infection, the virulence of
the organism and the status of the original valve itself. Electron microscopy, immu-
nofluorescence, polymerase chain reaction or molecular techniques are contributory
in the search for organisms [21, 27-29].

Fungal Endocarditis

Fungal endocarditis is usually encountered when there are pre-existing risk factors
such as intravenous drug use, prior cardiac surgery, immunosuppression, intravenous
hyper-alimentation, antibiotic therapy, long term venous catheters, pacemakers, defi-
brillators and other intravascular devices [20]. Fungi may infect native or prosthetic
valves and also devices. The common organisms are Candida and Aspergillus. Classical
clinical manifestations of bacterial IE are often absent. Fungal infected thrombi are
usually quite large and friable (Fig. 2.10) [2, 34]. Valve orifice obstruction leading to
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Fig.2.10 Gross
photograph of excised
anterior mitral leaflet with
large bulky fungal
vegetation. This was
present on both sides of the
leaflet (the back is shown).
The infecting organism
was Aspergillus. Ruler =

1 cm

clinical valve stenosis may occur if the size of the thrombus is large [17, 20, 35, 36].
Embolic events are not unusual and blood cultures are often negative [36]. The organs
receiving the emboli frequently develop abscesses, infarcts or ischemia [20].

Whipple Disease

Patients with Whipple disease have been reported to have symptoms of cardiovascu-
lar disease in 58 % of cases. However, at autopsy 79 % have gross evidence of car-
diac involvement, and of these 53 % have valvular disease [37, 38]. The mitral valve
is the most common valve affected, with the aortic and tricuspid valves also reported
to be involved at times. There are periodic acid Schiff reaction (PAS) positive mac-
rophages on light microscopic examination and bacilliform organisms on electron
microscopy. Polymerase chain reaction performed on blood may be helpful for diag-
nosis [28]. The organism is a Gram positive actinomycete, Tropheryma whippelii
[38]. The infection may lead to fibrosis and chronic inflammation giving rise to a
valve with similar appearance to a post-rheumatic one. The deposits may be nodular
and are often not calcified. Similar pathological changes are found in the myocar-
dium, endocardium, and pericardium [39]. History of gastrointestinal disorder should
be questioned for, as the diagnosis is usually made by small intestinal biopsy.

Chronic Infective Endocarditis Pathology (Tables 2.1 and 2.2)

With successful medical treatment of infective endocarditis the infected vegetations
may organize and the thrombi may form calcific valve nodules. Destructive sequelae
of the infection are common (Fig. 2.11). The valve may have defects at the edges or
central defects forming irregular perforations. Around the holes or perforation there
may be tan nodules of organisms that eventually form fibrocalcific nodules. The
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Table 2.2 Pathology of Perivalvular leaks
perivalvular sequelae of

. . .. Prosthesis dehiscence
infective endocarditis

Annular and root abscess
Pseudoaneurysm

Fistula or sinus formation
Conduction system destruction
Myocardial abscess
Pericarditis

Hemopericardium

Coronary artery compression

Coronary artery erosion, thrombosis or rupture

Fig.2.11 Gross photograph of an excised aortic valve with destructive sequelae of prior infective
endocarditis. The right cusp has a defect surrounded by calcified material (old vegetation). Similar
material is noted on the other two cusps

destruction of the valve tissue may lead to defects at the closing margins resulting
in poor valve coaptation. Distinguishing a post IE perforation from a congenital
accessory orifice may be difficult. In atrioventricular valves congenital orifices
should have surrounding chordae, while a post-IE perforation would not.
Fenestrations, an age related finding, are also confused with perforations. These
fenestrations are located laterally on the valve cusps near the commissures and
always beyond the line of valve closure.
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Chordae may rupture resulting in flail leaflets and valve regurgitation. The rup-
tured chords may knot and calcify along with the organizing infected thrombi. The
valve itself may thicken and the chords may fuse. All these are significant contribu-
tors to chronic valve regurgitation.

Ventricular papillary muscles may rupture for multiple reasons due to IE [40].
The infection may extend from an adjacent chord and cause myocardial necrosis
and rupture. A coronary arterial embolus may cause a myocardial infarct with papil-
lary muscle rupture, similar to any acute myocardial infarct. Finally an embolus
may lead to a myocardial abscess with local tissue destruction resulting in rupture.

Perivalvular Lesions of Infective Endocarditis (Table 2.2)

Extension of the valve infection into surrounding structures predicts a higher mor-
tality, higher risk of significant heart failure and the need for cardiac surgery [28,
41]. In the early stage, perivalvular abscess is largely composed of inflammatory
infiltrate, but at later stages necrosis and cavitation usually develop leading to
destruction of perivalvular tissue. Perivalvular abscess is not a static complication
but is progressive and can evolve into perivalvular leak, fistula and pseudoaneu-
rysm. These perivalvular complications may develop in spite of early valve surgery.
Perivalvular leak due to annular abscess may be seen with native valve IE (aortic
more than mitral), but are especially common adjacent to infected valve prostheses
[7, 42]. Although a perivalvular leak may be technically related to poor tissues,
suture unraveling, suture tissue cut through and other technical matters, it is impor-
tant to keep the possibility of IE in mind with all perivalvular leaks. These leaks
may cause clinically significant congestive heart failure and sometimes hemolysis.
Extension of an active valve infection to adjacent cardiac structures is common
including infected lesions where adjacent valves come in contact or are contiguous —
such as from the aortic valve to the base of anterior mitral leaflet, from the posterior
mitral valve leaflet to the left atrial endocardium, and from the aortic valve to the
ascending aorta [43]. Jet lesions as a result of valvular insufficiency may cause
infected endocardial lesions to form along the path of the regurgitant jet [12, 43].
Infections may also extend from the mitral and aortic valves to the valve annuli
(Fig. 2.12) [44]. This complication is considerably more common in the aortic posi-
tion as compared to the mitral. This may manifest as an aortic root abscess, or the
mitral annulus or mitral annular calcification (MAC) may become infected. MAC is
a common finding in the hearts of elderly patients [45]. It is considered to be an
age-related finding, but it probably represents degenerative changes in the mitral
annulus [46]. It is associated with mitral valve disease, especially mitral valve pro-
lapse due to myxomatous/ floppy mitral valve. Uncommonly the calcium extends
onto the leaflet producing a mass and the calcium may undergo liquefactive necrosis
and grossly mimic IE [47-49]. MAC may ulcerate giving rise to thrombus deposi-
tion with potential for embolization and infection. If MAC is infected, there is usu-
ally leaflet perforation and myocardial abscess formation (Fig. 2.13) [50]. If the
infection spreads into the lateral atrioventricular groove, thrombosis of the
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Fig.2.12 Gross photograph
of opened aortic root and
aortic valve at autopsy. The
aortic valve is destroyed by
vegetations (center) and to
the right there is a large
paravalular aortic root
abscess. This root abscess
contained infected laminated
thrombus material

Fig.2.13 Gross
photograph of longitudinal
section through the mitral
valve, the mitral annulus,
and left ventricle. There is
mitral annular calcification
(MAC) with large abscess
formation in the calcific
material

circumflex coronary artery may develop because of distortion from the local effects
of the infection and development of arteritis. Annular abscesses may also erode into
the pericardial surface producing fibrinous or suppurative pericarditis and hemo-
pericardium with tamponade.

Aortic root abscesses may become a significant source of embolic material and
they may compress structures around the aortic root. If the proximal coronary arter-
ies are distorted, myocardial ischemic sequelae may result. The formation of annu-
lar abscess is not an end event. Rather these structures are progressive with potential
formation of perforations or fistulas. Due to the central position of the aortic valve,
infection of this valve may form fistulas with practically any chamber (Fig. 2.14)
[51]. Each aortic cusp and sinus has its own pattern or propensity for fistula forma-
tion and complication (Fig. 2.15). Infection in the left aortic cusp or sinus may
spread through the aortic wall and cause pericarditis or tamponade, or a fistula may
extend into the left atrium. Infection of the posterior (non-coronary) aortic cusp or
sinus may cause a fistula to either the left or right atrium. Infection of the right aortic
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Fig.2.14 Gross photograph
of a heart opened to
demonstrate the right atrium
and tricuspid valve. Aortic
valve fungal endocarditis
had caused a fistula to the
right atrium. This was closed
with pledgets but the disease
re-occurred. The metal probe
is passed from the aortic
region and the fistula is still
infected and patent. This is
the same patient as Fig. 2.10
(aortic and mitral valve
Aspergillus endocarditis)

Fig.2.15 Gross photograph of the base of the heart. The central aortic valve may form fistulas to
nearly any chamber. Infections from the right cusp or sinus (R) may extend to the epicardium, the
right atrium and the right ventricle outflow tract. Infection of the non-coronary cusp or sinus (NC)
may form fistulas to both the right and left atria. Infections of the left cusp or sinus (L) may form
fistulas to the epicardium, and the left atrium. Additional abbreviations: CS coronary sinus,
MYV mitral valve, PV pulmonary valve, TV tricuspid valve

cusp or sinus may cause a fistula to the right atrium, and the right ventricle or right
ventricular outflow tract. An aorto-right ventricular fistula is possible due to the
presence of the atrioventricular component of the interventricular septum. Extension
into the myocardium and the conduction system may be found when the infection
involves the valve ring or annulus. Fistulas and abscesses are important problems
particularly with prosthetic IE, as discussed below.

Involvement of the coronary arteries may be due to distortion from an aortic root
abscess or they may become directly infected by local extension through the coro-
nary ostia or by formation of mycotic aneurysms [52]. The latter may occur in nor-
mal arteries but also may be superimposed upon an underlying atherosclerotic
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Fig.2.16 Gross
photograph of longitudinal
section of the left ventricle
wall. The upper defect (CS)
is the normal coronary
sinus near the
atrioventricular groove.
The lower large
intramyocardial defect (A)
is an abscess cavity that
contained purulent
material. The patient had a
floppy myxomatous mitral
valve that became infected
leading to coronary arteritis
and myocardial abscesses

plaque. Mycotic aneurysms may thrombose and are a source of infected emboli that
may seed the myocardium leading to myocardial abscesses. Myocardial abscesses
may also form as a result of local valvular IE extension into the adjacent myocardium
(Fig. 2.16). Aortic root abscesses and myocardial abscesses may impinge upon or
destroy the conduction system in the areas of the atrioventricular node and His bun-
dle. Clinically this manifests as a progressively worsening degree of heart block and
may be an important clinical sign that treatment is failing or disease is progressing.

Extension of infection to the pericardial space may lead to hemopericardium and
tamponade or to pericarditis. Fibrinous pericarditis is a common finding with IE, but
the pericardium may also become infected leading to suppurative pericarditis.

Infective Endocarditis of Valve Prostheses (Tables 2.1 and 2.2)

Infection of valve prostheses may manifest early after surgery or long after hospital
discharge [53-56]. Both bacteria and fungal organisms are important causes of
prosthetic IE [35]. Valvular bioprostheses have vegetation, cusp thrombi, destruc-
tion, erosion and perforation similar to native valves (Fig. 2.17). With infection of
mechanical prostheses, the actual prosthesis usually remains intact and the infection
is mainly in the sewing ring and surrounding tissues [42]. The thrombi on a mechan-
ical prosthesis or bioprosthesis may interfere with function, with disc or cusp immo-
bility (Fig. 2.18) [12, 34]. Peripheral emboli are not uncommon [53].

In any prosthesis, sewing ring and perivalvular tissue infection is common and
the valve prosthesis may dehisce or become loose when the surrounding tissues
develop necrosis [12, 55]. Annular abscess and fistulas are much more common
with prostheses, as compared to native valves. It is a disturbing and memorable
experience to image a near totally dehisced valve prosthesis by echocardiography
and for the surgeon to be able to remove such a valve prosthesis from the patient
without much need for dissection. Sutures, pledgets as well as the aortotomy site
may become infected.
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Fig.2.17 Gross
photograph of an infected
Carpentier Edwards
bioprosthesis. The ring and
cusps have ragged
thrombus material that
contained bacterial
colonies

Fig.2.18 Gross
photograph of opened
aortic root with a
mechanical tilting disc
prosthesis placed in the
aortic valve position. A
large amount of thrombus
at the edge of the
prosthesis is interfered
with the disc movement.
This is recurrent
Aspergillus infection
(same patient as Figs. 2.10
and 2.14). There was
recurrent stroke after valve
replacement

A large perivalvular leak results in severe perivalvular regurgitation and heart
failure, but even a small perivalvular leak can be significant due to the development
of severe hemolysis. Destruction of the adjacent tissues may lead to intracardiac
fistulas, conduction system destruction and arrhythmias, and coronary artery inflam-
mation and thrombosis [53]. The mortality of prosthetic IE remains high, with or
without surgery, and perivalvular complications can develop despite surgery [41].
Fungal infection of a valve prosthesis is a surgical indication due to near total mor-
tality without surgery [17, 36, 54].

Systemic Pathology of Infective Endocarditis (Table 2.3)

Systemic manifestations of IE may be due to generalized sepsis, immune reactions
including immune complex disease or related to emboli or ischemia with organ
atrophy, ischemia or infarction. Classic peripheral stigmata of IE may not be evident
with right sided IE or with infections due to HACEK organisms [28]. Similar to all
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Table 2.3 Pathology of
systemic sequelae of infective
endocarditis

Sepsis
Diffuse alveolar damage
Cholestasis
Systemic emboli
Infarct/atrophy
Abscess
Roth spots
Osler nodes
Janeway lesions
Splenic infarct or rupture
Mycotic aneurysms
Pulmonary emboli
Infarct
Abscess
Empyema
Immune complex phenomena
Vasculitis
Glomerulonephritis

disseminated infections, IE related sepsis may present with fever (or fever of
unknown origin), leukocytosis, disseminated intravascular coagulation (DIC), adult
respiratory distress syndrome (diffuse alveolar damage), jaundice and other sequelae
of hypotension including multiorgan failure.

Renal manifestations include interstitial nephritis and pyelonephritis. There may
be immune complex formation between bacterial antigens and antibodies, which
deposits in the glomeruli leading to glomerular damage [57]. Focal necrotizing and
diffuse proliferative glomerulonephritis may manifest as acute nephritis and renal
failure. Type 1 membranoproliferative glomerulonephritis may lead to nephrotic
syndrome. Crescentic glomerulonephritis with rapidly progressive glomerulone-
phritis can also occur. Emboli to the kidney may cause infarction, hematuria, flank
pain, and renal abscesses.

Emboli may occur in right and left sided IE [58]. Emboli can occur before ther-
apy, during therapy or even after therapy [28]. Emboli from left sided valve or car-
diac lesions may affect any systemic organ leading to visceral infarction, ischemia
or organ atrophy. Either bland fibrin platelet material of the vegetation or infected
components containing microorganisms may embolize. The propensity for emboli-
zation may be related to the size and mobility of the vegetation, as seen on echocar-
diogram [58, 59].

The effect of the embolic material depends upon the size of the embolus, whether
it contains microbes, the size of the occluded blood vessel, the degree of collaterals
in the organ and the metabolic demand of the organ. Vascular spasm may also con-
tribute. If there are prominent numbers of organisms in the embolic material, the
organ may form an abscess, in addition to an infarct which is referred to as a septic
infarct. Coronary arterial emboli may lead to angina, myocardial infarction or
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Fig.2.19 Gross
photograph of the base of
the brain with adherent
blood clot. Subarachnoid
hemorrhage occurred due
to a ruptured mycotic
cerebral artery aneurysm.
The mitral valve was
infected with bacteria.
Ruler =1 cm

."L"ﬂr._ -

Fig. 2.20 Photomicrograph of the mycotic aneurysm of the cerebral artery from patient with
subarachnoid hemorrhage (Fig. 2.19). The artery is acutely inflamed and even has dissection with
destruction and splitting of the wall. Thrombus is present in the lumen. Gram stain (not shown) had
numerous gram positive cocci. (Hematoxylin phloxine saffron x100)

sudden death. Embolic myocardial infarcts are usually large, and myocardial
abscesses may develop.

The central nervous system is the most common site involved by IE and neuro-
logic deficits maybe due to many different causes [28, 58]. Cerebrovascular embo-
lism may manifest as transient ischemic attacks or stroke. HACEK organisms are
associated with more strokes in some studies [26]. Cerebral infarcts may be hemor-
rhagic and non-hemorrhagic [60]. Mycotic aneurysms of infected cerebral arteries
may thrombose or rupture (Figs. 2.19 and 2.20). Other serious neurological compli-
cations are cerebral abscesses and meningitis.
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Splenic infarcts may cause abdominal, back or flank pain. Splenic infarcts may be
bland ischemic infarcts or septic infarcts both of which may lead to abscess forma-
tion [28]. Rarely the spleen may rupture leading to intra-peritoneal bleeding. Gut
ischemia and infarction may occur if the mesenteric circulation is embolized. Emboli
to the limbs may cause acute ischemia or gangrene. When a vascular surgeon per-
forms a thrombectomy or embolectomy in a patient with acute limb ischemia the
removed material should be examined for infection with bacterial and fungal stains.

Right-sided endocarditis may lead to infected pulmonary emboli, pulmonary
infarction, abscesses and empyema. If large, these pulmonary emboli may cause
sudden death. If there is an intracardiac shunt, either pre-existing or developed due
to IE, paradoxical embolism is possible with vegetation fragments embolizing into
the systemic circulation bypassing the lung.

Osler nodes (tender subcutaneous nodules on the digits), Janeway lesions (red or
hemorrhagic non-tender lesion on the palms or soles), and Roth spots (retinal hem-
orrhages) are due to emboli to small blood vessels. These are now rarely encoun-
tered with modern medical care. Petechiae and subungual hemorrhages may be seen
on the skin. Small vessel vasculitis may be due to an infected embolus (a mycotic
aneurysm) or immune complexes [61].

Mycotic aneurysms may occur in any circulation, but are most common in the central
nervous system circulation [28, 62]. Cerebral vessels are commonly involved, followed
by visceral arteries and arteries of the extremities. Branch points are usually affected.
They may develop in the aortic wall adjacent to the valve or distant to it. These aneu-
rysms weaken the vessel wall and may rupture and hemorrhage even after the infection
has been treated (Figs. 2.19 and 2.20). Subclinical rupture may lead to pseudoaneurysm
formation. They also may thrombose. Surgical intervention is usually required [28].

Summary

Infective endocarditis continues to be a medically challenging disease despite modern
medical advances. In fact modern medical therapy, such as intracardiac catheters and
devices, may contribute to the underlying predisposition of some individuals. In many
cases careful clinical assessment and blood cultures remains important to determine the
infecting organism. The anatomical pathologist, cardiologist, cardiac surgeon, infec-
tious disease consultant, and microbiologist all play an important role in the diagnosis
and treatment. Many of the classically described clinical and pathological manifesta-
tions are no longer commonly encountered because of timely and effective anti-micro-
bial treatment. In addition to the well-recognized local valvular complications, spread
of the infection to perivalvular structures is clinically relevant and confers a poor prog-
nosis despite surgical intervention. Patients with culture negative, fungal and prosthetic
IE pose a major clinical challenge in diagnosis and management.
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Abstract

The epidemiology of infective endocarditis is changing. The combination of
increased life-expectancy, the burden of chronic disease, immunosuppression as
a result of improving treatment and prognosis of malignancies and transplanta-
tion and the increasing device-related and iatrogenic infections have resulted in
risk factors for infectious endocarditis. The etiological agents vary according to
the underlying predisposing factors with increases in resistant health-care associ-

ated infections among the special populations reviewed in this chapter.
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2. In addition to S. aureus and MRSA, Gram negative bacilli such as P. aeru-
ginosa and fungi, such as Candida spp must be considered when initiating
treatment of endocarditis in an IVDU.

3. For IVDUs with right sided endocarditis caused by methicillin susceptible S.
aureus, a 2 week course of cloxacillin and gentamicin may be sufficient.
However, the standard regimen must be used in the following circumstances:
* Delayed clinical or microbiologic response (>96 h)

» Right sided endocarditis complicated by the presence of right sided
heart failure, large vegetation (>2 cm in diameter), respiratory failure,
empyema, the presence of extrapulmonary metastatic foci such as
osteomyelitis.

* Severe immunosuppression (<200 CD for cells/uL)

» Polymicrobial endocarditis or endocarditis caused by MRSA

» Therapy with agents other than cloxacillin

4. Surgery must not be delayed until blood cultures become negative, if the
patient’s condition warrants immediate intervention because of severe val-
vular destruction.

Over the past 100 years the incidence of infective endocarditis has not changed
significantly. This may seem surprising as the detection of bacteremia improved
significantly during this time period and the introduction of 2-D echocardiogra-
phy has been revolutionized the diagnosis of infective endocarditis.
Epidemiological studies demonstrate that infective endocarditis accounts for
about 1 case per 1,000 hospital admissions (range 0.16-5.4 cases per 1,000
admissions) [1]. The incidence depends on the criteria used to identify cases and
on referral and publication bias. When strict criteria were applied to identify all
definite, probable, and possible cases of endocarditis in residents of Olmsted
County, Minnesota, from 1950 to 1981, the mean annual age- and sex-adjusted
incidence rates per 100,000 person-years were 3.8 for total cases and 3.2 for defi-
nite and probable cases only. Total rates were 4.3 for 1950 through 1959, 3.3 for
1960 through 1969, and 3.9 for 1970 through 1981 [2]. A follow-up publication
from the same region for the years 1970-2000 demonstrated that age- and sex-
adjusted incidence of infective endocarditis ranged from 5.0 to 7.0 cases per
100,000 person-years during the study period and did not change significantly
over time (P=0.42 for trend). A temporal trend of increase was observed in the
proportions of prosthetic valve infective endocarditis cases (P=0.09). Among
people with underlying heart disease, there was also an increasing temporal trend
in mitral valve prolapse (P=0.04) and a decreasing trend in rheumatic heart dis-
ease (P=0.08). However, the absolute numbers were small [3]. A more contem-
porary series from Olmstead county, Massachusetts illustrated an increasing
incidence in Women with a temporal increase in age, especially among women
[4]. The same group showed that the American Heart Association published
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updated guidelines for IEention in 2007 restricting antibiotic prophylaxis for
most at-risk patients undergoing dental and other invasive procedures did not
alter the incidence of IE [5].

The stable incidence conceals the fact that the epidemiological, microbiological
and clinical features of the disease have changed. Among the prominent changes are
increasing age, increasing injection drug users, and immunocompromized patients.
These include human immunodeficiency virus (HIV) patients, patients with malig-
nancies receiving chemotherapy, and a growing population of patients receiving par-
ticularly aggressive chemotherapy such as bone marrow transplant recipients and
patients with solid organ transplants. This chapter is devoted to the changes in the
epidemiology and to new insights into the clinical presentation, treatment options
and outcomes of these special populations that occurred during the past decade.

The Elderly
Epidemiology

Despite the fact that the incidence of infective endocarditis has not changed, recent
studies have shown remarkable changes in the epidemiology and clinical features of
the disease. In the 1950s, when rheumatic fever was prevalent, particularly during
World War 1II period, and before the wide use of penicillin, the incidence was high-
est in patients aged 20-30 years old and only 5 % of patients were over 60 years of
age. More recent publications show that the incidence of infective endocarditis has
increased in patients older than 50 years, reaching a peak at the ages of 70-74 years
of age. Currently, more than 50 % of patients are older than 50 years [6—8]. Murdoch
et al. published data from the International Collaboration on Endocarditis (ICE)
representing 2,781 adults with definite IE who were admitted to 58 hospitals in 25
countries between 2000 and 2005. The median age of the cohort was 57.9. In this
cohort the role of degenerative valvular disease associated with ageing was promi-
nent (mitral (43.3 %) and/or aortic (26.3 %) valve regurgitation) [9].

Fefer et al. [10] collected 108 episodes of infective endocarditis during the years
1990-1999 admitted to a community hospital. The annual admission rate was stable
at around 0.4 patients with endocarditis per 1,000 admissions. Sixty episodes (56 %)
involved males and 48 (44 %) females, a ratio of 1.3:1. The mean age was 57 (SD
22) years. Thirty three patients (31 %) had prosthetic valve endocarditis and 75
(69 %) patients had native valve endocarditis. Patients with prosthetic valve endo-
carditis were significantly older than those with native valve endocarditis similar to
the findings from the ICE collaboration.

Selton-Suty et al. [11] studied the characteristics of infective endocarditis in the
elderly in a university hospital that is both a referral and a primary care centre. They
identified 114 consecutive patients treated for infective endocarditis from 1990 to
1993. Of the 114 patients, 25 (22 %) were older than 70 years [mean age 76 (SD 6)
years, range 70-91] and 89 were younger than 70 years. In both groups there was a
predominance of males in a ratio of 2:1. According to the Duke criteria, the
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distribution of diagnostic categories was significantly different in the two groups,
with a lower percentage of definite infective endocarditis in the older patients.
Infective endocarditis on intracardiac prosthetic devices (valve prostheses or pace-
makers) was more common in the older patients compared to the younger ones. The
location of infective endocarditis, when vegetations were seen, was similar in the
two groups with most cases involving the mitral valve. There were no significant
differences between the two groups with respect to clinical signs, auscultatory
changes or extracardiac manifestations. Emboli were three times less common in
the older patients [2 (8 %) vs 25 (28.1 %), P<0.04]. Echocardiographic findings
were similar between the two groups. Younger patients were more commonly oper-
ated but this may reflect the presence of co-morbidities and frailty resulting in a
preferential medical management in older individuals rather than a true difference
related to the actual disease process. Similar findings have been confirmed by oth-
ers, demonstrating the increasing prevalence of infective endocarditis in the elderly
[10, 12-14].

There are several possible explanations for the increasing incidence of IE with
age: Rheumatic heart disease incidence has declined as did its contribution to under-
lying valve pathology, from >50 % 40 years ago to less than 5 % in contemporary
series [9, 15]. The increase in the prevalence of degenerative valve disease, now
accounting for over a third of native valve endocarditis, has contributed to the
increase in age. As people live now much longer than before, various minor cardiac
lesions can become hemodynamically important creating turbulent flow and allow-
ing for a fibrin-thrombus clot, the basic mechanism of endocarditis to form. In addi-
tion, in the elderly, hypertension, atherosclerosis and kidney disease are more
common allowing for turbulent flow in diseased vessels to develop. The rates of
admission and health-care contact increase with age and the contribution of health-
care associated endocarditis is notable among the elderly [9, 16, 17]. Mouth sanita-
tion of the elderly tends to decline with age increasing the risk of local oral infections
and bacteremia, thus increasing the risk of developing infectious endocarditis [18].
In addition, prosthetic heart valves are more common in the elderly and the eligible
age for cardiac surgery is constantly increasing [19]. Other medical devices such as
implantable pacemakers, defibrillators, and stents have become more common
increasing the risk of these groups of patients to infectious endocarditis [20, 21].
Finally there are some neoplastic diseases that are more common in the aged that
may be associated with infectious endocarditis. Among them ulcerating skin can-
cers (like basal cell carcinoma, melanoma etc.), polyps and cancers of the colon
(associated with Strep. gallolyticus endocarditis) [22, 23]. As the world’s popula-
tion is becoming older it is to be expected that in the future more endocarditis will
be encountered in the very old. In the year 2030, there will be >1 billion individuals
>65 years of age, 19.6 % of the North American population 23.0 % of the European
population, 11.5 % of the Latin Americana and Asian population and 4.6 % of the
African population will be the elderly and thus this population will become the
prime population segment from which endocarditis cases originate [24]. It is thus
expected that the trend of ageing endocarditis patient population will continue and
even increase in the coming decades.
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Bacteriology and Age

Several publications have demonstrated the increased frequency of enterococcus
and other streptococci of group D (e.g., S. bovis) in causing bacterial endocarditis of
the elderly. In the publication of Selton-Suty et al. [11] older patients (>70 years)
with infective endocarditis had a significantly higher percentage of group D strepto-
cocci and enterococci compared to the younger patients (<70 years) (47.6 % versus
19.5 %). A publication [25] also demonstrated that among 1,285 patients with left-
sided native valve endocarditis, 107 (8.3 %) had enterococcal endocarditis most
frequently seen in elderly men, frequently involving the aortic valve, tending to
produce heart failure rather than embolic events, and associated with relatively low
short-term mortality. Compared to patients with streptococcal endocarditis, those
with enterococcal endocarditis were more likely to be nosocomially acquired (15 %
vs 1 %; P<0.0001) and have heart failure (46 % vs 35 %; P=0.03). Compared to
patients with S. aureus endocarditis, patients with enterococcal endocarditis were
less likely to embolize (26 % vs 49 %; P<0.0001) and less likely to die (11 % vs
27 %; P=0.001). Multivariable analysis showed that enterococcal endocarditis was
associated with lower mortality than other patients with left sided endocarditis
(odds ratio [OR] 0.49; 95 % CI 0.24-0.97). A recent report from the ICE collabora-
tion included 4,974 adults with definite IE recorded from 2000 to 2006, 500 patients
had enterococcal IE. In the North American subset of the data, enterococcal IE
outnumbered other streptococci (oral and intestinal). The patients’ mean age was
65 years and 361/500 were male. Nearly a quarter were healthcare related. In this
study the 1-year mortality was 28.9 % and increased with age [26].

Di Salvo et al. [27] studied 315 consecutive patients with definite infectious
endocarditis. Patients were separated into three groups: group A included 117
patients aged <50 years, group B included 111 patients aged >50 and <70 years,
and group C included 87 patients aged >70 years. A presumed gastrointestinal tract
port of entry was more commonly detected in group C (19 %) and in group B (16 %)
than in the younger patients (5 %), P<0.0001. Similarly, the urinary tract served as
port of entry more frequently among the oldest age group (13 %) compared to the
other groups (group A- 2 % and group B- 6 %, P<0.005). The most frequent iso-
lated pathogens were compatible with the presumed port of entry: The most com-
mon organisms were Streptococci found in 45 % of patients. The proportion of S.
bovis (Streptococcus gallolyticus) endocarditis was higher in groups B and C than
in group A [25 (22 %), 14 (16 %) and 6 (5 %), respectively, P<0.001]. The propor-
tion of enterococci was highest in group C [5 (5 %) in group A, 5 (4 %) in group B,
and 8 (9 %) in group C] while S. aureus was more frequent in younger patients [34
(29 %) in group A, 19 (17 %) in group B, and 15 (17 %) in group C]. Thus, the
bacteriological features of endocarditis in the elderly reflect the common sources of
bacteremia relating to the co-morbidities typical of this age group. S. bovis probably
relates to colonic lesions and enterococci relates to urogenital infections.

The high incidence of S. bovis endocarditis in the elderly as well as the difficult
clinical course related to this pathogen is also evident when studying the clinical
course of these infections compared to other pathogens. Pergola et al. [28] studied
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the clinical, echographic, and prognostic features of S. bovis endocarditis compared
to endocarditis caused by other streptococci and “other pathogens™ in a large sample
of patients. Two hundred six patients with a mean age of 57 (SD 15) years with a
diagnosis of infective endocarditis formed the study population. S. bovis endocardi-
tis was documented in 40 patients, other Streptococci were identified in 54, and
“other pathogens” were documented in 112 patients. The mean age was 64 (SD 12)
years in the S. bovis group, 55 (SD 15) years in the other Streptococci group and 56
(SD 16) years in the “other pathogens” group, p<0.05. Multiple valve involvement,
native valves, and large vegetations (>10 mm) were more frequent in patients with
S. bovis. There was a significantly higher rate of embolism in the S. bovis group.
Splenic infarcts and multiple embolisms were significantly more frequent in patients
with S. bovis. Gastrointestinal lesions, anemia, and spondylitis were also observed
more frequently with S. bovis endocarditis. In a multicenter prospective European
study, including 384 consecutive patients with definite IE predictors of embolic
events included the size of vegetation, S. bovis and S aureus as the pathogens, and
mortality increased with increasing age on multivariate analysis [29]. A recent
Italian multi-center study documented increases in S. gallolyticus among patients
over the age of 74 [30]. The relationship between age and prevalence of S. bovis
endocarditis is depicted in Fig. 3.1 [31].

Clinical Presentation and Echocardiography Findings

In the study by Di Salvo [27] age was not found to be related to the echocardio-
graphic presentation of endocarditis, nor was age related to the incidence and local-
ization of embolic events regardless to the pathogen involved. Elderly patients were
surgically managed as frequently as younger patients and their operative risk for
mortality and complications was similar to that of younger patients (11 %, 3 %, and
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5 % in groups C, B, and A, respectively). Bassetti et al. reported a large Italian pro-
spective study, in which multivariate analysis showed that age was not an indepen-
dent predictor of in-hospital mortality. Congestive heart failure, chronic heart
failure, an altered mental status, and the isolation of S. aureus or CoNS were associ-
ated with increased in-hospital mortality [30]. In two reports however, renal failure,
complicated endocarditis more frequently in the elderly patients compared to
younger patients [32]. Among 44 individuals over the age of 64, the average length
of hospital stay was 12 days longer, renal failure and cerebral embolism during an
episode of IE were associated with higher rates of death but age was not indepen-
dently associated with mortality [33]. An additional report documented fewer veg-
etations and higher prevalence of abscesses resulting in greater gain in the diagnostic
yield of transesophageal echocardiography among the aged. Despite the higher rate
of abscesses, the proportion that underwent surgery was lower and in-hospital mor-
tality higher [16].

Treatment and Outcome

Age not surprisingly is correlated with higher endocarditis caused mortality. In the
study by Selton-Suty et al. [11], mortality was 28 % in the older patients (>70 years)
double of that (13.5 %) in the younger patients (<70 years) (p<0.08). Multivariate
analysis showed that age (p<0.02) and the presence of at least one vegetation at
echocardiography (p<0.04) were independent risk factors for a fatal outcome.
Elderly patients with enterococcal endocarditis had similar mortality to younger
patients with streptococcal endocarditis [25]. Di Salvo et al. [27] demonstrated that
the overall mortality was clearly higher in elderly (17 %) group aged >70 years
compared to the younger patients (10 % versus 7 %, respectively, p=0.02). Surgical
treatment was performed slightly less frequently in the elderly compared than in
other groups, although 41 % of elderly patients were operated on. Mortality was
relatively high in non-operated elderly patients (21 %), but only 11 % in elderly
patients who could be treated with surgical therapy. This difference may reflect a
hidden bias were less severe patients were more likely to receive a surgical interven-
tion. For the entire population, including the younger patients, mortality was lower
in operated patients than in patients treated with antibiotic alone (6 % vs 15 %,
respectively, P=0.04). Among the 51 non-operated elderly patients, 7 (14 %)
patients had undisputed indication for surgery (severe heart failure, persistent sepsis
or multiple emboli). Of them, five were not considered good candidates for surgery
because of very poor general condition and two patients declined surgery.

In a logistic regression analysis independent predictors of in-hospital mortality
were age (P=0.003), prosthetic valve (P=0.002), and cerebral embolism (P=0.006).
Conversely, surgical management was associated with a lower in hospital mortality
(regardless of age) (P=0.03).

In a report by Netzer et al. [32], 82 younger patients (17-59 years) were com-
pared to 53 elderly patients (65-90 years). There were no significant differences
between the two groups regarding comorbidities or clinical presentation except that
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renal failure was more common in the elderly. Mortality was significantly higher in
the elderly patients [13 (25 %) vs 9 (11 %) respectively, P<0.04]. A study from the
ICE group compared 1,056 patients 65 years or older with IE to younger 1,703
patients. The older age group had lower rate of emboli or valvular perforation but
higher prevalence of abscesses. Cardiac surgery was undertaken less frequently than
in the younger group (38.9 % vs 53.5 %; P<.001) and a doubling of in-hospital
mortality [16]. The reasons for avoidance of surgical interventions were not dis-
cussed in that study. In contrast to these publications which demonstrate a higher
mortality in elderly patients Gagliardi et al. [33] report similar outcomes in the
young and the old. They compared 44 episodes of definite native valve infective
endocarditis in patients >64 years with 64 similarly defined episodes in patients
>29 years but <64 years old, who were not using intravenous drugs. Clinical presen-
tations, characteristics, and outcome were similar in the two groups. Elderly patients
were hospitalized for an average of 12 days longer compared to the younger patients.
The occurrence of renal failure and cerebral embolism during an episode of infec-
tive endocarditis was associated with higher rates of death (odds ratios, 4.8 and 4.0,
respectively). Age however was not a significant contributor to mortality. These
results differ from the other authors sited above. It is important to note that in this
group of patients the rate of enterococcal endocarditis and Str. bovis endocarditis
were not significantly higher in the elderly and this peculiarity might explain the
lack of difference in outcomes between the two groups of patients.

To conclude, it seems that the elderly may fare worse, during an episode of infec-
tive endocarditis, although the extent of excess mortality differs between various
studies. Aggressive intervention, including early surgery should not be excluded in
the elderly, merely because of the age, as better outcomes especially in the group of
patients without severe co morbidities are to be expected.

Injection Drug Users

Infective endocarditis is one of the most common and serious complications of
intravenous drug use (IVDU) [34]. The prevalence of drug use has increased in the
past 30 years with concomitant increased in incidence of infective endocarditis.

Epidemiology

The incidence of infective endocarditis in IVDU is 2-5 %/year and is responsible
for 5-8 % of hospital admissions among IVDU. The overall incidence of infective
endocarditis in this population is estimated to be 1-20 cases per 10,000 injection
drug users per year [35] and is responsible for 5-10 % of the overall death rate of
IVDU [24]. Levine et al. [36] followed all IVDU admitted to the Detroit Medical
Center with infectious endocarditis (74 cases) during the early 1980s and compared
them with a control group of bacteremic IVDU’s who had other infections (106
cases). They found that acute infection accounted for approximately 60 % of
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hospital admissions and that infective endocarditis was implicated in 5-15 % of
these episodes. The male:female ratio was 5.4:1. Men with infective endocarditis
were somewhat older than females (mean age, 32.7 years versus 31.4 years) and had
significantly longer histories of addiction (10.2 years versus 7.1 years) than women.

Chambers et al. [37] compared 102 IVDU with endocarditis to IVDU with other
causes of fever. Bacterial endocarditis was diagnosed in 23 % of hospitalizations.
Logistic regression analysis showed the following variables to be predictive of infec-
tive endocarditis in IVDU: cocaine use (OR 138, CI 8-2318), mitral or aortic valve
murmur (OR 51, CI 3-779), haematocrit <40 % (OR 25, CI 2-318), proteinuria (OR
14, CI 1-127), and signs of septic emboli, cavity, or effusion on chest x-ray (OR 165,
CI 9-3067). Although heroin was the most common drug used it was not indepen-
dently associated with the development of endocarditis in this study and neither the
combination of heroin and cocaine. The mechanism by which cocaine increases the
risk of infective endocarditis has not been elucidated. Nevertheless, in other circum-
stances when heroin was mixed with non-sterile adjunctives the risk of endocarditis
with IV heroin use was high. In the last 20 years the rate of HIV in IVDU has been
reported to be in the range of 30-70 %, thus the prevalence of the disease in recent
series reflects the risk attributed by both conditions. The trend has resulted in an
increase in hospital admissions [38]. Changes in drug usage patterns have been asso-
ciated with the occurrence of endocarditis in areas where the incidence was previ-
ously low [39]. An attempt to study the incidence of IE in a Danish urban injection
facility using trans-thoracic echocardiography, revealed valvular abnormalities in
20 % of the 206 individuals studied and prior episode of IE was reported in 7 % [40].

Bacteriology

In the study of Levine et al. endocarditis was caused by Staphylococcus aureus in
60.8 % of the cases, streptococci in 16.2 % of cases, Pseudomonas aeruginosa in
13.5 % of cases, mixed bacteria in 8.1 % of cases, and Corynebacterium JK in 1.4 %
of cases. S. aureus endocarditis most frequently involved the tricuspid valve, and
streptococci infected left-sided valves significantly more often than other organisms
(P=0.001). Biventricular and multiple-valve infections were commonest in patients
with pseudomonas endocarditis (P=0.05). In Miro’s Spanish series Staph aureus
was also the most common etiological agent, being usually sensitive to methicillin
(MSSA). HIV-positive IVDU had a higher ratio of right-sided infective endocarditis
and Staph aureus infective endocarditis than HIV-negative IVDUs and the tricuspid
valve was the most frequently affected (60-70 %), followed by the mitral and aortic
valves (20-30 %) [35].

Clinical Presentation

IVDU and particularly HIV positive IVDU are prone to acquire right sided endocar-
ditis and this has been well documented in older as well as in newer series [35]. Two
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thirds of IVDU with infective endocarditis have no clinical evidence of underlying
heart disease. Despite the fact that heart murmurs are predictive of infective endo-
carditis in IVDU, only 35 % of addicts demonstrate heart murmurs on admission
[36]. Higher prevalence of left sided endocarditis is reported in IVDU. For example,
in a retrospective study of infective endocarditis in IVDU, 67 patients had vegeta-
tions documented by two-dimensional echocardiogram. Left-sided involvement
was present in 38 (57 %) of these patients, a higher prevalence than reported in older
series. Right-sided involvement was limited to only 27 (40 %) cases. This change in
epidemiology is important as left sided endocarditis carries higher morbidity and
mortality. In this study, valvular involvement was as follows: tricuspid valve alone
or in combination with others, 52.2 % of cases, aortic valve alone in 18.5 % of
cases, mitral valve alone in 10.8 % of cases, and aortic plus mitral valves in 12.5 %
of cases [41] Mitral valve involvement was more common among female IVDU’s.
Similarly, in the Spanish series the tricuspid valve is the most frequently affected
(60-70 %), followed by the mitral and aortic valves (20-30 %) [35]. Involvement of
left side of the heart and polymicrobial etiology have been associated with increase
in morbidity and mortality [42].

Fever was the most common symptom, present in over three-fourth of patients
[43]. Pulmonary symptoms such as pleuritic chest pain (reported in approximately
a half of cases), cough, dyspnea and lung infiltrates dominate the clinical picture.
Septic pulmonary emboli are reported in 28—47 % and congestive heart failure may
accompany at presentation [43, 44].

Treatment and Outcome

As mentioned before, many IVDU with infective endocarditis have right sided
endocarditis. This prompted researchers to assess the feasibility of shorter antibiotic
courses in this population, as right sided endocarditis has a better prognosis than left
sided infection. This approach is particularly attractive as the compliance of IVDU
to prolonged hospitalization or home care is low. Chambers [45] published a report
confirming the feasibility of treating right sided endocarditis in IVDU with as
2 week course of antibiotics. The shortened course’s efficacy was confirmed by a
prospective, randomized clinical trial among drug abusers [46]. A short course of a
combination of a glycopeptide (vancomycin or teicoplanin) and gentamicin com-
pared with a combination of cloxacillin and gentamicin for treatment of right-side
endocarditis caused by Staphylococcus. Therapeutic success was significantly more
frequent with cloxacillin than with a glycopeptide. No adverse effects were noted
among patients in the cloxacillin group. Ribera et al. showed similar results [47].
Thus, a shortened course of penicilliase- resistant penicillin with or without the
addition of an aminoglycoside for right sided infective endocarditis in IVDU
infected with S. aureus sensitive to methicillin seems and acceptable alternative.
Another issue is the best surgical approach for IVDU with endocarditis. To deter-
mine the early and late results of surgical treatment for infective endocarditis in
IVDU Mathew et al. [48] observed IVDU undergoing surgical treatment for infective
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endocarditis. Eighty patients underwent cardiac surgery for the following indica-
tions: acute congestive heart failure in 44 (56 %) patients, persistent sepsis in 21
(26 %) patients, and multiple systemic embolization in 15 (19 %) patients. Six
patients (7.5 %) died within 30 days of surgery and 13 of 69 patients (17.6 %) died
during the follow-up from cardiovascular causes. The probability of survival at
36 months and at 60 months was 0.74 and 0.70, respectively. Seventeen (30 %) of the
survivors had at least one major cardiovascular event, six (8.8 %) patients had recur-
rent endocarditis, ten (14.6 %) patients experienced central nervous system compli-
cations and three (4.4 %) patients required repeated valve replacement. Probability
of event-free survival at 36 months and 60 months was 0.65 and 0.52, respectively.
These authors conclude that since the expected mortality without surgery in patients
with infective endocarditis in whom medical treatment fails is almost 100 %, surgical
treatment should be advised liberally as it substantially improves the outlook for
early and late survival of IVDU with endocarditis. The high cost of surgery and care
[49], the likelihood of recurrence pose challenges to surgical management [50].

Recurrent IE

The optimal surgical management of IE in IVDU is complicated by the concerns
with recurrence in the prosthetic valve. Although right-sided endocarditis carrier a
favorable prognosis, left-sided endocarditis is associated with high mortality and
better outcomes are achieved with surgical therapy [35]. The rate of development of
PVE among IVDU remains understudied. A retrospective comparison of surgical
outcomes between IVDU and non-IVDU was reported by Kaiser et al. [S1]. The
rate of perioperative complications was similar as was the age adjusted long-term
survival. The overall survival at 10 and 15 years was 66 % for IVDU compared to
54 % non-IVDU. The need for reoperation for recurrent infective endocarditis was
17 % of 52 for the IVDU group versus 5 % of 270 for non-IVDU group. Similarly,
a study of 358 patients with IE treated with valve replacement, reported that the
16 % of IVDU included in the study accounted for over 55 % of reoperations for
recurrent IE. IVDU/HIV were associated with HR of 12.8 for recurrence requiring
surgery and the constellation of IVDU/HIV with patch and valve was associated
with HR of 34.3 for reoperation [52]. The choice surgical management is influenced
by a multitude of factors including perceived risk of recurrence, patient characteris-
tics, need for post-surgical anti-coagulation in poorly compliant individuals. The
current optimal management is not evidence based [53].

HIV

HIV-seropositive patients are at risk for infective endocarditis because of three main
reasons: intravenous drug abuse, long-term use of central venous catheterization for
administration of medications, and as a consequence of immune suppression.
Infectious endocarditis is responsible for 5-20 % of hospital admissions and for
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5-10 % of total deaths in IVDU patients with HIV infection, but the clinical out-
come of the patients depends on the affected valve and the culture germen rather
than the HIV serostatus. HIV stage C was found in six cases, and the median (range)
CD4 cell count was 22/microl. (4-274 cells/microL.) [54]. S. aureus is the most
common pathogen involved .and the infection is more commonly localized to the
right side of the heart. It is not clearly defined whether HIV infection is responsible
for the worst evolution in these patients and if treatment should be the same as that
used in HIV seronegative subjects [55].

Epidemiology

To determine the effect of HIV infection and other factors on infective endocarditis
among IVDU Wilson et al. [56] examined the incidence of endocarditis according
to HIV status in a cohort of IVDU. Endocarditis incidence (117 cases) was higher
among HIV-seropositive than HIV-seronegative IVDU (13.8 vs. 3.3 cases/1,000
person-years). Multivariate analysis of HIV-infected case patients revealed an
inverse association between infective endocarditis and CD4 lymphocyte count (OR
for 200—499 cells/mm?, 2.01, OR for <200 cells/mm?, 3.61) and with alcohol intake
(OR for 1-21 drinks/week, 0.43; OR for >21 drinks/week, 0.32). Women had an
increased risk of endocarditis (OR, 3.26), as did persons with increasing injection
drug use frequency (OR for less than daily use, 3.15; OR for at least daily use, 6.07).
See Fig. 3.2. This study confirmed that infective endocarditis is more common
among IVDU with advanced HIV immunosuppression even after accounting for
injection drug use behaviors. The higher incidence found in woman is surprising as
in other populations including IVDU without HIV a higher incidence is found
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Fig.3.2 Cumulative hazard of first episode of infective endocarditis over time, by HIV serostatus
[56]



3 Changing Populations: The Elderly, Injection Drug Users 43

consistently in men. A recent Italian study of 189 episodes of IE in 166 patients,
documented 19 % prevalence rate of HIV [57]. A study from Baltimore reported
decreasing IE incidence from 20.5 per 1,000 person-years between 1990 and 1995
to 6.6 per 1,000 person-years between 1996 and 2002. The majority were male
(66 %), African American (90 %), and 85 % were IVDUs [58]. Conversely, infec-
tive endocarditis in HIV-infected persons who do not use drugs is rare. In the
absence of intravenous drug abuse, HIV-seropositive patients develop left-sided and
right-sided infective endocarditis with equal frequencies. In contrast, in the setting
of intravenous drug abuse, HIV-seropositive patients develop predominantly right-
sided infective endocarditis. The related morbidity and mortality rates in HIV-
seropositive patients who do not have an AIDS-defining illness or criteria are similar
to rates in HIV-seronegative [59, 60].

Clinical Presentation and Echocardiography Findings

Smith et al. [61] retrospectively reviewed all bacteremic, HIV positive patients with
suspected infective endocarditis admitted over a 4 year period that underwent either
transesophageal echocardiography (TEE) or transthoracic echocardiography (TTE).
Ten (11.5 %) of 87 HIV-positive patients had a clinical diagnosis of infective endo-
carditis based on the Duke Criteria. The mean age of patients with endocarditis was
37.8 years similar to those without endocarditis 39.9 years (P = NS).

Both patient groups were similar with respect to gender, race, IVDU, renal fail-
ure requiring hemodialysis, history of predisposing heart disease, origin of infec-
tion, and causative organism. The mean CD4 count (cells/uL) was 200.7 in patients
with infective endocarditis and 95.9 in patients without infective endocarditis
(P=NS). Of ten HIV-positive patients with infective endocarditis, seven had left-
sided heart involvement, two had complications related to infective endocarditis,
three required cardiothoracic surgery, and three died.

Abraham et al. [62] retrospectively reviewed the records of patients with sus-
pected infective endocarditis who were referred to the echocardiography laboratory
for evaluation and had >2 positive blood cultures for the same microorganism.

One hundred seventy-seven cases of bacteremia involving 169 patients were
evaluated. Fifty-two patients were HIV positive and 125 were HIV negative. One
hundred sixty-eight of the patients (95 %) underwent TEE. HIV-positive patients
were on average 12 years younger than HIV negative patients (P<0.0001). HIV-
negative patients were more likely to have a cardiac predisposition to endocarditis
(P<0.003). There was a higher rate of diabetes in HIV-negative patients (P <0.002),
which likely corresponded to their older age. There was also a higher incidence of
renal failure requiring hemodialysis in HIV-negative patients (P <0.03), which was
likely due to their older age and higher rate of diabetes. More men comprised the
HIV-negative group (P<0.017) (for unknown reasons). There was no difference in
the rates of active IVDU between the two groups, and the percentage of patients
with documented sources of infection that would explain bacteremia, including line
infections, was similar.
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S. aureus was the causative organism for bacteremia in almost half of all patients
in both groups. There was no statistically significant difference in the micro-
organisms between the HIV-positive and HIV-negative patients, although most
involved small numbers of patients. When considering all organisms, the rate of
endocarditis in HIV positive patients was lower than in HIV-negative patients (12 %
vs 42 %, P<0.0001). There was no correlation between the CD4 count and the pres-
ence or absence of endocarditis in the HIV-positive group. Multiple logistic regres-
sion analysis revealed 5 clinical factors that were predictive of infective endocarditis:
HIV status, presence of IVDA, predisposing heart disease, S. aureus bacteremia,
and bacteremia caused by modified Duke Criteria 1A organisms. In conclusion,
bacteremic HIV-infected patients in this study had less infective endocarditis than
bacteremic HIV-negative patients.

Robinson et al. [63] reviewed 158 episodes of infective endocarditis among 126
patients HIV infections. They found no difference in maximal temperature, but a
lower mean WBC counts was found in HIV infected patients.

Treatment and Outcome

Most series report similar outcomes for HIV infected individuals with IE whether
treated medically or surgically. In a retrospective study Mestres et al. [64] described
31 HIV-1-infected patients that underwent cardiac surgery due to infective endocardi-
tis. Hospital mortality was 22.6 %. Nine patients (37.5 %) died between 2 and
171 months (mean 54.5) after surgery. Overall mortality was 50 %. Endocarditis
accounts for decreasing proportion of cardiac surgeries in HIV infected individuals
and operative mortality in patients with HIV has decreased from 5.6 % to 0.87 %
between 2000 and 2010, in a US study [65]. HIV was not an independent predictor of
operative mortality and should not dissuade from surgical intervention when required.

Immunocompromised Patients and Health Care Associated
Endocarditis

Epidemiology

As medical technology advances, more and more patients have prolonged hospital-
izations, are subject to invasive procedures, receive high dose chemotherapy and
corticosteroids, spend more time in intensive care setups, and have more central
lines, intubations, catheters and other foreign objects inserted. These trends have
caused an increase in nosocomial bacteremia and as a result an increase in nosoco-
mial endocarditis.

Cabell et al. [12] studied the demographic and microbiological changes that
occurred in patients with infective endocarditis during 1993-1999 and their impact
on survival. Among the 329 study patients, rates of hemodialysis dependence, immu-
nosuppression, and Staphylococcus aureus infection increased during the study
period (P=0.04, P=0.008, and P<0.001, respectively), while rates of infection due
to viridans group streptococci decreased (P=0.007). Hemodialysis was
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independently associated with S. aureus infection (odds ratio, 3.1; 95 % confidence
interval, 1.6-5.9). Patients with S. aureus endocarditis had a higher 1-year mortality
rate (43.9 % vs 32.5 %; P=0.04) that persisted after adjustment for other illness
severity characteristics (hazard ratio, 1.5; 95 % confidence interval, 1.03-2.3). In a
recent international study initiated by the International Collaboration for Endocarditis
(ICE), health care-associated infection was the most common form of S aureus infec-
tive endocarditis. Most patients with health care-associated S aureus endocarditis
(131 patients, 60.1 %) acquired the infection outside of the hospital. Persistent bac-
teremia was independently associated with MRSA infective endocarditis (OR 6.2;
95 % CI 2.9-13.2). Patients in the United States were most likely to be hemodialysis
dependent, to have diabetes, to have a presumed intravascular device source, to
receive vancomycin, to be infected with MRSA, and to have persistent bacteremia
[66]. Similar increases in the preeminence of S aureus and healthcare related IE are
reported from other North American and European studies [67—69].

Mourvillier et al. reviewed 228 consecutive patients admitted to two intensive
care units with infective endocarditis between 1993 and 2000. Again, S. aureus
emerged as the leading pathogen. The overall in-hospital mortality rate was 45 %
(102/228). Multivariate analysis revealed the following clinical factors in patients
with native valve endocarditis as independently associated with outcome: septic
shock (OR 4.81), cerebral emboli (3.00), immunocompromised state (2.88), and car-
diac surgery (0.475). Clinical factors in patients with prosthetic valve endocarditis
independently associated with outcome were: septic shock (4.07), neurological com-
plications (3.1), and immunocompromised state (3.46) [70]. Nosocomially acquired
infective endocarditis carries a worse prognosis compared to infective endocarditis
acquired in the community. This is likely the result of several factors: comorbidities
such as diabetes, renal failure, heart disease, hypertension and malignancies are com-
mon among hospitalized patients; immune suppression as a result of a disease pro-
cess or its treatment; higher rate of S. aureus and enterococcal infective endocarditis
(Including MRSA and vancomycin resistant enterococci) [26] associated with
increased complications and difficulties in antimicrobial therapy; acquisition of anti-
microbial resistant organisms and infection of life sustaining devices [71].

To conclude, in recent years a change in the epidemiology of infective endocarditis
has been taking place. The combination of increased life-expectancy, the burden of
chronic disease, immunosuppression as a result of improving treatment and prognosis
of malignancies and transplantation and the increasing device-related and iatrogenic
infections have combined to change the features of patients at risk for infectious endo-
carditis. The challenges of endocarditis remained unchanged — timely diagnosis, and
optimal medical and surgical treatments are still essential for optimal outcome.
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Abstract

The microbiology of infective endocarditis (IE) has evolved significantly over
the last century. Previously a community-acquired disease affecting predomi-
nantly patients with rheumatic heart disease, IE is now being seen in new popula-
tions including IV drug users, patients with prosthetic valves, and patients
infected through healthcare associated bacteremia. Improved blood culture tech-
nologies and non-culture laboratory methods have also resulted in a lower rate of
culture-negative cases. Because of differing proportions of particular risk groups,
the etiologic agents responsible for causing infective endocarditis vary signifi-
cantly among continents, countries, regions within countries and even between
different years in an individual hospital.

Blood culture remains the single most important investigation in a patient sus-
pected of having infective endocarditis. If appropriately collected prior to antibi-
otic administration, blood cultures can be expected to yield growth of the causative
organism in over 90 % of cases of infective endocarditis. Serologic testing can be
useful in determining the cause of IE in true culture-negative cases, which are
usually caused by organisms that are difficult to culture including Coxiella bur-
netti, Bartonella spp., Chlamydia spp. and Legionella species. In spite of limita-
tions including the potential presence of PCR inhibitors in clinical samples and
the possibility of sample to sample contamination, molecular amplification meth-
ods can be useful in establishing the cause of IE. To date, PCR methods have been
applied with most success to surgically excised valve tissues.
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Key Points

1. The etiologic agents of IE vary between centers due to different risk factor

profiles in the patient populations served.

2. Staphylococci and Streptococcus species are the most common etiologic
agents of endocarditis, accounting for 80-90 % of cases in most patient

populations.

3. The proportion of IE cases caused by Staphylococcus aureus has been
increasing due to higher numbers of patients with either health-care-

associated IE or a history of intravenous drug use.

4. In addition to appropriately collected blood cultures, microbiologic labo-
ratory techniques useful for determining the causative agents of IE include
histology, serologic testing, and molecular diagnostic methods.

Microbiology

Trends

The microbiology of infective endocarditis (IE) has evolved significantly over the
last century (see Table 4.1) [1, 2]. Previously a community-acquired disease affect-
ing predominantly patients with rheumatic heart disease, IE is now being seen in
new populations including IV drug users, patients with prosthetic valves, and
patients infected through healthcare associated bacteremia. Improved blood culture
technologies and non-culture laboratory methods have also resulted in a lower rate
of culture-negative cases. Because of differing proportions of particular risk groups,
the etiologic agents responsible for causing infective endocarditis vary significantly
among continents, countries, regions within countries and even between different

Table 4.1 Microorganisms in endocarditis (%)

Prior to 1970
1970s
1980s
1990s
2000s

Viridans
group

43
42.5
29
28
17

Other
strep

12.5

16
19
23
22

S. aureus
14
13
24
28
31

CoNS

4
3
9
7
11

Adapted from: Cabell et al. [1] and Murdoch et al. [2]

Gram-negative

5.5
5

4
4
2

No

Other | growth

3
10
7.5
5
7

18
10
7.5
5

10
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years in an individual hospital. The approximate proportions of IE cases caused by
different groups of microorganisms as published by Mylonakis and Calderwood are
provided in Table 4.2 [3].

This discussion of the etiologic agents of infective endocarditis will begin with
native valve endocarditis followed by consideration of special situations including
prosthetic valve endocarditis, IE in injection drug users, and culture-negative
endocarditis.

Table 4.2 Microbiologic features of native-valve and prosthetic-valve endocarditis

Pathogen Native-valve endocarditis

Neonates 2 months— 16-60 year |>60 year of age
15 years of age | of age

(Approximate percentage of cases)

Streptococcus species 15-20 40-50 45-65 3045
Staphylococcus aureus | 40-50 22-27 3040 25-30
Coagulase negative 8-12 4-7 4-8 3-5
staphylococci
Enterococcus species <1 3-6 5-8 14-17
Gram negative bacilli 8-12 4-6 4-10 5
Fungi 8-12 1-3 1-3 12
Culture-negative and 2-6 0-15 3-10 5
HACEK organisms®
Diphtheroids <1 <1 <1 <1
Polymicrobial 3-5 <1 1-2 1-2
Pathogen Prosthetic-valve endocarditis
Early Intermediate Late
(<60 days after | (60 days—12 months after (>12 months after
procedure) procedure) procedure)
(Approximate percentage of cases)
Streptococcus species 1 7-10 30-33
Staphylococcus aureus | 20-24 10-15 15-20
Coagulase negative 30-35 30-35 10-12
staphylococci
Enterococcus species 5-10 10-15 8-12
Gram negative bacilli 10-15 2-4 4-7
Fungi 5-10 10-15 1
Culture-negative and 3-7 3-7 3-8
HACEK organisms*
Diphtheroids 5-7 2-5 2-3
Polymicrobial 2-4 4-7 3-7

Microbiologic Features of Native-Valve and Prosthetic-Valve Endocarditis (SOURCE Mylonakis
et al. [3], by permission of Massachusetts Medical Society)

“Patients whose blood cultures were rendered negative by prior antibiotic treatment are excluded.
HACEK denotes Haemophilus species (H. parainfluenzae, H. aphrophilus, H. paraphrophilus),
Actinobacillus actinomycetemcomitans, Cardiobacterium hominis, Eikenella corrodens and
Kingella kingae
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Community Acquired Native Valve Endocarditis

The organisms that commonly cause native valve endocarditis are members of the
normal flora of the skin, oropharynx, and the gastrointestinal and genitourinary sys-
tems. The vast majority of native valve endocarditis cases are caused by
Staphylococcus and Streptococcus species. Several recent publications show that
Staphylococcus aureus seems to have overtaken the viridans group Streptococci as
the most common cause of native valve IE [2, 4, 5]. However, a population-based
study of IE cases in Olmstead County, Minnesota from 1970 to 2000 revealed no
significant trends over time with respect to either the overall incidence of IE or the
relative proportion of cases caused by Staphylococci and Streptococci [6]. Likewise,
the same researchers conducted a systematic review of all population-based IE sur-
veys prior to 2007 and found no overall temporal trend in S. aureus or viridans
group streptococcal IE [7]. These apparently contradictory observations likely
result from differences in patient risk factors (e.g. low IVDU rates in Olmstead
County) and referral patterns (more S. aureus IE referred to tertiary care centres).

Staphylococci

Staphylococcus aureus

Two publications from the International Collaboration on Endocarditis (ICE) pro-
vide an international perspective on S. aureus native valve endocarditis. In one report,
the authors used a merged database derived from data collected between 1979 and
1999 at seven sites in five countries. The database included 2,212 cases defined as
definite IE based on the Duke criteria; 566 (34 %) of 1,640 native valve IE cases were
caused by S. aureus [8]. Compared to the patients with native valve IE caused by
organisms other than S. aureus, these patients were younger (median age 46.0 -vs-
60.0 years) and more likely to have a history of IV drug use (36.9 % -vs- 5.5 %). The
valves involved were significantly different between the two groups, with tricuspid
involvement much more common in the S. aureus cohort (31.3 % -vs- 5.0 %) and
aortic valve involvement less common (15.9 % -vs- 31.2 %). Although outcomes
varied by center, embolic events (60.6 % -vs- 30.7 %), CNS events (20.6 % -vs-
13.3 %) and in-hospital mortality (19.9 % -vs- 12.2 %) were all higher for the subset
infected with S. aureus. The mortality rate was particularly high (28.6 %) for patients
with S. aureus infecting a left sided valve. The other publication from the ICE inves-
tigators was based on data collected prospectively at 39 participating centers in 15
countries between 2000 and 2003 [9]. In this cohort, S. aureus was again observed to
be the most common etiologic agent of definite IE both overall (558/1,779, 31.4 %)
and in the native valve IE subset (401/1,247, 32.2 %).

A more recent report used the Agency for Healthcare Nationwide Inpatient
Sample to evaluate the etiologic agents of IE between 1999 and 2008. The authors
found that of 83,700 discharges, the most commonly identified organism was S.
aureus (57.5 %). Similar to previous studies, admissions for S. aureus-related IE
were associated with a higher probability of in-hospital morality compared with
streptococcal and/or enterococcal IE (17.5 % vs 8.9 %; P=<0.001) [10].
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Medical procedures and (often intravascular) devices that place patients at risk
for bacteremia appear to be responsible for at least part of the observed increase in
some centers of the proportion of IE cases caused S. aureus. Fowler et al. [9] found
S. aureus IE to be healthcare associated in a substantial proportion of cases. Overall,
218/341 (39.1 %) of S. aureus IE was healthcare associated compared to 211/1,221
(17.3 %) of non-S. aureus cases. Approximately 60 % of the healthcare associated
S. aureus IE cases were nosocomial, with the remainder acquired outside of hospi-
tal. The patients with healthcare associated S. aureus IE had a higher average age,
an increased likelihood of mitral valve involvement, and higher in-hospital mortal-
ity compared to those with community acquired S. aureus IE.

The incidence of MRSA IE has also been noted to be increasing, particularly
within the healthcare associated IE subgroup. Excluding community acquired
IVDU-associated IE, Fowler et al. reported MRSA as the cause in 100/289 (34.6 %)
of native valve S. aureus IE in the prospective ICE cohort [9]. The majority (75.9 %)
of MRSA IE cases were healthcare associated, with intravascular devices as the
presumed source (60.3 %), and diabetes mellitus (34.0 %) and immunosuppressive
therapy (17.7 %) observed significantly more commonly than in the non-MRSA §.
aureus IE group. MRSA infected patients had a lower rate of embolic events, but
persistent bacteremia was more common and there was a trend toward higher in-
hospital mortality. The proportion of S. aureus IE caused by MRSA varied consider-
ably ranging from 43.5 % in US centers to 19.1 % in Australia/New Zealand.

A smaller, more recent study conducted by Hill et al. [11] found that of 72 con-
secutive cases of definite S. aureus IE between June 2000 and December 2006, 22 %
were caused by MRSA. Similarly, they found that the majority of cases of MRSA
infective endocarditis were nosocomial (75 % compared to 32 % of MSSA). When
compared with MSSA, MRSA infective endocarditis was more frequently associated
with surgical site infection (38 % vs. 7 %), surgery within the previous 6 months
(75 % vs. 21 %), and more commonly involved a prosthetic valve (44 % vs. 30 %).
Hill et al. found decreased frequencies of major (6 % vs. 39 %) and minor (0 % vs.
25 %) embolic complications in the MRSA group compared with the MSSA group.
They also demonstrated a trend toward increased overall 6-month mortality in the
MRSA group (56 % vs. 30 %; P=0.06), which was more pronounced in the group
with nosocomial MRSA compared with community-acquired MRSA.

Coagulase Negative Staphylococci

In most published case series, coagulase negative staphylococci (CoNS) are reported
to cause approximately 5 % of cases of native valve endocarditis [3-5, 12]. A review
of 99 native valve IE cases caused by CoNS was recently published based on infor-
mation obtained from the ICE merged database, which is comprised of IE case data
collected between 1979 and 1999 at seven sites in Europe and the US [13]. CoNS
strains were determined to be the cause of native valve IE in 6.6 % of 1,504 adult
patients in the database (excluding those with a history of injection drug use) who
met Duke criteria for definite IE. The species was identified as S. epidermidis in
55/65 (85 %) of cases for which specific organism identification was available.
Although CoNS are often not considered to be virulent organisms, the rates of heart
failure and in-hospital mortality were similar to those observed in patients with
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S. aureus native valve IE in the same database. When compared to cases caused by
viridans group streptococci, the CoNS patients were older overall, they had a much
greater likelihood of healthcare associated acquisition (40 % -vs- 1.3 %), and they
had a more complicated clinical course as indicated by higher rates of heart failure,
intracardiac abscess, cardiac surgery and mortality.

A more recent study by the same researchers found that healthcare exposure such
as long-term hemodialysis, pacemakers and/or implantable defibrillators, history of
invasive procedures, and long-term indwelling central catheters all showed an
increased risk for CoNS IE compared with viridans group streptococci [14].
Similarly, their study also demonstrated statistically significant increased rates of
heart failure, persistent bacteremia and in-hospital death when compared with the
group infected with viridans group streptococci. The in-hospital mortality associ-
ated with native valve endocarditis caused by CoNS was 25 %, similar to that of
patients with native valve endocarditis caused by S. aureus (27 %; P=0.44).

Another study by the same researchers compared prosthetic valve endocarditis
(PVE) caused by CoNS to cases caused by S aureus and viridans group streptococci
[15]. Excluding IVDU, researchers found that CoNS accounted for 16 % of the 537
cases of PVE. The rate of intracardiac abscess was significantly higher in patients with
CoNS PVE (38 %) than S aureus (23 %, p=0.03) or viridans group streptococci (20 %,
p=0.09). Over half of the PVE cases caused by CoNS were classified as early or inter-
mediate, suggesting a nosocomial origin relating to the initial surgery or subsequent
health care contact. Compared to S aureus, the timing of CoONS PVE was less likely to
be early (8.7 % vs 23.4 %) and more likely intermediate (47.8 % vs 27.3 %).
Furthermore, more patients with CoNS PVE reported symptom durations greater than
1 month compared with patients with S aureus PVE (19 % vs 5.7 %, p=<0.01). These
findings support the hypothesis that CoNS PVE causes a subacute clinical presentation,
contributing to the high rates of heart failure and intracardiac abscess. Overall in-hos-
pital mortality rates trended higher in PVE caused by CoNS (24 %) compared to viri-
dans group streptococci (9.1 %), but did not reach statistical significance (p=0.08).

One particular CoNS species that has been associated with more aggressive dis-
ease is S. lugdunensis. In a review of 48 published IE cases, Seenivasan and Yu
reported that 39 (81 %) involved native valves and 74 % had an acute presentation,
with an overall mortality rate of 49 % [16]. Valve destruction was common, with
over half of the patients (25/48) proceeding to cardiac surgery; the mortality rate
was 65 % among those who did not have surgery.

Streptococci

The viridans group streptococci remain among the most common causes (30-40 %
in most series) of community-acquired native valve IE in individuals without a his-
tory of IV drug use. The most common species include S. oralis/S. mitis, S. sanguis,
S. mutans, and S. salivarius. These alpha hemolytic organisms are members of the
normal flora of the gastrointestinal tract, and they usually cause a subacute presenta-
tion of IE. They are the most common causative agents among children and young
women with mitral [E. Members of the S. anginosus (or S. milleri) group most often
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grow as pinpoint alpha hemolytic colonies on sheep blood agar. Although often
considered to be part of the viridans group, the distinction is important because
infections with these organisms are associated with abscess formation, possibly
impacting the duration of therapy [17]. The organisms previously designated as
nutritionally variant streptococci are now classified as Abiotrophia defectiva and
Granulicatella species. These organisms can be challenging because media supple-
mented with pyridoxal hydrochloride or L-cysteine are required to support growth,
and treatment success requires more aggressive therapy than for viridans
streptococci.

Non-enterococcal group D streptococci, the Streptococcus bovis/S. equinus com-
plex, are an important cause of IE in certain geographical areas. An analysis of the
ICE merged database yielded 136 IE cases caused by these organisms, of which 109
(80.1 %) involved native valves [18]. When compared to cases caused by viridans
group streptococci, patients were older with more co-morbidities, and multiple
valve involvement was more common. When data from two decades of the database
were compared, the proportion of streptococcal IE caused by S. bovis/equinus
increased from 10.9 % (1979-1989) to 23.3 % (1990-1999). This proportion was
particularly high in France (58 %) compared to other sites in Europe (9.4 %) and the
US (16.7 %). A more recent analysis of the ICE prospective cohort study yielded
similar results, identifying 165 patients with S. bovis IE, representing 6 % of the
total cohort and 25 % of all non-enterococcal streptococcal IE [2]. The majority of
these cases were native valve endocarditis in non-IVDU (119/165 or 72 %). The
rates of S. bovis were highest in the European region, representing 10 % of cases
and lowest in North America, representing only 2 % of all cases of IE. Previous
studies have shown a strong association between S. bovis bacteremia and colorectal
cancer.

S. pneumoniae was an important agent of IE in the pre-antibiotic era. Its inci-
dence has decreased to 1-3 % now, though a small Scandinavian study showed a
fourfold increase from 1981 to 1996 [19]. S. pyogenes and Lancefield groups B, C
and G streptococci are also rare causes of native valve IE.

Enterococci

The enterococci are the third most common agents of IE overall, causing 5-20 % of
cases. In a prospective analysis of over a 5 year period in a center in Spain, IE was
found to be present in 17/116 (14.6 %) patients with enterococcal bacteremia [20].
Enterococcal IE was caused by E. faecalis in 16/17 cases. Endocarditis was hospital
acquired in 6/17 (35.3 %) cases, and 10/17 patients had pre-existing valvular abnor-
malities. Healthcare associated infection was also noted in an early retrospective
review of 38 cases of enterococcal IE published in 1970 by Mandell et al. in which
47 % of infections had developed in elderly men who had undergone GU tract pro-
cedures or in younger women following gynecological procedures [21]. In a recent
publication based on the ICE merged database (1970-1999), 107 definite left sided
native valve IE cases caused by enterococci were compared to cases of other etiolo-
gies in the same database [22]. Among the isolates that were fully identified, 92.5 %
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were E. faecalis, 6.0 % E. faecium and 1.5 % E. durans; 37.4 % of the strains were
not identified to the species level. Patients with enterococcal endocarditis were
older (mean age 66.4 -vs- 58.2 years) and more likely to have cancer (21 % -vs-
8 %) when compared to those with non-enterococcal IE. Enterococcal IE was more
likely than streptococcal IE to be nosocomially acquired (15 % -vs- 1 %). When
compared to S. aureus 1IE, systemic embolization (26 % -vs- 49 %) and in-hospital
death (11 % -vs- 27 %) were significantly less common in the enterococcal 1E
cohort.

A recent publication based on the ICE merged database characterized the current
rates of enterococcal IE [23]. Of the 1,616 cases of definite streptococcal or entero-
coccal IE, 500 cases (30.9 %) were determined to be caused by enterococci.
Enterococcal IE was more likely to be healthcare associated than cases caused by
oral streptococci (23.4 % vs 4.5 %) and more likely to involve a prosthethic valve
(29.1 % vs 16.4 %). As demonstrated previously, patients with enterococcal IE were
older (mean age 65.5 vs. 54.6 years), and more likely to have comorbidities such as
hemodialysis (8.4 % vs. 1.4 %) and diabetes (22.4 % vs. 11.1 %). Patients with
enterococcal IE were more likely to have paravalvular complications in prosthetic
valve IE and had overall higher 1-year mortality rates than those with oral strepto-
cocci or group D streptococci (28.9 % vs. 14.6 % and 17.8 % respectively,
p=<0.0001). The majority of the isolates in this study were Enterococcus faecalis,
accounting for about 90 %. Vancomycin resistant enterococcus (VRE) was isolated
in 12 cases; of the 11 strains with identified area of acquisition, 64 % were isolated
from nosocomially-acquired IE compared with 13 % of vancomycin-susceptible
strains. Notably, VRE accounted for approximately 10 % of all enterococcal IE in
North America. Furthermore, the proportion of IE caused by enterococci was higher
in North America (50 % of all streptococcal IE) than other regions.

Gram Negative Endocarditis

Overall, Gram-negative agents cause 1-5 % of IE cases. Although Pseudomonas
spp. and the Enterobacteriaceae are rare causes, the most common Gram-negative
agents of native valve IE are members of the HACEK group. The HACEK group
includes Haemophilus spp. (H. paraphrophilus, H. parainfluenzae, H. aphrophilus,
H. influenzae), Aggregatibacter actinomycetemcomitans, Cardiobacterium homi-
nis, Eikenella corrodens, and Kingella spp. (K. kingae, K. denitrificans). These
organisms are slow growing fastidious Gram-negative bacilli that cause IE with a
subacute presentation.

In a recent analysis of the ICE prospective cohort study, HACEK organisms were
found to be responsible for approximately 1 % of native valve IE [24]. When com-
pared with non-HACEK IE, patients with HACEK IE were younger (47.4 vs
60.5 years), were less likely to have healthcare associated IE (1 % vs. 24 %,
p=<0.001), less likely to have diabetes (8 % vs. 18 %, p=0.02), and less likely to
have cardiac vegetations on echocardiogram (71 % vs. 83 %, p=0.01). Both in-
hospital and 1-year mortality of patients with HACEK IE were significantly less
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than that of patients with non-HACEK IE (4 % vs. 18 %, p=0.001 and 11 % vs.
39 %, p=0.001, respectively). HACEK IE patients were more likely to have a stroke
complication, and were relatively more likely to have a hemorrhagic stroke.
Haemophilus species were the most common HACEK organism, causing over half
of the HACEK IE cases (40/77; 36 Haemophilus parainfluenzae, 4 other
Haemophilus species).

Prosthetic Valve Endocarditis

Overall, prosthetic valve endocarditis (PVE) accounts for 10-30 % of all IE cases.
The risk of endocarditis is highest in the first few months following surgery, with
cumulative rates of 1.0-1.4 % at 1 year and 3.0-5.7 % at 5 years after valve replace-
ment [25]. Nearly 60 % of cases of PVE occur after the first 60 days, with the
median time of diagnosis of 83.5 days from valve implantation [26].

When compared to native valve IE, infection caused by coagulase negative
staphylococci (CoNS) is much more common in PVE and IE due to Gram-negative
bacilli, fungi and diphtheroids are also more common, while S. aureus and entero-
cocci are recovered somewhat less often. A publication based on the ICE merged
database found that S. aureus has now overtaken CoNS as the leading cause of PVE,
responsible for 23.0 % of cases, compared to 16.9 % of infections caused by CoNS
[26]. Patients with PVE were more likely to have a healthcare-associated infection
compared to those with native valve IE (36.5 vs. 31.0 %, p=0.01) and were more
likely to develop intra-cardiac abscesses (29.7 % vs. 11.7 %, p=<0.001). Healthcare
associated PVE was more common in the United States than other regions (trend
towards significance) and associated with high rates of S. aureus and CoNS. The
relative importance of the causative organisms depends on the timing of infection in
relation to valve replacement surgery. We accept the definitions of early PVE as
infection developing <60 days after surgery, late PVE as >12 months post-
replacement and intermediate PVE as those cases occurring between 2 and
12 months.

Early PVE is most often related to intraoperative contamination of the surgical
field or post-operative bacteremia. As such, the bacterial flora of the skin and
hospital-associated pathogens predominate. Although patients with PVE have
higher rates of CoNS infection and lower rates of S. aureus infection when com-
pared with native valve IE, S. aureus is now the most common cause of early PVE,
with MRSA involved in over half of cases [26] CoNS causes about 20 % of early
PVE, but is a more significant pathogen in intermediate PVE, likely owing to its
comparatively lower pathogenicity and sub-acute presentation [15]. Fungal organ-
isms cause about 10 % of early PVE and Gram-negative bacilli cause approximately
5-10 % of early IE [26].

The distribution of etiologic agents causing late PVE is very similar to that for
native valve IE, with the streptococci and S. aureus being the most frequently iso-
lated organisms in most reported series. Patients with late PVE tend to have more
CoNS and less S. aureus when compared to those with native valve IE. The
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Gram-negative bacilli and fungi seen in the early period after valve replacement are
recovered infrequently in late PVE. The HACEK organisms are isolated in up to
5 % of patients presenting with late onset PVE. In a review of 121 PVE cases over
34 years at a single center in Spain, Rivas et al. found that enterococci and S. aureus
had overtaken the viridans group streptococci as the leading causes of late PVE
when cases occurring between 1987 and 2003 were compared to those from 1970 to
1986 [27]. This change in microbiology was attributed to a higher proportion of
hospital-acquired late PVE (22 % vs. 7 %) in recent years.

Intermediate-onset PVE includes a mixture of patients who are presenting rela-
tively late with perioperatively acquired infections and individuals who have devel-
oped community-acquired endocarditis. As a result, the pattern of organisms causing
PVE developing at this time is essentially an average of the proportions of cases
caused by each group of organisms observed in early and late periods.

Intravenous Drug Users (IVDU)

The majority of IE in the IVDU group is caused by Staphylococcus aureus, which
is responsible for 50-75 % of cases [2, 28, 29]. The streptococci and enterococci are
the next most common organisms (7-10 %), with small percentages caused by
CoNS, Gram-negatives, and Candida species. Polymicrobial IE is relatively com-
mon in the IVDU population, occurring in up to 5 % of cases. The use of saliva to
“clean” needles or dissolve drugs prior to injection increases the risk of involvement
of oral flora, such as H. parainfluenzae, Eikenella corrodens and Streptococcus
anginosius group [30].

S. aureus most commonly causes right-sided (tricuspid) endocarditis in the IVDU
setting. In the review of definite S. aureus native valve IE cases from the ICE merged
database (1979-1999) published by Miro et al. 131/149 (88 %) cases in patients with
a history of injection drug use involved the tricuspid valve [8]. Of 170 patients with
right-sided S. aureus 1IE, 131 (77 %) provided a history of IV drug use. In the same
study, MRSA was observed infrequently in the IVDU population: 6/43 (14.0 %)
patients with MRSA IE used IV drugs compared to 136/248 (54.8 %) of those with
infection caused by susceptible strains. However, increasing rates of MRSA in IVDU
have been observed and outbreaks have been documented. One more recent small
study of 33 patients with IVDU associated IE in the ICU found that 94 % of patients
were infected with S. aureus, with 52 % of cases caused by MRSA [31].

Gram-negative IE in drug users can be caused by organisms that are encountered
only rarely in non-IVDU patients. Pseudomona aeruginosa endocarditis is uncom-
mon and occurs nearly exclusively in IVDU. Pseudomonas aeruginosa IE is usually
right sided, but can involve left-sided valves, in which case the clinical course is
more complicated [32]. A cluster of 36 cases of Serratia marcescens 1E was seen
among heroin users in San Francisco in the 1970s, with high associated mortality
[33]. Other Gram-negative bacilli that are occasionally encountered in the setting of
IV drug use include Campylobacter fetus, Pasteurella spp., Brucella spp., Bordetella
spp., Franciscella tularensis, Aeromonas hydrophila and Yersinia enterocolitica..



4 Microbiology of Infective Endocarditis and Microbiologic Diagnosis 59

Blood Culture Negative Endocarditis

Blood culture negative endocarditis (BCNE) rates have historically varied by study
population, ranging from 2.5 % to 31 % [34]. These varied rates were observed
among studies conducted in Spain (13.7 % [35]), London (12.2 %) and Sweden
(20 %) [36]. A review of 26 case series published between 1993 and 2003 showed
BCNE rates of about 10 % [4]. More recent data from the ICE database are consis-
tent with these findings, with overall 10 % of patients having negative culture find-
ings [2]. These rates are likely artificially high because of preceding antibiotic
therapy. This effect was quantified in a retrospective review of 107 definite IE cases
at a center in Spain, in which 14/20 patients with negative blood cultures had
received prior antibiotics, leaving 6/107 (5.6 %) with BCNE [37]. Thus, excluding
the cases confounded by antibiotic therapy prior to blood cultures, the frequency of
“true” culture-negative endocarditis is much less, likely around 5 %. It is estimated
that staphylococci or streptococci are implicated in 45-60 % of cases of BCNE
when antibiotics precede blood culture by >3 days, as evidenced by studies using
molecular diagnostic techniques [38]. The remaining 40-55 % of cases are thought
to be caused by slow-growing and fastidious organisms such as Coxiella burnetii,
Bartonella spp, Brucella spp, Abiotrophia, and Listeria monocytogenes.

By definition, standard culture methods are inadequate to allow detection of the
causative agents of BCNE. The largest study to address the etiology of BCNE, pub-
lished by Houpikian and Raoult involved 348 patients with suspected BCNE in
France [39]. The authors attempted to determine the causative organism using a
comprehensive serology panel, shell vial cultures and analysis of valve specimens
by multiple methods, including PCR. These investigations showed that 167 cases
(48 %) were due to Coxiella burnetti, 99 (28 %) due to Bartonella spp., 5 (1 %) due
to rare fastidious organisms and 73 without an identified cause. Of the 73 undiag-
nosed cases. Fifty-eight had received antibiotics before the blood cultures leaving
only 15 (4.3 %) unexplained cases.

Coxiella burnetti is reported to cause 3—5 % of all endocarditis in France, Israel
and Great Britain [40, 41]. Underlying heart disease, immunocompromising condi-
tions and animal contact are the major risk factors. Houpikian and Rault’s review of
BCNE cases in France included 167 cases of Q fever IE [28]. Of these, 53 patients
(35 %) had underlying immunodeficiency and 139 (91 %) had valvular disease,
including 27 with prosthetic valves, and 70 % had a history of contact with domestic
animals. Reported outcomes of C. burnetti IE were previously poor with nearly
two-thirds of patients developing congestive heart failure (CHF), but in this study
only 38 % developed CHF and mortality was only 3 % (4/150). This improvement
likely reflects better and more rapid diagnostics and more timely treatment.

Bartonella spp. are reported to cause 3 % of all endocarditis [40]. In a review of
Bartonella endocarditis, 75 % of identified cases were caused by B. quintana and
25 % due to B. henselae [42]. Similar results were found in the study conducted by
Casalta et al. in France. Bartonella species, diagnosed with serologic testing, caused
1 % of cases of definite IE. Of the eight total cases caused by Bartonella species,
five (62.5 %) were caused by B. quintana and three (37.5 %) by B. henselae [41].
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Epidemiology is distinct for the two species, with B. quintana seen in patients who
were homeless or alcoholic with exposure to body lice and B. henselae in individu-
als with a history of exposure to cats [39].

Trophyrema whipplei, the Whipple disease bacterium, is an emerging cause of
culture negative endocarditis. In a review of 35 cases published in 2001, the disease
was predominant in men, occurred on previously healthy valves in 88 %, with a
mortality rate of 57 % (20 of 35 cases) [43]. In a recently published German study
in which cardiac valve tissue was cultured and assayed using 16S rRNA PCR fol-
lowed by sequencing, T. whipplei was the fourth most common organism detected
(16 cases, 6.3 %) among 255 of 1,135 assayed valves with evidence of bacterial
infection, and the most common among the agents of BCNE [44].

Microbiologic Diagnosis
Blood Cultures

Blood culture remains the single most important investigation in a patient suspected
of having infective endocarditis. If appropriately collected prior to antibiotic admin-
istration, blood cultures can be expected to yield growth of the causative organism
in over 90 % of cases of infective endocarditis. Identification of the organism may
allow the treating physician to determine the original source of bacteremia, and
facilitates the choice of appropriate therapeutic agent(s) and treatment duration.

The Modified Duke Criteria include blood culture as one of the major diagnostic
criteria. In order to fulfill the major microbiologic criterion, blood culture support
for the diagnosis of IE is defined as isolation of “typical” microorganisms (viridans
streptococci, Streptococcus bovis, HACEK group, S. aureus, community-acquired
Enterococcus spp.) from at least two separate blood cultures, blood cultures persis-
tently positive for “microorganisms consistent with IE”, or a single culture positive
for Coxiella burnetti. Rognon et al. [45] retrospectively applied the Duke Criteria to
179 IE cases over a 10-year period, and found blood culture to be the most impor-
tant criterion in establishing a diagnosis of definite IE. Over half of 52 pathology-
proven IE cases in this series that were classified as “definite IE” using the Duke
Criteria before pathology results were available would have been designated as
“possible IE” or “rejected” in the absence of blood culture data.

Intravascular infections including IE are characterized by the presence of con-
tinuous bacteremia, and in the majority of IE cases most or all of the pre-therapy
blood cultures will be positive. Demonstration of continuous bacteremia by defini-
tion requires more than one blood culture result, and the yield of blood cultures is
dependent on both the number of cultures obtained and the volume of blood cul-
tured. The effects of blood draw volume and timing on culture yield were investi-
gated by Li et al. who analyzed data from all blood cultures drawn on patients in the
Veterans Administration Medical Center in Seattle over an 18 month period [46].
For the majority of patients, one blood culture set consisted of 20 ml divided equally
between one aerobic and one anaerobic bottle. The investigators found that a second
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20 ml blood draw increased blood culture yield by 17-20 %, and that this additional
pick-up rate was the same whether the second culture set was drawn immediately
after the first, or at any other time within the next 24 h. The addition of a third 20 ml
draw within 24 h further increased the blood culture yield by 10 %. Most experts
agree that three separate blood culture sets (20-30 ml in two to three bottles) should
be sufficient to detect over 95 % of IE associated bacteremias in the absence of
preceding antibiotics [47]. In addition to maximizing the diagnostic yield, the prac-
tice of obtaining multiple blood cultures can also be useful in determining whether
a positive result represents contamination, in which case only one culture would be
expected to grow the contaminating organism.

The timing of blood culture draws depends on the overall clinical status of the
patient. In the setting of a septic patient with suspected acute IE, therapy should not
be delayed to allow blood cultures to be drawn, and two to three separate venipunc-
tures can be performed a few minutes apart while arrangements are made for initia-
tion of empiric antibiotic therapy. This approach is supported by the data reported
by Li et al. (see above), who found that the rate of additional positive cultures from
a second blood culture set was independent of its timing. Conversely, a clinically
stable patient who has been ill for weeks can safely remain off antibiotics for at least
24 h while serial blood cultures are obtained. In patients who have received antibi-
otic therapy before being worked up for IE, blood culture media containing
antibiotic-inactivating resin should be used, and in selected circumstances with-
drawal of antibiotics to allow cultures to be drawn would be appropriate.

Newer blood culture media and modern automated blood culture systems repre-
sent a significant improvement over older methods. The majority of non-fastidious
organisms will trigger a positive signal in blood culture instruments within 72 h.
Most clinical laboratories incubate routine blood cultures for 5 days, as most posi-
tive cultures appearing after longer incubation represent contaminants. However,
some fastidious organisms that cause IE including the HACEK group, Brucella
species and others may require longer periods of incubation before triggering auto-
mated blood culture systems. The majority of fastidious organisms causing IE will
grow within 10 days, but others (e.g. Bartonella species) can require several weeks
to grow and may not trigger blood culture instruments even when they do grow. In
the setting of clinically suspected IE, therefore, blood culture specimens require
special management within the laboratory. Approaches vary among institutions and
include extended incubation of the bottles collected from patients identified as sus-
pect IE cases, terminal subcultures of negative blood culture bottles to solid culture
media at the end of the planned incubation period, or a combination of both. Highly
specialized culture techniques can be used for isolation of specific rare causes of IE
such as Coxiella burnetti, Bartonella species and Tropheryma whipplei when they
are suspected; these methods and pertinent biosafety considerations have been
reviewed by Houpikian and Raoult [48].

Candida species cause approximately 50 % of proven cases of fungal endocardi-
tis. Although blood cultures are thought to have poor sensitivity for detection of
candidemia, more specialized blood culture media have no advantage over standard
blood culture bottles for detection of Candida species. Special fungal blood culture
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media such as Bactec Myco-F-lytic bottles are superior in supporting growth of fila-
mentous fungi such as Aspergillus species, and could be considered for use in
immunocompromised patients or known I'V drug users with suspected IE. The lysis-
centrifugation (Isolator) method is superior to other available processes for detec-
tion of Histoplasma capsulatum from blood samples. Emboli leading to operative
intervention are seen relatively commonly in cases of fungal endocarditis given the
typically large vegetation size. Because blood cultures are frequently negative in
fungal endocarditis, these emboli can provide crucial information about the caus-
ative organism, and they should be cultured and stained for fungal organisms when
they are encountered and removed.

Methods for Diagnosis in Culture-Negative IE

Serology

Serologic testing can be useful in determining the cause of IE in true culture-negative
cases, which are usually caused by organisms that are difficult to culture including
Coxiella burnetti, Bartonella spp., Chlamydia spp. and Legionella species. The
immune response to C. burnetti involves development of antibodies against phase 1
and phase 2 antigens. In acute infection, both IgM and IgG antibodies develop
against phase 2, with only IgM against phase 1. Endocarditis is a manifestation of
chronic Q fever, which is characterized by high anti-phase 1 IgG titers. Positive Q
fever serology, defined as a phase 1 IgG titer of >1:800, is listed as one of the major
modified Duke criteria. A Bartonella antibody titer of 1:1,600 has been reported to
have a positive predictive value of 88 % for Bartonella IE [48]. However, titers may
not be reproducible given lot-to-lot variability of antigen preparations used for test-
ing. Patients with Bartonella infection also frequently develop cross-reacting anti-
bodies that result in false positive Chlamydia spp. serology. Additional assays to be
considered in culture negative IE cases include serologic studies for Brucella species
and Legionella serology or urinary antigen testing.

Molecular Diagnostics

In spite of limitations including the potential presence of PCR inhibitors in clinical
samples and the possibility of sample to sample contamination, molecular amplifi-
cation methods can be useful in establishing the cause of IE. To date, PCR methods
have been applied with most success to surgically excised valve tissues.

Because several possible etiologic agents are normally being considered in cases
of culture negative IE, the most commonly applied approach involves the use of
“universal” PCR primers. These primers are directed against highly conserved
sequences that are common to all bacteria, thereby allowing amplification of genetic
material from virtually any species of bacteria. The segment to be amplified (most
often genes encoding for 16S rRNA) is chosen based on the presence of intervening
regions with sequence variability, allowing identification of organisms by sequenc-
ing of the PCR product with subsequent comparison of the result to a sequence
database. Podglajen et al. (EID 9: 1543-7, 2003) evaluated 16S rDNA PCR/
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sequencing of valve tissues resected from 36 patients with clinically definite IE by
the modified Duke criteria. PCR identification was possible in 26 of 30 cases with
positive blood cultures prior to surgery, and in 5 of 6 culture negative cases (4
Bartonella species, 1 S. gallolyticus). Another study using 16s PCR identified the
microbial etiology in 21 % of patients, half of whom had negative blood cultures
[49]. In a recently published German study, 16S rRNA PCR followed by sequencing
was used to detect bacterial infection involving valves from 84/878 consecutive
unselected patients and from 171/257 patients with suspected or possible IE [44].

When a particular diagnosis is suspected, species-specific PCR assays can also
be employed. Protocols have been developed for many of the agents of culture nega-
tive IE including C. burnetti, Bartonella species, Brucella species, Tropheryma
whipplei, Chlamydia spp. and Legionella species [48].

Histology

In cases of suspected IE for which the causative organism is not known prior to
surgical intervention, heart valve material should be submitted for further investiga-
tion by histology and culture. Because of preceding antibiotic therapy, bacterial
cultures of valve tissue obtained at surgery are positive in only a minority (10-15 %)
of cases. Histologic examination of excised valve tissue can be used both to confirm
the diagnosis of IE and to determine the probable causative organism. Pathologic
findings compatible with IE are considered to be evidence of definite endocarditis
within the Duke criteria.

Routine stains including H&E and tissue Gram stains will show infiltrates of
inflammatory cells and can allow common causative organisms to be visualized
respectively. Special stains including Warthin-Starry (Bartonella spp.), Periodic acid-
Schiff (. whipplei, fungi), Gimenez (C. burnetti, Legionella spp.) and Gomori men-
enamine silver (fungi) stains are needed for detection of less common causes of IE.
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Abstract

Infective endocarditis is a potentially fatal disease. Even with appropriate treat-
ment, morbidity and mortality can be significant. Prevention of this condition is
of paramount importance and antibiotic prophylaxis has become an acceptable
means by which to prevent endocarditis from bacteria prone procedures. This
chapter provides an overview of the pathogenesis of infective endocarditis and
current strategies for prophylaxis.
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Key Points

1. Guidelines exist for antibiotic prophylaxis against infective endocarditis
(IE). There is little robust clinical evidence supporting proof that antibiotic
prophylaxis decreases the immediate subsequent risk for infective endocar-
ditis. The strength of the evidence rests on animal studies, which may or
may not accurately reflect human disease, as well as on expert opinion.
Nonetheless, a priori algorithms have been proposed for the health care
practitioner, based on patient risk factors for disease as well as the likeli-
hood of bacteremia from a given procedure.
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2. The mechanism(s) by which antibiotics effect prophylaxis remain unclear,
but may relate to interfering with bacterial adherence to a fibrinous valvu-
lar vegetation and/or clearance of pathogen after such adherence.

3. Current recommendations provide both oral and intravenous regimens, the
latter for patients unable to take orally. There is no evidence for superiority
of one regimen over the other. The recommendations also provide alterna-
tives for patients with a history of allergy to b-lactams. The suggested regi-
mens may decrease albeit not eliminate the risk of IE.

4. Given that the microbiology and the antimicrobial resistance patterns of the
most common pathogens causing infective endocarditis are evolving,
guidelines will need to be regularly revised.

Infective endocarditis (IE) is a potentially fatal disease. Even with appropriate
antimicrobial treatment, mortality rates range from 10 % to 25 % [1]. As such, pre-
vention of disease is very important. Guidelines have been created to estimate which
patients with certain risk factors would most benefit from IE prophylaxis. However,
there have been no controlled, clinical trials to demonstrate the protective efficacy
of antibiotic regimens in the prophylaxis of IE in humans. Such trials will not likely
ever be done for two major reasons: From a study design perspective, the relative
rarity of IE developing after a single transient bacteremic episode would require
>6,000 patients, all with predisposing cardiac disease [2]. Secondly, such a study
would also be considered unethical. As such, the guidelines that have been devised
have been based on the efficacy of IE prophylaxis in animal models, previous anti-
microbial susceptibility testing data of the most likely pathogens, pharmacokinetic
studies, and studies on the incidence and prophylaxis of procedure-related bactere-
mias. Thus, the evidence for these recommendations is at the level of expert opin-
ion, the efficacy is not 100 %, and the changing microbiology of IE may necessitate
updated new recommendations.

The fundamental step in the pathogenesis of IE is the development of bactere-
mia, with subsequent seeding of a previously-damaged endocardial surface.
Experimental studies suggest that valvular endothelial damage leads to platelet and
fibrin deposition and the formation of a nonbacterial thrombotic vegetation.
Circulating bacteria can then adhere to these lesions and multiply within the platelet-
fibrin complex, leading to an infected vegetation. Dental treatment has traditionally
been considered the major cause of the bacteremia that leads to IE [3], mainly
because of historical studies that demonstrated a high frequency of bacteremia after
various oral invasive procedures, as well as because of previous studies document-
ing the viridans group streptococci (VGS, the predominant members of the oral
microflora) as the leading cause of IE. The initial recognition of a relationship
between viridans streptococcal IE and dental procedures is attributed to Horder in
1909 [2, 3]. In 1923, Lewis and Grant proposed the hypothesis that abnormally
structured heart valves may contribute to the development of IE in healthy adults by
trapping and retaining organisms from the transient bacteremia [4]. In 1935, Okell
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and Elliott, in a series of 138 patients, demonstrated the presence of bacteremia
related to tooth extraction; in 64 % of the cases, the isolate was a Streptococcus spp
[5]. Another study, in 1937 by Burket and Burn [6], confirmed the biological plau-
sibility of the oral cavity as the source of bacteremia when they painted the gingival
crevices of 90 patients with S. marcescens (which was felt to be non-pathogenic, at
the time) before dental extraction. Subsequent to the procedure, 20 % of the blood
cultures had recovered the organism. One study demonstrated a “dose-dependent”-
like effect, with a significant correlation found between the number of teeth extracted
and subsequent positive blood cultures [7]. Thus, it has become well established
that bacteremia may occur after dental procedures that compromise mucosal sur-
faces, especially dental extractions and gingival surgery [8]. This bacteremia, how-
ever, is transient, lasting typically no more than 15-30 min [9, 10], as well as
low-grade (usually <100 colony forming units/mL of blood) [9]. Transient asymp-
tomatic bacteremia also occurs after a variety of other procedures and manipula-
tions, particularly those associated with trauma to the mucous membranes of the
respiratory, esophageal, gastrointestinal (GI), and genitourinary (GU) tracts. If the
bacteremia following these procedures is a major cause of IE, in theory, maneuvers
that decrease the magnitude and/or the duration of this bacteremia could prevent the
development of IE, in patients at risk for the disease.

Prophylaxis of Experimental Endocarditis

The evidence supporting the use of prophylactic antibiotic regimens in humans derives
from its proven efficacy in animal models. Experimental IE has been typically
produced in rabbits (e.g. New Zealand white rabbit [11]) or rats (e.g. female Wistar
rats [12]) via catheter-induced damage to cardiac valves and subsequent intravenous
challenge with various amounts of bacterial inocula. These experimental conditions
allowed IE to be more effectively and reliably induced than in other models, with a
predictable time of onset, thus facilitating analyses. Antibiotics are administered at the
same or similar weight-based dose as in humans. The experimental IE is followed
with serial blood cultures, with eventual sacrifice of the animal and quantitative cul-
ture of the valvular vegetations. Such experiments have helped to elucidate a hierar-
chy in the infectivity of the pathogens [13]. Adherence of circulating bacteria to the
valvular endothelium/thrombotic vegetation is the most critical factor early in the
pathogenesis of infective endocarditis [14, 15]. Indeed, S. aureus, the VGS, and
Enterococcus spp., which collectively account for the majority of cases of IE, do so
specifically because of virulence factors that permit ligand-receptor interactions
between bacterial surface components and constituents of damaged valves. However,
the inoculum size (i.e. magnitude of the bacteremia) [13, 16], as well as the duration
of the bacteremia after inoculation, are also important determinants of infectivity [13].

Based on such models, antimicrobial prophylactic regimens should be predicted
to be efficacious by interfering with one or more of these factors. A previously held
belief was that antibiotics prevented IE via elimination of the post-procedure tran-
sient bacteremia by killing the microorganisms before, as they entered, or while
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they were circulating in the bloodstream, before they seeded the endocardial sur-
face. It seems unlikely, however, that any prophylactic agent could prevent the
actual lodgement of circulating bacteria on a suitable nidus: seeding of the vegeta-
tion occurs within 30 min of the bacteria entering the circulation [17], while antibi-
otics usually require hours to exert their antibacterial effect [18]. The notion that
prophylaxis is mediated by a bactericidal effect is the result of misinterpretation of
negative blood culture results in earlier studies, which resulted from the continued
elimination of the bacteria by the antibiotic after transfer of blood (and antimicro-
bial) to culture media. Indeed, animal [19, 20] and human [21-24] studies with
improved culture methods confirm that prophylaxis does not consistently and sig-
nificantly reduce the incidence of post-procedure bacteremia. Therefore, the opera-
tive mechanism by which antibiotic prophylaxis is successful occurs by other
means. Prevention of bacterial adherence has been proposed to explain the success
of experimental prophylaxis. It was previously demonstrated that inhibitors of cell
wall synthesis, such as f-lactams [25] and glycopeptides [20], have the capacity to
decrease the adherence of bacteria to platelet-fibrin clots in vitro, possibly by induc-
ing the release of lipoteichoic acid [26]. However, Moreillon and colleagues [27]
elegantly demonstrated in the rat model of amoxicillin prophylaxis that inhibition of
adherence was not an important mechanism, as the decrease was very marginal and
did not prevent infection. Alternatively, successful prophylaxis is mediated by the
ability of the administered antibiotic to facilitate elimination of bacteria subsequent
to attachment to the vegetation. Studies have demonstrated that such an effect likely
occurs by the prolonged inhibition of bacterial growth after inoculation. The deter-
minants of the inhibitory effect include characteristics of the organism (e.g. toler-
ance), the challenge dose (i.e. the IDyy, that is, the minimum inoculum producing IE
in 90 % of control animals), and the duration of time the serum concentration of the
antibiotic remains above the MIC of the pathogen. Studies have shown that for
inocula >IDy,, the longer the duration of growth inhibition, the greater the likelihood
of successful prophylaxis [27-29]. Thus, when VGS or enterococci tolerant to
amoxicillin are inoculated into the rat model, single-dose prophylaxis with amoxi-
cillin was efficacious only at the IDy, [16, 30, 31]. Against higher inocula, multiple
doses of amoxicillin for VGS or amoxicillin and gentamicin for enterococci were
necessary for successful prophylaxis [32]. Pharmacokinetic properties inherent to
the administered antimicrobial assist in determining the dosage scheme to maxi-
mize growth inhibition. For example, single-dose aminopenicillin prophylaxis for
Enterococcus spp. is not likely effective because blood antibiotic levels are not
sustained long enough to completely eliminate the bacteria from the vegetation,
whereas single-dose teicoplanin was efficacious [33]. For organisms with demon-
strated in vitro susceptibility, amoxicillin has a duration of inhibition of >10 h [13].
These features identified from experimental models have thus allowed recommen-
dations for prophylaxis in humans to be devised. What remains unclear, though, is
the mechanism by which prolonged serum inhibitory activity eliminates bacteria
adherent to vegetation. It had been postulated that growth-inhibited surface organ-
isms would be susceptible to post-antibiotic leukocyte-enhanced opsonophagocytic
activity. Animal studies [28], including a neutropenic endocarditis model [16], have



5 Prophylaxis of Endocarditis 71

demonstrated that polymorphonuclear leukocytes do not play a role in eliminating
bacteria adhered to the vegetation. Therefore, the mechanism by which antibiotic
prophylaxis is effective remains undefined.

Although the principle of prophylaxis dictates to administer the antimicrobial
agent before commencement of the procedure, experimental studies have demon-
strated that prophylaxis may also be effective if given shortly after the procedure. In
the rat model, efficacy of prophylaxis could still be maintained if the antibiotic was
administered within 2 h of the bacteremia-inducing procedure [16]. Administration
of antimicrobials at 4-6 h post-procedure was not effective in preventing IE [16,
34]. As well, although the dogma in the treatment of IE is to use a bactericidal anti-
microbial regimen, this philosophy may not necessarily apply to IE prophylaxis,
particularly given the lack of evidence that bactericidal properties mediate prophy-
laxis. In fact, animal studies have confirmed that while bactericidal antimicrobial
agents are required for large inocula, bacteriostatic antimicrobial agents are effec-
tive for inoculum sizes <IDy, [35]; hence, the rationale for agents, such as the mac-
rolides (e.g. clarithromycin [36]) and lincosamides (e.g. clindamycin [37]) for
penicillin allergic patients.

The applicability of the results from animal studies to humans remains debated.
Major issues relate to the size of the inoculum used and the route of challenge. The
bacteremia post-procedure in human is estimated to be <1x 10> CFU/mL of blood
[9], whereas in experimental models, the inocula used is in the order of 10°~108 CFU/
mL [38]. Such large inocula are required to ensure that IE consistently developed in
all (90 %) of tested animals, but it may lead to an inaccurate model of disease.
Furthermore, most animal models are challenged via the intravenous route to mimic
a presumed mucosal micro-trauma-related bacteremia, again potentially introduc-
ing sources of error. Lastly, the experimental models used (i.e. rabbits, rats) may not
reliably reproduce the pharmacokinetics of the antibiotics in humans, since these
small animals clear drugs from their blood more quickly than humans [2].

Patients at-Risk

The American Heart Association (AHA) [39, 40], British Cardiac Society (BCS)
[41], and French [42] guidelines stratify cardiac conditions into high- and moderate-
risk categories, based on studies that have shown that certain types of structural
heart disease are associated with higher risks of developing IE. In 2007 the AHA
released revised its guidelines [40] for prophylaxis for infective endocarditis. In
these guidelines the number of persons deemed to be at risk of IE is less than previ-
ously recognized as the authors identify that:

1. Infective endocarditis is more likely to occur from frequent microbial exposure
from random bacteraemias from daily activities than from undergoing dental,
GIL or GU procedures

2. Prophylaxis may only actually prevent a small number of persons who undergo
dental, GI, or GU procedures
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3. There is a high risk of complications of antibiotic therapy, which may exceed the
benefit of antimicrobial prophylaxis

4. Maintaining optimal status of the oral cavity may decrease the risk of bacterae-
mias arising from the oral cavity arising from daily activities, and is likely more
important than antimicrobial prophylaxis for IE

Although the exact degree of risk for IE for certain cardiac lesions is difficult to
assess, conditions deemed high-risk are inferred from the relative frequencies that
particular cardiac lesions occur in a large series of patients with IE. For example, the
incidence rates for IE are highest for patients with a previous history of native valve
endocarditis (300-740/100,000 patient-years) and for patients with mechanical or
bioprosthetic cardiac valves (300-600/100,000 patient-years); these rates are
approximately 60-185-fold higher than that of the general population [43].
Presumably, damaged valvular endothelium from a previous IE episode predisposes
to subsequent nidus formation for a second episode. In the case of prosthetic valves,
IE can occur by seeding of the foreign-body valvular apparatus. Patients with con-
genital cyanotic cardiac disease (i.e. single ventricle states, transposition of the
great vessels, tetralogy of Fallot) also have higher incidence rates of IE, estimated
at 100-200/100,000 patient-years; this represents a rate approximately 50-fold
higher than that of the general population [43]. The increased incidence of disease
in this group is likely related to turbulent, high-velocity flow and stagnant eddies
from right-to-left shunts. It should be noted that stratification of cardiac conditions
is also determined not only by risk of developing IE, but on the attendant morbidity
or mortality should IE develop. Non-cyanotic congential heart disease includes con-
ditions such as bicuspid aortic valve and coarctation of the aorta, as well as atrial
septal defect (ASD), ventricular septal defect (VSD), and patent ductus arteriosus
(PDA). Surgical repair of the latter three conditions has been reported to be associ-
ated with a negligible risk for IE (i.e. no greater risk than the general population). It
should be noted, however, that the risk becomes negligible typically 6 months after
surgical correction, provided that no other abnormality exists and no residual shunt
is found by Doppler echocardiography, during which time endothelialisation of the
material is complete [13, 44]. For repairs in which there are residual defects at or
near the site of prothetic material, endothelialisation is impaired; thus, these condi-
tions may be associated with increased risk, necessitating consideration of
prophylaxis.

Procedures Producing Bacteremia

Dental Procedures

High-risk procedures, in this context, are those procedures associated with a high
incidence of bacteremia, with “bacteremia” acting as a surrogate marker for IE risk.

There is much controversy, however, about the role of invasive procedures, especially
dental procedures, as the causative event leading to IE. The evidence for causality of
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odontogenic bacteremia is circumstantial, based on a temporal relation between den-
tal procedures and subsequent manifestation of disease, and the identification of oral
microflora (predominantly VGS, occasionally bacteria of the HACEK group) as the
major pathogens. However, the mere presence of a temporal relation does not consti-
tute proof of causation, particularly because of the influence of reporting bias: dental
procedures are extremely common (e.g. 62.8 % of adults aged 18-64 reported >1
dental visit within the last year in 2002 [45]), whereas IE is relatively uncommon
(e.g. 3.3 cases/100,000 population/year in the United Kingdom, with similar figures
for the United States [46] and France [42]). Furthermore, identification of the same
type of bacteria in the mouth and in cardiac vegetations supports the hypothesis that
the offending pathogens derive from a mucosally-lined source, but it again may be
unfairly blaming dental procedures. There is no doubt that certain odontogenic pro-
cedures may occasionally cause transient bacteremias that lead to IE. However, it has
been estimated that dental treatment causes no more than 4 % of all cases of IE [47].
A population-based, case-control study by Strom and colleagues comparing 273
hospitalized adults with IE and 273 matched outpatient controls found that the calcu-
lated risk for IE was no higher in the first month after the dental treatment than after
2 or 3 months, demonstrating the absence of an association between the two events
[48]. Pallasch, using a mathematical model, has estimated that the absolute risk rate
for IE from a single dental treatment in the general population to be 1/14,258,714
dental visits [49]. Therefore, although it is convenient to think that gingival instru-
mentation with bleeding permits oral microflora to access the circulation and estab-
lish IE, the evidence that dental manipulation causes IE is weak. How then do the
oral bacteria end up on the vegetation? The history of a “recent” dental procedure
may, in fact, be a surrogate marker of poor oral hygiene. Patients with poor oral
hygiene are at increased risk for bacteremia in the absence of dental procedures, with
the size of the inocula likely related to the degree of gingival inflammation [38, 39].
Such transient bacteremia occurs with daily, trivial activities, such as chewing or
tooth brushing. Guntheroth [47] devised a mathematical model to determine the
cumulative exposure to bacteremia (CEB) resulting from “physiologic” activities
(e.g. mastication, brushing teeth), and compared it to that from a “single dental
extraction”. It was estimated that over a period of 1 hypothetical month, the physio-
logic CEB was 5 370 min, in contrast to 6 min for surgical CEB. The CEB method
was modified by Roberts [38] to include the percentage prevalence of bacteremia
related to the dentogingival manipulative procedure (p), the intensity of bacteremia
(i, in colony-forming units (CFU)/mL), the length of the bacteremia (t), and the fre-
quency of bacteremia-inducing events estimated for a 1-year period (f). The modified
CEB (in CFU min/mL/year) for various activities were as follows: toothbrushing:
6,323; flossing: 3,285; chewing: 3,285; single extraction of a permanent tooth: 0.014.
To estimate the relative bacteremic challenge produced by one procedure versus
another, the cumulative exposure index (CEI) was calculated, using the single decid-
uous molar extraction as the standard procedure, as it is widely recognized as causing
a “significant bacteremia” [38]. Roberts demonstrated that the CEI for toothbrushing
twice a day is 154,219 times greater than that of an extraction. He concludes that
dental surgical procedures pose a low risk for IE. Rather, everyday procedures are
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Table 5.1 Cardiac conditions for which antibiotic prophylaxis with dental procedures is
reasonable
Cardiac conditions for which antibiotic prophylaxis with dental procedures is reasonable®
1. Prosthetic heart valves (includes metallic, bioprosthetic, and homograft valves)
2. Previous endocarditis
3. Congenital heart disease (CHD) that include
(a) Unrepaired cyanotic CHD (including palliative shunts and conduits)

(b) Completely repaired CHD with prosthetic material or device (placed surgically or by
catheter intervention), during the first 6 months after the procedure

(c) Repaired CHD but with residual defects at or adjacent to the site of a prosthetic device/
material

4. Cardiac transplantation recipients who develop cardiac valvular abnormalities
“Modified from Table 5.3 reference [40]

much more likely (e.g. 8,000-fold higher risk) to cause transient episodes of low-
grade bacteremias, that with time, results in a cumulative risk sufficient to cause
IE. The mechanism by which this occurs is proposed to be via small movements of
the tooth within the alveola, producing intermittent positive and negative pressures
that cause microscopic gingival vascular damage, with subsequent aspiration of
organisms into the circulation [38].

Further supporting the refutation of dental procedures as a major cause of IE are
studies which raise doubt about the efficacy of pre-dental treatment antibiotic pro-
phylaxis. In a nationwide, case-control study in the Netherlands, van der Meer and
colleagues [50] estimated that the protective efficacy of chemoprophylaxis was
49 % for first-ever IE occurring within 30 days of a procedure. The same group, in
a prospective, population-based case study, demonstrated that medical and dental
procedures cause only a small fraction of IE cases; furthermore, full compliance
with prophylaxis might have prevented IE in 47 (17.1 %) of 275 patients with late
prosthetic or native valve IE involving a previously known cardiac lesion who
underwent a procedure with an indication for prophylaxis. For an incubation period
of 30 days, prophylaxis might have prevented IE in 23 (8.4 %) of these 275 patients,
or 5.3 % of all patients with endocarditis (i.e. total of 427 cases) [S1]. The case-
control study by Strom et al. [48] also challenges the usefulness of IE prophylaxis,
concluding that even if prophylaxis was 100 % effective, it would reduce the inci-
dence of IE by only 2.0 cases per one million person-years. A case-control study in
France by Lacassin and colleagues [52] demonstrated that dental procedures were
not associated with an increased risk for IE, and that antibiotic prophylaxis provided
a protective efficacy of only 46 %, which was not statistically significant. These
studies provide evidence suggesting that from a public health perspective, the rou-
tine use of antibiotic prophylaxis will only prevent a limited number of cases and is
thus not justified. However, three points need to be emphasized: Firstly, some of the
studies [48, 52] still demonstrated an association between procedures in at-risk
patients and the subsequent development of IE. Secondly, the studies were
population-based, case- or case-control study design, raising the possibility of eco-
logical fallacy in analysis interpretation, where the effect of antibiotic prophylaxis
at the population level may be negligible, but may continue to be worthwhile for the
individual patient [53]. Indeed, the study by van der Meer [50] admits that the small
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Table 5.2 Dental procedures and conditions for which prophylaxis of endocarditis may or may
not be required in patients with the conditions listed in Table 5.1
Indications Procedures and conditions

Dental procedures for which prophylaxis | All dental procedures for which there will be
for endocarditis is reasonable in persons | manipulation of gingival tissue or the periapical
with the conditions listed in Table 5.1 region of teeth or perforation of the oral mucosa®

Dental procedures and events which do Routine anesthetic injections through noninfected
not require prophylaxis for endocarditis tissue,

Dental radiographs,

Placement of removable prosthodontic or
orthodontic appliances,

Adjustment of orthodontic appliances,

Placement of orthodontic brackets,

Shedding of primary teeth,

Bleeding from trauma to the lips or oral mucosa
“Modified from Table 5.4 from Ref. [40]

Table 5.3 Recommended prophylaxis regimens for adults for a dental procedure

Route Ist line 2nd line
Oral Amoxicillin2 gpo 1 h Allergic to penicillin:
before procedure (1) For non-type I (IgE)-mediated allergic

reactions: cephalexin or cefadroxil 2 g
po 1 h before procedure

Or

(2) Clindamycin 600 mg po 1 h before
procedure

Or

(3) Clarithromycin or azithromycin 500 mg
po 1 h before procedure

Unable to take Ampicillin 2 g IM/IV Allergic to penicillin

oral medication within 30 min before (1) For non-type I (IgE)-mediated allergic
procedure reactions
Or Cefazolin or ceftriaxone 1 g IV within

Cefazolin or ceftriaxone 1 g | 30 min before procedure

IV within 30 min before Or

procedure (2) Clindamycin 600 mg IV within 30 min
before procedure

Cephalosporins (e.g. Cefazolin; Ceftriaxone) should not be used in persons with a history of ana-
phylaxis, angioedema or urticarial to penicillins

number of cases entered into the trial resulted in a small power that may have failed
to detect a significant protective effect, and that there was the possibility that some
subgroups may benefit from the use of prophylaxis. Lastly, case-control studies,
with all its merits, are not the strongest level of evidence on which current medical
decision making is based. These studies do, however, emphasize the importance of
carefully identifying at-risk patients that will most benefit from prophylaxis.
Furthermore, they underscore the need for more robust studies.

In the absence of a conclusive, prospective, randomized study, expert commit-
tees now believe that dental procedures are uncommon causes of IE and have further
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questioned the efficacy of antimicrobial prophylaxis to prevent IE in patients who
undergo such procedures. Consequently, the BSAC revised their recommendations
for peri-dental antimicrobial prophylaxis of IE in 2006 [54] and the AHA did like-
wise in 2007 [40]. Although anaerobic bacteria are the principal components of the
oral microflora and are released into the circulation after dental/oral procedures [21,
55], they rarely cause IE. The predominant organisms of concern are the VGS,
which are the targets for prophylaxis. A fundamental component of prophylaxis is
good oral hygiene through daily, proper self-care and regular professional care; this
aspect is recommended by expert committees [40, 54]. Although antiseptic mouth
rinses (e.g. chlorhexidine- or povidone-iodine-based) may reduce the incidence
and/or magnitude of bacteremia prior to dental procedures [56], such rinses do not
permeate beyond 3 mm into the gingival sulcus and thus do not eradicate bacteria at
the entrance into the systemic circulation [57], raising the need by some for more
supportive evidence of benefit.

Systemic antibiotic prophylaxis is reasonable for patients with the at-risk condi-
tions listed in Table 5.1, and who will be undergoing any dental procedure that
involves the gingival tissues or periapical region of a tooth, as well as those proce-
dures that perforate the oral mucosa (Table 5.2). It should be emphasized, however,
that while antibiotic prophylaxis is reasonable in these circumstances, its effective-
ness is unknown. Table 5.2 also highlights the procedures and conditions for which
prophylaxis is not deemed to be necessary.

In this restricted patient population, antimicrobial prophylaxis should be directed
towards viridans group streptococci (VGS). Antimicrobial surveillance data have
demonstrated that the VGS may demonstrate a spectrum of antibiotic resistance, a
phenomenon observed in isolates from patients with serious underlying illnesses
(e.g. febrile neutropenia), as well as less morbid patients. However, the impact of
such resistance in VGS on effectiveness of antimicrobial prophylaxis of IE is
unknown. Consequently, in the restricted patient population for whom antibiotic
prophylaxis is considered reasonable, the options have not changed and are listed in
Table 5.3 [3, 13, 39, 40]. In cases where multiple consecutive dental interventions
are required, repeated prophylaxis is also required. Because repeated single-dose
antibiotic administration may select for resistant organisms which persist in the
mouth, multiple procedures are recommended to be carried out in one sitting
(if possible) or separated by 9-14 days [39—41].

Other Procedures: Respiratory, Gastrointestinal, Genitourinary

Streptococcal bacteremia can also occur via manipulation of other mucosal surfaces
lining the upper respiratory tract (e.g., tonsillectomy [58—60], mastoidectomy [61],
septoplasty [62]). As such, the AHA deems it reasonable that patients with at-risk
factors (Table 5.1) who undergo an invasive procedure of the respiratory tract
(defined as incision or biopsy of the respiratory mucosa, e.g. tonsillectomy, ade-
noidectomy) receive one of the regimens listed for dental procedures (Table 5.3)
[40, 54]. The European Society of Cardiology (ESC) recommendations are in
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agreement with these recommendations [40, 54, 63]. The BSAC similarly considers
tonsillectomy and adenoidectomy as requiring prophylaxis, and further adds any
surgical procedures of the upper respiratory tract and cosmetic piercing of tongue or
oral mucosa [54]. Of note, the BSAC considers nasal packing/nasal intubation an
at-risk procedure for staphylococcal bacteremia and recommends flucloxacillin at
induction or anesthesia or just prior to procedure [54]; this recommendation is not
considered in the AHA or ESC recommendations.

The updated recommendations for antibiotic prophylaxis of IE in gastrointes-
tinal (GI) procedures vary. The AHA and ESC recommend against the administra-
tion of antibiotics solely to prophylaxis against IE in patients who undergo GI
tract procedures, including diagnostic esophago-gastro-duodenoscopy or colo-
noscopy. Their rationale is, as with dental procedures, there is no published data
conclusively demonstrating a link between GI procedures and the development of
IE, nor any data that antimicrobial prophylaxis prevents IE in association with
these procedures [40].

On the other hand, the BSAC notes that bacteremia may be associated with some
Gl interventions. The esophageal procedures with the highest associated bacteremia
rates are sclerotherapy of esophageal varices and esophageal dilation of a stricture
[64, 65]. Earlier studies have demonstrated rates of 31 % for sclerotherapy
(61 patients) and 45 % for dilation (59 patients), in which the majority of organisms
were VGS [64]. More recent prospective studies support these rates. Zuccaro and
colleagues [66] performed blood cultures before and after stricture dilation in 103
patients without valvular heart disease and in a control group of 50 patients under-
going upper endoscopy without dilation. They demonstrated that 21 % (22/103) of
patients undergoing dilation had positive blood cultures, with VGS as the predomi-
nant isolate. Among 100 procedures in 86 patients undergoing esophageal dilation
by Nelson et al. [67], 22 (22 %) were associated with a positive post-dilation blood
culture. Although these episodes of bacteremia post-endoscopy are short lived
(i.e. typically <30 min), their clinical significance is unclear (as it is with other post-
procedure bacteremias). One prospective comparative study randomizing 39
patients to prophylaxis (i.e. cefotaxime, 19 patients) or no antibiotic (20 patients)
revealed a significant reduction in post-procedure bacteremic episodes in the group
receiving antibiotic (5.3 % vs. 31.6 %, respectively; p=0.04) [68]. However, a
recent review of the infectious disease complications of GI endoscopy has revealed
only two cases of IE after sclerotherapy have been reported, one involving a pros-
thetic valve (despite prophylactic administration of appropriate antibiotics) and
another on a native valve [65]. Nonetheless, current guidelines continue to recom-
mend prophylaxis for these procedures. Endoscopic variceal ligation (‘“banding”)
has replaced sclerotherapy as the procedure of choice in the management of varices
because of its greater efficacy and fewer associated complications. In a historical
cohort study comparing the rates of transient bacteremia between the two proce-
dures, positive blood cultures occurred more frequently in the sclerotherapy group
(17.2 %) than in the ligation group (3.3 %, p<0.03) [69]. A review of seven studies
addressing this issue, including the one mentioned, reports bacteremia rates associ-
ated with EVL ranging from 0 % to 25 %, with a mean frequency of 8.8 % [65]. The
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attributable risk of IE to endoscopic variceal ligation is unknown, as no cases have
currently been reported in the English literature.

Endoscopic retrograde cholangiopancreatography (ERCP) has become a com-
monly performed procedure. The diagnostic and therapeutic utility of ERCP has
been well demonstrated for a variety of disorders, including the management of bili-
ary obstruction, predominantly due to choledocholithiasis or biliary malignancies.
The rate of bacteremia after contrast injection or instrumentation of unobstructed
pancreatic or bile ducts ranges from 0 % to 15 % (mean frequency of 6.4 %) [65].
Biliary obstruction, however, may lead to infection of the biliary system with a vari-
ety of organisms. Although the predominant organisms are Gram-negative bacillary
enterics (e.g. E. coli, Klebsiella spp.) [70, 71], which are common causes of cholan-
gitis/biliary sepsis, they are uncommon causes of IE, although they may cause dis-
ease in high-risk patients (e.g. those with prosthetic valves). The major organisms
from an infected biliary tree that can cause bacteremia with the potential for IE are
Enterococcus spp. and VGS [70]. The enterococci are particularly more common
among patients with previous biliary endoprosthesis [71]. Instrumentation of an
obstructed biliary system has resulted in bacteremia rates as high as 26.5 % (mean
18.0 %) [65], hence the rationale for prophylaxis. Although earlier studies provided
some evidence that prophylaxis may reduce the incidence of post-ERCP bacteremia
[72, 73], a meta-analysis by Harris and colleagues [74] that reviewed five prospec-
tive, randomized placebo-controlled trials failed to show such a benefit among
patients who received prophylaxis, arguing against the routine prophylactic use of
antibiotics prior to ERCP to reduce bacteremia. This is not to say, however, that anti-
biotics should not be used in patients with known cholangitis. As well, because the
meta-analysis excluded two studies where patients received antibiotics before and
after the ERCP, it is possible that continuation of the prophylaxis after the procedure
may reduce bacteremia. Therefore, such a regimen continues to be recommended for
patients with biliary obstruction and high-risk for IE [39, 41, 42, 75].

Endoscopic ultrasound (EUS) is a relatively new procedure. One of its greatest
benefits is the ability to perform fine-needle aspiration (FNA), the two procedures
referred to as EUS-FNA. EUS-FNA has been used to aspirate fluid from cystic
lesions, pseudocysts, and fluid collections for both diagnostic and therapeutic pur-
poses [76]. The frequency of bacteremia as a complication of EUS and EUS-FNA
has been prospectively studied in three separate trials, which included approxi-
mately 250 patients [77-79]. These studies did not find a statistically significant
increase in the rate of bacteremia when compared with that seen at upper endos-
copy. Based on these data, prophylactic antibiotics are not recommended for FNA
of solid masses and lymph nodes [76].

Colonoscopy has a surprisingly low rate of bacteremia (2-5 %) [10, 65, 80],
most commonly with organisms that are not typically causes of IE. As such, antibi-
otic prophylaxis is not recommended for this procedure, including when it involves
biopsy or polypectomy [81].

Genitourinary instrumentation is necessary for the diagnosis and treatment of
benign and malignant urological diseases. However, instrumentation and catheter-
ization of the GU tract is also the leading cause of nosocomial urinary tract



5 Prophylaxis of Endocarditis 79

infections (UTIs) [82]. Less frequently, bacteremia can result from these interven-
tions, the rates varying with different procedures. Development of bacteremia
directly attributable to the GU procedure typically occurs after colonization of the
urine. As such, the majority of studies on the use of prophylactic antibiotic regimens
prior to GU interventions have assessed the efficacy in preventing UTIs. There have
been only a few studies that have assessed the efficacy in preventing bacteremia,
reflecting the infrequent occurrence of this complication. When bacteremia occurs,
the clinical manifestations range from asymptomatic, to transient fever, to septice-
mia/urosepsis. IE due to manipulation of the GU tract is extremely uncommon, but
has been reported [83—-85]. As such, the evidence for IE prophylaxis in GU proce-
dures is scant and is based largely on the efficacy in preventing bacteremia, as well
as on expert opinion. Thus, as with GI procedures, recommendations for IE prophy-
laxis for genitourinary (GU) procedures vary, such that the AHA and ESC recom-
mend against this practice [40].

On the other hand, the Working Party of the British Society for Antimicrobial
Chemotherapy (BSAC) recommends IE prophylaxis in GU interventions at risk for
significant bacteremia, i.e. cystoscopy; urethral dilatation; transurethral resection;
transrectal biopsy [54]. As with lower gastrointestinal procedures, GU procedures
will mostly produce bacteremia with Gram-negative organisms (e.g. E. coli,
Klebsiella spp. [86—88]), which are common causes of urosepsis but are uncommon
causes of NVE. These organisms may, however, cause IE in high-risk patients
(e.g. those with prosthetic valves). Of the organisms arising from the native GU
tract, the predominant ones that may cause NVE are Enterococcus spp. and the VGS
[88]. Although the risk that any particular patient will develop endocarditis is low,
the rate of bacteremia following invasive urinary tract instrumentation is high in the
presence of bacteriuria. For example, cystoscopy, urethral dilation, and transure-
thral resection of the prostate (TURP) in the presence of bacteriuria precipitated
bacteremia at rates of 25 % [89], 40 % [88], and 52 % [88], respectively. This peri-
operative bacteremia is usually transient and symptomless; in as much as ~6 % of
cases in one study [90], though, it may progress to perioperative septicemia. As
such, sterilization of the urinary tract with antimicrobial therapy in patients with
bacteriuria should be attempted prior to elective procedures [89, 91]. Such interven-
tion has been shown to reduce the risk of septicemia [92]. Whether it also reduces
the risk of IE is unknown. However, in a study of 15 non-catheterized patients with
sterile urine, cystoscopy resulted in post-procedure bacteremia in 13 % of patients
[93], which can theoretically result in IE in at-risk patients. As well, the incidence
of post-procedure bacteremia after transurethral procedures (i.e. TURP, transure-
thral resection of bladder tumour/TURBT) ranged from 30 % to 45 % in three pro-
spective, comparative studies [94-96], which was reduced by approximately
80-90 % with appropriate antimicrobial prophylaxis [89]. These studies were
marked, however, by relatively high rates of bacteriuria in both comparison groups
[89], which accounts for the high rates of bacteremia in the absence of prophylaxis.
In a meta-analysis of ten randomized controlled trials of antibiotic prophylaxis for
TURP in men with sterile urine (i.e. preoperative urine specimen containing
<1x10° CFU/mL), a significant decrease in the frequency of postoperative
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bacteremia was noted with the intervention, albeit with lower baseline rates (4 % vs
1 %, risk difference of —0.02, 95 % confidence interval of -0.04—0.00) [97]. The rate
of bacteremia after combined cystoscopy and transrectal biopsy of the prostate was
73 % in one study [93]. Hence, mono-antimicrobial prophylaxis (e.g. aminopenicil-
lins or glycopeptides) is recommended for moderate-risk patients prior to these uro-
logical procedures to target the above mentioned Gram-positive organisms. For
high-risk patients, combination therapy targeting Gram-positive and Gram-negative
flora is recommended.

Antimicrobial Prophylaxis

Because VGS are felt to be the predominant pathogens to potentially cause IE after
dental/oral, respiratory, and esophageal procedures, aminopenicillins are the recom-
mended agents for prophylaxis as shown in Table 5.3. In the past, VGS were nearly
uniformly susceptible to penicillin and other B-lactams, as well as to lincosamides
and macrolides [98]. As such, the current AHA guidelines on IE prophylaxis, which
were published in 1997 [39], recommend the use of amoxicillin (ampicillin if the
patient is unable to tolerate oral intake). Amoxicillin was recommended over peni-
cillin because it is better absorbed from the GI tract and because it provides higher
and more sustained levels [39]. In humans, the elimination half-life of amoxicillin
is 50-60 min [99]. Clindamycin or macrolides are alternatives in those unable to
tolerate f-lactams. A contemporary review of the antimicrobial susceptibility of
VGS demonstrated that amoxicillin at a concentration of <0.5 pg/mL inhibited
87 %, 64 %, and 100 % of isolates in the S. sanguis, S. mitis, and S. milleri groups,
respectively, as well as two of the three isolates in the S. salivarius group [100].
Hence, the use of amoxicillin as a prophylactic regimen was justified. However,
several studies have since demonstrated increasing rates of VGS isolates from oro-
pharyngeal specimens [101] and bloodstream infections [98, 102—105] that are not
susceptible to penicillin, macrolides, or lincosamides. Furthermore, resistance to
these antibiotics can occur with repeated prophylaxis doses for serial procedures
distributed closely in time [39, 42]. Therefore, continued monitoring of such resis-
tance patterns is mandatory, and modifications of future guidelines may be neces-
sary. Until such time, amoxicillin remains the recommended prophylaxis regimen
for the above-mentioned procedures. When comparing the AHA guidelines from
those of Europe (BSC, French), differences in amoxicillin dose is seen. The latter
recommend a single 3 g oral dose, which produces serum levels above the MIC of
most oral streptococci for a period of 6-14 h [106]. The AHA proposes 2 g, instead
of 3 g, because the serum kinetics produced by the two different doses are very simi-
lar, although the lower dose is associated with fewer side effects [107]. For patients
with a history of penicillin allergy, clindamycin remains appropriate. Alternatives
include macrolides, such as clarithromycin or azithromycin, which have demon-
strated efficacy in experimental models and have convenient dosing regimens,
although they are more expensive. Cephalosporins also have demonstrated efficacy,
but should not be used in patients with a history of type 1 (immediate-type/
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anaphylaxis) hypersensitivity reaction to p-lactams. For patients unable to take
orally, intravenous regimens are recommended and administration of the full dose
should be completed within 30 min of the procedure.

For procedures involving the biliary system or the gastrointestinal or genitouri-
nary tracts, the predominant pathogen of concern is Enterococcus spp. Previous
studies have reported that among cases of enterococcal IE, ~40 % were associated
with a recent gastrointestinal or genitourinary procedure (i.e. within 2—-6 weeks)
[28]. Enterococci however, are notoriously more resistant than VGS, with typically
higher MICs to p-lactams [108]. Thus, after administration of amoxicillin, the cor-
responding serum levels fall below the MIC of enterococci sooner than for VGS,
resulting in a decreased period of bacterial growth inhibition. To overcome this
issue in high-risk patients, a second dose of the p-lactam is currently recommended
6 h after the first dose to ensure prolongation of adequate serum levels and to
enhance protective efficacy. The rationale for the combination of amoxicillin and
gentamicin is based on the rat model of Enterococcus 1E, in which administration of
both agents was necessary for successful prophylaxis against inocula >IDy, [32].
Alternatively, administration of a single dose of vancomycin (in conjunction with
gentamicin) can be used in high-risk patients unable to tolerate f-lactams. The evi-
dence for this recommendation derives from experimental studies in which vanco-
mycin demonstrated prolonged serum half-life, producing serum levels greater than
MIC for a longer period of time (compared to ampicillin-based regimens), which
resulted in significantly greater area under the curve (AUC) and serum inhibitory
activity, and more consistent protective effect [28]. Because of vancomycin’s phar-
macokinetics, a second dose is not considered necessary. For moderate-risk patients,
the second dose of aminopenicillins is optional.

Reasons Against Prophylaxis

Since IE is potentially fatal, prophylaxis seems reasonable. The benefit of giving
antibiotic prophylaxis to otherwise healthy people, however, should outweigh its
risks. The major complications associated with administration of prophylaxis
include allergic reactions, toxic side effects of antimicrobials, adverse interactions
with other drugs, and development of resistant organisms.

The most significant adverse event associated with the penicillins is hypersensi-
tivity reactions, which can range from a troublesome rash to life-threatening ana-
phylaxis. Previous studies that have compared the rates of [E-associated deaths to
the rates of deaths from antibiotic-induced anaphylaxis have questioned the benefit
of prophylaxis. In a quantitative analysis of published data on prophylaxis in patients
with mitral valve prolapse (MVP), Bor and Himmelstein [109] calculate that among
ten million patients with MVP undergoing a dental procedure, an estimated 47 non-
fatal cases and 2 fatal cases of IE would occur if no prophylaxis were given, com-
pared to 5 cases of IE and 175 deaths due to drug reactions if all patients were given
prophylaxis with a penicillin. Similarly, Tzukert and colleagues [110] demonstrated
that patients receiving penicillin/amoxicillin propylaxis to prevent IE are five times
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more likely to die from anaphylaxis to the drug than from IE, with estimated rates
of 1.36 deaths versus 0.26 deaths per million population, respectively. These studies
were conducted in the mid-1980s, and national guidelines have since been revised
to tailor prophylaxis to at-risk patients. No study has since demonstrated whether
the risk-benefit ratio has been modified by the latest recommendations. Nonetheless,
the potential for adverse drug-reactions must always be borne in mind. Such a con-
sideration should also include non-allergic toxicities (e.g. aminoglycoside-induced
nephrotoxicity), as well as potential drug-drug interactions.

An emerging problem resulting from inappropriate use of antimicrobial agents is
the development of C. difficile-associated disease (CDAD). C. difficile is the most
common cause of infectious diarrhea among hospitalized patients. It is well-
documented that recent antibiotic use (e.g. within 42 days [111]) predisposes to
acquisition of C. difficile. Essentially all antibiotics have been associated with risk
for CDAD, including those recommended for IE prophylaxis. In a meta-analysis by
Bignardi [112], use of ampicillin or amoxicillin was associated with a pooled odds
ratio of 3.7 for acquiring disease (95 % CI: 2.6-5.5), while the rates for clindamy-
cin, first-generation cephalosporins, and vancomycin were 9 (6.3-12.9), 2.6 (1.8—
3.7), 3.1 (1.8-5.2), respectively. Development of CDAD leads to prolonged
hospitalizations [113, 114]. As well, it can be associated with severe disease (i.e.
megacolon, perforation, colectomy, shock requiring vasopressor therapy, or death
within 30 days after diagnosis) [115]. In certain geographic areas, CDAD is associ-
ated with increased mortality rates, with a 1-year cumulative attributable mortality
of 17 % [113]. Development of CDAD following antibiotic prophylaxis for dental
procedures has been reported [116], as it has after single doses of antibiotics for
other procedures [117, 118]. Emergence of CDAD emphasizes the need to weigh
the risks versus the benefits of antibiotic prophylaxis.

An additional concern from the large-scale use of IE prophylaxis is the develop-
ment of antimicrobial resistance. In healthy human volunteers, administration of
repeated doses of amoxicillin was followed by emergence of resistant VGS from the
oral flora [119]. A case of S. mitis IE developing despite seemingly-appropriate
prophylaxis has been reported in a patient who received two recent courses of
amoxicillin for dental procedures [120]. In the neutropenic cancer patients, expo-
sure to previous f-lactams was associated with an increased risk of bloodstream
infection (non-endocarditis) with p-lactam-resistant VGS [121, 122]. Previous
exposure to antibiotics has also permitted the emergence of resistant enterococci
[123] and S. aureus [124, 125]. Consequently, judicious use of antibiotics, in gen-
eral, is advocated, and administration of antimicrobial prophylaxis should not be
done indiscriminately, but tailored to those specifically at-risk for disease.

Emerging Issues

The current recommendations for IE prophylaxis are based on an epidemiology in
which VGS were the predominant pathogens. Recent studies have demonstrated that
S. aureus has become the major cause of IE [126]. An increasing proportion of cases
of S. aureus bloodstream infection and IE is healthcare-associated [126—128], due to
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increasing use of intravascular devices (e.g. central venous catheters, dialysis cathe-
ters, prosthetic vascular grafts, pacemakers/defibrillators). These devices can also
permit coagulase-negative staphylococci (CoNS, e.g. S. epidermidis) to establish
endovascular infections. Indeed, the incidence of CoNS IE is also increasing [129].
The existing aminopenicillin-based prophylaxis recommendations are not likely to
be effective in preventing S. aureus IE, based on in vitro susceptibility testing in
which <5 % of clinical isolates are inhibited by penicillin [130-132]. Similarly, they
are not expected to be effective against CoNS. There are currently no national guide-
lines regarding IE prophylaxis for the above-mentioned procedures. The recommen-
dations that exist recommend prophylaxis to minimize the risks of intraoperative
contamination and surgical site infection [133]. Typically a first-generation cephalo-
sporin directed primarily against staphylococci is administered in the peri-implanta-
tion time period for clean-contaminated procedures, and only for a short duration
(e.g. a few doses) [133]. This approach, however, may not be adequate to prevent
bacteremia. For devices in which a portion remains external to the patient, and thus
provides a persistent portal of entry, the brief administration of the peri-procedure
prophylaxis is certainly not sufficient to prevent bacteremic episodes that may occur
during the lifespan of the implanted device. In particular, the use of central venous
catheters (CVCs) has emerged as a major risk factor for bacteremia and IE [128].
Consequently, healthcare-associated IE (HA-IE), defined as acute IE occurring
48-72 h or more post-admission to hospital and/or IE directly relating to a hospital-
based procedure performed during a previous hospital stay within 8 weeks of admis-
sion, currently accounts for approximately 7.5-29 % of all cases of IE seen in tertiary
hospitals [134]. As such, modification of IE prophylaxis recommendations is required
to address this changing epidemiology. One intervention which may be particularly
useful for preventing CVC colonization, and therefore may minimize the risk of
bacteremia and IE, is the antibiotic lock technique. This technique consists of filling
and closing of the catheter lumen with a high-concentration antibiotic solution that
acts locally to eradicate catheter-associated bacteremia, but that allows the side
effects and toxicity associated with systemic administration of antibiotic to be
avoided. Future studies are required before such intervention can be recommended.

Recently there have been conflicting reports with regards to changes in the inci-
dence of endocarditis following the implementation in the 2007 guidelines for
endocarditis prophylaxis [40]. From the United Kingdome it has been observed that
there has been a rise in the incidence [135] of endocarditis while in the United States
a difference has not been observed [136]. This controversy has led to a call for a
resolution to the matter suggesting that an international collaboration should be
undertaken to do the appropriate clinical trial to answer this important question,
about the role of prophylaxis and whether we should resume the same level of
prophylaxis as prior to the release of the 2007 guidelines [137].

Conclusion

Guidelines exist to assist clinicians in stratifying their patients’ risk of IE in the
face of various procedures. Unfortunately, most of the recommendations are not
based on robust, scientific evidence, but instead, are consensus expert opinion. In
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addition, emergence of antimicrobial resistance and a changing epidemiology of
IE will likely necessitate revision of current guidelines, which is not unantici-
pated, given the dynamic nature of medical knowledge and evolving trends in

healthcare.
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Abstract

Infective endocarditis is a challenging disorder to diagnose. Thorough assess-
ment with history, physical examination, microbiology, blood cultures and the
thoughtful application of cardiac imaging, incorporating the concepts of pretest
likelihood and clinical utility, will assist in this diagnostic dilemma. Patients with
unexplained Staphylococcus aureus bacteremia, prosthetic heart valve or intra-
cardiac electrical devices produce additional challenges. The timing and useful-
ness of transthoracic echocardiography, transesophageal echocardiography and
positron emission tomography will be presented.
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Key Points

1. Perform a thorough history, physical examination, routine investigations
(including blood cultures), and apply the Duke criteria to establish the
diagnosis of IE.
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2. Certain organisms can be very difficult to culture and may give rise to
“culture negative” IE. If these organisms are suspected, discussion and
consultation with the microbiology laboratory is recommended.

3. When appropriately used, echocardiography (TTE and TEE) is extremely
useful in defining both the diagnosis and prognosis of IE.

4. Categorization of patients into strata of clinical probability of disease and
into strata of clinical risk for morbidity and mortality may help to deter-
mine the most appropriate timing of the echocardiographic examination
and the choice of the initial echocardiographic modality.

5. In patients with persistent Staphylococcus aureus bacteremia (SAB) or
patients with prosthetic heart valves or intracardiac devices, we recommend
a lower threshold for echocardiography and a reduced threshold for the per-
formance of TEE, as well as consideration of PET-CT in equivocal cases.

The diagnosis of infective endocarditis (IE) can be a difficult one to make. Since the
late 1970s, attempts have been made to develop diagnostic criteria and algorithms
to predict the presence of IE. Making the correct diagnosis is important for a num-
ber of reasons including ensuring an adequate duration of antibiotic treatment,
determining if there is a need for surgical intervention, and ensuring that another
source of infection has not been missed.

In this chapter, we briefly review the history of IE leading to the current diagnos-
tic approach, the existing stratagems for case definitions and the utility of echocar-
diography in assisting with diagnosis. We also examine specific scenarios whereby
the diagnosis of IE may be particularly challenging.

Historical Perspective

Endocarditis, an inflammatory disorder of the endocardium, had been appreciated
by the anatomical pathologists for some time. Prior to the bacteriological era, how-
ever, the various types of endocarditic lesions could not be categorized as infectious
or non-infectious. Austin Flint’s chapter on endocarditis likely referred to rheumatic
valvular heart disease rather than to IE [1]. However, he utilized the terms “acute”,
“subacute”, and “chronic” in his description and this classification was subsequently
adopted as standard nomenclature.

It is instructive to view the understanding of IE through the eyes of a single indi-
vidual, Sir William Osler, as revealed in successive editions of his textbook, “The
Principles and Practice of Medicine.” The first edition, in 1892, divided endocarditis
into “acute” and “chronic” forms. Acute endocarditis contained “simple” and
“malignant” forms [2]. In “simple endocarditis”, there were small vegetations with
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microorganisms in association with systemic symptoms, fever, and a heart murmur
[2]. In “malignant endocarditis”, there was an acute IE with “a malignant character”
[2]. Symptoms were varied and diverse and might include fever, sweats, weakness,
delirium, and emboli. Osler noted that the diagnosis of IE was often “difficult” but
was easy when there were “marked embolic symptoms.” To the modern reader, his
conclusion about the difficulty in diagnosing the disorder continues to be
appreciated.

Diagnostic Approach
History and Physical Examination

The diagnosis of IE remained challenging and continued to be dependent upon a
constellation of infectious symptoms and signs in association with bacteremia, aus-
cultatory evidence of valvular involvement, and signs of large-vessel and/or small-
vessel peripheral arterial embolization. This dependence upon both clinical skills
and the bacteriological laboratory were, in the latter part of the twentieth century,
supplemented by the addition of echocardiographic visualization of the lesion and
of the assessment of its hemodynamic and structural consequences. This formed the
mainstay of clinical diagnostic algorithms proposed by Pelletier, von Reyn, and the
group from Duke University.

On history taking, careful attention should be paid to predisposing cardiac
lesions (prosthetic heart valve, underlying valvular heart disease, and intracardiac
shunts). A history of previous coronary artery bypass surgery or coronary stent is
not a risk factor for IE. A source for potential bacteremia should also be sought
(recent dental surgery, intravenous drug use, and indwelling intravascular
catheter).

On physical examination, fever is almost always present. One should look for
evidence of hemodynamic compromise (shock or congestive heart failure), new
regurgitant murmur, and evidence of septic emboli. Emboli may involve the mucocu-
taneous surfaces, the skin of the extremities, and/or other major organs such as the
brain (producing stroke), the kidneys (producing renal dysfunction), the abdominal
viscera (such as the spleen producing infarction and pain), the retina (Roth spots —
exudative, hemorrhagic, edematous areas in the retina — see Fig. 6.1), and in the set-
ting of right sided IE, the lungs (producing septic pulmonary infarcts). Cutaneous
manifestations such as petechiae (usually on the extremities) are the most common
manifestation but are non-specific. Mucous membrane petechiae can be seen on the
palate or conjunctivae (often seen with eversion of the eyelids). Janeway lesions
(macular, blanching, nonpainful, erythematous lesions on the palms and soles),
Osler’s nodes (painful, violaceous nodules found in the pulp of fingers and toes) and
Roth spots (Fig. 6.1) are more specific for IE, but are not diagnostic [3]. The relative
frequency of the various symptoms and signs are provided in Table 6.1 [3].
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Fig. 6.1 Roth spots in a 40 year-old woman with rheumatic valvular heart disease and Strept.
viridans endocarditis. Three lesions, from left-to-right, demonstrate the evolution of a Roth spot.
(Circulation 1999;99:1271, with permission)

Table 6.1 Frequency of symptoms and signs in infective endocarditis

Most common — 80-90 % of patients:

Fever (80 %) and heart murmur (90 %)

Fairly common — 30-50 % of patients:

Chills (40 %), weakness (40 %), dyspnea (40 %), embolic phenomenon (>50 %), skin
manifestations (20-50 %), splenomegaly (20-60 %), petechiae (20—40 %), clubbing
(15-50 %)

Common — 15-25 % of patients:

Sweats (25 %), anorexia (25 %), weight loss (25 %), malaise (25 %), cough (25 %), stroke
(20 %), nausea/ vomiting (20 %), headache (20 %), septic complications such as
pneumonia/meningitis (20 %), myalgia/arthalgias (15 %), edema/chest pain (15 %),
abdominal pain (15 %), splinter hemorrhages (15 %), Osler’s nodes (10-25 %), signs of
renal failure (10-25 %)

Uncommon — <10 % of patients:

Janeway lesions (<10 %), delirium/coma (10-15 %), hemoptysis (10 %), back pain (10 %),

changing murmur (5-10 %), new murmur (3-5 %)

Source: Adapted from Mandel et al. [121]

Investigations

General Investigations
Laboratory investigations may reveal anemia, leukocytosis with a left shift, elevated
erythrocyte sedimentation rate, and glomerulonephritis (with hematuria or active
urinary sediment). Immunologic perturbation may also occur in subacute or chronic
cases leading to high titres of rheumatoid factor.

The chest x-ray may show evidence of preexisting valvular disease (valvular
calcification or cardiomegaly) or a complication arising from the infection
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(congestive heart failure or septic pulmonary emboli). Rarely, suppurative pericar-
dial effusion from periannular abscess formation may produce a globular heart on
X-ray.

A careful examination of the electrocardiogram should be made to rule out heart
block. This is one of the complications of IE when the infectious process involves
the aortic valve annulus and membranous interventricular septum.

Bacteriologic Investigations

Three aerobic blood cultures (with a minimum of 10 mL per bottle), from separate
venipuncture sites, should be obtained over at least an hour apart (from first to last
sample) with strict aseptic technique and before beginning therapy. Blood cultures
inoculated with at least 5 mL of blood had a 92 % detection rate for bacteremia
compared to only 67 % for bottles inoculated with less than 5 mL in one study [4].
The estimated yield from blood cultures increased approximately 3 % per mL of
blood cultured. Anaerobic cultures may be performed but only rarely will the organ-
ism be anaerobic. If a patient has not been treated with antibiotics prior to obtaining
the blood cultures, there is minimal benefit beyond three cultures [5]. However,
there may be additional diagnostic yield if antibiotics had been administered or if
the initial blood cultures were negative.

Not all bacteremias imply the presence of IE. Certain species are more com-
monly associated with the disease. For example, bacteremias caused by Group A or
C streptococci are unlikely to be associated with IE. However, bacteremias caused
by Group G streptococci are often associated with IE [6]. Similarly, infection with
Enterococcus faecalis is associated with IE more often than are other enterococcal
species [7]. Most gram negative rods including Escherichia coli and Proteus are
unlikely to cause IE [8]. Organisms such as Propionibacterium, Corynebacterium,
Bacillus, and coagulase-negative Staphylococci recovered from blood cultures
likely represent skin contamination and are unlikely to cause IE. In such cases,
blood cultures should be repeated (using sterile technique) to ensure that the organ-
isms were not contaminants.

Special mention should be made about Staphylococcus aureus bacteremia. This
will be covered in more detail later in this chapter.

There is a small percentage of patients with a high clinical suspicion for IE who
do not have positive blood cultures. The most common reason is partial steriliza-
tion due to prior administration of antibiotic therapy. Another possibility for nega-
tive cultures is IE due to atypical organisms which are more difficult to isolate in
culture such as: Coxiella burnetii (Q fever), Tropheryma whipplei, Brucella,
Mycoplasma, Chlamydia, Histoplasma, Legionella, Bartonella, and the HACEK
organisms (Haemophilus aphrophilus, Actinobacillus actinomycetemcomitan,
Cardiobacterium homini, Eikenella corroden, and Kingella kingae). Blood cul-
tures may need to be incubated longer (up to 21 days) for some of these organisms
(e.g. HACEK group). Other tests, such as polymerase chain reaction on valve tis-
sue, may need to be performed for C. burnetii and Bartonella. In other instances,
special media may need to be used. Antibody titres for C. burnetti can also be help-
ful. Local microbiology expertise should be sought when an atypical organism is
suspected to be the cause of IE.
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Echocardiographic Investigations

Prior to the availability of echocardiography, the only way to visualize a vegetation
was by surgery or autopsy. The development of echocardiography and the identifi-
cation of criteria for the diagnosis of IE have significantly advanced our ability to
diagnose and treat this disease. Echocardiography has become one of the major
diagnostic procedures available today.

The echocardiographic hallmark of IE is an endocardial mass lesion usually
referred to as a “vegetation” (as mentioned earlier). This is usually defined as an
oscillating mass attached to an endocardial surface, such as a valve or supporting
structure, or a structure in the path of regurgitant jets [8]. Additionally, echolucency,
suggesting the presence of abscess formation, and Doppler evidence of valvular
dysfunction should be sought. Further details on the diagnostic and prognostic
information provided by echocardiography are provided in a subsequent chapter of
this book.

Both transthoracic echocardiography (TTE) and transesophageal echocardiogra-
phy (TEE) have proven to be extremely useful in the diagnosis of IE. TTE is gener-
ally believed to have a lower sensitivity than TEE in diagnosing IE. A negative TTE
study (i.e.: no vegetation) does not preclude the diagnosis of IE, but the finding of
normal valves (both morphologically and functionally) substantially reduces its
probability. In one study, 96 % of patients with normal valves on TTE also had a
normal examination by TEE [9]. In addition, TTE has a specificity approaching
100 %, and has therefore very few false positive results [10]. TTE is most suited for
visualization of anterior structures including right sided cardiac valves, native aortic
valve, and the anterior aspect of prosthetic aortic valves [11].

TEE, although more invasive, is more sensitive and has a better spatial resolution
than TTE for the detection of IE (94-100 % sensitivity for TEE versus 44-63 % for
TTE) [10, 12]. TEE is especially useful for the detection of smaller vegetations
(<5 mm), the diagnosis of prosthetic valve endocarditis, the detection of paravalvu-
lar abscess formation (87 % sensitivity for valve abscess with TEE vs. 28 % for
TTE) [13], and for the assessment of embolic risk [14]. The negative predictive
value of TEE is nearly 100 % for patients with native valves, but patients with pros-
thetic valves may have a negative TEE and still have IE [15]. In the latter popula-
tion, clinical assessment is especially important. TEE requires additional personnel
and training and has small but finite risk of procedural complication as well as failed
esophageal intubation [16].

Roe et al. compared TTE and TEE in 114 cases of suspected IE assessed retro-
spectively over a 6-year period [17]. Concordant results occurred in 55 % of cases.
A change in diagnostic category occurred in 25 % of cases when the results of TEE
were added to those of TTE (11 % for patients with native valves and 34 % for those
with prosthetic valves). Twenty-two patients were reclassified based upon TEE find-
ings as having definite IE rather than possible. Nineteen of these patients had an
intermediate probability of IE, positive blood cultures, and a negative or inconclu-
sive TTE.

More recently, the advent of high-frame-rate imaging particularly with harmonic
imaging has led to improvements in transthoracic imaging quality. Two studies have
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evaluated the role of modern day TTE in the diagnosis of IE. Reynolds et al. per-
formed a retrospective review of 55 patients with proven native valve IE at a single
centre between 1998 and 2001 [18]. The studies were selected and interpreted
blindly by an experienced echocardiographer. Despite good or excellent TTE qual-
ity, with the addition of second harmonic imaging, the sensitivity of TTE for the
detection of native valve vegetation was only 55 %. There were five missed vegeta-
tions in cases in which the corresponding TEE images revealed masses greater than
10 mm in size.

At our institution, we examined the prospective role of TTE and TEE in consecu-
tive patients with an intermediate clinical likelihood of native valve IE [19]. We
found that TTE was able to make a firm diagnosis in 25 of 36 (70 %) of patients.
There was 100 % concordance with TEE in these patients (11 positive, 14 negative).
Indeterminate TTE results occurred in the remaining 11 patients (30 %) due to lim-
ited image quality or complex underlying native valve disease. TEE results were
clearly positive in eight and clearly negative in two cases. The lone remaining case
remained equivocal despite TEE. Thus, the value of TEE in patients with suspected
native valve IE and intermediate clinical likelihood may be limited to those with
recognized suboptimal TTE images or underlying complex valvular abnormality.
This is consistent with the findings of Humpl et al. who showed that there was
excellent concordance between TTE and TEE in children with suspected IE in
whom the potential adverse effects of sedation and esophageal intubation associated
with TEE could be avoided [19-22].

Case Definitions and Validation Studies
Case Definitions

A series of diagnostic criteria have been developed by Pelletier and Petersdorf
(1977), von Reyn (1981) and the Duke group (1994). The Pelletier and Petersdorf
criteria required pathological confirmation of the diagnosis of IE, and thus, were not
very useful for prospective clinical diagnosis [23]. The case definitions were
improved by von Reyn and colleagues to make them more clinically relevant [21].
In 1994, investigators from Duke University modified the von Reyn criteria to
include echocardiographic findings in the diagnosis of IE [8]. In addition, they
expanded the category of predisposing heart conditions to include intravenous drug
use.

(i) Pelletier and Petersdorf criteria (see Table 6.2) — Their classification scheme
consisted of three diagnostic categories: definite, probable, and possible. These
diagnostic criteria were quite specific but were not very sensitive. Many
patients with clinically suspected IE failed to meet diagnostic criteria.

(i) von Reyn criteria (see Table 6.3): The von Reyn system was designed to make
the diagnostic criteria more clinically applicable. The classification scheme
consisted of four categories: definite, probable, possible, and rejected.
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Table 6.2 Diagnostic
criteria by Pelletier and
Petersdorf

Definite: histologic evidence of endocarditis on autopsy or
surgery

Probable:
(a) Uniformly positive blood cultures AND all of:
Underlying valve disease
Evidence of skin or visceral emboli
OR (b) Negative blood cultures AND all of:
Fever >38 °C
New regurgitant murmur
Evidence of skin or visceral emboli
Possible:
(a) Uniformly positive blood cultures AND:

Underlying valve disease OR evidence of skin or visceral
emboli

OR (b) Negative blood cultures AND all of:
Fever >38 °C
Underlying valve disease
Evidence of skin or visceral emboli

Source: Adapted from Pelletier and Petersdorf [21]

Pathological confirmation of vegetations, or of an abscess, was still required to
define a case as definite. Thus many cases were classified as probable or pos-
sible since many patients did not have pathological confirmation (i.e.: by sur-
gery or autopsy) of their disorder. Although the von Reyn criteria lacked
prospective validation, the specificity of their classification system was supe-
rior to Pelletier and Petersdorf.

(iii) Duke criteria: Investigators at Duke University further refined the diagnostic
criteria to make the case definitions more clinically applicable to patients sus-
pected of having acute IE. This group has since published modifications in 2000
of their original criteria after the validation studies (see below) were completed
[22]. The new criteria include the addition of the presence of Coxiella burnetii as
a major criterion, and the elimination of echocardiographic minor criterion.
Possible IE has been redefined to include one major plus one minor criterion or
three minor criteria (see Table 6.4). In addition, the role for TEE for the diagnosis
of IE has been made more explicit to include patients with prosthetic valves and
those suspected of having complicated IE (such as a paravalvular abscess) [22].

Validation Studies

After the Duke criteria were published, a number of studies appeared that compared
the von Reyn criteria to the Duke criteria for the diagnosis of IE [8, 24, 25]. These
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Table 6.3 von Reyn criteria for diagnosis of infective endocarditis

Definite:
(a) Direct histologic evidence of infective endocarditis from surgery or autopsy
OR (b) Bacteriology (Gram stain or culture) of valvular vegetation or peripheral embolus
Probable:
(a) Persistently positive blood cultures plus ONE of the following:
New regurgitant murmur
Predisposing heart disease AND vascular phenomena
OR (b) Negative or intermittently positive blood culture plus ALL of the following:
Fever
New regurgitant murmur

Vascular phenomena (petechiae, splinter hemorrhages, conjunctival hemorrhages, Roth
spots, Osler’s nodes, Janeway lesions, aseptic meningitis, glomerulonephritis, peripheral
emboli, central nervous system emboli, coronary emboli, peripheral emboli)

Possible:
(a) Persistently positive blood culture plus ONE of the following

Predisposing heart disease (definite valvular or congenital disease or cardiac prosthesis
excluding permanent pacemakers)

Vascular phenomena

OR (b) Negative or intermittently positive blood culture plus ALL of the following:
Fever
Predisposing heart disease
Vascular phenomena

Rejected:

(a) Endocarditis unlikely, alternative diagnosis generally apparent

(b) Endocarditis likely, empiric antibiotic therapy warranted

(c) Culture negative endocarditis diagnosed clinically but excluded by postmortem

Source: Adapted from von Reyn et al. [22]

studies utilized pathologically-confirmed cases of IE, and retrospectively assessed
the ability of the von Reyn and the Duke criteria to categorize the probability of
IE. In general, the Duke criteria were more likely to have diagnosed cases as definite
(80—100 %) IE and would not have rejected any of the cases of proven endocarditis.
On the other hand, the von Reyn criteria defined 50 % of these cases as probable.
More importantly, the von Reyn criteria would have rejected 20-50 % of the cases
proven pathologically to be IE. The Duke criteria also classified 75 % of confirmed
prosthetic valve endocarditis (PVE) cases as definite and rejected no cases of
PVE. The von Reyn criteria however, rejected 20 % of these confirmed cases of
PVE [26]. Dodds et al. assessed the clinical cases rejected by the Duke criteria and
determined the negative predictive value to be at least 92 % [27]. Therefore, at the
present time, the modified Duke criteria are the standard diagnostic criteria for
patients with suspected IE.



100 JW.Tam et al.

Table 6.4 Modified Duke criteria for diagnosis of infective endocarditis

Major criteria:
(a) Positive blood cultures for infective endocarditis

In the absence of a primary focus, positive cultures from 2 separate blood cultures of one
of the following typical organism

Streptococci viridans
Streptococcus bovis

HACEK group (Haemophilus species, Actinobacillus actinomycetes comitants,
Cardiobacterium hominis, Eikenlla species, Kingella kingae)

Community-acquired Staphylococcus aureus or entercocci
or Persistently positive blood cultures of a microorganism consistent with IE
or Single blood culture for Coxiella burnetii or antiphase I IgG antibody titre >1:800
(b) Evidence of endocardial involvement
New valvular regurgitation

or Positive echocardiogram (oscillating intracardiac mass in the absence of an alternative
anatomic explanation OR abscess OR new partial dehiscence of prosthetic valve)

Minor criteria:
(a) Predisposing heart condition OR intravenous drug use
(b) Fever (at least 38.0 °C)

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

(d) Immunologic phenomena (glomerulonephritis, Osler’s nodes, Roth spots, rheumatoid
factor)

(e) Microbiologic evidence of positive blood culture not meeting major criterion but
excluding single positive culture for coagulase negative Staphylococci and organisms that
do not cause endocarditis OR serologic evidence of active infection with organism
consistent with IE

Definite:

2 major criteria

OR 1 major and 3 minor criteria
OR 5 minor criteria

OR Microorganism demonstrated by culture or histology of a vegetation, embolized vegetation
or in an intracardiac abscess

OR Histologic evidence of active endocarditis (vegetation or intracardiac abscess)
Possible:

1 major and 1 minor critieria

OR 3 minor criteria

Rejected:

Firm alternative diagnosis

OR Resolution of manifestations of endocarditis with 4 or less days of antibiotics

OR No pathologic evidence of infective endocarditis at surgery or autopsy after 4 or less days
of antibiotics

OR Does not meet criteria for possible infective endocarditis (above)
Source: Adapted from Li et al. [22]
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Suggested Approach in Suspected Endocarditis

The meaning and significance of the term “clinically suspected IE” will vary
between observers. This may range from a patient with unexplained isolated fever
to a patient with the classic findings of fever, new regurgitant murmur, embolic
phenomenon, and persistent bacteremia. At our institution, we found significant
variation between the assessment of probability of IE between the attending team
and the research team [28]. The latter employed a standardized scoring system to
determine pre-test likelihood of IE. The determination of probability or likelihood
of disease may have a bearing on the selection and timing of echocardiographic
evaluation [29]. Various studies have demonstrated no to very minimal utility of
echocardiography in patients with low pretest likelihood of the disease [28-30]. In
practice, a multispecialty Heart Valve team approach to patient evaluation is essen-
tial. This includes evaluation of both the clinical likelihood of IE as well as the clini-
cal risk of an adverse event (see Fig. 6.2) [17, 31]. The team should include
specialists in infectious disease, cardiology, and cardiac surgery [32]. This approach
would allow for a more complete understanding of the limitations of clinical and
noninvasive investigations as well as the need and optimal timing of semi-invasive
and invasive strategies and treatment [11].

Patients with evidence of high clinical risk features deserve prompt echocardio-
graphic evaluation that may lead to important and timely medical or surgical inter-
vention (Table 6.5). Although we still recommend baseline TTE in all patients, there
should be a lower threshold to proceed to TEE in this high risk group, especially in
the setting of persistent S. aureus bacteremia or suspected prosthetic valve endocar-
ditis. These special circumstances will be discussed later in this chapter.

Low likelihood patients (no major Duke criteria, one minor criteria such as tran-
sient fever, and who meet all of the low risk criteria in Table 6.6) should be observed
only [28, 33]. In those patients who are found to have an alternative source of infec-
tion, treatment should be directed to that source and echocardiography (TTE and
TEE) safely deferred unless there is a clinical change [29, 30].

High likelihood patients based upon the constellation of clinical and bacterio-
logic criteria (two major Duke criteria or one major and three minor) should be
treated as a confirmed case of IE with a prolonged course of antibiotics [28].
Echocardiography (TTE) should be performed promptly to help determine prognos-
tic information that may help with timing of surgery. TEE in this population is
especially helpful in the setting of nondiagnostic TTE, prosthetic valves, cardiac
implantable electronic devices (CIED), and in the detection of suspected complica-
tions (e.g. abscess or fistula formation) [11].

The intermediate likelihood subgroup where the diagnosis of IE is suspected but
not confirmed on clinical and bacteriologic grounds, is a population in whom the
addition of a positive echo finding would greatly assist in establishing a diagnosis of
definite IE. We define intermediate likelihood as one major criterion or three minor
criteria prior to echocardiography [28], analogous to the term possible endocarditis
in the proposed modified Duke criteria [22]. The American College of Cardiology/
American Heart Association guidelines recommend that such patients be evaluated
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Suspect IE

All valves except mechanical mitral valve | Mechanical mitral

prosthesis
TEE
TEE
T Poor non-diagnostic quality
PET-CT
Good diagnostic
quality
Consider repeat TEE in 7 . L
-10 Days Negative for IE Positive for IE
1. Low risk patients as mentioned High risk features as
in Table 6-6 mentioned in Table 6-5
Or TEE

2. patients with other indication -
requiring extended courses of If nagative consider repeat
TEE in 7-10 Days

Y i

| Treat and follow clinically | Appropriate medical and/or
surgical treatment

Fig.6.2 Suggested diagnostic algorithm for a patient with suspected infective endocarditis

Table 6.5 High risk clinical Community acquired infection with no primary source
features in patients with identified

suspected endocarditis . . .
P Presence of metastatic infectious foci

Presence of hematuria

Underlying native valvular disease or known prosthetic valves
Presence of permanent intracardiac device

Previous endocarditis

Intravenous drug use

Persistent fever or bacteremia after 72 h of adequate
antibiotics

Table 6.6 Low risk clinical All of the following criteria must be met
features in patients with

.. Nosocomial source of bacteremia
suspected endocarditis

Sterile blood cultures within 3 days of initial positive blood
culture

No permanent intracardiac device
No hemodialysis dependence

No clinical signs of endocarditis or secondary foci of
infection
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initially with TTE [11]. A diagnostic algorithm is presented in Fig. 6.2. In the inter-
mediate likelihood subgroup, a negative TTE or TEE does not necessarily exclude
the diagnosis of IE [18, 31]. A subset of these patients with negative echo findings
(TTE, TEE) may still manifest positive findings with time [15]. A repeat TTE/TEE
in 7-10 days is often recommended [34].

Cardiac Computed Tomography

Although cardiac computed tomography (CCT) lacks the temporal resolution to
adequate visualize valvular vegetations, the high spatial resolution makes it helpful
to evaluate complications such as paravalvular abscesses, pseudoaneurysms, and in
the setting of right sided endocarditis, septic pulmonary emboli and infarctions.
CCT is less affected by acoustic shadowing from prosthetic valves and may have a
role in determining mechanical valvular thrombosis [35-37].

Molecular Imaging

The diagnosis of IE may remain equivocal despite use of clinical, microbiological
and echocardiographic imaging studies. Nuclear medicine studies, '8F fluoro-deoxy-
glucose (FDG) positron emission tomography (PET) and radiolabelled white blood
cell (WBC) imaging are the most studied and promising [38].

Positron Emission Tomography

Positron emission tomography (PET) measures the metabolic activity of a structure
by detecting positron emissions following an injection of radiopharmaceutical '*F-
FDG. This modality is now well established in oncology as tumors are usually
hypermetabolic [39]. Infectious and inflammatory indications are continually
increasing as PET has become more widespread [40]. '8F-FDG is incorporated by
activated leukocytes, monocytes, macrophages, and CD4+ T lymphocytes via glu-
cose transporter mechanism and at sites of inflammation or infection is identified by
increased tracer uptake. The introduction of hybrid equipment for both conventional
nuclear medicine and PET has improved the reliability by allowing precise localiza-
tion of uptake and is currently the standard of imaging [39]. Near whole body imag-
ing allows for a more complete assessment of the possible cause of infection and for
identification of distant complications [38].

Optimization of background myocardial metabolism is considered to be mainly
influenced by patient preparation but has been difficult to standardize [41]. Optimal
acquisition time is also uncertain. Consideration should be given to the stage of
endocarditis and the duration of antimicrobial therapy. There may be limited uptake
if only subcentimeter vegetations are present which would be below the threshold of
detection [40].
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Numerous case reports and small population studies have shown some benefit
both in patients with native and prosthetic valves and in those with implanted elec-
tronic devices [40]. Saby et al. investigated 72 patients with suspected IE by using
abnormal FDG uptake around the prosthetic valve site as a positive finding for IE,
and they found a sensitivity of 73 %, specificity 80 %, positive predictive value
(PPV) 85 % and negative predictive value (NPV) 67 %, while Kouijzer et al. found
sensitivity of 39 %, specificity 93 %, PPV 64 % and NPV 82 % also in 72 patients
[42, 43]. Kestler et al. in 47 patients (and 94 controls) found sensitivity of 100 %,
specificity 80 %, PPV 90 % and NPV 100 % [44].

As the number of CIED increases, so too has the incidence of related infections.
PET/CT can be useful in detection and in treatment decision making. Ploux et al. in
ten patients looking at leads only, found a sensitivity of 100 % and specificity of
93 % [45]. Bensimhon et al. in 21 patients showed a sensitivity of 60 % and specific-
ity of 100 % in the detection of pacemaker lead infection [46]. In detecting the pres-
ence of infection involving either the pacemaker lead or pacemaker pocket, the
sensitivity increased to 80 %, and the specificity increased to 100 %. Sarrazin et al.
looked at pacemaker pocket and leads in 66 patients and found a sensitivity of 89 %
and specificity of 86 % [47]. Graziosi et al. found in a prospective study with 27
patients, defining abnormal FDG uptake along the lead course as positive, a sensi-
tivity of 63 %, specificity 86 %, PPV 77 % NPV 76 % [48].

Another role for PET is to identify complications arising from IE such as emboli
and metastatic infection. VanRiet et al. showed septic emboli in 44 % of 25 patients
evaluated [49], and Bonfiglioli et al. showed unexpected septic emboli in 24 % of
their study patients [50].

Indications for use of FDG PET/CT include:

* Cases of IE/CIED infection which are difficult to diagnose due to unexpected
negative echo or blood culture results

* Cases of fever of unknown origin or bacteremia of unknown origin in patients
with CIEDs or with a strong suspicion of IE

* Early detection of embolic events and metastatic infection in known cases of IE
or CIED infection.

» Assistance in the decision process as to the need to remove the CIED.

* Monitoring therapy in known infection [40]. The role of PET/CT is included in
the suggested algorithm in Fig. 6.2.

Single Photon Emission Computed Tomography (SPECT)

White blood cell (WBC) imaging with SPECT is a common imaging technique for
identifying infection. Radiolabelled WBCs accumulate through chemotaxis at sites
of infection. Early planar only studies were limited by suboptimal resolution and a
difficulty of localization. False negative studies may occur in small sized lesions,
and patients who have been on long term antibiotics [39]. Currently with hybrid
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imaging the identification and localization of abnormalities are much improved.
This allows for better identification of septic vegetations and detection of distant
complications. Monitoring of treatment is also possible. Erba et al. found WBC
SPECT imaging useful in 51 patients with IE (90 % sensitivity, 94 % NPV, and
100 % specificity and PPV), and the same group showed a sensitivity and NPV of
94 %, specificity and PPV of 100 % in 31 patients with suspected infected CIED
using this modality [51].

Special Populations and Endocarditis

There are a number of patient populations that deserve special mention in regards to
the diagnosis of IE. These are patients with prosthetic heart valves, patients with
S.aureus bacteremia, and patients with CIED endocarditis. Diagnostic issues related
to these three groups will be covered below.

Prosthetic Valve Endocarditis

More than 60,000 prosthetic heart valves are implanted in the United States annu-
ally. Prosthetic valve IE is classified as early (up to 60 days after valve replacement),
intermediate (2—12 months), and late (>12 months). IE is a rare complication occur-
ring in 0.5-1 % of cases per year, and its late occurrence is even less common [52].
In patients with prosthetic valves and nosocomial bacteremia, 43 % may have 1IE
[53]. This risk is similar for mechanical and bioprosthetic valves. In mechanical
valves, infection is usually located at the sewing ring, in bioprosthetic valves it can
also involve the leaflets, while in composite graft it may even affect distal anastomo-
sis or coronary reimplantation site [54].

El-Ahdab et al. evaluated the incidence and outcome of IE in patients with pros-
thetic valves with S. aureus bacteremia [55]. The overall rate of definite IE was
51 %. The incidence was not different between mechanical and bioprosthetic valves,
mitral and aortic prostheses, and early (<12 months after prosthetic valve implanta-
tion) and late (>12 months after implantation) presentation. There was a higher
incidence of definite endocarditis in patients with persistent fever and persistent
bacteremia.

In prosthetic valves, the sensitivity of TTE is only 17-36 % and for TEE is
82-96 % [53]. TEE should be the test of choice in suspected prosthetic valve IE,
especially in the mitral position, because of its increased sensitivity for the detection
of complications (abscesses, paravalvular leaks, dehiscence of the valves) and limi-
tations of TTE in the diagnosis in this setting (reverberations artifact from metallic
structures). Conversely, TTE may be preferable to TEE in the visualization of the
anterior portion of prosthetic aortic valves.

TEE should be repeated in high risk patients for IE (persistent fever, persistent
bacteremia, unknown source of infection), if the initial study is negative [55].
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Staphylococcus aureus Bacteremia and Endocarditis

Staphylococcus aureus is the second most common microorganism producing
hospital-acquired bacteremia in hospitals in the United States [56], with an annual
incidence of Staphylococcus aureus bacteremia (SAB) reported to be 4.3-38.2 per
100,000 person-years in the United States, depending upon the population studied
[57, 58]. Endocarditis occurs in approximately 5-30 % of cases of SAB, depending
upon the region studied, patient population, criteria and modality use for diagnosis
[59-65]. Rasmussen et al. reported only 5 % prevalence of IE in low-risk SAB patients
compared with 38 % in SAB patient with high-risk features (Tables 6.6 and 6.7) [60].

S. aureus IE is now a leading cause of endocarditis worldwide, constituting
25-30 % of all cases of IE [66—68]. Methicillin resistant S. aureus (MRS A) accounts
for almost 37 % of cases of IE due to S. aureus in the United States and Brazil [66].
The increased number of cases of IE caused by S. aureus is mainly a consequence
of intravenous drug abuse occurring in large inner cities, the implementation of
cardiac surgery and other invasive cardiac procedures and devices, and the wide-
spread use of intravenous catheters in hospitalized patients [66—71]. The incidence
of lead and valvular IE with SAB is higher in patients with prosthetic valve or intra-
cardiac devices, [60, 65, 72, 73] and carries a mortality of 26 % even with appropri-
ate antimicrobial therapy [61]. There is also an increased risk in hemodialysis
patients [74—76]. This may be related to the increase use of new grafts material and
venous catheters [77, 78].

In 22-48 % of patients, however, an apparent portal of entry is not identified [60,
71, 79-81]. This lack of a source of bacteremia is more common in patients with
community-acquired than among patients with hospital-acquired SAB [69, 71, 79—
81]. As such, community-acquired SAB, is considered an independent risk factor
for IE [60, 64, 69, 71, 80, 81].

Joseph et al. suggested that the risk of IE is low when SAB occurs in the presence
of an intravenous catheter without other identifiable sources and without prosthetic
valve or intra-cardiac device [65]. Fernandez Guerrero et al. suggested that endocar-
ditis may be an overlooked complication of SAB associated with infected intrave-
nous catheters [80, 82]. This may be due to some cases being undiagnosed because
of the subtle clinical presentation, without murmurs or emboli with right sided val-
vular involvement [82, 83].

Table 6.7 Patient in whom TEE may not be warranted in the setting of S. aureus bacteremia and
negative good quality TTE
Patients characteristics outlined in Table 6.6

Clearly defined intravenous line related bacteremia with no clinical features of IE, no
prosthetic valve nor CIED and no more than mild valvular regurgitation

Neutropenic patients with no clinical features of IE

Patients who are to receive an extended course of antibiotics for other systemic S aureus
infection (e.g. osteomyelitis, visceral abscess)

Patients in whom the results of the investigation are unlikely to alter outcome
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S. aureus IE is characterized by an acute presentation in which the signs of severe
sepsis are predominant while the classic peripheral signs of endocarditis as well as
murmur are less common [60, 69, 71, 79, 80]. Patients with S. aureus IE also remain
febrile for an average of 9 days. Persistent fever beyond 72 h may be an indication of
S aureus IE [55, 80, 81, 84]. The mean duration of breakthrough bacteremia (bacte-
remia persisting 24 h after the start of appropriate antimicrobial therapy) in patients
with S. aureus IE has been estimated to be 3 and 9 days when treated with penicillins
and Vancomycin, respectively, and IE should be considered in every patient who has
persistent SAB beyond 72 h following antibiotic therapy [55, 64, 80, 81, 84].

Overall, S. aureus IE is quite often clinically indistinguishable from SAB [59, 60,
69, 79, 80]. If undiagnosed and untreated, it can result in serious complications and
may be fatal if inadequately treated. The mortality of left-sided S. aureus IE ranges
from 20 % to 48 % and is higher than that by other organisms [70, 79-81, 85, 86].

As aresult, the presence of IE should be considered in all patients with SAB. The
clinical guidelines and recommendations suggest performing echocardiograms in
all patients with SAB but this suggestion has not been universally followed [11,
87-90]. In most of the studies the rate of echocardiography has varied from 34 % to
75 %, suggesting there is likely bias in the selection of high risk patients, thus
increasing the incidence of positive results in these studies and overestimating the
true clinical utility of echocardiography, especially TEE [59-63, 91, 92].

Holland et al. recently performed a systematic review of nine studies including
4,050 patients on the role of TEE in SAB [93]. TEE was associated with higher rates
of a diagnosis of IE (14-28 %) compared with TTE (2—15 %). In four studies clini-
cal or TTE findings did not predict subsequent positive TEE findings of IE [59, 62,
94, 95]. Five studies identified clinical or TTE characteristics associated with low
risk of IE (NPV from 93 % to 100 %), suggesting TEE is not necessary in this popu-
lation. These findings are listed in Table 6.7 [60, 63, 65, 92, 93, 96].

Recently, several studies have questioned that perhaps the low risk patients with
uncomplicated SAB in whom the vegetations can only be visualized by TEE (and
not by TTE) do not carry the same morbidity and mortality as compared to patients
with clinically significant IE [61, 69, 93]. As a result, the consequence of missing a
diagnosis of IE where TTE is normal and TEE is not performed may not be clini-
cally significant in patients with uncomplicated SAB who are treated with a short
course (2 weeks) of appropriate antibiotic therapy. Fowler et al. demonstrated that
mortality and embolic rates were higher in patients with definite S. aureus IE whose
vegetations were visualized by TTE than in those whose vegetations were visual-
ized only by TEE [71]. They postulated that small vegetations detected only by TEE
may represent an earlier stage of S. aureus IE that is more likely to respond to anti-
biotic therapy and less likely to cause embolic events compared to larger vegeta-
tions that are easily identified by TTE. Thus, currently there is no evidence that
identification of small valvular vegetations only detectable by TEE improves clini-
cal outcome in low risk patients with uncomplicated SAB.

Venditti et al. reported a low rate of IE (0.5 %) in neutropenic patients with SAB,
suggesting a low yield of echocardiography, especially when adequate antistaphy-
lococcal therapy is administered promptly [97].
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The optimal time to perform echocardiography on SAB patients is currently
unknown. At present, neither the American nor European guidelines address specifi-
cally the timing of echocardiography in relation to the onset of bacteremia, as this
issue has not been studied previously. Endocarditis Working Party of the British
Society of Antimicrobrial Chemotherapy in 2012 recommended echocardiography
to be performed within the first week of treatment or within the first 24 h if there is
other evidence to suggest IE [89]. In most studies, there is a delay of 2-3 days in
performing TEE after TTE. Perhaps delaying TEE by several days is enough to
permit vegetations to develop in those who supposedly had a negative or indetermi-
nate TTE, thus contributing to the reported superiority of TEE over TTE.

Thus, currently there is not enough evidence to recommend TEE for all cases of
SAB (Table 6.7). First, TEE has associated costs and risks [16]. Second, there is not
enough evidence demonstrating improved clinical outcomes in patients evaluated
with TEE over TTE in these patients. Third, several studies now suggest that it is
possible to identify a subset of patients with SAB with a low risk of IE for whom
TEE is not essential. Lastly, patients with negative TTE without valvular dysfunc-
tion, prosthetic valves or CIED, who are scheduled to receive extended courses of
antibiotics for other forms of complicated S aureus infection (for example, osteo-
myelitis or visceral abscess) may not require TEE at all as management will be
likely unaltered. Likewise, even a semi-invasive test such as TEE may not be appro-
priate in terminally ill or extremely frail patients whose outcome will be unaltered
by the results of investigations.

Transesophageal echocardiography should be performed in patients with SAB
and nondiagnostic TTE, when the possibility of IE is a serious consideration, when
cardiac complications are suspected and when patients have prosthetic valves.

Cardiovascular Device Related Infective Endocarditis

Over the past two decades, the number of individuals worldwide with intra-cardiac
prosthesis and indwelling devices including permanent pacemakers (PPM), implant-
able cardioverter defibrillators (ICD), atrial septal defect (ASD) closure devices,
and ventricular assist devices (VAD) has increased significantly. When these patients
develop unexplained fever or bacteremia, echocardiography is frequently requested
to rule out vegetations involving the device or adjacent structures that may be dam-
aged or abraded by the device, creating a nidus for infection. The following is a
summary of the clinical use of both TTE and TEE for the diagnosis of cardiac
device related infected endocarditis.

CIED

Cardiac implantable electronic devices, including PPMs and implantable ICDs,
have had a significant increase in utilization over the past two decades, owing
largely to the broader clinical indications for device implantation and the aging
population. In an analysis of CIED implantation in the US alone, implantation rates
for PPM and ICD have increased by 20 % and 60 % respectively between 1997 and
2004 [98]. CIED related IE are reported to occur between 0.5 % and 2 % of all car-
diac device infections [99-101]. CIED infection is associated with substantial
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morbidity and mortality, including the financial costs associated with treatment [99,
102-104]. The mortality rates associated with CIED related IE range from 10 % to
25 %, especially for those with methicillin-resistant S. aureus infection [100,
105-107].

In CIED IE, vegetation formation can occur along the course of the hardware
electrode, the tricuspid valve leaflets, or the endocardium of the right sided cardiac
chambers [108]. Patients with local signs of CIED infection, with or without fever,
with positive or negative blood cultures, must undergo a detailed echocardiographic
study to verify the presence or absence of CIED IE. Both TTE and TEE play impor-
tant roles in monitoring the size and location of the vegetations during antimicrobial
therapy both before and after CIED removal.

Several studies have examined the diagnostic and prognostic roles of echocar-
diography in the diagnosis of IE involving CIED [109-111]. Endocarditis of a PPM
or ICD is difficult to diagnose by TTE alone as the leads often produce reverbera-
tions and artifacts (particularly when multiple leads are present) that may mask
associated vegetations. As a result, when there is a strong suspicion of lead associ-
ated infection that is not apparent on TTE, TEE is appropriate. TEE has a higher
spatial resolution for the detection of abscesses and allow for an improved study of
the hardware leads, vena cava, tricuspid valve apparatus, as well as involvement of
the left sided heart structures [112]. In an international registry consisting of ten
academic medical centers and a total of 129 patients that prospectively enrolled
patients with CIED infections, TTE was able to detect vegetations in only 11
patients. TEE detected vegetations in the majority of patients diagnosed with CIED
[113]. Intracardiac echocardiography has recently been used in the detection of veg-
etations on pacemaker leads [114].

In patients with vegetations involving ICDs, the sensitivity of detection of lead
vegetations by TTE ranges from 22 % to 30 % as compared with a sensitivity of
95 % by TEE [115, 116]. The importance of performing a TEE in any CIED patient
with unexplained fever or bacteremia, especially in the setting of SAB cannot be
overemphasized.

ASD Closure Devices

Percutaneous closure device is an effective, safe, and commonly employed alterna-
tive to surgical closure in patients with a patent foramen ovale or ASD who meet
appropriate clinical indications for closure [117]. Endocarditis of an ASD closure
device is an uncommon occurrence with only a few case reports described in the
literature to date, [109-111, 118]. Vegetations described as mobile echodense
masses attached to the closure device have been detected by TTE and/or TEE. The
relative few reported cases preclude reliable assessment of the sensitivity and speci-
ficity of TTE or TEE in this setting.

Ventricular Assist Devices

In symptomatic patients with advanced heart failure, despite optimal medical ther-
apy, mechanical circulatory support with a LVAD has been used successfully as
either a bridge to heart transplantation or as destination therapy [119]. In a study of
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68 individuals with 2.5 years of follow-up, about one-third of the LVADs may
become infected within 3 months of implantation [120]. The associated infection
may involve the driveline exist site and pocket, as well as the valves or blood-
contacting surfaces of the LVAD.

The role of echocardiography (both TTE and TEE) in the setting of IE of the
LVAD is to inspect the potential sites of infection, as pathogens can colonize the
inner surfaces of the device and the connecting cannulas. Visualization of vegeta-
tion is limited by the reflective internal metal surfaces of the device and the pros-
thetic tubing. As such, the sensitivity and specificity of TTE and TEE in this setting
remains ill defined.

Conclusion

Infective endocarditis can be a difficult diagnosis to make. However, a thorough
history, careful physical examination and applying validated diagnostic criteria can
improve the diagnostic accuracy. Echocardiography (TTE and TEE) is an extremely
useful tool in the diagnosis and prognosis of IE but it needs to be used appropriately.
In general, TEE is more sensitive and specific compare to TTE but is also more
invasive and associated with a small but definite complication risk. Patient selection
for and timing of echocardiography should be based on clinical risk categories (high
versus low) and the likelihood of IE (high, intermediate and low). Patients with a
high clinical risk should undergo echocardiography on a high priority basis. Patients
with definite IE should be empirically treated and an echocardiogram performed not
for diagnostic purposes but to guide prognosis and treatment. Patients with a low
clinical risk and a low clinical likelihood need not routinely undergo echocardiog-
raphy, whereas those with low clinical risk and intermediate clinical likelihood
should undergo echocardiography to help clarify the diagnosis. We should be par-
ticularly vigilant about the diagnosis of IE in patients with persistent SAB and in
patients with prosthetic heart valves or intracardiac devices. In these patients, we
recommend a low threshold for echocardiography (TTE and TEE). TEE has proven
to be very useful and should be performed in the majority of these patients. The
development of PET-CT is a promising modality that can be helpful in equivocal
cases despite comprehensive echocardiography.

References

1. Flint A. Inflammatory affections of the heart-endocarditis-myocarditis. In: Diseases of the
heart. Philadelphia: Blanchard & Lea. 1859; p. 371-99.

2. Osler W. The principles and practice of medicine: designed for the use of practitioners and
students of medicine. 1st ed. 1892. New York: Appleton.

3. Mandell G, Bennet JE, Dolin R. Principles and practice of infectoius diseases. 6th ed.
Philadelphia: Elsevier Churchill Livingstone; 2005.

4. Mermel L, Maki DG. Detection of bacteremia in adults: consequences of culturing an inad-
equate volume of blood. Ann Intern Med. 1993;119(4):270-2.



6 Diagnostic Approach to Endocarditis 1m

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23

24.

25.

26.

. Werner A, et al. Studies on the bacteremia of bacterial endocarditis. ] Am Med Assoc.

1967;202:199.

. Parker M, Ball LC. Streptococci and aerococci associated with systemic infection in man.

J Med Microbiol. 1976;9(3):275-302.

. Anderson D, et al. Risk factors for infective endocarditis in patients with enterococcal bacte-

remia: a case-control study. Infection. 2004;32(2):72-7.

. Durack D, Lukes AS, Bright DK. New criteria for diagnosis of infective endocarditis: utiliza-

tion of specific echocardiographic findings. Duke Endocarditis Service. Am J Med.
1994;96(3):200-9.

. Irani W, Grayburn PA, Alfridi I. A negative transthoracic echocardiogram obviates the need

for transesophageal echocardiography in patients with suspected native valve active infective
endocarditis. Am J Cardiol. 1996;78(1):101-3.

Shively B, et al. Diagnostic value of transesophageal compared with transthoracic echocar-
diography in infective endocarditis. J Am Coll Cardiol. 1991;18(2):391-7.

Nishimura R, et al. 2014 AHA/ACC guideline for the management of patients with valvular
heart disease: executive summary: a report of the American College of Cardiology/American
Heart Association Task Force on Practice Guidelines. J Am Coll Cardiol.
2014;10(63):2438-88.

Erbel R, et al. Improved diagnostic value of echocardiography in patients with infective endo-
carditis by transoesophageal approach. A prospective study. Eur Heart J. 1988;9(1):43-53.
Daniel W, et al. Improvement in the diagnosis of abscesses associated with endocarditis by
transesophageal echocardiography. N Engl J Med. 1991;324(12):795-800.

Salvo GD, et al. Echocardiography predicts embolic events in infective endocarditis. ] Am
Coll Cardiol. 2001;37(4):1069-76.

Sochowski R, Chan KL. Implication of negative results on a monoplane transesophageal
echocardiographic study in patients with suspected infective endocarditis. ] Am Coll Cardiol.
1993;21(1):216-21.

Tam J, et al. Feasibility and complications of single-plane and biplane versus multiplane
transesophageal imaging: a review of 2947 consecutive studies. Can J Cardiol.
1997;13:81-4.

Roe M, et al. Clinical information determines the impact of transesophageal echocardiogra-
phy on the diagnosis of infective endocarditis by the Duke criteria. Am Heart
J.2000;139:945-51.

Reynolds H, et al. Sensitivity of transthoracic versus transesophageal echocardiography for
the detection of native valve vegetations in the modern era. J] Am Soc Echocardiogr.
2003;16(1):67-70.

Jassal D, et al. Diagnostic value of harmonic transthoracic echocardiography in native valve
infective endocarditis: comparison with transesophageal echocardiography. Cardiovasc
Ultrasound. 2007;19:5-20.

Humpl T, McCrindle BW, Smallhorn JE. The relative roles of transthoracic compared with
transesophageal echocardiography in children with suspected infective endocarditis. ] Am
Coll Cardiol. 2003;41:2068-71.

VonReyn C, et al. Infective endocarditis: an analysis based on strict case definitions. Ann
Intern Med. 1981;94(4 pt 1):505-18.

Li J, et al. Proposed modifications to the Duke criteria for the diagnosis of infective endocar-
ditis. Clin Infect Dis. 2000;30(4):633-8.

. Pelletier L, Petersdorf RG. Infectious endocarditis: a review of 125 cases from the University

of Washington Hospitals 1963-72. Medicine (Baltimore). 1977;56:287.

Bayer A, et al. Evaluation of new clinical criteria for the diagnosis of infective endocarditis.
Am J Med. 1994;96(3):211-9.

Hoen B, et al. Evaluation of the Duke criteria versus the Beth Israel criteria for the diagnosis
of infective endocarditis. Clin Infect Dis. 1995;21(4):905-9.

Nettles R, et al. An evaluation of the Duke criteria in 25 pathologically confirmed cases of
prosthetic valve endocarditis. Clin Infect Dis. 1997;25(6):1401-3.



112

27

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

JW.Tam et al.

. Dodds G, et al. Negative predictive value of the Duke criteria for infective endocarditis. Am
J Cardiol. 1996;77(5):403-7.

Jassal D, et al. Can structured clinical assessment using a modified Duke criteria improve
appropriate use of echocardiography in patients with suspected infective endocarditis. Can
J Cardiol. 2003;19(9):1017-22.

Thangaroopan M, Choy J. Is transesophageal echocardiography overused in the diagnosis of
infective endocarditis? Am J Cardiol. 2005;95:295-7.

Kuruppu J, et al. Overuse of transthoracic echocardiography in the diagnosis of native valve
endocarditis. Arch Intern Med. 2002;162:1715-20.

Yvorchuk K, Chan KL. Application of transthoracic and transesophageal echocardiography
in the diagnosis and management of infective endocarditis. J Am Soc Echocardiogr.
1994;7:294-308.

Botelho-Nevers E, et al. Dramatic reduction in infective endocarditis-related mortality with a
management-based approach. Arch Intern Med. 2009;169:1290-8.

Douglas P, et al. ACCF/ASE/AHA/ ASNC/HFSA/HRS/SCAI/SCCM/SCCT/SCMR 2011
appro- priate use criteria for echocardiography. A report of the American College of
Cardiology Foundation Appropriate Use Criteria Task Force, American Society of
Echocardiography, American Heart Association, American Society of Nuclear Cardiology,
Heart Failure Society of America, Heart Rhythm Society, Society for Cardiovas- cular
Angiography and Interventions, Society of Critical Care Medicine, Society of Cardiovascular
Computed Tomography, and Downloaded From: http://content.onlinejacc.org/ on
07/04/2014e172 Nishimura et al. 2014 AHA/ACC Valvular Heart Disease GuidelineSociety
for Cardiovascular Magnetic Resonance. J Am Coll Cardiol. 2011;57:1126-66.

Ghatak A, et al. Appropriateness criteria are an imprecise measure for repeat echocardio-
grams. Echocardiography. 2011;28:131-5.

Fagman E, et al. ECG-gated computed tomography: a new role for patients with suspected
aortic prosthetic valve endocarditis. Eur Radiol. 2012;22:2407-14.

Bruun N, et al. Cardiac imaging in infectious endocarditis. Eur Heart
J.2014;35(10):624-32.

Entrikin D, et al. Imaging of infective endocarditis with cardiac CT angiography. J Cardiovasc
Comput Tomogr. 2012;6(6):399—405.

Thuny F, et al. Imaging investigations in infective endocarditis: current approach and per-
spectives. Arch Cardiovasc Dis. 2013;106(1):52-62.

Bybel B, et al. PET and PET/CT imaging: what clinicians need to know. Cleveland Clin
J Med. 2006;73(12):1075-87.

Millar B, et al. 18FDG-positron emission tomography (PET) has a role to play in the diagno-
sis and therapy of infective endocarditis and cardiac device infection. Int J Cardiol.
2013;167(5):1724-36.

Maurer A, et al. How to differentiate benign versus malignant cardiac and paracardiac 18F
FDG uptake at oncologic PET/CT. Radiographics. 2011;31(5):1287-305.

Saby L, et al. Positron emission tomography/computed tomography for diagnosis of pros-
thetic valve endocarditis: increased valvular 18F-fluorodeoxyglucose uptake as a novel major
criterion. J Am Coll Cardiol. 2013;61(23):2374-82.

Kouijzer I, et al. The value of 18F-FDG PET/CT in diagnosing infectious endocarditis. Eur
J Nucl Med Mol Imaging. 2013;40(7):1102-7.

Kestler M, et al. In collaboration with the group for the management of infectious endocardi-
tis (GAME). Role of 18F-FDG PET in patients with infectious endocarditis. J Nucl Med.
2014;55(7):1093-8.

Ploux S, et al. Positron emission tomography in patients with suspected pacing system infec-
tions may play a critical role in difficult cases. Heart Rhythm. 2011;8:1478-81.

Bensimhon L, et al. Whole body [(18)F]fluorodeoxyglucose positron emission tomography
imaging for the diagnosis of pacemaker or implantable cardioverter defibrillator infection: a
preliminary prospective study. Clin Microbiol Infect. 2011;17:836-44.



6 Diagnostic Approach to Endocarditis 113

47.

48.

49.

50.

S1.

52.

53.

54.

55

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Sarrazin JF, et al. Usefulness of fluorine-18 positron emission tomography/computed tomog-
raphy for identification of cardiovascular implantable electronic device infections. J Am Coll
Cardiol. 2012;59:1616-25.

Graziosi M, et al. Role of "®F-FDG PET/CT in the diagnosis of infective endocarditis in
patients with an implanted cardiac device: a prospective study. Eur J Nucl Med Mol Imaging.
2014;41(8):1617-23.

VanRiet J, et al. (18)F-FDG PET/CT for early detection of embolism and metastatic infection
in patients with infective endocarditis. Eur J Nucl Med Mol Imaging. 2010;37(6):
1189-97.

Bonfiglioli R, et al. "8F-FDG PET/CT diagnosis of unexpected extracardiac septic embolisms
in patients with suspected cardiac endocarditis. Eur J Nucl Med Mol Imaging.
2013;40(8):1190-6.

Erba P, et al. Radiolabeled WBC scintigraphy in the diagnostic workup of patients with sus-
pected device-related infections. JACC Cardiol Cardiovasc Imaging. 2013;6(10):1075-86.
Butany J, et al. Infective endocarditis in a hancock bioprosthetic heart valve. J Card Surg.
2005;20(4):389-92.

Fang G, et al. Prosthetic valve endocarditis resulting from nosocomial bacteremia. A prospec-
tive, multicenter study. Ann Intern Med. 1993;119:560-7.

Seiler C. Management and follow up of prosthetic heart valves. Heart. 2004;90:818-24.

. El-Ahdab F, et al. Risk of endocarditis among patients with prosthetic valves and

Staphylococcus aureus bacteremia. Am J Med. 2005;118(3):225-9.

Wisplinghoff H, et al. Nosocomial bloodstream infections in US hospitals: analysis of 24,179
cases from a prospective nationwide surveillance study. Clin Infect Dis. 2004;39:309-17.
Landrum ML, Neumann C, Cook C. Epidemiology of Staphylococcus aureus blood and skin
and soft tissue infections in the US military health system 2005-2010. J] Am Med Assoc.
2012;308(1):50-9.

ElAtrouni W, Knoll BM, Lahr BD. Temporal trends in the incidence of Staphylococcus
aureus bacteremia in Olmsted County, Minnesota, 1998 to 2005. Clin Infect Dis.
2009;49(12):e130-8.

Incani A, et al. Staphylococcus aureus bacteraemia: evaluation of the role of transoesopha-
geal echocardiography in identifying clinically unsuspected endocarditis. Eur J Clin
Microbiol Infect Dis. 2013;32:1003-8.

Rasmussen R, et al. Prevalence of infective endocarditis in patients with Staphylococcus
aureus bacteraemia: the value of screening with echocardiography. Eur J Echocardiogr.
2011;12:414-20.

Wong D, Keynan Y, Rubinstein E. Comparison between transthoracic and transesophageal
echocardiography in screening for infective endocarditis in patients with Staphylococcus
aureus bacteremia. Eur J Clin Microbiol Infect Dis. 2014;33:2053-9.

Holden E, Bashir A, Das I. Staphylococcus aureus bacteraemia in a UK tertiary referral cen-
tre: a ‘transoesophageal echocardiogram for all’ policy. J Antimicrob Chemother.
2014;69:1960-5.

Kaasch A, et al. Use of a simple criteria set for guiding echocardiography in nosocomial
Staphylococcus aureus bacteremia. Clin Infect Dis. 2011;53(1):1-9.

Chang F, et al. A prospective multicenter study of Staphylococcus aureus bacteremia: inci-
dence of endocarditis, risk factors for mortality, and clinical impact of methicillin resistance.
Medicine (Baltimore). 2003;82(5):322-32.

Joseph J, et al. Prioritizing echocardiography in Staphylococcus aureus bacteraemia.
J Antimicrob Chemother. 2013;68(2):444-9.

Fowler VJ, et al. Staphylococcus aureus endocarditis: a consequence of medical progress.
J Am Med Assoc. 2005;293(24):3012-21.

Murdoch D, et al. Clinical presentation, etiology, and outcome of infective endocarditis in the
21st century: the International Collaboration on Endocarditis-Prospective Cohort Study. Arch
Intern Med. 2009;169(5):463-73.



114

68

69.

70.

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

JW.Tam et al.

. Hill E, et al. Infective endocarditis: changing epidemiology and predictors of 6-month mor-
tality: a prospective cohort study. Eur Heart J. 2007;28:196-203.

Petti C, Jr Fowler V. Staphylococcus aureus bacteremia and endocarditis. Infect Dis Clin N
Am. 2002;16:413-35.

Miro J, et al. Staphylococcus aureus native valve endocarditis: report of 566 episodes from
the International Collaboration on Endocarditis Merged Database. Clin Infect Dis.
2005;41:507-14.

Fowler VI, et al. Infective endocarditis due to Staphylococcus aureus. 59 prospectively iden-
tified cases with follow-up. Clin Infect Dis. 1999;28:106-14.

Nery P, et al. Device-related infection among patients with pacemakers and implantable defi-
brillators: incidence, risk factors, and consequences. J Cardiovasc Electrophysiol.
2010;21(7):786-90.

Cengiz M, et al. Permanent pacemaker and implantable cardioverter defibrillator infections:
seven years of diagnostic and therapeutic experience of a single center. Clin Cardiol.
2010;33(7):406-11.

Chang C, et al. Infective endocarditis in maintenance hemodialysis patients: fifteen years’
experience in one medical center. J Nephrol. 2004;17(2):228-35.

Nucifora G, et al. Infective endocarditis in chronic haemodialysis patients: an increasing
clinical challenge. Eur Heart J. 2007;28(19):2307-12.

Schubert C, Moosa MR. Infective endocarditis in a hemodialysis patient: a dreaded compli-
cation. Hemodial Int. 2007;11(4):379-84.

Cabell C, et al. Changing patient characteristics and the effect on mortality in endocarditis.
Arch Intern Med. 2002;162(1):90-4.

McCarthy J, Steckelberg JM. Infective endocarditis in patients receiving long-term hemodi-
alysis. Mayo Clin Proc. 2000;75:1008-14.

Roder B, et al. Clinical features of Staphylococcus aureus bacteremia. A 10-year experience
in Denmark. Arch Intern Med. 1999;159:462-9.

Guerrero MF, et al. Endocarditis caused by Staphylococcus aureus. A reappraisal of the epi-
demiologic, clinical, and pathologic manifestations with analysis of factors determining out-
come. Medicine. 2009;88:1-22.

Hill E, et al. Risk factors for endocarditis and outcome of patients with Staphylococcus
aureus bacteremia. Mayo Clin Proc. 2007;82:1165-9.

Guerrero MF, et al. Hospital-acquired infectious endocarditis not associated with cardiac
surgery: an emerging problem. Clin Infect Dis. 1995;20:16-23.

Akinosoglou K, et al. Native valve right sided infective endocarditis. Eur J Intern Med.
2013;24(6):510-9.

Fowler VJ, et al. Clinical identifiers of complicated Staphylococcus aureus bacteremia. Arch
Intern Med. 2003;163(17):2066-72.

Chirouze C, et al. Prognostic factors in 61 cases of Staphylococcus aureus prosthetic valve
infective endocarditis from the International Collaboration on Endocarditis merged database.
Clin Infect Dis. 2004;1(38):9.

Remadi J, et al. Predictors of death and impact of surgery in Staphylococcus aureus infective
endocarditis. Ann Thorac Surg. 2007;83(4):1295-302.

Liu C, et al. Clinical practice guidelines by the Infectious Diseases Society of America for the
treatment of methicillin-resistant Staphylococcus aureus infections in adults and children.
Clin Infect Dis. 2011;52(3):e18-55.

Gould F, et al. Guidelines (2008) for the prophylaxis and treatment of methicillin-resistant
Staphylococcus aureus (MRSA) infections in the United Kingdom. J Antimicrob Chemother.
2009;63(5):849-61.

Gould F, et al. Guidelines for the diagnosis and antibiotic treatment of endocarditis in adults:
a report of the Working Party of the British Society for Antimicrobial Chemotherapy.
J Antimicrob Chemother. 2012;67:269-89.

Habib G, et al. Guidelines on the prevention, diagnosis, and treatment of infective endocardi-
tis (new version 2009): the Task Force on the Prevention, Diagnosis, and Treatment of
Infective Endocarditis of the European Society of Cardiology (ESC). Endorsed by the



6 Diagnostic Approach to Endocarditis 115

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

European Society of Clinical Microbiology and Infectious Diseases (ESCMID) and the
International Society of Chemotherapy (ISC) for Infection and Cancer. Eur Heart
J.2009;30:2369—413.

Abraham J, et al. Staphylococcus aureus bacteremia and endocarditis: the Grady Memorial
Hospital experience with methicillin-sensitive S aureus and methicillin resistant S aureus
bacteremia. Am Heart J. 2004;147:536-9.

Khatib R, Sharma M. Echocardiography is dispensable in uncomplicated Staphylococcus
aureus bacteremia. Medicine (Baltimore). 2013;92(3):182-8.

Holland T, Arnold C, Fowler Jr VG. Clinical management of Staphylococcus aureus bactere-
mia. A review. J] Am Med Assoc. 2014;312(13):1330-41.

Fowler VJ, et al. Role of echocardiography in evaluation of patients with Staphylococcus
aureus bacteremia: experience in 103 patients. J Am Coll Cardiol. 1997;30:1072-8.
Sullenberger A, Avedissian LS, Kent SM. Importance of transesophageal echocardiography
in the evaluation of Staphylococcus aureus bacteremia. J Heart Valve Dis. 2005;14:23-8.
VanHal S, et al. The role of transthoracic echocardiography in excluding left sided infective
endocarditis in Staphylococcus aureus bacteraemia. J Infect. 2005;51(3):218-21.

Venditti M, et al. Staphylococcus aureus bacteremia in patients with hematologic malignan-
cies: a retrospective. Case control study, Haematologica. 2003;88(8):923-30

Zhan C, et al. Cardiac device implantation in the United States from 1997 through 2004: a
population-based analysis. J Gen Intern Med. 2008;23(Supp 1):13-9.

Sohail M, et al. Management and outcome of permanent pacemaker and implantable
cardioverter-defibrillator infections. J Am Coll Cardiol. 2007;49(18):1851-9.

Athan E, et al. Clinical characteristics and outcome of infective endocarditis involving
implantable cardiac devices. ] Am Med Assoc. 2012;307(16):1727-35.

Chamis A, et al. Staphylococcus aureus bacteremia in patients with permanent pacemakers or
implantable cardioverter-defibrillators. Circulation. 2001;104(9):1029-33.

Baddour L, et al. Update on cardiovascular implantable electronic device infections and their
management: a scientific statement from the American Heart Association. Circulation.
2010;121(13):458-717.

Sohail M, et al. Mortality and cost associated with cardiovascular implantable electronic
device infections. Arch Intern Med. 2011;171(20):1821-8.

deBie M, et al. Cardiac device infections are associated with a significant mortality risk.
Heart Rhythm. 2012;9(4):494-8.

Baman T, et al. Risk factors for mortality in patients with cardiac device-related infection.
Circ Arrhythm Electrophysiol. 2009;2(2):129-34.

Massoure P, et al. Pacemaker endocarditis: clinical features and management of 60 consecu-
tive cases. Pacing Clin Electrophysiol. 2007;30:12-9.

Chu V, et al. Staphylococcus aureus bacteremia in patients with prosthetic devices: costs and
outcomes. Am J Med. 2005;118(12):1416.

Klug D, et al. Systemic infection related to endocarditis on pacemaker leads: clinical presen-
tation and man- agement. Circulation. 1997;95:2098-107.

Goldstein J, et al. Infective endocarditis resulting from CardioSEAL closure of a patent fora-
men ovale. Catheter Cardiovasc Interv. 2002;55(2):217-20.

Balasundaram R, et al. Infective endocarditis following implantation of amplatzer atrial sep-
tal occluder. Indian Heart J. 2005;57(2):167-9.

Zahr F, et al. Late bacterial endocarditis of an amplatzer atrial septal defect occluder device.
Am J Cardiol. 2010;105(2):279-80.

Jacob S, Tong AT. Role of echocardiography in the diagnosis and management of infective
endocarditis. Curr Opin Cardiol. 2002;17(5):478-85.

Greenspon A, et al. Influence of vegetation size on the clinical presentation and outcome of
lead-associated endocarditis: results from the MEDIC registry. JACC Cardiol Cardiovasc
Imaging. 2014;7(6):541-9.

Narducci M, et al. Usefulness of intra- cardiac echocardiography for the diagnosis of cardio-
vascular implantable electronic device-related endocarditis. J Am Coll Cardiol.
2013;61:1398-405.



116

115.

116.

117.

118.

119.

120.

121.

JW.Tam et al.

Vilacosta I, et al. Usefulness of transesophageal echocardiography for diagnosis of infected
transvenous permanent pacemakers. Circulation. 1994;89(6):2684-7.

Victor F, et al. Pacemaker lead infection: echocardiographic features, management, and out-
come. Heart. 1999;81(1):82-7.

Thanopoulos B, et al. Closure of atrial septal defects with the Amplatzer occlusion device:
preliminary results. J Am Coll Cardiol. 1998;31(5):1110-6.

Bullock A, Menahem S, Wilkinson JL. Infective endocarditis on an occluder closing an atrial
septal defect. Cardiol Young. 1999;9(1):65-7.

Radovancevic B, Vrtovec B, Frazier OH. Left ventricular assist devices: an alternative to
medical therapy for end-stage heart failure. Curr Opin Cardiol. 2003;18(3):210-4.

Rose E, et al. Randomized Evaluation of Mechanical Assistance for the Treatment of
Congestive Heart Failure (REMATCH) Study Group. Long-term use of a left ventricular
assist device for end-stage heart failure. N Engl J Med. 2001;345(20):1435-43.

Mandel GL, Bennett JE, Dolan R. Principles and practice of infectious diseases. 6th ed.
Philadelphia: Elsevier Churchill Livingstone; 2005.



Christopher Johnson and Kwan-Leung Chan

Abstract

The detection of vegetation or abscess by echocardiography is key to the diagno-
sis of infective endocarditis. Transesophageal echocardiography (TEE) is supe-
rior to transthoracic (TTE) echocardiography in the detection of vegetation or
abscess, and should be used in patients at high risk of endocarditis despite a
negative TTE. TEE is also preferred in the setting of prosthetic valves and in the
detection of perivalvular complications. The usefulness of echocardiography is
further enhanced by the development of real-time 3-D imaging capability.

Keywords
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time 3-D echocardiography * Abscess ¢ Vegetation * Prosthetic valve  Valvular
perforation ¢ Perivalvular complications

Key Points

1. TEE is not necessary in patients with low likelihood of IE and good TTE
images.

2. Despite good TTE images, TEE is recommended in the setting of sus-
pected prosthetic valve IE, suspected culture negative IE, and bacteremia
with virulent orgranisms such as Staphylococcus aureus.

3. TEE is indicated in the assessment of perivalvular abscess and related
complications in both native valve IE and prosthetic valve IE.
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4. Perivalvular abscess is a dynamic process, and TEE can provide useful
prognostic information during the follow up including in patients who
have undergone cardiac surgery for perivalvular abscess.

5. Real-time 3-D echocardiography is being increasingly used in patients
with IE and may yield additional anatomic insight particularly in defining
perivalvular complications.

Introduction

Infective endocarditis (IE) has protean manifestations and confirming the diagnosis
is frequently difficult leading to a delay in initiating anti-microbial therapy. As veg-
etation is the hallmark of IE, prompt diagnosis can be facilitated through the use of
a reliable, noninvasive test to detect vegetation.

Since its introduction into clinical practice in the 1970s, echocardiography has
been intimately involved in the detection of vegetations. Technological advances
have dramatically improved the ability of echocardiography to detect vegetation,
valvular destruction and perivalvular complications, such that echocardiographic
findings are now one of the most important diagnostic criteria for IE [1]. In addition
to confirming a diagnosis of IE, echocardiography provides vital prognostic infor-
mation in complicated endocarditis where surgical intervention may be appropriate.
The value of echocardiography in patients with a low likelihood of IE may be ques-
tioned, but given the importance of correctly diagnosing IE, echocardiography is
clearly indicated in the appropriate clinical setting where endocarditis is likely
(Table 7.1) [2].

Table 7.1 Appropriate use criteria for echocardiography in proven or suspected endocarditis

Appropriateness
Indication score (1-9)

A.TTE
1. Initial evaluation of suspected infectious endocarditis with positive | Appropriate (9)
blood cultures or new murmur
2. Re-evaluation of infective endocarditis at high risk for progression Appropriate (9)
or complication or with a change in cardiac status or cardiac exam
B. TEE
. As initial or supplemental test to diagnose infective endocarditis Appropriate (9)
with a moderate or high pre-test probability (e.g. staphylococcal
bacteremia, fungemia, prosthetic heart valve or intra-cardiac device)

—

2. Re-evaluation of prior TEE findings for interval change (eg. Appropriate (8)
resolution of vegetation after antibiotics) when change in therapy is
anticipated

Adapted from Ref. [2]
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Native Valve Endocarditis
Detection of Vegetation

Vegetation is the hallmark of the disease. The ability of ultrasound to produce
images of structures inside the heart offers clinicians the opportunity to identify
valvular vegetations, which previously required direct inspection at surgery or
autopsy. Most vegetations are attached to the upstream side of cardiac valves,
along the valve surface facing the lower pressure chamber (e.g. the atrial side of
the mitral valve). Unusual locations, such as mural vegetations on myocardium or
vegetations attached to the aorta, have been recognized. Left atrial mural vegeta-
tions have been found at the site of impingement of a jet of mitral regurgitation
due to mitral valve IE. The finding of a mural vegetation on the left atrial wall
should prompt a careful search for evidence of mitral valve endocarditis and
mitral regurgitation.

Transthoracic Echo The first series describing vegetations detected by echocar-
diography with pathological correlation was in 1973 using M-mode transthoracic
echocardiography (TTE) [3]. M-mode criteria for a valvular vegetation are a non-
uniform, shaggy echogenic mass attached to a valve leaflet but not interfering with
its motion [2—5]. Compared to autopsy or surgical findings, this definition of vegeta-
tion is specific but insensitive [4]. False positive findings include old vegetations
from remote endocarditis, thickened leaflets of myxomatous mitral valves, sclerotic
aortic valves and mitral valve fluttering related to aortic insufficiency [4]. Some
M-mode findings are associated with poor prognosis, including ruptured mitral
valve chordae, torn and flail aortic cusps and premature closure of the mitral valve
due to severe aortic insufficiency [6]. Historically, such findings were used to iden-
tify high risk patients who may need surgical intervention [5].

Two-dimensional echocardiography provides spatial orientation superior to
M-mode and has replaced M-mode in the detection of vegetation. The 2D echo
definition of a vegetation is an irregularly shaped echolucent mass adherent to
valves, endothelial surfaces, or intracardiac prosthetic devices, which usually has a
high frequency motion independent of the underlying cardiac structure. Specificity
is increased if a vegetation can be imaged throughout the cardiac cycle in multiple
views [7, 8, 9]. Healed vegetations would become echodense. Vegetations can be
characterized by morphologic features including their size, location, number,
shape, mobility, and consistency (Fig. 7.1) [10]. The size of a vegetation that can
be detected by TTE depends on the image quality. Early studies with fundamental
imaging permitted detection of vegetations greater than 5 mm in maximum dimen-
sion [10]. Harmonic imaging permits detection of smaller vegetations in patients
with high quality images, but in patients with inadequate acoustic windows, the
accuracy of TTE is limited [10, 11]. Compared to transesophageal echocardiogra-
phy (TEE), TTE underestimates vegetation size by up to 50 %. TTE is not sensitive
enough to detect small vegetations, particularly in patients with pre-existing valvu-
lar abnormalities (Table 7.2) [12, 13]. The causes of false negative and false
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Fig. 7.1 Transthoracic echocardiogram shows a vegetation (arrow) on the anterior mitral leaflet
in the long-axis (a), short-axis (b), four-chamber (c) and two-chamber (d) views. LA left atrium,
LV left ventricle; RV right ventricle

Table 7.2 Relationship between vegetation size Vegetation size Sensitivity %
and sensitivity of transthoracic echocardiography <5 mm 025

5-10 mm 50-69

>10 mm 84-100

From Refs. [12, 13]

positive findings for vegetations are listed in Table 7.3. The overall sensitivity and
specificity of TTE for detecting valvular vegetations are 56 % and 91 % respec-
tively (Table 7.3) [12-21].

Transesophageal Echo Transesophageal echo involves the insertion of an ultra-
sound transducer mounted on a gastroscope into the esophagus and stomach to
image the heart. The close proximity of the heart to the esophagus and the lack of
intervening structures, such as the chest wall and lungs, ensure higher image quality
using TEE compared to TTE. Transesophageal echo has higher sensitivity and
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Table 7.3 Transthoracic echocardiography in the diagnosis of valvular vegetation

Proportion
with
Sensitivity | Specificity | PPV |NPV | Proportion prostheses
Reference %o P % Yo with IE (%) | (%)
Erbel et al. [12] 63 98 92 91 96/176 (55) |ND
Shivley et al. [14] 44 98 88 84 16/24 (24) 3/66 (5)
Birmingham et al. [15] | 30 100 100 |57 33/63 (52) 2/64 (3)
Shapiro et al. [16] 60 91 86 72 30/64 (47) 0/64 (0)
Lowry et al. [17] 36 83 ND |ND |28/85(33) 29/85 (34)
Reynolds et al. [13] 55 ND ND ND 51/101 (50) ND
Jassal et al. [18] 84 88 89 82 19/36 (53) 0
Casella et al. [19] 87 85 87 86 33/74 (44) 0
Kini et al. [20] 45 79 56 71 179/486 (37) | 49/486 (10)
Barton et al. [21] 58 99 95 89 82/622 (13) |ND
Average 56 91 86 79 567/1731 (33) | 83/765 (10)

IE infective endocarditis, ND not determined, NPV negative predictive value, PPV positive predic-
tive value

Table 7.4 Transesophageal echocardiography in the diagnosis of valvular vegetation

Proportion
Proportion | with
Sensitivity | Specificity |PPV |NPV | with SBE prostheses

Reference % % % % (%) (%)
Erbel et al. [12] 100 98 95 100 | 96/176 (55) | ND
Shivley et al. [14] 94 100 100 |98 16/24 (24) | 3/66 (5)
Birmingham et al. [15] | 88 97 97 88 33/63 (52) | 2/64 (3)
Shapiro et al. [16] 87 91 90 88 30/64 (47) | 0/64 (0)
Lowry et al. [17] 93 91 ND |ND |28/85(33) |29/85(34)
Average 92 95 96 94 254/513 34/269 (13)
(50)

IE infective endocarditis, ND not determined, NPV negative predictive value, PPV positive predic-
tive value

specificity in the detection of vegetations in patients with suspected endocarditis
(Table 7.4) [12, 14—17]. The superior image quality of TEE permits the visualization
of small vegetations (2—5 mm) on native heart valves that are commonly missed by
TTE (Fig. 7.2) [12, 13]. Despite superior image quality, TEE faces similar limita-
tions as TTE in terms of false-positive and false-negative studies (Table 7.5).
Libman-Sacks endocarditis refers to vegetations that occur on the valves of patients
with systemic lupus erythematosus (SLE) in the absence of infection [22].
Pathologically, these vegetations are made up of inflammatory cells associated with
fibrous tissue and fibrin. On echocardiography, they appear as 2—4 mm protrusions
adherent to endocardium, frequently at valve commisures [22]. Echo studies of
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Fig.7.2 Two mitral valve
vegetations (arrows) are
demonstrated by
transesophageal
echocardiography when
only one vegetation is
detected by transthoracic
echocardiography. This is
in the same patients as in
Fig. 7.1. LA left atrium, LV
left ventricle

Table 7.5 Pitfalls in the detection of
vegetations by echocardiography

Mimics of vegetation (false positives)

Pre-existing valvular abnormalities
Sequelae of prior valve surgery
Components of prosthetic valves
Normal structures
Thrombi
Tumor
Extrinsic mediastinal masses
Artefacts

Vegetation not detected (false negatives)
Pre-existing valvular abnormalities
Prior endocarditis
Prosthetic material
Suboptimal images

Early disease with small vegetation

patients with SLE have documented these non-infectious vegetations in up to 18 %
of patients [23]. They are indistinguishable from vegetations due to IE, therefore the
clinical context is essential to avoid misdiagnosis of IE. Antiphospholipid antibody
syndrome can be seen as an isolated clinical entity or in association with SLE and
also causes Libmans-Sachs vegetations [24]. Nonbacterial thrombotic endocarditis,
also called marantic endocarditis, refers to the occurrence of non-infective valvular
vegetations in the setting of metastatic cancer, typically adenocarcinomas. The
echocardiographic appearance is indistinguishable from infectious vegetations, and
awareness of a non-infectious context in the setting of metastatic adenocarcinoma is
important to avoid mis-diagnosis [25]. In the setting of pre-existing valvular disease
such as severe myxomatous changes of the mitral valve or degenerative changes of
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Fig.7.3 Real-time 3D
transesophageal
echocardiography from the
atrial perspective shows the
presence of two
vegetations (arrows) on the
mitral valve. AV aortic
valve

the aortic valve, detection of vegetation can be difficult, and both false positives and
false negatives occur. In addition, during the early stages of endocardial infection,
there may not be a sufficiently large vegetation to permit detection with TEE. In
such situations, a repeat TEE in 7-14 days can increase the sensitivity for detecting
valvular vegetations [11, 26]. The overall sensitivity of TEE for valvular vegetations
is 92 % and specificity is 94 % (Table 7.4) [12, 14-17].

Real-time three-dimensional echocardiography has shown good correlation with
findings at cardiac surgery in patients with endocarditis, and in some cases real-time
three-dimensional echocardiography detects vegetations that are not apparent on 2D
TEE [27] (Fig. 7.3). Compared to real-time 3D echocardiography, 2 D TEE under-
estimates the maximum length of vegetations by 20-25 %, and this may have impli-
cations in assessing embolic risk and determining the optimal timing of surgical
intervention if indicated [28, 29].

Summary

1. A vegetation is an irregularly shaped, echolucent mass adherent to valves, endo-
thelial surfaces, or intracardiac prostheses, with a high frequency motion or
oscillation independent of the associated valve or prosthesis, imaged throughout
the cardiac cycle in multiple views.

2. Important causes of false negative TTE images for endocarditis are small vegeta-

tions <5 mm, prosthetic valves, and poor image quality.

. TEE is more sensitive and specific than TTE for detecting vegetations.

4. Echo findings specific for IE should be used in conjunction with clinical findings
to avoid misdiagnosis of IE.

5. When the likelihood of IE is high and initial TEE is negative for vegetation, a
repeat TEE should be performed in 7-10 days.

W
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Valvular Abnormalities

Perforation of left sided valves is a complication of IE with important implications
for clinical management, since a common indication for surgical intervention is
heart failure due to valvular regurgitation. The echo definition of perforation is an
interruption of leaflet continuity at a site removed from the leaflet coaptation area.
Color Doppler imaging shows a high velocity jet traversing the defect through the
body of the valve leaflet (Fig. 7.4) [30, 31]. Regurgitant jets from valvular perfora-
tions in IE are frequently eccentric. Valvular perforation should never be diagnosed
when a regurgitant jet originates from the coaptation area and there is no evidence
of interruption of leaflet continuity.

Almost all mitral valve perforations and some aortic valve perforations occur
within aneurysms, or diverticuli, arising from the infected valve. An aneurysm or
diverticulum of the mitral valve is a saccular outpouching bulging into the left atrium
during systole and collapsing during diastole (Fig. 7.5) [31]. Frequently, mitral valve
aneurysms and perforations, especially those involving the anterior mitral valve leaf-
let, are associated with aortic valve vegetations and aortic regurgitation. This likely
occurs when the aortic regurgitation jet seeds the mitral valve leaflet. Finding a mitral
valve aneurysm and/or perforation in a patient with IE should prompt a careful
assessment of the aortic valve for vegetations and aortic regurgitation.

Fig.7.4 (a) A large perforation (arrow) is present on the mitral valve. (b) Colour flow imaging
shows severe mitral regurgitation via the leaflet perforation. LA left atrium, LV left ventricle
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The diagnosis of perforation is a predictor of the need for surgery and early mor-
tality, because patients with perforation frequently have hemodynamically signifi-
cant valvular regurgitation. Patients with valvular insufficiency due to perforation
may be amenable to patch repair which is preferable in these patients [31]. Patients
with valvular perforation, but who have no heart failure and respond well to antimi-
crobial therapy, may not require surgery. Such patients require clinical and imaging
follow up to ensure there is no progression of valvular regurgitation and to monitor
for evidence that valvular regurgitation is no longer well tolerated.

Endocarditis is the most common cause of mitral valve aneurysm and perfora-
tion. There are very few non-endocarditis related causes of mitral valve aneurysm
such as osteogenesis imperfecta, Marfan’s syndrome, Ehlers-Danlos, and pseudox-
anthoma elasticum [32-34].

Transthoracic Echo To directly image leaflet discontinuity by TTE requires high
quality images which in most patients cannot be obtained. The sensitivity of TTE
for the diagnosis of valvular perforation is low and varies from 11 % to 70 %
(Table 7.6) [19, 30, 31, 35] .

PAT T 37.0C
TEE T' 39/4C

Fig.7.5 (a) Mitral leaflet diverticulum (arrow) with perforation is present on the anterior mitral
leaflet due to the presence of aortic endocarditis with a large vegetation (arrow heads). (b) Colour
flow imaging shows severe mitral regurgitation via the mitral leaflet perforation. LA left atrium, LV
left ventricle
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Table 7.6 Comparison of transthoracic with transesophageal echocardiography in the diagnosis
of valvular perforation

Reference Sample size | Sensitivity of TTE % Sensitivity of TEE %
Cziner et al. [30] 10 30 90

DeCastro et al. [31] 20 70 100

Vilacosta et al. [35] 13 38 100

Casella et al. [19] 9 11 ND

Fig.7.6 Real-time 3D transesophageal
echocardiography from the atrial perspective shows a
large perforation (arrow) on the lateral scallop (P1) of
the posterior mitral leaflet. AV aortic valve

Transesophageal Echo TEE is more sensitive for detecting valvular perforation
than TTE (Table 7.6) [19, 30, 31, 35]. In addition, most perforations can be directly
visualized on 2D imaging rather than relying on imaging the color flow jet travers-
ing the valve leaflet. This direct visualization of a perforated leaflet increases diag-
nostic certainty (Fig. 7.4). The size of perforations visualized on TEE agrees closely
with pathologic examination and range from 2 to 7 mm [31]. Perforations imaged
with real-time three-dimensional echocardiography agree closely with surgical
findings, and real-time 3D echocardiography detects some perforations missed by
2D imaging, (Fig. 7.6) [27]. The higher sensitivity of TEE for detecting vegetations
is important in excluding aortic valvular IE as the cause of mitral valve perforation
or aneurysm.

Summary

1. IE is the most common cause of valvular perforations and valvular aneurysms in
adult patients.

2. Valvular perforation should be suspected when the origin of the regurgitant jet is

remote from the area of leaflet coaptation.

Perforations are often seen in the presence of valve aneurysms.

4. TEE is more sensitive and specific for diagnosing valvular perforations by direct
visualization of leaflet discontinuity.

(O8]
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Perivalvular Abscess and Related Complications

The natural history of perivalvular abscess has become better understood, largely
because of serial echocardiographic studies in patients who undergo surgical inter-
vention as well as patients who are treated medically [36, 37]. Serial echocardiog-
raphy in such cases has demonstrated that perivalvular abscess is a dynamic process
and is the precursor for all other perivalvular complications such as pseudoaneu-
rysm, fistula, and valve dehiscence in the case of prosthetic valve endocarditis.
Perivalvular abscess has a predilection for the aortic root, whose central location
and proximity to multiple structures can lead to serious complications.

The pathological definition of a perivalvular abscess is a region of necrosis with
purulent material that does not communicate with a cardiac chamber or great vessel
lumen [38]. On echocardiography, an abscess cavity is a localized abnormal echo-
lucent area within the perivalvular tissue that does not communicate with the circu-
lation (Fig. 7.7) [37]. In addition to identifying the presence of an abscess,
echocardiography delineates characteristics of the abscess that are important in
planning surgical intervention. These include the maximum thickness of the abscess
cavity, the circumferential extent of the abscess, and involvement of surrounding
structures. Both long axis and short axis views of the aortic root and ascending aorta
are important for determining the extent of an aortic root abscess cavity. X-Plane
imaging and real-time 3D echo can delineate the circumferential and longitudinal
extent of aortic root abscess.

Fig.7.7 An echolucent mass (arrows) consistent with abscess is located at the posterior aortic
root and imaged in the long-axis (a) and short axis (b) views by transesophageal echocardiography.
Ao aorta, LA left atrium
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Serial echocardiographic evaluation of abscesses in the setting of IE has demon-
strated the development of pseudoaneurysm from abscess cavities (Fig. 7.8) [37].
As necrotic tissue separating the abscess cavity from the adjacent high pressure left
ventricular outflow tract or aorta breaks down, a direct communication develops
between the left ventricle (LV) or aorta and the abscess cavity [36, 37, 39, 40].
When the LV or aorta communicates with an abscess cavity, the term pseudoaneu-
rysm is used. A pseudoaneurysm appears on echocardiography as an echolucent
space or pouch anatomically related to the valve annulus. High pressure flow from
the LV or aorta into the pseudoaneurysm creates the appearance of a pulsatile pouch
[38].When the pseudoaneurysm originates below the aortic annulus, the connection
is between the LV and the pseudoaneurysm cavity and this can be demonstrated
with color flow imaging (Fig. 7.8) [41]. Using the color flow jet as a guide may help
to directly image the LV to pseudoaneurysm connection on 2D imaging. The maxi-
mum dimension of LV to aortic discontinuity on 2D imaging can vary from 1 to
24 mm [41]. Pseudo-aneurysms can originate from the aorta, and using color flow
imaging as a guide, the connection from aorta to pseudoaneurysm cavity can be
demonstrated on 2D imaging. The only non-infectious cause of aortic pseudoaneu-
rysm is prior aortic valve replacement, particularly when a composite graft has been
constructed [42].

The mitral-aortic intervalvular fibrosa (MAIVF) is the fibrous tissue connecting
the aortic root near the non-coronary cusp of the aortic valve to the base of the ante-
rior mitral valve leaflet. Pseudoaneursysm of the MAIF may occur by direct

Fig.7.8 (a) A pseudoaneurysm is present at the mitral aortic intervalvular fibrosa and communi-
cates with the left ventricular outflow tract (arrow). (b) Colour flow imaging shows systolic flow
into the pseudoaneurysm. LA left atrium, LV left ventricle
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extension from an aortic root abscess. Fistulas connecting to the left atrium, aorta,
or even into the pericardial space are complications of pseudoaneurysms of the
MALIVF [43]. The diagnosis is made by visualizing an echolucent cavity at the junc-
tion of the base of the aortic root and base of the anterior mitral valve leaflet with
systolic expansion and diastolic collapse (Fig. 7.8). Real-time 3-D echo of MAIVF
pseudoaneurysm has proven useful in demonstrating the relationship between
MAIVF pseudoaneurysm and adjacent cardiac structures [44]. Non-infectious
pseudoaneurysm of the MAIF has been reported following aortic valve replacement
as a result of surgical trauma [43].

When a perivalvular abscess erodes into two adjacent vascular structures, a fistula
develops. The aortic root is related to both great vessels, all four cardiac chambers,
and the pericardial space, so that fistulas between any of these structures are possible.
In addition, pseudoaneurysm of the MAIVF can fistulize, resulting in a connection
between the LV and the left atrium (LA). Hemodynamically, the result of this LV to
LA connection can be thought of as “suprannular mitral regurgitation” [45].

Clinical factors predictive of periannular complications are listed in Table 7.7
[38, 46, 47].

The presence of periannular complications of IE has important implications for
prognosis. For example, the presence of an abscess may result in recurrent evidence
of infection in spite of anti-microbial therapy, which results in a clinical indication
for surgery. An abscess complicated by a fistula causing poorly tolerated volume
overload may result in heart failure, and thus require surgery on clinical grounds.
These examples illustrate how echocardiography defines the underlying periannular
pathology that drives clinical indications for surgery in endocarditis complicated by
perivalvular abscess. Patients with periannular abscess have a high mortality
whether or not they undergo surgery (Tables 7.8 and 7.9) [36-38, 48—50]. In patients
referred for surgical intervention, preoperative echo is vital in the planning of surgi-
cal intervention and in assessing operative risk. The range of operative procedures
in the surgical management of periannular complications of endocarditis is dis-
cussed in detail in Chap. 8.

The circumferential extent of abscess and the presence of a fistula have been
shown to predict increased operative risk [49]. Hemodynamically significant aortic
or mitral regurgitation also increases the operative risk in the setting of abscess [50].
Patients who survive surgery for perianular complications are at continued risk for
cardiovascular morbidity. Perivalvular regurgitation is present in the majority of

Risk factor Relative risk | p-value
Prosthetic valve 1.88 <0.01
Aortic position 1.81 <0.01
Coagulase negative 1.77 <0.05
) ) staphylocci

Table7.7 Risk fagtors in the Atrioventricular block 2.66 <0.01

development of perivalvular
Intravenous drug use 2.5 <0.01

complications in infective
endocarditis Adapted from Refs. [38, 46, 47]
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Table 7.8 Short and long term mortality in patients with of perivalvular abscess who received
medical treatment only

Sample Early Late Late
Reference size mortality mortality surgery Mean followup
Byrd et al. [36] 5 0 3 0 3 years
Aguado et al. [48] 10 9 ND ND 30 days
Choussat et al. [49] 20 ND 8 ND 6 months
Chan [37] 12 0 8 3 4.5 years

TEE transesophageal echocardiography, TTE transthoracic echocardiography, ND not determined

Table 7.9 Short and long term mortality in patients with perivalvular abscess who were treated
surgically

Sample Early Late Late
Reference size mortality mortality surgery Mean F/U
Byrd et al. [36] 5 2 1 0 26 months
Aguado et al. [48] 30 8 1 4 78 months
Choussat et al. [49] | 213 35 87 0 6 months
Chan [37] 31 6 10 8 4.5 years
Cosmi et al. [50] 24 ND 9 0 ND

TEE transesophageal echocardiography, TTE transthoracic echocardiography, ND not determined

patients who have surgery for periannular complications of IE. Following surgery
for aortic valve IE, aortic regurgitation has been reported in 78 % of patients with
aortic root abscess versus 26 % in patients without root abscess [51]. Perivalvular
leaks causing symptoms or impaired LV function may require repeat valve surgery
or device closure [38]. Finally, recurrent or persistent infection can occur post oper-
atively which in some cases requires further surgical intervention. Ongoing clinical
and echocardiographic surveillance of patients following medical or surgical ther-
apy for peri-annular complications is important.

Transthoracic Echo Abnormal thickness of the aortic root >10 mm without a
cavity can be a sign of perivalvular abscess, and corresponds to surgical findings
of an abscess cavity full of purulent material [52]. Abscess cavities can be located
at any point on the aortic annulus [40]. TTE may be particularly helpful for aortic
root abscesses, especially anterior aortic root abscesses which are relatively close
to the chest wall, making them amenable to transthoracic imaging. Short and long
axis views of the aortic root and ascending aorta can determine the circumferen-
tial and longitudinal extent of the abscess cavity. On color flow imaging of both
short and long axis images, an abscess cavity will have no Doppler evidence of
communication between the cavity and adjacent great vessels or cardiac chambers.
The accuracy of echo in the diagnosis of abscess is summarized in Table 7.10 [38,
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Table7.10 Comparison of transthoracic with transesophageal echocardiography in the diagnosis
of perivalvular abscess

TTE TEE Proportion of
Sensitivity | Specificity | Sensitivity | Specificity | abscesses infecting
References % % % % prosthetic valves (%)
Ellis et al. [52] 86 88 ND ND 17/22 (77)
Daniel et al. [53] |28 ND 87 ND 16/46 (35)
Aguado et al. [48] | 80 85 ND ND 13/36 (36)
Tingleff [40] ND ND 100 ND 18/36 (50)
Blumberg [54] 28 90 78 100 12/24 (50)
San Roman [46] ND ND 90 100 46/46 (100)
Choussat [49] 36 ND 80 ND 77/233 (33)
Graupner [38] ND ND 80 92 36/78 (46)

TEE transesophageal echocardiography, TTE transthoracic echocardiography, ND not determined

40, 46, 48, 49, 52-54]. While TTE is specific for diagnosing abscess, it has poor
sensitivity in detecting an abscess. If abscess is suspected, a negative TTE should
not be considered sufficient to rule out this diagnosis, and TEE should be per-
formed. The main reasons for false negative TTE’s for abscess are poor image
quality and the lack of specificity of echo features on transthoracic imaging.
Compared to periaortic abscess, mitral annular abscesses are even more difficult
to diagnose by TTE due to the far field nature of the mitral annulus resulting in
suboptimal images.

Non-infectious causes of aortic root thickening include inflammatory aortitis,
severe atheroma (unusual in the aortic root and ascending aorta), aortic dissection,
and recent cardiac surgery (Fig. 7.9) [52]. A thorough knowledge of the normal
anatomy and echocardiographic appearance of the atrioventricular groove is
required to avoid misdiagnosing the presence of a mitral valve abscess (Table 7.11).
The main cause of false positive TEE diagnosis of abscess in the mitral position is
degenerative changes of the mitral annulus such as mitral annular calcification, and
its more severe form, caseous calcification of the mitral annulus (Fig. 7.10). The
typical appearance of caseous calcification of the mitral annulus on echo is a large
echodense mass with smooth borders, which on short axis images can have a semi-
lunar shape within the atrioventricular groove [55]. Surgical and pathological
inspection reveals the contents to be a paste-like material which microscopically
contains calcium and lymphocytes but no infectious organisms [55]. Clinical cor-
relation is essential to avoid misdiagnosis.

Aortic pseudoaneurysm has a propensity to affect the posterior aortic root and
can be identified as an echolucent space (Fig. 7.8). Color flow imaging shows flow
from the LV or aorta into the pseudoaneurysm. A fistula is a communication with
flow between two cardiac chambers or great vessels [38, 46]. A fistula should be
suspected when color flow imaging shows turbulent flow originating in one cardiac
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Fig.7.9 Transesophageal short-axis (a) and long-axis (b) of the aortic root in a patient who has
had recent aortic root replacement showing hematoma (arrows) posterior to the aortic graft mim-
icking abscess. Ao aorta

Tabl.e.7.1 1 Normal structures and Loculated pericardial effusion
conditions involving the atrioventricular
groove that may mimic mitral annular
abscess

Prominent epicardial fat

Descending thoracic aorta

Dilated coronary sinus

Shadowing from mitral annular calcification
Dilated left circumflex coronary artery

chamber or great vessel and terminating in a second great vessel or chamber
(Fig. 7.11). Patients suspected to have perivalvular complications should undergo
TEE to assess the extent and anatomic relationship of the abnormalities in relation
to the adjacent cardiac structures.

Transesophageal Echo TEE is more sensitive and specific for the detection of
abscess in both the aortic and mitral positions (Table 7.10) [38, 40, 46, 48, 49, 52—
54]. The sensitivity of TEE ranges from 78 % to 90 % with a specificity from 92 %
to 100 %. Adhering to the requirement for echolucency to define abscess can result
in false negatives, particularly in the early stage of periannular infection [38]. Serial
TEE evaluation of periannular infection in patients managed medically has shown
that early abscesses appear as abnormal thickening of the aortic root which subse-
quently cavitates (Figs. 7.7 and 7.12). Therefore, echolucency is a specific sign for
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Fig.7.10 Caseous
calcification at the mitral
annulus (arrows) can
mimic mitral annular
abscess. LA left atrium,
LV left ventricle

Fig.7.11 (a) Large
vegetations involving the
mitral and tricuspid valves
on transesophageal
echocardiography.

(b) Colour flow imaging
shows a fistula connecting
the left ventricle with the
right atrium. LA left
atrium, LV left ventricle,
RV right ventricle
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Fig.7.12 (a) A pseudoaneurysm (star) is present at the posterior aortic root communicating with
the left ventricular outflow tract (arrow). (b) Colour flow imaging confirms flow into the pseudoa-
neurysm during systole. This is the same patient as in Fig. 7.8. Ao aorta, LV left ventricle

abscess but may not be present in the earliest stages of abscess formation. In situa-
tions where abscess is suspected but the only finding is abnormal wall thickness,
repeat imaging with TEE may document the development of an echolucent cavity,
thus increasing sensitivity to detect this complication while avoiding false positives
due to non-infectious causes of increased aortic root thickness. En-face views of the
mitral and aortic valve using real-time 3D echocardiography demonstrate the loca-
tion and anatomic relationships of abscess cavities to surrounding structures [27]. In
general, 2D imaging is sufficient to detect the presence of an aortic valve abscess.
However, detection of mitral valve abscess can be challenging with 2D TEE, and
real-time 3D echocardiography may enhance sensitivity to detect abscess compli-
cating native mitral valve endocarditis [27, 44]. Real-time 3D echocardiography can
also detect complications of abscess such as pseudoaneurysm or fistula [44].

On TEE, an aneurysm MAIVF demonstrates systolic expansion and diastolic
collapse of the interannular zone between the anterior mitral leaflet and the aortic
valve (Fig. 7.12) [45]. Color flow imaging allows the identification and localization
of perforations and fistulas that may be present within the aneurysm and result in a
connection between LV and LA [56, 57]. In some cases, such fistulas can occur
without an aneurysm, typically as a complication of aortic valve IE. Fistulas within
pseudoaneurysms of the MAIVF are correctly identified by TEE, but rarely demon-
strated on TTE [45, 56, 57].

Compared to TTE, TEE is more sensitive and specific for the diagnosis of pseu-
doaneurysm and fistula. In addition, the circumferential extent, anatomic
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relationship and site of communication are better delineated by TEE. As with peri-
annular abscess, TEE offers higher accuracy and more detailed imaging and is
therefore recommended in all cases of known or suspected perivalvular
complications.

Summary

1. Perivalvular abscess is a dynamic process and is the precursor of perivalvular
complications such as pseudoaneurysm and fistula.

2. TTE can diagnose aortic root abscess but rarely diagnose mitral abscess.

3. TEE is more sensitive and specific than TTE in detecting periannular abscess,
aneurysms and fistulas.

4. Patients with periannular abscess have high short- and long-term morbidity and
mortality despite surgical treatment.

Right Sided Endocarditis

Right sided IE is a particularly common problem in injection drug users. The major-
ity of vegetations in right sided endocarditis are found on the tricuspid valve, usu-
ally on the atrial side [57-59](Fig. 7.13). Occasionally, vegetations can encase the
entire leaflet or be on the ventricular side of the tricuspid valve. Right sided vegeta-
tions tend to be large (10-20 mm or more) regardless of the causative organism.
Tricuspid valve regurgitation can be present and can range in severity from mild to
severe [57-59]. Compared to left sided endocarditis, right sided endocarditis has a
lower mortality rate, 5-7 % in recent series, and patients are less likely to require
surgical intervention [60, 61]. Predictors of mortality in right sided endocaridits
included vegetation size >2 cm, with autopsy findings confirming massive pulmo-
nary embolus as a cause of death in such cases [60].

Transthoracic Echo Vegetations in right sided IE in injection drug users were ini-
tially described on M-mode and 2D echo in 1980 [57]. Most cases of right sided
endocarditis are readily diagnosed by TTE, because the vegetations are usually
large and the tricuspid valve has an anterior location, making it more amenable to
transthoracic imaging compared to left sided valves (Fig. 7.13) [61]. Rarely, right
sided vegetations can involve the Eustachian valve. In a large series of endocarditis,
Eustachian valve endocarditis represented 3.3 % of all cases of right sided endocar-
ditis [62]. In most cases of Eustachian valve endocarditis, there were also vegeta-
tions on the tricuspid valve, and the diagnosis was readily made by TTE. The key to
distinguishing vegetation from the normal Eustachian valve was abnormal thickness
>5 mm and chaotic, independent motion unrelated to the cardiac cycle [62].

Right sided endocarditis can involve the pulmonic valve. The majority of pul-
monic valve endocarditis occurs in patients with prior intervention for congenital
heart disease. In the absence of prior cardiac intervention, the usual setting of pul-
monic valve endocarditis is either injection drug use or indwelling central lines [63].
The majority of cases are readily diagnosed by TTE, with a sensitivity for detecting
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Fig.7.13 (a) A large vegetation (arrow) involves the posterior tricuspid leaflet and the anterior
leaflet is flail. (b) Colour flow imaging confirms severe tricuspid regurgitation. RA right atrium, RV
right ventricle

pulmonic vegetations of 91 % [63]. In addition to the standard parasternal short axis
view, a subcostal view can be useful.

Transesophageal Echo Transthoracic echo is usually adequate to diagnose right
sided IE and assess the severity of tricuspid valve regurgitation. Although TEE can
provide better delineation of the anatomic relationship between vegetation and
valve leaflets, the information rarely alters the diagnosis or management [59].
Nevertheless, TEE can be useful in selected patients with suspected right sided IE
as defined in Table 7.12 [64].
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Table 7.12 Indications for Poor transthoracic images
transesophageal echocardiography in
injection drug users with suspected
right sided endocarditis

History of prior endocarditis

Pre-existing valve abnormalities

Suspected left-sided endocarditis

Suspected pulmonic valve endocarditis

Patients considered to have possible endocarditis
and negative TTE

Adapted from Ref. [64] with permission
TTE transthoracic echocardiogram

Summary

1. Right sided endocarditis is accurately diagnosed using TTE.

2. Vegetations in right sided endocarditis are frequently large (5-20 mm) regardless
of causative organism.

3. TEE is reserved for specific situations in suspected right sided IE.

Prosthetic Endocarditis
Detection of Vegetation

Endocarditis can affect bioprosthetic or mechanical heart valves as well as indwell-
ing central lines and pacemaker wires. Vegetations have a predilection for the sew-
ing ring of both bioprosthetic and mechanical valves, although the leaflets of a
bioprosthetic valve can be involved. The presence of new perivalvular regurgitation
is generally indicative of IE. Echocardiographic evaluation of endocarditis in the
setting of prosthetic valves can be more challenging due to reverberations created
by prosthetic material.

Transthoracic Echo The sensitivity of TTE for diagnosing endocarditis is lower for
prosthetic valves than for native valves (Table 7.13) [65—67]. Therefore TEE should
be performed if prosthetic valve endocarditis is suspected even though TTE shows
no evidence to support the diagnosis. False positive echocardiographic findings for
IE in the setting of prosthetic valves include echogenic masses of non-infectious
origin such as sutures, pannus and thrombus. Correlation with clinical and micro-
biological data is required to avoid misdiagnosis. For bioprostheses, the main cause
of false positives is non-infectious degeneration of bioprosthetic valve leaflets [67].
Typically, degenerating bioprosthetic valve cusps have bright and echodense nod-
ules which are easy to distinguish from the soft, shaggy, mobile echodensity typical
of a vegetation.

Transesophageal Echo Transesophageal echo is more sensitive and specific for
prosthetic valve endocarditis compared to TTE. While TTE detects prosthetic valve
endocarditis in about one third of the cases, the sensitivity of TEE for detecting
prosthetic valve IE is 77-100 % (Table 7.13, Fig. 7.14) [65-67]. The most common
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Table 7.13 Comparison of transthoracic with transesophageal echocardiography in the diagnosis
of prosthetic valve endocarditis

References Sample size Sensitivity of TTE % Sensitivity of TEE %
Mugge et al. [65] 22 27 77

Taams et al. [66] 12 25 100

Daniel et al. [67] 33 36 82

TEE transesophageal echocardiography, TTE transthoracic echocardiography

Fig.7.14 A large posterior aortic root abscess (arrows) is imaged in both the long-axis (a) and
short-axis (b) views in a patient with aortic bioprosthetic valve endocarditis. A vegetation (open
arrow) is present on the bioprosthetic valve. LA left atrium, LV left ventricle

situation where TEE misses evidence of IE is in patients with aortic prosthetic
valves [67]. This problem is magnified in the setting of aortic prosthetic valve infec-
tion when there is also a mitral prosthesis, as reverberations from the mitral prosthe-
sis can mask the aortic prosthesis. For bioprostheses, the enhanced image quality of
TEE often allows visualization of degenerative leaflets in greater detail than
TTE. The bright echogenic appearance of degenerating bioprosthetic valve cusps
can usually be distinguished from valvular vegetation. The high image quality of
TEE images often reveals bright filaments on the sewing rings, which are generally
non-infectious in origin. Prosthetic valve strands are thin, (<1 mm) mobile echoden-
sities of variable length, and pathological examination suggests that these strands
are composed of collagen rather than vegetation [68]. Prosthetic valve thrombosis
appears indistinguishable from vegetation on TEE. It is important to combine TEE
imaging data with clinical and laboratory evidence of infection to distinguish
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thrombus from vegetation due to endocarditis [69]. Real-time 3D echocardiography
permits accurate identification of vegetations and their relationship to the prosthetic
valve sewing ring and leaflets [70, 71]. As in native valve endocarditis, the maxi-
mum length of prosthetic valve vegetations is greater when measured with real-time
3D echo versus 2D imaging [71].

The presence of periprosthetic regurgitation, if it is a new finding, raises the pos-
sibility of IE. This underscores the importance of obtaining a baseline post-opera-
tive echo study in all patients with prosthetic valves. Trace to mild perivalvular
regurgitation is not uncommon in patients with prosthetic valves and no IE. The
finding of an isolated, tiny perivalvular leak with no other echo findings of endocar-
ditis in the setting of a prosthesis should be interpreted with caution [69]. In bileaflet
mechanical valves, normal prosthetic regurgitation is eccentric and should not be
confused with a perivalvular leak. Real-time 3D echocardiography can help confirm
the location of perivalvular leaks by obtaining an en-face view of the prosthetic
valve demonstrating a space between the sewing ring and annulus [71, 72]. In some
patients, a full-volume acquisition with color flow imaging can demonstrate perival-
vular regurgitation on 3D images [72].

Summary

1. TTE is specific but insensitive for the diagnosis of prosthetic valve
endocarditis.

2. TEE is more sensitive and specific for prosthetic valve endocarditis than
TTE. Most patients with prosthetic valves and suspected IE should have TEE.

3. Important false positive TEE findings include echodensities of non-infectious
origin such as prosthetic valve strands, thrombi, and degenerative changes on
bioprosthetic leaflets.

Perivalvular Abscess and Related Complications in Prosthetic
Valve Endocarditis

The diagnosis of perivalvular abscess is more difficult in patients with prosthetic IE,
because increased perivalvular thickness is a common finding in these patients in
the absence of IE. A previous study for comparison is useful in the assessment of
these patients, and review of previous intra-operative TEE images at the time of
prosthetic valve implant can be helpful in some cases. In cases where an initial
study is equivocal, the value of a repeat study in 7-10 days to look for evolutional
changes as previously discussed with native valve IE remains very pertinent [26].
Persistent perivalvular abnormalities are common post-operative findings in patients
who have had cardiac surgery to treat perivalvular abscess. Up to one third of such
patients have peri-valvular leaks post-operatively, and this underscores the impor-
tance of comparing with previous studies and repeating the echo if clinical suspi-
cion for perivalvular abscess is high [37].
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Transthoracic Echo Perivalvular complications are more difficult to diagnose
because the reverberation artifact from the prosthetic valve can mask surrounding
structures. This is a particular problem with the posterior aortic root which is
obscured in patients with mechanical aortic prostheses. As infection disrupts the
sewing ring annulus, part of the ring can dehisce leading to abnormal excessive
rocking of a prosthesis. A rocking motion in excess of 15° out of concordance with
the supporting structures of the valve has been proposed as a criteria for perivalvular
abscess [52]. The degree of rocking is proportional to the circumferential extent of
LV-aortic discontinuity. This can vary from as little as one quarter to as much as
three quarters of the circumference of the annulus [41]. When examined at autopsy
and surgery, valves with excessive rocking have been shown to have dehiscence
between 40 % and 95 % of the circumference of the sewing ring. The main false
positive sign of abnormal valve rocking relates to mitral and tricuspid prostheses in
patients with very large mitral and tricuspid annuli and unusually large atria [52]. In
such patients, abnormal valve rocking can be seen without valvular dehiscence.

Transesophageal Echo TEE can overcome many limitations of TTE in assessing
the perivalvular region in patients with prosthetic valve IE (Figs. 7.14 and 7.15) [25,
37, 49]. Thus most patients with prosthetic valve IE should have TEE even if the
image quality of TTE is adequate. An abscess on the anterior surface of the aortic
root in the setting of a prosthetic aortic valve can be difficult to detect by TEE, since
the aortic prosthesis can shadow the anterior aortic root which is in the far field of
the TEE image plane. In such cases, images from TTE compliment the TEE images,
by showing the anterior aspect of the aortic root and ascending aorta. Real-time 3-D
echocardiography is very helpful for demonstrating abscess cavities and their rela-
tionship to adjacent structures in the setting of complicated prosthetic valve endo-
carditis. In particular, mitral valve abscess can be challenging to image using 2D
TEE. Conversely, real-time 3D TEE allows superb imaging of prosthetic mitral
valves and mitral valve annuloplasty rings, and demonstrates dehiscence or abscess
cavities in prosthetic mitral valve endocarditis (Fig. 7.16) [71, 72].

Perivalvular regurgitation in the setting of a mitral valve prosthesis is optimally
assessed by TEE, which provides detailed information regarding number, size and
location of the regurgitation jets. Real-time 3-D echocardiography is particularly
useful in evaluating dehiscence of prosthetic mitral valves and mitral annulplasty
rings in the setting of endocarditis [72]. An en-face view of the mitral prosthetic
valve or annuloplasty ring demonstrates the circumferential extent of the dehiscence
(Fig. 7.16) [72]. This information can be useful in the selection of patients for device
closure of the perivalvular leak after the infection has been adequately treated.
Other perivalvular complications including pseudoaneurysm and fistula are better
imaged with TEE. Due to its superior accuracy, TEE should be performed in patients
suspected to have perivalvular complications of prosthetic valve endocarditis.
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Fig.7.15 A posterior aortic root pseudoaneurysm (star) is imaged as an echolucent cavity in both
the long-axis (a) and short-axis (b) views in a patient with aortic prosthetic valve endocarditis.
Colour flow imaging shows expansion and flow into the pseudoaneurysm in both the long-axis (c)
and short-axis views (d) indicating communication with the left ventricular outflow tract. LA left
atrium, LV left ventricle, RV right ventricle

Fig.7.16 Real-time 3D
image of a mechanical
mitral valve from the atrial
perspective shows a large
dehiscence (star) at the
posterior aspect of the
valve. AV aortic valve, LAA
left atrium appendage
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Summary

1. Increased aortic wall thickness and excessive prosthetic valve rocking are signs
of perivalvular abscess.

2. TEE should be performed in all patients with prosthetic valves and suspected

perivalvular complications.

TEE may not adequately assess prosthetic valves in the aortic position.

4. Real-time 3D TEE is particularly useful in evaluation of annular complications
in prosthetic mitral valve IE.

(O8]

Endocarditis Associated with Pacemaker Leads and Central
Venous Catheters

The past two decades has seen a dramatic increase in the number of implantable
cardiac devices, largely due to increased use of implantable cardioverter defibrilla-
tors (ICDs) in patients with reduced LV function [73, 74]. Vegetations associated
with pacemaker leads can occur either in the atrium or ventricle, ranging in size from
less than 5 mm to over 20 mm [75-78]. In addition to vegetations attached to pace-
maker leads, vegetations are detected on cardiac valves in up to one third of patients
with cardiac device associated endocarditis [78]. While the Duke criteria have a
lower sensitivity for diagnosis of cardiac device related endocarditis, positive blood
cultures and echo evidence of vegetation remain central to the diagnosis [77]. Echo
evidence of vegetation is present in the majority of patients with pacemaker lead 1E
[75, 77, 78]. Vegetations can appear as oscillating, shaggy masses on one or more
pacemaker leads. However, a more atypical appearance, characterized by a sleeve-
like echodensity on the lead, may be the only echocardiographic sign of pacemaker
associated endocarditis [76]. In contrast to native right sided endocaridits, cardiac
device associated vegetations are difficult to detect by TTE, which has a sensitivity
as low as 26 % [78]. Reduced sensitivity of TTE for cardiac device associated endo-
carditis is due to reverberation artifacts from the leads, and the inability of TTE to
image the entire intra-vascular course of pacemaker leads. TEE has much higher
sensitivity and is essential in suspected endocarditis involving implanted cardiac
devices. A recent large, multi-center series of cardiac device related endocarditis
reported that TEE could not detect a vegetation, defined as a shaggy oscillating mass,
in 37 % of early endocarditis (<6 months from implant) and 18 % of late endocarditis
(>6 months from implant) [78]. This relatively low sensitivity of TEE likely reflects
the difficulty in imaging the entire length of pacemaker leads, and the fact that lead
associated vegetations may have an atypical appearance.

Endocarditis can also arise in the setting of indwelling central venous catheters.
This is particularly important in the growing population of patients on hemodialysis
and in patients with indwelling catheters for chemotherapy [79, 80]. As is the case
for pacemaker lead associated IE, TEE is more sensitive than TTE for the detection
of vegetations in the setting of intravascular catheters [76].
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Summary

1. TEE is more sensitive than TTE for the diagnosis of pacemaker lead associated
IE.

2. Both mobile masses and a sleeve-like echodensity on the intracardiac leads are
echo findings of pacemaker associated vegetations.

3. TEE may miss vegetations in some cases of cardiac device associated
endocarditis.

Echocardiography and Clinical Decision Making

Detection of valvular vegetation gives echocardiography a central role in estab-
lishing the diagnosis of IE [81-84]. Appropriate use criteria by the American
College of Cardiology Foundation (Table 7.1) and guidelines published by the
European Society of Cardiology (Table 7.14) define clinical situations where it
is considered appropriate to perform TTE and TEE in suspected IE [2, 85, 86].
Once the diagnosis of IE is confirmed and antibiotic therapy is established, cli-
nicians are confronted with two critical decisions: is surgery indicated, and if
so, when should surgery be performed? Findings on echocardiography, particu-
larly TEE, are essential in determining if surgery is indicated and help judge the
appropriate timing of surgical intervention. While surgery in endocarditis is
indicated on the basis of clinical complications, echocardiography detects the
specific intra-cardiac pathology responsible for clinical manifestations that in
turn lead to surgery (Table 7.15) [85]. Not only does echocardiography detect a
complication that warrants surgical intervention, it can also help determine the
appropriate timing of surgery. Patients whose hemodynamic and infectious sta-
tus does not warrant emergent or urgent surgery are initially managed medically
[87]. One of the most dreaded complications in patients prior to surgery is
embolus to the central nervous system, commonly detected by MRI, and clini-
cally evident in 20-40 % of patients with IE [88, 89]. Vegetation size more than
10—15 mm and mitral location are echo findings that predict CNS embolus [89,
90]. Patients with IE are at highest risk for CNS embolus very early after diag-
nosis, within the first 48 h, with a reduction in risk over 2 weeks, and much
lower embolic risk beyond 2 weeks [90]. By detecting large vegetations in
patients with surgical indications, clinicians may select some patients for early
surgery on the basis of echo findings. Such an approach was tested in the only
randomized trial comparing early surgery to usual care in left sided IE, where
vegetation size >10 mm and severe valvular dysfunction were echo-based inclu-
sion criteria [91]. Protocol-based, team approaches to IE management have
resulted in improved outcomes for patients with IE [92, 93]. Such protocols
emphasize the importance of prompt echocardiography, particularly TEE, as a
crucial early test to confirm the diagnosis of IE and help inform decisions for
early surgery when appropriate [92, 93].
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Table7.14 Recommendations for echocardiography in suspected endocarditis: European Society
of Cardiology Guidelines

Class of Level of
Recommendation for echocardiography recommendation evidence
A. Diagnosis
1. TTE is recommended as the first-line imaging modality I B
in suspected infectious endocarditis
TEE is recommended in patients with a high clinical I B
suspicion of infectious endocarditis and a negative TTE
2. Repeat TTE/TEE within 7-10 days is recommended in I B

the case of an initially negative examination when
clinical suspicion of infectious endocarditis remains high
. TEE should be considered in the majority of adult 1Ia C
patients with suspected infectious endocarditis, even in
cases with positive TTE, owing to its better sensitivity
and specificity, particularly for the diagnosis of abscesses
and measurement of vegetation size

4. TEE is not indicated in patients with a good-quality TTE | III C
and low clinical suspicion of infectious endocarditis

[S¥]

B. Follow-up under medical therapy

—

. Repeat TTE and TEE are recommended as soon as anew |1 B
complication of infectious endocarditis is suspected (new
murmur, embolism, persisting fever, heart failure,
abscess, atrioventricular block)

2. Repeat TTE and TEE should be considered during Ila B
follow-up of uncomplicated infectious endocarditis, in
order to detect new silent complication and monitor
vegetation size. The timing and mode (TTE or TEE) of
repeat examination depend on the initial findings, type of
microorganisms, and initial response to therapy

C. Intra-operative echocardiography

—_

. Intra-operative echocardiography is recommended in all | I C
cases of infectious endocarditis requiring surgery

D. Following completion of therapy

1. TTE is recommended at completion of antibiotic therapy |1 C
for evaluation of cardiac and valve morphology and
function

Adapted from Ref. [85]
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Table7.15 Echocardiographic findings that warrant surgical intervention in the appropriate clini-
cal context

Recommendation: indication for surgery

A.
1.

(98}

—

3.

Heart failure

Aortic or mitral IE with severe acute
regurgitation or valve obstruction
causing refractory pulmonary edema or
cardiogenic shock

. Aortic or mitral IE with fistula into a

cardiac chamber or pericardium causing
refractory pulmonary edema or
cardiogenic shock

. Aortic or mitral IE with severe acute

regurgitation or valve obstruction and
persisting heart failure or
echocardiographic signs of poor
hemodynamic tolerance (early mitral
closure or pulmonary hypertension)

. Aortic or mitral IE with severe

regurgitation and no heart failure

. Uncontrolled infection
. Locally uncontrolled infection (abscess,

false aneurysm, fistula, enlarging
vegetation)

. Prevention of embolism
. Aortic or mitral IE with large vegetations

(>10 mm) following one or more
embolic episodes despite appropriate
antibiotic therapy

. Aortic or mitral IE with large vegetations

(>10 mm) and other predictors of
complicated course (heart failure,
persistent infection, abscess)

Isolated very large vegetation (>15 mm)

Adapted from Ref. [85]

Timing

Emergency

Emergency

Urgent

Elective

Urgent

Urgent

Urgent

Urgent

Class of
recommendation

Ila

1Ib

Level of
evidence

B
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Abstract

Endocarditis is a lethal disease; almost one third of endocarditis patients will
need surgical intervention. Each individual patient with endocarditis needs to be
carefully assessed for the infectious process and evaluated for valve dysfunction
in order to decide when and how to operate. In this chapter, we focus on timing
of surgical intervention and illustrating different surgical options for different
valvular pathology. Different techniques of valve repair and choices for valve
replacement are discussed. Special situation such as prosthetic valve endocardi-
tis and endocarditis in intravenous drug users are also highlighted. Outcomes for
surgical intervention for endocarditis are reviewed as well.

Keywords

Endocarditis » Native valve endocarditis * Prosthetic valve endocarditis * Surgical
management * Surgical techniques * Culture negative IE ¢ Perivalvular abscesses
* Vegetations * Intravenous drug users

Key Points

1. Surgical consultation early in the course of the disease should be consid-
ered in all patients with IE, as about a third of IE patients require surgery
during their hospitalization.

2. A thorough pre-operative work-up is crucial and TEE is the gold standard
to assess valvular and perivalvular complications.

3. The main indications for surgery are hemodynamic instability, persistent
sepsis, and large vegetations with recurrent embolization.

4. Hemodynamic stability must be prioritized over medical control of
infection.
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5. Native valve reconstruction is superior to replacement in terms of morbid-
ity and mortality.

6. Prosthetic valve IE, intra-cardiac abscesses, poor ventricular function,
staphylococcal IE and culture-negative IE are associated with less favor-
able postoperative outcomes.

7. Outcome in the first postoperative year predicts the long-term course.

In properly selected surgical candidates, good outcome can be expected.

9. The selection of a biological versus a mechanical prosthetic valve should
consider patient preference in addition to life expectancy, presence of comor-
bidities and risks of post-operative renal or neurological complications

*®

Surgery for Infective Endocarditis
Introduction

In spite of recent advances in medical and surgical treatment, infective endocarditis
(IE) remain a lethal disease with 1-year and 5-year mortality of 40 % and 70 %,
respectively, following surgery [1]. Fortunately, IE is not common. A French survey
estimated the incidence of IE at 31 cases per one million adults, and a large European
multicenter survey reported only 159 (3.2 %) of 5,001 patients with valvular disease
had a history of IE [2, 3]. Thus, surgical treatment of IE constitutes a relatively
small portion of all cardiac surgery procedures. Yet, a third of all medically treated
patients with IE will ultimately require cardiac surgery [4]. Of 6,153 patients who
underwent valve operations at our institution over the last 10 years, 308 (5 %)
underwent surgery for IE, of which 84 had prosthetic valve endocarditis.

Surgical procedures for acute IE are technically more demanding than operations
for acquired non-infected valvular lesions. The main challenge in acute IE is to
address the three coexisting aspects of the disease: (1) the infectious process that
requires removal of all infected tissues to prevent recurrence of IE, (2) control of the
systemic infection with antibiotics and (3) the altered valvular anatomy and func-
tion that should be corrected or restored. This may require extremely complex and
high-risk surgical procedures, although operations in sub-acute or chronic IE with
no residual infection or perivalvular involvement can be handled similar to conven-
tional valve operations. The decision-making process is key to the final surgical
outcome, underlining the critical need for each individual case to be carefully
assessed for the infectious process and evaluated for valvular dysfunction in order
to decide when and how to operate.

Assessing the Infection
This step is critical in achieving optimal control of an active infection. Failure to

fully debride the infected tissue will result in a failed valvular surgery and increase
the risk of infection recurrence. First, any predisposing local factors such as
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anatomic or functional valve abnormalities, previous cardiac surgery, or factors
related to general patient condition (age, renal function, past infections, intravenous
drug addiction, immunosuppression, history of cancer, etc.) should be addressed
and carefully weighted to determine surgical timing. Next, a possible primary
source of infection, either obvious or latent, such as soft tissue abscess or poor den-
tal hygiene, must be identified and eradicated prior to heart surgery. Septic dissemi-
nation may also result in non-cardiac infectious localization, including metastatic
abscesses (e.g., splenic abscess), mycotic aneurysms and cerebral emboli, which
should be addressed. Finally, the causative microorganism should be identified and
treated with targeted antimicrobial therapy. Determining the causative microorgan-
ism is significant in decision-making, in that it has a direct impact on the course,
pathophysiology, and complications of IE, and hence on its management.
Staphylococcus aureus IE, for instance, causes more serious valvular damage and is
associated with higher embolization and mortality rates [5].

Culture negative IE occurs in 2.5-31 % of all cases of IE and is often challenging
to diagnosis and treat [6—10]. Most commonly, culture negative IE occurs as a result
of previous treatment with antibiotics. Blood cultures may remain negative for many
days after antibiotic discontinuation, and causative organisms are most often oral
streptococci [6-10]. Persistent culture negative IE are usually due to fastidious organ-
isms such as nutritionally variant streptococci, fastidious gram-negative organisms of
the HACEK group (Haemophilus species, Actinobacillus actinomycetemcomitans,
Cardiobacterium hominis, Eikenella corrodens, and Kingella species), Brucella spe-
cies, fungi, and intracellular bacteria [6—-10]. Diagnosis in such cases relies on sero-
logical testing, cell culture or gene amplification. In culture-negative IE, the most
probable organisms should be determined based on epidemiological and demographic
characteristics of the individual case. The identified or probable causative organism
determines the specific or empiric antibiotic therapy pre- and perioperatively [5-7].
Q-fever IE due to Coxiella burnetii is a leading cause of culture negative IE, is defi-
nitely more common in the Mediterranean basin than North America and should be
investigated with specific immunological testing [8, 9]. Long-term, eventually life-
long antibiotics therapy is recommended for Q fever endocarditis.

Fungal IE has worse prognosis in particular when present on prosthetic valves,
generally does not respond well to medical therapy, and extensive surgery is eventu-
ally needed. Thus earlier intervention is usually warranted [10].

Assessing the Valvular Disease

One of the first considerations to risk stratify patients for surgery relates to whether IE
involves a native heart valve or a prosthetic valve. The latter is associated with more
severe complications, operative technical difficulties, and less favorable results com-
pared to surgery for native valve IE [1]. Surgical results are also better for an initial IE
episode than for recurrent IE [1]. All valves and related structures should be assessed to
determine the involved valves, extent of disease (e.g., annular involvement), and pres-
ence of intracardiac complications (such as abscesses, aneurysm/pseudo-aneurysm,
fistula, and aortoventricular/atrioventricular discontinuity). Such complications consti-
tute independent risk factors with adverse impact on operative outcomes and survival.
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Fig.8.1 Transesophageal 4
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demonstrating an aortic \ ’
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Transthoracic and transesophageal echocardiography (TEE) has a key role in the
diagnosis and management of IE (Fig. 8.1). Echocardiography should be performed
once endocarditis is suspected and more importantly repeated as early as necessary
to determine surgical timing, prognosis, and nature of follow-up. TEE is the key
investigation and absolute gold-standard mandatory for all patients with IE prior to
any decision, medical or surgical. In case of conservative medical treatment, serial
TEE are necessary to detect early complications which would potentially reorient
towards surgery, even in the absence of clinical symptoms. Three-dimensional
echocardiography helps delineate complex cardiac morphology such as in the case
of a perivalvular abscess, valve dehiscence, cusp or leaflet perforation and fistulas
[11]. Computed tomography (CT) and magnetic resonance imaging (MRI) have
limited value in assessing cardiac lesions, but may be useful in characterizing
embolic events [11].

Making the Surgical Decision: Indications and Timing

The surgical timing in the management of IE is critically important. Although early
operation is often the most effective way to treat the patient, in some instances,
operating too soon carries a higher risk due to the unstable condition of the patient,
excessive cardiac tissue friability resulting in early postoperative periprosthetic
leakage, and greater possibility for recurrence due to residual, minimally diseased
foci that might go unnoticed during surgery. An undue delay in operation, on the
other hand, may result in life-threatening sepsis, multi-organ failure or extensive
structural destruction with irreversible damage to cardiac function. Timing of sur-
gery in active IE is therefore as important as determining the type of the operation
itself [12—-14].

The choice of whether to repair or replace an infective native valve, along with
the type of prosthesis whether biological or mechanical is ultimately verified intra-
operatively. Surgical techniques can vary along a wide spectrum of complexity,
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from the simple stitching repair of a well-defined leaflet perforation to an extensive
aortic root replacement, and from an isolated mitral valve replacement to a complex
valve and annulus reconstruction. Plans will occasionally require modification or
refinement based on the findings in the operating room or due to technical issues
encountered intraoperatively.

Oral anticoagulation is associated with adverse outcome in IE, particularly dur-
ing the initial period of presentation when embolic risk is highest. Ideally, antico-
agulants should be avoided, but in selected patients who require anticoagulation for
a valve or rhythm indication, unfractionated heparin may be useful [15].

Finally, as the case with any cardiac surgery, patients should be optimized from
an end-organ perspective. Hepatic and renal functions are of particular importance,
as they have high prognostic value in cardiac surgery and especially for IE patients
[16]. In certain cases, delay of cardiac surgery may cause further deterioration in
renal and/or hepatic function. This underscores the significance of surgical timing.
In patients with a high risk of coronary artery disease, preoperative angiography
should be performed to determine the need for concomitant coronary artery bypass
grafting.

In view of the fact that cardiac surgery is an integral part of IE management,
early consultation with the cardiac surgery team is strongly recommended follow-
ing the diagnosis of IE. This will allow the surgical team to be fully familiar with the
patient, in case surgery is eventually needed. It will also enable medical and surgical
teams to discuss the need of and optimal timing for surgery. The American College
of Cardiology/American Heart Association Guidelines for the Management of
Patients with Valvular Heart Disease also support early surgical consultation in IE
cases [14]. The concept of a Heart Team to detect, evaluate, treat and follow longi-
tudinally IE patients is of merit and should be widely adopted.

Overall, there are three major absolute indications for surgical intervention in IE:

1. Hemodynamic compromise: Heart failure is the most frequent and severe com-
plication of IE and necessitates earlier surgical intervention.

2. Persistent and/or uncontrolled infection despite aggressive medical therapy:
Uncontrolled infection is most frequently manifested in perivalvular extension in
the setting of ‘difficult-to-treat’ organisms. The presence of locally uncontrolled
infection also necessitates early surgery.

3. Risk of embolization: The risk of embolism is highest during the first 2 weeks of
antibiotic therapy and is related to the size and mobility of the vegetation. Risk
of embolization is greater with large (>10 mm) vegetations and particularly high
with very mobile and larger (>15 mm) vegetations. The decision to proceed with
early surgery in order to prevent embolism is always difficult and specific for the
individual patient. Governing factors include size and mobility of the vegetation,
previous embolism, type of microorganism and duration of antibiotic therapy [3,
4,10, 12, 13].

Significant anatomical changes and complications caused by IE, such as aneu-
rysm, fistula and atrioventricular discontinuity, may also be considered as indicators
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Table 8.1 Indications for Absolute indications:
surgery in IE Hemodynamic compromise due to valvular
dysfunction

Uncontrolled infection despite appropriate
antimicrobial treatment

Fungal endocarditis with vegetations
Embolic event (cerebral or peripheral)
Recurrent embolization
Emboli after adequate antibiotic therapy
Anatomical complications/deformities
Abscess
Fistula
Aneurysm/pseudoaneurysm
Aortoventricular/atrioventricular discontinuity
Prosthetic valve dehiscence and paravalvular leak
Relative indications:
Echocardiographic detection of:
Large vegetations (>10 mm in diameter)

Vegetations increasing in size after 4 weeks of
antimicrobial therapy

New conduction blocks

for earlier surgical intervention as they usually indicate imminent hemodynamic
compromise. Some authors have advocated other relative indications for surgery
(Table 8.1) [3, 10, 17, 18]. Nevertheless, the most common indication for surgery is
heart failure followed by persistent sepsis [3, 19, 20].

Surgical outcomes are better in patients with healed IE than in patients with
acute IE. However, in the presence of a major indication, or when clinical judgment
strongly suggests that surgical indication is imminent, there should be no delay in
carrying out the operation, even with active IE. Hemodynamic stability takes prior-
ity over infection control when determining the need for surgery.

As already specified, the timing of surgery for IE remains controversial and is
often addressed on a case by case basis. The processes employed to determine the
timing of surgery have evolved considerably over recent years, owing to advances
in medical therapy and diagnostic tools, echocardiography in particular. These
advances have also led to a greater frequency of medical managed IE [20]. The
routine use of TEE has led to earlier and more accurate identification of valve
pathology that may serve as indications for more urgent surgery [11]. Although data
on the timing of surgery is limited, some have advocated earlier surgery in patients
with large vegetations [3, 18], especially those that are >10 mm in diameter [21],
patients with an increase in the size of vegetations after adequate antimicrobial ther-
apy [5], and the presence of vegetations in the setting of a fungal IE since antifungal
penetration into vegetations is not adequate for cure [10]. Also, the presence of
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annular/perivalvular abscesses often necessitates earlier surgical intervention
[22, 23]. Abscesses commonly lead to pseudoaneurysm and/or fistula formation. If
echocardiography is not conclusive with regard to abscess presence or extension,
the patient should be followed closely with serial echocardiographic studies.
Abscesses are found more often in aortic IE, but reported to have a higher incidence
of pseudoaneurysm/fistula formation in the mitral position [24]. Septal abscesses
associated with aortic IE may cause conduction abnormalities. Indeed, a new con-
duction block in the setting of IE has a high positive predictive value for the pres-
ence of perivalvular abscess [25]. In patients with prosthetic valve IE, risk factors
include prosthesis dehiscence and new/dynamic perivalvular leak as documented by
serial echocardiography [25]. Increasing perivalvular leak is an ominous sign of
circumferential extension of dehiscence and should lead to more aggressive treat-
ment including surgery. A complication of the infectious process that mandates
careful evaluation is systemic embolization, a cardinal determinant of mortality and
morbidity in IE patients. Embolic events are reported in up to half of IE cases [10].
Of these, up to 71 % are cerebral embolic events [26]. Most embolic events occur
within 2 weeks of onset of symptoms or initiating antibiotic therapy [26, 27].
Therefore, the greatest impact of surgical intervention on the incidence of emboli
occurs in this early window. An embolic event during the first 2 weeks of antimicro-
bial therapy or recurrent embolism at any time may also lead to earlier surgery [13].

That said, the presence of a recent cerebral infarct complicates the timing of
surgery, because of the risks of systemic heparinization and the potential for cere-
bral edema due to cardiopulmonary bypass. It is generally agreed that active hemor-
rhagic cerebral infarcts are an absolute contraindication for surgery [28]. The main
controversy on the timing of surgery for non-hemorrhagic infarcts is the concern of
hemorrhagic transformation. Some investigators have demonstrated better out-
comes when surgery is performed at least 11 days after ischemic and 23 days after
hemorrhagic cerebrovascular accidents [29]. Others have reported favorable out-
comes even when cardiac surgery is performed within 72 h of a cerebrovascular
event as opposed to deferring operation for 8 days [26]. Our practice and current
guidelines are to defer the operation as much as possible for 2 weeks after a non-
hemorrhagic stroke and 4 weeks after a hemorrhagic stroke [30]. In certain patients,
symptomatic embolic cerebrovascular events may be associated with infectious
intracranial aneurysms which can rupture [10]. Although uncommon, these aneu-
rysms can sometimes leak slowly, and anticoagulation for cardiopulmonary bypass
can predispose these patients to a potentially fatal hemorrhage. Careful imaging
studies prior to cardiac surgery should therefore be undertaken if there is any clini-
cal suggestion of a possible infectious intracranial aneurysm. Splenic abscess (or
abscess located elsewhere) is another complication of the infectious process in IE
that may cause persistent bacteremia/sepsis. It does not usually respond well to
antibiotic therapy and should be treated surgically by splenectomy (or surgical
drainage and debridement in other locations), or drained percutaneously before
valve surgery is performed. In general, every attempt is made to eradicate any iden-
tified source of infection before cardiac surgery is performed to prevent recurrence
of IE. In their recent study Thuny et al. [31] found that patients who are operated on
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within the first week of antimicrobial therapy and most likely to derive substantial
mortality reduction are those who are young, with Staphylococcus aureus 1E, or are
complicated by heart failure and large vegetations. However, surgery performed less
than a week after diagnosis was associated with a trend to a higher risk of infection
recurrence 6-months after surgery (16 % vs. 4 %, P=0.05).

Both cranial and abdominal computed tomography should be considered in all
patients with IE to assess for the presence of any abscess, infarct, hemorrhage, or
aneurysm.

Figure 8.2 displays the indications and timing for surgery in different clinical and
pathological scenarios.

Operative Management and Techniques

Once the diagnosis is established, proper antibiotic therapy should be initiated with
the advice of an infectious disease specialist. Ideally surgery should be performed
after blood cultures are clear of an active infection. Antibiotic therapy should be
extended to at least 6 weeks postoperatively and are often continued longer. Surgery
for prosthetic valve IE is usually more challenging. A detailed review of serial echo-
cardiograms, and other imaging modalities such as CT/MRI or cardiac catheteriza-
tion is essential to understand the anatomic extent and pathologic process. Careful
planning for sternal re-entry approach, establishment of cardiopulmonary bypass,
myocardial protection and dealing with patent bypass grafts or aortic root abscess
are critical for surgical success.

Exposure and Myocardial Protection

Optimal surgical exposure and myocardial protection are paramount. Full median
sternotomy is highly recommended for IE operations. In cases with previous coro-
nary bypass surgery, right thoracotomy may be preferred to access the mitral valve,
avoiding possible damage to patent coronary grafts. Access to the mitral valve is
excellent through right thoracotomy, although it does not allow easy access to the
aortic root, and would complicate the surgery if root surgery is needed. For aortic IE
complicated by an aortic root aneurysm or pseudo-aneurysms, particularly in redo
operations, cardiopulmonary bypass is preferably established through the femoral
vessels prior to sternotomy. Myocardial protection is critical owing to the long dura-
tion of operations for complex IE cases, often requiring beyond 2 h of cross-clamp
time and myocardial ischemia. Excellent myocardial protection can be achieved via
retrograde blood cardioplegia delivered in regular (every 20 min) intervals. This
technique avoids the manipulation of direct coronary catheters that can cause migra-
tion of infected material into the coronary circulation in patients with infection
involving aortic root or in patients with severe aortic insufficiency. Valves are
accessed through usual approaches, such as left atriotomy for mitral valve or ascend-
ing aortotomy for aortic valve. However, more complex approaches may be required
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to evaluate all deformities and achieve optimal debridement of all infected tissues,
including the biatrial combined with aortic approach. More extensive cardiac inci-
sions, of course, increase the complexity of the operation, but may be needed for
valve debridement and reconstruction.

Repair or Replace

The decision to replace or repair the valve is made after careful anatomical evalua-
tion and optimal valve exposure. Naturally, valve repair is preferred over replace-
ment. Advanced technical skills and sufficient experience in complex repair
procedures are crucial to achieve a high success rate of repair procedures. Valve
reconstruction is more often feasible in the mitral or tricuspid position than in IE
cases involving the aortic valve. This is mainly due to larger amount of leaflet tissue
available for reconstruction and more amenable to tissue resection in the case of the
mitral and tricuspid valves. The greater prevalence of extensive tissue destruction in
aortic IE also reduces the feasibility of aortic valve repair [32]. There are no ran-
domized clinical trials to evaluate the outcomes of valve repair versus replacement
in patients with IE. However, retrospective data suggests that native valve preserva-
tion may be associated with significantly lower perioperative morbidity and shorter
hospital recovery time than replacement [33, 34]. The benefits of valve repair also
include eliminating the need for aggressive anticoagulation therapy, thus reducing
the immediate risk of bleeding complications as well as the need for lifetime antico-
agulation. Notably, there is no significant difference in mortality between patients
who receive mechanical or bioprosthetic valve replacement for IE [35]. Therefore,
the patient’s informed choice is paramount. In cases of aortic valve IE that involve
the aortic root, a composite graft or homografts may be required [36]. Although no
conclusive data is available comparing homografts and prosthetic valve grafts in
terms of durability and risk of recurrent IE, current data from surgical series indicate
satisfactory results with the use of homografts [36]. However, the limited availabil-
ity of homografts precludes the widespread use of this treatment modality.

In a recent study, Savage et al. described the temporal trends in prosthesis use in
a large cohort of patients [37]. In a cohort of 11,560 patients, of whom 8,421 (73 %)
had native valve endocarditis and 3,139 (27 %) had a prior cardiac operation, they
found that biologic valve use increased in frequency (57-67 %) over the course of
the study. Conversely, mechanical and homograft valve use decreased (30-24 % and
9-6 %, respectively; both p<0.001). Bioprosthesis use also increased in recent
years in patients who had a prior cardiac operation from 38 % to 52 %. However,
homografts were used more often in reoperations (32 % vs 7 %). In this group, use
of a homograft was associated with a higher mortality compared to use of a biopros-
thetic valve [37]. In our practice, we favor the use of biological valves to simplify
post-operative anticoagulation management which can be challenging in patients
who are likely to have a long intensive care course with neurological and renal
complications.
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Anatomical Assessment

Structural valve and cardiac lesions in IE include lesions that existed prior to the
onset of infection and also new lesions caused by the infection itself (Table 8.2).
Preexisting lesions may include mitral valve prolapse, valvular stenosis or insuf-
ficiency, congenital defects such as a bicuspid aortic valve, or residual lesions
from a previous episode of IE. Lesions caused by the current IE include vegeta-
tions (most frequent IE lesions), leaflet/cusp perforation, chordal rupture, peri-
annular or intra-ventricular abscesses, aneurysm/ pseudoaneurysm, and fistulae.
The type and extent of lesions determine the surgical technique; and hence, the
operation can be anywhere along a spectrum of technical difficulty from simple
suturing of a leaflet/cusp perforation to complex reconstruction and replacement
techniques including homograft implantation. The most common lesions found in
IE include:

Vegetations

These are the most common lesions in IE. They are usually found on the ventricular
aspect of the aortic valve and on the atrial side in the mitral valve [38, 39]. The size and
site of the attachment of the vegetation and the relation to the leaflet/cusp are important.
Removal of large or multiple vegetations leaves a large defect in the leaflet that is more

Table 8.2 Structural lesions in infective endocarditis

Lesion Remarks
Common lesions

Vegetations On ventricular aspect of aortic valve, atrial

aspect of mitral valve

Leaflet perforation Usually in the anterior mitral leaflet; anterior
mitral leaflet involvement also caused by

vegetative aortic IE

Abscesses Mostly seen in S. aureus IE; more common in
prosthetic valve IE; in native valves, up to
50 % in aortic valve and 5 % in mitral valve IE

Aneurysm/pseudoaneurysm/fistula
Uncommon lesions
Stenosis

Suppurative pericarditis

Myocardial infarction/ruptured chordae
tendinae

Preexisting valvular lesions

Usually develops from abscess

More common in mitral and tricuspid valves,
prosthetic valve IE and fungal IE

Seen in myocardial perforation

Due to coronary emboli or vegetation on
subvalvular structures

Especially mitral valve prolapse and
degenerative aortic valve changes



164 E. ElImistekawy et al.

difficult to repair and valve replacement might be the proper or only choice in extensive
vegetative IE. Due to the smaller surface areas of aortic cusps compared to mitral leaf-
lets, the size of a lesion that could be readily repaired in the mitral leaflet may be too
large for aortic cusp repair. This is one main reason why mitral valve repairs are more
commonly performed than aortic valve repairs. Vegetations should be removed in one
piece to avoid fragmentation, and cardiac manipulation should be minimized to prevent
dislodging potential embolic material. The location of vegetation attachment is also
important. Repair of lesions in the middle of a leaflet is more feasible compared to
vegetations with a base involving two leaflets/cusps and/or the annulus. Discrete lesions
in the free margin of the anterior mitral leaflet can be removed with a triangular resec-
tion, and for posterior leaflet lesions, a quadrangular resection is usually used (Fig. 8.3).
After such marginal resection, one must ensure that the reconstructed leaflet edge has

Fig.8.3 (a) Surgical Pericardial
approach to repair the
mitral valve in the setting
of vegetations or
perforations. (b) Small
perforations with regular
margins may be repaired
by directly suturing the
edges. (¢) The defect in the
anterior mitral leaflet
caused by the removal of
vegetation can be repaired
using a pericardial patch.
(d) Triangular resection for
the removal of a lesion in
the free margin of anterior
mitral leaflet. (e, f)
Quadrangular resection
and sliding plasty for
discrete lesions
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Fig.8.4 (a) Lesions
involving both anterior and
posterior mitral leaflets at
the posteromedial
commissure. The dashed
lines outline where the
leaflets will be resected.
(b) Diseased portions of
both anterior and posterior
leaflets are resected. The
affected annulus is also
debrided. (¢)
Reconstruction is
performed by directly
suturing the edges of the
anterior and posterior
leaflets and plicating the
annulus with pledgetted
sutures

Debrided
portion
of annulus

enough chordal support in the case of mitral or tricuspid valve and enough coaptation
surface with the opposing leaflet. Neochords may be necessary, and in the case of large
resection large autologous or bovine pericardial patches should be used. The size of the
pericardial patch needs to be much larger than the size of the defect to ensure a proper
line of coaptation. Infection involving both mitral leaflets at or near the commissures
dictates leaflet resection and debridement of the annulus. In such cases, it may be fea-
sible to perform direct suturing to reconstitute the commissure and to plicate the annu-
lus with pledgetted sutures (Fig. 8.4).

Perforation

Not infrequently, IE leaves behind a perforation in the leaflet/cusp causing valvular
insufficiency. Perforations are more common in the anterior leaflet of the mitral
valve, and they may be caused by satellite vegetation due to aortic valve IE [38, 39].
Thus, the anterior mitral leaflet should always be carefully examined for the pres-
ence of erosions and perforations in patients with aortic IE. Small perforations with
smooth, regular margins may be closed by direct suturing of the edges. Prolene is
the preferred suture material since it is non-braided, which may allow fewer crev-
ices for micro-organisms to reside. Larger perforations and defects left behind from
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partial leaflet resection can be repaired using autologous or bovine pericardial
patches (Fig. 8.3b, c). Autologous pericardium is harvested and stripped of fat and
connective tissue. Pericardial patches may be used fresh or preserved intraopera-
tively in a glutaraldehyde-buffered solution and rinsed in saline prior to use [40, 41].
Interrupted sutures are preferred over continuous sutures, and reinforcing pledgets
should be used with caution since they represent additional foreign material that
may be subject to recurrent infection. We prefer to use multiple single non pled-
geted sutures. Debridement of the perforation prior to patch repair is of utmost
importance, and the defect after debridement is often bigger than expected
initially.

Perivalvular Abscesses

These are the most challenging lesions to correct, since these involve surrounding
areas of the infected valve frequently extending to adjacent valves and coronary
vessels, as well as ventricular and atrial walls. They must be carefully searched,
evaluated, and treated. Extensive debridement of abscesses is the key to immediate
and long-term surgical success. Abscesses are predominantly associated with IE
caused by Staphylococcus aureus and are much more common in aortic IE than in
mitral IE (25-50 % in aortic versus 1-5 % in mitral IE) [42]. However, the presence
of a mitral annular abscess is more complicated than that of aortic abscesses. In
aortic IE, abscesses mostly form at the weakest location of the annulus, near the
membranous portion of the interventricular septum, in the vicinity of the atrioven-
tricular node [13-24]. This anatomical predilection of aortic abscesses explains the
development of new conduction blocks resulting from periaortic abscess formation.
Abscesses below the left coronary cusp, between the posterior wall of the left ven-
tricle and left coronary ostium, are also not uncommon and tend to extend toward
the anterior mitral leaflet and the non-coronary cusp section of the annulus. Mitral
annular abscesses usually occur in the postero-inferior portion, and this part should
be carefully inspected for abscesses when the mitral valve is being resected. A well-
defined, small abscess can be drained, debrided, and the remaining defect can be
corrected with a pericardial patch. When discontinuity is present between the ven-
tricle and atrium, a modified technique for valve replacement can be used, which
consists of interrupted horizontal mattress sutures with pledgets placed on the ven-
tricular side of mitral annulus, carried up through the atrial side of the debrided
annulus, and then through the sewing ring of the prosthetic valve. However, the
distance between the edge of the ventricle and atrium after debridement and the
fragility of the infected tissue poses a failure risk on such a technique either imme-
diately in the operating room or during the postoperative period. To avoid excessive
tension on the weakened ventricular or atrial structure, a good alternative is to
reconstruct the annulus with pericardium by first attaching the patch to the left ven-
tricle with a running 4-0 or 3-0 prolene suture and then attaching the opposite end
of the patch to the atrium. A prosthetic valve will then be placed with pledgetted
sutures in the upper portion (atrial side) of the pericardial patch (Fig. 8.5). Thus, the
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Fig.8.5 (a) Surgical
approach to treat abscess
involving the mitral
annulus. (b) The infection
is extensively debrided,
leaving behind a defect at
the atrioventricular
junction. The anterior and
posterior mitral leaflets are
also resected, leaving a
narrow rim of leaflet

Leaflet

remnant. (¢) The Left remnant
atrioventricular defect is ventricular |
repaired with a patch endocardium
tailored from pericardium
or, occasionally, when the Left
anterior leaflet is not ventricular wall !
diseased, from the anterior Left —
mitral leaflet. The patch atrial wall
then serves as a part of the Left ~
anchorage for the atrial LV-Patch
prosthetic mitral valve endocardium suture line
Patch of C
pericardium = 2 2
or anterior =i
o loaflet Lineof | Pledgetted LA-Patch

attachment sutures
for valve prosthesis

prosthesis will be more atrially positioned rather than in the ventricular cavity.
Biological glue can be used as a good adjunct to such a reconstructive procedure.
Glue can be spread posteriorly to the pericardial patch after completion of ventricu-
lar suture and before completion of atrial sutures of the patch. The risk of postopera-
tive atrio-ventricular discontinuity is considerably reduced with this procedure.
Aortic valve repair is also preferred to replacement, although repair is less feasible
with the aortic valve compared to the mitral valve, as previously discussed. Lesions
limited to one cusp, sparing the annulus (Fig. 8.6a) can be removed and recon-
structed with pericardium. When the annulus is also involved (Fig. 8.6b), annulo-
plasty accompanies cusp reconstruction. Extensive disease of the noncoronary sinus
involving the annulus and the anterior mitral leaflet (Fig. 8.6¢c) requires a more
complicated procedure involving removal of the lesion, reconstruction of the result-
ing structural defect with a pericardial patch, reconstruction of the noncoronary
cusp using a piece of pericardium, and annuloplasty. If the abscess or other struc-
tural damage involves the aortic structures extensively, aortic root replacement is
the procedure of choice. Root replacement is done in the usual fashion following
debridement of the infected tissue. Extra care is taken to place the proximal suture
line low (proximally) enough in the left ventricular outflow tract that any disconti-
nuity between the ventricle and proximal aorta is eliminated. Homograft aortic roots
are useful in this setting. The anterior mitral leaflet is involved when there is



168 E. ElImistekawy et al.

Fig.8.6 Various locations
and extents of infection on
the aortic valve. (a) Lesion Left

limited to the right coronary Right
coronary cusp, sparing the coronary
annulus. The lesion has artery artery
eroded the cusp, resulting

in a tear in the cusp. (b)

Lesion involving the right Non-coronary

coronary cusp and sinus
extending to the annulus.

(c) A diseased noncoronary
sinus with extension of the
lesion to the annulus and
the anterior mitral leaflet

extensive aortic root destruction and extension to the aorto-mitral curtain.
Involvement of this critical intersection of aortic and mitral valves requires a com-
plicated surgical approach through both the left atrium and ascending aorta.
Homografts which include the anterior mitral leaflets offer the optimal material to
repair such defects. This may involve extensive debridement and reconstruction of
left atrial roof and atrial septum with a pericardial patch which also serves as the
anchor for suturing in place the aortic homograft (Fig. 8.7). Alternatively, the aorto-
mitral curtain of the aortic homograft can be used to repair the defect resulting from
the debridement (Fig. 8.8).

Surgical Outcomes and Complications

The immediate period after surgery is critical for patients with IE. Many challeng-
ing postoperative issues such as bleeding, infection control, rhythm control, fluid
management, vasoplegic conditions, organs dysfunction and other postoperative
issues require a dedicated team comprised of specialists from cardiac surgery, inten-
sive care, cardiology, infectious disease and other areas such as neurology and
nephrology.
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Fig.8.7 (a) An aortic
homograft without the
aortomitral curtain. (b) The
defect left from the
removal of the aortic root
and the diseased
aortomitral curtain. (¢) A
pericardial patch is first
used to repair the defect at
the aortomitral location.
(d) The aortic homograft is
then anchored in place
with part of the homograft
sutured onto the pericardial
patch

Fig.8.8 Homografts
can be used in the
reconstruction of
extensively diseased
aortic root. (a) An aortic
homograft with the
accompanying
aortomitral curtain. (b)
The aortomitral curtain
of the aortic homograft
can be used to repair the
defect caused by the
removal of aortic root
lesions extending to the
aortomitral location

Pericardial
patch

Aorto-mitral
curtain

coronary
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Table 8.3 Factors adversely Prosthetic valve (versus native valve IE)
affecting surgical outcomes

(mortality and morbidity) Intracardiac abscess

Left-sided (versus right-sided) IE

Aortic (versus mitral) IE

Extensive disease/destruction, multiple valve involvement
Staphylococcal or culture-negative infection

Advanced age

Increasing cardiopulmonary bypass and aortic cross-
clamp time

Valve replacement versus repair (affects morbidity only)
Delay in surgery in face of worsening cardiac function

Early prosthetic valve IE (associated with higher rate of
late death)

Emergent/urgent surgery due to progressive heart failure
Poor LV function (whether or not due to IE)
Postoperative sepsis (most commonly pneumonia)
Postoperative renal failure

Liver failure

Table 8.4 Hospital (or 30-day) mortality in NVE and PVE

Mortality
Study NVE (%) PVE (%) P value
Savage et al*. (2014) [37] 9.8 21.1 0.0001
Murashita et al. (2004) [43] 15.5 333 0.01
Romano et al. (2004) [56] 6.6 24.2 0.0001
d’Udekem et al. (1997) [19] 4 13 0.062
Wilhelm et al. (2004) [33] 3.2
Amrani et al. (1995) [57] 8.5
Akowuah et al. (2003) [58] 24
Habib et al. (2005) [59] 17 (surgical treatment)

25 (medical treatment)

Numbers in brackets [ ] indicate reference numbers
4Limited to aortic valve IE

Excellent surgical results can be achieved in patients who are young without co-
morbidities and in whom the infection has been brought under control, IE is con-
fined to a native valve, and valve damage is amenable to repair or simple replacement.
Table 8.3 summarizes factors that negatively affect morbidity and/or mortality after
surgical management of IE. Both short- and long-term results are less favorable fol-
lowing surgery for IE involving a prosthetic valve then a native valve (Tables 8.4
and 8.5).
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Table 8.5 Survival in NVE and PVE

Survival in NVE

Survival (%)
Study 1-year | 5-year | 10-year |15-year | 20-year |p value
Romano et al. (2004) [56]* |91 82 67.5 48.8 0.0016 vs. PVE)

Wilhelm et al. (2004) [33] |93 81 61
Amrani et al. (1995) [57]

Non-complex 93.5 93.5 0.042
operations®

Complex operations® 79.9 76.1
Moon et al. (2001) [35] 54 44 <0.003 (vs. PVE)
Survival in PVE

Survival (%)

Study l-year |5-year |10-year |15-year |20-year |p value
Romano et al. (2004) [56] | 79.7 64.2 335 335 0.0016 (vs. NVE)
Moon et al. (2001) [35] 41 16 <0.003 (vs. NVE)
Akowuah et al. (2003) [58] 58

Habib et al. (2005) [59] 62¢

“Numbers in brackets [ ] indicate reference numbers
bSingle aortic valve replacement

°Aortic valve replacement plus another valve procedure
42-7 year follow-up

The reasons for relatively poor outcomes in patients with prosthetic valve IE relate
to higher rates of staphylococcal infection and perivalvular abscess, the presence of
less healthy perivalvular tissue, risks of reoperation, and a generally older population
compared to patients with native valve IE. Multiple valve disease is associated with
more extensive tissue destruction, longer duration of operation, and less favorable
results (Table 8.5). The infecting microorganism directly affects mortality and mor-
bidity. Staphylococcal infections, especially those caused by Staphylococcus aureus,
as well as culture-negative IE are associated with poor outcomes (Tables 8.6 and 8.7)
[43]. Staphylococcus aureus infections cause more extensive destruction, more fre-
quent abscess formation and greater hemodynamic derangement. Valve repair proce-
dures, especially in the mitral position, are associated with significantly lower
postoperative morbidity than valve replacement. However, there is no significant dif-
ference between repair and replacement procedures in terms of mortality (Table 8.8).
The first postoperative year is of crucial importance, as most of the adverse events
occur during this period. Patients who have an event free first postoperative year are
likely to have a favorable long-term survival. Table 8.9 summarizes surgical compli-
cations. Recurrent IE is a serious postoperative complication and is associated with
poor prognosis, especially when it occurs in the replaced prosthetic (versus repaired
native) valves. Early recurrent IE is usually due to residual infected tissue, and the
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Table 8.6 Effect of infecting microorganism on survival

Study Infecting microorganism Early postoperative | p value
Mortality (%)
Mihaljevic et al. (2004) Staphylococcus aureus, 17.8 0.158
[34] Staphylococcus
Epidermidis, or culture-negative
Other pathogens 0
Amrani et al. (1995) [57] Staphylococcus aureus 8.5
Other pathogens 0
d’Udekem et al. (1996) Staphylococci 22 0.020
[13] Other pathogens 3
Habib et al. [59] All Staphylococci (20 %) 24
Staphylococci aureus 20
Enterococci 12 0.02
Survival (%)
Study Infecting l-year |5-year | 10-year |p value
Wilhelm et al. (2004) [33] Staphylococcus aureus | 76.5 65 44 0.008
Other pathogens 98.9 84.9 67

aNumbers in brackets [ ] indicate reference numbers

Table 8.7 Effect of infecting microorganisms on event-free survival

Infecting microorganism Three-year freedom from events (%)
Staphylococcus aureus 55.6
Culture-negative 47.6
Streptococcus 100

Murashita et al. [43]

recurrence risk can be minimized by complete debridement of the infected tissue and
proper surgical technique. Late recurrent IE is more frequent in patients who have
abscess at the time of the initial operation [19]. Recurrent IE rates are given in
Table 8.10. There is no significant difference in either short- or long-term survival
between patients who receive either a mechanical or bioprosthetic valve. A recent
study suggests superiority of mechanical valves in the mitral position in terms of mor-
tality for patients 51-70 years of age [44]. However, further studies are required to
support this finding. Due to the need for lifetime anticoagulation with mechanical
valves, this group has a higher risk of hemorrhage. Reoperation, on the other hand, is
more common in bioprosthetic valves due to the propensity for degeneration over
time. Bioprostheses have been reported by some to have a higher rate of recurrent
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Table 8.8 Valve replacement versus repair

Operative/in-hospital mortality

Mortality with Repair

Study (%)
Wilhelm et al. (2004) [33] | 1.7
Mihaljevic et al. (2004) [34] |0

Survival (%)

Study 1-year
Wilhelm et al. (2004) [33]
Valve replacement 96.5
Valve repair 98
Mihaljevic et al. (2004) [34]
Valve replacement 78
Valve repair 85
Morbidity
Study Variable

Wilhelm et al. Perioperative morbidity
(2004) [33] (<30 days after surgery)

Mihaljevic et al. | Median of hospital stay
(2004) [34]

aNumbers in brackets [ ] indicate reference numbers

Table 8.9 Postoperative complications

Early complications

Failure of repair procedure
Prosthetic dehiscence with/without
significant paravalvular leakage
Sepsis (most commonly pneumonia)

Renal failure
Hemorrhage

Need for reoperation

Atrioventricular block and/or arrhythmia (with/
without need for permanent pacemaker)

Recurrent IE, including prosthetic IE

21 days

Mortality with Replacement

(%) p value
4 0.67
13 0.14
5-year 10-year p value
92.5 79 0.1
95.4 95.4
73 Not significant

85

Valve replacement | Valve repair | p value

5% <0.001

9.5 days <0.01

Late complications

Deterioration of repair

Prosthetic dehiscence with/without
Significant paravalvular leakage

Anticoagulation-related events (in
mechanical valves)

Recurrent IE, including prosthetic
valve IE

Bioprosthesis degeneration
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Table 8.10 Risk of recurrence of infective endocarditis following surgical intervention for
endocarditis

Rate of recurrent IE (%)

Study Type of IE in the study At 5 years | At 10 years
d’Udekem et al. (1997) [19]* NVE and PVE 9 21
Mihaljevic et al. (2004) [34] NVE 5.7°

Akowuah et al. (2003) [58] PVE 40

“Numbers in brackets [ ] indicate reference numbers
°All reinfections occurred within 5 months of surgery

Table 8.1 1 Comparison of Operative mortality: no significant difference
outcomes in mechanical and

. . Bleeding: more frequent in mechanical valves (associated
bioprosthetic valves

with anticoagulation)

Reoperation: higher rate with bioprostheses in younger
(<60 years) patients (degeneration)

Recurrent endocarditis: more frequent in bioprostheses
Long-term survival: no significant difference

endocarditis [45-47]. Table 8.11 presents a comparison of mechanical versus biopros-
thetic valves.

Other Important Surgical Considerations
Isolated Tricuspid Valve Endocarditis

Isolated tricuspid valve (TV) endocarditis is rare, except in the setting of intravenous
drug abuse and in patients with long-term indwelling catheters. Valve surgery is infre-
quent in isolated TV endocarditis, because of less pronounced impact on hemodynamics
compared to the involvement of the aortic or mitral valve. Regurgitation of the TV,
however, often accompanies left-sided IE without being necessarily infected. Having
both mitral and tricuspid valves infected at the same time is less frequent. In any case,
surgical procedures on an infected TV mostly involve excision of vegetation and repair,
and not replacement (except if massive destruction of the valve is present), owing to the
anatomic and hemodynamic characteristics of the TV and the right heart. The principles
and techniques of TV surgery are similar to those for the mitral valve. If TV replacement
is required, both biological and mechanical valves can be employed, although biopros-
thetic valves may be favored to avoid anticoagulation [47—49]. Recurrence of infection
is common in patients who continue to use intravenous drugs.

Intravenous Drug Users
Intravenous drug users predominate in series of young people with IE, and the overall

incidence of IE in this group is 1-5 % per year [50]. The TV is infected in up to 70 %
of cases of IE in drug users, and the majority has no known preexisting cardiac disease.
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Fig.8.9 Explanted aortic valve bioprosethesis infected with fungus

Staphylococcus aureus species dominate, although unusual infections including pseu-
domonas aeruginosa, fungi, Bartonella, Salmonella, and Listeria may be encountered,
particularly in patients infected with the human immunodeficiency virus, whose out-
come is inversely related to the CD4 count [51]. This group of patients presents par-
ticular management difficulties because of their drug-seeking behavior and poor
compliance with treatment. They often struggle against prolonged hospitalization,
and as a result surgery should be avoided whenever feasible, and either short-course
of parenteral antibiotic therapy or oral antibiotic regiment may be considered in view
of the difficulties with compliance. Surgery is occasionally required for complications
of left-sided disease where indications are the same as for non-drug users. The thresh-
old for intervention and choice of surgical approach may be altered in individual
patients in whom recurrence of infection due to continued drug abuse or poor compli-
ance with anticoagulant therapy are real concerns. Use of a homograft may be worthy
of consideration in these situations. Infection with the human immunodeficiency virus
is not a contraindication to cardiac surgery, but requires a higher degree of vigilance
from the health care workers looking after the patient [36, 50, 51].

Prosthetic Valve Endocarditis

Prosthetic valve IE is a serious complication of valve replacement surgery with a
reported incidence of 0.5 % per patient-year [52]. Both mechanical and biological
valves are prone to IE, while homografts seem to be more resistant to infection. The
diagnosis of prosthetic valve IE is usually based on evidence of infection (positive
blood cultures) and evidence of vegetation or valvular dysfunction [53].

Early prosthetic valve IE occurs within the first year following surgery and is
most often the result of perioperative infection. The most common causative organ-
isms belong to the Staphylococcus species, followed by gram negative and fungal
infection (Fig. 8.9). These infections are often severe and frequently associated with
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abscess, prosthesis dehiscence, and fistula formation. Although surgery may be
technically difficult, it is associated with a lower mortality rate than medical treat-
ment alone. The mortality rate of prosthetic valve IE caused by Staphylococcus
aureus is about 75 % with medical therapy alone compared to 25 % in patients who
undergo surgery [53]. Prosthetic valve IE can result in perivalvar infection and
hence dehiscence of an infected prosthesis may occur. In this setting, rapid hemody-
namic deterioration is an indication for urgent surgery [54].

Late prosthetic valve IE defined as IE that occurs more than a year after surgery,
is usually caused by Streptococci species, followed by Staphylococci species and
organisms from the HACEK group. In patients with an uncomplicated infection
lacking signs of perivalvular infection or significant vegetation, medical treatment
may be sufficient [52].

Culture negative IE is present in more than 10 % of prosthetic valve IE cases. In these
cases, clinical judgment and repeated echocardiography should guide diagnosis and
management [11]. Fungi are most frequently observed in drug users and immunocom-
promised patients. Mortality is very high (50 %), and treatment necessitates dual anti-
fungal administration in addition to valve replacement (Fig. 8.9). Most cases are treated
with amphotericin B or with azoles. Suppressive treatment with oral azoles is often
maintained long term and sometimes for the life of the patient [55].

Summary

Despite advances in the diagnosis and medical management of IE, the need for
valve surgery remains high in patients with IE. This is particularly true in patients
infected with aggressive microorganisms. The primary consideration for surgical
intervention is the hemodynamic derangement resulting from IE. Surgery can be
successfully performed to restore hemodynamic stability and to help eradicate
infection, even in the setting of active IE. In spite of higher risks of short and long-
term complications, surgical results have steadily improved in recent years, particu-
larly in centers of excellence for cardiac valve surgery. Valve repair is preferable to
valve replacement, if it is technically feasible. Aortic homografts are ideal in
patients with aortic root destruction who require extensive reconstruction of the
aortic root and surrounding structures. The management and outcome of patients
with IE can be optimized using a multidisciplinary Heart Team approach, with sur-
gical input at the early stage following the diagnosis and continued to be an integral
part of management throughout the course of the disease. The early involvement of
surgery helps develop a more comprehensive treatment strategy that avoids subse-
quent delays if and when surgery is required.
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Abstract
Infective endocarditis, even if adequately treated, can be associated with signifi-
cant morbidity and mortality. Clinical outcomes are influenced by multiple fac-
tors which include valve characteristics, host factors, causative organisms,
development of intracardiac, or systemic complications and the therapeutic
options.

This chapter will provide an overview of current treatment regimens for infec-
tive endocarditis.

Keywords
Infective endocarditis * Treatment of infective endocarditis

Key Points

1. The diagnosis of infective endocarditis (IE) requires early clinical suspi-
cion, based on history and physical examination, and can be supported by
appropriate microbiological laboratory investigations (e.g., blood culture,
serology) and/or imaging (e.g., echocardiogram).

2. Empiric antimicrobial therapy, based on the most likely pathogens identi-
fied from clinical evaluation, may need to be instituted, particularly in
patients who are clinically unwell. Once a pathogen has been identified,
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antimicrobial susceptibility testing must be performed, including determi-
nation of the minimal inhibitory concentration (MIC) and the presence of
in vitro synergy, where applicable.

3. Effective antimicrobial therapy requires the administration of bactericidal
agents for an extended period of time.

4. Health care providers should be aware of the possible intracardiac and
extracardiac complications of IE.

5. The role of surgical intervention in the management of IE has likely
strongly contributed to reduced mortality rates. Indications for surgical
intervention exist, with congestive heart failure (from any cause) being the
principal need for surgery. When appropriate, early surgical intervention
should be performed.

Introduction

Infective endocarditis (IE), if inadequately treated, is fatal. Even with appropriate
management, overall mortality rates range from 10 % to 25 % [1-3]. Clinical out-
come is influenced by multiple factors, including valve characteristics, host factors,
causative organism, development of intracardiac or systemic complications, and
management options available.

The therapeutic modality initially used in the treatment of IE is medical. The role
of surgery, however, continues to expand; aggressive surgical intervention, particu-
larly in the early stages of developing complications, can be associated with a reduc-
tion in mortality. This chapter will focus on the role of medical, and where appropriate
surgical, management in native valve endocarditis. Discussion regarding newer anti-
biotics is provided. Endocarditis involving prosthetic valve/intravascular devices, as
well as endocarditis in special patient subpopulations, such as in intravenous drug
users and in immunocompromised hosts, are discussed in other chapters.

Principles of Medical Therapy

Infective endocarditis remains a relatively rare disease, with annual incidences ranging
from 15 to 60 cases per million [4, 5]. Due to this low rate, good, prospective, random-
ized controlled trials assessing the benefits of various antibiotic regimens in the treat-
ment of IE have been difficult to perform. Therefore, the principles of antimicrobial
selection for IE are based on the understanding of the behaviour of the causative patho-
gen, proper interpretation of antibiotic susceptibility testing, an understanding of veg-
etation characteristics, and proper application of antimicrobial pharmacokinetic and
pharmacodynamic data. These considerations are complemented by animal
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experimental models and by clinical outcomes of published observational studies to
form consensus-based guidelines for the optimal management of IE.

Fundamental to the management of IE is early diagnosis and prompt initiation of
effective antimicrobial therapy. Therefore, proper laboratory identification of the
pathogen to the species level is essential, with subsequent antimicrobial susceptibil-
ity testing using standardized protocols to determine the minimal inhibitory concen-
tration (MIC). Testing for synergistic combinations of antibiotics (e.g. high-level
aminoglycoside resistance for Enterococcus spp.) using standardized protocols
should also be done where appropriate.

The MIC of an antimicrobial agent is defined as the lowest concentration which
results in maintenance or reduction of inoculum viability; it is the lowest concentra-
tion of the drug needed to prevent microbial growth in vitro [6]. The MIC can then
be compared to a reference standard database, such as that from the Clinical and
Laboratory Standards Institute (CLSI) (formerly the National Committee for
Clinical Laboratory Standards (NCCLYS)), to interpret whether the pathogen is “sus-
ceptible”, “intermediate”, or “resistant” to the tested antimicrobial. Definitions of
these terms are provided Table 9.1. It is important to note that the MIC represents a
unique relation between a particular bacterial species and the tested antimicrobial
agent. Because different antibiotics are tested at different concentrations, the MIC
numbers cannot be directly compared.

The minimum bactericidal concentration (MBC) is the lowest concentration of
an antibiotic, expressed in mg/L, that under defined in vitro conditions reduces by
>99.9 % (3 logy,) the number of organisms in a medium containing a defined inocu-
lum of bacteria, within a defined period of time [8]. Although the MBC is an in vitro
microbiological method to determine the killing efficacy of antibacterial agents, its
routine use in clinical practice is precluded by inaccuracy of measurement, as well
as technical limitations (e.g. suboptimal inocula, difficulties with interpretation of a
99.9 % bactericidal endpoint) that produce varying and thus invalid results [9-11].
As such, various working groups for endocarditis, including the British Society for
Antimicrobial Chemotherapy (BSAC) and the American Heart Association com-
mittee (AHA), do not recommend its routine determination [12, 13]. The value of

Table 9.1 Definitions of terms used in antimicrobial susceptibility testing [7]

Susceptible (S) — implies that infections may be treated appropriately with the dosage of
antibiotic recommended for the type of infection and infecting species, unless otherwise
indicated

Intermediate (I) — implies that infections may be treated if the antibiotic is able to reach
specific tissues where the drug will be concentrated (for example, quinolones in the urine) or
when the drug can be used in higher than usual doses without adverse effects. This category
also includes a “buffer zone,” which should prevent small, uncontrolled technical factors from
causing major discrepancies in interpretation

Resistant (R) — isolates are not inhibited by the usually achievable systemic concentrations of
the drug in normal dosage and/or fall in the range where specific microbial resistance
mechanisms are likely (for example, p-lactamases) and clinical efficacy has not been reliable
in treatment studies
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the MBC, however, allows for the definition of antimicrobial agents as bactericidal,
bacteriostatic, or tolerant.

Bactericidal antibiotics, generally speaking, are those that kill bacteria, whereas
bacteriostatic agents are those that prevent the growth of bacteria (i.e. keeps them in
the stationary phase of growth). In IE, a bactericidal regimen (either monotherapy or
combination therapy) is considered necessary for cure [2, 3, 11, 14]. The actual micro-
biological definition of “bactericidal” is a >99.9 % reduction in viable bacterial den-
sity in an 18-24 h period, producing an MBC to MIC ratio <4, whereas “bacteriostatic”
is defined as a ratio of MBC:MIC >4 [11]. Tolerance occurs among bacterial strains
when a bactericidal antibiotic loses its killing efficacy but retains its bacteriostatic
activity (i.e. MIC unchanged) and is defined as a ratio of MBC:MIC>32 [8, 15].

Although conceptualizing antibiotics as being either bactericidal or bacterio-
static may be useful, these categories are not mutually exclusive, but rather repre-
sent a continuum of antimicrobial activity. Bactericidal activity is not an invariable
property of an antibiotic; it is also influenced by the organism, inoculum burden, as
well as growth conditions [10, 11, 16]. For example, cell wall active agents such as
B-lactams and glycopeptides are quite effective in vitro in killing S. aureus, and
would thus be considered “bactericidal”. Yet these same agents do not produce the
>99.9 % in vitro kill of enterococci within the 24 h incubation period, and are there-
fore “bacteriostatic” for this organism. Inoculum burden critically affects antibiotic
activity [17, 18]: within cardiac vegetations, bacteria may reach very high concen-
trations (103-10'° organisms per gram of tissue) [11, 17]. Fixed-dose concentrations
of antibiotics against standard bacterial inocula in vitro (e.g. 10° log,, CFU/g) may
not reflect this situation of high bacterial burden in vivo; as such, it may lead to
clinical failure. Growth conditions also influence the activity of antibiotics.
B-lactams and glycopeptides require bacterial cells to be actively dividing to exert
their bactericidal activity. In endocarditis, bacteria within vegetations are in a
steady-state growth phase; this slow growth impairs the bactericidal action of cell
wall active agents [11, 16]. Therefore, an understanding of bacterial dynamics and
pathogen-drug relations is crucial to correct antimicrobial selection.

To further enhance the bactericidal activity of a selected antibiotic regimen
requires an understanding of pharmacokinetics and pharmacodynamics, with subse-
quent optimization of these parameters. Pharmacokinetics (PK) refers to the factors
that determine the drug concentrations at the site of infection after a dose of an
antimicrobial drug is given; it is affected by the absorption, distribution, and elimi-
nation of the drug [19]. For example, the oral formulation of certain antibiotics, in
combination with the severity of illness of the host, would lead to slow, erratic, or
poor absorption of the drug. This, in turn, would produce variable antibiotic serum
levels, which would be disastrous in IE. Hence, the intravenous route is considered
the best route of administration because it provides maximal bioavailability [16,
19]. However, with newer antibiotics in which the oral formulation has high (near
100 %) bioavailability, this dogma in the management of IE may change. The con-
centration of an antibiotic in the serum is also affected by its volume of distribution,
its metabolism, and its elimination. With IE, the site of infection is an intravascular
vegetation enclosed in a layer of biofilm that renders penetration of antibiotics
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difficult. This phenomenon may explain the superiority of some antibiotics over
others in the management of IE, depending on their degree of vegetation penetra-
tion. It also provides the rationale for using high doses of antibiotics and a pro-
longed duration of treatment. Another factor that determines efficacy of antibiotic at
the site of infection is protein binding. All drugs bind to some extent to serum pro-
teins; however, it is the free (unbound) drug that is active [19]. Antibiotics that are
highly protein bound in vivo may actually be clinically ineffective, even though they
demonstrate significant in vitro killing activity. Such was the case with cefonicid, a
second-generation cephalosporin that was clinically inadequate for the treatment of
IE due to S. aureus [20]. Lastly, an understanding of how a certain antibiotic is
metabolized or excreted, and whether this clearing system is impaired in the host,
will allow for optimal dosing while minimizing toxicity.

Pharmacodynamics relates drug exposure (i.e. pharmacokinetics) to the antimicro-
bial effect of the drug, so as to provide a more rational basis for determining of opti-
mal dosing regimens in terms of the dose and the dosing interval [21, 22]. The two
major components of antibiotic activity are its pattern of kill and its post-antibiotic
effect (PAE). The pattern of bactericidal activity can be concentration-dependent, in
which the rate of kill is directly dependent on the amount of drug (peak serum concen-
tration) relative to the MIC, or time-dependent, in which the bactericidal efficacy is
dependent on the amount of time the serum antibiotic concentration exceeds the
MIC. For time-dependent antibiotics such as pf-lactams and glycopeptides, further
increasing antibacterial concentrations above the MIC does not result in proportional
increases in killing. The PAE refers to a variety of persistent effects that last after
antimicrobial exposure. Examples include the in vitro PAE, which is the extent of
growth retardation of bacteria that occurs when drug levels are suddenly eliminated,
as well as the post-antibiotic leukocyte effect, in which organisms in the postantibiotic
state of growth are more susceptible to the antimicrobial activity of white blood cells
[21]. As the vegetations in IE are composed of fibrin, platelets, and bacteria, with few
phagocytes [16], the post-antibiotic leukocyte effect would be intuitively negligible in
IE. The clinical significance of other PAE in IE remains to be elucidated.

Based on the pattern of bactericidal activity and the PAE, antibiotics can then be
divided into three categories [21, 22]: (1) Concentration-dependent killing and
moderate to prolonged persistent effects. Examples include aminoglycosides, qui-
nolones, and daptomycin; (2) Time-dependent killing and minimal to no persistent
effects, such as fB-lactams; and (3) Time-dependent killing and moderate to pro-
longed persistent effects, including glycopeptides, oxazolidinones, clindamycin,
macrolides, and tetracyclines. This framework will determine subsequent modifica-
tions of dosing regimens to optimize bactericidal efficacy [21]: For the first group,
enhancing peak serum concentration (while avoiding or minimizing toxicity) would
be the preferred intervention. For pB-lactams, adjusting the interval between infu-
sions or using agents with longer half-lives would be undertaken to increase the
duration of exposure. For the third group, enhancing the amount of drug is predicted
to be an important determinant of clinical efficacy.

As mentioned previously, in addition to bactericidal and bacteriostatic, antibiot-
ics can also be tolerant (i.e. inhibits bacterial growth but loss of killing activity).
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Although the clinical relevance of tolerance in endocarditis is unknown (as MBC is
not routinely tested), retrospective microbiological studies have demonstrated this
phenomenon among clinical isolates in treatment failures of f—lactams and glyco-
peptides [23-25]. It may also provide additional rationale for the use of synergistic
combination therapy in certain cases of IE.

Selecting the appropriate antibiotic regimen at the start of therapy is but the first
step. Re-assessment of antimicrobial performance is continuously required. The
only reliable measure of clinical efficacy is ultimate cure without relapse. In the
interim, it is important to monitor for evidence of improvement, including deferves-
cence, sterilization of blood cultures, and normalization of inflammatory markers
[16, 26, 27]. Failure to demonstrate such features, in the presence of correct clinical
and laboratory diagnosis, may reflect pharmacological error (e.g. insufficient dose,
dosing interval, or antibiotic serum levels) or the development of IE complications.
To ensure pharmacological optimization, consultation with a pharmacist with expe-
rience in antimicrobial therapy should be considered. As well, therapeutic drug
level monitoring, especially for aminoglycosides and glycopeptides, is recom-
mended [12, 13, 16, 28].

Recognition of syndromes indicating the presence of IE complications is crucial
in patient management. These complications can be classified into cardiac and
extra-cardiac. The cardiac manifestations include congestive heart failure (CHF),
periannular extension of infection (with subsequent abscess or fistula formation, or
rupture), valve obstruction, or prosthesis instability. The extra-cardiac manifesta-
tions result from embolic phenomena; the major sequelae include neurological
compromise (e.g. stroke with or without hemorrhage, mycotic aneurysm) and meta-
static infections. The presence of these complications can assist in determining the
need and timing for surgical intervention.

In summary, the appropriate treatment of IE requires early diagnosis, as well as
prompt effective antimicrobial therapy, and is best managed via a multidisciplinary
team approach, involving at least specialists in infectious disease, cardiologists,
pharmacists, and cardiac surgeons.

Native Valve Endocarditis (NVE)

The major pathogens causing NVE are the streptococci, enterococci, and staphylo-
cocci. Emerging pathogens include fungi. Members of the HACEK group are dis-
cussed in the chapter along with pathogens causing culture-negative endocarditis.

Streptococcal NVE

The nomenclature of the streptococci is complex. However, with respect to NVE, it
is clinically useful to divide streptococci into the following categories [12, 13, 28,
29]: (1) oral (or viridans) streptococci; (2) S. bovis complex; (3) nutritionally-variant
streptococci; (4) S. pneumoniae; and (5) beta-hemolytic streptococci.
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Oral (or Viridans Group) Streptococci

The oral (or viridans group) streptococci are a heterogeneous group of streptococci that
constitute a vital part of the normal flora of the human upper respiratory tract, gastroin-
testinal tract, and female genital tract. Previously, when rheumatic heart disease was
prevalent, viridans streptococci were the most common cause of NVE, accounting for as
much as 60-80 % of all cases of IE; their incidence over the last 20 years has since
decreased [2, 30, 31]. Currently, viridans group streptococci are divided into the follow-
ing groups [32, 33]: S. mutans group, S. salivarius group, S. anginosus group (previ-
ously S. milleri group [34]), S. sanguinis group, and S. mitis group. Although the
taxonomy of these organisms will change, what is important for the clinician to under-
stand is the diversity of pathogens that clinically and therapeutically behave as ““viridans
streptococci’” and that there are species-specific variation in antibiotic sensitivities.

Antimicrobial susceptibility testing of the viridans streptococci by CLSI
(NCCLS) criteria categorize these pathogens as penicillin-susceptible
(MIC<0.12 mg/L), or penicillin non-susceptible, which are further classified as
either intermediate (MIC 0.25-2 mg/L) or high resistance (MIC >4 pg/L) [35].
These microbiological laboratory criteria, however, are different than those used by
the AHA, BSAC, and the European Society of Cardiology (ESC), The updated
guidelines from the AHA define VGS as highly penicillin susceptible if the
MIC <0.12 pg/mL. relatively penicillin-resistant if the MIC ranges from >0.12 to
<0.5 pg/mL, or fully resistant if the MIC >0.5 pg/mL [36]. Those from the BSAC
are similar, although the MIC distinguishing highly penicillin-susceptible from
relatively penicillin-resistant is 0.125 pg/mL (rather than 0.12 pg/mL) [13]. The
ESC defines strains fully susceptible to penicillin as those with MIC <0.125 mg/L,
those relatively resistant to penicillin as having an MIC 0.125-2 mg/L, and those
fully resistant as having an MIC>0.2 mg/L [37] The rationale for this discrepancy
is unclear [38], but establishing lower MIC thresholds to label a viridans strepto-
cocci as “intermediate” or “resistance” presumably errs on the side of clinical cau-
tion and ensures more aggressive antimicrobial intervention. The clinical criteria
are used in the recommendations of antibiotic therapy.

Previously, it was felt that all oral streptococci were fully sensitive to penicillin
[39]. Since the 1990s, however, these Streptococcus spp. have been displaying
increasing resistance to penicillin and other -lactam antimicrobial agents. In par-
ticular, the S. mitis group is commonly implicated, especially (although not exclu-
sively) among neutropenic cancer patients, who are exposed to various therapeutic
and prophylactic antibiotic regimens [40-45]. Frequently, these penicillin non-
susceptible viridans group streptococci also show reduced susceptibility to ceftriax-
one, erythromycin and clindamycin [40, 46—48]. Glycopeptide resistance, however,
is uncommon [39, 46, 48, 49]. Amongst the viridans group streptococci there are
now reports of high-level resistance (>256 mg/l) to daptomycin, a cyclic lipopep-
tide antibiotic with bactericidal activity against staphylococci and streptococci [50].
As well, high-level aminoglycoside resistance among the viridans streptococci is
uncommon, although if present, it is more commonly reported with streptomycin
than with gentamicin [9, 49, 51]. Streptomycin-resistant isolates, however, can still
demonstrate in vitro synergistic susceptibility to the combination of penicillin and
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gentamicin; conversely, gentamicin-resistant isolates do not always demonstrate
high-level streptomycin resistance [51]. As such, testing for resistance to these ami-
noglycosides for each viridans streptococcal isolate should be performed.

Antimicrobial susceptibility testing dictates not only which antibiotics may be
used, but also assists in determining the duration of therapy. Early clinical studies
found that when a total dose of 14—16 million units of penicillin was given alone for
up to 2 weeks, the relapse rate was 15 %; this rate decreased to <1.5 % with 4 weeks
of therapy [52]. Experimental evidence of the combination of penicillin with an
aminoglycoside demonstrated more rapid eradication of streptococci from IE veg-
etations, as assessed by bacterial counts and relapse in animal models after termina-
tion of therapy [51]. Clinical studies of the 2-week combination regimen
demonstrated a relapse rate of 2 % [53]. However, the patient population in these
studies excluded those with shock or metastatic septic foci. Therefore, for IE due to
viridans group streptococci that are penicillin- and aminoglycoside-sensitive, a
2-week treatment regimen may be considered, provided that appropriate conditions
for short-course therapy are fulfilled. These conditions are outlined in Table 9.2.

The S. anginosus (or “S. milleri”’) group has a propensity to form abscesses, as
well as to cause hematogenously disseminated infection [54, 55]. More specifically,
however, it appears that S. constellatus and S. intermedius of this group are more
commonly associated with abscess formation, whereas S. anginosus is more com-
monly associated with IE [56]. Furthermore, it appears that IE due to the S. angino-
sus group, and S. anginosus in particular, may be associated with a higher mortality
rate than IE due to other viridans streptococci [56]. As such, the duration of antimi-
crobial therapy for NVE caused by the S. anginosus group may need to be longer
than that for NVE caused by other viridans streptococci [36].

The prevalence of penicillin non-susceptible viridans group streptococci has
been increasing worldwide, with rates as high as 30-45 % reported [40, 44, 47, 57].
The mechanism of action appears to be alterations in penicillin-binding proteins
[58]. The clinical significance is as expected, with increased morbidity and mortal-
ity reported among patients infected by these pathogens [41, 59, 60]. The degree of
penicillin resistance (i.e. intermediate versus high) affects the antibiotic regimen
selected, as well as the duration of therapy. The antibiotic regimens for the treat-
ment of viridans streptococcal IE are provided in Table 9.3.

Table9.2 Conditions for 2-week combination therapy for penicillin-sensitive and aminoglycoside-
sensitive streptococcal endocarditis [9, 12, 29]

1. Penicillin-sensitive oral (or viridans group) streptococcus or S. bovis (penicillin MIC <0.1
xg/mL)
2. Native valve IE

3. No cardiac complications (e.g., intra-cardiac abscess, heart failure, aortic insufficiency,
conduction abnormalities)

4. No extra-cardiac complications (e.g., septic embolic foci)
5. No vegetation >5 mm in diameter on echocardiography

6. Clinical response within 7 days: there should be resolution of fever, the patient should feel
well, and the appetite should return
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S. bovis Complex

“S. bovis” is the common name used to designate the group D non-enterococcal
streptococci, which are common inhabitants of the intestinal flora of humans. The
taxonomy of the S. bovis/S. equinus complex (herein referred to as “S. bovis com-
plex”) is evolving and currently consists of the following species: S. bovis, S. equinus,
S. gallolyticus, S. infantarius, S. pasteurianus, and S. lutetiensis [32, 61]. The sig-
nificance to the clinician of knowing this nomenclature derives from the association
of “S. bovis” with certain co-morbidities. Lack of awareness of the species that
constitute the complex can lead to underdiagnosis of these serious underlying con-
ditions [62]. Recent epidemiologic data from the International Collaboration on
Endocarditis (ICE) has demonstrated that the proportion of IE due to S. bovis com-
plex is increasing, accounting for 10.9 % of cases before 1989, with a dramatic rise
to 23.3 % of cases after 1989 [63]. Therefore, an understanding of the clinical fea-
tures of S. bovis complex IE is necessary.

The S. bovis complex is very similar to the viridans group streptococci in terms
of virulence and antimicrobial susceptibility, with the possible exception of increas-
ing clindamycin resistance [64], a bacteriostatic antibiotic not routinely used in the
treatment of IE. As such, therapeutic guidelines for these groups of pathogens are
identical [2, 12, 13, 16, 28], shown in Table 9.3.

There are, however, subtle but significant differences in the IE due to S. bovis
complex. These differences can be divided into two categories: IE features, and
associated co-morbidities.

With respect to IE features, studies have demonstrated that patients with this
disease are typically of older age, male predominance, have higher rates of co-
morbid illnesses, with no previously known valve disease [4, 63, 65-67] .
Furthermore, this syndrome has a predilection for the mitral valve, although it can
commonly involve multiple valves [63, 66, 68, 69]. Recently, S. bovis complex IE
has also been found to account for a higher proportion of cases among patients with
prosthetic valves [63]. The data on whether S. bovis complex IE is associated with
more frequent embolic and neurologic complications is conflicting [63, 66—69]. The
rates, however, of early surgical treatment and of mortality did not differ signifi-
cantly when comparing S. bovis complex IE to viridans streptococcal IE -(63, 67,
69, 70).

The major associated comorbidity of S. bovis complex bacteremia is colonic
neoplasm, mainly with S. bovis biotype I (S. gallolyticus subsp. gallolyticus as per
new nomenclature) [62, 63, 69]. Various studies have demonstrated that 25-80 % of
patients with S.bovis complex bacteremia harbor a colorectal tumor [71, 72]. The
mechanism by which this complex of bacteria is related to neoplasia remains to be
elucidated, but bacterial proteins with the potential to induce a chronic infectious or
inflammatory process has been proposed [71]. Nonetheless, the association is well
described enough that all patients with S. bovis complex bacteremia, including IE,
need aggressive evaluation of the gastrointestinal tract, especially the colon, when
clinically feasible [13, 70, 72, 73]. Other conditions possibly associated with these
pathogens include chronic liver disease [69, 74] and various extra-intestinal neo-
plasms [72, 75].
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Nutritionally-Variant Streptococci

The nutritionally-variant streptococci (NVS) were originally identified in 1961 as a
novel strain that exhibited satellitism around colonies of other bacteria [76]. These
bacteria have fastidious growth characteristics, requiring complex media enriched
with vitamin B6 or L-cysteine, as well as pleomorphism and variable Gram-stain
reactions [77]. Recent 16S rRNA gene sequencing studies have demonstrated that the
NVS are two new genera: Abiotrophia (consisting currently of only one species,
A. defectiva), and Granulicatella (composed of G. adiacens, G. balaenopterae, and
G. elegans) [78]. Here, they will be collectively referred to as “NVS”. These bacteria
are members of the normal flora of the oral cavity, as well as the gastrointestinal and
genitourinary tracts [79] and account for approximately 5 % of all cases of streptococ-
cal IE [76, 79]. However, because they are fastidious, it is possible that most previous
cases were misdiagnosed as culture-negative IE, thus underestimating their preva-
lence. Routine modern blood cultures can detect the NVS, usually in 2-3 days [76, 80,
81], although the sensitivity of this method is unknown. Subsequent microbiologic
identification and antimicrobial susceptibility testing should be performed.

Although the CLSI has established a method for antimicrobial susceptibility test-
ing of the NVS, there is a paucity of well-validated data permitting the CLSI to
establish specific interpretive criteria for Abiotrophia or Granulicatella spp. Thus,
currently, interpretive criteria are derived from that for “Streptococcus spp. other
than S. pneumoniae” [77, 82—-84].

NVS IE usually occurs as a result of bacteremia in patients with underlying valve
injury [76]. Although it is generally characterized by a slow and indolent course, it is
usually more severe, and associated with higher morbidity and mortality, than IE due
to viridans streptococci or enterococci [76, 85, 86]. In a review of 30 cases of NVS
IE, the bacteriological failure rate was 41 %, despite the in vitro bactericidal effects
of antibiotics in two-thirds of cases; approximately 27 % of patients required replace-
ment with a prosthetic valve and approximately 20 % of patients developed fatal
CHF or major systemic emboli [76, 86]. The slow growth rate of the bacteria and the
production of large amounts of exopolysaccharide in vivo may account for the diffi-
culties encountered in treatment [85]. Another contributing factor is antimicrobial
susceptibility. When using CLSI (NCCLS) laboratory criteria, almost 50 % of NVS
may not be susceptible to penicillin, although there are species-specific variations in
sensitivities, with A. defectiva being more commonly non-susceptible [76, 77, 82,
87]. Susceptibility testing with aminoglycosides has demonstrated variable sensitivi-
ties [88]. Lack of susceptibility has also been demonstrated with other p-lactams
(e.g. cefazolin, cefotaxime) [77, 82] as well as macrolides (e.g. azithromycin) [77].
Most strains have, however, remained susceptible to clindamycin, rifampin, quino-
lones, and vancomycin [82, 87, 88]. As such, IE due to NVS is treated according to
the recommendations for treating enterococci (see Table 9.4) [13, 36].

S.pneumoniae

In the pre-antibiotic era, S. pneumoniae was responsible for approximately 15 % of
all cases of IE [89]. Since the advent of penicillin, pneumococcal IE has become a
rare illness, causing 1-3 % of all cases of NVE [89, 90]. Despite the availability of
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penicillin, the mortality rate associated with this disease remains high, with case-
fatality rates ranging from 28 % to 60 % [89].

Pneumococcal IE is usually preceded by pneumonia and is most commonly seen
in alcoholic patients [89, 90]. Underlying valvular heart disease is not a prerequisite
for pneumococcal endocarditis [90]. Once IE is established, the course is typically
aggressive, with rapid destruction of valvular tissue and subsequent CHF [89, 91].
As well, this disease has a predilection to form large vegetations on the aortic valve,
predisposing to embolization that can lead to pneumococcal meningitis [89, 91]. In
fact, the triad of pneumococcal pneumonia, complicated by endocarditis and men-
ingitis, is referred to as Osler’s triad as well as Austrian syndrome [89, 90, 92].

Patients with pneumococcal IE may be treated medically or with combined
medical-surgical therapy. Evidence suggests, though, that persons with this disease
be considered for early surgical intervention, as the mortality rate among patients
who received medical therapy alone (63—80 %) was much higher compared to the
mortality rate of patients who received combination therapy (32 %) [90]. This phe-
nomenon was first noticed prior to the high prevalence of penicillin non-susceptibility
among S. pneumoniae that is widely appreciated today.

In the early 1990s, S. pneumoniae strains that had a high level of resistance to
penicillin appeared in the United States [93]. Since then, rates worldwide have gen-
erally demonstrated an increase in penicillin non-susceptible strains (PNSP) [94—
97]. By the end of the 1990s, approximately 25 % of S. pneumoniae stains in the
U.S. demonstrated intermediate- (MIC 0.1-1 pg/mL) or high-level (MIC>2 pg/
mL) resistance to penicillin, with similar trends described globally [98-101].
Furthermore, PNSP isolates have also demonstrated increasing resistance to other
agents, most notably to macrolides, trimethoprim-sulfamethoxazole (TMP-SMX)),
clindamycin, tetracyclines, and chloramphenicol [95, 96, 102, 103]. Fortunately,
these latter antibiotics are not routinely used in the management of IE. Third-
generation parenteral cephalosporins (e.g. cefotaxime, ceftriaxone) and glycopep-
tides (e.g. vancomycin) currently possess significant activity against these multi-drug
resistant pneumococci [100, 104—-107]. Thus, these agents remain the recommended
mainstay of empiric therapy for S. pneumoniae endocarditis as well as definitive
therapy for IE due to intermediate- or high-level penicillin resistance [13, 89] (see
Table 9.5). If vancomycin monotherapy is selected for the management of pneumo-
coccal IE, it is important that the possibility of meningitis be excluded, as there is
concern about the penetration of vancomycin into cerebrospinal fluid in adults
[111]. In patients with S. pneumoniae IE and meningitis, high-doses of a third-
generation cephalosporin should be used [36]. If the isolate is resistant to third-
generation cephalosporins (e.g. cefotaxime MIC >2 pg/mL), then vancomycin and
rifampin should be added [36].

Given the aggressive nature of this disease, including the associated risk of men-
ingitis and the high mortality rates with medical therapy alone, the preferable treat-
ment of patients with pneumococcal IE may be a combined medical-surgical
approach. This recommendation is largely based on a meta-analysis of 197 cases
reported in the English literature of this disease among adult patients in the penicil-
lin era [89]. The mortality rate among 91 patients treated with antibiotics alone was
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62 %, compared to 32 % among 37 patients managed with a combined modality
approach. Similar studies with smaller samples sizes of patients with definite pneu-
mococcal IE support this suggestion [112, 113]. The optimal timing of surgical
intervention in this disease remains unknown; perhaps trans-esophageal echocar-
diography (TEE) may play a role. The optimal duration of antimicrobial therapy,
either alone or after surgical intervention, also remains unclear, but 4-6 weeks is
recommended [13, 89].

The role of pneumococcal vaccination in providing primary protection against
pneumococcal IE is unknown. In one study, S. preumoniae IE developed in two
patients who had been previously immunized: one patient developed disease due
to a serotype that was represented in the vaccine, whereas the second patient had
a history of alcoholism and chronic obstructive pulmonary disease and developed
IE due to a strain that was not serotyped [113]. Although no conclusion can be
made regarding the efficacy of immunization in primary prevention, it is impor-
tant to note the possibility of developing pneumococcal disease (endocarditis or
otherwise) despite a history of vaccination, as most people develop a humoral
response to only ~75 % of the antigens in the vaccine [89]. Recurrence of disease
is extremely rare [114] and so the role of immunization for secondary prevention
is unknown.

p-Hemolytic Streptococci

IE due to B-hemolytic streptococci (BHS) is extremely uncommon, accounting for
<5 % of cases [115]. The major pathogens are groups A (S. pyogenes), B (S. agalac-
tiae), C, and G, with group B being the most common cause of BHS IE [115, 116].

The typical clinical characteristics is one of an acute infection, often occurring
on normal heart valves, producing large valvular vegetations, and frequently com-
plicated by embolic phenomena [115, 116]. Most patients have underlying condi-
tions, including diabetes mellitus, malignancy, chronic alcoholism/cirrhosis,
varicella, and HIV [116, 117].

Few studies have been published regarding the optimal treatment of this uncom-
mon condition. Because penicillin resistance by the BHS remains uncommon, it
remains the cornerstone of therapy, and is recommended as monotherapy in Group
A streptococcal IE in patients that do not have allergy to this antibiotic [12, 13]. For
the remaining BHS (Lancefield groups B, C and G), for which the penicillin MICs
can be higher than for Streptococcus pyogenes (group A), there is some evidence
regarding the benefit of combined therapy (i.e. penicillin with an aminoglycoside),
which is therefore recommended [12, 13]. The antibiotic regimens for the treatment
of BHS IE are provided in Table 9.5. The duration of antimicrobial therapy remains
ill-defined. Recommendations of 4 weeks for Group A streptococcus and 4-6 weeks
for Groups B, C, and G streptococci have been made, in the absence of any compli-
cations [53]. Microbiological evidence of sterilization of excised cardiac valves
after 4 weeks of a -lactam, with or without aminoglycoside for the first 2 weeks,
supports this recommendation [118].

A significant proportion (50-60 %) of patients have required adjunctive surgical
intervention [115, 116]. The most frequent indication for cardiac surgery was acute
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valve insufficiency. The authors of the two largest series to date on BHS IE believe
that a more aggressive surgical intervention is associated with diminished mortality
rates, although the benefit of surgery could not be clearly demonstrated [115, 116].
Nonetheless, consultation with a cardiac surgeon should be considered early in the
course of management.

Enterococcal NVE

Enterococci account for 5-15 % of cases of NVE and is usually due to E. faecalis
or E. faecium [4, 13, 119]. Treatment of enterococcal infections in general, and
NVE in particular, is made difficult due to the mechanisms of resistance possessed
by these pathogens, which can be divided into three categories: inherent (or intrin-
sic) resistance, tolerance, and acquired resistance. The inherent mechanisms of
resistance are, by definition, species characteristics present in all or most of the
strains of that species and are encoded on the chromosome [120]. Tolerance is
defined as delayed or decreased bactericidal killing by growth-inhibiting concentra-
tions of bactericidal compounds [121]. As mentioned before, a strain is defined as
“tolerant” when the MBC/MIC ratio is >32. Acquired resistance occurs either from
a mutation in the existing DNA or, more clinically relevant, from acquisition of new
DNA.

Enterococci are inherently resistant to certain f-lactams, specifically the semi-
synthetic penicillinase-resistant penicillins (e.g. oxacillin, nafcillin) and cephalo-
sporins, as well as to lincosamides (e.g. clindamycin), traditional antimicrobial
agents used for Gram-positive cocci [120, 122]. Furthermore, enterococci are intrin-
sically resistant to trimethoprim-sulfamethoxazole (TMP/SMX) in vivo, aminogly-
cosides (low level), and aztreonam [120, 123]. The mechanisms responsible for this
natural resistance are diverse and have permitted the emergence of the enterococci
as major pathogens.

Intrinsic resistance to the aforementioned f-lactams is due to the presence of
specific penicillin binding proteins (PBPs) with poor affinity to these antibiotics
[120]. Low-affinity PBPs are multifunctional enzymes that can catalyze complete
peptidoglycan synthesis under conditions in which all the other normal PBPs are
inhibited by f-lactams [124]. In the enterococci, PBP-5 is the predominant low-
affinity PBP. It is a normal component of the enterococcal PBP repertoire and is
constitutively expressed, thereby allowing bacterial cell survival in the presence of
semi-synthetic penicillins and cephems.

Lincosamide antibiotics include lincomycin, naturally produced by actinomy-
cetes, and clindamycin, a semi-synthetic derivative of lincomycin. The enterococci
are inherently resistant to clindamycin [120, 123], although there are several mecha-
nisms by which this occurs. For example, E. faecalis, the predominant clinical spe-
cies, is characterized by the LSA phenotype, defined as resistance to not only the
Lincosamides, but also to Streptogramins A (dalfopristin, pristinamycin II, virgin-
iamycin M) [125]. This phenotype is mediated by the Isa gene, which encodes for a
protein that has structural homology to antibiotic efflux pumps of other
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Gram-positive organisms [126]. There are two other major mechanisms by which
the enterococci have developed lincosamide resistance. One method is by a ribo-
somal methylase encoded by an ermAM-like gene. This enzyme leads to N6 dimeth-
ylation of a specific adenine in the 23S rRNA, which confers resistance to
lincosamides, but also to macrolides and to streptogramin B antibiotics; this pheno-
type is designated MLSb [127, 128]. Acquired resistance can also occur via the
dissemination of the /inB gene, which encodes for lincosamide nucleotidyltransfer-
ase that leads to inactivation of such antibiotics [127].

TMP/SMX is considered to not be an effective antibiotic for the treatment of
enterococcal infections, even though it demonstrates in vitro activity [129].
Treatment failures have been demonstrated in both animal models of endocarditis
and in the clinical setting of urinary tract infections [130, 131]. The proposed expla-
nation as to why this combination is not effective is related to the ability of the
enterococci to incorporate pre-formed folic acid, which enables them to bypass the
inhibition of folate synthesis imposed by TMP/SMX [120].

Low level aminoglycoside resistance (LLAR) is an inherent property of entero-
cocci. High level aminoglycoside resistance (HLAR) is an acquired characteristic
and is discussed below. There are two major mechanisms conferring LLAR: First is
decreased bacterial cellular uptake, seen in all enterococci [120]. The means by
which enterococci are able to limit aminoglycoside uptake relate to the biochemical
characteristics of the aminoglycosides, as well as to bacterial metabolism [132]. As
aminoglycosides are charged, hydrophilic molecules, they are unable to efficiently
cross the lipid-containing cell membrane of enterococci to reach their ribosomal
target. Additionally, the anaerobic metabolism of enterococci results in poor active
transport of these antibiotics into the cells.

The other method of LLAR is seen only in E. faecium and occurs via inactivation
of certain aminoglycoside antibiotics (tobramycin, netilmicin, kanamycin, and sis-
micin) by a chromosomally-encoded enzyme [120]. This additional method explains
the differences in MICs of these aminoglycosides seen for E. faecalis when com-
pared to E. faecium. The typical MIC of tobramycin for E. faecalis is in the range of
8—64 mg/L; that of kanamycin is in the range of 250 mg/L [120]. The MICs of
tobramycin and kanamycin for E. faecium, however, are higher [115]. This resis-
tance pattern is attributed to the production of an aminoglycoside 6’-acetyltransfer-
ase (AAC-6) enzyme [132]. The clinical consequence of this enzyme is that
combinations of a cell wall active agent with one of these aminoglycosides (tobra-
mycin or kanamycin) will fail to demonstrate synergism against E. faecium.
Synergism, or enhanced killing, for the enterococci is defined as a >2-log, increase
in killing versus the effect of the cell-wall active agent alone when the aminoglyco-
side is used in a subinhibitory concentration [120]. However, synergy is maintained
if the aminoglycoside that is used is either gentamicin or streptomycin.

As a consequence of these inherent mechanisms of resistance, the above-
mentioned antibiotics possess no bactericidal nor bacteriostatic activity against the
enterococci. In addition, the majority of Enterococcus spp. demonstrate “tolerance”
to various cell wall active agents, whereby cell growth is inhibited at clinically
achievable concentrations, but not cell death. The major antibiotics with such



202 D.C.Vinh and J.M. Embil

properties are penicillin, aminopenicillins (amoxicillin, ampicillin), and glycopep-
tides (teicoplanin, vancomycin). Ampicillin generally has lower MICs than penicil-
lin, and thus may be the preferred agent [123, 133]. Ampicillin MICs for E. faecalis
generally are 0.5-4.0 pg/mL, whereas for E. faecium, the MICs are typically 4-8 pg/mL
[123]. The ureidopenicillins (azlocillin, mezlocillin, piperacillin) have approximately
the same activity against enterococci as penicillin and ampicillin [133]. This bacte-
riostatic effect is suboptimal in the management of infective endocarditis, which
classically requires a bactericidal regimen. Such an effect can be achieved by the
combination of gentamicin or streptomycin to one of these cell wall active agents.

The mechanism of tolerance of enterococci to B-lactams remains unclear, but is
clearly distinct from resistance, demonstrated by the fact that each feature can be
elicited independently among E. faecalis strains exposed in vitro to penicillin [134].
It has been suggested that tolerance may be associated with changes in the autolysis
system [135]. B-lactam-induced lysis of bacteria is the consequence of inhibition of
biosynthesis of peptidoglycan, as well as to hydrolysis of cell walls by bacterial
autolytic enzymes. It has been shown that an increase in autolytic activity among
clinical enterococcal isolates correlated with increased penicillin-induced lysis and
killing [135]. Conversely, E. faecalis strains with reduced or absent autolytic activ-
ity were less susceptible to penicillin [136]. However, neither modification of one
enterococcal autolysin gene, nor alteration of its expression, resulted in any signifi-
cant change in MIC or in tolerance to B-lactams [137]. As such, tolerance to 3-lactam
remains a poorly understood phenomenon.

Because of the limited antimicrobial options, optimal management of ampicillin-
susceptible enterococcal NVE should involve the addition of an aminoglycoside
(i.e. gentamicin or streptomycin) to a cell wall active agent (i.e. ampicillin or glyco-
peptides). This combination results in a synergistic bactericidal activity related to
the fact that cell-wall active agents markedly increase the penetration of aminogly-
cosides into the bacterial cell, allowing binding to its ribosomal target [138].
Alternatively, if aminoglycoside therapy is contraindicated (e.g. potential worsen-
ing of renal insufficiency), prolonged treatment with a B-lactam, classically ampicil-
lin, while maintaining the serum antibiotic concentration above the MIC of the
isolate, may be sufficient (see Table 9.4).

Unfortunately, acquired antimicrobial resistance to aminoglycosides and to cell
wall active agents has complicated the management of this disease. High-level ami-
noglycoside resistance, currently defined by CLSI/NCCLS as an MIC of streptomy-
cin >2,000 pg/mL (by agar dilution) or >1,000 pg/mL (by broth dilution) or an MIC
of gentamicin >500 pg/mL, was first described in 1979 [139]. Rates have increased
worldwide, with prevalence as high as ~75 % [140], and it is particularly common
among strains of E. faecium [141] . The mechanism of this resistance is related to
the presence of aminoglycoside-modifying enzymes, some of which are located on
transferable plasmids [142, 143]. A bifunctional enzyme (2”-phosphotransferase-
6’-acetyltransferase) mediates high-level gentamicin resistance, as well as resis-
tance to tobramycin, amikacin, netilmicin, and kanamycin [122, 133]. Streptomycin
resistance, however, is mediated by completely different mechanisms. It occurs as a
result of ribosomal resistance, in which there is alteration of ribosomal target sites,
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or by streptomycin adenyltransferase, which modifies and inactivates aminoglyco-
sides [144]. Because gentamicin and streptomycin resistance may differ among
Enterococcus spp., aminoglycoside screening should include tests for high-level
resistance to both of these aminoglycosides. If one of these antimicrobials demon-
strates lack of HLAR, it should be used, if the clinical situation permits. If NVE is
due to an Enterococcus spp. with HLAR to both aminoglycosides, absence of syn-
ergism with a cell-wall active agent can be predicted. As there is no clinical efficacy
to using such agent in these situations, and with the inherent risks of aminoglyco-
sides, monotherapy with a cell-wall active agent should be employed.

Acquired ampicillin resistance has compromised the management of enterococ-
cal infections. The two clinically major species each have their own mechanism
mediating such resistance. P-lactamase production is exclusively described in
E. faecalis; this enzyme is felt to have been acquired from S. aureus via a transfer-
able plasmid [120, 123]. B-lactamase production occurs at low levels and produces
an “inoculum effect”, such that at low to moderate inocula (10°~10° CFU/mL), there
is only a minor increase in MIC and such penicillinase-producing enterococci usu-
ally appear no more resistant than other enterococci [122]. However, at high inocula
(=107 CFU/mL), when sufficient enzymes are produced, such strains are highly
resistant to penicillin, aminopenicillins, and ureidopenicillins [122]. As a result of
this inoculum effect, f-lactamase mediated penicillin resistance is not detected by
routine disk susceptibility testing [120]. In the clinical laboratory, hydrolysis of the
chromogenic cephalosporin, nitrocefin, is the definitive test for f-lactamase produc-
tion [133]. The activity of the penicillinase is inhibited by p-lactamase inhibitors
(i.e. clavulanic acid, tazobactam, sulbactam) [122]. Although there have been
reports of clinical infection with pB-lactamase producing E. faecalis [141], it does
not appear that this mechanism of resistance is a major virulence factor among
enterococci [145, 146].

Non-f-lactamase producing, ampicillin-resistant enterococci is usually E. faecium.
The mechanisms of this resistance appear to be overproduction of the naturally
present PBPS, as well as amino acid substitutions in PBP5 resulting in a further
decrease in affinity to f-lactams [122, 123, 145, 146]. Acquisition of this form of
f-lactam resistance accounts for the majority of clinically relevant isolates.

In the face of p-lactam resistance, the only therapeutic options, until recently,
were the glycopeptides (vancomycin, teicoplanin). These antibiotics function by
binding to the terminal D-alanyl-D-alanine present on the pentapeptide side chains
of the peptidoglycan precursors, inhibiting peptidoglycan synthesis. In North
America, vancomycin is the only glycopeptide currently commercially available
and is recommended as the drug of choice for serious enterococcal infection only in
cases of significant penicillin allergy or in the treatment of ampicillin-resistant
strains. Vancomycin, when combined with gentamicin or streptomycin, does dem-
onstrate synergism against Enterococcus spp. in vitro and in vivo [133]. Vancomycin
should not, however, be used for ampicillin-susceptible strains, as it usually has
higher MICs against enterococci than ampicillin [147]. As well, there is concern
that careless overuse of vancomycin contributes to the emergence of vancomycin-
resistant pathogens.



204 D.C.Vinh and J.M. Embil

Glycopeptide resistance is an emerging problem. First described in the 1980s,
vancomycin-resistant enterococci (VRE) have become an important nosocomial
pathogen globally. The most common phenotype of resistance, vanA, is associ-
ated with acquired, inducible, high-level resistance to vancomycin (MIC > 64 pg/mL)
and to teicoplanin (MIC > 16 pg/mL) [129]. The vanA phenotype is mediated by
genetic elements that are carried on a transposon (Tn/546) and is transferable to
other susceptible enterococci by conjugation [123]. Other acquired glycopeptide-
resistant phenotypes have been also been characterized, including vanB, as well
as vanD, vanE and vanG, which are much less common. The vanB phenotype,
which is chromosomally mediated, inducible and transferable by conjugation,
mediates inducible resistance to vancomycin, but not to teicoplanin [129].
However, the development of teicoplanin resistance occurs rapidly during anti-
biotic exposure. Bloodstream infection with VRE can be very difficult to treat
because there may be concomitant ampicillin resistance, as seen with virtually
all E. faecium [123]. Vancomycin resistant E. faecalis, however, usually remains
susceptible to ampicillin. Furthermore, a recent retrospective case-control study
demonstrated that patients with bacteremia caused by VRE were more likely
to die than were those with vancomycin-susceptible enterococcal bacteremia,
with a summary odds ratio for death of 2.52, and a 95 % confidence interval of
1.9-3.4 [148].

In face of glycopeptide resistance, treatment of VRE poses significant challenge.
Fortunately, VRE endocarditis remains relatively uncommon, with no local,
national, or international incidence rates reported in the English literature. For VRE
infections in general, three classes of antibiotics have been approved: the strepto-
gramins, the oxazolidinones, and the cyclic lipopeptides.

Among the approved streptogramin class of antibiotics is quinupristin/dalfopris-
tin (Q/D, Synercid®, Aventis Pharmaceuticals, Inc.). It is a parenteral antibiotic that
is structurally related to the macrolides and lincosamides. Its mechanism of action
is inhibition of early (peptide chain elongation) and late stages of bacterial protein
synthesis [149]. Interestingly, Q/D demonstrates good in vitro activity against
E. faecium, with MIC,, of 1-2 pg/mL, but very poor activity against E. faecalis, the
predominant enterococcal pathogen, with MICy, of 8—16 pg/mL [149]. The reason
for this difference in activity is likely due to decreased 50S bacterial ribosomal
binding of Q/D in E. faecalis [149]. In in vitro studies, Q/D is bactericidal for VRE
[149]. However, in time-kill studies, Q/D demonstrates only bacteriostatic activity;
this difference in effect is due to the expression of the MLS,, phenotype (described
previously), which encodes for the methylation of the 23S ribosomal binding site
[149, 150]. Q/D-resistance has been reported among clinical VRE isolates, ranging
from <10 % to 22 % [150]. Furthermore, emergence of Q/D-resistance while on
therapy has also been described. Clinical failure with Q/D has been reported with
VRE endocarditis [151, 152].

Linezolid (LZL, Zyvox™, Pfizer Inc.) is the only currently available oxa-
zolidinone. It is prepared as a parenteral or as an oral formulation, with the latter
having 100 % bioavailability [153]. LZL functions by binding to the 23S ribo-
somal RNA of the 50S subunit on the bacterial ribosome, thus inhibiting protein
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synthesis [153]. By virtue of its unique action, cross-resistance to LZL has not
been reported among enterococci that have developed resistance to other antibi-
otics [154]. LZL has shown consistent bacteriostatic activity against vancomy-
cin-susceptible and vancomycin-resistant E. faecium and E. faecalis. In murine
models [155] and in clinical reports [156, 157], LZL was effective in the treat-
ment of VRE bacteremia. It has also been reported to be effective for VRE
endocarditis [158-161], although not consistently [156]. Furthermore, resis-
tance to LZL has developed among VRE in patients receiving the drug for an
extended period of time, typically >3 weeks [162—164]. This issue raises some
concerns about its use as monotherapy in VRE endocarditis, which typically
requires a prolonged course of antimicrobial therapy. Ideally, synergism can be
achieved when combined with other antimicrobials. However, using the stan-
dard checkerboard assay to determine the fractional inhibitor concentrations
(FIC) indices, LZL primarily demonstrated in vitro indifference (i.e. no syn-
ergy) against Enterococcus spp. when assessed in combination with other anti-
microbials [165]. Consequently, the role of LZL in VRE endocarditis remains
unestablished.

Daptomycin (Cubicin®, Cubist Pharmaceuticals) is the only currently available
cyclic lipopeptide. Its mechanism of action involves the calcium-dependent inser-
tion of the compound into the bacterial cytoplasmic membrane, with subsequent
alteration of membrane integrity and transmembrane potential [166] Daptomycin
exhibits concentration-dependent bactericidal activity against a broad spectrum of
Gram-positive organisms, including drug-resistant strains, such as VRE (and
MRSA, see below). One of the initial reports of daptomycin for the treatment of
VRE bacteremia showed moderate success in a retrospective analysis of case reports
from two centers; the moderate success rate (45 %) was, in retrospect, likely attrib-
utable in part to the “low dose” of daptomycin used (4—6 mg/kg IV), the approved
dose for skin and soft tissue infections or S. aureus bacteremia [167]. Similar results
were noted upon analysis of the Cubicin Outcomes Registry and Experience
(CORE) 2004 database, which was a retrospective observational chart review of the
cases of patients receiving daptomycin for any indication in 45 US institutions
[168], as well as other retrospective studies [169] Subsequent analysis of the CORE
database, updated to 2007, demonstrated improved outcomes in VRE infections
with doses of daptomycin of 8 mg/kg or higher, although the composition of bacte-
remias/endocarditis due to VRE were not detailed. This post-marketing surveillance
data suggesting that higher daptomycin doses may be safe and efficacious was cor-
roborated in multicenter, retrospective observational case series [170]. The rationale
for why higher doses of daptomycin may be required for the optimal treatment of
such serious infections is based on the observation that daptomycin MICs for
Enterococcus species are typically higher than those for other Gram-positive organ-
isms (0.5-4 vs 0.25-1 mg/L) [170]. On the other hand, there have been reports of
unsatisfactory outcomes of daptomycin monotherapy for serious enterococcal
infections [171] suggesting that daptomycin may need to be combined with other
antimicrobials for clinical cure, although clinical evidence to support this hypothe-
sis is currently limited.
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Staphylococcal NVE

Staphylococcal NVE may be caused by S. aureus or by coagulase-negative staphy-
lococci (CoNS, e.g. S. epidermidis). It had been previously believed that S. aureus
caused primarily NVE, while CoNS caused primarily prosthetic-valve endocarditis
[36]. Recent, large-scale epidemiologic studies, however, have demonstrated the
changing epidemiology of staphylococcal NVE.

S.aureus

S. aureus endocarditis occurs in four clinically distinct populations [172]: intrave-
nous drug users (IVDUs); patients with prosthetic valves; patients with health-care
acquired (nosocomial or nosohusial) endocarditis; and non-IVDU patients with
community-acquired endocarditis. This chapter will focus on the latter group, as the
former groups are discussed in other chapters.

Recent studies have demonstrated that S. aureus has become the leading cause of
endocarditis, accounting for approximately 30 % of cases [172, 173]. Of these,
approximately 87 % are NVE [172]. Although a large proportion of cases of
S. aureus IE are community-acquired [174, 175], there is an increasing prevalence
of healthcare-associated disease, owing in part to the growing use of interventional
procedures and implantable devices [173]. Community-acquired S. aureus NVE
may involve right-sided and/or left-sided cardiac structures. Right-sided disease
typically has high cure rates with relatively short-course medical therapy alone [36].
In non-IVDU, S. aureus predominantly involves the left-side and is associated with
mortality rates ranging from 25 % to 50 % [2, 5]. S. aureus NVE is also associated
with higher rates of embolization (cerebrovascular and systemic) and persistent
bacteremia when compared to NVE due to other pathogens [173, 176].

The management of S. aureus infections in general, and NVE in particular, has
become increasingly difficult owing to evolving mechanisms of antibiotic resis-
tance. Penicillin was introduced into clinical practice in 1941 and it was demon-
strated to be an effective anti-staphylococcal agent. Within 1-2 years of its
introduction, however, highly penicillin-resistant isolates of S. aureus were found
[177]. The mechanism of resistance is due to acquisition of a plasmid-mediated
penicillinase. Penicillin resistance propagated rapidly, and currently, >95 % of
S. aureus strains are resistant to penicillin [178]. However, in the rare instance
where an isolate responsible for IE is susceptible to penicillin, it should be used in
high-doses (e.g. penicillin G 24 million units/day iv) (Table 9.6).

The emergence of penicillin-resistant S. aureus during the 1940s prompted the
development of a new class of penicillins that were specifically targeted against
these penicillin-resistant strains. The first representative of this class, methicillin,
was introduced in 1951. By the mid-1950s, however, methicillin-resistant strains of
S. aureus (MRSA) were prevalent. This resistance is mediated by the production of
an alternate penicillin-binding protein, termed PBP-2a, which is encoded by the
mecA gene [179]. PBP-2a has low affinity for p-lactams, thus allowing synthesis of
the bacterial cell wall despite the presence of normally-lethal p-lactam concentra-
tions [180]. In addition to mediating resistance to methicillin (and other
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semi-synthetic penicillinase-resistant penicillin), it also provides resistance to ceph-
alosporins, cephamycins, and carbapenems [168]. The mecA gene is encoded on a
mobile genetic element, the staphylococcal chromosomal cassette mec (SCCmec),
which also contains insertion sites for plasmids and transposons that facilitate
acquisition of resistance to other antibiotics. Consequently, cross-resistance to other
classes of antibiotics, such as erythromycin, clindamycin, gentamicin, trime-
thoprim-sulfamethoxazole (TMP/SMX), and ciprofloxacin may occur [180].
Although MRSA was typically considered a nosocomial pathogen, typing of
SCCmec has identified community-associated MRSA strains (CA-MRSA) that are
distinct from the hospital strains in pathogenicity and antimicrobial susceptibility
[181]. Although the majority of MRSA strains causing IE are healthcare-associated
[182], IE due to CA-MRSA has also been reported [183]. There is some evidence to
suggest that infections with MRSA are associated with increased morbidity and
mortality, when compared to infections with methicillin-susceptible S. aureus
(MSSA) [184, 185]; this association has also been demonstrated in endocarditis
[172, 174, 186]. There is some concern, however, that the increased mortality asso-
ciated with MRSA infections may be biased by confounding variables, such as
length of hospitalization [187] or severity of illness [188]; in other words, the colo-
nization/infection with MRSA represents a surrogate marker of increased length of
hospitalization, which, in turn, is a reflection of multiple or severe comorbidities.
This latter factor may, in fact, be the principle reason for the higher mortality rates.

The treatment of choice for MRSA, both nosocomial and community-acquired,
is the glycopeptide class of antimicrobials. In North America, vancomycin is the
glycopeptide commercially available (Table 9.6). Teicoplanin has been used in
other parts of the world. At appropriate doses, the efficacy of these glycopeptides in
the management of S. aureus IE is comparable [189]. However, the efficacy of the
glycopeptides is inferior to that of the p-lactams for the management of IE with
S. aureus isolates that demonstrate in vitro susceptibility to both classes of antimi-
crobials [188, 190, 191]. This inferiority is reflected in a delayed clearance of bac-
teremia (i.e. >6 days), higher rates of treatment failure, and higher rates of relapse
[192-194]. These effects are due to vancomycin’s suboptimal pharmacokinetics
(i.e. poor vegetation penetration) and pharmacodynamics (i.e. slower in vitro bacte-
ricidal effect [195]) when compared to B-lactams. Thus, in IE with MSSA, p-lactams
are the drug of choice.

Increasingly in some parts of the world, strains of S. aureus with decreased sus-
ceptibility to vancomycin have been recognized. These isolates are inhibited by
vancomycin concentrations of 4-8 pg/mL, which is interpreted as “intermediate
susceptibility” by CLSI (formerly NCCLS) criteria). Despite this in vitro classifica-
tion, infections caused by these vancomycin-intermediate S. aureus (VISA) strains
have not responded well clinically when treated with vancomycin, including cases
of endocarditis [196—198]. These strains appear to develop from pre-existing MRSA
strains under the selective pressure of prolonged and/or suboptimal administration
of vancomycin [199, 200]. In addition to VISA, there has also been increased rec-
ognition of heterogeneously vancomycin-intermediate S. aureus (h-VISA) strains;
these are strains of S. aureus containing sub-populations of vancomycin-resistant
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daughter cells, typically at a rate of 1 organism per 10°-10° organisms, for which the
apparent vancomycin MICs of the parent strain are only 1-4 mg/L (i.e. susceptible)
[201]. These sub-populations typically have MICs that are two to eightfold higher
than that for the original clinical isolate. The clinical significance of h-VISA iso-
lates remains to be fully elucidated. It has been reported in association with IE [196,
202]. As well, evidence suggests that infections with such strains are associated
with clinical evidence of vancomycin treatment failure (defined as persistent fever
and bacteremia for >7 days after commencement of vancomycin therapy) with high
bacterial load infection [203], although another study found that heteroresistance is
not a common cause of persistent or recurrent bacteremia [204]. Therefore, further
studies are required to determine the frequency of h-VISA in endocarditis, as well
as the significance of heterogeneity in its management.

In addition to VISA and h-VISA, there have been reports of infections with
strains of S. aureus that demonstrate complete resistance to vancomycin, currently
defined as an MIC of vancomycin >32 pg/mL [205]. These vancomycin-resistant
S. aureus (VRSA) strains remain, thankfully, relatively uncommon in the clinical
setting. VRSA strains appear to differ from VISA strains with respect to their mech-
anisms of resistance. VISA strains undergo changes in peptidoglycan synthesis
after prolonged vancomycin exposure, resulting in an irregularly-shaped, thickened
extracellular matrix on electron microscopy [206]. There is also decreased cross-
linking of the peptidoglycan strands, which allows increased exposure of D-Ala-D-
Ala residues [207]. These residues bind and sequester vancomycin outside the cell
wall, blocking its effect within the cytoplasmic membrane. VRSA strains, on the
other hand, develop vancomycin resistance via the acquisition of the vanA operon,
presumably from surrounding vancomycin-resistant E. faecalis [207, 208]. These
isolates produce cell wall precursors with D-Ala-D-Lac, instead of D-Ala-D-Ala,
that have low affinity for vancomycin, conferring resistance.

Isolated right-sided NVE accounts for only 5-10 % of cases of infective endocardi-
tis [209]. The majority of cases occur in patients with IVDU, but 5-10 % of cases occur
in nonusers [210-212]. The major pathogen is S. aureus [209, 212, 213]. A previous
major cause was rheumatic tricuspid valve disease. With medical progress, it is pre-
dominantly occurring as a complication of other cardiac anomalies, as well as from
central venous/intracardiac catheterization [209, 214]. Of course, it can also occur as a
component of multi-valvular IE [215]. The majority of the clinical literature on the
management and prognosis of isolated right-sided S. aureus NVE has been extrapo-
lated from the experience in patients with [IVDU, which is discussed in Chap. 3.

The symptoms of isolated right-sided S. aureus NVE is predominated by non-
specific constitutional symptomes, i.e. fever, chills, night sweats, and malaise, which
may contribute to a delay in diagnosis. The major reason for seeking medical atten-
tion is the development of respiratory symptoms (e.g. dyspnea, pleuritic chest pain,
productive cough, hemoptysis), usually the result of septic pulmonary emboli [212].
One study suggests that the triad of recurrent pulmonary events, anemia, and micro-
scopic hematuria (termed “the Tricuspid syndrome”) should raise clinical suspicion
of tricuspid valve endocarditis [209]. Typically, there is a paucity of cardiac signs
and symptoms, although right-sided congestive heart failure may occur.
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Isolated right-sided S. aureus NVE has a low mortality. Relatively-abbreviated
courses of medical therapy alone produces cure rates >90 % [216]. In the absence
of any intracardiac or extra-pulmonary metastatic disease, right-sided NVE with
MSSA may be successfully treated with as little as 2 weeks of a variety of intrave-
nous anti-staphylococcal therapies, typically a penicillinase-resistant penicillin with
or without an aminoglycoside (e.g. nafcillin plus tobramycin) [217-219]. An alter-
native successful regimen has been ciprofloxacin (iv then oral) plus oral rifampin
for 4 weeks [220, 221]. It should be remembered, however, that this literature is
based on the experience in patients with IVDU, where such regimens produced a
relapse rate of ~6 % [195, 222], necessitating prolongation of treatment (e.g. to
4 weeks) for cure. Furthermore, such short-course regimens may not be appropriate
in patients with cardiac or extra-cardiac complications, fever lasting >7 days, or
advanced HIV infection (i.e. CD4 count <200 cells/mm?) [223].

In right-sided NVE due to MRSA, vancomycin is currently the standard treat-
ment, typically at doses of 30 mg/kg/24 h in divided doses, with monitoring of
serum levels [195, 223]. The efficacy of vancomycin treatment for MRSA IE, how-
ever, is less than that for f-lactams for MSSA IE, even in the management of right-
sided disease [195]. As such, when vancomycin needs to be used, a more prolonged
course of intravenous therapy is required. In a retrospective review of 300 cases of
S. aureus right-sided NVE, chiefly composed of IVDUs, a 28-day course of vanco-
mycin was adequate for most patients, producing a cure rate of ~70-80 % [195].
However, when compared to treatment with f-lactams, the use of vancomycin was
associated with delayed clearance of bacteremia and higher rates of complications.

Most of the experience with S. aureus right-sided NVE is based on patients with
IVDU and suggests that valve replacement is rarely indicated. Surgery should, how-
ever, be considered in patients with vegetations >1.0 cm, as these patients are at
increased risk for developing new-onset and recurrent emboli [214], right-sided
heart failure [224]. Vegetations >2.0 cm are associated with increased risk of death
[225]. Persistent fever, clinically-evident right-sided heart failure [213], or increased
right ventricular end-diastolic dimension by echocardiography [224] have also
defined sub-groups of patients who subsequently required valvular surgery. The
occurrence of septic pulmonary emboli, despite antimicrobial therapy, is not consid-
ered an indication for surgery if the patient is clinically improving [223, 226, 227].
It should be noted, however, that the experience with surgical intervention in non-
IVDU patients with this infection is limited.

In general, tricuspid valve replacement has been avoided in patients with right-
sided IE because of the high likelihood of contamination of the prosthetic valve with
ongoing IVDU. In patients without drug use, this fear should not preclude such
intervention. Alternatively, vegetectomy (i.e. excision of the vegetation only) or
tricuspid valvuloplasty can be performed. However, the preferred type of surgery
remains to be determined.

Left-sided S. aureus NVE is by far more common than right-sided infection.
Furthermore, it is a more virulent disease. The overall mortality rate for this infec-
tion ranges from 20 % to 65 % [216]. Even when diagnosed correctly and managed
with appropriate antimicrobial therapy, the complication rate ranges from 20 % to
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50 % [216]. Congestive heart failure is the most common complication, and it por-
tends a poor prognosis. Neurologic manifestations occur in 20-35 % of patients
[172, 228]. These typically occur early in the disease, either before or shortly after
the administration of antibiotics [229]. Recurrent emboli are infrequent if the infec-
tion is adequately controlled with antimicrobial therapy [228, 229]. Neurological
complications are accompanied by high mortality rates. Therefore, rapid diagnosis
and initiation of antimicrobial therapy may still be the most effective means to pre-
vent neurologic complications.

Antimicrobial therapy, for reasons discussed previously, should include a
B-lactam when possible (Table 9.6). For the uncommon situation caused by
penicillin-susceptible S. aureus, benzyl penicillin at maximal doses is the preferred
agent. The treatment of choice for MSSA NVE is a penicillinase-resistant semi-
synthetic penicillin (e.g. cloxacillin 2 g intravenously every 4 h). Although for other
types of S. aureus infections, such as cellulitis, first-generation cephalosporins have
proven useful as alternatives, the use of such agents (e.g. cefazolin) in the treatment
of MSSA NVE is with caution. There have been three previously reported cases of
cefazolin failure in patients with such infection. The infecting strain isolated pro-
duced f-lactamase type A, which has very high rates of cefazolin hydrolysis.
Furthermore, these strains produced high amounts of the enzyme. As such, these
isolates demonstrated high MICs to cefazolin. In the context of a cardiac vegetation,
where the number of residing organisms can be as high as 10!° CFU/g of tissue,
Nannini and colleagues propose that an inoculum effect mediated clinical failure
[18]. That is, the high quantity of bacteria results in the production of large amounts
of enzyme with inherently augmented cefazolin hydrolysis rates, leading to inacti-
vation of the drug and persistence of the infection. As such, the authors caution that
cefazolin usage for treatment of MSSA NVE may be associated with clinical fail-
ure. It is unclear what the frequency of such isolates is in clinical practice. Therefore,
semi-synthetic penicillins (or penicillin itself) should be used whenever possible. In
the absence of any complications, 4 weeks of therapy is usually sufficient [13, 36].

The addition of aminoglycosides to p-lactams produces an enhanced bactericidal
effect in vitro, as well as in a rabbit experimental model of endocarditis. However,
several clinical studies have failed to demonstrate a clinical benefit, as evidence by
equivalent efficacy of cure rates when compared to f-lactam monotherapy, when the
total length of therapy was 4—-6 weeks. There was demonstration, though, that com-
bination therapy did result in significantly faster clearance of bacteremia, but this
did not correlate with a more rapid clinical response, as both groups of patients were
febrile for approximately the same length of time. There was, however, an increased
incidence of nephrotoxicity in the group receiving the aminoglycoside. As such, the
use of aminoglycosides (e.g. gentamicin) in the management of MSSA NVE should
be limited [230]. The BSAC does not recommend it use in this setting [13], whereas
the AHA recommends that if it is used, it be done only for the first 3-5 days of
therapy for left-sided disease [36]. Furthermore, the latter group recommends regu-
lar administration of gentamicin, such as two- or three-times daily, rather than once-
daily therapy, with a total daily dose not to exceed 3 mg/kg in patients with normal
renal function.
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For MRSA NVE, vancomycin remains the first line recommendation. However,
it may be associated with suboptimal outcomes [193, 194]. Optimization of dosage
to achieve a 1-h serum peak concentration of 30-45 pg/mL and trough concentra-
tion of 10-15 pg/mL have been recommended [36], although higher trough serum
vancomycin concentrations of 15-20 mg/L are currently recommended [13, 231].
The BSAC currently recommends the use of a second antibiotic, in addition to van-
comycin, with rifampicin (300-600 mg 12 hourly by mouth, modified according to
renal function). Their previous recommendations of gentamicin (1 mg/kg body
weight eight hourly) or sodium fusidate (500 mg eight-hourly by mouth), have been
removed [13]. This suggestion, though, is based on expert opinion. Although
rifampin demonstrates potent activity against S. aureus in vitro, the in vitro effect
when combined with semi-synthetic penicillins, vancomycin, or aminglycosides is
highly variable [188]. As well, one study of patients with MRSA IE comparing
vancomycin monotherapy to vancomycin plus rifampin showed no statistically sig-
nificant difference in clinical outcome [194]. Similarly, there is insufficient pub-
lished evidence to robustly demonstrate a clinical benefit for fusidic acid-based
combination therapy [232].

The other major indication to use vancomycin has traditionally been in patients
who are unable to tolerate f-lactams. Because of the superior efficacy of this class
of antimicrobials, for patients with a questionable history of type 1, immediate-type
hypersensitivity reaction to penicillin (e.g. urticaria, angioedema), skin testing
should be performed to penicillin [36]. If negative, f-lactams should be instituted.
Alternatively, a cephalosporin may be considered [36]; first-generation cephalospo-
rins should be used with caution.

Given the suboptimal efficacy of glycopeptides in the management of MRSA
NVE, as well as the emergence of VISA/h-VISA/VRSA, alternative antimicrobial
therapy has become increasingly necessary. The newer agents with the potential to
address this need are the following: quinupristin/dalfopristin (Q/D), linezolid
(LZL), and daptomycin. Trimethoprim-sulfamethoxazole (TMP/SMX) may have
activity as well, and thus antimicrobial susceptibility testing should be performed.
The clinical experience with these agents in the management of MRSA or VISA/
VRSA NVE, however, is limited. Q/D, a streptogramin antibiotic, demonstrates
variable in vitro activity against MRSA isolates. Most MRSA strains possess the
MLSb phenotype, rendering them cross-resistant to macrolides, lincosamides, and
streptogramin B, mediated by methylation of the ribosomal target [233]. Expression
of this phenotype may be constitutive or inducible; when it is constitutive, strains
are resistant to quinupristin. The combination, Q/D, retains activity, although the
bactericidal activity is reduced [233]. Furthermore, although quinupristin demon-
strates homogeneous penetration into cardiac vegetations in an experimental endo-
carditis model, dalfopristin demonstrated a significantly decreased concentration
gradient between the periphery and the core of the vegetation, implying poor pene-
tration of the agent that maintains activity of the Q/D combination [234]. There
have been few reported clinical cases in the English literature of Q/D in the treat-
ment of MRSA NVE. It has been used successfully in one patient when used alone
[235], and in another patient when used in combination with vancomycin and
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cardiac surgery [236]. However, when used in a worldwide emergency-use protocol
for patients with MRSA infections intolerant of or failing prior therapy, the response
rates among the few patients with endocarditis was suboptimal. Only about half of
the patients had a clinical response, but among patients that could be bacteriologi-
cally evaluated, both were clinical failures, suggesting that Q/D as monotherapy
may not be able to consistently sterilize cardiac vegetations [237]. Further data is
certainly needed.

The data supporting the use of LZL is conflicting. In a rabbit model of staphylo-
coccal endocarditis, LZL significantly reduced bacterial vegetation densities [238].
The antimicrobial activity of LZL is not affected by inoculum size [17]. As well,
there have been several cases described in which LZL was successfully used to treat
MRSA or VISA endocarditis (both native and prosthetic) in cases of glycopeptide
failure or intolerance [196, 197, 202, 207, 239]. However, this enthusiasm is tem-
pered by experimental data demonstrating suboptimal activity [240], and clinical
data demonstrating clinical failure and LZL-non-susceptibility [241-245]. As such,
LZL may represent a therapeutic option in the management of MRSA/VISA NVE
in certain populations, but emergence of resistance with clinical failure may occur.
Additionally, treatment of IE requires long durations of therapy, and LZL has been
associated with increased risks of adverse events with prolonged use [246]
Daptomycin is the most effective and rapidly bactericidal of the novel anti-MRSA
antimicrobial agents; it produces clearance of bacteremia faster than vancomycin
and the other agents [247]. In a rat model of MRSA endocarditis, daptomycin pro-
duced significant decreases in the residual bacterial counts in cardiac vegetations
[248]. Similar results were obtained using simulated endocardial vegetations [249].

Since our original chapter, there has been significant clinical experience with the
use of daptomycin in MRSA NVE. While the AHA guidelines from 2005 predate
these clinical studies, the BSAC and IDSA recommend daptomycin as a suitable
agent for the treatment of MRSA NVE at the standard dose of 6 mg/kg IV (although
some expert opinions among the IDSA committee recommend higher doses ranging
8-10 mg/kg) [13, 250].

Owing to the aggressive nature of the disease, with its associated complica-
tions, a more aggressive treatment approach has been advocated. Therefore,
valve replacement surgery has become an important adjunct in the management
of S. aureus NVE, allowing for a higher likelihood of successfully eradicating
the infection. Indications for cardiac surgical intervention have emerged and are
discussed in the section “The Role of Surgery” below. Briefly, these indications
include congestive heart failure, persistent bacteremia, hemodynamically-signif-
icant valvular dysfunction, perivalvular extension of infection (abscess or fis-
tula), persistent (uncontrolled) infection (e.g. increase in vegetation size after
4 weeks of antimicrobial therapy), and lack of effective antimicrobial therapy
available (or alternatively, difficult-to-treat pathogens). Several studies have
demonstrated the beneficial role of surgery in these situations, with relatively
low operative mortality rates when compared to in-hospital mortality rates with
medical therapy alone, and good long-term results [172, 251-254]. Although
patient selection bias may contribute to the observed effect, large prospective
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randomized studies have not been performed, largely because they represent
ethical and methodological challenges.

Coagulase-Negative staphylococci (CoONS)

NVE caused by CoNS has become increasingly more common, with most recent
estimates of approximately 5—7 % of all cases [255]. However, it is likely that the
incidence rate will increase, due to increasing dependence of medical progress on
intravascular catheters, indwelling devices, and other invasive procedures.

CoNS are a heterogeneous group of Gram-positive coccal species with a clus-
tered appearance on Gram stain and a negative reaction on tube coagulase test. In
practical terms, however, the slide coagulase test is a more rapid surrogate marker
of the tube coagulase test, demonstrating very good correlation, albeit with a few
exceptions (see below). The CoNS are residents of the normal human skin micro-
flora. CoNS have a propensity to cause foreign body infections because of their
propensity to adhere to polymer surfaces and form biofilm [256]. Due to these prop-
erties, CoNS account for a significant portion of prosthetic valve endocarditis, dis-
cussed in Chap. 11. However, in the native heart, particularly in the presence of
pre-existing valvular or congenital heart disease [257-259], the CoNS can cause
endocarditis. In general, the clinical course and outcome of the CoNS-NVE is vari-
able, ranging from a subacute, indolent infection with few complications to a fulmi-
nant, destructive infection, complicated by valve dysfunction, heart failure, and
embolic phenomena. The difference in virulence appears to be species specific,
although host factors likely contribute as well. Although S. epidermidis is the spe-
cies most frequently associated with NVE, the clinical characteristics and manage-
ment of certain other CONS-NVE are also presented. It is important to note that
although CoNS are considered to be low-virulence pathogens, a recent international
study demonstrated that patients with CoNS-NVE had rates of congestive heart
failure and of mortality similar to, as well as rates of cardiac valvular surgery higher
than, patients with NVE due to S. aureus [255]. This point emphasizes the virulent
nature of these “skin flora” organisms.

S. epidermidis

The large majority of CoNS-NVE is caused by S. epidermidis, accounting for rates
of 85-91 % of cases [255, 258]. S. epidermidis can cause a rapidly progressive and
destructive endocarditis, and observational series suggest that successful manage-
ment requires a combination of surgery and antibiotics [255, 257, 260, 261]

The susceptibility of CoNS to antimicrobial agents is extremely variable.
Although community-acquired isolates are frequently susceptible to a wide variety
of agents, strains isolated from hospitalized patients are typically resistant to mul-
tiple antibiotics [257, 258, 262]. Such multi-resistance makes management of seri-
ous infections with CoNS particularly difficult.

The optimal antimicrobial management of S. epidermidis NVE is extrapolated
from experience with S. aureus [13, 36] (Table 9.6). If standardized antimicrobial
susceptibility testing demonstrates susceptibility to p-lactams, then these agents are
the drugs of choice, as they have been associated with improved survival [184]. Of the
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f-lactams, penicillin is rarely an option. An earlier report had suggested that among
cases of CoNS-NVE, those that were community-acquired were usually sensitive to
penicillin [258]. However, determination of penicillin susceptibility among CoNS has
since been refined. Resistance to penicillin among CoNS is mediated by a plasmid-
borne, inducible B-lactamase [263]. This resistance phenotype is not detected by rou-
tine microdilution techniques and is best identified by pre-exposing the isolate to an
appropriate inducing agent, such as oxacillin [262]. Such a technique has demon-
strated that only a very low percentage of S. epidermidis appear susceptible to penicil-
lin in vitro; of these “penicillin susceptible” isolates, a significant percentage were
[-lactamase producers [263]. As such, these isolates were considered resistant. A dif-
ferent study had identified p-lactamase activity in 75 % of S. epidermidis isolates
[264]. These studies demonstrate that resistance to penicillin via an easily-transferable
plasmid carrying an inducible f-lactamase enzyme is highly prevalent.

More problematic, however, is the development of methicillin resistance among
CoNS. Although there is geographic variation, methicillin-resistant S. epidermidis
(MRSE) is very common, particularly among nosocomially-acquired isolates, with
prevalence rates as high as 60-70 % [265]. Methicillin resistance is mediated by the
inducible mecA gene, which encodes an altered penicillin-binding protein (PBP 2a)
that has reduced affinity for f-lactams [266]. As such, it confers resistance to all
penicillins, including the semi-synthetic penicillinase-resistant penicillins, as well
as to cephalosporins and carbapenems [262, 267].

Detection of methicillin resistance is hampered by the fact that MRSE isolates
are phenotypically heteroresistant. As such, only a small fraction of organisms
(~1078 to 107* [262, 268]) actually express the resistant phenotype under in vitro
testing conditions. Consequently, these isolates may be missed during antimicrobial
susceptibility testing. Currently, most clinical laboratories use phenotypic methods
to detect MRSE [267]. For all screening methods, oxacillin is preferred, as it is the
most sensitive member of the semi-synthetic penicillinase-resistant 3-lactams for
the detection of resistance [267]. These generally produce reliable and satisfactory
results. However, there is the possibility that some resistant strains may not be
detected by this method, which could lead to suboptimal therapy. The most accurate
method of detecting methicillin resistance is by detection of the mecA gene [269].
However, a practical clue on the antibiogram to the presence of MRSE is the pres-
ence of resistance to multiple other antibiotics, including erythromycin, clindamy-
cin, tetracycline, chloramphenicol, and gentamicin [262].

S. epidermidis also may possess plasmid-mediated aminoglycoside-modifying
enzymes, particularly AAC (6")/APH (2") [267, 270]. This latter enzyme has the
capacity to inactivate various clinically useful aminoglycosides, including gentami-
cin, tobramycin, netilmicin, and amikacin. As a result, isolates possessing such
enzymes may be resistant to these aminoglycosides. Concomitant methicillin- and
aminoglycoside-resistance has been reported in approximately 50 % of isolates sur-
veyed in one study [271].

S. epidermidis may also possess the MLS,, phenotype, encoded by various erm
genes (predominantly ermC [267]), and conferring resistance to macrolides, lincos-
amides, and streptogramin B.
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Rifampin, a bacterial DNA-dependent RNA-polymerase inhibitor, possesses sig-
nificant anti-staphylococcal activity. Monotherapy with rifampin, however, is
strongly discouraged, as it consistently selects for the development of resistant
mutants. Resistance to rifampin often develops by mutations in the rpoB gene that
encodes the p-subunit of DNA-dependant RNA polymerase [272]. Evidence of clin-
ical benefit with the use of rifampin against MRSE has been predominantly in
patients with prosthetic valve endocarditis who were being concomitantly treated
with glycopeptides and aminoglycosides [273] and is thus indicated in these situa-
tions [13, 36]. The use of rifampin (along with teicoplanin) in CoNS-NVE was
associated with emergence of rifampin resistance (and teicoplanin resistance) while
on therapy in one patient [260]. A contributing factor may have been the simultane-
ous use of teicoplanin, an alternate glycopeptide, which has been associated with
treatment failure when used in the management of staphylococcal endocarditis [13].
Therefore, the use of rifampin for CONS-NVE remains debatable, with the British
guidelines recommending it as a second agent when vancomycin is used for MRSE
[13], while the American guidelines do not refer to it as an option [36].

The glycopeptide, vancomycin, remains a cornerstone of therapy for CoNS-
related infections. Teicoplanin has also been used, although as mentioned previ-
ously, it is not available for use in North America. Furthermore, teicoplanin
resistance seems to be particularly common among CoNS [274-276], and has
emerged while on therapy in association with clinical failure [260, 277]. As with
S. aureus, there is concern that the efficacy of vancomycin in CoNS NVE may not
be as good as expected. There are two major reasons that contribute to the sub-
optimal efficacy of vancomycin in the treatment of CoNS NVE. Firstly, as extrapo-
lated from the literature on S. aureus IE, the pharmacology of vancomycin may be
inadequate, with poor penetration into cardiac vegetations and altered bactericidal
activity due to the high bacterial inoculum inherent in such vegetations (i.e. inocu-
lum effect) [17, 278, 279].

The second factor relates to the microbiology of S. epidermidis, which pos-
sesses the capacity to produce a surrounding biofilm, as well as inherent resistance
mechanisms to glycopeptides that can provide a survival advantage. Under in vitro
testing conditions (e.g. time-Kkill studies), both vancomycin and teicoplanin exhibit
good bactericidal activity against CoNS [280]. However, such testing is done on
planktonic (i.e. free floating) organisms. One of the major virulence factors of
S. epidermidis is biofilm formation, whereby the bacteria adhere to various sur-
faces and produce glycocalyx, resulting in colonies of bacteria embedded in a bio-
film. S. epidermidis bacteria existing in this state demonstrate altered metabolism,
with a remarkable ability to tolerate significantly higher levels of antibiotics when
compared to their planktonic form [256]. As such, the killing efficacy of achiev-
able peak serum concentration of various antibiotics, including vancomycin, is
drastically decreased [279, 281]. Although biofilm formation is a well-known
explanation for failure of antibiotics to cure S. epidermidis infections associated
with prostheses, it likely also contributes to the unsatisfactory results seen in CoNS
NVE treated with antimicrobial therapy alone, as evidenced by the high rates of
cardiac surgery required [255].
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The resistance of S. epidermidis to glycopeptides, however, is not mediated
solely through biofilm formation. CoNS, including S. epidermidis, inherently pos-
sess chromosomally-encoded mechanisms of resistance, consisting of overproduc-
tion of an abnormally thick cell wall and increased capacity to bind and sequester
glycopeptides in the cytoplasm 280, 281. Furthermore, there is altered peptidogly-
can cross-linkage, which may further inhibit vancomycin binding to target sites
[208, 282]. This glycopeptide resistance is heterogeneously present among popula-
tions of CoNS. Complete resistance to glycopeptides at the population phenotype
level can be easily selected under laboratory conditions by serial or prolonged expo-
sure of isolates to such antibiotics [283, 284]. It has been hypothesized that exten-
sive use of vancomycin in hospitals may also lead to such selection in vivo, allowing
for the emergence of CoNS with increased MICs to vancomycin, with subsequent
clinical failure [281, 284]. This feature is alarming, in view of the fact that decreased
susceptibility to glycopeptides is correlated with resistance to other antibiotics,
including B-lactams, leaving little room for antimicrobial therapy [208, 285].

Due to the emergence of glycopeptide resistance among CoNS, novel classes of
antibiotics with alternate mechanisms of action are desirable. Of these, Q/D, LZL,
daptomycin, and telavancin are potentially the most promising, based on the follow-
ing preliminary data. Conclusive clinical efficacy data on these agents, however, is
currently limited.

As discussed previously, Q/D (quinupristin/daltopristin) is a combination of two
semi-synthetic derivatives of pristinamycin. This combination antimicrobial binds
to the 50S bacterial ribosome, resulting in irreversible inhibition of protein synthe-
sis, with subsequent bactericidal effects [149]. Its spectrum of activity is limited to
Gram-positive bacteria, however, it has good activity against MRSE. In one study
analyzing Q/D activity against 658 isolates of CoNS, >97 % of tested isolated had
Q/D MICs of <4 g/L [286]. Of the 186 clinical isolates of S. epidermidis specifi-
cally, resistance rates to Q/D were <1 % [271]; such rates have been confirmed in
other studies [287]. As well, clindamycin susceptibility appears to be predictive of
Q/D susceptibility [286], which may allow for clinical laboratories to use clindam-
cyin as a surrogate antibiotic for Q/D during antimicrobial susceptibility testing.
Animal models of endocarditis to determine the efficacy of Q/D have focused on
S. aureus (see above); based on this data, Q/D displays homogeneous distribution
throughout experimental vegetations with effective sterilization [288]. There is at
this time, however, a paucity of clinical data. As such, there are no formal recom-
mendations regarding the use of Q/D for the treatment of CoNS NVE with reduced
vancomycin susceptibility. However, Q/D therapy was effective in three critically ill
(non-endocarditis) patients with MRSE infection unresponsive to vancomycin
[289]. Thus, future studies are required for this promising antibiotic. The major
limitations in the use of Q/D is incompatibility with several drugs, which is prob-
lematic because Q/D is given parenterally, and its numerous drug interactions [290].
Furthermore, there appears to be geographic differences in inherent Q/D resistance
among CoNS. For example, 16 % of such isolates were resistant in a study from
Taiwan, suggesting that Q/D may not be appropriate empiric therapy in certain
regions [291].
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Llinezolid (LZL), an oxazolidinone, also possesses activity against
MRSE. Among 186 clinical isolates of S. epidermidis, the MICs, was 2.0 mg/L, the
MIC,, was 4 mg/L, and there was 0 % resistance to LZL [286]. As with Q/D, there
is a paucity of clinical data on the use of LZL in CoNS NVE, although one case
report describes the successful treatment of S. epidermidis NVE using an oral LZL
regimen. Oral management was likely effective because of the 100 % bioavailability
of LZL. The major adverse events associated with the use of LZL include gastroin-
testinal disturbances, peripheral neuropathies, and hematologic abnormalities [292].
This latter complication, consisting of anemia and/or thrombocytopenia, is particu-
larly problematic with prolonged use (=2 weeks) of this agent [293]. Prolonged
therapy, however, is necessary in the management of endocarditis. As such, it is
recommended to monitor for the development of cytopenias with periodic complete
blood counts (e.g. weekly [292]). There is some suggestion that supplementation
with vitamin B6 may mitigate the cytopenias [294, 295], although further evidence
is required.

Daptomycin, a cyclic lipopeptide, also exhibits activity against MRSE. Its mech-
anism of action involves the calcium-dependent insertion of the compound into the
bacterial cytoplasmic membrane, with subsequent alteration of membrane integrity
and transmembrane potential [166]. The data on the use of daptomycin for endocar-
ditis, though, is limited. In a rabbit model of endocarditis, a single dose of daptomy-
cin at 10 mg/kg i.v. produced an apparently-effective response, resulting in a mean
bacterial burden of 1.8 +1.9 log;, CFU per gram of vegetation, compared to 6.9+ 1.0
log;y CFU per gram of vegetation among rabbits receiving no treatment [296].
However, in another rabbit model using high doses of daptomycin (20 mg/kg or
50 mg/kg) [297], the authors demonstrated a significant antibiotic gradient from the
periphery to the core of the fibrin clot, with associated increased survival of staphy-
lococci in the core. For MRSE, differences between bacterial counts in the periph-
ery and in the core of the same clots were approximately 2-3 log;, CFU/g. However,
in an in vitro simulated endocardial vegetation pharmacodynamic model [249],
>70 % penetration was achieved by daptomycin, associated with large bacterial
density reductions (>4 log;, CFU/g). Currently, there is a paucity of clinical experi-
ence with daptomycin in MRSE NVE, owing to the single-center infrequency of the
disease relative to MRS A. However, the International Collaboration on Endocarditis
has demonstrated that daptomycin could be used successfully treatment of MRSE
NVE, although their sample sizes (daptomycin vs. standard of care therapy) were
small and included native valve and prosthetic valve IE cases [298]- Nonetheless,
based on this limited experience and extrapolation for the MRSA literature, dapto-
mycin is increasingly recognized as a treatment option for MRSE NVE.

Telavancin, a novel lipoglycopeptide, demonstrates bactericidal activity against
staphylococci and exhibits substantial antimicrobial activity against staphylococcal
biofilms, producing a decrease in the number of bacteria eluted from in vitro bio-
films [299]. Currently, there are no reports of the use of telavancin in the treatment
of CoNS NVE.

Based on the most recent data from the International Collaboration of Endocarditis
(ICE), CoNS NVE (85 % of which were due to S. epidermidis) was frequently
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complicated by heart failure (49/99 patients, 49 %) and intracardiac abscess (15/99,
15 %). For these reasons, patients with S. epidermidis NVE more frequently required
cardiac surgery when compared to S. aureus NVE (54 % vs. 35 %, respectively,
p<0.001) [255]. Furthermore, the rates of mortality with CoNS NVE were similar
to those of S. aureus NVE (19 % vs. 25 %, respectively, p=0.21), dispelling the
belief that CoNS NVE is a benign disease. Given the high rates of cardiac complica-
tions associated with S. epidermidis NVE, early cardiac surgery consultation is
suggested.

S. lugdunensis

S. lugdunensis NVE requires special mention because of its reputed aggressive
nature. S. lugdunensis was first described by Freney et al. in 1988 [300], deriving its
species name from Lyon (Latin adjective of Lugudunum), the French city where it
was first isolated [284]. As with other CoNS, it is commonly found on the skin
[301]. S. lugdunensis, however, is particularly common in the perineal area, which
was felt to be the source of NVE in 10 of 21 cases where a portal of entry was
known [302].

The identification of S. lugdunensis in the microbiology laboratory can be made
difficult because some strains may test positive on the slide coagulase test (see
above) [303]. As such, such isolates may be misidentified as S. aureus. This mis-
identification can be overcome by performing the tube coagulase test, which is
negative for S. lugdunensis. Other features suggestive of S. lugdunensis include the
production of ornithine decarboxylase and pyrrolidonyl arylamidase [300]. The cor-
rect identification of S. lugdunensis is critical because of the severe disease associ-
ated with it, which may be anticipated or pre-empted with early speciation.

S. lugdunensis NVE is uncommon, with a recent review of the English literature
identifying 48 reported cases [302]. Of these, a fulminant course with symptoms
<3 weeks in duration was reported in 74 % of cases. Cardiac complications were
particularly common: intracardiac abscess formation (23 %), perforation and
destruction of a valve (21 %), and large vegetations (11 %). Systemic emboli with
metastatic foci of infection occurred in 32 % of cases.

S. lugdunensis is generally susceptible in vitro to B-lactams [302, 304]. In a study
of 59 clinically significant isolates of S. lugdunensis, 76 % were p-lactamase nega-
tive, and all strains were susceptible to oxacillin, cephalothin, gentamicin, rifampin,
and vancomycin [305]. Therapy should be guided by susceptibility data, and in
most instances, a beta-lactam plus rifampin or gentamicin is adequate therapy [306].
Because the MICs of penicillin are usually >2 dilutions lower than that of oxacillin,
penicillin intravenously may be the drug of choice once antimicrobial susceptibility
testing confirms it as an option [302, 307].

Unfortunately, because of the destructive nature of this pathogen, surgical inter-
vention is almost always necessary, despite “adequate antimicrobial coverage”. In
particular, S. lugdunensis NVE is characterized by a shorter, more aggressive clini-
cal history, perivalvular abscess formation, and a high mortality rate. In a review by
Vandenesch et al. in 1993 [308], the mortality rate from this disease was 70 %, and
only 35 % of the cases underwent surgery. After 1993, with early cardiac surgery
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occurring in 64 % of cases, the mortality rate was 18 % [302]. Although the num-
bers are small, it is felt that the decrease in mortality is attributed directly to early
surgical intervention.

Other Coagulase-Negative staphylococci
Case series have also reported CoNS NVE due to S. warneri [309-311], S. capitis
[312], and S. saprophyticus [313, 314].

S. warneri, a skin commensal but representing only 1 % of the skin staphylococci
in normal individuals [309], is associated with an acute and aggressive presentation
of NVE. It appears to have a predilection for valve destruction or abscess formation
[310, 311]. As such, optimal management from cases reported suggests that a com-
bined medical and surgical approach is warranted. Similarly, S. saprophyticus, a
typical pathogen for community-acquired urinary tract infections, can also have a
virulent presentation [313].

S. capitis, a member of the normal flora of the human scalp, face, neck, and ears
[315], is reportedly associated with a more benign course, in which a 4 week course
of antimicrobial therapy is usually sufficient, provided that the patient has a sus-
tained clinical response [312].

Gram-Negative Bacilli

Non-fastidious Gram-negative bacilli are rare causes of bacterial endocarditis,
accounting for 5-10 % of cases [316, 317]. Within this category, the major catego-
ries of the pathogens of NVE are the Enterobacteriaceae and the Non-fermentative
Gram-negative bacilli.

The family Enterobacteriaceae is defined as facultatively anaerobic Gram-
negative bacilli, characterized by a negative oxidase reaction and the ability to
metabolize nitrites to nitrates. The major pathogens within this family with the abil-
ity to cause NVE are the following: E. coli, Klebsiella spp., and Salmonella spp.,
although reports of cases due to other Gram-negative enteric pathogens have been
described.

E. coli NVE is rare, with only 39 cases (both definite and probable) identified in
a review of case series from the English literature [318]. The major risk factors
identified were diabetes mellitus and previous heart disease. The most likely source
of for E. coli NVE was urinary tract infection. Based on the reported cases, the most
common site of infection was the mitral valve [318, 319]. Valvular vegetations were
typically large, and intra-cardiac complications such as perforation and abscess
were reported. Arterial embolization was also common [319]. Various antibiotic
regimens were used, based on antimicrobial susceptibility testing, and included
third-generation cephalosporis and fluoroquinolones, as well as combination ther-
apy with aminopenicillins, and aminoglycosides. Surgery appears to play an impor-
tant role, as evidenced by trends in mortality rates: Prior to 1960, the mortality rate
was 100 %, whereas after 1960, the mortality rate was 57 % (p<0.05 by y*-test).
Correspondingly, none of the patients prior to 1960 underwent surgery, whereas
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52 % of patients had undergone surgical intervention after 1960. This fact would
suggest the need for a low threshold for surgical consultation in cases of E. coli
NVE that does not respond promptly to antimicrobial therapy.

Klebsiella spp. are very rare causes of NVE, accounting for approximately 1.5 %
of reported cases in a comprehensive review of this condition by Anderson and
Janoff [317]. Among the 23 cases of Klebsiella endocarditis in which the affected
valve was specified, the majority (17/23 cases, 74 %) involved the aortic valve, fol-
lowed by the mitral valve. The most common source was the urinary tract. Of the
cases in which antibiotic usage was reported, aminoglycosides and cephalosporins
were most commonly administered (86 % and 67 % of cases, respectively). However,
a wide variety of antimicrobial agents were administered, including combination
therapy. The selection of antibiotics used was influenced by the time period in which
these sporadic episodes occurred; as such, it is not possible to conclude superiority
of one antibiotic regimen over others. Of the 31 patients with Klebsiella NVE, 10
were cured, 10 died, and no outcome was reported for 11 subjects. Of the 10 who
were cured, medical therapy alone was effective in 5 cases, whereas surgery was a
component of management in 4. In the remaining 1 survivor, the use of surgery was
not specified. Of the 10 patients who died, 4 received only medical therapy, whereas
surgery was used in 2 cases; in the remaining 4 cases, the use of surgery was not
specified. The mortality, however, appeared to decrease over time. The mortality
rate for Klebsiella NVE was 73 % in cases reported prior to 1980, but only 22 % in
those published after 1980. Furthermore, the mortality rate tended to be lower for
patients who underwent valve replacement during the course of their infection,
when compared to those who did not. In conclusion, based on this literature review,
bactericidal antimicrobial agents with the greatest in vitro activity against Klebsiella
spp. should be used, and strong consideration should be given to combination syn-
ergistic therapy (e.g. third-generation cephalosporins and aminoglycosides). The
optimal duration of therapy is unknown, but a minimum of 6 weeks seems prudent.
However, because many patients fail to respond to medical treatment alone, early
consultation with a cardiac surgeon is appropriate.

Salmonella spp. are well-recognized causes of endovascular infections such as
endocarditis, but can also cause infectious endarteritis (also referred to as infectious
aortitis and mycotic aneurysms), and vascular graft infections [76, 320]. The exact
incidence of the different species as causative agents for NVE is difficult to esti-
mate, largely because of the unresolved nomenclature of the Salmonella genus
[321]. Nonetheless, frequently observed species include Salmonella enterica
serovar enteritidis, S. enterica serovar choleraesuis, and S. enterica serovar typhi
[76, 322]. In approximately 30 % of cases, diarrhea preceded the onset of endocar-
ditis from 3 weeks to 5 months, or occurred concomitantly with the symptoms of
endocarditis [320]. Salmonella spp. have a predilection for previously diseased car-
diac valves. As such, the tricuspid valve is frequently involved in Salmonella endo-
carditis among intravenous drug users (IVDUs) [76, 323]. In cases of Salmonella
NVE among non-IVDUs, the mitral valve was involved in 36.6 %, followed by the
aortic valve in 16.6 % [320], likely related to known risk factors, such as rheumatic
heart disease and mitral valve prolapse [76]. Another major risk factor is advanced
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HIV/AIDS, likely related to the increased risk for non-typhi Salmonella spp. bacte-
remia in this population [76]. Salmonella endocarditis is characterized by a destruc-
tive process, characterized by valve perforation, valve ring abscess, atrio-ventricular
wall perforation, and/or valvular cusp rupture [320]. Other frequent complications
include atrial thrombus formation / mural endocarditis, myocarditis, and pericarditis
[324]. As aresult of this destructive capacity, previously reported mortality rates are
~70 % [325].

The optimal antibiotic treatment for Salmonella spp. endocarditis is unknown,
largely because of the paucity of clinical data and the general limitations associated
with an animal model of this disease. The issue of antimicrobial selection has been
further complicated by the emergence of resistance to various antibiotics, including
those used for treatment of NVE, such as ampicillin. Ampicillin resistance is medi-
ated by TEM-type beta-lactamase-encoding plasmids [326]. Because of the emer-
gence of ampicillin-resistant Salmonella spp. and the dogma that bactericidal
antibiotics are obligatory in the management of endocarditis to achieve cure, third-
generation cephalosporins and fluoroquinolones have become the treatment of
choice for Salmonella spp. NVE [320].

Using a rabbit model of endocarditis caused by S. enteritidis (S. enterica subsp.
enteritidis), the efficacies of different antibiotic regimens in sterilization of valvular
vegetations has been estimated [327]. The efficacies varied with the S. enteritidis
isolate used. For ampicillin-susceptible S. enteritidis, both ampicillin and cefotax-
ime produced the greatest reduction in the number of organisms isolated from the
vegetations at the completion of therapy (ampicillin: 2.20+1.1 log,, CFU/g of veg-
etation; cefotaxime: 1.36+0.7; control: 8.32+1.2); there was no significant differ-
ence in effect between these 2 agents. Ofloxacin also decreased the number of
organisms recovered from the vegetations (3.17+1.5), but appeared to be less active
than cefotaxime. For vegetations seeded with ampicillin-resistant isolates, cefotax-
ime and ofloxacin were both equally effective (3.59+1.6 and 3.99+1.08, respec-
tively). Interestingly, the efficacy of cefotaxime was reduced against
ampicillin-resistant isolates (3.59 + 1.6) compared to ampicillin-susceptible isolates
(1.36+£0.7). The maintained bactericidal effect of cefotaxime and other broad-
spectrum cephalosporins against ampicillin-resistant isolates is thought to be related
to the stability of the antimicrobial agents to the plasmid-mediated f-lactamase
[328]. Based on this animal model, the following antimicrobial regimens may be
used for Salmonella spp. endocarditis: For ampicillin-susceptible isolates, ampicil-
lin should be used. Cefotaxime may also be used, and should be used for ampicillin-
resistant isolates. For patients unable to tolerate cephalosporins, fluoroquinolones
may be an alternative, if the isolate is susceptible. For life-threatening infections,
empiric combination therapy with a third-generation cephalosporin and a fluoroqui-
nolone has been recommended until susceptibility results are available [329]. There
is some clinical evidence to support the use of these antibiotics [322, 324, 330-332].
There is no clinical data that suggests that combination therapy (i.e. third-generation
cephalosporin plus a fluoroquinolone) is more effective than monotherapy.

Resistance to the extended-spectrum cephalosporins and fluoroquinolones, how-
ever, is emerging, mostly as a result of agricultural use of antibiotics [333]. The
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exact resistance rate, however, varies with different serovars and different antibiot-
ics [334]. Resistance to fluoroquinolones is predominantly due to mutations in the
DNA gyrase genes and can be predicted by resistance to nalidixic acid by disk dif-
fusion method during antimicrobial susceptibility testing [334, 335]. Resistance to
extended-spectrum cephalosporins is due to the production of f-lactamases, both
extended-spectrum f-lactamases (ESBLs, particularly the CTX-M types) and
AmpC B-lactamases (particularly the CMY-2 type) [334]. The increasing MICs of
the salmonellae to these antibiotics are occurring in isolates with established resis-
tance to chloramphenicol, ampicillin, and trimethoprim-sulfamethoazole.
Consequently, the antimicrobial armementarium for the treatment of multi-resistant
Salmonella spp. endocarditis is frighteningly limited. Alternative agents that may
demonstrate in vitro activity include imipenem, azithromycin, and aztreonam [329,
335]. However, their roles in the management of Salmonella spp. endocarditis are
unproven. Some antimicrobial agents may demonstrate good in vitro activity (e.g.
first- and second-generation cephalosporins [329], aminoglycosides [320, 327]), but
are not clinically effective.

Based on the above rabbit model, however, medical management alone of
Salmonella spp. endocarditis is not likely to be effective. After 3 days of antimicro-
bial therapy with agents demonstrating in vitro bactericidal activity, the cardiac veg-
etations remained infected and complete sterilization was never achieved [327].
Clinical experience also supports the essential role of surgery in reducing the mor-
tality of Salmonella endocarditis [320, 325, 329]. The most common indications for
surgery have been cardiac failure, relapsing bacteremia, and myocardial abscesses
[320, 322]. In the patients who survived, valve replacement was necessary. Thus,
physicians should have a low threshold for surgical intervention. If surgical inter-
vention is successful, antimicrobial therapy should be continued for a minimum of
6 weeks; many consultants would subsequently follow with several months of sup-
pressive therapy, even for patients who are well [329, 335].

A special form of endovascular infection associated with Salmonella spp. is the
mural (non-valvular) endocarditis, including infection of ventricular post-infarction
aneurysms. This manifestation is related to the organism’s unique ability to adhere
to the damaged endothelium of the heart and arterial walls. Patients with this type
of infection have extensive disease from the endocardium to the pericardium, with
pseudo-aneurysm formation, abscess formation, fibrosis, and hemorrhage [320]. If
involvement of the pericardium (i.e. Salmonella spp. pericarditis) develops, it may
be complicated by tamponade [320, 325]. Diagnosis of mural endocarditis can be
confirmed by cross-sectional echocardiography, revealing ventricular aneurysm,
thrombus, and/or pericardial effusion with thickening [320]. Left-ventricular angi-
ography by follow-through from a pulmonary artery injection, to minimize the risk
of thrombus dislodgment, can also be performed [320]. Antibiotic therapy should
be initiated, but alone, does not eradicate the infection. If there is tamponade, peri-
cardiocentesis or pericardiectomy is required [325]. Resection of ventricular aneu-
rysm must also be performed [320].

Salmonella spp. also have the capacity to establish non-cardiac, endovascular
infection (i.e. mycotic aneurysm, or endarteritis or infectious aortitis). The most
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commonly isolated serotypes are Typhimurium, Enteritidis, and Choleraesuis (in
decreasing order) [335]. Most of the patients with mycotic aneurysm due to
Salmonella spp. have pre-existing atherosclerotic disease at the site of subsequently
infected aneurysm [320, 329, 335]. One study demonstrated that the attack rate
among adults >50 years of age with Salmonella spp. bacteremia was 25 % [336].
The most common site of infection is the abdominal aorta, particularly the infra-
renal portion [337]. The most common presentation included fever, abdominal pain,
and/or back pain [337]. The diagnostic modality of choice is computed tomography
(CT) of the abdomen with contrast, because of its ability to detect changes in the
arterial wall and the periaortic tissue [337].

The management of Salmonella spp. endarteritis has changed significantly. In
previous times, the disease was uniformly fatal [335]. Early surgical intervention,
however, has greatly increased survival. In a review of 148 cases from 1948 to 1999,
patients who underwent combined medical/surgical therapy had a 62 % survival
rate [338]. The survival rate was further increased to 77 % among 30 patients who
specifically underwent excision of the infected vessel with extra-anatomical bypass
via construction of an axillo-bifemoral graft [338]. However, anatomic in situ graft-
ing may be acceptable if the infected area is limited and debridement is complete
[339]. It may be the only option for supra-renal or thoraco-abdominal mycotic aneu-
rysms. In addition to surgical management, a prolonged course (>6 weeks) of par-
enteral antibiotics is recommended [329, 335], with the agent selected based on
antimicrobial susceptibility testing of cultures obtained intraoperatively.

Pseudomonas spp

Pseudomonas aeruginosa NVE is a rare disease which usually affects right-sided
heart valves in IVDUs [36, 340] and is further discussed in Chap. 3. Left-sided
P. aeruginosa NVE in non-IVDUs has also been described [341]. The major risk
factors identified were underlying valvular heart disease, hemodialysis, cardiac
catheterization/surgery, gastrointestinal and genitourinary tract procedures. Left-
sided disease is characterized by an aggressive infection poorly responsive to anti-
microbial therapy and is associated with mortality rates higher than isolated
right-sided involvement [36]. Treatment failure may be attributed to the lack of
correlation between in vitro and in vivo susceptibilities (e.g. as a result of biofilm
formation), extremely large numbers of organisms present in infected vegetations,
the phenotypic heterogeneity of the pathogen, and the frequent development of
resistance on therapy [342-344]. In the absence of randomized controlled studies,
but on the basis of clinical experience, the suggested management of left-sided
P. aeruginosa endocarditis consists of immediate valve replacement, accompanied by
a 6 week course of high-dose, combined (p-lactam plus aminoglycoside) antimicro-
bial therapy [345]. The AHA recommends high-dose tobramycin (8 mg/kg/day iv in
once-daily doses), with maintenance of peak and trough concentrations of 15-20 pg/
mL and <2 pg/mL, respectively, in combination with either an extended-spectrum
penicillin (e.g. ticarcillin, piperacillin) or ceftazidime or cefepime in full doses [36].
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Carbapenems, however, have rapid bactericidal action against P. aeruginosa [344],
with low intrinsic resistance rates [346]. Thus, they may be potentially considered
in place of an extended-spectrum penicillin, in combination with an aminoglyco-
side. It should be mentioned, however, that the use of combination anti-pseudomonal
therapy remains controversial. In the setting of suspected infection by P aeruginosa,
the use of more than one drug empirically is desirable to assure susceptibility to at
least one antimicrobial agent. However, once susceptibility testing results are avail-
able, it is unclear if combination therapy remains necessary, provided that pharma-
cokinetic parameters are optimized. Although there is no adequately-powered,
direct study of the effect of combination therapy on P. aeruginosa endocarditis, a
recent meta-analysis favored the use of combination therapy for P. aeruginosa bac-
teremia, with an approximately 50 % mortality reduction [347]. The authors cau-
tion, however, that the studies in the systematic review varied considerably in the
types of antimicrobial used and there was considerable clinical heterogeneity.

Native Valve Endocarditis Due to Anaerobic Bacteria

NVE due to anaerobic bacteria is rare, with studies performed in the 1970s report-
ing them as the etiologic agent in 2-5 % of cases [348]. Most cases of anaerobic
NVE are caused by Gram-negative bacilli (predominantly Bacteroides fragilis
group, other Bacteroides spp., and Fusobacterium spp.). Anaerobic Gram-positive
rods (predominantly Propionibacterium spp.) have also been reported.

Among the 53 cases of endocarditis due to anaerobic Gram-negative bacilli
(GNB) reviewed in the English literature [338], the majority (20/53, 38 %) are due
to B. fragilis group. This group of bacteria includes B fragilis (sensu stricto), which
is the most common isolate, and other species, such as B. distasonis, B. ovatus,
B. thetaiotaomicron, and B. vulgatus [339]. These bacteria are part of the normal GI
flora. As such, the most common sources for B. fragilis group NVE were the gastro-
intestinal and the genital tracts [348, 349]. NVE with this group of bacteria is fre-
quently complicated by systemic embolization, occurring in 60-70 % of cases
[348]. In case studies published prior to 1974, B. fragilis group endocarditis was
associated with a high mortality rate (14/17 cases, 81 %) [348]. This dismal prog-
nosis was most likely due to the lack of an effective antimicrobial agent with
anaerobic coverage at that time. Of note, members of the B. fragilis group are
resistant to penicillins, mostly through the production of beta-lactamase [350].
With the introduction of metronidazole in the 1970s, there has been a significant
reduction in death rates among patients infected with Bacteroides spp. in general
[348]. This decline is related to the high prevalence (>99 %) of clinical isolates
that are susceptible to metronidazole [350]. Other agents that retain this level of
efficacy against clinical isolates include chloramphenicol and the carbapenems;
B-lactam/P-lactamase inhibitor combinations also demonstrate activity against the
majority (95-99 %) of isolates [350]. The development of antibiotics with effec-
tive anti-Bacteroides activity has facilitated the medical management of this rare
endocarditis.
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Fusobacterium spp., also members of the Bacteroidaceae family, represent a rare
cause of endocarditis. The two major clinical species of this genus are F. necropho-
rum, the etiologic agent of Lemierre’s syndrome (septic internal jugular vein throm-
bosis) and F. nucleatum. Both organisms have been reported to cause NVE [351].
As with B. fragilis group NVE, arterial embolization was the most common compli-
cation [351]. In the pre-antibiotic era, the mortality rate from Fusobacterium bacte-
remia was approximately 80 %; the rates of Fusobacterium NVE per se are unknown
[351]. With the advent of antibiotics, the mortality rate has significantly diminished,
owing to the general susceptibility of most Fusobacterium spp. to penicillin [348].
All reported cases of Fusobacterium endocarditis have had a favorable clinical
course with antimicrobial therapy alone [348, 351].

Propionibacterium acnes is an anaerobic, non-spore-forming, Gram-positive
bacterium that demonstrates slow growth in vitro. It is part of the normal flora of the
skin and mucous membranes [352]. Although frequently considered a contaminant,
P. acnes has the capacity to cause serious infections. P. acnes has caused endocardi-
tis involving prosthetic valves as well as native valves [353]. The capacity of this
“benign” organism to do so relates to its ability to adhere to tissues with structural
abnormality (e.g. theumatic cardiac valves) or to foreign material (e.g. prosthetic
valves) [352]. P. acnes endocarditis can be complicated by abscess formation, con-
gestive heart failure, and arterial embolization [353]. The mortality rate for P. acnes
NVE is unknown, but the mortality rate for prosthetic valve endocarditis is 21-46 %
[354]. Successful treatment of the few cases of NVE have used a combined modal-
ity approach [352, 353]. P. acnes is usually susceptible to penicillin, ampicillin,
vancomycin, and gentamicin [352, 353, 355].

Fungal Endocarditis

Fungi are uncommon but emerging causes of infective endocarditis, most recently
accounting for 1-10 % of organisms isolated, including ~10 % of cases of prosthetic
valve endocarditis [356].

Simplistically, fungi are classified as yeasts or moulds. Yeasts are facultatively
anaerobic, unicellular, non-filamentous fungi that are typically spherical or oval in
shape. The most common yeasts involved in fungal endocarditis (FE) are the
Candida spp. [356, 357], although FE with the other opportunistic yeasts (e.g.
Cryptococcus spp. [358-360], Saccharomyces spp.[361], Trichosporon spp. [362—
365], and Rhodotorula spp. [366, 367]) have been sporadically reported. Moulds are
aerobic, filamentous fungi. The predominant moulds involved in FE are the
Aspergillus spp. [357]. Dimorphic fungi are those organisms that exist as moulds
(mycelial form) when incubated at room temperature under laboratory conditions
and yeast phase, yeast-like cells or spherule form when grown in human tissue or
incubated at 37 °C on synthetic laboratory media. Histoplasma capsulatum is the
most commonly reported dimorphic fungus involved in FE [357, 368].

The development of antifungal therapies with diverse mechanisms of action is
increasing. Currently, there are five classes of antimycotic agents that may be used
for invasive fungal infections. These are the polyenes, the azoles, the allylamines,
the fluoropyrimidines, and the echinocandins. To establish the spectrum of activity
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of these agents requires standardization of an antifungal susceptibility testing pro-
cedure. Such a procedure requires two components: a standardized method for
in vitro testing, as well as criteria for the interpretation of such results that correlates
with clinical outcome. Standardized methodologies for yeast [369, 370] and for
molds [371] have been adopted, and interpretive breakpoints for susceptibility test-
ing of Candida spp. to azoles and echinocandins have been established [372]. This
is an emerging field in diagnostic microbiology.

The main antifungal polyenes are natamycin, nystatin, and amphotericin B. Of
these, ampthotericin B (AmB) remains the drug of choice for the treatment of most
invasive fungal infections [373, 374]. AmB acts by hydrophobically binding to the
ergosterol component of fungal membranes, creating aqueous pores consisting of an
annulus of 8 AmB molecules [375]. These channels render the fungal cytoplasmic
membrane permeable and allow the leakage of vital molecules from the cells, lead-
ing to cell death. As such, AmB is predicted in vitro to exert a fungicidal activity,
although this effect varies with the fungal species targeted. Unfortunately, cross-
reactivity to cholesterol in the mammalian cell membrane accounts for its toxic
effects that often limits the dose of medication administered or requires premature
termination of treatment.

Based on clinical experience and current interpretive criteria, the antimycotic
spectrum of activity of AmB is extensive. It includes most commonly clinically
encountered yeasts (e.g. Candida spp., Saccharomyces spp., Trichosporon spp.),
molds (e.g. Aspergillus spp.) and dimorphic fungi (e.g. Histoplasma capsulatum,
Coccidioides spp., Blastomyces dermatitidis) [374]. It should be remembered, how-
ever, that AmB does not reliably cover all fungal pathogens. Resistance to AmB
may either be inherent or acquired. C. lusitaniae, for example, has been reported to
be inherently resistant to AmB [373, 376], although a review by Ellis [374] suggests
that the data, in fact, may be contradictory and that most strains appear susceptible
by contemporary in vitro criteria. Furthermore, it is important to remember that
despite appearing susceptible in vitro, invasive fungal infections may be frequently
associated with clinical failure, possibly due to associated patient co-morbidities.
Although acquired resistance to AmB has been sporadically reported, it does not
appear to be a significant factor in the management of patients [374].

The major issues related to use of AmB are infusion-related adverse events and
nephrotoxicity [377]. Of these, the most serious is the latter. In a study of patients
with suspected or proven aspergillosis (non-endocarditis) [378], AmB was adminis-
tered for a mean of 20 days and a median of 15 days to 239 patients; 53 % developed
nephrotoxicity (defined as doubling of baseline creatinine). Of these, about 15 %
required renal dialysis. To circumvent the problems of renal toxicity, various lipid
formulations of AmB have been created: AmBisome (Astellas Pharma US, Inc), a
unilamellar liposomal preparation; Abelcet (Enzon, Inc), a ribbon-form lipid com-
plex; and Amphocil or Amphotec (Intermune, Inc., Burlingame, Calif.), a discoidal
complex of cholesteryl sulfate and AMB. These different formulations all contain
AmB, but they differ with respect to reticuloendothelial clearance, volume of distri-
bution, peak serum concentration (Cmax), and area under curve (AUC) [377, 379].
Although these are major differences from a pharmacological perspective, the



9 Treatment of Endocarditis 229

clinical significance of this difference is unclear. However, these formulations do
represent significant improvement in terms of renal-sparing properties relative to
the conventional preparation of AmB (i.e. AmB deoxycholate) [380-382]. In terms
of efficacy, numerous trials demonstrated that the lipid formulations were consis-
tently at least as effective as conventional AmB [379, 381, 383]. This equivalence
(and potential superiority) may be related to the higher dosages permitted with these
preparations. Certain preparations may also have more advantageous distribution to
sites of infection. For example, administration of AmBisome in a rabbit pharmaco-
kinetic model demonstrated sixfold more AmB in brain tissue than administration
with other agents [384]. The clinical significance remains to be established, but in
the presence of endocarditis with embolic disease to the central nervous system,
such property may favor its selection. Conventional AmB has poor penetration into
cardiac vegetations [385, 386]. The penetration of the various lipid-based formula-
tions for AmB into cardiac vegetations has not been published.

Nystatin is an established antifungal agent, but is restricted to topical use as it is
ineffective orally and severely toxic when administered intravenously [387].
Because it has demonstrated broad in vitro antifungal activity against clinically rel-
evant fungi, including those resistant to fluconazole and amphotericin B products,
there has been renewed interest in its use via an altered preparation. Liposomal
nystatin is one such formulation, and there is some evidence to suggest that it may
be effective as salvage therapy for patients with invasive aspergillosis refractory to
or intolerant of AmB [388]. Its role in the management of endocarditis remains
speculative.

The azoles are divided into the older imidazoles, such as miconazole and keto-
conazole, and the triazoles, which currently include fluconazole, itraconazole, vori-
conazole, posaconazole, and ravuconazole. These agents function by inhibiting the
lanosterol 14a-demthylase enzyme, leading to decreased synthesis of ergosterol the
main sterol in the fungal cell membrane [375]. The depletion of ergosterol alters
membrane fluidity, thereby reducing the activity of membrane-associated enzymes
and leading to increased permeability and inhibition of cell growth and replication
[389]. Consequently, azoles are predicted in vitro to exert a fungistatic effect,
although this varies with the azole and with the fungal species targeted. A major
distinction between the imidazoles and the triazoles is the preferential affinity of the
latter for fungal, as opposed to human, cytochrome P-450 enzymes, which subse-
quently accounts for its improved toxicity profile [390].

The spectrum of activity of the azoles expands with newer generations. The
imidazoles are not used in the treatment of systemic fungal infections because of
poor pharmacokinetics, unpredictable drug interactions, and/or adverse events pro-
file [391]. Fluconazole is a highly water-soluble triazole, developed in both oral and
parenteral preparations. The oral formulation has very good absorption, with ~90 %
bioavailability [392]. The spectrum of activity of fluconazole relative to fungal
causes of endocarditis includes the majority of Candida spp., Cryptococcus neofor-
mans, Trichosporon spp., and the dimorphic fungi [391, 393]. Of note, fluconazole
does not possess activity against all yeasts (e.g. C. glabrata, C. krusei) [394] and
has no clinically meaningful activity against filamentous fungi (e.g. Aspergillus
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spp., Fusarium spp., Scedosporium spp., and the Mucormycetes, such as Mucor
spp.) [391, 395]. In a rabbit model of endocarditis, the ability of fluconazole to pen-
etrate into cardiac vegetations appeared superior to that of AmB [396]. The distribu-
tion of fluconazole is excellent, including CSF penetration, with achieved CSF
levels of approximately 80 % of corresponding serum levels [397]. As such, it may
be the drug of choice for endocarditis caused by susceptible yeasts complicated by
septic emboli to the central nervous system. Fluconazole is safe, even at doses up to
1600 mg daily [398]. In contrast to imidazoles, fluconazole has significantly less
interaction with human cytochrome enzymes, and thus does not interfere with the
synthesis of mammalian sterol-based hormones [391].

Itraconazole is a highly lipid soluble triazole with a broader spectrum of activity.
In addition to Candida spp., Cryptococcus neoformans, and endemic dimorphic
fungi, itraconazole also has activity against Candida non-albicans spp. and
Aspergillus spp. [391, 395]. As with fluconazole, itraconazole possesses no reliable
activity against other filamentous fungi. The major limitation of itraconazole is its
formulations. Initially introduced as a capsular form, which demonstrated erratic
absorption, the preparation was modified to a novel, cyclodextrin-based oral solu-
tion, which demonstrated a bioavailability 60 % greater than that of capsules [399].
Recently, an intravenous formulation has been developed. Clinical studies have
demonstrated efficacy in prophylaxis against yeast and mold infections in patients
at high-risk for disease (i.e. allogeneic stem cell transplant recipients) [400, 401].
The literature on the use of itraconazole in fungal endocarditis is limited. The major
shortcomings of itraconazole are its lower rates of tolerability and increased poten-
tial for drug interactions, when compared with fluconazole [399].

Voriconazole, a second-generation triazole derivative of fluconazole, has a
very wide-spectrum of activity, including Candida spp. (albicans and non-albi-
cans), Cryptococcus neoformans, Aspergillus spp., endemic dimorphic fungi, as
well as other yeasts (e.g. Trichosporon spp.) and emerging molds (e.g. Fusarium
spp., Scedosporium spp.) [402]. Voriconazole, however, has no significant clinical
activity against the Mucormycetes [391, 402]. In addition to demonstrating
in vitro activity against these fungi, the magnitude of the activity is significantly
higher; for example, voriconazole is several-fold more active than the predecessor
triazoles against Candida spp. [391]. Furthermore, voriconazole has both an oral
and parenteral formulation, with excellent bioavailability (98.99 %, slightly
decreased with concomitant food intake) [403]. As with fluconazole, voriconazole
has good penetration into the CSF and brain parenchyma, and it has been used in
the treatment of CNS aspergillosis (with improved, albeit unsatisfactory, survival
rates) [402, 404, 405]. The major adverse events associated with voriconzole
include: dose-related transient visual disturbances (up to 10 % of patients); hepatic
toxicity; neurological side effects (e.g. hallucinations, abnormal dreams, neuropa-
thy, paresthesia); nausea/vomiting; interactions with certain medications; and QT
interval prolongation [402, 406]

The major adverse events associated with voriconzole include the more-common,
dose-related transient visual disturbances (up to 10 % of patients), as well as the
uncommon potential for hepatic dysfunction [402]. Unfortunately, cross-resistance
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to voriconazole, among isolates resistant to fluconazole and itraconazole, can occur
[391]. Such a factor must be borne in mind when selecting empiric antifungal
therapy.

Posaconazole is an analogue of itraconazole, and has potent activity against
Candida spp. Aspergillus spp., as well as dematiaceous molds and Mucormycetes
[391]. Ravuconazole, another derivative of fluconazole, also has in vitro activity
against a variety of yeasts and molds. The allylamine antifungals inhibit squalene
epoxidase, an enzyme involved in the synthesis of lanosterol, the precursor of ergos-
terol [407]. Among this class of agents, terbinafine is the most effective to date. Up
to this point, terbinafine has been used principally in the management of dermato-
phytic infections. However, in vitro, terbinafine is highly active against a broad
spectrum of pathogenic fungi, including Candida spp. (albicans and non-albicans),
and filamentous fungi [407, 408]. Among three patients with bronchopulmonary
aspergillosis not responsive to the usual antimycotic therapies, systemic terbinafine
resulted in eradication of A. fumigatus [409]. There is some evidence, however, that
the anti-Aspergillus activity of terbinafine is greater for the non-fumigatus species
[410]. Results from in vitro testing in combination with polyenes and azoles against
Candida spp. and Aspergillus spp., suggests that the therapeutic potential of terbin-
afine may extend well beyond its current use and that further investigations are war-
ranted [411, 412].

The only fluoropyrimidine antimetabolite antifungal currently available is
5-fluorocytosine (5-FC, flucytosine), which exists in both oral and intravenous for-
mulations [395]. 5-FC exerts its effect by being preferentially taken up within fun-
gal cells, where it is converted to 5-fluorouracil (5-FU) [395, 407]. 5-FU has two
fates: It is converted to 5-fluorouridine triphosphate (5-FUTP), which is subse-
quently incorporated into fungal RNA, leading to inhibition of protein synthesis.
5-FU is also converted to fluorodeoxyuridine monophosphate (5-F-dUMP), which
inhibits thymidylate synthetase and interferes with DNA synthesis. Monotherapy
with 5-FC is strongly discouraged because resistance occurs rapidly [398, 407].
Combination therapy with amphotericin B and flucytosine is considered to be the
treatment of choice for cryptococcal infections [413]. One case report describes the
use of this combination in the management of a child with repaired congenital heart
disease who developed C. albicans endocarditis [414]. The authors suggest that this
antifungal combination should be considered an option, although their patient also
underwent surgical intervention, and so the clinical benefit of the combination ther-
apy per se is unclear. 5-FC/azole combination therapy has also been proposed, as it
appeared more efficacious in an animal model of invasive candidal disease, when
compared to azole monotherapy, with significant decrease in tissue fungal burden
and prolonged survival [415]. Case reports in humans have also reported on the
efficacy of such combinations [416, 417]. Currently, there is no clinical data on the
efficacy of this combination for fungal endocarditis.

The echinocandins are a novel class of semi-synthetic lipopeptides that inhibit
the synthesis of f-(1,3)-D glucan, a polysaccharide in the cell wall of many patho-
genic fungi that is responsible for the cell wall’s strength and shape [395].
Consequently, these agents render the fungal cell wall osmotically unstable.
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Caspofungin (Merck &Co., Inc.), the prototypical echinocandin, has broad-spectrum
activity against Candida and Aspergillus spp. and is approved by the Food and Drug
Administration (FDA) in the United States for treatment of aspergillosis in patients
refractory to or intolerant of other therapies [418]. Caspofungin also has demon-
strated potent in vitro and in vivo activity against Candida spp. and has approved
indications for treatment of candidemia, intra-abdominal abscesses, peritonitis,
pleural space infections, and esophageal candidiasis [418]. Cases in which
Caspofungin has been successfully used as lone therapy for candidal native-valve
endocarditis (i.e., without valvular replacement) have been reported [419-421], as
well as with Micafungin [422]. The echinocandins, however, have poor CNS pene-
tration in animal models [423, 424], and there is concern that it may be inadequate
as therapy for fungal endocarditis that is complicated by unrecognized embolic foci
of infection [425].

Candida spp.

Candida spp. is the most common cause of FE and is responsible for 33—44 % of all
cases [357]. Approximately 50 % of FE cases are caused by C. albicans [357].
Candida endocarditis occurs in the setting of particular risk factors, including struc-
tural cardiac valvular abnormalities, use of broad-spectrum antibiotics, central lines,
parenteral nutrition, and surgery [357, 426]. A previous review had reported intra-
venous drug abuse as a major risk factor for FE [427]. The epidemiology of risk
factors, however, has since changed: In a review spanning 1995-2000, only 4 % of
patients were reported as drug abusers [407]. Since then, data from the International
Collaboration on Endocarditis and similar registries have demonstrated a further
shift in epidemiology, with most candidal IE occurring in the context of prosthetic
devices [356, 428, 429]. With the increasing use of the above risk factors as a reflec-
tion of medical progress, it is probable that the incidence of candidal FE will
increase.

The management of candidal FE remains poorly defined. An inherent difficulty
in establishing treatment guidelines is the low incidence of this disease, thus pre-
cluding any appropriately powered, randomized, controlled clinical trials.

Prior to the advent of newer antifungal therapies, AmB was the only agent avail-
able. As such, the dogma in management of FE was to remove the infected tissue,
replace the valve, and provide 6—8 weeks of AmB therapy [430]. The importance of
surgical intervention in the management of Candida endocarditis is exemplified by
the differences in mortality rate without (~90 % [414]) and with (~45 % [427]) sur-
gery. Surgical intervention should be performed as soon as possible, with removal
of the valve and surrounding infected tissue. Current guidelines in North America
recommend combined medical and surgical therapy, with medical therapy defined
as AmB with or without flucytosine at maximal tolerated doses for a total duration
of therapy of >6 weeks after surgery [394]. This recommendation is based on a non-
statistically significant trend toward better outcome among patients who underwent
surgery. It is also supported by a report that 160 days of AmB therapy did not steril-
ize a cardiac valve [431], emphasizing the need for surgical removal. This initial
step of combined medical/surgical therapy, termed the “induction phase”, is the first
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of a 2-phase management plan. The purpose is to provide rapid control of infection.
After a clinical response to the initial “induction phase”, “prophylactic therapy”
should be instituted. While the recommendation for combined medical-surgical
therapy of Candidal NVE has been the standard approach, data from the International
Collaboration on Endocarditis may suggest that in individual cases, medical therapy
alone could be as successful as combined therapy [428]. The authors did note the
potential for bias in their study, in that the group who underwent surgery may have
had increased morbidity or complications at presentation, accounting for the lack of
survival benefit observed. Further, most of these patients had prosthetic material,
which may preclude extrapolation to those with native valve involvement. Thus,
clinical judgment is required to assess the relative risks for each patient.”

The development of the azoles may now provide an alternative to AmB in the
treatment of this condition. It has been shown that fluconazole is as effective as
AmB for the treatment of candidemia (without endocarditis) [432]. Furthermore, in
non-neutropenic, non-endocarditis patients, fluconazole in combination with AmB
(0.7 mg/kg per day given only for the first 5-6 days) trended toward improved suc-
cess and more-rapid clearance of candidemia (excluding C. krusei) from the blood-
stream, although it was not statistically significant [433]. It has also been used
during the “prophylactic” stage (see below). Animal models, however, have sug-
gested that fluconazole may be an effective agent for primary therapy of Candida
endocarditis, as it demonstrates superior ability to penetrate cardiac vegetations
than AmB [396]. The clinical data regarding the use of fluconazole for treatment of
Candida NVE, however, is limited to a few successfully-managed cases in the
English literature [433—436]. Future studies are required.

Candida endocarditis has a propensity for relapse after valve replacement, and
therefore requires careful follow-up for >1 year. This recommendation is based on
small series of patients, in which typical follow-ups have ranged 6—12 months.
However, relapse has been described in patients several years after treatment was
discontinued [386, 437]. Thus, it has been suggested that “cure” be defined as the
absence of infection for >2 years after withdrawal of antifungal treatment [434].
Therefore, “prophylactic therapy” is used after a clinical response to the “induction
phase”, to minimize the risk of relapse and to attempt a cure. The duration of this
phase is poorly defined, but given the potential disastrous complication of recur-
rence, life-long suppressive therapy has been suggested [438]. In patients that are
not deemed appropriate surgical candidates for valve replacement, or that refuse
surgery, prophylactic therapy is used with the goal being life-long suppression
[394, 426].

An alternative antimycotic is the echinocandin, caspofungin. The advantage of
this agent is that it is fungicidal in vitro and in vivo against most isolates of Candida
spp., including C. krusei and C. glabrata [394]. These two yeasts may demonstrate
intrinsic (C. krusei) or acquired (C. glabrata) resistance to fluconazole, and they
may also be less susceptible to AmB [394]. Furthermore, it has a benign toxicity
profile and requires no modification of dose in patients with renal insufficiency.
Case reports have described its successful use in the treatment of Candida endocar-
ditis, both native [419, 439] and prosthetic [420] valves (see Chap. 11) However, it
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may not be the agent of choice if cerebral septic emboli complicate the endocarditis,
as it penetrates poorly across the CNS and may permit the development of candidal
brain abscesses [425]. Further studies on its efficacy are required.

Aspergillus spp.

Aspergillus spp. are ubiquitous, filamentous fungi with hyaline, septated, branched
hyphae. These molds have the capacity to cause several diseases in both healthy and
immunocompromised hosts. Aspergillus spp. are the second most common fungal
organism, after Candida spp., causing endocarditis in patients with previous valvu-
lar surgery [357]; this condition is discussed in the chapter on prosthetic valve endo-
carditis. Aspergillus spp., albeit much less commonly, can also cause endocarditis in
patients without prior cardiac surgery. The two major manifestations of cardiac
aspergillosis in the native heart are Aspergillus NVE and Aspergillus mural (non-
valvular) endocarditis.

Aspergillus NVE is much less common than endocarditis involving prosthetic
valves, with a review by Gumbo et al. [440] identifying 61 cases in the English lit-
erature. As with other forms of invasive aspergillosis, immunocompromised status
(defined as presence of hematologic malignancy undergoing chemotherapy, admin-
istration of large or prolonged doses of corticosteroids, solid-organ transplant recip-
ient receiving anti-lymphocyte therapy) was a major risk factor for Aspergillus NVE
[440]. Advanced HIV, with marked CD4 T lymphocytopenia, also appears to be a
risk factor [441].

The major clinical manifestations of Aspergillus NVE were fever (reported in
74 % of cases), systemic embolization (69 %), and a new regurgitant heart murmur
(41 %) [427, 440]. Embolic phenomena frequently involved the central nervous
system (brain, eyes), skin, and the aorta/large vessels [440, 442]. Involvement of the
brain can manifest with focal or general neurologic deficits. Ocular involvement
manifests as endophthalmitis with sudden visual loss; this complication has been
reported in 13 % of cases [440]. As a corollary, it has been suggested that any
patient with Aspergillus endophthalmitis should be evaluated for endocarditis,
which has been associated in up to 40 % of cases [443]. Skin involvement typically
presents as subdermal nodules [440] or necrotic lesions [444]; either can serve as a
substrate for biopsy that may allow for earlier presumptive diagnosis [440, 442].
Vascular involvement can manifest as occlusive embolism, typically of large vessels
(e.g. ilica, femoral, subclavian arteries) [440]. Alternatively, Aspergillus spp., as a
result of their angioinvasive properties, can rapidly seed vascular walls and create
focal areas of weakness that lead to aneurysmal disease. These aneurysms can occur
in multiple vascular beds (e.g. ascending aorta, circle of Willis, peripheral) and can
subsequently rupture [442]. Embolic disease to the kidney has been reported in
40 % of cases [440]. Local complications can also develop, including pancarditis
and cardiac rupture [445].

The major species reported as causing Aspergillus spp. NVE include A. fumiga-
tus, A. flavus, A terreus, and A niger [440, 442]. As with other forms of invasive
aspergillosis, A. fumigatus was the most common cause of Aspergillus spp.
NVE. This frequency may relate to the fact that A. fumigatus has smaller conidia
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(2- to 3-pm), which allow for more efficient inhalation and bypass of the physical
barriers of the respiratory system [441], from which they subsequently gain access
to the bloodstream.

Aspergillus spp. NVE most commonly affects the mitral valve and typically pro-
duces large vegetations, with the average size being approximately 40 mm [440].
Despite these large persistent endovascular vegetations, blood cultures are usually
negative due to the facts that fungemia is intermittent and that Aspergillus spp.
almost never grow in conventional blood cultures media [440, 442]. The sensitivity
of blood culture for isolating Aspergillus spp. is 10-30 % at most [430]. However,
these large vegetations can usually be visualized by echocardiography, with trans-
esophageal echocardiography (TEE) demonstrating higher sensitivity than trans-
thoracic modality. Culture of embolic material, usually a cutaneous lesion, is a
reliable means of establishing a rapid, presumptive diagnosis. Serologic diagnosis,
by detecting host antibody response to the mold, has not proven an effective means
of early diagnosis of infection with Aspergillus spp. [446]. One major reason is the
fact that humoral immunity appears to play a minor role in providing host protection
during invasive aspergillosis, although patients who recover from invasive aspergil-
losis develop detectable antibodies to Aspergillus spp. [447]. As well, the sensitivity
and specificity of tests for detection of antibodies to Aspergillus spp. are low [447,
448].

Promising tests for earlier and more reliable detection of invasive aspergillosis,
in general, include antigen detection tests and nucleic acid amplification.
Galactomannan (GM) is a polysaccharide cell-wall component that is released by
growing hyphae. The most recent test for detection of GM is an enzyme immuno-
sorbent assay (EIA), which has been shown in multiple studies to be a useful diag-
nostic tool for IA in neutropenic patients with cancer. However, the reported
sensitivity and specificity have been variable (57-100 %, and 66—-100 %, respec-
tively) [449]. B-D-glucan is a cell wall component of yeast and filamentous fungi. It
has been found to be detectable in the blood in various invasive fungal infections,
including those caused by Candida spp., Aspergillus spp., as well as Fusarium spp.,
Trichosporon spp., and Saccharomyces spp. [450]. The roles of these fungal antigen
detection tests in early diagnosis of fungal endocarditis remain to be determined. In
a limited study of native- and prosthetic-valve Aspergillus endocarditis, the GM and
the B-D-glucan were positive in samples prior to the cardiac surgery that provided
the confirmatory diagnosis, suggesting that these markers may assist in the diagno-
sis of Aspergillus spp. IE [451]. Interestingly, the GM declined with therapy,
whereas the -D-glucan did not, suggesting that GM may also be useful to guide
therapy. Further studies are need. Of the nucleic acid-based tests, the use of poly-
merase chain reaction (PCR) for early but robust confirmation of Aspergillus spp.
endocarditis is promising.

The optimum management in patients with Aspergillus spp. NVE remains unde-
fined. Most authors recommend a combination of medical and surgical therapy
[440]. For medical treatment, in addition to managing the general complications of
endocarditis, administration of antifungal therapy is crucial. AmB has traditionally
been the mainstay of treatment for Aspergillus spp. infection. However, the optimal
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dosage, total dose, and length of therapy have not been established. As mentioned
previously, the nephrotoxic effect is the most common reason to limit dose or termi-
nate therapy [377]. AmB also penetrates poorly into cardiac vegetations [385].
Nonetheless, based on retrospective data of few patients who survived Aspergillus
endocarditis, the recommended total dosage of AmB is 2.5-3.0 g (or 50 mg/kg)
[452]. It is important to remember that despite these high doses with a seemingly
effective antifungal agent, clinical success is not guaranteed. The liposomal AmB,
with its renal-sparing properties, has been used successfully to treat cases of
Aspergillus spp. endocarditis [453, 454]; in a few cases, surgery was not required
[455, 456].

Because of the adverse events associated with AmB, other agents with activity
against A. fumigatus. have been used. 5-FC alone had no effect on survival in an
experimental rabbit model of A. fumigatus endocarditis, but when used in combina-
tion with AmB (deoxycholate), valve sterilization was achieved in 30 % of tested
animals [457]. The combination has also proved effective in lowering mortality in
neutropenic patients with pulmonary aspergillosis who did not receive a bone mar-
row transplant [458]. There is a paucity of data on this combination in Aspergillus
endocarditis. Nonetheless, the adverse events profile of 5-FC necessitates regular
monitoring of blood levels of the drug, as well as complete blood cell count and
hepatic enzyme profile, to avoid the risk of toxicity.

Itraconazole, an azole with activity against Aspergillus spp., appears more effica-
cious than monotherapy with AmB in animal models [457]. However, its pharma-
cology (i.e. variable intestinal absorption, unpredictable drug interactions) has
limited its use in primary treatment of Aspergillus endocarditis. It has been used
successfully, however, as antifungal prophylaxis against recurrence once primary
treatment was completed [454, 456].

Voriconazole, a broad-spectrum triazole antifungal, is an appropriate agent for
therapy for invasive aspergillosis [459]. Superior outcomes were obtained for hema-
tological patients with aspergillosis who were treated with voriconazole, compared
with conventional amphotericin B, in a large randomized trial [460]. It is now
licensed for treatment of documented aspergillosis and other less common mold
infections [459]. Given the superiority of voriconazole over AmB in the above trial,
voriconazole could be considered the drug of choice for Aspergillus endocarditis,
although no study currently exists to support this suggestion. One case report
describes the successful use of oral voriconazole (in conjunction with aggressive
surgical debridement) to treat Aspergillus spp. prosthetic valve endocarditis with
multiple embolic complications [461].

Caspofungin is an echinocandin with activity against Aspergillus spp. At this
time, there have been no reports on the use of Caspofungin monotherapy for the
management of Aspergillus spp. endocarditis.

The optimal duration of antifungal therapy in the acute management of
Aspergillus spp. NVE remains undefined, although one study suggests that AmB
deoxycholate at 1 mg/kg/day (or lipid-based equivalent) for >6 weeks is required
[440]. This suggestion is based on the fact that embolic episodes with lesions that
contain live Aspergillus spp. occurred in patients despite having received up to
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6 weeks of AmB at 1 mg/kg/day. Furthermore, the mortality was high, despite a
mean cumulative dose of 27 mg/kg of AmB. In certain cases, combination of AmB
with 5-FC should be considered. The optimal duration of azoles in the management
of acute disease is undefined, although this point may be moot as these are the
agents most likely to be used for suppressive therapy (see below).

Surgery is an important adjunct to medical treatment and is recommended in all
cases [357, 440, 446, 458]. Evidence supporting this suggestion derives from the
dismal mortality rates among all patients with Aspergillus spp. endocarditis treated
with medical therapy alone (100 %) versus the survival rates for those who undergo
a combined medical/surgical approach (<20 %) [461]. However, one study found
that surgical intervention with valve replacement did not improve mortality rates,
when compared with rates for patients who underwent antifungal therapy alone
[426]. This discordance may be related to the antifungal therapies available that
constitute medical therapy. Radical debridement of necrotic tissue with valve
replacement using biomaterials (bioprosthesis or homografts) with or without aortic
root replacement is the recommended procedure [442]. Lavage of the endocardium
with an AmB solution is not efficacious and is no longer considered standard tech-
nique [442].

Despite the use of medical and surgical interventions, recurrence rate can be as
high as 40 % [442]. This high rate of relapse indicates the need for long-term anti-
fungal maintenance therapy (sometimes referred to as “prophylaxis”), after treat-
ment of the acute episode. Azoles have been used for this purpose, particularly
itraconazole. Although voriconazole is not licenced for prophylaxis, a guinea pig
model suggests that it is highly efficacious in the prevention and treatment of
Aspergillus endocarditis and may be superior to itraconazole [462]. A minimum of
2 years of maintenance therapy is recommended using itraconazole, although given
the potential disastrous complication of recurrence, life-long therapy may be advo-
cated for some patients [463].

Aspergillus spp. mural endocarditis (ME) is a distinct clinical syndrome that dif-
fers from valvular endocarditis. Defined as growth or vegetations along the lining of
the walls of the cardiac chambers with or without antecedent valvular lesions, it
most commonly develops in patients with high levels of immunosuppression, par-
ticularly recipients of solid organ transplants [440, 445]. ME is highly characteristic
of Aspergillus spp. and it has been demonstrated in one-third of patients with
Aspergillus spp. endocarditis [445]. ME typically results from de novo seeding of an
abnormal area of endocardium, or as a contiguous extension of infection from
underlying myocardial abscess [463]. On autopsy, it appears as white-yellow-grey
excrescences typically several millimeters in diameter [445]. This diagnosis is dif-
ficult to confirm, even by echocardiography, although TEE is likely more sensitive
[440, 445, 464]. The major complication associated with Aspergillus spp. ME is
embolic phenomena, typically producing micro-emboli leading to metastatic septic
foci, rather than large occlusive emboli [445, 463]. Fistulous tracts and cardiac rup-
ture may also occur. The optimal management of this condition is poorly defined,
but likely a combined medical and surgical approach, as for Aspergillus NVE, may
be appropriate [440, 465].



238 D.C.Vinh and J.M. Embil

Endemic mycoses

The major endemic mycoses include histoplasmosis, coccidioidomycosis, blasto-
mycosis, paracoccidioidomycosis, sporotrichosis, penicilliosis, chromoblastomy-
cosis, lobomycosis, and mycetoma. These dimorphic fungi are found globally but
each has a specific geographic niche. Most systemic infections with these pathogens
occur after inhalation of conidia, while subcutaneous mycoses are caused by the
inoculation with vegetable matter or soil. Of these organisms, Histoplasma spp. and
Coccidioides spp. are the most common endemic mycoses associated with
endocarditis.

The dimorphic fungus Histoplasma capsulatum causes histoplasmosis, which
has a worldwide distribution but is especially more prevalent in certain parts of
North and Central America. In the United States, it is endemic in the Ohio and
Mississippi river valleys [466]. In Canada, endemic regions include Quebec, Nova
Scotia, and eastern Ontario [467—469]. Bird and bat droppings enhance the growth
of the organism in soil by accelerating sporulation [470]; these environmental fac-
tors also contribute to its geographic distribution. Infection occurs by means of
inhalation of airborne mycelia, with conversion to yeast forms in the lung and sub-
sequent hematogenous dissemination. Immunocompetent individuals with primary
infection caused by low-level exposure are usually asymptomatic or experience
minor respiratory illness, even though they have foci of microorganisms widely
distributed throughout their bodies [470]. Symptomatic lesions at these sites of
hematogenous spread define disseminated histoplasmosis. This latter condition is
particularly more common among people with impaired cellular immunity, such as
those with AIDS and those at the extremes of age [470].

In a systematic review of the English literature from 1965 to 1995, Ellis and
colleagues identified 270 cases of FE, of which 15 (5.5 %) were due to H. capsu-
latum [357], thus making it the fourth most common cause of FE of that time
period. Unfortunately, certainty of the diagnosis remains unclear since the authors
were not able to report on how such a diagnosis was made in each case. The gen-
eral diagnostic modalities identified in the meta-analysis included blood culture,
culture of cardiac vegetation, and histopathologic examination of the cardiac
valve. Of these, the latter two are accepted methods for definitive diagnosis of
histoplasmosis, with culture of tissue specimens typically requiring 4-6 weeks for
growth [470]. Blood cultures may be helpful, depending on the methodology
used. The Isolator lysis-centrifugation method is considered the optimal method
because it has consistently proven to be more effective for overall recovery and
earlier detection of H. capsulatum from blood specimens, when compared to
broth systems, including commercially-available radiometric ones [470, 471].
Adjunctive tests which may be generally helpful for diagnosis of the various
Histoplasma-related syndromes include the following [470]: (1) Serologic tests,
of which the complement fixation test using both yeast and mycelial antigens, as
well as the immunodiffusion assay which identifies the H and M precipitin bands,
are the standard tests to detect antibodies to H. capsulatum; (2) Fungal stains,
such as silver stain of tissue sections (e.g. bone marrow) or Wright’s stain of
peripheral blood smears; and (3) Polysaccharide antigen detection in sterile body
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fluids, such as the blood, urine, CSF, or bronchoalveolar lavage fluid. The high
frequency of H. capsulatum FE from 1965 to 1995 was not subsequently seen in
a retrospective systematic review of FE from 1995 to 2000 performed by Pierrotti
and Baddour, in which a similar methodology identified only 2/150 (1.3 %) of
cases [426].

A literature review, however, focusing specifically on the diagnosis of
Histoplasma endocarditis identified a total of 43 cases in the English literature since
1943 [368]. In 42 of 43 cases in that series, the diagnosis was secured via histopa-
thology and/or culture of valve material, along with adjunctive tests. Infection
occurred on both native valves (36/43, 84 %) and on prosthetic valves (7/43, 16 %)
and predominantly involved left-sided cardiac structures. More than 70 % of cases
occurred in the setting of disseminated histoplasmosis. Although the respiratory
route is the portal of entry for H. capsulatum, the authors’ series demonstrated that
active pulmonary histoplasmosis was generally not present at the time of endocar-
ditis diagnosis.

The treatment of Histoplasma endocarditis remains poorly defined. Although
traditional dogma for the management of FE dictates a combined medical-surgical
approach, studies addressing this issue for Histoplasma endocarditis are inconclu-
sive. In the meta-analysis by Ellis et al. [357], the survival rate was 63 % (5/8) for
patients treated with antifungal agents alone, compared to 35 % (8/23) for patients
treated with antifungal agents and surgery. Similarly, Bhatti et al. [368] demon-
strated that of 10 patients who underwent combined modality treatment, 8 survived,
which was comparable to the 8/11 patients who survived with medical therapy
alone. However, Kanawaty and colleagues recommended combined modality treat-
ment, based on 71 % survival rate (5/7 patients) for those receiving medical-surgical
therapy compared to 44 % survival rate (4/9 patients) among those who received
medical therapy alone [472]. A recent multi-center study noted that 2/14 patients
who underwent combined medical-surgical therapy died, while 1/3 patients who
underwent medical therapy alone died [473]. That study also demonstrated the util-
ity of the Histoplasma spp. antigen test (from urine or serum) in the diagnosis of
IENone of the results demonstrated statistical significance.

Of the antimycotic agents used in the management of Histoplasma spp. endocar-
ditis, amphotericin B is the most commonly reported. The mean cumulative dose
reported was 3.4 g (range: 1.3—7 g) [368]. The use of azoles is limited to case reports
as adjunctive therapy to amphotericin B and is restricted to ketoconazole and itra-
conazole [368]. The role of newer generation imidazoles (e.g. voriconazole) or
echinocandins (e.g. caspofungin) in the treatment of H. capsulatum FE, or in the
prophylaxis of individuals at high-risk for reinfection, is unknown.

Coccidiomycosis is a fungal infection caused by Coccidioides species endemic
to deserts of the southwestern United States, as well as to Central and South
America. The Cocccidioides genus currently consists of two species: C. immitis and
C. posadasii; the two species are morphologically identical but genetically and epi-
demiologically distinct [474]. C. immitis is geographically limited to California’s
San Joaquin valley region, whereas C. posadasii is found in the desert southwest of
the United States, Mexico, and South America. The two species appear to co-exist



240 D.C.Vinh and J.M. Embil

in the desert southwest and Mexico [474]. Clinical microbiology laboratories do not
currently routinely distinguish these two species.

Endocarditis due to C. immitis/posadasii has been reported in six patients [475].
In all cases, no valvular destruction was identified, but all cases manifested with
impaired valvular function and evidence of disseminated disease. Serologic tests
using the complement fixation method revealed a wide range of titers (1:2 to
1:2048). Histopathologic examination of the involved cardiac valves demonstrated
spherules, the predominant form of Coccidioides spp. in human tissue. In addition
to valve involvement, C. immitis/posadasii has been reported to cause myocardial
abscesses [475].

The optimal treatment of coccidioidal endocarditis is unknown. Of the six
patients identified in the English literature, only two survived. Their treatment con-
sisted of surgical excision and amphotericin B (one with deoxycholate, one with
liposomal complex) for an unspecified period of time, followed by suppressive
azole therapy (one with itraconazole, one with fluconazole, censored follow-up).

Non-valvular Cardiovascular Infections

Although non-valvular cardiovascular infections are much less common than valvu-
lar endocarditis, they nonetheless have the potential to be fatal. Certain cardiovas-
cular infections, such as infected pacemakers and implantable defibrillators, as well
as prosthetic graft infections, are discussed in other chapters. This chapter will
focus on myocardial abscesses, mural endocarditis, and mycotic aneurysms.
Table 9.6 summarises the antimicrobial treatment strategies for non-valvular endo-
carditis caused by Staphylococcus spp.

Myocardial abscesses are rare but can develop by several mechanisms. The clas-
sification system by Chakrabarti [476] is summarized in Table 9.7, and divides
myocardial abscesses into the following categories: (A) Endocarditis-related; (B)
Septicemia-related; or (C) Miscellaneous (see Table 9.7). The most commonly
identified cause of myocardial abscess (MA) is endocarditis-related, resulting from
contiguous extension of valvular or mural endocarditis [476]. Hematogenous seed-
ing during bacteremia or fungemia is also relatively common [476]. In this latter
case, several areas of myocardium are often involved [477], and abscesses in mul-
tiple organs, typically the brain, lungs, and kidneys, also occur [476]. Miscellaneous
causes of myocardial abscesses include trauma and penetrating injuries, iatrogenic
(e.g. catheterization, angioplasty), and anatomic abnormalities (e.g. aneurysm
infection, infection of infarcted myocardium, infection of myxoma) [476]. S. aureus
is the most frequently reported bacterial isolate in patients with MAs; other causes
include streptococci, C. perfringens, Bacteroides spp., E. coli, Candida spp., and
Aspergillus spp. [476, 477]. Fungal MAs are more common in immunocompro-
mised patients. Paravalvular MAs are usually recognized in the context of endocar-
ditis that is failing to improve or clinically deteriorating. Non-paravalvular MAs are
usually subtle, with most previous cases diagnosed at autopsy. The major complica-
tion of MAs is rupture. In MAs that develop in an area of recent myocardial
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infarction, the risk of rupture is increased sevenfold [478]. Rupture can result in
tamponade, hemopericardium, and/or purulent pericarditis. Other complications
include fistulae, cardiac arrhythmias, or septic shock. Although conduction distur-
bances detected by serial electrocardiograms in a patient with suspected or proven
endocarditis is highly suggestive of a paravalvular MA, the diagnostic modality of
choice for all MAs is TEE [476]. The management of non-paravalvular MAs is
poorly defined. No comparative studies have been reported in the English literature
that compare differences in outcome between patients treated with medical therapy
alone versus those treated with combined (medical/surgical) therapy. The manage-
ment of peri-annular MA is more clearly defined. Identification of an abscess as an
extension of valvular endocarditis is an indication for surgery [1, 479], in conjunc-
tion with adequate antimicrobial coverage. Furthermore, early surgery is advocated,
with the goal of achieving more rapid control of the infective process, to improve
the chances of survival and to prevent the development of further perivalvular
destruction [480]. Surgical intervention usually requires drainage of abscess,
debridement of necrotic tissue, closure of any fistulous tracts that have developed,
as well as valve replacement (for paravalvular MAs) [1, 36]. There is some limited
evidence that in select patients, paravalvular MAs may be treated successfully with
medical therapy alone [36]. Recommended criteria for this form of management
include those who have small (<1 cm) abscess as well as those who do not have
evidence of abscess-related complications (e.g. heart block, progression of abscess
during therapy, valvular dehiscence, or valvular insufficiency) [36]. In these patients,
the potential for complications does however continue to exist, and so it is recom-
mended that such patients be monitored closely with serial TEEs (i.e. at 2, 4, and
8 weeks after completion of antimicrobial therapy) [36]. The duration of antimicro-
bial therapy after surgical intervention remains poorly defined. One review suggests
the following approach [481]: Patients undergoing surgical intervention for NVE
should be treated for a minimum of 4-6 weeks with appropriate intravenous antibi-
otics; the full duration of antibiotic therapy after valve replacement or repair is
based on the intraoperative culture results. If the intraoperative cultures were nega-
tive and the patient preoperatively had already received a complete course of medi-
cal therapy, treatment with intravenous antibiotics for seven more days is sufficient.
If the intraoperative cultures are negative but the patient had not received a full
course of preoperative therapy, antibiotics are continued for a total of 4-6 weeks
(including both the preoperative and postoperative period). If the intraoperative cul-
tures were positive, the antibiotics should be continued for an additional four to six
postoperative weeks. This latter recommendation is a conservative estimate,
although a retrospective single-center review of 358 patients concluded that it was
unnecessary to continue treatment for patients with negative valve culture results for
an arbitrary 4-6-week period after surgery [482]. The authors concluded that
2 weeks of treatment appears to be sufficient to prevent relapse, and, for those oper-
ated on near the end of the standard period of treatment, simply completing the
planned course should suffice [482].

Mural endocarditis typically results from seeding of an abnormal area of endo-
cardium during bacteremia or fungia; alternatively, it may develop as an extension
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Table 9.7 Classification of myocardial abscess”

1. | Endocarditis- 1. Contiguous from
related (a) Valvular IE (perivalvular abscess)
(b) Mural IE

2. Hematogenous seeding of myocardium

2. | Septicemia-related | Hematogenous seeding of myocardium, usually in association with
abscesses elsewhere

3. | Miscellaneous 1. Trauma and penetrating injuries
2. Iatrogenic (e.g., catheterization, angioplasty)
3. Anatomic abnormalities (e.g., aneurysm infection, infection of
infarcted myocardium, infection of myxoma)

*Adapted from reference [476]

of infection from underlying myocardial abscesses [477]. The organisms associated
with mural endocarditis include Staphylococcus spp., viridans streptococci,
Enterococcus spp., Salmonella spp., Klebsiella spp., Bacteroides fragilis group,
Candida spp., and Aspergillus spp. [477]. Mural endocarditis most commonly pres-
ents with non-specific constitutional symptoms, i.e. fever and chills. The diagnosis
of mural endocarditis may be difficult. Blood cultures may be positive, although the
data reflecting the sensitivity of this procedure on diagnosis is unknown.
Echocardiography is likely the most useful diagnostic modality, with TEE probably
superior to TTE [464, 483-486]. Nonetheless, echocardiography may be negative in
some cases. The complication most frequently associated with mural endocarditis is
peripheral embolization, although cardiac rupture and the development of fistulae
have been reported [477]. Although no studies exist to guide optimal therapy of this
condition, it is likely that a combined approach is necessary, with early surgical
intervention warranted to prevent the development of complications [477, 483].

A mycotic vascular aneurysm is a localized dilation of the blood vessel wall that
is infected. Infection of a vascular wall can occur as a complication of bacteremia
by one of two mechanisms: Firstly, bacteria circulating in the intraluminal space can
seed an atherosclerotic lesions, with subsequent local invasion, and formation of a
true aneurysm. Alternatively, circulating bacteria can invade the vasa vasorum (the
blood vessels ramifying on the outside of a major artery), leading to necrosis of the
tunica intima, with subsequent pseudoaneurysm formation. Arterial bifurcation
points are the most common sites of mycotic aneurysm formation [36], due to tur-
bulence of blood flow that creates a temporary ebb, which permits circulating bac-
teria to adhere to the vascular wall. Mycotic aneurysms can be anatomically divided
into two categories: Intracranial mycotic aneurysms (IMAs), which is the most fre-
quent mycotic aneurismal complication of endocarditis [36], and extracranial
mycotic aneurysms (EMAs), which include mycotic aneurysms of the aorta, of the
visceral arteries, and the arteries of the extremities.

IMAs are an infrequent but potentially fatal complication of endocarditis. The
overall mortality rate is approximately 60 %, although this rate is dependent on
the status of the aneurysm: for unruptured IMAs, the mortality rate is 30 %,



9 Treatment of Endocarditis 243

whereas the rate increases to ~80 % once rupture has occurred [36, 487]. IMAs
occur more frequently in the anterior circulation, especially the distal middle
cerebral artery and its branches, and may be multiple [487, 488]. The clinical
presentation of patients with IMAs is non-specific, with the majority being asymp-
tomatic until rupture occurs. The most common manifestations include fever and
chills, headache, lethargy/altered level of consciousness; focal neurologic deficits
(e.g. aphasia, hemiparesis) can also occur [36, 487]. The variable presentation is
likely a reflection of the location and progression of the aneurysm, and whether
there is any mass effect.

The diagnosis of an IMA should be suspected in a patient with known endocardi-
tis who develops neurological signs and symptoms, at which point rupture with
either subarachnoid hemorrhage, intraventricular hemorrhage, or direct intracerebral
destruction of the brain has probably occurred. Of note, the development of IMAs
can be quite rapid. In an animal model, it has been demonstrated that the time inter-
val from septic embolism to aneurismal dilatation can be as short as 24 h [487]. The
propensity of IMAs to bleed is the principal reason why anticoagulation should be
avoided, if possible, in the management of patients with NVE. The differential diag-
nosis of new neurological deficit in such a patient should also include embolic infarc-
tion and, less commonly, bacterial meningitis. Cerebrovascular imaging is thus
required. Computed tomodensitometry (CT) of the cerebrovascular system, without
contrast, is useful as an initial diagnostic modality, with sensitivity of 90-95 % for
detecting an intracerebral hemorrhage (ICH) [36]; it may also be able to identify the
location of the IMA. In the absence of an ICH, angiography should be performed
(either magnetic resonance angiography (MRA) or CT angiography (CTA)) to detect
IMAs. Both of these modalities have excellent sensitivities and specifities (90-95 %
each) [36]. Both techniques may be false-negative, however, for aneurysms <5 mm
in diameter, in which case, conventional cerebral angiography may be used [36].
Examination of the cerebrospinal fluid (CSF) does not aid in diagnosing the presence
of an IMA or in consistently identifying the etiologic pathogen [487].

The diagnosis of IMAs in a patient without known endocarditis may be more
difficult. Clues suggestive of an infectious etiology when an incranial aneurysm is
identified include a fusiform appearance or an atypical location [489]. In these situ-
ations, an IMA should be suspected and investigations for endocarditis should be
pursued.

The management of IMAs primarily involves a prolonged course of appropriate
antibiotics that achieve therapeutic levels in the central nervous system. The surgi-
cal management of IMAs remains controversial: its presence is not an unequivocal
indication for surgical intervention. Resolution of IMAs with antimicrobial therapy
alone is well documented. On the other hand, rupture of an IMA is associated with
significant morbidity and unacceptable mortality. Unfortunately, no clinical data
exist that have reliably identified patients at risk for rupture, in whom prophylactic
surgery would be of greatest benefit. As such, the role of surgery in the management
of IMAs must be individualized, based on the patient and aneurysm characteristics.
One algorithm suggested, based on the authors’ experiences at the Mayo Clinic, is
as follows [487]: Patients with unruptured IMAs should be observed during
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antibiotic therapy, with a serial angiograms (MRA or CTA) at 4-6 weeks. If the
IMA enlarges, surgical resection should be considered. If the IMA regresses, sur-
gery can be deferred. If the IMA persists after an adequate course of antimicrobial
therapy, surgical intervention could be considered if the residual aneurysm is large,
if the patient wishes it, and if the patient’s general condition permits. Of note, new
IMAs can form after the initial ones have regressed, underscoring the need for regu-
lar follow-up of these patients until all of the aneurysms have regressed, or until >2
serial angiograms have demonstrated stability in size.

For IMAs that are peripherally located that have ruptured, surgical resection
should be performed, provided that the patient’s condition can allow for surgical
anesthesia. For IMAs that are proximately located, a more conservative approach
may be considered, because clipping of these aneurysms in the acute stage may be
difficult. In these situations, a trial of antibiotic therapy can be pursued. This will
allow fibrosis of the vascular wall, which may make subsequent clipping feasible. If
the patient has multiple aneurysms, then the ruptured one should be resected, along
with other accessible peripheral aneurysms. The remaining ones are treated with
antimicrobial therapy, with serial angiographic imaging; if there is evidence of
enlargement, resection should be considered.

The role of endovascular occlusion of IMAs has been described in case series,
although the limited power and follow-up of the patients prevents any robust con-
clusion about the efficacy of this modality [487].

Extracranial mycotic aneurysms (EMAs) can involve the aorta, the visceral arter-
ies, or the arteries of the extremities. Infected aneurysm or pseudo-aneurysm of the
aorta is a rate but life-threatening condition. The overall hospital mortality ranges
from 5 % to 40 %, although the anatomic location of the EMA, the infecting patho-
gen, and accompanying comorbidities are important factors affecting prognosis. In
a single-center retrospective study of 17 patients over 20 years, the operative mor-
tality for supra-renal EMAs was 43 %, while that for infra-renal EMAs was 10 %
[490].

The most common organisms involved in EMAs are S. aureus and Salmonella
spp. [339, 491, 492]. The latter is discussed in the section on Salmonella spp.
NVE. Other common pathogens include Streptococcus spp. (S. pneumoniae [493],
viridans streptococci [494], B-hemolytic streptococci [495], Gram-negative rods
(e.g. E. coli [496]), and anaerobes (e.g. B. fragilis group, Peptostreptococcus spp.,
and P. acnes) [492].

The standard management of EMAs involves a combined approach. Medical
therapy (i.e. adequate antimicrobial coverage of long-term duration) is required, but
in itself is not sufficient because of the difficulty of antibiotics to penetrate into
aneurysms [497]. Therefore, debridement/resection of the infected aorta and the
surrounding infected tissue, followed by revascularization (either in situ or extra-
anatomic grafting) is also required [498]. Traditionally, aortic ligation with extra-
anatomic bypass was the standard treatment for mycotic aortic aneurysms [498].
However, extra-anatomic bypass may not be practical or feasible if visceral arterial
involvement is present; for example, in mycotic aneurysms of the suprarenal aorta,
no remote or extraanatomic routes may be available to maintain perfusion to the
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viscera. As well, in the presence of bacteremia, even a remote graft may be at risk
for hematogenous seeding. Furthermore, long-term patency may be compromised.
An alternative procedure is in situ reconstruction of the infected aorta with a pros-
thetic graft. Placement of a foreign body into an infected surgical field seems
counter-intuitive, as it has potential for developing early- and late-graft infection.
Indeed, such a complication has been previously reported, necessitating a high rate
of reoperation [499-501]. However, reports of the safety, durability, and efficacy of
in situ reconstruction in the presence of a mycotic aortic aneurysm have also been
described [502, 503]. To further decrease the risk of in situ graft infection, various
modifications (e.g. omental wrapping [501], antimicrobial-coated graft [504, 505],
cryopreserved allograft [506, 507]) have been used. Although there are no guide-
lines regarding the proper indication for in situ reconstruction, the presence of gross
purulent infection at the aortic site is likely a contra-indication to this procedure.

The optimal duration of antibiotic treatment for aortic EMAs is not well defined.
Recommendations have varied from >4 to 6 weeks to life-long therapy [498], the
latter being especially recommended in the presence of an in situ prosthetic graft.

Endovascular repair is an emerging field in vascular surgery. Although most
experience is in the repair of sterile aneurysms, cases of successful treatment of
infected aneurysms have been reported [503, 508]. In the absence of more robust
evidence, it has been suggested that this modality may be currently best suited as a
temporalizing measure to rapidly stop the bleeding of a ruptured aortic EMA, fol-
lowed by definitive surgery [498].

The Role of Surgery

Despite medical progress in the diagnosis and antimicrobial therapy of IE, more
than half of patients with IE suffer a serious complication, and the mortality rate is
unacceptably high: ~20 % during the initial hospitalization and ~40 % at 1 year
[509]. The major causes of death are structural complications and hemodynamic
instability. As such, cardiac surgery, principally valve replacement, has become an
important adjunct to medical therapy. Cardiac surgery is currently used in 25-50 %
of cases, and several studies suggest that combined medical and surgical therapy
can reduce both early- and late-mortality in patients with a complicated course.

Several indications for surgery in patients with IE have been proposed by
Olaisson and Peterson [1], as well as the AHA, with varying strengths of evidence.
The former are provided in Table 9.8. Consensus indications for surgery during IE
include the following: acute anatomical cardiac destruction; congestive heart failure
(CHF); hemodynamically-significant valvular dysfunction; perivalvular extension
of infection (abscess or fistula); persistent (uncontrolled) infection; and lack of
effective antimicrobial therapy available (or alternatively, difficult-to-treat patho-
gens). Surgery is also indicated for the majority of cases of prosthetic valve endo-
carditis (discussed in Chap. 11) and for the management of mycotic aneurysms (see
above). There is a lack of consensus on the indications of surgery in the manage-
ment of embolic complications.
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CHE, regardless of the pathogenesis, is the strongest predictor of mortality in
patients with IE. As such, it is the strongest indication for surgery [1]. Among
patients with NVE who develop moderate-to-severe (New York Heart Association
IIT or IV) CHF and are treated with medical therapy alone, the mortality rate is
56-86 %; among patients treated with combination medical and surgical therapy,
the mortality rate is 11-35 % [1]. Therefore, CHF is a bad prognostic factor.
Furthermore, patients with IE who undergo cardiac surgery have higher periopera-
tive mortality rates if they do so in CHF (15-35 %), when compared to patients
without CHF (5-10 %) [479]. As such, early cardiac surgery, ideally at the onset of
CHF and before the onset of physiologic compromise, should be performed. Of
note, the beneficial effect of surgery persists even in the presence of co-morbidities;
as such, the development of other complications (e.g. acute renal failure) is not a
contraindication to proceed to surgery [S11].

Anatomical destruction, such as acute valvular destruction with insufficiency,
rupture of the chordae tendinae or papillary muscles, will usually manifest as CHF,
necessitating cardiac surgical intervention. Other sequelae of acute destruction
include rupture into the pericardium and septal perforation; these may manifest with
acute hemodynamic compromise. In these situations, emergent surgery is indicated.

Physiologically-significant valve dysfunction can manifest as insufficiency, pro-
ducing a syndrome of CHF, or with valvular obstruction. The latter may occur, for
example, as a result of large vegetations or thrombi superimposed on a stenosed
native or on a prosthetic valve. Such obstruction can compromise cardiac output;
hence the need for urgent surgery.

Perivalvular extension of infection can develop as paravalvular myocardial
abscess or as an intracardiac fistula. The former has been previously discussed.
Intra-cardiac fistulous tracts usually develop from either aortic root abscesses or
pseudoaneurysms that rupture into adjacent chambers. These fistulae may be single
or multiple and generally extend from the aorta to the right atrium, right ventricle,
or the left atrium [480]. As well, aortic insufficiency from IE may produce a septic
regurgitant jet that strikes subaortic structures, creating secondary sites of infection.
Abscesses form at such sites in the left ventricular outflow tract, especially in the
mitral-aortic intervalvular fibrosa or junctional tissue between the anterior mitral
leaflet and the aortic valve. This leads to pseudoaneurysm formation and rupture
into the left atrium, creating a left ventricular-left atrial shunt [512]. The diagnostic
modality for detection of these fistulous tracts is TEE [512].

Persistent bacteremia has been defined as bacteremia with an organism identical to
the initial isolate, despite >7 days of antimicrobial therapy to which the isolate was
susceptible [1, 513, 514]. However, positive blood cultures after 1-4 days of antibiotic
therapy have been predictive of complicated bacteremias [515-517]. In the absence of
an extracardiac source (e.g. metastatic septic foci), persistent bacteremia indicates a
failure of antimicrobial therapy and the most likely source would be intracardiac. As
such, diagnostic imaging (e.g. TEE) should be pursued. Persistent fever is not synony-
mous with persistent bacteremia. In acute uncomplicated infective endocarditis,
defervescence occurs within 1 week of effective antimicrobial therapy in 75 % of
patients and by 2 weeks in 90 % of patients [518]. The presence of fever during
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Table 9.8 Indications for cardiac surgery in infective endocarditis

Indications for surgery
Heart failure
Aortic/mitral IE with severe AR or valve

obstruction causing refractory pulmonary

edema or cardiogenic shock
Aortic/mitral IE with fistula into a
cardiac chamber causing refractory
pulmonary edema or cardiogenic shock
Aortic/mitral IE with fistula/rupture into
pericardium causing refractory
pulmonary edema or cardiogenic shock
Aortic/mitral IE with severe AR or valve

obstruction and persisting heart failure or

echocardiographic sings of poor
hemodynamic tolerance (early mitral
closure or pulmonary hypertension)
Aortic/mitral IE with severe AR but no
heart failure

Right heart failure secondary to severe
tricuspid regurgitation with poor
response to diuretic therapy
Uncontrolled infection

Locally uncontrolled infection (e.g.
abscess; false aneurysm; enlarging
vegetation)

Persisting fever and positive blood
cultures for >7-10 days after
commencing appropriate antimicrobial
therapy and not related to an extra-
cardiac cause

Infection caused by fungi or multi-
resistant organisms

Prevention of embolism

Aortic/mitral IE with large vegetation
(>10 mm) resulting in one or more
embolic episodes despite appropriate
antibiotic therapy

Aortic/mitral IE with large vegetation
(>10 mm) and other predictors of
complicated course (e.g. heart failure,
persistent infection, abscess)

Timing!
* Emergency: same day
* Urgent: within
1-2 days
* Elective surgery: after

at least 1 or 2 weeks of | Class of

antibiotic treatment.

Emergency

Emergency

Emergency

Urgent

Elective

Urgent/elective

Urgent

Urgent

Urgent/elective

Urgent

Urgent

evidence®

Ila

ITa

247

Level of
evidence®

B

(continued)
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Table 9.8 (continued)
Timing'
* Emergency: same day
* Urgent: within

1-2 days
* Elective surgery: after

at least 1 or 2 weeks of | Class of Level of
Indications for surgery antibiotic treatment. evidence® | evidence®
Isolated very large vegetation (>15 mm) | Urgent 1Ib C
Persistent tricuspid valve vegetations Urgent/elective Ila C
>20 mm after recurrent pulmonary
emboli

Adapted from references [37, 510]

Class of evidence: class I: evidence and/or general agreement that a given treatment or procedure
is beneficial, useful, effective; class II: conflicting evidence and/or divergence of opinion about the
usefulness/efficacy of the given treatment or procedure; class Ila: weight of evidence/opinion is in
favour of usefulness/efficacy; class IIb: usefulness/efficacy is less well established by evidence/
opinion; class III: evidence of general agreement that the given treatment or procedure is not use-
ful/effective, and in some cases may be harmful

"Level of evidence: level of evidence A: data derived from multiple randomised clinical trials or
meta-analyses; level of evidence B: data derived from a single randomised clinical trial or large
non-randomised studies; level of evidence C: consensus of opinion of the experts or small studies,
retrospective studies, registries

'Timing: Emergency: same day; Urgent: within 1-2 days; Elective surgery: after at least 1 or 2
weeks of antibiotic treatment

therapy should be categorized as “persistent” if there has been no defervescence after
1-7 days, or as “recurrent” if there was an initial period of decreased temperature [26,
517]. Persistent fever after the first week of hospitalization suggests a septic embolic
focus (e.g. visceral abscess) or an intracardiac complication, either of which may or
may not be the result of inadequate antibiotic therapy [517]. Recurrence of fever sug-
gests a focal septic complication, noninfectious embolic phenomenon (e.g. visceral
infarct), a drug-hypersensitivity reaction (drug fever), or, least commonly, the emer-
gence of a resistant strain [517]. In a single-center, prospective study of 193 patients
with IE, 57 % of patients had “persistent” or “recurrent” fever. Of the patients with
“persistent” fever, 56 % were due to cardiac complications. “Recurrent’ fever was
most often caused by hypersensitivity reactions to -lactams [26].

The presence of difficult-to-treat pathogens is an indication for surgical intervention
[1]. Frequently cited examples include Pseudomonas aeruginosa, fungi (e.g. Candida
spp., Aspergillus spp.), Coxiella burnetti, and Brucella spp., organisms for which anti-
microbial therapy exists, but when used alone, unlikely to lead to eradication. It is
becoming clear, however, that even for pathogens with “adequate” antimicrobial agents
available, surgical intervention combined with medical therapy may be the superior
treatment of choice. Examples of such situations include NVE with S. aureus, certain
coagulase-negative staphylococci, and f-hemolytic streptococci (see previous sections).
This decision is particularly true in the presence of any of the above complications.



9 Treatment of Endocarditis 249

The role of surgery in preventing CNS complications remains ill-defined.
Neurological complications occur in 20—40 % of patients with IE [36, 519], and can
manifest as brain infarction, mycotic aneurysms with/without intracerebral hemor-
rhage, bacterial meningitis, or toxic encephalopathy. The purpose of surgery would
be to prevent septic embolic phenomena. Emboli, however, can occur before diag-
nosis, during therapy, or after treatment is completed. Identification of predictive
factors to estimate an individual patient’s risk of embolization has been difficult.
Previous attempts to use echocardiography to identify high-risk vegetation charac-
teristics, and thus to identify a sub-group of patients who may benefit from prophy-
lactic surgery, have produced conflicting results. More recent studies have
demonstrated that the large majority of embolic complications occur before the
diagnosis and institution of antimicrobial therapy [228, 229]. Even with antibiotic
treatment, the risk of embolization remains elevated for the first 2 weeks [520]: in
one study [176], 65 % of embolisms occurred during this period. The risk decreases
to 15 % after 1 week of treatment, and then to 1 % after 4 weeks of treatment [479].
Thus, the preventative effect of surgery would be maximal in the first few days of
treatment. However, this potential benefit is tempered by the fact that early cardiac
surgery would expose a number of patients, who would not have otherwise devel-
oped this complication, to the risks inherent with surgery. As well, these patients
would be exposed to the risks associated with prosthetic valves (i.e. lifelong antico-
agulation for metallic prosthetic valves, re-do surgery for bioprosthetic devices, risk
of prosthetic valve endocarditis). As such, the traditional indication for valvular
surgery for IE to avoid embolization has been the development of >2 major embolic
events, although this recommendation is arbitrary [36]. Objective risk factors that
may aid in decision-making include the size of the vegetation at baseline, the pro-
gression of the vegetation size on therapy, and the infecting microorganism.

Vegetation size intuitively should correlate with risk of embolization. Larger,
pedunculated vegetations are potentially more friable at the surface or the neck; when
such pieces are disrupted, it results in emboli. Although early data correlating vegeta-
tion size to risk of embolization were inconsistent, several subsequent large studies
[110, 176, 521, 522] and a meta-analysis [176] have shown that vegetation size (spe-
cifically >10 mm) is a strong predictor of thrombo-embolic events. There is some
concern, though, that this “threshold” size not be dogmatic in determining the need for
surgery. Vegetation size alone does not precisely identify all high-risk patients: not all
patients with large vegetations invariably develop embolic complications, and con-
versely, some patients with relatively small vegetations do. Therefore, other factors
clearly must be contributing to the likelihood of embolization. In addition to vegeta-
tion size, valvular location has been reported to be important in some studies [176]. As
well, the infecting microorganism may play a role, but the data is not adequately
powered [176, 520]. In addition to vegetation size, vegetation echogenicity theoreti-
cally may contribute to predicting a patient’s risk for embolizaton. Low density veg-
etations are fresh, and thus friable, and would have a greater capacity to embolize than
a high-density vegetation, which is more typical of a chronic and healed vegetative
mass [176]. Several studies [176, 523], however, demonstrated that there was no rela-
tionship between vegetation echogenicity and the risk of embolization.



250 D.C.Vinh and J.M. Embil

Change in vegetation size is a useful sign. One study suggests that a decrease in
vegetation size on antimicrobial therapy is indictive of a rapid healing process
[524]. In practical terms, however, most vegetations remain constant in size, despite
appropriate antimicrobial therapy; this occurred in ~84 % of vegetations in one
study [176]. Failure of the vegetation to regress, however, was not associated with a
worse prognosis. Growth of vegetation on antimicrobial therapy is ominous. Several
studies [176, 524] have demonstrated that this feature is associated with poor con-
trol of the infection and a higher incidence of embolization.

In conclusion, future studies are required to better delineate the risk factors that
most accurately predict embolization and whether prophylactic cardiac surgery in
such patients is beneficial.

For the patient with IE who has already developed neurological deficit(s), car-
diac surgery may still be indicated if the risk of recurrent embolism is high or if
there are concomitant complications. Management thus is determined by the nature
of the neurologic lesion, as well as the nature of these other complications. Although
the most common CNS complication is embolic disease without hemorrhage [525],
a CT scan of the head should be the first step to determine the presence of intracra-
nial hemorrhage [36, 519, 525].

In the absence of any hemorrhage, only small studies exist to guide management.
Maruyama and colleagues report the development of severe neurologic deteriora-
tion in 29 % (4/14 patients) who underwent valve replacement within 5 days of an
acute, non-hemorrhagic, cardiogenic embolism [526]. Matsushita et al. also reported
fatal neurologic deterioration in two patients who underwent emergency cardiac
surgery within 5 days of their stroke [527]. They also noted better outcomes among
patients with ischemic events if they were medically treated for 11 days prior to
surgery and for 23 days prior to surgery if they had hemorrhagic strokes. Other
groups have demonstrated similar results [519, 525]. Thus, it has been recom-
mended that, when possible, cardiac operation be delayed 2—4 weeks for patients
who have non-hemorrhagic, cardiogenic emboli [36, 519, 525, 528].

If hemorrhage is identified on CT, the most likely cause is ruptured mycotic
aneurysm. As such, angiogram (e.g. MRA, CTA, or conventional) should be per-
formed. Neurosurgical consultation should be obtained to assist in management.
Cardiogenic embolism with hemorrhage is associated with an increased risk for
perioperative stroke in cardiac surgery [529]. Therefore, surgical management of
the aneurysm (e.g. clipping) may be necessary. In patients who undergo aneu-
rysm clipping, subsequent valve replacement should be delayed for 2-3 weeks,
if the patient is stable [525]. Cardiac operations should be performed only when
there is stabilization of the neurologic status clinically, and CT imaging demon-
strates resolution of cerebral edema with no ongoing bleeding. If surgical inter-
vention for the aneurysm is not deemed necessary, and the patient is stable, an
interval of 4 weeks between the neurologic event and cardiac surgery is recom-
mended [519, 525].

For patients with intracerebral hemorrhage and progressive cardiac failure, the
prognosis is extremely poor. In this situation, the benefit from cardiac surgery may
outweigh the risk of cerebral deterioration associated with the surgery.
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Splenic involvement in IE can be divided into two complications: splenic infarct
and splenic abscess. These two conditions are not mutually exclusive, but represent
a pathophysiological spectrum. Splenic infarct in IE occurs as a result of arterial
compromise, due to embolization of portions of sterile fibrinous vegetations embo-
lizing into the terminal arteries of the spleen. Splenic abscess is a suppurative col-
lection which can develop in patients with IE either as a result of septic emboli or
infection of prior infarct. The incidence of splenic complications of IE is unclear,
largely because septic infarcts typically have no symptoms or localized findings,
and thus may go unrecognized, whereas the incidence rates for splenic abscesses
have been based on retrospective studies, and is thus influenced by recall bias. With
these limitations, the incidence rate of splenic complications in IE has been esti-
mated at 35-40 % [36, 530]. Clinically recognized splenic abscess occurred in
2-5 % of 1IE cases [530, 531]. Among cases of splenic abscess from all causes,
10-20 % are due to endocarditis [532]. One study has demonstrated that the risk of
splenic embolization in IE is equivalent for aortic and for mitral vegetations [533].

Splenic infarcts are most often asymptomatic [533], although in patients at high
risk for venous thromboembolism, such as IE, the most common presenting symp-
tom is left upper quadrant abdominal pain [534]. The diagnosis can be easily
obtained by abdominal ultrasonography (U/S) or CT. CT demonstrates superior
sensitivity when compared to U/S (~96 % vs 75-90 %, respectively) [532]. On CT,
splenic infarcts typically appear as multiple, peripheral-based, wedge-shaped
hypodense lesions without significant contrast enhancement [533, 535]. They may
vary in size, but they rarely involve the entire organ. CT also has the capacity to
identify lesions as small as several millimeters [532]. The clinical significance of
splenic infarcts is that these lesions are at risk for intra-abdominal hemorrhage dur-
ing valvular surgery for the IE, as a result of anticoagulation during cardiopulmo-
nary bypass [533]. Furthermore, splenic infarcts may predispose to splenic rupture.
Other complications include pseudocyst formation, as well as superinfection with
subsequent development of splenic abscess [536]. In the absence of any complica-
tions, an isolated splenic infarction can be managed safely with medical treatment
[533, 536].

Splenic abscesses, on the other hand, are usually symptomatic, with evidence of
sepsis being most prominent [533]. The classic triad consists of fever, leukocytosis,
and left upper quadrant abdominal pain [532, 537]. Fever is by far the most common
symptom, occurring in >90 % of cases [532, 537]. Thus, patients with endocarditis,
abdominal complaints, signs of sepsis (e.g. recurrent or persistent fever), or recur-
rent or persistent bacteremia should be evaluated for any potential foci for relapse,
particularly the spleen. CT is very useful for identification of a splenic abscess,
which typically appears as a solitary, round-to-irregular shape, centrally-located,
hypodense lesion that is contrast enhancing [533]. Air within the cavity is pathog-
nomonic of abscess [533]. There is, however, considerable overlap between the CT
patterns of splenic infarcts and abscesses. In addition to the morbidity to the patient,
the major clinical significance for a splenic abscess is that it may serve as a source
of subsequent bacteremia and seeding of a prosthetic valve inserted for management
of IE. The other major complications of splenic abscesses include rupture into the
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peritoneal cavity, which is the most common, as well as rupture into contiguous
spaces, producing visceral abscesses, peritonitis, or empyema [537].

The management of a splenic abscess requires a combined medical and surgi-
cal approach. Splenic abscesses respond poorly to antibiotic therapy alone.
Although antibiotics are effective in clearing the bacteremia of IE, they do not
penetrate well into splenic abscesses; consequently, organisms in the abscess are
not eradicated and can still be cultured. Previous studies have demonstrated 100 %
mortality rates for patients undergoing medical therapy alone. Robinson and col-
leagues [531] identified 27 patients who developed splenic abscesses among 564
patients with IE between 1970 and 1990. Of these, there were 13 deaths: 10/13
(77 %) of the patients who did not undergo splenectomy died, compared to 3/17
(18 %) of the patients who underwent splenectomy. A literature review by Johnson
et al. [538] demonstrated that the survival rate for 17 patients with splenic abscess
who did not undergo splenectomy was 0 %, compared to 95 % who did. In situa-
tions in which antimicrobial therapy alone appears successful initially, recurrence
of abscess formation is common. Based on this evidence, the recommended defin-
itive management of splenic abscesses in patients with IE has been splenectomy
[36, 531, 537, 539-541], of which the goal is to eradicate the extra-cardiac focus
of infection as a prerequisite to successful management of IE. If possible, the
AHA 2005 guidelines [36] recommend that splenectomy be performed prior to
valve replacement surgery, to minimize the risk of contaminating the valve pros-
thesis as a result of bacteremia from manipulation of the abscess. This recommen-
dation, although conceptually logical, is not based on evidence in the literature.
However, in one series of ten patients with IE in whom splenectomy was per-
formed for splenic abscesses, the splenectomies were staged and performed at a
mean time interval of 11.2 days after valve replacement (range: 3—24 days) [533].
Although follow-up data is not completely provided, three-tenths (30 %) of the
patients who underwent splenectomy died: one in the post-operative period from
bleeding, and two at unspecified times from “cardiac causes”. Another study sug-
gests that splenectomy can be performed before or after valvular surgery, depend-
ing on the patient’s clinical status [531]. Laparoscopic splenectomy for splenic
abscess, although potentially more difficult technically, appears to be a safe and
effective alternative to open surgery [539, 540].

More recently, radiographically-guided percutaneous aspiration or catheter
drainage has become popular. The advantage is that it spares the spleen, and thus
avoids the risks of the hyposplenic state (e.g. overwhelming post-splenectomy sep-
sis). Success rates with this procedure have ranged from 75 % to 100 %, although
several catheterizations may be needed to achieve cure [532]. Furthermore, this
procedure has been associated with high rates of failed attempts, which subse-
quently have required rescue splenectomies [537]. However, the need for a rescue
splenectomy does not appear to be significantly associated with increased mortality
rates [532, 536]. It has been recommended that percutaneous aspiration or catheter
drainage be contra-indicated in a select sub-group of patients, namely those with
multi-loculated abscesses, septations, tenaciously thick abscess contents, or abscess
rupture/bleeding [532, 537].
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In conclusion, the role for surgery in the management of IE or its complications
is expanding. Although the risks for surgical intervention in patients with compli-
cating features such as those discussed in this chapter are real, there is ample evi-
dence that combined modality treatment is beneficial in specific instances.
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Abstract

Blood culture negative endocarditis is defined as definite or probable endocardi-
tis in which three or more aerobic and anaerobic blood cultures collected over
48 h remain negative despite prolonged (greater than 1 week) incubation. Culture
negative endocarditis constitutes a significant percentage of all cases of endocar-
ditis in an institution and is a particularly challenging condition for the clinician
treating such a patient. An organized approach to diagnosis and treatment is nec-
essary. The most common cause of culture negative endocarditis is prior antibi-
otic therapy but an increasing number of organisms that cannot be grown in
blood cultures given current techniques account for a varying percentage of cases
depending on geographic location and laboratory technology. Nucleic acid
amplification techniques, immunohistochemistry and transmission electron
microscopy on vegetations all have a role in making a diagnosis. In hospital
mortality is similar to that of culture positive endocarditis.
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Key Points

1. Blood culture negative endocarditis is defined as definite or probable endocar-
ditis in which three or more aerobic and anaerobic blood cultures collected
over 48 h remain negative despite prolonged (greater than 1 week) incubation

2. Incidence of culture negative endocarditis ranges from 2.5 % to 31 % of
reported cases of endocarditis.

3. Prior antibiotic therapy is the most common cause of culture negative
endocarditis.

4. Agents that cannot be cultured from the blood using current techniques
constitute a large portion of the causes of culture negative endocarditis.

5. Rarely culture negative endocarditis is due to sterile vegetations, so called
marantic endocarditis as a result of malignancy or conditions associated
with high titres of antiphospholipid antibodies.

6. Mortality from culture negative endocarditis is similar to that from culture
positive endocarditis.

7. Serology, histology, immunohistochemistry, nucleic acid amplification
techniques and transmission electron microscopy all have a role in diagno-
sis of culture negative endocarditis in selected cases.

Introduction

Infective endocarditis (IE) with negative blood cultures presents a challenge to man-
aging physicians. Having arrived at the diagnosis of endocarditis several challenges
remain: choosing the diagnostic work-up to determine the etiology, choice of anti-
biotics and duration of treatment. Given these difficult diagnostic and management
issues, it is not surprising that blood culture negative endocarditis (BCNE) is associ-
ated with higher morbidity and mortality compared with blood culture positive
endocarditis. In a study by Murashita et al. [1], BCNE was found to be an indepen-
dent predictor of decreased survival and increased events after surgery. Another
study by Zamorano et al. [2] showed that patients with true BCNE had a signifi-
cantly higher mortality and need for surgical repair than those with negative blood
cultures due to previous antibiotic use (100 % composite end-point versus 64 %).
The goals of this chapter are to provide up-to-date knowledge on blood culture
negative endocarditis, the role of molecular methods in establishing the etiological
diagnosis, and to suggest strategies for diagnosis and management of this problem.

Definition and Incidence

Blood culture negative endocarditis is defined as definite or probable endocarditis in
which three or more aerobic and anaerobic blood cultures collected over 48 h remain
negative despite prolonged (greater than 1 week) incubation [3]. Definite or proba-
ble endocarditis is defined according to Duke criteria [4].
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The incidence of BCNE ranges from 2.5 % to 31 % of endocarditis in various
series [5]. A more recent study by Werner et al. [6] found that of 116 episodes of
endocarditis, 20 % were culture negative. Forty-five percent of these episodes were
preceded by antibiotic use. In another series of 221 cases of IE, 51 (23.1 %) had
negative blood cultures. The most common reason for culture-negativity was antibi-
otic therapy prior to the blood draw, accounting for 47 % [7]. Studies using compre-
hensive diagnostic methods including serology, microscopy and PCR report an
incidence of 5 % [8]. This discrepancy in the incidence of BCNE can be explained
by varied use of culture techniques, molecular diagnostic and serologic tests. The
improved identification aided by molecular tests have also allowed for identification
of a variety of organisms not previously detected by blood culture [9].

Etiology of BCNE

A list of causes of BCNE can be seen in Table 10.1.

There are a large number of bacteria that occasionally cause endocarditis
anywhere in the world. These uncommon causes of endocarditis include
Mycobacterium spp, Mycoplasma spp, Campylobacter fetus, Pasturella spp,
Bordatella spp, Francisella tularensis, Aeromonas hydrophilia, Yersinia entercolit-
ica, Streptobacillus moniliformis, Neisseria gonorrhea, Listeria monocytogenes,
Lactobacillus spp, Nocardia spp, Erysipelothrix rhusiopathiae, Clostridium spp,
non-toxigenic Corynebacterium diptheria [14]. For example, Corynebacterium dip-
theria accounted for >10 % of IE cases in a pediatric series from New-Zealand [15].
Although these are uncommon causes, not all of these would be classified as BCNE
according to strict criteria as many of them can be cultured using routine blood
culturing methods.

The HACEK organisms, which are uncommon causes of endocarditis, have tra-
ditionally been classified as BCNE although with newer culturing techniques, these
may be detected using routine blood culture methods with subculturing on enriched
media and application of MALDI-TOF [16].

A number of recent studies have looked at the etiology of BCNE when strict
definitions are applied. Houpikian and Raoult [17] studied 348 cases of culture
negative endocarditis in Marseille, France from 1983 to 2001. Forty-eight percent

Table 10.1 Mortality in BCNE case series

Mortality culture Number of
Study positive BCNE Mortality BCNE
Zamorano et al. (2001) [10] 12.6 % 20 15 %
Werner et al. (2003) [6] NA 116 7 %*
Krcmery et al. (2007) [11] 15 % 76 13 %
Siddiqui et al. (2009) [12] 20.5 % 83 25.6 %
Ferrera et al. (2012) [13] 30.8 % 80 26.3 %
Siciliano et al. (2014) [7] 33.40 % 51 31.40 %

*Lowest mortality rate reported in BCNE series
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Fig. 10.1 Proportion of cases attributed to culture negative endocarditis over five decades
(Modified from Slipczuk et al. SA Staphylococcus aureus, SV Strep viridans, Entero Enteroccocus,
CNS coagulase negative staphylococci, CN culture negative)

of the cases were due to Coxiella burnetii. A further 20 % were due to Bartonella
species and 5 % due to T whippelii, Abiotrophia spp., Mycoplasma hominis, and
Legionella pneumophila. Of the 73 cases with no etiology, 58 occurred in patients
who had been receiving antibiotics prior to blood cultures, 6 had right-sided endo-
carditis and 4 had a permenant pacemaker. In five patients no explanation for the
culture negative endocarditis could be found. Fournier et al. [18] published a
study in 2010 of 819 suspect cases of BCNE. Using a comprehensive testing strat-
egy including serologic studies, histologic examination and broad range PCR test-
ing of valvular speciments, they were able to identify a cause in 495 cases. The
majority of cases (315) were caused by zoonotic infections including Coxiella
burnetii and Bartonella spp. Eighteen cases were caused by fastidious organisms
including 12 cases of T whippelii. There were 19 cases of non-infective endocar-
ditis. Two hundred and sixty four cases had no etiology found. A contemporary
German study of 1,135 cardiac valves comprehensively analyzed for bacterial
infection using culture, PCR amplification of the bacterial 16S rRNA gene, and
subsequent sequencing bacterial endocarditis was diagnosed in 255 (22.4 %)
patients. Using specific PCR, fluorescence in situ hybridization, immunohisto-
chemistry, histological examination, and culture 7. whippelii was the fourth most
frequent pathogen, found in 16 (6.3 %) cases [19]. The fact that T whippelii out-
numbered Bartonella, Coxiella burnetii, and other common culprits of BCNE
suggests the possibilities of geographic variation and methodological differences
account for some observed differences in etiology. Figure 10.1 (Slipczuk et al.)
summarizes the proportion of BCNE in series over five decades [20].
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Clinical Approach to the Patient with BCNE

In the case of BCNE, the patient’s history can provide valuable clues to the possible
etiology and can therefore direct further investigations. A history of previous anti-
biotic therapy should be elicited as this is the most common cause of BCNE. It has
been shown that even a short course of antibiotic treatment can cause long lasting
suppression of bacterial activity [21].

A variety of animal exposures may predispose to certain microbiologic etiolo-
gies. Contact with goats [22], sheep and cows should suggest infection with C bur-
netii. However, the interval between exposure and the late clinical manifestation of
IE makes the exposure link difficult to ascertain at times. The human body louse has
been implicated in transmitting Bartonella quintana and Bartonella henselae, the
former should be suspected in the context of homelessness [23] while the latter
should be suspected in cat owners. Travel to the Middle-East and ingesting unpas-
turized milk should suggest infection with Brucella spp. Legionella should be con-
sidered in a patient with a history of recent hospitalization. Immunosuppression or
prolonged antibiotic therapy should suggest endocarditis due to fungi.

Physical examination may be helpful in establishing a diagnosis of endocarditis
but is unlikely to aid in uncovering the etiology. In a study carried out at St. Thomas’
Hospital from 1975 to 2000, 63 patients with BCNE were identified [24]. In this
study 17 % of patients were afebrile; 20 % had cerebral emboli; 19 % had splinter
hemorrhages; 17 % hematuria; 15 % splenomegaly; 13 % rash; 10 % clubbing; 8 %
pulmonary emboli; 4 % peripheral emboli; 4 % subconjunctival hemorrhage and
4 % Osler’s nodes. A study from Slovakia reported significantly lower risk of embo-
lization in BCNE compared to culture positive IE [11].

Approach to Treatment

When a diagnosis of possible infective endocarditis is made, diagnostic studies to
determine the etiologic agent, especially in the case of BCNE, may take days to
weeks. A prospective epidemiologic study by Werner et al. [6] looked at total symp-
tom duration until hospitalization and until treatment in 111 cases of BCNE. They
found symptom duration until hospitalization time of 23 days and a symptom to
treatment time of 27 days. A recent study of 221 episodes of IE documented symp-
toms duration of >30 days in more than half of the individuals with BCNE [7].
Delays in initiation of treatment did not result in increased morbidity and mortality
in most studies [2, 7, 10, 11, 13], with one exception [25]. When choosing empiric
treatment, a history of previous antibiotic use, recent exposures (animals, IVDU,
travel, dental procedures) underlying medical conditions (prosthetic versus native
heart valves) as well as knowledge of prevalence rates of causative organisms can
help to guide therapeutic choices. When the patient is acutely ill and while awaiting
results of various diagnostic studies, empiric treatment should be initiated. Rational
empiric treatment should include an antibiotic that is active against the bacterial cell
wall (cloxacillin 12 g/day or vancomycin 1 g every 12 h) and an aminoglycoside
(e.g. gentamicin 1 mg/kg every 8 h) [26]. If a patient has had significant exposure to
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farm animals, treatment with ciprofloxacin 750 mg every 12 h in combination with
rifampin 600 mg once daily or doxycycline can be initiated to cover for Bartonella
or Coxiella infection. A combination of a cell wall active agent (vancomycin or
cloxacillin) plus an aminogylocside and rifampin should be used in culture negative
prosthetic valve endocarditis [13]. If the patient continues to deteriorate despite
initiation of empiric therapy, treatment for HACEK, Abiotrophia and Bartonella
can be initiated with ceftriaxone and gentamicin [26]. Outcomes of therapy vary
with most series indicated comparable mortality to culture positive endocarditis [1,
2, 10-13] and one study reporting lower mortality rate (7 %) [25]. These results
should be interpreted with caution, as the inclusion of individuals in whom prior
antimicrobials were administered may bias the results. Table 10.1. Selected studies
comparing the mortality of BCNE.

Diagnostic Methods

The profile of general laboratory results does not help to differentiate BCNE from
culture positive cases although the levels of C-reactive protein were significantly
lower (median 58 mg/L vs. median 106 mg/L in patients with culture-negative
endocarditis compared with culture-positive endocarditis patients [7].

Culture

Culture of three sets of blood drawn within a 24-48 h period is usually sufficient to
make a diagnosis of culture positive endocarditis and alternatively indicate a possi-
bility of BCNE [27]. Because of the almost linear relationship between the yield of
bacteria from the blood and the volume of blood drawn, 10-20 ml of blood is opti-
mal for each culture [28]. If the patient has received antibiotics, blood should be
processed in the presence of an antimicrobial agent removal device such as cationic
or polymeric adsorbent resins with sodium polyanetholsulfonate. These are now
included in many commercially available blood culturing systems.

Laboratory isolation of fastidious organisms from the blood has improved. The key
to successful isolation is to ensure the laboratory is aware the patient is suspected of
having endocarditis. Most organisms of the HACEK group can be isolated on enriched
or chocolate agar with the exception of Aggregatibacter actinomycetemcomitans
which may take up to 6 weeks of incubation [29]. Abiotrophia spp. are now readily
isolated due to the addition of B6 in commercial blood culture media [30, 31].

Specific media are required for some pathogens. Legionella spp. requires buff-
ered charcoal yeast extract for optimal growth. Most Mycobacteria spp can be iso-
lated in standard blood culture systems but the use of Middlebrook 7H13 broth
should be considered especially for Mycobacterium tuberculosis [17]. Intracellular
bacteria such as Coxiella burnetii and Bartonella spp. require cultivation in cell
cultures [32, 33].
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The shell vial technique has been successfully used for isolation of Tropheryma
whippelii and Chlamydophila psittaci [34, 35].

The use of matrix-assisted laser desorption ionization-time of flight mass spec-
trometry (MALDI TOF MS) is increasing in the microbiology laboratory. This tech-
nology is revolutionizing the processing of specimens in the laboratory, resulting in
rapid identification of the infecting organisms. Although the use of MALDI TOF on
blood cultures has not been studied in the context of suspected IE, the utility of the
technology has been documented. Several, difficult to identify BCNE causing
organisms were identified rapidly and accurately using MALDI TOF [36-38], sug-
gesting that the routine use in the microbiology laboratory may fill some of the
diagnostic gaps.

Histology

Histologic analysis of excised valves can aid in making a diagnosis of infective
endocarditis. Histologic parameters are components of the Duke criteria [39]. The
absence of inflammation makes the diagnosis of IE very unlikely.

A number of different stains can be used to help identify various organisms impli-
cated in IE as well as confirm the presence of inflammation. Hematoxlylin and eosin
staining can identify a pattern of inflammation consistent with IE. Tissue gram stains
allow differentiation between gram positive and negative organisms as well as giving
skilled technicians information about morphology. This may allow for a preliminary
identification [40]. The periodic acid-Schiff (PAS) stain is especially valuable for
detection of Tropheryma whippelii [41], demonstrating the presence of foamy histio-
cytes with infiltrates of neutrophils, lymphocytes and mononuclear cells [42]. The
PAS stain can also be used to detect the presence of fungi.

Giemsa stain, traditionally used for detection of parasites can detect a variety of
bacteria including Bartonella species. The presence of inflammation is also high-
lighted since Giemsa stains white blood cells [43].

The acradine orange stain is a non-specific fluorscent stain, which can detect
any living organism including bacteria, Mycobacteria spp., and a variety of fungi.
In Bartonella endocarditis, the valves tend to be fibrotic and calcified, less vascu-
larized, with less extensive formation of vegetations [44]. Warthin-Starry silver
impregnation technique is a very sensitive method for detection of Bartonella
species [45].

A variety of specific stains can also be used based on clinical indications. If the
patient has risk factors for a mycobacterial infection, valves should be stained with
Ziehl-Nielsen staining for acid-fast bacteria. The Gimenez stain allows detection of
C burnetii and Legionella species [40]. The Kinyoun stain can also detect mycobac-
terial species. It also stains large macrophages containing dark red granules seen in
Chlamydia endocarditis.

For detection of fungi, the Gomori-Grocott’s silver stain provides the best con-
trast [40, 46].
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Immunohistologic Methods

Specific antibodies have been developed to detect a variety of pathogens in tissue.
Immunoperoxidase stains, enzyme-linked immunosorbent (ELISA) assays and direct
immunofluorescence have all been used to detect causative agents of BCNE. Coxiella
burnetii and Bartonella sp. have been detected using these techniques [14, 44, 47, 48].
Direct immunofluorescence can be performed on paraffin-embedded tissue [49].

Electron Microscopy

Although EM is able to resolve morphologic details that cannot be seen with light
microscopy, its usefulness is limited [50]. It is both expensive and time consuming
and therefore is reserved for only very difficult cases of BCNE where other methods
have failed. In the case of BCNE that led to the isolation of Tropheryma whippelii,
the etiologic agent of Whipple’s disease, the microorganism was first visualized by
transmission electron microscopy of the infected valve (Fig. 10.2). Figure 10.3
shows TEM of a vegetation from a patient with endocarditis treated with antibiot-
ics — notice the damaged bacteria. Figure 10.4 shows a scanning electron micro-
graph of a patient with Candida parapsilosis endocarditis showing the many large
oval fungal cells.

Fig.10.2 Transmission electron micrograph from a patient with BCNE due to Tropheryma whip-
pelii. Note the many long rod like bacteria. The round cells are rod that have been cut
transversely
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Fig. 10.3 TEM showing damaged bacterial cells from a patient with BCNE. In this instance the
negative blood cultures were due to prior antibiotic treatment

Fig.10.4 Scanning
electron micrograph :
showing fungal cells in a &

patient with Candida
parapsilosis endocarditis

Serology

Serologic testing for C burnetii, Bartonella spp, Mycoplasma pneumoniae,
Legionella spp, Chlamydia spp, and Brucella spp is included as diagnostic criteria
for IE according to both the Duke and modified Duke criteria [4, 51].

C. burnetii and Bartonella spp are the most common agents of BCNE. Serologic
tools are available to identify these two species and they should be used routinely as
part of diagnostic work-up for every patient with BCNE. On the other hand, positive
serologic tests for Mycoplasma, Legionella, Chlamydia and Brucella should be
interpreted with caution due to low positive predictive value and frequent cross-
reactions [17, 27, 52].
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A large study reported 740 patients with infective endocarditis, 549 of which
were classified as definite endocarditis using the Duke criteria. The authors applied
a comprehensive evaluation and were able to identify the etiological agent in 476 of
the cases. Serological analysis by immunofluorescence, provided approximately
three fourths of diagnoses and PCR was the second most identified the etiology in
additional 109 patients for whom serological results were negative [18].

Molecular Techniques

Sequence analysis of bacterial 16S rRNA genes using polymerase chain reaction
(PCR) has been used directly on clinical specimens to establish an etiological
diagnosis in BCNE. This molecular technique has been shown to be more sensi-
tive than conventional blood culturing techniques for the detection of bacteria [9,
53]. The infecting pathogen was identified in 2.4 % of clinical specimens where
standard bacterial culture had failed. Its main advantages are that it is culture
independent and that most bacteria can be detected in a single reaction. Cases of
BCNE due to previous antibiotic therapy represent an excellent indication for
application of PCR [54].

In one study of 51 patients (52 valves) with suspected endocarditis and 16
patients with no endocarditis this approach had a sensitivity of 41.2 %, a specificity
of 100 %, a positive predictive value of 100 % and a negative predictive value of
34.8 %. This was compared with 7.8 %, 93.7 %, 80 % and 24 % for culture and
11.8 %, 100 %, 100 %, and 26.2 % for Gram stain [55]. A recent study from 8§ UK
and Irish centers, included 151 patients with IE. Use of 16S rDNA PCR yielded a
etiological diagnosis in 43/69 BCNE. The sensitivity, specificity, positive predictive
value and negative predictive value of the 16S rDNA PCR assay were: 67 %, 91 %,
96 % and 46 %, respectively [45]. Similarly, a study comparing the utility of valvu-
lar tissue culture to PCR for 74 patients with IE documented a sensitivity of valve
culture 26 % and specificity 62 % while those of PCR were 72 % and 100 %, respec-
tively [56]. The improved performance of the PCR was emphasized in individuals
who received >5 days of antimicrobial therapy prior to surgery.

This technique is limited by the number and quality of DNA sequences avail-
able in GenBank and the EMBL databases. As some of the reference sequences
are too short or contain too many undertermined nucleotides, confident assign-
ment of clinically derived sequences cannot be made. Microbial DNA contamina-
tion can also occur. Therefore caution must be exercised in the interpretation of
PCR based sequence analyses when the organism has not been observed in stained
valve tissue [57].

The improved ability to detect the infecting organism in excised cardiac tissue
compared to routine culture has been reproduced in a myriad of studies [54, 58—62].
The current guidelines reflect these observations and recommend that samples of
excised heart valve from cases of culture-negative IE be referred for broad-range
bacterial PCR and sequencing [63].
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As our databases improve, molecular techniques will be used increasingly in
the assessment of patients with BCNE [64, 65]. The routine application of 16S
rDNA pyrosequencing and other genomics-based approaches directly to blood
cultures is hampered by low microbial burden in comparison to host DNA at
present [66].

Selected Infectious Agents of BCNE
Coxiella burnetii

Coxiella burnetii is an obligate intracellular bacterium and the causative agent of Q
fever. Q fever is a zoonosis that can cause acute and chronic disease. It demonstrates
phase variation (phase I to phase II) which can be helpful in diagnosis of chronic
infection as in general in chronic Q fever the antibody titre to phase I antigen
exceeds that to phase II.

Epidemiology: Q fever is prevalent in all countries where it has been studied. It
accounts for 3-5 % of infective endocarditis worldwide (except New Zealand) [26].
A recent study from France reported the etiologic diagnosis of 348 cases of definite
culture negative endocarditis according to Duke criteria [17]. In this study, Coxiella
burnetii accounted for 48 % (167) of all cases. Over 400 cases of Q fever endocar-
ditis have been reported in the literature to date [14, 67]. Over half of all cases have
been reported from one laboratory in France [68].

Endocarditis is the most common manifestation of the chronic form of Q fever
accounting for 78-80 % of all cases and 811 % of all cases of Q fever, acute or
chronic. More cases have been reported from Great Britain, France and Israel [33]
than from North America.

Farm animals such as sheep, goats and cattle are the primary reservoir of disease
although cats and dogs have also been affected. When infected, all of these animals
shed desiccation resistant C. burnetii in urine, feces, milk, and birth products [14].
Because C burnetii is very resistant to physical agents, it is able to survive in the
environment for long periods and can be spread over long distances by wind [69]. It
is thought that humans become infected by inhalation of dust contaminated by flu-
ids from infected livestock [68]. Persons may also become infected by ingesting
unpasturized milk or milk products. In a study by Houpikian and Raoult [17] risk
factors for Q fever endocarditis included male sex, age older than 60 years, valvular
heart disease, rural life, exposure to animals, and consuming raw milk. The largest
outbreak of Q fever occured in the Netherlands between 2007 and 2010 [70].
Subsequent to this outbreak 284 cases of chronic Q fever were identified, of which
over a half (53.7 %) had proven, 64 (22.5 %) probable, and 69 (24.3 %) possible
chronic Q fever. Among proven and probable chronic Q fever patients, vascular
infections accounted for more than a half (56.7 %) and it was more prevalent than
endocarditis (34.9 %). An acute Q fever episode was recalled by 27.0 % of the
patients [71].
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Signs and Symptoms

The diagnosis of Q fever endocarditis is often delayed due to lack of echocardio-
graphic findings and negative blood cultures. The most common symptoms include
low grade or intermittent fever, fatigue and weight loss. Fever and congestive heart
failure are the most common signs of Q fever endocarditis and are seen in 68 % of
patients [14]. Splenomegaly and hepatomegaly may be prominent and may lead to
the clinician to investigate for causes of liver disease or hematologic malignancy
causing further diagnostic delays. Clubbing of the digits was found in one third of
patients which is higher than for other causes of endocarditis [72]. Other possible
signs include immune complex deposition related renal impairment and purpuric
skin rash [73]. As with other causes of endocarditis, Q fever endocarditis can pres-
ent with embolic manifestations such as stroke.

Laboratory findings of Q fever endocarditis include circulating immune com-
plexes, positive rheumatoid factor, anemia, thrombocytopenia, microscopic hema-
turia and marked hyperglobulinemia [72]. Serum transaminases especially aspartate
aminotransferase and alkaline phosphatase may also be elevated.

Diagnosis
Transthoracic echocardiography only picks up 12 % of vegetations in patients with
Q fever endocarditis [72] although transesophogeal echo has improved sensitivity.
On pathologic examination of the valves of patients with Q fever endocarditis, veg-
etations have a nodular appearance with a smooth surface or the valves may actually
appear normal. Histologic examination reveals changes of both acute and chronic
inflammation. Immunohistochemical staining reveals C burnetii only in macro-
phages at sites of inflammation and valvular injury and only in the vegetations [74].
Coxiella burnetii should be considered as a possible etiologic diagnosis in any-
one with BCNE. Diagnosis can easily be made using serologic testing, detecting
antibodies to phase I and phase II antigens. Q fever endocarditis is characterized by
high titres to both phase I and phase II antigens of C burnetii. An IgG titre of >1:800
is very sensitive and has high positive predictive value [75]. However one should
never make a diagnosis of Q fever endocarditis based only on serology. Coxiella
burnetti can also be isolated from blood or from valves. It can be cultured using a
shell vial technique but needs to be done in a level three laboratory. Detection of C
burnetii DNA by PCR can also be done on blood or heart valves [76]. Positron emis-
sion tomography is useful in diagnosing Q fever endocarditis and intravascular
infection [77].

Prognosis and Treatment

Untreated Q fever endocarditis has a high mortality rate and the poor outcomes
reported in older literature were most likely due to diagnostic delays. The morality
in more contemporary series is 5—13 % [78, 79]. The mortality was almost double
in individuals with vascular infection (18 % vs 9.3 %) [71]. The standard treatment
for Q fever endocarditis has been a tetracycline in combination with a quinolone for
3—4 years. Despite this prolonged course, relapses and positive valve cultures still
occurred. This is related to the fact that in vitro, these antibiotics are only bacterio-
static. The addition of hydroxychloroquine to doxycycline was studied by Raoult
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et al. [79, 80]. The combination of doxycycline and hydroxychloroquine compared
with doxycycline and ofloxacin shortened the duration of therapy but had no effect
on mortality, valve surgery or tolerance. Therefore a combination of doxycycline
and hydroxychloroquine should be used for a minimum of 18 months. Surveillance
of antibody titres to phase I antigens should be measured every 2 months and treat-
ment can be stopped when IgG phase I antibodies decrease below a titre of 800 [14].
Surgery should be reserved for those with hemodynamic instability.

Patients with acute Q fever who have valvular heart disease should be treated
pre-emptively with doxycycline and hydroxychloroquine for 12 months. This pre-
vents subsequent Q fever endocarditis [81].

Bartonella spp

Bartonella spp are small facultative intracellular gram negative bacteria. They cause
a variety of clinical syndromes. B henselae is the causative agent of cat scratch dis-
ease, meningoencephalitis; bacillary angiomatosis and hepatic peliosis in HIV-
infected patients [82]. B. qunitana causes trench fever, lymphadenopthy and
bacillary angiomatosis. Endocarditis has been reported with B henselae, B quni-
tana, B elizabethae and B vinsonii [14] and more recently B. koehlerae [83] and
B.alsatica [84]. B henselae and B quintana account for approximately 3 % of all
cases of infective endocarditis [26] whereas B elizabethae and B vinsonii are exceed-
ingly rare as causes of endocarditis.

Epidemiology

Bartonella spp have a worldwide distribution but the majority of cases have been
reported in North America and Western Europe. B henselae is transmitted to humans
by a cat scratch or bite or the bite of an infected flea, the cat being the resevoir. B
quintana is carried by the human body louse and humans are the most likely reser-
voir. Risk factors associated with B henselae include underlying valve injury and
contact with cats. The risk factors associated with B quintana are homelessness and
alcoholism (conditions associated with body lice) [85]. Prothetic valve infection
with Bartonella spp has been rarely reported. The mean age of patients with
Bartonella endocarditis is 48 years which is much lower than for other causative
agents of infective endocarditis. Bartonella endocarditis affects predominantly
men.

Signs and Symptoms
Bartonella spp generally cause a subacute insidious form of endocarditis often lead-
ing to delay in diagnosis. At presentation, most patients have fever and they often
present with signs and symptoms of heart failure [85]. Aortic valves are preferen-
tially affected. Patients often present with manifestations of embolic phenomenon
most likely as a result of delayed diagnosis and the large size of vegetations.

Due to the large size, echocardiography [TTE or TEE] can identify vegetations
in 100 % of patients with B henselae and 95 % of patients with B qunitana endocar-
ditis [85].



294 Y. Keynan et al.

Examination of excised valves shows destruction and inflammation of valvular
tissue with no well-formed granulomas and fibrosis [44, 86]. Giemsa and Warthin-
Starry stains are best at showing granular organisms in the vegetation or valvular
tissue. Gram staining and PAS are not helpful [86].

The etiologic diagnosis can also be documented using serology. Serologic testing
can be done using enzyme immunoassays or IFA assays. An IgG titre over 1:800 is
considered positive. These tests can often not differentiate between Bartonella spp.
There is also low-level cross reactivity with C burnetii and significant cross-
reactivity with C pneumoniae [52]. Inoculation of blood or valvular tissue in tissue
culture or on blood agar can be used. More recently PCR detection has been used.
It is rapid and can distinguish between Bartonella species [32].

Treatment and Prognosis

Bartonella spp are susceptible to beta-lactam agents, aminoglycosides, macrolides,
tetracyclines and rifampin in-vitro. A standard antibiotic regimen has not been defi-
nitely established but retrospective data support a combination of gentamicin for
2 weeks and doxycycline for 6 weeks as the treatment of choice, and improved
survival was associated with aminoglycoside therapy [23, 87]. The addition of cef-
triaxone did not improve outcomes [88]. A large proportion of patients require val-
vular surgery due to the destructive nature of both B henselae and B quintana. In
one series, valve replacement was performed in over 90 % of cases of Bartonella
endocarditis [87].

Brucella

Brucella spp are small, facultative gram negative intracellular bacteria. The reser-
voir is domesticated animals such as cattle, goats and sheep. B melitensis occurs in
goats and sheep and it is this strain which causes most cases of human brucellosis.

Epidemiology

Brucella spp are found worldwide. Infection in humans is caused by ingestion of
unpasturized milk or milk products contaminated with the bacteria or by close con-
tact with infected livestock or their bodily fluids. Brucellosis can present as an
acute, subacute or chronic disease. Endocarditis is a rare complication of brucellosis
occurring in 0.6 % of those with Brucella infection and accounting for 1-4 % of all
cases of infective endocarditis [89, 90]. Risk factors include valvular heart disease
and appropriate exposure [91].

Signs and Symptoms

Brucella endocarditis generally presents as a subacute illness with progression over
1-3 months. Symptoms and signs are generally non-specific but include fever,
myalgias, fatigue and hepatosplenomegaly. In patients with prosthetic valves,
relapse of bacteremia after appropriate treatment for acute Brucellosis should be a
clue.
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Brucella endocarditis predominantly affects the aortic valves and is generally
destructive to the valve resulting in ulcerative lesions and ring abscesses. Myocardial
abscesses have been found in 43 % of patients in a post mortem study [92].

Diagnosis depends on isolation of Brucella spp from blood or cardiac tissue.
Although cultures of Brucella require longer incubation periods, 80 % of cases have
positive blood cultures. Automated blood culture instruments generally yield posi-
tive cultures in 4-10 days but it is still suggested that cultures be held for 21 days
[93]. Serology is a safer and effective method of diagnosing Brucella infection. At
least two serological tests have to be combined to avoid false negative results. Serum
agglutination is used first for screening and complement fixation will confirm its
results [93]. A titre of 1:160 is considered positive for active infection. Serologic
cross-reactivity occurs between Brucella, Yersenia and Francisella spp [94].

Treatment and Prognosis

Surgical treatment in combination with medical therapy is necessary in the majority
of patients with Brucella endocarditis, prognosis is adversely affected by the pres-
ence of heart failure and pericardial effusion [95]. In the presence of prosthetic
valve or congestive heart failure, consideration should be given to combined surgi-
cal and medical intervention [96]. In a series by Reguera et al. [91], 72 % of 11
patients required valve replacement with 91 % survival. Standard therapy should
include a combination of doxycycline and rifampin or streptomycin for a minimum
of 3 months. A recent study compared four antimicrobial regimens: ceftriaxone
combined with oral antibiotics; aminoglycosides combined with oral antibiotics;
oral antibiotic combinations; and aminoglycoside plus ceftriaxone combined with
an oral antibiotic. The study was not powered to detect differences between the four
combinations but there was trend toward lower mortality in the two groups receiv-
ing aminoglycoside as part of the regimen [95, 97]. If valve replacement is under-
taken, antimicrobial therapy should continue for 6—8 weeks postoperatively [89].
Antibody titres can be used to monitor response to treatment.

Fungi

Fungal endocarditis has become an important cause BCNE due to increasing num-
bers of immunocompromised patients and those with prosthetic valves. Fungal
pathogens account for 1-6 % of all cases of infective endocarditis [98]. The most
common fungi to cause endocarditis are Candida spp which account for 48—50 % of
all cases [99]. Of these, half are non-Candida spp. Non-C albicans are more com-
mon in health care associated endocarditis whereas C albicans is more common in
those with injection drug use as a risk factor [99]. Aspergillus spp accounts for a
further 24 % and Histoplasma spp. cause 6 % of infections. The yield of blood cul-
tures is approximately 80 % for Candida spp and lower for Aspergillus spp [100].
The remainder of reported infections are caused by a variety of yeasts and moulds
including Trichosporon, Cryptococcus, Pseudallescheria boydii, Trychophyton and
Scopulariopsis brevicaulis [99].
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Epidemiology

Yeasts and moulds are ubiquitous in the environment but generally do not cause
clinical disease unless under exceptional circumstances. The risk factors for the
development of fungal endocarditis are similar to those for any invasive fungal infec-
tion. These are well outlined in a review by Pierrotti et al. [66] that looked at 143
cases of fungal endocarditis over a 5 year period. These include underlying cardiac
abnormalities, prosthetic valves, presence of central venous catheter, and use of
broad-spectrum antibiotics. Immunosuppression and total parenteral nutrition have
also been identified as strong risk factors for the development of fungal endocarditis.
The occurrence of fungemia and IE is increasing in the context of nosocomial blood-
stream infection and IE in the intensive care unit setting [101, 102].

Signs and Symptoms

The most common features of fungal endocarditis do not allow distinction from
other forms of endocarditis. In a review of 270 cases, Ellis et al. [99] found that
45 % of patients had major embolization causing ischemia at the time of diagnosis.
This is much higher than for other causes of endocarditis.

Echocardiography is able to identify vegetations in approximately 80 % of cases
of fungal endocarditis giving a sensitivity of 77 % [99]. Echocardiography identi-
fied vegetations more often in those with native valves compared with those with
prosthetic valves [98].

Routine blood culturing systems detect fungal pathogens in 46—54 % of cases of
fungal endocarditis. Positive blood cultures were seen more frequently in yeast
related IE than in mould-related IE [98].

Histologic examination of excised valves provided the most sensitive means of
pathogenic identification in cases of fungal endocarditis. Ellis et al. reported a sen-
sitivity of 95 %.

Treatment and Prognosis

Treatment for fungal endocarditis should generally include both medical and surgi-
cal therapy. Amphotericin B is the drug for which the greatest amount of experience
has accumulated and should be the drug of choice for Candida endocarditis until
susceptibility testing can be completed. Other options include the addition of flucy-
tosine to amphotericin B, or fluconazole. Voriconazole, posaconazole, caspofungin,
and intravenous itraconazole have been shown to be effective in the animal model
of fungal endocarditis [103]. In-vitro therapeutic concentrations of caspofungin dis-
play activity against C. albicans biofilms, which have been shown to be otherwise
resistant to treatment with fluconazole and amphotericin B and in animal model of
intravascular infection [104, 105]. For endocarditis caused by Aspergillus spp. vori-
conazole has been used successfully in conjunction to surgery and has become the
drug of choice [106—110]. Generally, patients require greater than 6 months of ther-
apy and may need life-long suppressive therapy in cases where operative manage-
ment cannot be undertaken. Even with optimal surgical and medical management,
the prognosis for those with fungal endocarditis has been poor compared with endo-
carditis caused by other pathogens. In the two largest series of patients reported in
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the literature, the mortality rates were 77 % and 56 % respectively [98, 99]. Patients
with mould endicarditis had a higher mortality rate than those with yeast
endocarditis.

Abiotrophia and Granulicatella spp

Abiotrophia spp and Granulicatella spp, formerly known as nutritionally variant
streptococci due to the requirement of pyridoxal and additional nutrients to the cul-
ture media, were reclassified separate genus based on analysis of 16S rRNA
sequences [111-113].

Epidemiology

A adjacens and A defectiva account for approximately 2 % of all cases of infective
endocarditis with more than 100 cases being reported in the literature [30]. Three
species of Granulicatella have been described: G. adiacens, G. elegans and G.
balaenopterae and G. adiacens is most frequently associated with IE, at equal or
greater frequency compared to Abiotrophia [114]. Risk factors include underlying
heart disease which is found in approximately 90 % of patients with Abiotrophia
endocarditis. They are part of the normal oral, genitourinary and intestinal floras.

Signs and Symptoms

IE caused by Abiotrophia often presents as a slow indolent course. Embolization
occurs in approximately one third of patients [14] and neurological manifestations
have been frequently reported [115]. Classic peripheral manifestations of endocar-
ditis including clubbing, petechiae and Osler nodes are not usually present. Mitral
and aortic valves are affected with equal frequency.

Diagnosis

Abiotrophia spp require cysteine for growth. Now that cysteine is routinely added to
culture media, both A adjacens and A defectiva can be detected in routine blood
cultures within 2-3 days. Subcultures require addition of pyridoxal hydrochloride
or L-cysteine for growth. Alternatively, Staphylococcus aureus can be used to
induce satellite growth. Gram staining and morphology are variable. Commercially
available identification systems such as Rapid ID 32 Strept can differentiate
Abiotrohia from viridans streptococci. The use of VITEK 2 and MALDI TOF MS
have improved the ability to identify the organism [36, 116].

Vegetations are seen in 64 % of all cases of Abiotrophia endocarditis and can
therefore be helpful in making a diagnosis. Histological identification of Abiotrophia
species in excised valves is difficult as bacteria are morphologically altered within
the vegetation [30].

Prognosis and Treatment
Despite improvements in culture techniques, infective endocarditis due to
Abiotrophia and Granulicatella spp continues to have a higher mortality when
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compared to other forms of viridans streptococci. Approximately one fourth of
patients require valve replacement and one third fail initial antimicrobial therapy.
This is most likely due to the high beta-lactam resistance rates among Abiotrophia
and Granulicatella strains [117]. Treatment outcomes have improved with the addi-
tion of gentamicin to penicillin and the guidelines recommend a regimen similar to
Enterococcal endocarditis [63, 118, 119].

Mycobacterium spp

Mycobacteria are acid fast bacteria that rarely cause endocarditis. Isolated case
reports of Mycobacterium tuberculosis endocarditis have been reported [120].
Generally these cases are in the context of disseminated or miliary TB and diagnosis
of endocarditis was made incidentally at autopsy [121]. Most cases involved patients
with valvular heart disease. Non tuberculous mycobacterial endocarditis has been
reported with the rapid-grower group of Mycobacterim chelonae, Mycobacterium
Sfortuitum and Mycobacterium avium-intracellulare most frequently implicated
[14]. The majority of involve prosthetic valves with only six cases of native valve
non-tuberculous mycobacteria endocarditis being reported in the literature [122,
123]. It is felt that these infections are due to nosocomial introduction at the time of
surgery.

Diagnosis may be made by isolation of mycobacteria from blood culture although
the diagnosis may be made more quickly by histologic examination of excised
valves. Acid fast bacilli can be detected using Ziehl-Neelsen staining [124].

Combination therapy is necessary as for any mycobacterial infection but dura-
tion of therapy has not been well studied due to the paucity of cases. The utility of
antimicrobial susceptibility is hampered by the lack of correlation with clinical out-
comes. Combined surgical and medical therapy may be required, but mortality
remains high [125].

Mycoplasma spp

Mycoplasma endocarditis is extremely rare with Mycoplasma hominis being most
frequently reported in the literature [126, 127]. The increase in number of reported
cases can be attributed to the advent of PCR based diagnosis of cardiac tissue sub-
mitted during surgery [128, 129]. The antimicrobial management involves adminis-
tration of tetracyclines (intrinsic resistance to penicillins and erythromycin among
M. hominis) [130, 131].

Legionella spp
Legionella spp are small gram negative intracellular bacteria that are associated

with nosocomial pneumonia. Cases of Legionella endocarditis have been reported
in the literature. The first case was reported in 1984 in a patient with bioprosthetic
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valve [132]. The second report was a series of seven patients all with prosthetic
valves at Stanford University Hospital Center [133]. Legionella prosthetic valve
endocariditis as accounted for the vast majority of patients [134—136]. One case of
endocarditis in a patient with aortic root replacement is reported [137]. Legionella
pneumophila, Legionella micdadei, L. dumoffii and more recently L. longbeachae
[138] have all been implicated.

Epidemiology

Legionella spp are normally found in water. There have been a number of nosoco-
mial outbreaks of legionellosis related to contaminated water systems including hot
water tanks and air-conditioning systems.

Signs and Symptoms
Patients often have non-specific symptoms such as low-grade fever, malaise and
weight loss. Anemia and thrombocytopenia were frequently observed. There has
been only one report of an embolic complication [136].

Vegetations are rarely reported on echocardiography and direct visualization of
excised valves revealed only small vegetations in six of eight surgically treated
patients.

Diagnosis

Legionella spp can be cultured using routine blood culture systems but amount of
growth is often inadequate. It is therefore advisable to subculture blood to buffered
charcoal yeast extract (BCYE) agar periodically if one is suspecting Legionella as
the cause of endocarditis. The use of 16s r RNA sequencing to identify Legionella
spp has resulted in identification of potential new species causing IE [139].

Prognosis and Treatment

Valve replacement in combination with antimicrobial therapy has been used in the
majority of cases. Erythromycin in combination with rifampin, ciprofloxacin and
doxycycline, have all been used to treat Legionella endocarditis. The European
guidelines recommend Erythromycin with rifampin [119]. Levofloxacin possess
better in-vitro activity and in several studies resulted in improved outcomes (time to
defervescence, duration of admission and mortality) when compared to macrolides
for legionnaire’s disease [140—-142]. Due to rarity of Legionella 1E, the outcomes
have not been compared to macrolides, and few case reports document successful
treatment with levofloxacin [136]. Duration of therapy was at least 5 months and no
relapses or deaths have been reported.

Whipple’s Disease Bacterium: Tropheryma whippelii
Endocarditis

Whipple’s disease is a rare bacterial infection that causes a chronic systemic illness
characterized by arthralgias, weight loss, diarrhea, abdominal pain and generalized
lymphadenopathy. It occurs primarily in men over the age of 40 years. Whipple’s
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disease bacterium, also known as Tropheryma whippelii, was first isolated in 2000
[34]. The frequency of Tropheryma whippelii was thought to be rare [143] but
emerging evidence with the application of sequencing based diagnosis of surgically
removed tissue suggest that its incidence was underestimated. A recent German
study, analyzed valve tissue from 1,135 patients by applying conventional culture
techniques, PCR amplification of the bacterial 16S rRNA gene, and subsequent
sequencing. 7. whippelii-positive heart valves were confirmed by specific PCR,
fluorescence in situ hybridization, immunohistochemistry, histological examina-
tion, and culture for 7. whippelii. Among 255 proven IE cases T. whippelii was the
fourth most frequent pathogen, accounting for 6.3 % of cases, and was significantly
more common than Bartonella quintana, Coxiella burnetii, and members of the
HACEK group [19]. There are no consistent signs and symptoms that may lead one
to consider T whippelii as a cause of endocarditis. Although many patients have
signs and symptoms of Whipple’s disease. Richardson et al. and Herrmann [144,
145] reported cases of isolated 7 whippelii endocarditis. In the report by Geissdorfer
et al. only one case of TWIE formally fulfilled the Duke criteria for the diagnosis of
IE prior to valve excision, and 87 % of patients had valvular heart disease prior to
the diagnosis of 1E [19].

Diagnosis is made by histologic examination of tissue. PAS staining reveals PAS
positive macrophages and the presence of T whippelii. PCR identification can also
be used from either a valve or a duodenal biopsy specimen. The organism can be
grown in tissue culture using the shell vial technique but the time for the organism
to grow is prolonged — 2—-6 months.

Treatment of T whippelii endocarditis has not been standardized. Most patients
with Whipple’s disease are treated with cotrimoxazole, ceftraixone or doxycycline
for a minimum of 6 weeks and more frequently for 6 months to a year [143]. The
prognosis of T whippelii endocarditis is as yet unknown.

Culture-Negative Endocarditis Due to Right Sided Endocarditis

It has traditionally been believed that right-sided endocarditis is more likely to be
culture-negative due to bacteria being filtered by the lungs. There is very little evi-
dence in the literature to support this claim. In our clinical practice, the majority of
right-sided endocarditis is identified through routine blood culture and or trans-
esophageal echocardiography. Risk factors for right-sided endocarditis include
intravenous drug use and valvular heart disease.

Non-infectious Causes of Endocarditis

Non-infectious causes of endocarditis are classified as nonbacterial thrombotic
endocarditis (NBTE). A review of 171 cases of NBTE found that 59 % of cases
were in patients with underlying malignancy, carcinoma of the ovaries, billiary sys-
tem, pancreas, lung and stomach were most commonly reported [146]. The
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vegetations were located predominantly on the mitral and aortic valves. The major-
ity of patients in this series had no underlying valvular heart disease. There was a
high rate of systemic emboli (41 % of patients). This study suggests that the main
risk factor for the development of NBTE is an underlying hypercoagulable state
whether congenital or acquired. A myriad of rtheumatic diseases with or without
anti-phospholipid syndrome have been associated with cardiac vegetation. In a
French study of 759 patients with BCNE, a causative microorganism was identified
in 62.7 %, and a noninfective etiology implicated in 2.5 %. After exclusion of infec-
tious etiologies by the use of cultures, serology, broad-range PCR of blood and
valvular tissue additional etiologies were investigated. The diagnosis of neoplasic or
autoimmune disease was established based on histology and the presence of anti-
nuclear antibodies in 19 (2.5 %). The authors systematically evaluated for presence
of antinuclear antibodies in cases with no identified etiology in addition to obtaining
additional information from physicians. These cases were classified as Marantic (7
cases) and autoimmune (12 cases) based on laboratory and clinical criteria [18]. In
this series as well as others Behcet’s disease was associated with BCNE [147, 148].
Non bacterial thrombotic endocarditis was first described by Libman and Sacks in
1924 and is not uncommonly referred to as Libman Sacks endocarditis [149]. The
pathogenesis of NBTE in antiphospholipid syndrome is fascinating. Valvular vegeta-
tions in this setting are a consequence of the hypercoagulable state and endothelial
damage by elevated levels of cytokines and complement activation [150]. Beta 2
glycoprotein I is the major target against which antibodies are directed in the
antiphospholipid syndrome. These antibodies activate endothelial cells and mono-
cytes with resultant expression of cellular adhesion molecules, upregulation of tissue
factor production and platelet activation thereby promoting clot formation [150].

lllustrative Case
Case History: Culture Negative Endocarditis

This 76 year old female was admitted to hospital on June 3, 1991 with an 8 day his-
tory of fever, chills, anorexia, nausea, vomiting, and weakness, along with hip and
knee pain. Four days prior to admission she saw her family doctor and was treated
with ciprofloxacin.

Because of progression of her illness to the point where she was unable to look
after herself (she lived alone) she came to the hospital. At this time she gave a his-
tory of hospitalization for pancreatitis 6 months earlier. She underwent upper gatro-
intestinal endoscopy while hospitalized and in retrospect feels that she has been
febrile ever since.

She was in mild distress and her temperature was 37.8° orally. There was a III/
VI pansystolic murmur at the apex with radiation to the axilla. Bilateral knee effu-
sions were present. The white blood cell count was 9.6x 10%/L; serum creatinine
85 mM/L. Blood cultures were drawn and treatment was begun with cloxacillin for
what was assumed to be cellulitis.
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One day later she complained of shortness of breath and crackles were noted at
both bases. A chest radiograph was compatible with mild congestive heart failure.
The blood cultures were reported as negative the next day and a consultation was
sought with Infectious Diseases. The consultant ordered a transesophageal echocar-
diogram which showed three plus mitral regurgitation and a large vegetation on the
posterior leaflet of this valve. Therapy was begun with vancomycin. On day 7 a
respiratory arrest occurred and after resuscitation she was transferred to the inten-
sive care unit. On day 12 her mitral valve was replaced. A paravalvular abscess was
present. The valve had myxoid features and a vegetation was evident (Fig. 10.5). A
Gram stain showed scant intracellular gram positive cocci (Fig. 10.6). Despite pro-
longed incubation the cultures of the valve remained negative. She had a compli-
cated post-operative course but eventually she made a full recovery.

Comment

This is a classic case of culture negative endocarditis due to prior treatment with
antibiotics. The endocarditis was due to a gram positive coccus. Molecular methods
(as discussed in this chapter) could have been used to identify the micro-organism.
Given the combination of fever and a regurgitant murmur, endocarditis should have
been suspected at the time of admission. At least three blood cultures should have
been done but whether these would have let to an etiological diagnosis is specula-
tive. The clinicians could have waited a couple of days before starting antibiotics
and performed additional sets of blood cultures.

v.G.H. # e e 9’

Fig.10.5 Photograph of mitral valve from the patient with culture negative endocarditis. The red
areas represent residual vegetation
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Fig.10.6 Gram stain of material from the paravalvular abscess. Note the Gram-positive material
within the white blood cells. Magnification x 1000

Conclusions

Blood culture negative endocarditis remains a formidable clinical challenge.
Molecular diagnostic methods combined with serological studies have greatly
improved the diagnostic yield, and the dawn of proteomics and genomics era in
the microbiology laboratory is likely to improve our understanding of the epide-
miology of BCNE.
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Abstract

Infections are known complications of prosthetic valves (PV) and cardiovascular
devices (CD). PV and CD placement is increasing secondary to an extension of
the indications for their use as well as an aging population. Thus there is an
expanding population at risk for infection. Cardiac devices susceptible to infec-
tion include cardiovascular implantable electronic devices, coronary artery
stents, pulmonary conduits, ventricular assist devices (VADs), total artificial
hearts (TAHs) and intra-aortic balloon pumps. Rates of infections vary between
devices with the highest rates occurring for VADs and TAHs.

Given the serious nature of PV and CD-related infections, establishing a
prompt diagnosis and identifying the infectious etiology are important. In addi-
tion to pathogen-directed antimicrobials, surgical management may be required.
Early consultation with a multidisciplinary team including infectious disease
specialists, cardiologists, and cardiac surgeons is important to best determine
optimal and patient tailored treatment.
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Key Points

1. Infections related to prosthetic valves and cardiovascular devices carry
high morbidity and mortality.

2. Several sets of blood cultures should be taken for suspected prosthetic
valve or cardiovascular device related infections, preferably prior to anti-
biotics if patients are hemodynamically stable.

3. Microbiology of prosthetic valve and cardiovascular device infections var-
ies depending upon the device and time from surgery with staphylococci
predominating.

4. Transesophageal echocardiogram (TEE) is preferred over transthoracic
echocardiogram for establishing the diagnosis of endocarditis in patients
with prosthetic valves or cardiovascular device related infections.

5. Treatment of prosthetic valve and cardiovascular device related infections
involves medical and often surgical approaches.

6. A multidisciplinary approach to management should be encouraged.

Introduction

Infections related to prosthetic heart valves (PVs) and cardiovascular devices (CDs)
carry significant morbidity and mortality. As a result of an aging population as well
as expansion of indications for their use, the rate of PV and CD placement has
increased in recent years. A clear understanding of infectious complications of PVs
and CDs is critically important to ensure proper diagnosis and management and
optimize outcomes.

Cardiac prosthetic material includes PVs (mechanical and bioprosthetic), pulmo-
nary conduits, permanent pacemakers (PPMs), implantable cardioverter defibrilla-
tors (ICDs), cardiac resynchronization therapy (CRT), ventricular assist devices
(VAD:s), total artificial hearts (TAHs), cardiac stents, and intra-aortic balloon coun-
terpulsation (Table 11.1).

Infections of PVs and CDs involve interplay of the foreign material/device, the
microorganism and the host [1]. Foreign material in PVs and CDs can include tissue
(homograft and xenograft), metal and polymers. The type of material, the shape of
the device and the surface of the device can all influence development of infection
with irregular, hydrophobic and synthetic surfaces more prone to bacterial adher-
ence compared to smooth, hydrophilic biosynthetic surfaces [1].

Microorganisms causing PV or CD infection can bind to prosthetic material, bind
at the site of attachment of prosthetic material to endothelium or bind to endothelium
itself. Damage to endothelium exposes matrix proteins, which allow platelets and
fibrin to deposit. Microorganisms preferentially localize and adhere to these damaged
areas. PVs and CDs may also become coated with host proteins such as fibrinogen or
fibronectin. Microorganisms, predominantly staphylococci, can produce proteins
called microbial-surface proteins recognizing adhesive matrix molecules
(MSCRAMMS), which can bind to host proteins coating prosthetic material.
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Table 11.1 Types of cardiac Prosthetic heart valves

devices and valves with Mechanical

potential for infection - -
Bioprosthetic

Transcatheter aortic heart valve related
Pulmonary conduits
Cardiovascular implantable electronic device
Permanent pacemaker
Implantable cardioverter defibrillator
Cardiac resynchronization therapy
Ventricular assist devices
Total artificial hearts
Intra-aortic balloon pumps
Coronary stents

Staphylococcus aureus MSCRAMMS are important for adherence and colonization
in animal models of infective endocarditis (IE) and VAD related infections [2, 3].
Once bound to endothelium or foreign material, microorganisms can produce extra-
cellular polysaccharides known as biofilm, which acts to significantly inhibit antimi-
crobial penetration and action as well as limit host defenses [4]. Organisms known for
notable biofilm production include coagulase negative staphylococci (CoNS),
S.aureus, viridins group streptococci (VGS), enterococci, Pseudomonas aeurginosa
and Candida species (spp.) [4].

Patient characteristics including age, sex, severity of underlying cardiac illness
and co-morbidities can influence infection rates and outcomes and are important
considerations when deciding on management of PV and CD infections.

Treatment of PV and CD infections involves intravenous antimicrobials and
often surgical management. Although uncomplicated PV IE may be cured medi-
cally, depending on the pathogen, infections involving CDs often require device
removal given high failure rates without surgical intervention and device removal.

Prosthetic Valve Endocarditis

Amongst patients with IE 20-24 % involve patients with a PV [5-8]. More than
90,000 PV are now placed annually in the United States [9]. The incidence of pros-
thetic valve infective endocarditis (PVIE) is 0.1-2.3 % per patient year [10] with the
highest risk of PVIE being in the first post-operative year. A recent large study with
patients aged 65—80 with aortic PVs showed that bioprosthetic valves had a higher
risk for IE compared to mechanical valves with a mean follow-up of 12.6 years
(Hazard ratio 1.6; 95 % CI: 1.31-1.94) [11].

Amongst patients with IE the presence of a PV itself is a risk factor for the devel-
opment of IE. Farinas et al. found that patients with a preoperative New York Heart
Association (NYHA) class III status, alcohol consumption, previous endocarditis,
fever in the ICU and post-operative gastrointestinal (GI) bleeding were all risk fac-
tors for PVIE [12].
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In early PVIE (within 60 days of surgery) infecting organisms are acquired in the
perioperative period and are often nosocomial or non-nosocomial healthcare associ-
ated. Organisms causing PVIE more than a year after the initial operation are gener-
ally community acquired related to episodes of transient bacteremia. Data from the
international collaboration on endocarditis, however, has shown that health care
associated PVIE (including infections acquired nosocomial or non-nosocomial
healthcare associated) is a significant contributor even in patients with late onset
infections [7]. Amongst patients with healthcare associated PVIE, 62 % occurred
after 2 months and 30 % occurred more than 1 year after valve surgery [7].

Microbiology of PVIE varies depending on the time elapsed since surgery. Some
studies classify PVIE infections into early (occurring less than 2 months post valve
replacement surgery), intermediate (between 2 months and 1 year) and late infec-
tions (occurring more than a year after surgery). Microbiology of intermediate
infections is traditionally described as a mixture of early PVIE and late PVIE. Many
studies do not use the intermediate classification and instead classify infections into
early or late infections. The definition of a late PV infection varies in the literature
with some studies using >2 months and others using >1 year. One of the largest
studies on microbiology of PVIE using data from the International Collaboration on
Endocarditis, however, defined late PVIE as being >2 months after valve replace-
ment [7]. Of PV infections, 10-15 % occur less than 2 months from surgery [7, 13].
S.aureus and CoNS are responsible for most of the infections in the early period.
Between 2 months and 1-year post surgery S. aureus and CoNS still remain the
predominant pathogens (~50-60 % of isolates) [14, 15]. Methicillin-resistant
Staphylococcus aureus (MRSA) infections tend to occur in early and intermediate
PVIE compared to late [14]. Beyond 1 year community acquired organisms start to
emerge as pathogens including Streptococcal infections (including viridians group
streptococci as well as others) and enterococcal PVIE [16]. HACEK organisms
(Hemophilus species, Actinobacillus actinomycetemcomitans, Cardiobacterium
hominis, Eikenella corrodens, and Kingella kingae) contribution to both early and
late PVIE vary with more recent studies [8, 14—16] showing very little contribution
compared to older studies [10]. There is a paucity of data from developing countries
examining the microbiology of PVIE. A recent study from Turkey showed a signifi-
cant contribution of gram-negative organisms and fungal infections in early PVIE
[16]. In late PVIE in this study Brucella was a significant pathogen causing 22 % of
infections [16]. Fungal infections of prosthetic valves are rare with Candida albi-
cans being the most common [17].

Cultures are negative in 10-20 % of cases of definitive PVIE [5, 7, 8]. Although
uncommon in North America, Coxiella burnetti (Q fever) endocarditis was the most
commonly identified pathogen in a study of 348 cases of culture negative IE with
specimens sent to the French National Reference Center for Rickettsial Diseases. Of
the 167 patients with C.burnetti IE 42 % had a prosthetic valve [18] (Table 11.2).

Patients with PVIE tend to be older than patients with native valve infective
endocarditis (NVIE) with a mean age of 65 in a study of 556 patients with PVIE [7].
Similar to NVIE there is a male predominance. Fever is present in 40-80 % of
patients, congestive heart failure (CHF) present at presentation in 20-65 %, a new
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Table 11.2 Microbiology of PVIs

Early infections Late infections

(<2 months post surgery) >2 months post surgery
S.aureus S.aureus

CoNS CoNS

Enterococcus VGS

Culture negative Enterococcus

Other pathogens®: fungi, non-HACEK gram Other Streptococci®
negative bacilli, anaerobes, polymicrobial, Culture Negative
streptococci including VGS Other pathogens®

Fungal, HACEK, non-HACEK gram
negative bacilli, anaerobes, polymicrobial

S. aureus: Staphylococcus aureus, CoNS Coagulase negative Staphylococci, VGS Viridins Group
streptococci, HACEK  Hemophilus species, Actinobacillus  actinomycetemcomitans,
Cardiobacterium hominis, Eikenella corrodens, and Kingella kingae

2<10 % of organisms isolated

*Includes Streptococcus bovis, Streptoccoccus group B, C and G

or changing murmur in 65 %, and cerebral vascular accident (CVA) present in
5-18 % [7, 19, 20].

Although originally intended for NVIE, diagnosis of PVIE is largely based on
the modified Duke’s criteria [21]. All patients suspected of PVIE should ideally
have several sets of blood cultures obtained, prior to antimicrobials, if the clinical
stability of the patient allows a brief delay. Cultures are positive in the majority of
patients but may be negative in patients with previous antibiotic exposure or those
with fastidious organisms. In patients who are culture negative, particularly those
who did not have antimicrobials prior to cultures, a more extensive search for a
pathogen should be done guided by local epidemiology and patient risk factors.
Testing for Brucella, Bartonella, Coxiella burnetti, Legionella pneumophilia,
Chlamydia pneumoniae, Mycoplasma hominis and Tropheryma whipplei may be
considered and usually require serology and/or PCR [18].

Patients being investigated for PVIE should have a transesophageal echocardio-
gram (TEE). Although transthoracic echocardiogram (TTE) is often suggested as an
initial investigation [22], it lacks the necessary sensitivity to be useful in investigat-
ing patients with suspected PVIE. Sensitivity of TTE in detecting vegetations in
PVIE was 15 % in one study whilst sensitivity of TEE was 80 %[23]. Compared to
NVIE where TEE sensitivity is >90 %, TEE in patients with PVIE is less sensitive
[23]. TEE is also useful for evaluating complications of IE such as perivalvular
abscess. Daniel et al. showed that TEE was significantly better at detecting abscesses
with a sensitivity of 87 % compared to TTE, which had a sensitivity of only 23 %
(P=0.001) [24].

Imaging to look for emboli can be useful to identify patients who may require
surgical intervention, identify potential complications (i.e. mycotic anyersum) and
also establish diagnosis in cases where IE is not definitive. Central nervous system
(CNS) emboli, are common in IE and up to 50 % of cerebrovascular complications
in patients with IE are silent [25].
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Table 11.3 Surgical criteria for PVI [29, 30]

Vegetation Vegetation >1 mm (especially anterior mitral leaflet), increase in
vegetation size on adequate antimicrobial therapy

Valve Aortic or mitral valve insufficiency with CHF, Valvular dehiscence or rupture

Extension Abscess, fistula, or heart block

Microorganism Fungal infections including Candida spp., multidrug resistant gram-

negative Bacilli or enterococci, Pseudomonas aeruginosa, Brucella

Others: Persistent blood cultures after 1 week of antimicrobial therapy, recurrent
embolic events, relapse after completion of medical therapy, CHF
unresponsive to medical therapy

Treatment for PVIE requires antimicrobial therapy with or without surgical
intervention. All patients should have consultation with an infectious diseases spe-
cialist as well as a cardiovascular surgical consultation particularly if they meet any
criteria for surgical intervention (Table 11.3) [26]. Chirillo et al. found that manda-
tory and immediate involvement from a multidisciplinary team consisting of sur-
geons and infectious disease specialists improved in hospital and 3-year mortality in
patients with PVIE compared to patients in a historical era [5].

Patients should be carefully selected for surgical intervention depending on vari-
ous factors including the integrity of the valve, extension of the infection, vegetation
characteristics and organism isolated (Table 11.3) in addition to comorbidities and
surgical risk assessment. A recent study in patients with PVIE receiving early sur-
gery for valve replacement (within 60 days) found no mortality benefit at 1 year
[27]. Similarly, another study using the same cohort data but specifically looking at
mortality in patients with S.aureus PVIE also found no mortality benefit of early
surgery at 1 year follow up [28]. Patients who survived beyond 7 days after early
valve replacement surgery, however, did have a mortality benefit at 1 year compared
to patients who did not have surgery (risk ratio, 0.53 (95 % CI, 0.30-0.97), P=0.04)
[28]. Timing of surgical intervention depends upon the patient’s clinical status and
the indication for surgery. The decision of surgical timing should be made by a
multidisciplinary team including Cardiologists, Cardiothoracic surgeons and
Infectious Diseases specialists [29]. Patients with PVIE and cardiovascular implant-
able electronic devices (CIEDs) should have these devices removed [29].

Empiric antimicrobial therapy should be guided by the Infectious Diseases
Society of America (IDSA) guidelines [30] and local epidemiology but would typi-
cally include vancomycin 15 mg/kg I'V every 12 h, gentamicin 1 mg/kg IV every 8 h
and rifampin 300 mg po TID until results of blood cultures and susceptibilities are
available. Table 11.4 shows the different treatment regimens for PVIE based upon
organism isolated [30]. For MRS A PVIE or CoNS resistant to methicillin vancomy-
cin should be used as well as rifampin and gentamicin. If vancomycin cannot be
used due to allergy or other serious intolerance daptomycin 8 mg/kg I'V daily can be
used [32].

Enterococcal PVIE should be treated with 6 weeks of therapy of a cell wall active
agent and aminoglycoside as beta lactam antibiotics and vancomycin alone are not
bactericidal against enterococal infections. Therefore aminoglycoside synergy for
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Table 11.4 Treatment regiments for PVIE based upon IDSA guidelines [30]

Infection Primary regiments Duration
VGS and S.bovis with penicillin MIC Penicillin 24MU + Q4-6 h IV 6 weeks
<0.12 pg/ml Or
Ceftriaxone 2 g IV daily 6 weeks
VGS and S.bovis with penicillin MIC Penicillin 24MU + Q4-6 h IV 6 weeks
>0.12 pg/ml Or
Ceftriaxone 2 g IV daily 6 weeks
Plus
Gentamicin 1 mg/kg IV TID 6 weeks
Abiotrophia defectiva, Granulicatella or Treat similar to enterococcal IE 6 weeks
Gemella species (see below)
MSSA Cefazolin2 gIVQ8h 6 weeks
Or Or
Methicillin S CoNS Cloxacillin 2 g IV Q 4h 6 weeks
Plus
Rifampin 300 mg po TID 6 weeks
Plus
Gentamicin 1 mg/kg IV TID 2 weeks
MRSA Vancomycin 15 mg/kg IV BID 6 weeks
Or Plus
Methicillin R CoNS Rifampin 300 mg po TID 6 weeks
Plus
Gentamicin 1 mg/kg IV TID 2 weeks
Enterococcus Ampicillin2gIVQ4h 6 weeks
Ampicillin sensitive [31] Plus
Gentamicin 1 mg/kg IV TID 6 weeks
Or
Ampicillin2 gIVQ4h 6 weeks
Plus
Ceftriaxone 2 gIVQ 12 h 6 weeks
Enterococcus Vancomycin 15 mg/kg IV BID 6 weeks
Ampicillin resistant Plus 6 weeks
Gentamicin 1 mg/kg IV TID
HACEK Ceftriaxone 2 g IV daily 6 weeks
Hemophilus, Actinobacillus, Or
Cardiobacterium, Eikenella, and Kingella Ampicillin 2 g IV Q 4 bt 6 weeks
Or
Ciprofloxacin 500 mg po BID 6 weeks
Early culture negative endocarditis Vancomycin 15 mg/kg IV BID 6 weeks
(Infections <1 year after surgery) Plus
Cefepime 2 g IV TID 6 weeks
Plus
Rifampin 300 mg IV/PO TID 6 weeks
Plus
Gentamicin 1 mg/kg IV TID 2 weeks

(continued)
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Table 11.4 (continued)

Infection Primary regiments Duration
Late culture negative endocarditis Ampicillin-sulbactam 3 g IV Q 6 weeks
6h
(Infections >1 year after surgery)® Plus
Rifampin 300 mg IV/PO TID 6 weeks
Plus
Gentamicin 1 mg/kg IV TID 6 weeks
Gram negatives Culture results to guide therapy 6 weeks
(Enterobacteriaceae, Pseudomonas) Pseudomonas infections should

receive combination therapy

Mean Inhibitory Concentration (MIC), Viridians group streptococci (VGS), Streptococcus bovis
(S. bovis), methicillin susceptible staphylococcus aureus (MSSA), methicillin resistant staphylo-
coccus aureus (MRSA), coagulase negative staphylococci (CoNS)

For Penicillin allergic patients with type 1 allergy Vancomycin 15 mg/kg BID can be used instead
Alternative combination: Vancomycin+ Gentamicin+ Rifampin+ Ciprofloxacin for 6 weeks

the whole duration of therapy (6 weeks) is needed. A recent small study showed that
a shorter duration of aminoglycoside therapy (2 weeks) was effective in patients with
E.faecalis 1E [33]. This study involved mostly patients with NVIE with 36 % of
patients with PVIE. Although more studies are needed to fully evaluate the efficacy
of this approach, short course aminoglycoside therapy could be considered for
patients with enterococal PVIE in whom long-term aminoglycosides are highly
undesirable or relatively contraindicated. High-level resistance to gentamicin in
enterococci can occur due to aminoglycoside modifying enzymes [34]. These
enzymes covalently alter the aminoglycoside and inhibit binding to the ribosome.
Isolates with high-level resistance to gentamicin may still be susceptible to strepto-
mycin, which can be used for synergy in such cases. Recently updated IDSA guide-
lines indicate that ceftriaxone in combination with ampicillin may be considered in
patients with E.faecalis PVIE when aminoglycosides are contraindicated or with
high-level resistance to gentamicin [31]. A non-randomized multicenter cohort study
of patients with E.faecalis IE demonstrated similar mortality rates between patients
treated with ceftriaxone and ampicillin compared to those treated with ampicillin and
gentamicin; 35 % of the patients in the study had PVIE [35]. Fewer patients in the
ceftriaxone and ampicillin group had treatment interruption due to adverse events. A
study of 500 patients with enterococcal IE (both prosthetic and native valve) showed
that >90 % of enterococci isolates were E.faecalis [36]. E.faecalis is usually ampicil-
lin susceptible as opposed to E.faecium, which is usually ampicillin resistant.
Vancomycin resistant enterococcus (VRE) PVIE is rare and optimal treatment is
unknown. Linezolid, daptomycin, tigecycline and gentamicin have all been used
either as single agents or in combination therapy for VRE IE [37].

Staphylococcal PVIE (S.aureus and CoNS) is treated similarly to NVIE with the
exception of the addition of rifampin for 6 weeks duration as well as the use of
gentamicin for 2 weeks duration.

Early-onset culture negative PVIE should be treated with vancomycin, rifampin,
and cefepime for 6 weeks duration with addition of gentamicin for the first 2 weeks
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[30]. Late-onset PVIE is managed with the same regimens as for native valve IE
with the addition of rifampin.

PVIE from Candida spp. needs surgical assessment for valve replacement.
Treatment typically requires therapy with liposomal amphotericin B (3-5 mg/kg) +/—
flucytosine or an echinocandin +/— amphotericin B [38]. Step-down to fluconazole
can be done if the isolate is susceptible and once blood cultures have cleared.
Monotherapy with fluconazole or an echinocandin has been used successfully in sev-
eral cases [39, 40]. Patients without valve replacement should have lifelong suppres-
sive fluconazole while those with valve replacement should have antifungal therapy
continue for a minimum of 6 weeks post replacement [38] (Tables 11.3 and 11.4)

Gram negative PVIE typically requires 6 weeks of therapy with an intravenous
agent(s) tailored to the organism depending upon culture results. Combination ther-
apy for pseudomonal PVIE is suggested [30].

In hospital mortality for PVIE is 20-25 %[5, 7, 13] and is higher than that for
NVIE [7]. Chirillo et al. found that age over 70 years, S.aureus infection, CHF,
multi-organ failure and intra-cardiac abscess were all independent predictors of
mortality at 3 years [5]. Similarly, the International Collaboration on Endocarditis
PVIE data showed that risk factors for in hospital mortality included age over
75 years, S. aureus infection, health care association, persistent bacteremia, CHF,
stroke, and abscess [7].

Guidelines for antibiotic prophylaxis for IE were revised in 2007 [26]. Prophylaxis
prior to dental procedures that manipulate gingival tissue, periapical region of teeth or
perforation of the oral mucosa was recommended to high-risk patients only. High risk
patients for IE includes all patients with PVs, those with previous IE, cardiac trans-
plant recipients with valuopathy, congenital heart disease (CHD) with unrepaired cya-
notic disease, CHD completely repaired with prosthetic material or device until
6 months post procedure, or CHD with repairs which would impair endothelialization
[41]. Preferred prophylaxis is with amoxicillin 2 g orally as 1 dose 30—-60 min prior to
the procedure. Penicillin allergic patients can take 1 dose of clindamycin 600 mg
orally. Alternative agents include cephalexin 2 g or azithromycin 500 mg.

High-risk patients who undergo bronchoscopy with incision or biopsy of the
mucosa should also receive prophylaxis prior to the procedure. A single dose of
cefazolin 2 g IV or ceftriaxone 1 g IV can be given prior to the procedure. For
patient undergoing a gastrointestinal (GI), or genitourinary (GU) procedure antibi-
otic prophylaxis is not recommended even for high-risk patients. Patients with an
established GI or GU infection, however, should have prophylaxis given with
enterococci coverage (i.e. ampicillin or vancomycin). Patients with established uri-
nary tract infection or colonization with enterococcus should have antimicrobial
therapy to treat this prior to having a cystoscopy.

Transcatheter Aortic Valve Replacement

The advent of Transcatheter Aortic Valve Implantation (TAVI) has allowed other-
wise high risk surgical candidates to have correction of severe aortic stenosis. Since
2002 over 50,000 TAVI procedures have been done worldwide [42]. Of the two
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Health Canada approved TAVI systems, SAPIEN valves (Edwards Lifesciences,
Irvine, CA) use bovine material and CoreValve ReValving system (Medtronic,
Minneapolis, MN) uses porcine material.

Fever following TAVI is common occurring in ~20 % of patients [43] which may
cloud the diagnosis of an infection. A recent case series identified 29 patients in the
literature reported to have IE related to TAVI [44]. Twenty eight percent of cases were
from E.faecalis and ~15 % from CoNS. Most patients were treated medically, and
6 month mortality was 39.6 % [44]. Falcone et al. prospectively followed 51 patients
with TAVI and 102 patients with traditional surgical aortic valve replacement (AVR)
[45]. Patient’s receiving surgical AVR were younger and less likely to have severe
CHE, but they had a higher incidence of early, intermediate and late post-operative
infections [45]. Bacteremia was statistically higher in the surgical AVR group 19 %
compared to 8 % in the TAVI group [45]. None of the patients in the study had IE.

Pulmonary Conduits

Right ventricle to pulmonary artery conduits are used for surgical repair of a wide
range of congenital heart diseases including pulmonary atresia or stenosis, tetralogy
of Fallot, transposition of the great vessels, and truncus arteriosis. Conduits can be
make of a variety of materials including Gore-Tex® but most commonly are bio-
prosthesis, either cryopreserved homografts or xenografts [46]. Van Dijck et al. ret-
rospectively examined 738 patients with right ventricular outflow tract (RVOT)
conduits [47]. Incidence of IE in patients with homografts was 0.8 %/year while
patients who received Medtronic Melody® Transcatheter pulmonic valve replace-
ment (TPVR) had a incidence of IE of 3 %/year [47]. The Medtronic Melody TPV
is made of bovine jugular vein with a trileaflet valve and delivered by catheter with
fluoroscopic guidance.

Medtronic Melody® TPVR was given FDA approval in 2010 for patients with
ROVT conduits with regurgitation or stenosis needing repair. A recent study exam-
ining incidence of infective endocarditis in 311 patients from 3 clinical trials with
TPVR found an annual event rate of a first IE episode of 2.4 % per patient year [48].
Patients with IE confined to their pulmonic valve had an event rate of 0.88 % per
patient year [48]. Ninety five percent of the organisms from the 21 patients with IE
were staphylococci or streptococci [48]. High RVOT gradient pre and post-implant
were both found to be risk factors for IE [48]. Two of the six patients with TPVR
related IE were treated medically and survived. Four of the patients with TPVR
related IE had their devices replaced with only two of the patients surviving.

Cardiac Implantable Electronic Device Infections

Infections related to CIEDs have increased likely related to an aging population and
the expansion of indications for their use. CIED devices include PPMs, ICDs and
CRTs. Voigt et al. showed a 210 % increase in CIED related infections from 1993
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to 2008 using files from the United States Nationwide Inpatient Sample [49].
Incidence of CIED infections is 1.6/1,000-4.8/1,000 device years [S0-52]. Some
studies have suggested an increased rate of infection for ICDs compared to PPM
[50] but other studies have not supported this [53]. CIED related infections are
broadly categorized into [54, 55]:

1. Those involving the pocket:
(a) Uncomplicated Pocket Infections
(b) Complicated Pocket Infections (Lead or endovascular involvement or posi-
tive blood cultures)
2. Those causing endovascular infection without signs of pocket infection
(a) Lead Infection
(b) IE of native or prosthetic valves

Infections that involve the pocket can either stay localized or have potential to
become blood borne and involve the lead, heart valves or both. Infections with
endovascular involvement could have originated in the pocket, seeded from a tran-
sient bacteremia, or seeded from infection at a distant site. Infections involve the
pocket in ~59-69 % of cases [56, 57] with 17-21 % having a pocket infection and
bacteremia [56, 57]. Sohil et al. reported device related IE in 23 % of CIED infec-
tions [56]. Most CIED infections occur in the first year after implantation but ~1/3
can present after a year [53]. Risk factors for infection in a Danish study of 46, 299
patients with PPMs included male sex, younger age, absence of prophylactic antibi-
otics, and multiple PPM operations [50]. Lekkerkerker et al. identified device revi-
sions and renal failure as risk factors for CIED infections in a study involving PPMs,
ICDs, and CRTs [53].

Microbiology of CIED infections is predominated (~80 %) by Staphylococci
with a slightly higher CoNS contribution compared to S.aureus [56, 57]. After
Staphylococci, gram-negative bacilli contribute to about 10 % of pathogens [56].
Other pathogens such as anaerobes, fungi and mycobacteria collectively contribute
to less than 10 % of infections. In one study, 44 % of S.aureus isolates involved in
CIED infections were MRSA [57]. Microbiology of generator or lead erosion
involves skin microorganisms including CoNS, S.aureus, Propionibacterium spp.,
and Corynebacterium spp. [56].

Diagnosis of a CIED infection can be challenging. Signs of pocket infection
include tenderness, erythema, swelling, wound dehiscence, or pus. Pocket erosion
may be evident with visible leads or generator. Systemic signs of infection, includ-
ing fever and malaise, are present in less than half of patients with CIED infections
[57] but patients with documented IE are febrile in 80 % of cases [58]. TEE should
be done in all patients with positive blood cultures. Bacteremia with S. aureus in one
large study of PPM infections was associated with definitive or possible IE in 54 %
of patients compared with 12 % for patients with gram-negative bacteremia [50]. At
least three sets of blood cultures should be done in the evaluation of a patient for a
CIED infection. Tarek et al. reported that blood cultures were positive in 94 % of
patients with documented CIED endovascular infections but only positive in 21 %
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of patients in pocket infections without endovascular involvement [57]. If there is
skin breakdown, drainage or sinuses at the site of the pocket these should be swabbed
for bacterial culture and sensitivity. If bacterial cultures are negative fungal cultures
and mycobacterial cultures should be done.

CIED infections are treated by device removal and antimicrobials [54]. If infec-
tion limited to the pocket (including device erosion) device removal is still recom-
mended as the entire device is presumed to be infected with relapse rates of
approximately 50 % with device retention. Ten to 14 days of antimicrobials are
suggested in addition to the removal for treatment of pocket infections. Empiric
coverage with vancomycin, or daptomycin is recommended for patients presenting
only with infection of the pocket with the agent tailored depending on culture results
[55]. Patients with positive blood cultures should have a TEE to evaluate the heart
valves as well as the leads for evidence of vegetations. If TEE is negative for IE,
10-14 days of IV antimicrobials targeted to the organism are suggested for non-S.
aureus infections and 2—4 weeks for S.aureus-related infections [54]. Those with
valve infections should be treated similarly to patients with PVIE (Table 11.3).
Patients with lead vegetations without valve infection should receive between 2 and
6 weeks of IV antibiotic therapy depending upon the presence of complications
such as venous thrombi as well as the organism [54]. New devices can be placed
14 days after negative blood cultures for patients with infective endocarditis, while
72 h of therapy prior to new device placement is appropriate for those with lead
vegetations only, and those with infections isolated to the pocket [54]. CIED removal
can generally be done percutaneously with open surgical removal rarely needed.
Lead extraction may be difficult more than 1 year after device placement due to the
presence of adhesions [59]. Laser lead extraction increases the success of removal
in such patients depending on local expertise.

A recent study of 502 patients with lead extraction for an ICD infection found a
1 year mortality of 20 % but mortality was significantly lower in patients who only
had a pocket infection [60]. Patient with pocket infections with bacteremia had a
higher mortality than those with pocket infections alone, but a lower mortality than
patients with endovascular infection.

VAD Infections

Ventricular assist devices (VADs) differ form other cardiac devices in that they
maintain a percutaneous connection via a driveline. This percutaneous connection
thus can act as a portal of entry to infection. Previously used mainly to provide
hemodynamic support as a bridge to transplant, VADs are increasingly used as des-
tination therapy in patients who are not transplant candidates [61]. VADs are also
used in some patients as a bridge to hemodynamic recovery following acute cardiac
insults such as viral cardiomyopathy. Continuous flow VADs are now the standard
of care [62] and represent >95 % of VADs placed since 2010 in the Interagency
Registry for Mechanically Assisted Circulatory Support INTERMACS) database
[61]. One-year survival for patients with VADs is 80 %, with decreased survival for
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patients with biventricular VADs (BiVADs) [61]. Infection occurs in 22-50 % of
continuous flow VADs [63-66]. A recent study of over 101 VAD infections found
an incidence rate of 32.8/100 person years of VAD support [63].

Recent consensus guidelines have characterized infections in patients with VADs
into three main classifications [67].

1. VAD specific infections
(a) Pocket infections
(b) Drive line infections (deep or superficial)
(c) Pump or cannula infections
2. VAD related infections
(a) IE
(b) Mediastinitis
i. VAD related or Non-VAD related
(c) Blood stream infections
i. CVC Present: VAD related or CVC related
ii. CVC Absent: VAD related or VAD non-related
3. Non-VAD infections
CVC: Central Venous Catheter

In VAD specific infections organisms are thought to enter from the percutaneous
driveline site causing either superficial or deep infections or can migrate further and
involve the pocket and/or the pump. Further extension of infection itself or a bacte-
remia can cause a VAD related infection involving structures such as the heart
valves or the mediastinum. Most VAD infections (50-80 %) involve the driveline
[63, 65]. Forty six to 50 % of infections will have an associated bacteremia [63—65]
of which roughly half are VAD associated and 5-16 % will have IE [64]. Trauma to
the driveline site is a risk factor for driveline infections. Risks for VAD infections in
general include renal failure [65], the presence of depression [65], the use of total
parental nutrition [64] and duration of VAD therapy. Diabetes was found to be a risk
factor for developing a blood stream infection in patients with VAD infection [66].

Diagnosis and classification of the VAD infection is critical to appropriate man-
agement. Several sets of blood cultures should be drawn in all patients with a sus-
pected VAD infection as well as collection of cultures from the driveline site if signs
of infection are present, such as erythema and/or increased drainage or purulence.
Infections of the pocket may be clinically apparent with erythema, tenderness and
warmth over the site but occasionally can be silent. Additional imaging with ultra-
sound or CT scan may be needed to look for pocket and/or pump infection or medi-
astinitis. Echocardiography should be done to look for concurrent IE and may also
show features such as outflow tract dehiscence or vegetations that may be signs of
pump and/or cannula infection [67]. Patients with endovascular infection are more
likely to have fever, an increased blood cell (WBC) count and meet criteria for
Systemic Inflammatory Response Syndrome (SIRS) compared to patients with local
driveline infections [63]. Although usually not feasible for technical reasons and the
ongoing need for cardiovascular support, if the VAD is removed, cultures for
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bacterial and fungal pathogens should be taken intra-operatively from the pocket as
well as from the internal and external sites of the inflow and outflow cannulae [67].

VAD infections usually occur within the first few months of placement with a
median time of 2—4 months [63, 65]. Microbiology is predominated by Staphylococci
(4047 %) and gram-negative bacilli (24-32 %) [63-65]. Fungal pathogens, most
often Candida spp., account for 8—14 % of VAD infections [63, 64] and carry a
higher mortality compared to bacterial infections [64].

Treatment of VAD infections is complex and related to the classification of infec-
tion. For infections that are confined to the driveline 2-4 weeks of antimicrobial
therapy +/— surgical debridement depending upon the depth and extent of infection
has been suggested [63]. For infections that involve the pocket, however, chronic
suppressive therapy in addition to the initial 2—4 week course of antimicrobials and
surgical debridement may be necessary [63]. Those with IE should have a minimum
of 6 weeks IV therapy and then chronic suppressive therapy. Infections involving
the pump and cannula should receive 4-6 weeks of IV antimicrobial therapy com-
bined with surgical debridement followed by chronic suppressive therapy [63].
Unlike PVIE, the large surface area of the VAD makes eradication of organisms
after 6 weeks unlikely. VAD replacement should be considered if infection is failing
medical management and if technically feasible.

Patients with VAD infections have increased mortality with the 1-year hazard
ratio of mortality in one recent study of 5.6 (95 % CI, 2.4-12.8; P<0.0001) [63] and
the 1-year survival in another study of 43 % [63]. Analysis of patients with VAD
infections who survive to transplant however has shown that overall post-transplant
mortality is not altered [66]. Therefore, VAD infections should not be a contraindi-
cation to transplant.

Standard antimicrobial surgical prophylaxis should be used in patients undergo-
ing VAD infections and tailored to local microbiology. Some institutions use ongo-
ing antibiotic prophylaxis beyond the standard post-op period. Stulak et al. showed
in a retrospective cohort with two institutions utilizing different prophylactic strate-
gies that ongoing antibiotic prophylaxis did not decrease drive line infections [68].
A recent study of fungal VAD infections also showed that fluconazole prophylaxis
did not decrease fungal VAD infections in their study [64]. A combined approach of
improved surgical techniques in driveline placement, inpatient education and ongo-
ing outpatient management of the driveline can decrease driveline infections [69].
Transcutaneous energy transfer and free-range resonant electrical energy systems
are being developed for use with VADs [70]. These would allow, similar to the
AbioCor TAH, for the VAD to be self-contained without an external driveline and
could potentially decrease infections.

Total Artificial Heart Infections
SynCardia systems CardioWest total artificial heart (TAH) was granted FDA

approval in 2004 as a bridge to transplant and remains the only TAH granted such
approval in the USA [71]. In 2014 the FDA approved the Freedom® portable driver



11 Prosthetic Valve Endocarditis and Cardiovascular Device Related Infections 325

allowing patients to be discharged from hospital with an implantable TAH. AbioCor,
the first self-contained TAH was given FDA approval in 2006 for humanitarian use.
In a clinical trial of 14 patients with end stage heart disease, 11 of the patients devel-
oped infections (event rate 0.52 per subject/month) and 4 patients died from sepsis
or multi-organ failure [72].

TAHs represent a very small proportion of artificial assist devices. According to
the INTERMAC:s database between 2008 and 2013 TAHs represented less than 3 %
of devices. Similar to VAD patients, infections occur frequently in this population
and contribute to mortality. A study of 47 patients with TAHs implanted for a mini-
mum of 1 year from 1987 to 2011 showed that 53 % of patients develop infections
requiring IV antibiotics [73]. Interestingly patients with a lower body surface area
had an increased risk of death [73]. Another study of 90 patients with SynCardia
TAH showed that 14 % of patients developed mediastinitis [74].

Coronary Artery Stent Infections

Infections of coronary artery stents are rare events but carry high mortality.
Percutaneous coronary intervention (PCI) may introduce vessel trauma and inflam-
mation, which can be potentiated by the indwelling stent. Microorganisms intro-
duced at the time of PCI or from a subsequent bacteremia can then seed the inflamed
vessel and stent. Drug eluting stents (DES) have immunomodulation and anti-pro-
liferative effects and may act as local immunosuppressants. However, a recent
review of 29 cases of infected coronary artery stent infections showed a similar
percentage of infections in patients with bare metal stents (48.5 %) and DES
(55.2 %) [75].

Microbiology of coronary stent infections typically involves gram-positive
organisms. Bosman et al. found that skin organisms were responsible for all cases
of infections in their review of 29 patients [75]. Fever was the most common pre-
senting sign in this study present in 93 % of patients, 51 % had chest pain and leu-
kocytosis was present in 44 % [75]. The majority of patients with coronary artery
stent infections present within a few days up until the first month after implantation
[75, 76].

Diagnosis of a stent infection may be difficult and can be associated with pseu-
doaneurysm or mycotic anyersum [77, 78]. Complications include vessel or myo-
cardial rupture, myocardial infarction, pericarditis, and purulent pericarditis [78].
Bosman et al. identified that the presence of a pseudoaneurysm in 78 % of patients
with coronary stent infections [75]. Arterial weakening with anyersum formation is
a known complication of both drug eluting stents (DES) and bare-metal stent
implantation [79]. ECG changes may be present if myocardial ischemia is present
or in the case of an anyersum [80]. Diagnosis of stent infection with coronary angi-
ography has been successful in many cases [80]. PET-CT scans have been used with
success in a small number of patients. Both WBC scans and TEE have high rates of
false negatives limiting their utility [75, 78]. TEE may be useful to evaluate for a
concurrent IE.
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Treatment of stent related infections should ideally involve removal of the
infected material accompanied by systemic antimicrobials targeted to the organism.
Mortality of stent related infections is high with an infection related mortality of
48 % in the Bosman et al. review [75].

Intra-Aortic Balloon Pump Infections

Intra-aortic balloon pumps (IABP) provide circulatory support for a wide range of
conditions including cardiac catheterization, cardiogenic shock, weaning from
bypass and unstable angina [81]. IABP infections are rare events and can be difficult
to diagnose. The Benchmark Counterpulsation Registry which contains information
on >20,000 patients with IABP lists many complications of IABP insertion includ-
ing limb ischemia, severe bleeding and balloon failure/leak but does not list infec-
tion as a complication. A small prospective study of patients with TABP found that
15 % of patients had a bacteremia following insertion with up to 50 % of patients
meeting SIRS criteria [82]. Pawar et al. examined 2,558 patients with IABP and
found 14 had bacteremia and 7 had a surgical site infection. P. aeruginosa was the
most common organisms in bacteremic patients and S. aureus was more common in
patients with surgical site infections [83]. Aksnes et al. in a small study of patients
with IABP showed that sepsis was associated with a longer duration of IABP place-
ment and with patients who had received a prosthetic valve [84].
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Sarah Forgie

Abstract

Pediatric infective endocarditis (PIE) is an infection of the endocardial surface of
a child’s heart. Children with abnormal hearts from congenital heart disease are
at higher risk for PIE. This chapter describes the epidemiology, etiology, diagno-
sis, treatment and prevention of PIE — focusing on children with congenital heart
defects. In the future, the incidence of PIE will likely continue to increase and the
etiologic agents will likely become more difficult to treat as antimicrobial resis-
tance increases. Research is needed in the areas of primary prevention of PIE,
improved diagnostic methods for PIE and effective therapies for PIE caused by
multidrug resistant pathogens. In the interim, health care providers need to be
cognizant of PIE in children with CHD because early diagnosis and therapy can
decrease morbidity and mortality.
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Key Points

1. Children with abnormal hearts from congenital heart disease are at higher
risk for PIE. Those at highest risk include: children with prosthetic cardiac
valves (or cardiac valves that have been repaired with prosthetic material),
a past history of PIE, unrepaired cyanotic congenital heart disease, con-
genital heart defects that have been completely repaired with prosthetic
material within 6 months of surgery, repaired congenital heart lesions with
residual defects at or near prosthetic material, or children with cardiac
transplants who develop valvulopathy.
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2. The frequency of PIE continues to increase, because of increased success-
ful cardiac surgeries for extremely complicated cardiac defects; premature
neonates surviving at earlier gestational ages; and the increased use of
intravascular devices.

3. The etiology of PIE is slightly different from adults, with Staphylococcus
aureus, viridans group streptococci and coagulase negative staphylococci
being common causes, but other pathogens such as group B streptococci,
Streptococcus pneumoniae and Haemophilus influenzae also causing
PIE. Candida spp. cause PIE more frequently in premature infants. When
compared to adults, the HACEK organisms and enterococci rarely cause
PIE.

4. The diagnosis of PIE can be difficult, and a multifaceted approach using
clinical findings, laboratory evidence and echocardiographic findings is
required. Clinical findings in children may be very subtle and in infants
may be indistinguishable from sepsis or heart failure and classical immu-
nological signs such as Janeway lesions and Roth spots are rarely seen in
children; the amount of blood that can be drawn from children varies with
their weight and this may affect the yield of positive blood cultures; and
the sensitivity and specificity of echocardiograms varies depending on the
age and characteristics of the child.

5. Treatment of PIE requires prolonged, intravenous, bactericidal antimicro-
bials and the antimicrobial must target the etiologic agent.

6. The conjugate pneumococcal vaccine plays a role in preventing pneumo-
coccal PIE, and the use of antimicrobial prophylaxis must take into account
the degree to which the child’s underlying heart defect creates a risk of
PIE, the risk of bacteremia with the procedure and the potential adverse
effects and cost of the prophylactic agent to be used.

Introduction

Pediatric infective endocarditis (PIE) is an infection of the endocardial surface of a
child’s heart with bacteria, rickettsia, chlamydiae, mycoplasmas or fungi [1]. Any
part of the endocardium, where turbulent blood flow occurs can become a nidus for
infective endocarditis [2] (Table 12.1).

Children with abnormal hearts from congenital heart disease (CHD) are at higher
risk for PIE. It is difficult to determine the incidence of CHD among live born
infants because many cardiac lesions are not diagnosed in the neonatal period. A
conservative estimate of the number of American children with CHD detected in the
first year of life is 8 cases per 1,000 live births [3]. Risk factors for the development
of CHD are diverse, and may include: maternal diabetes, exposure to rubella or tera-
togenic drugs such as indomethacin, cocaine or alcohol during pregnancy and cer-
tain genetic syndromes. There are 18 distinct congenital cardiovascular defects with
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Table 12.1 Areas of a child’s Heart valves Normal native valves
heart that may serve as a Abnormal native valves
nidus for PIE -
Prosthetic valves
Septal defects Septal defect pre-operatively

Repaired septum post-operatively
Artriovenous shunts | Native shunt

Artificial conduits
Arterioarterial shunts | Patent ductus arteriosus

Endocardium Especially at sites of “jets” or
turbulent flow

multiple anatomic variations, and these defects can be divided into two broad cate-
gories — cyanotic and acyanotic CHD. In the latter group, the largest proportion are
ventricular septal defects, while atrial septal defects, atrioventricular canals, pulmo-
nary valve stenosis, patent ductus arteriosus (PDA), aortic valve stenosis and coarc-
tation of the aorta are some of the other types of acyanotic CHD. Amongst the
cyanotic heart lesions, tetralogy of Fallot and transposition of the great arteries are
the most common [3].

The American Heart Association has further defined the risk of PIE in children
with CHD (whether repaired or unrepaired). Those at highest risk include children
with prosthetic cardiac valves (or cardiac valves that have been repaired with pros-
thetic material), a past history of PIE, unrepaired cyanotic congenital heart disease,
congenital heart defects that have been completely repaired with prosthetic material
within 6 months of surgery, repaired congenital heart lesions with residual defects
at or near prosthetic material, or children with cardiac transplants who develop val-
vulopathy [4].

Epidemiology

The epidemiology of PIE continues to change. Well into the twentieth century, one
third to one half of PIE was a direct result of underlying rheumatic heart disease
with seeding of damaged heart valves by alpha-hemolytic streptococci. As effective
antibiotic therapies for streptococcal pharyngitis emerged, the incidence of rheu-
matic heart disease decreased [5]. Despite this decrease in rheumatic heart disease,
the frequency of PIE has been continuing to increase. There are several reasons for
these epidemiological changes, but the most plausible involves the huge advances in
many areas of medicine including: increased successful cardiac surgeries for
extremely complicated cardiac defects; premature neonates surviving at earlier ges-
tational ages; and the increased use of intravascular devices [6-9].

Over half of PIE cases are related to surgery for congenital heart disease. The
type of surgery is an important determinant in the risk for PIE. Overall, the highest
annualized risk for PIE is in children that have had repair or palliation of cyanotic
congenital heart disease (especially repair of pulmonary valve stenosis or pulmo-
nary valve atresia or aortic valve replacement). In contrast, those that had repair of
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atrial septal defect secundum or mild pulmonic stenosis are at low risk for PIE. In
addition to the type of surgery, the time from surgery also alters the risk for
PIE. Generally, the incidence of PIE immediately after most surgical procedures is
low, but increases over time. However, there are exceptions. First of all, when pros-
thetic valves or conduits are used, the risk for PIE is high even in the first 2 weeks
after surgery [6, 10]. Secondly, for certain surgeries such as a patent ductus arterio-
sus (PDA) repair, ventricular septal defect (VSD) repair or atrial septal defect (ASD)
repair, the risk of PIE is negligible 6 months after surgery [11, 12].

Premature neonates are another group at risk for PIE. These premature infants
often have PDA lesions, which put them at risk for PIE. Additionally, as the gesta-
tional age decreases, more invasive procedures are required for survival. Transient
bacteremias from skin trauma and mucous membrane trauma, coupled with the use
of high lipid total parenteral nutrition, an immature immune system and frequent use
of central venous catheters put these children at high risk for bacteremia. The central
venous catheters not only breech the skin, they also induce trauma to the right side of
the heart (both endocardium and valves) and often induce clot formation and intra-
cardiac thrombi [13, 14]. Use of these catheters in the neonatal population and con-
genital heart disease (including PDA) are the top risk factors for PIE [2].

In 10 % of children, there is no identifiable underlying risk factor [15]. These
children develop bacteremia and seed normal heart valves. Intravenous drug abuse
and degenerative heart disease — common risk factors for endocarditis in adults,
rarely play a role in PIE.

Etiology

The etiology of PIE is slightly different than IE in adults. Overall, causative agents
isolated from blood cultures include the gram positive cocci — viridans streptococci
(3243 % of isolates), Staphylococcus aureus (27-33 % of isolates), coagulase neg-
ative staphylococci (2-12 % of isolates), and Streptococcus pneumoniae (3—7 % of
isolates). Later data from 2000 to 2003 that reviewed over 1,500 pediatric admis-
sions with endocarditis showed a slightly different epidemiology with S. aureus
causing 57 % of cases and viridans group strep causing 20 %. Other causes included:
coagulase negative staphylococci (14 %); Group A Streptococci (3 %); Group B
Streptococci (2 %); Escherichia coli (2 %); Streptococcus pneumoniae (1 %); and
Haemophilus influenzae (1 %) [9]. Unlike adults, enterococci and bacteria from the
HACEK group (Haemophilus, Aggregatibacter, Cardiobacterium, Eikenella, and
Kingella) are isolated less frequently [9, 16, 17]. However, organisms from the
HACEK group (especially H. parainfluenzae) are the most common cause of gram
negative PIE [18]. (Although gram negative enteric organisms such as Escherichia
coli and Pseudomonas aeruginosa frequently cause bacteremia in infants and older
immunocompromised children, these organisms rarely cause PIE). Fungi such as
Candida albicans and other Candida species are seen more commonly in premature
neonates, who require central venous catheters. Five to 15 % of neonates with can-
didemia will develop PIE [19].
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In children with prosthetic material (including indwelling lines, patches, con-
duits or artificial heart valves) PIE is usually caused by S. aureus or coagulase nega-
tive staphylococci. Both of these organisms may be implanted at the time of surgery,
and if infection occurs, it can be seen within weeks to months after surgery. The
timing of infection varies between these organisms. S. aureus is often seen within
2 months of surgery, while coagulase negative staphylococci can be seen up to
1 year after surgery [9]. Although rare, Staphylococcus lugdenensis deserves special
mention. This coagulase negative organism may be misidentified as S. aureus with
slide coagulase testing, because it produces a clumping factor. In contrast with other
coagulase negative staphylococci, it is associated with more aggressive infections
involving native valves, similar to S. aureus. In adults, the case fatality of S. lugde-
nensis endocarditis is 50 % versus 40 % for S. aureus [20, 21]. This organism is
often sensitive to beta lactams including cloxacillin, but despite the use of appropri-
ate antibiotics, 80 % of cases require surgery [22].

In children with native valve endocarditis, the most common isolates are viridans
streptococci and S. aureus [9]. Abiotrophia species, Granulicatella species, Gemella
species and enterococci are seen less commonly. PIE in children more than 2 months
after cardiac surgery can also be caused by viridans streptococci, Abiotrophia spe-
cies and/or enterococci [3, 7].

In premature neonates, coagulase negative staphylococci, S. aureus, and Candida
species are the most common etiologic agents. Rarely, Streptococcus agalactiae
(Group B streptococci), Klebsiella pneumoniae and Enterobacter spp. are isolated
as causes of PIE in this population [9, 10, 23, 24].

In 5-7 % of children with PIE, the blood cultures are negative [16]. The most
common reasons for negative blood cultures include: previous antibiotic therapy;
inadequate blood culture technique or PIE caused by an organism with special
in vitro growth requirements. Fastidious organisms associated with culture negative
endocarditis may include: Legionella pneumophilia, Bartonella henselae and quin-
tana, Brucella melitensis and abortus, Coxiella burnetii, Pasteurella sp., Chlamydia
species, and filamentous fungi [25-28].

Diagnosis

Sometimes, the diagnosis of PIE can be easy to make — an older adolescent with bac-
teremia, a new heart murmur and peripheral stigmata, fits classic descriptions of infec-
tive endocarditis. However, in most cases of PIE, the presentation and subsequent
diagnosis is not as straight forward. A multifaceted diagnostic approach that uses
clinical findings, laboratory evidence and echocardiographic findings is required that
is sensitive enough to detect PIE, but specific enough to reject cases that are not
PIE. In adult medicine, the Duke Criteria offer a combination of subjective and objec-
tive findings to diagnose endocarditis [29]. The Duke criteria are superior to several
other criteria for the diagnosis of PIE [30]. There have been some changes made to the
original Duke Criteria, and the Modified Duke Criteria are even more sensitive than
the previous criteria in diagnosing PIE (Tables 12.2, 12.3, and 12.4) [31].
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Table 12.2 Use of the modified Duke Criteria to classify a child with suspected endocarditis as a
definite case, a possible case or a rejected case of PIE

Definite infective endocarditis according to the Modified Duke Criteria:

Pathological criteria

Microorganisms demonstrated by culture or histological examination of a vegetation, a
vegetation that has embolized, or an intracardiac abscess specimen; or

Pathological lesions; vegetation or intracardiac abscess confirmed by histological examination
showing active endocarditis

Clinical criteria:

2 major criteria; or

1 major criterion and 3 minor criteria; or

5 minor criteria

Possible infective endocarditis according to the Modified Duke Criteria:

1 major criterion and 1 minor criterion; or

3 minor criteria

Rejected infective endocarditis according to the Modified Duke Criteria:

Firm alternative diagnosis explaining evidence of infective endocarditis; or
Resolution of infective endocarditis syndrome with antibiotic therapy for <4 days; or

No pathological evidence of infective endocarditis at surgery or autopsy, with antibiotic
therapy for <4 days; or

Does not meet criteria for possible infective endocarditis as above

Reprinted with permission from Clinical Infectious Diseases [103]. Copyright 2000, University of
Chicago Press

Table 12.3 Terms used in
the Modified Duke Criteria to
make a diagnosis of PIE

The major criteria
1. Positive blood cultures

(a) With certain organisms known to be associated
with endocarditis; or

(b) Sustained bacteremia as shown by persistently
positive blood cultures; or

(c) Single positive blood culture or positive serology
for Coxiella burnetii

2. Evidence of endocardial involvement
(a) With a positive echocardiogram

The minor criteria

1. Predisposition to PIE; or

2. Fever; or

3. Vascular phenomena; or

4. Immunologic phenomena; or

5. Microbiological evidence

Reprinted with permission from Clinical Infectious Diseases
[103]. Copyright 2000, University of Chicago Press
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Table 12.4 Determining when to use TTE or TEE in children with suspected PIE
TTE — Use as a first line test for supportive evidence of PIE in children who satisfy the
Modified Duke Criteria for PIE
TEE — As an adjunct to TTE, consider TEE use in:

1. Children with a poor thoracic window from:
Obesity; or
Excess muscularity; or
Implanted prostheses in a surgically repaired heart; or
Pulmonary hyperinflation
2. Children who are at risk for aortic root abscess:
With S.aureus bacteremia and/or

Changing aortic root dimensions on TTE

Defining the Terms Used in the Modified Duke Criteria
for Diagnosis of Pie

In order to make a diagnosis of PIE with the Duke Criteria, certain findings must be
satisfied. Major criteria provide evidence of a sustained bacteremia with certain
organisms and concomitant endocardial involvement.

The Major Criteria
Evidence of Bacteremia with Certain Organisms

Two separate positive blood cultures with: Viridans Streptococci, Streptococcus
bovis, HACEK group, Staphylococcus aureus or community acquired enterococci in
the absence of a primary focus [31]

The typical organisms that cause endocarditis in children include: viridans
Streptococci, S. aureus, coagulase negative staphylococci, and S. pneumoniae.
Rarely, enterococci and organisms from the HACEK group may be isolated. To
maintain high specificity, certain organisms are given more weight than others.
Bacteremia with viridans Streptococci, organisms from the HACEK group and S.
aureus, are given primary diagnostic weight, because these organisms are almost
always associated with PIE [32, 33]. However, other organisms, such as entero-
cocci, may be associated with bacteremia in the absence of PIE. The Duke Criteria
only gave diagnostic weight to this organism if it was community acquired and there
was no primary focus [34]. For organisms such as S. pneumoniae and coagulase
negative staphylococci, in order to satisfy a major criterion, evidence of sustained
bacteremia must be seen.
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Evidence of Sustained Bacteremia

Number of Positive Blood Cultures

At least two positive cultures drawn at least 12 h apart, or all of three or a majority
of > four separate positive blood cultures (with the first and last sample drawn at
least 1 h apart) [31].

In order to show sustained bacteremia, according to the Modified Duke Criteria, a
certain number of blood cultures must be positive over a period of time. Two or three
cultures are more than adequate to detect episodes of bacteremia and fungemia
caused by common pathogens. The dogma of using more than three cultures dates
back to conventional non-automated blood culture methods [35]. However, with con-
tinuous blood culture monitoring systems that are used in most microbiology labs,
virtually all clinically important bloodstream infections can be detected with two
blood cultures [36]. It is rarely necessary to collect more than two cultures in a 24 h
period unless the patient has been on antibiotics or the initial cultures are negative
[37]. So why do the Duke Criteria recommend more than two cultures? In adults, two
blood cultures will detect 90 % of bacteremias and 3 blood cultures will detect over
99 % [38]. Additionally the patterns of positivity vary depending on the type of bac-
teremia. In other words, two blood cultures are sufficient to detect bacteremia, but
more are required to substantiate the diagnosis of continuous bacteremia and endo-
carditis. A single positive blood culture is difficult to interpret. However, several
positive blood cultures are more easily interpreted. For example, with infective endo-
carditis (continuous bacteremia), if the first blood culture is positive, the probability
that subsequent cultures will be positive is between 95 % and 100 %. With a true
bacteremia, but no endocarditis, if the first blood culture is positive, the probability
of subsequent cultures being positive is lower (between 75 % and 80 %). If only one
blood culture is positive and the subsequent ones negative, it is more likely that the
first isolate was a contaminant [36].

Timing of Blood Cultures

There does not seem to be a significant difference in detection of bacteremia if the
cultures are obtained simultaneously or over intervals in a 24 h period, but to deter-
mine if the bacteremia is continuous, drawing the cultures over a period of time is
useful [39]. If the child is not acutely ill, withholding antibiotics and repeating cul-
tures is justified, otherwise it is prudent to draw two sets of blood cultures from
different sites simultaneously and then give empiric antibiotics.

Volume of Blood Drawn for the Blood Culture

The volume of blood inoculated into the blood culture vials is very important in chil-
dren. Unlike adults, where a standard volume of blood is inoculated into several sets
of tubes, no such standard exists for children. At times, minute amounts of blood are
used to inoculate the pediatric blood culture bottle. Reasons for this include: difficult
venous access, fear of withdrawing too much blood or the belief that children have
much higher levels of bacteremia (so less blood is needed to reveal a positive blood
culture) [40—44]. However, using small volumes of blood may miss bacteremias,
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because over 60 % of infants and children with sepsis have low level of bacteremias
(<10 colony forming units (CFU) per milliliter of blood) [45]. These low level bac-
teremias can only be detected when larger amounts of blood are cultured (up to 4.5 %
of a child’s total blood volume). Therefore, the volume of blood drawn for culture
should be based on the child’s total blood volume which can be determined by the
child’s age and weight [46—48]. For example, a child who weighs more than 30 kg
who has 60 ml (or two sets of adult blood cultures drawn) and an infant who weighs
less than 1 kg who has 2 ml of blood drawn will both lose 3 % of their total blood
volume. Some centers have created simple policies where children over a certain
weight (such as 30 kg) will have adult blood cultures drawn (10 ml each in an aerobic
and anaerobic blood culture vial), while smaller children have a minimum of 1 ml,
(but preferentially 3 ml) of blood inoculated into a pediatric blood culture vial [49].

Evidence of a Coxiella burnetii Infection
Single positive blood culture for Coxiella burnetii or anti-phase 1 IgG antibody titer
>1:800 [31]

Unlike adults, most children have few symptoms when infected with C. burnetii
[50]. Self limited febrile illnesses and pneumonia have been reported, and rarely,
chronic infections manifest as osteomyelitis or endocarditis [26, 51-54]. A high
index of suspicion in children that have been in contact with farm animals and/or
pets is required to make the diagnosis of Q fever.

Evidence of Endocardial Involvement

Echocardiogram positive for PIE with: an oscillating intracardiac mass on valve or
supporting structures, in the path of regurgitant jets, or on implanted material in the
absence of an alternative anatomic explanation; or abscess; or new partial dehis-
cence of a prosthetic valve; new valvular regurgitation (worsening or changing of
preexisting murmur not sufficient) [31].

Since the late 1970s, echocardiography, has been a useful adjunctive test for the
diagnosis of infective endocarditis [55]. It can show the site of infection, and deter-
mine the extent of valvular damage. Cardiac function can also be determined and
used as a comparison later in the course of the infection [56]. In adults, transthoracic
echocardiography (TTE) has a sensitivity of 70 % in detecting vegetations. When
used in patients with high risk for infective endocarditis, transesophageal echocar-
diography (TEE) is a far more sensitive and specific test [57, 58].

Unfortunately, there is little data for children and the optimal use of these tech-
nologies. Two published studies showed a sensitivity of 46 % and 67 % for TTE
using the Duke Criteria [59, 60]. Using the modified Duke Criteria, in children who
weighed less than 60 kg, TTE had a 97 % sensitivity. However, in children who
weighed more than 60 kg, the sensitivity dropped to 70 % [61]. One study examined
the additional benefit of TEE in children who satisfied the Duke Criteria for
PIE. Using TEE as the gold standard, TTE had a sensitivity of 86 % for all events,
and 93 % sensitivity for detecting vegetations. The authors concluded that TTE has
a high degree of sensitivity for supplying supportive evidence of endocarditis and
that TEE had little additional benefit. However, there are times when a TTE may be
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falsely negative: if the vegetations are very small (that is below the detectable limit
for TTE at 2 mm) or if the vegetations have already embolized [33]. Additionally,
TTE may not be effective in children with a poor thoracic window, like the obese or
very muscular adolescent, in children with repaired complex heart defects (whose
artificial grafts conduits and valves may interfere with TTE), or in children with
pulmonary hyperinflation [62]. In those cases, TEE should be used as an adjunct to
TTE [6, 63]. TEE should also be considered in children with a suspicion of aortic
root abscess (S. aureus bacteremia, and/or changing aortic root dimensions on TTE)
since abscesses in this area are difficult to assess with TTE [64-67].

The Minor Criteria
Predisposition to PIE

Children who have had cardiac surgery — especially those with underlying cyanotic
congenital heart lesions are at high risk for PIE [6, 7]. Within that group, the risk of
PIE is highest in children who have had repair of pulmonary atresia or stenosis, and
children who have had replacement of their aortic valve. Children with other
implanted foreign material (such as vascular conduits) are also at high risk for PIE
if hemodynamic problems and turbulent flow persist postoperatively [68]. Neonates
with CHD (including PDA) and/or indwelling intravascular devices are also at high
risk for PIE [16]. Finally, previous PIE is also a risk factor for recurrent PIE [4].

Fever

A temperature over 38 °C is another minor criterion. Since many children present to
their physicians with a fever, distinguishing between a viral infection and PIE can
be difficult. It is important to maintain a high index of suspicion for PIE in children
with CHD and draw blood cultures under the following circumstances: if a child
presents with more than 48 h of low grade fevers and flu-like symptoms (such as,
decreased intake, fatigue, weakness, arthralgias, myalgias, rigors and/or diaphore-
sis) or if a child presents acutely with high fevers but a source cannot be found on
history or physical examination [69].

Vascular Phenomena

Signs and symptoms of vascular phenomena are more common in adults. Arterial
emboli in large vessels, septic pulmonary infarcts, mycotic aneurysms, intracranial
hemorrhages, conjunctival hemorrhages and Janeway lesions (flat non tender
lesions on the palms and soles) are listed as minor clinical criteria in this category
[70]. If conjunctival hemorrhages are seen they are often accompanied by other
petechiae on the hands, feet, and trunk and in the mouth.
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Immunologic Phenomena

In children with PIE, glomerulonephritis is more common than Osler’s nodes (pain-
ful erythematous nodules in the pulp space of the fingers) or Roth’s spots (retinal
hemorrhages). All three of these findings along with a positive rheumatoid factor
are considered minor criteria in this category.

Microbiological Evidence

If an organism is isolated, but does not meet the major criteria (too few positive
cultures or inadequate time delay between cultures), it can still be included as a
minor criterion. (An exception is a single positive culture for coagulase negative
staphylococci or organisms that usually do not cause PIE). If blood cultures are
negative, but there is serological evidence of active infection with an organism con-
sistent with PIE, this can also fit into this category.

Signs and Symptoms of PIE

The signs symptoms of PIE vary with the underlying pathology. Generally, there are
four underlying phenomena associated with PIE that can cause various signs and
symptoms. These may include: bacteremia, valvulitis, immune response and/or sep-
tic emboli.

Children with bacteremia may present subacutely with flu-like symptoms such
as: decreased food or fluid intake, fatigue, weakness, arthralgias, myalgias, rigors
and/or diaphoresis. If these symptoms persist, it is important to rule out PIE. Children
with bacteremia and CHD can also present acutely with high fevers, and if a source
cannot be found on history or physical examination, other serious illnesses such as
PIE must be ruled out.

Neonates and premature infants with bacteremia and PIE may present with
symptoms that are indistinguishable from sepsis or heart failure. Symptoms may
include apneas, temperature instability, increased work of breathing, feeding diffi-
culties and/or blood pressure instability.

Babies with valvulitis and heart failure may present with failure to thrive and
tiring during feeds, a new or changing murmur, tachycardia, tachypnea, an enlarged
heart and/or an enlarged liver.

The most common symptoms from the immune phenomena associated with PIE
are hematuria from glomerulonephritis. Certain findings, such as Roth’s spots,
Janeway lesions and Osler’s nodes, which are common in adults, are rarely seen in
children with PIE.

Septic emboli in children with PIE have various presentations. Fever and
increased work of breathing may be one presentation of pneumonic emboli.
Neonates often present with extra-cardiac foci of infection such as osteomyelitis or
pneumonia. Children with surgical repair of cyanotic heart disease may present with
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declining oxygen saturations as an indication of graft infection and shunt obstruc-
tion. Infants or children with catheter-related right sided PIE may present with pul-
monary signs related to septic emboli in the lungs.

Ancillary Tests

A complete blood count is useful in a child with fever, and can be helpful in diag-
nosing serious illnesses such as PIE. Hemoglobin is often low, and the anemia may
be caused by hemolysis or anemia of chronic disease. Leukocytosis may or may not
be present. Elevated acute phase reactants (ESR, CRP) are present in a large propor-
tion of patients. A urinalysis may show hematuria from immune complex glomeru-
lonephritis, and this may be accompanied by red cell casts, proteinuria, and renal
failure.

Other diagnostic tests such as polymerase chain reaction (PCR) may be useful in
certain instances. This test offers high specificity and positive predictive value in
patients with definite IE versus rejected IE. It can be used for surgically resected
material in cases of possible IE, on blood for cases of suspected IE if cultures are
sterile, or in cases where the organism grows in blood culture but only minor criteria
are met [17, 71, 72].

Treatment

Overall, the approach to treatment of PIE is very similar to that of adults. In patients
who are not acutely ill and whose blood cultures are negative, antibiotics may be
withheld for greater than 48 h while additional blood cultures are obtained [57].
When therapy is started, certain principles apply. Bactericidal, intravenous antimi-
crobials must be used for prolonged periods.

Bactericidal antimicrobials should be used to treat endocarditis to reduce the risk
of relapse or failure to control the infection [73]. Bactericidal drugs may be used
alone but certain drug combinations such as a beta lactam plus an aminoglycoside
act synergistically to sterilize vegetations caused by susceptible bacteria such as
enterococci faster than either drug alone. When combination therapy is used, the
drugs should be administered at the same time, or following each other in order to
maximize the synergistic killing effect on the pathogen.

Parenteral drugs are recommended over oral drugs because of higher bioavail-
ability and sustained concentrations in the bloodstream. Smaller children and neo-
nates have smaller muscle mass, and the intramuscular route for prolonged therapy
of endocarditis is not recommended.

Prolonged therapy is required for several reasons. First of all, the infection is in
an area of impaired host defense — the bacteria are encased in a mesh of fibrin, and
can multiply in this area protected from the immune system. Secondly, when bacte-
ria reach high population densities within the vegetation, they start to reproduce
more slowly. This slowed metabolic rate is a distinct disadvantage for certain
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antibiotics which require active cell wall synthesis for maximal activity [74].
Finally, short term therapy is often associated with relapse.

Treatment of PIE Caused by Viridans Streptococci in the Absence
of Prosthetic Material [57]

If the organisms are penicillin susceptible (penicillin minimum inhibitory concen-
tration or MIC <0.12 pg/ml), there are several options for therapy which offer high
cure rates: A 4 week course with monotherapy, or shorter therapeutic courses with
combination therapy. Shorter courses should not be used in children with prolonged
symptoms (more than 3 months), abnormal renal function and/or extra-cardiac foci
of infection or abscesses.

There are several choices for antimicrobial monotherapy. Four weeks of penicil-
lin G (200,000 units/kg/day in four to six divided doses) or ampicillin (300,000 mg/
kg/day in four to six div doses) are especially advantageous in children with renal
or otic problems because aminoglycosides are avoided [75]. An alternative mono-
therapeutic agent is parenteral ceftriaxone (100 mg/kg once daily) which offers the
advantage of once daily dosing. Although its efficacy has not been proven in chil-
dren, extrapolation from adult data and other pediatric infections indicate that it is
likely effective [76].

In uncomplicated PIE, combination antimicrobial therapy can be used for shorter
treatment durations. Antimicrobial combinations that have been successful over
2 week treatment periods include beta lactams (penicillin G, ampicillin or ceftriax-
one) plus gentamicin. Adult studies offer the option of once daily dosing of genta-
micin (3 mg/kg) when treating endocarditis caused by viridans streptococci [77].
There is some data about the use of once daily dosing of gentamicin in pediatric
patients with gram negative infections associated with urinary tract infections,
febrile neutropenia, and cystic fibrosis. Doses in these studies ranged from 4 to
7.5 mg/kg/day [78]. There is little data about once daily dosing of gentamicin with
PIE, but decreased toxicity, lower cost and ease of administration make it an attrac-
tive option. Therefore, the suggested gentamicin synergy doses for treatment of PIE
caused by viridans streptococci is 3 mg/kg/day in one or three divided doses. Renal
function should be monitored as well as gentamicin serum levels (aiming for a
trough concentration of less than 1 pg/ml).

If the viridans streptococci are relatively penicillin resistant (penicillin MIC
>0.12 pg/ml and <0.5 pg/ml), combination therapy is more effective. Penicillin G
(at a higher dose of 300,000 u/kg/day in four to six div doses) or parenteral ceftriax-
one (100 mg/kg/day) should be used for a minimum of 4 weeks, and during the first
2 weeks of therapy, gentamicin (3 mg/kg/day in one or three divided doses) should
be added.

Certain gram positive organisms are very difficult to treat when they
cause PIE. They are either streptococci that are highly resistant to penicillin
(MIC >0.5 pg/ml) or certain organisms such as Abiotrophia species, Granulicatella
species, or Gemella species. For these organisms, combination therapy with
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penicillin G (300,000 mg/kg/day in four to six divided doses) or ampicillin
(300,000 mg/kg/day in four to six divided doses) or ceftriaxone (100 mg/kg once
daily) plus gentamicin (3 mg/kg/day in one or three divided doses) for the entire
course of 4-6 weeks is recommended.

For children who are unable to tolerate beta lactams, vancomycin (40 mg/kg/day
in two to four divided doses) can be used in their place for the treatment of
PIE. Higher doses of vancomycin may be required to obtain trough concentrations
of 15-20 pg/ml [79].

Treatment of PIE Caused by Viridans Streptococci with Prosthetic
Material in Place [57]

If the strains are susceptible to penicillin, (MIC <0.12 pg/ml) treat with penicillin G
(200,000 units/kg/day in four to six divided doses) or parenteral ceftriaxone
(100 mg/kg/day) for 6 weeks and if the isolate does not exhibit high level resistance
to aminoglycosides, add gentamicin (3 mg/kg/day in one or three divided doses) for
the first 2 weeks. The use of synergistic gentamicin is based on data from enterococ-
cal endocarditis [80]. If the organism is relatively penicillin resistant (MIC >0.12 pg/
ml and <0.5 pg/ml), use combination therapy with a beta lactam and aminoglyco-
side for 6 weeks minimum, monitoring for renal toxicity and gentamicin serum
levels throughout the course of therapy. If the child has intolerance to beta lactams,
vancomycin may be used as a substitute.

Treatment of PIE Caused by Staphylococci (S. aureus, Coagulase
Negative Staphylococci) [57]

Methicillin susceptible S. aureus PIE in the absence of prosthetic material can be
treated with cloxacillin (200 mg/kg/day in four to six divided doses) or cefazolin
(100 mg/kg/day in three to four divided doses) for a minimum of 6 weeks.
Gentamicin (3 mg/kg/day in three divided doses) may be added for the first 3—5 days
because it may accelerate the killing of the organisms [81]. However, adult data has
shown that aminoglycoside use in synergistic doses resulted in a higher incidence of
renal dysfunction [82].

Most coagulase negative staphylococci are resistant to methicillin and penicillin
(with the exception of Staphylococcus lugdenensis, which is rarely resistant to beta
lactams and may be treated for 6 weeks with cloxacillin) and the rates of methicillin
resistant S. aureus (MRSA) are increasing. If the staphylococci are resistant to
methicillin, then vancomycin (40 mg/kg/day in two to four divided doses to target a
trough concentration of 15-20 pg/ml) should be used for 6 weeks, and gentamicin
may be added for the first 3-5 days [83]. An adult randomized control trial showed
that daptomycin was non inferior to vancomycin or anti staphylococcal penicillins
for right sided endocarditis caused by S. aureus, and an observational study showed
that daptomycin was effective in adults with left sided endocarditis [84, 85].
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Daptomycin is now recommended as an alternative to vancomycin in adults with
endocarditis caused by MRSA [85]. There are several newer agents, ceftaroline,
ceftobiprole, tedizolid, telavancin, dalbavancin and oritavancin that are showing
promise in the treatment of pneumonia or skin and soft tissue infections caused by
MRSA in adults, but more studies are needed to establish their use in PIE [86].

PIE caused by staphylococci in the presence of prosthetic material is often
caused by coagulase negative staphylococci. Treatment consists of a minimum of
6 weeks of vancomycin (40 mg/kg/day in two to four divided doses to target a
trough concentration of 15-20 pg/ml) and oral or intravenous rifampin (20 mg/kg/
day in three divided doses) plus gentamicin (3 mg/kg/day in three divided doses) for
the first 2 weeks. Methicillin susceptible S. aureus PIE in the presence of prosthetic
material should be treated with at least 6 weeks of cloxacillin (or cefazolin) and
rifampin plus gentamicin for the first 2 weeks.

Treatment of PIE Caused by S. pneumoniae [57]

Optimal therapy for PIE caused by this organism has not been established. When
treating PIE caused by this organism, it is important to determine if other sites (such
as the meninges) have been seeded and to determine the antimicrobial susceptibili-
ties of the organism. Once these have been determined, a treatment regimen can be
developed. If the organism is susceptible to penicillin (MIC <2 pg/ml), and there is
no meningitis, 4 weeks of therapy with penicillin G (200,000 units/kg/day in four to
six divided doses) or ceftriaxone (100 mg/kg/day) for 4 weeks have been used suc-
cessfully. If the organism has an MIC >2 pg/ml to penicillin and there is no menin-
gitis, ceftriaxone over a 4 week course has been used successfully. If meningitis is
present with PIE, and the organism is highly resistant to penicillin, a third genera-
tion cephalosporin such as cefotaxime (200 mg/kg/day in four divided doses) or
parenteral ceftriaxone (100 mg/kg/day in two divided doses) can be used for
6 weeks. If the organism is intermediate or resistant to cefotaxime (MIC >2 pg/ml)
and meningitis is present, consider the addition of vancomycin and rifampin to cefo-
taxime or ceftriaxone [87-90].

Treatment of PIE Caused by Enterococci [57]

The treatment of PIE caused by enterococci can be challenging. These organisms
are resistant to the cephalosporins, relatively resistant to penicillin and vancomycin,
and impermeable to the aminoglycosides. All E. faecium are resistant to amikacin
and tobramycin, while E. faecalis are often resistant to amikacin. Monotherapy only
inhibits growth — combination therapy is required for bactericidal effects.
Combinations may include penicillin G or vancomycin plus gentamicin. Penicillin
or vancomycin damages the cell wall, giving gentamicin access to the cytoplasm
where it then targets the ribosomes and works synergistically to kill the bacterial
cell [82].
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Treatment of PIE caused by penicillin and gentamicin susceptible enterococci
when no prosthetic material is present consists of a minimum of 4-6 weeks of peni-
cillin G or Ampicillin at high doses (300,000 u/kg/day in four to six divided doses
for penicillin G; 300-400 mg/kg/day divided in four to six doses for ampicillin) plus
gentamicin for the entire course (3 mg/kg/day in three divided doses — once daily
dosing is not recommended) [91]. If the child cannot tolerate penicillin, vancomy-
cin may be used (dose 40 mg/kg/day in two or three divided doses to target trough
concentrations of 15-20 pg/ml), in combination with gentamicin. However, because
of vancomycin’s decreased activity against enterococci, 6 weeks minimum therapy
with both drugs is required.

If prosthetic material is present with enterococcal PIE, the same antimicrobials
should be used but the duration of treatment should be a minimum of 6 weeks.

Treatment becomes more challenging when enterococci are resistant to the rec-
ommended antimicrobials. The duration of therapy is usually extended to a minimum
of 6 weeks, and antimicrobial susceptibility testing is very important in guiding ther-
apy. If the organism is penicillin susceptible but gentamicin resistant, then streptomy-
cin can be used in combination with penicillin. The dose of streptomycin is 30—40 mg/
kg/day in two equally divided doses. Enterococci that are resistant to penicillin, but
sensitive to other antimicrobials can be treated with vancomycin and gentamicin. Few
therapeutic options exist for multiply resistant enterococci and vancomycin resistant
enterococci (VRE). Linezolid is one option (at a dose of 30 mg/kg/day divided into
three doses for at least 8 weeks), and a critical review of 18 case reports, 9 case series
and 3 clinical trials showed that linezolid was safe and effective in the off label treat-
ment of resistant gram positive bactremias and endocarditis in children [92].

Treatment of PIE Caused by Gram Negative Organisms [57]

Therapy for HACEK organisms consists of a 4 week course of a third generation
cephalosporin such as parenteral ceftriaxone (100 mg/kg/day) alone, ciprofloxacin
(20-30 mg/kg/day in two divided doses) or ampicillin (300 mg/kg/day in four to six
divided doses) plus gentamicin for the first 2 weeks [57].

Therapy for other gram negative organisms must be guided by their susceptibil-
ity profile, and combination therapy for a minimum of 6 weeks is usually needed.

Treatment of PIE Caused by Fungi [57]

Candida species are the most common cause of fungal endocarditis. Children toler-
ate conventional amphotericin better than adults, and the recommendation for ther-
apy is amphotericin B (1 mg/kg/day) and valve replacement. The amphotericin
should be continued for a minimum of 6 weeks, and if the child cannot tolerate
amphotericin B, a lipid formulation may be considered with or without
5-fluorocytosine (5-FC) (100-150 mg/kg divided four times) [93]. Echinocandins
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have shown favorable results in adults with candidal endocarditis, but there is less
data with children [94]. Because these fungal infections can relapse years later,
lifelong suppressive therapy with an oral azole in those who did not have surgery for
native or prosthetic valve infection is prudent [95].

Treatment of Culture Negative Endocarditis [57]

In some cases of PIE, blood cultures are negative. Common reasons for this include:
previous antibiotic use, inadequate blood culture samples or unusual organisms that
require specific lab techniques for diagnosis. When an etiologic agent is not identi-
fied, therapy should be aimed at the most common organisms causing PIE (strepto-
cocci, staphylococci and HACEK organisms). A third generation cephalosporin
combined with gentamicin offer good coverage, and if Staphylococci are suspected,
addition of cloxacillin or vancomycin should be considered. If the child has animal
exposures or contact with contaminated milk, they may be at risk for organisms
such as Bartonella spp., Coxiella spp., Pasteurella spp. or Brucella spp. Therapy
may need to be modified if these organisms are suspected [57].

The Role of Anticoagulants and Thrombolytics in PIE Therapy

Dissolution of the fibrin mesh in the vegetation may offer some theoretical advan-
tages in the treatment of PIE. Indeed, when further vegetation formation is inhibited
with anticoagulants, organisms are eradicated more rapidly. In vitro data examining
the use of tissue plasminogen activator shows that it does not enhance the effect of
antimicrobials. However, there have been case reports in extremely low birth weight
infants with PIE who have been successfully treated with recombinant tissue plas-
minogen activator (tTPA) and prolonged antibiotics [14]. However, adult observa-
tional data shows an increased risk of cerebral hemorrhage and death in patients
with endocarditis who received oral anticoagulation, and an adult double blind pla-
cebo controlled trial showed that aspirin also increased the risk of cerebral bleeding
episodes [96, 97].

Surgery in PIE Therapy

Surgery is necessary for some children with PIE, because medical therapy alone
will not be adequate. High risk clinical situations include children with: PIE caused
by certain organisms (fungi or S. aureus); PIE on prosthetic material (valves and
conduits); PIE and CHD (cyanotic CHD or systemic-to-pulmonary shunts); pro-
longed signs and symptoms of PIE (longer than 3 months); large vegetations involv-
ing the aortic or mitral valve (especially if valvular function is compromised);
recurrent PIE and a poor response to medical therapy alone [57].
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Prevention
Vaccines

The pneumococcal conjugate vaccine has been shown to decrease the rates of inva-
sive S. pneumoniae disease, including bacteremia. Since 80 % of the isolates from
children with S. pneumoniae PIE would have been covered by the vaccine, wide-
spread use of the vaccine may lead to decreased pneumococcal PIE [98]. More
recent data from Europe shows a decline in invasive pneumococcal disease, espe-
cially that caused by vaccine serotypes [99]. With the introduction of the 13-valent
pneumococcal conjugate vaccine, there will likely be a further drop in invasive
pneumococcal infections [100]. Presently, there are no vaccines to cover the other
common etiologic agents of PIE.

Antibiotic Prophylaxis

Antibiotic prophylaxis has become more controversial in the past decade. While some
national groups recommend prophylaxis for the prevention of IE, others do not [4, 101].
North American healthcare providers must approach the issue of antibiotic prophylaxis
on an individual basis. They must take into account the degree to which the child’s
underlying heart defect creates a risk of PIE, the risk of bacteremia with the procedure
and the potential adverse effects and cost of the prophylactic agent to be used [102].

Children at high risk for PIE include those with: prosthetic cardiac valves
(including bioprosthetic and homograft valves), prosthetic material used for valve
repair, a past history of PIE, unrepaired cyanotic congenital heart disease including
palliative shunts and conduits, repaired congenital heart defects with prosthetic
material within 6 months of surgery, repaired congenital heart defect with residual
defects at or near the surgical repair, valvulopathy in a transplanted heart [4].

The risk of bacteremia varies with different procedures. Dental work and oral
procedures put the child at risk for bactremia with viridans streptococci, and amoxi-
cillin or intravenous ampicillin is an appropriate choice. Alternatives include first
generation cephalosporins or ceftriaxone and clindamycin or vancomycin if there is
a history of severe reactions (i.e. anaphylaxis) to beta lactams. Prophylaxis is rec-
ommended for procedures associated with manipulation of gingival tissue or the
periapical region of teeth or perforation of the oral mucosa. Other procedures
involving the respiratory tract, gastrointestinal and genitourinary tract no longer
warrant antimicrobial prophylaxis to prevent PIE. But it is reasonable to provide
prophylaxis to children at risk for PIE who require surgery for infected skin or soft
tissue infections targeting S. aureus and beta hemolytic streptococci [4].

Conclusion

This chapter described the epidemiology, etiology, diagnosis, treatment and prevention
of pediatric infective endocarditis — focusing on children with congenital heart defects.
Surgical and medical advances have allowed children to overcome severe heart defects,
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extreme prematurity and illnesses requiring indwelling lines. Unfortunately, many of
the interventions that allow these children to survive put them at risk for PIE. In the
future, the incidence of PIE will likely continue to increase and the etiologic agents will
likely become more difficult to treat as antimicrobial resistance increases. Research is
needed in the areas of primary prevention of PIE, improved diagnostic methods for PIE
and effective therapies for PIE caused by multidrug resistant pathogens. In the interim,
health care providers need to be cognizant of PIE in children with CHD because early
diagnosis and therapy can decrease morbidity and mortality.
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Abstract

Systemic embolism remains a vexing problem in patients with infective endocar-
ditis. This complication affects about 30 % of these patients and generally occurs
in the early stage of the disease. The size of the vegetation is the best echocardio-
graphic predictor of the embolic risk, but there is considerable overlap in vegeta-
tion size between patients with and without embolic events. Early cardiac surgery
appears to reduce the risk of embolism in patients with large vegetations and
severe valvular dysfunction. Prompt diagnosis and effective antibiotic therapy

remain the best way to prevent this serious complication of endocarditis.
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Key Points

1. Systemic embolism is a common complication occurring in about 30 % of
patients with IE.

2. Embolic events occur early in the course of the disease.

3. Morphologic parameters of vegetation particularly size appear to be a pre-
dictor of the embolic risk, but they have limited clinical usefulness in indi-
vidual patients.
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4. Fibrinolytics, anticoagulants, and antiplatelet agents have not been shown
to reduce the embolic risk, but they likely enhance the risk of bleeding.

5. Early diagnosis with prompt initiation of antibiotic therapy remains the
most effective means to reduce the embolic risk.

Case Studies
Case 1

19-year-old man presented at the emergency department with sudden onset of right
hemiplegia and dysphasia, after having had fever and malaise for several weeks. A
brain computed tomogram showed left cerebral hemorrhagic infarct. He underwent
emergency surgery to evacuate the intracranial hematoma. A transthoracic echocar-
diogram showed vegetations on a congenitally bicuspid aortic valve and moderate
aortic regurgitation. A transesophageal echocardiogram showed a large vegetation
on the aortic valve. Blood cultures subsequently grew Staphylococcus aureus.

Case 2

A 56-year old man with no history of valvular disease had fever, chills, and fatigue
for 1 week and was diagnosed to have infective endocarditis (IE) after blood cul-
tures grew Staphylococcus aureus. He responded well to treatment and did not
develop significant valvular dysfunction. He was well for 1 year before the sudden
occurrence of left upper quadrant abdominal pain due to splenic infarct confirmed
by gallium scanning tomography. He did not have fever and blood cultures were
negative. A transesophageal echocardiogram showed a 6-mm diverticulum on the
posterior mitral leaflet which communicated with the left ventricle via a narrow
neck and contained small echo densities within its cavity likely the source of the
non-infective splenic infarct.

Embolic events in IE usually occur early and can be the presenting symptom as
illustrated by Case 1. The differential diagnosis in patients suffering an embolic
event should always include IE. Case 2 shows that embolic event can be a late com-
plication as a result of unusual sequelae of IE, and transesophageal echocardiogra-
phy plays an important role in the assessment of these patients.

Introduction
Embolism is a dreaded complication in patients with IE, as it is a major contributor to

mortality and morbidity in these patients. Cerebral embolism accounts for the major-
ity of systemic embolic events and most commonly affects the territory of the middle
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cerebral artery resulting in severe disability. Cerebral microemboli are also common
but more difficult to recognize since the manifestations may be subtle or absent.
Embolism to other organs is often clinically silent and confers less aggregate morbid-
ity or mortality compared to cerebral embolism. The incidence of systemic embolism
is about 30 %, although various studies have reported a wide range from 10 % to
50 %. This high incidence has not decreased significantly over the years despite
improvements in medical and surgical treatments. Embolic events tend to occur early
in the course of the disease, frequently present in patients before the diagnosis of
endocarditis has been made. Indeed embolic events such as stroke may be the present-
ing symptom such that endocarditis should always be in the differential diagnosis
when dealing with a patient who has suffered an embolic event. After proper antimi-
crobial treatment has been initiated, the risk of embolism is lower with most events
occurring within the first 2 weeks of treatment. This chapter reviews the risk factors
and potential therapeutic treatments for systemic embolism in endocarditis.

Risk Factors Associated with Embolic Events
Infecting Organism

Many case series have showed that the risk of systemic embolization is related to the
infecting organism. For example, a higher incidence of embolic events is well docu-
mented in patients with Staphylococcal endocarditis [1, 2]. In one of the early stud-
ies Pruitt et al. reviewed the records of 218 cases of IE and reported a total of 86
(39 %) neurologic complications [3]. There were 49 cases of Staphylococcus aureus
IE, 53 % of which had neurologic complication, of which 13 cases (26.5 %) were
due to cerebral emboli, representing the highest embolic risk among all the infecting
organisms. In a more recent study, Heiro et al. reported that in 218 cases of IE over
a 17-year period (1980-1996) in a teaching hospital in Finland there were 55
patients (25 %) with neurologic complications, 23 (42 %) of which had cerebral
embolic events documented on an imaging study or at autopsy [2]. They also
reported a higher incidence of neurologic complications in patients with S. aureus
IE, accounting for 29 % of the 55 cases of neurologic complications. Neurologic
complications in this study included embolic events (n=13), transient ischemic
attacks (n=10), cerebral hemorrhage (n=4), meningitis (n=9), brain abscess (n=1),
toxic encephalopathy (n=11), and headache (n=7). It is not clear from this study if
S. aureus was associated with a higher risk of embolic events alone.

In the study by Di Salvo et al. there were a total of 43 patients with Staphylococcal
endocarditis, 23 of whom (53 %) suffered an embolic event compared to 32 % in
patients with IE due to other organisms (P=0.023) [1]. However on multivariate
analysis, infection due to Staphylococci was no longer a significant predictor of
embolic events, whereas vegetation size and mobility remained as independent pre-
dictors of embolic events. A more recent study by Thuny and colleagues suggests
that embolic events are more common in IE patients with Streptococcus bovis or
Staphylococcus aureus infection [4].
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Fungal endocarditis, although relatively rare, carries a high mortality and mor-
bidity. The association between fungal IE and embolic events has been well estab-
lished with often devastating complications due to the occlusion of major arteries by
large emboli [5]. In an excellent review of the world literature covering a 30- year
span (1965-1995) of 270 cases of fungal endocarditis, Ellis et al. reported that 45 %
of the patients had major arterial embolization, and cerebral emboli occurred in 47
patients, which was 17 % of the total population [6]. A further 24 patients had non-
focal neurologic findings. In cases of fungal endocarditis, most clinicians advocate
early surgical intervention to avoid systemic embolic events.

Valve Location

A number of studies suggested a higher risk of systemic embolization in patients
with mitral valve endocarditis. Pruitt et al. reported a higher rate of cerebral as well
as other systemic embolization in patients with IE affecting the mitral valve in their
study of 218 patients with IE [3]. There were 74 cases of aortic valve endocarditis
10 of which developed major cerebral emboli (13 %), while 23 of 81 cases of mitral
valve endocarditis (27 %) had major cerebral emboli. These authors hypothesized
that the higher rates of embolic events associated with mitral valve endocarditis
might be due to the associated enlarged left atrium with lower flow leading to a
more congenial environment for production of larger and more friable vegetations.
Cabell et al. reported that in 145 patients with IE, mitral valve endocarditis was
associated with a greater risk of stroke (32.5 % vs 11.3 %, P=0.003) [7]. However,
vegetations on the mitral valve were also significantly larger than those on the aortic
valve. Hence, the higher incidence of embolic events with mitral valve endocarditis
might be due to the larger and more mobile vegetations, rather than inherent differ-
ences of specific valve location. It is also unclear whether this difference in vegeta-
tion size between mitral and aortic valve endocarditis may be related to a difference
in the duration of infection. The multicenter European study reported no difference
in the rate of embolization between mitral and aortic valve endocarditis. Embolic
events occurred in 70 of 191 patients (37 %) with mitral valve endocarditis and 67
of 214 patients (31 %) with aortic valve endocarditis [4].

The incidence of embolic events in patients with right-sided endocarditis is likely
considerable but remains not well defined. Embolism has been estimated to be 70 %
in patients with isolated pulmonary valve endocarditis. Large vegetation size
(>15 mm) appears to be associated with recurrent embolization and persistent infec-
tion despite antibiotic treatment [8].

Vegetation Morphology

Vegetation is not only the hallmark of endocarditis but also the substrate for embolic
events which are usually the result of fragmentation and embolization of the vegeta-
tion. The embolic risk is low but not nonexistent in patients with no vegetations on
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echocardiography. There have been ongoing efforts to relate the embolic risk to
various morphologic parameters of the vegetation such as size, extent, and mobility.
This is best exemplified by the study of Sanfilippo et al. [9], who studied 204
patients with endocarditis, 85 of whom had left-sided native valve endocarditis.
Clinical cerebral embolic events were detected in 22 % of patients with left-sided
native valve endocarditis. They used a semi-quantitative grading system that incor-
porates multiple echocardiographic parameters (Table 13.1). They found that vege-
tation size, vegetation mobility, and valve location (mitral compared to aortic) were
independent predictors of complications including death and heart failure. In addi-
tion, the derived vegetation score utilizing vegetation size, mobility and extent was
a predictor of adverse outcomes.

Among all of the parameters, vegetation size is the one that has been most exten-
sively studied. There is now a considerable body of evidence showing a positive
association between vegetation size and risk of systemic embolization. One fre-
quently cited study is by Mugge et al. who prospectively studied 105 patient with
active IE [10]. There were a total of 33 (31 %) major embolic events, 28 (27 %) of
which involved the central nervous system. When patients were stratified based on
the size of the vegetation, the 47 patients with vegetations >10 mm had a higher
incidence of embolic events (46.8 %) than that of the 58 patients with small or no
detectable vegetations (18.9 %, P<0.05). On multivariate analysis, only vegetation
size larger than 10 mm predicted systemic embolization, particularly in patients
with mitral valve endocarditis. There was, however, considerable overlap in vegeta-
tion size between patients with and without embolic events (Fig. 13.1), so that in an
individual patient the clinical usefulness of vegetation size is limited.

Di Salvo et al. also showed a significant relationship between vegetation size and
embolic events in a retrospective study of 178 patients with IE assessed by trans-
esophageal echocardiography (TEE) [1]. Embolic events were more frequent in
patients with very large vegetations, with 70 % of the embolic events occurring in
43 patients with vegetation length >15 mm compared to 27 % of embolic events in
135 patients with vegetation size <15 mm. There was also a significant relationship
between vegetation mobility and embolic events in this population. Of the 73
patients with moderate and severely mobile vegetations 45 (62 %) had embolic
events compared to 21 events (20 %) seen in the 105 patients with low mobility
scores (P<0.001).

Table 13.1 Vegetation scoring system from Sanfilippo et al. [13]

Score 1 2 3 4
Size (mm) |<6 7-10 11-15 >15
Mobility Fixed Fixed base witha | Pedunculated Prolapsing
mobile free edge
Extent Single Multiple Involvement of Vegetations that
vegetation vegetations limited | multiple valve extend into
to a single valve leaflets extravalvular

leaflet structures
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In this study of the 30 patients who had both severely mobile and large vegeta-
tion (>15 mm), 83 % had embolic events. On multivariate analysis, vegetation size,
and mobility were the only predictors of embolic events.

In a retrospective study of 145 patients with aortic or mitral valve endocarditis,
Cabell et al. showed vegetation length >7 mm to be an independent predictor of
stroke (OR 1.21; 95 % CI 1.02—1.44, P=0.03) [7]. Vegetation size was also an inde-
pendent predictor of mortality at both 30 days and 1 year. In the study by Deprele
et al. data from 80 patients with endocarditis diagnosed using TEE were analyzed
[11]. On univariate analysis, vegetation mobility and vegetation size >10 mm were
risk factors for systemic embolization but on multivariate analysis, only vegetation
mobility remained an independent risk factor for embolization. In the study by
Steckelberg et al. transthoracic echocardiograms were performed prior to initiation
of antibiotics in 207 patients with left- sided IE [12]. In their study only 27 patients
(13 %) had an embolic event from the time of initiation of effective antibiotic ther-
apy to completion of therapy, death, cardiac surgery, or hospital discharge. They did
not find a relationship between the size of the vegetation and risk of embolic events.
There was no significant difference in the risk of embolic events among patients
with vegetations >10 mm compared to those with smaller or absent vegetations. A
prospective study on 384 patients with endocarditis reported that vegetation size
(>10 mm) and severe mobility were predictors of new embolic events, even after
adjustment for etiologic agent such as Staphylococcus aureus [4]. Vegetation size
(>15 mm) was also a predictor of 1 year mortality.

Tischler and Vaitkus published a meta-analysis of ten studies published in the
English language of embolic events in left-sided IE patients to assess if vegetations
>10 mm increased the risk of complications [10, 12-21]. The pooled odds ratios for
systemic embolization (in ten studies with total of 738 patients) and death (in six
studies with total of 476 patients) in the presence of vegetations >10 mm were 2.80
(95 %CI 1.95-4.02, P<0.01) and 1.55 (95 % CI 0.92-2.60, P=0.1), respectively.
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Fig. 13.2 Pooled analysis of 17 studies examining the effect of vegetation size on the risk of
systemic embolism. Odd ratio (OD) and 95 % of confidence intervals (CI) are shown

Seven of the studies in this meta-analysis used transthoracic echocardiography
alone for detection of vegetations, but the pooled odds ratio for systemic emboliza-
tion from these seven studies, 2.85 (95 % CI 1.86—4.38), was similar to the pooled
odds ratio from the three studies, 2.66 (95 % CI 1.36-5.24) that used both transtho-
racic and transesophageal echocardiography [9, 10, 14-21]. Since the publication of
this meta-analysis in 1997, there have been additional studies involving patients
with endocarditis in which vegetation size and embolic events were recorded [1, 7,
11, 22-25]. We performed a meta-analysis including a total of 15 studies: 10 from
the original meta-analysis by Tischler and Vaitkus, one study by Wann and col-
leagues not included by Tischler and Vaitkus, and four recent studies [13, 26]. Our
analysis of 1,319 patients in 17 studies with 415 systemic embolic events reveals a
pooled odds ratio for systemic embolization with vegetations >10 mm of 3.01
(95 %CI12.33-3.90, P<0.001) (Fig. 13.2).

Echocardiographic parameters of vegetations convey useful prognostic informa-
tion in patients with IE, but clinical decision as to whether to proceed with surgery
should not be based on echocardiographic findings alone because considerable dif-
ferences are present among the studies, no standardized method of measuring veg-
etation size is generally accepted and there is a large overlap in vegetation size
between patients with and without embolic events.

Age

Older patients with IE have a higher mortality and morbidity than younger patients.
Overall most studies showed that the rates of embolic events are similar between the
older and the younger patients, although cerebral embolization is a much stronger
predictor of mortality in older patients [27].
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Abnormalities of Coagulation and Fibrinolysis

Patients with IE have abnormalities in the coagulation cascade. Systemic bacterial infec-
tions in the absence of any cardiac involvement is an independent risk factor for embolic
events, which may be related to inflammation-induced procoagulant changes in the
endothelial lining, and increased levels of antiphospholipid anti- bodies [28-31].

Kupferwasser et al. showed that IE patients with embolic events had significantly
higher levels of antiphospholipid antibodies [32]. They reported that patients with
elevated antiphospholipid antibodies (14.3 % of the population) had a higher risk of
embolic events compared to those with undetectable levels (61.5 % vs 23.1 %,
P=0.008). Patients with elevated antiphospholipid antibody levels and embolic
events also had higher levels of thrombin and plasminogen activator inhibitor, as
well as reduced levels of activated protein C. It is biologically plausible that this
intravascular milieu of increased thrombin generation combined with impaired
fibrinolysis would lead to an increased risk of thromboembolism.

Recently research has focused on the potential role for soluble adhesion mole-
cules in the pathophysiology of IE [33, 34]. Soluble forms of P and E-selectins have
been shown to be secreted from activated platelets and endothelial cells and appear
to be early mediators of endothelial dysfunction in the setting of inflammatory
response. Korkmaz et al. reported elevated levels of both P and E-selectins in IE
patients with embolic events [35]. This study included 76 patients with IE, 13 of
whom had an embolic event (17.1 %). Patients with embolic events had higher
P-selectin levels than patients without events and normal controls. E-selectin levels
were similarly elevated in patients with IE and embolic events. This increase in
E-selectin may reflect the endothelial dysfunction secondary to injury, with induc-
tion of a pro-adhesive and pro-thrombotic surface leading to thrombus formation,
and the higher P-selectin levels are associated with enhanced platelet activation,
which has a direct impact on thrombin generation.

These data support the notion that IE patients with embolic events have a sus-
tained hypercoaguable state which likely contributes to the development of embolic
events as a result of increased systemic coagulation activation, enhanced platelet
activity, and impaired fibrinolysis. Despite the above-mentioned abnormalities of
coagulation and fibrinolysis which promote thrombus development, patients with IE
are also at significant risk for bleeding secondary to consumptive coagulopathy as
well as a decrease in production of coagulation factors by the liver [36]. The co-
existence of a hypercoagulable state and increased propensity of bleeding is a for-
midable clinical challenge in the management of patients with IE.

Strategies to Decrease Embolic Risk
Antibiotic Therapy
Effective antibiotic therapy reduces but does not abolish the risk of events. A reduc-

tion in vegetation size is associated with a lower rate of embolic complications.
Rohmann et al. prospectively studied 183 patients with IE and valvular vegetations
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detected by TEE, who were treated with appropriate antibiotic regimens [37]. A
total of 16.4 % of these patients suffered an embolic event during the follow-up
period of 76 weeks. A significant reduction in vegetation size during antibiotic treat-
ment was associated with a reduction in embolic events and mortality. A reduction
in vegetation size >49 % was associated with no risk of embolic events (P <0.05).
In patients with a decrease in vegetation size >37 %, there was no mortality. Thus
antibiotic therapy remains the most effective treatment to prevent embolic events in
patients with IE.

Fibrinolytic Therapy

Since vegetations contain a significant amount of thrombin and fibrin, the use of
fibrinolytic therapy might be helpful in breaking down vegetations leading to a
decrease in embolic events. Another potential benefit of fibrinolytic therapy is a
synergistic effect with antibiotics. Exposing the bacterial surfaces normally buried
in the fibrin-platelet rich matrix of the vegetation to antibiotics may enhance the
effectiveness of antibiotics [38, 39]. Animal studies have shown a substantial reduc-
tion in vegetation size with a high proportion of cure and less damage to the valves
in animals treated with fibrinolytic therapy but this reduction in the vegetation size
occurs at a cost of more and larger cerebral infarcts likely as a result of embolization
of the vegetation fragments [40].

There are reports of successful treatment using fibrinolytic agents in children with
IE and large vegetations [41, 42]. Levitas et al. prospectively examined the effect of
treatment with tissue plasminogen activator in seven infants with enlarging vegeta-
tions despite intensive medical treatment, including antibiotics [43]. In all patients,
fever resolved within 2-3 days, blood cultures became sterile thereafter, and vegeta-
tions diminished in size and were no longer seen after 4 days. No embolic or hemor-
rhagic complications in this population were reported. There are few case reports of
fibrinolytic therapy in adults patients with IE with mixed results [44, 45]. The use is
mostly in patients with coronary artery embolization. There may be a limited role for
fibrinolysis in very selected cases of IE such as those with prohibitive surgical risks
and enlarging vegetations despite appropriate antibiotic therapy, because intracranial
hemorrhage and death are real concerns. This therapy should be undertaken only
after careful consideration has excluded the possibility of surgical therapy.

Anticoagulant Therapy

Given the previously described abnormalities in soluble adhesion molecules and
other humoral factors leading to a hypercoaguable state, it would be logical to sus-
pect that anticoagulant therapy in patients with IE may decrease the risk of embolic
events. Warfarin treatment is postulated to decrease fibrin generation and its adhe-
sion to the valve surfaces, which may then decrease the bacterial colonies adherent
to the valve surface. Using a rabbit model of IE with Staphylococcus epidermidis,
Thorig and co- workers showed that warfarin treated rabbits needed a larger
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bacterial inoculum to induce infection [46]. Despite this reduction in infectivity
there was a significant reduction in survival in the warfarin-treated rabbits mainly as
a result of pulmonary hemorrhage. Other studies have also shown this increase in
mortality associated with warfarin treatment in animal models of IE [47, 48].

There have been no controlled randomized studies on the use of anticoagulants to
prevent embolism in IE. An early study showed that the use of heparin or dicumarol
did not reduce embolism but was associated with a high rate of cerebral hemorrhage
[49]. Similar findings have been reported in the review by Pruitt et al. which showed
that five of seven patients treated with anticoagulants developed embolic events, of
whom three had hemorrhagic cerebral infarction, while only 10 of 211 patients not
receiving anticoagulants had hemorrhagic cerebral infarction. Patients with pros-
thetic valve endocarditis are at a high embolic risk despite continuation of anticoagu-
lation treatment, and the risk is higher in the absence of adequate anticoagulation.
Wilson et al. retrospectively studied 52 patients with prosthetic valve (Starr—Edwards
prostheses) endocarditis [50]. Central nervous system complications occurred in 10
of 14 (71 %) patients without adequate anticoagulation therapy and 3 of 38 (8 %)
patients with adequate anticoagulation. Mortality was 57 % among the patients with-
out adequate anticoagulation and 47 % among those with adequate anticoagulation.
Autopsy findings showed that central nervous system complications were the pri-
mary cause of death in 63 % of the cases without adequate anticoagulation. In the
study of Paschalis et al. patients already anticoagulated for prosthetic valves had the
same embolic risk as those on no anticoagulation [51]. Davenport and Hart examined
62 episodes of prosthetic valve IE in 61 patients and found that the risk of embolic
events was lower in patients with bioprosthetic valves than those with mechanical
valves who were on anticoagulation [52]. The deleterious effects of anticoagulation
should be considered in patients with prosthetic valve endocarditis, as these patients
are at high risk for intracranial hemorrhage, which can result in death.

Despite the hypercoaguable state in patients with IE, anticoagulation does not pro-
vide significant protection against systemic embolization, and is potentially harmful.
However, in patients who have other indications for anticoagulation, such as mechani-
cal valves, venous thromboembolic disease, or atrial fibrillation, benefits of antico-
agulation likely outweigh the risks of excessive bleeding, but these patients continue
to have a high embolic risk despite adequate anticoagulation. Current guidelines by
the American College of Chest Physicians on antithrombotic and thrombolytic ther-
apy recommend discontinuation of vitamin K antagonists (Warfarin) in patients with
mechanical valve endocarditis at the time of presentation until it is clear that invasive
procedure will not be required and the patient has stabilized without signs or central
nervous system involvement. Vitamin K antagonists can be reinstituted when patient
is deemed stable without contraindications or neurologic complications [53].

Aspirin and Other Antiplatelet Agents

Damage to the valvular endothelial surfaces has been shown to promote adhesion of
platelets to the collagen rich subendothelial surface [54]. Platelet activation and
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continued fibrin deposition lead to larger and more friable vegetations, which have
a higher risk for embolization. Hence there is a biological basis that platelet inhibi-
tors such as aspirin could enhance vegetation resolution and reduce embolic events.
Among the antiplatelet agents, aspirin has received the most attention and has been
shown to be beneficial in animal models [55, 56]. The incidence of stroke and
change in echocardiographic vegetation area were prospectively studied in a small
study involving nine IE patients randomized to receive either low-dose aspirin
(75 mg per day) in four patients or no aspirin in five patients [57]. During a follow-
up of 343 days, two cerebral embolic events and one case of presumed embolic
myocardial infarction occurred in the control group, compared with no events in the
aspirin treated patients. There was a decrease in the mean vegetation area of 0.24 cm?
in the aspirin treated group, compared to an increase area of 0.35 cm? in controls. In
this study aspirin treatment was not associated with an increase in bleeding compli-
cations. This study, although small, provided the first human evidence of potential
benefit of aspirin therapy in patients with IE.

This hypothesis was further tested in a larger randomized double-blind,
placebo-controlled trial [22]. In this study 115 patients were randomized to
receive 4 weeks of either 325 mg per day of aspirin (60 patients) or placebo (55
patients). Both native valve and prosthetic valve endocarditis were included. The
overall embolic event rate was 29 % when the randomized and non-randomized
patients were pooled. There were 17 patients (28.3 %) with embolic events in the
aspirin group and 11 patients (20 %) in the placebo group. There was no signifi-
cant reduction in embolic events with aspirin treatment but there was a trend
towards a higher incidence of major and minor bleeding in the aspirin- treated
group. One of the limitations of this study was that only 31 % of the target sample
size was recruited and hence the trial may be under- powered to detect a small
beneficial effect of aspirin therapy on the risk of embolic events. Another potential
limitation is the low dose of aspirin used in the study. However, at the present time
this trial is the largest randomized controlled study evaluating a therapeutic strat-
egy to reduce systemic embolization in IE. Some investigators believe that there
may still be a role for aspirin therapy in patients with IE due to S.aureus, as there
are platelet binding sites for staphylococcal proteins providing a mechanism for
interruption of bacterial cell adhesion to sites of vascular injury leading to throm-
bosis [33, 58].

There is evidence from experimental IE in animals models to support other anti-
platelet agents such as thienopyridines alone or in combination with aspirin but
there are no reported studies of thienopyridine therapy in patients with IE [59-61].
The potential benefits of antiplatelet agents must be balanced with the real risk of
increased bleeding in patients already at an elevated risk for bleeding.

It is uncertain that patients already on aspirin before the development of IE may
have a lower risk of embolic event, since contradictory results have been reported
[62, 63]. Thus in patients who have been taking aspirin or other anti-platelet agents
before IE onset, the indication, potential benefits and risks should be carefully
considered to determine the appropriateness of continuation of anti-platelet
therapy.
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Surgical Therapy

There are a number of studies that suggest combined medical and surgical therapy
for IE is superior to medical therapy alone and can decrease morbidity and mortal-
ity. Currently, the strongest indications for surgical therapy are congestive heart
failure and uncontrolled infection despite optimal antimicrobial therapy. It has been
suggested that surgical intervention may be considered in individuals with recurrent
emboli and persistent vegetations despite appropriate antibiotic therapy.

There are significant sequelae of central nervous system embolization not the
least of which is the risks to these patients during cardiovascular surgery. In a retro-
spective study of 181 IE patients with neurologic complications who underwent
surgery, higher rates of postoperative morbidity and mortality were present in those
patients operated within a short time span from their neurologic event [64]. When
the surgical intervention was performed within 1 week after the neurological event,
the risks of mortality and worsening neurologic deficit were 31.3 % and 43.8 %,
respectively, compared to risks of 7.0 % and 2.3 % respectively when the operation
was more than 4 weeks after the neurologic event.

Based on the available data one approach to left-sided native valve IE in patients
who have suffered a cerebral embolic or hemorrhagic event is to delay the cardiac
surgery, a minimum of 2 weeks after an embolic event and a minimum of 4 weeks
after a cerebral hemorrhagic event [64—66].

When to perform surgery to prevent systemic embolism remains a difficult clini-
cal decision. Although echocardiographic parameters of vegetations provide useful
prognostic information, clinical decision-making should not be based on these find-
ings alone but should include careful analysis of all the clinical variables. Early
diagnosis with prompt initiation of appropriate antibiotics remains the most effec-
tive strategy in the prevention of embolic events. A recent prospective trial in early
surgery in patients with native valve IE showed that early surgery led to a marked
reduction in embolic events but no reduction in 6 month all-cause mortality. The
patients all had vegetations >10 mm and severe left-sided valvular dysfunction [67].
Not surprisingly 77 % of the non-early surgery patients had valve surgery during the
same hospitalization. These results support the notion that early surgery can reduce
the risk of embolic events, although most patients with severe valvular dysfunction
would require early surgery anyway.

Guidelines

The recent guidelines by the European Society of Cardiology (ESC) and the
American Heart Association/American College of Cardiology (AHA/ACC) on the
prevention and management of embolic events in IE are summarized in Table 13.2
[68, 69] Compared to the American counterparts, ESC placed more emphasis on the
size of the vegetations. Large vegetations >10 mm in length and one or more embolic
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Table 13.2 Summary of guidelines on the prevention and management of embolic events in
infective endocarditis

Class of
recommendations AHA/ACC, 2014 ESC, 2009
| Timing of surgery should be made by | Vegetations >10 mm with one
a multispecialty team or more embolic events despite
appropriate antibiotic therapy
Vegetations >10 mm with
heart failure or persistent
infection or abscess
IIa Early surgery is reasonable with
recurrent emboli and persistent
vegetations despite appropriate
antibiotic therapy
b Early surgery may be considered in Vegetations >15 mm

native valve IE with mobile
vegetations >10 mm with or without
embolic events

AHA/ACC American Heart Association/American College of Cardiology, ESC European Society
of Cardiology

events is a Class I indication in the ESC guidelines and a Class Ila indication for

ear
gui

ly surgery in the AHA/ACC guidelines. The other Class I indication in the ESC
deline in the setting of embolic events does not have significant clinical impact,

because IE patients with serious complications such as heart failure, abscess or
persistent infection should be considered for early surgery whether or not embolic
events have occurred.

Conclusion

Despite advances in medical and surgical therapy, IE continues to have a high
morbidity and mortality. The rate of systemic embolization has remained rela-
tively constant over the past two or three decades. Risk factors such as vegetation
size and mobility allow us to identify patients at a higher risk for embolic com-
plications. However, no single therapy with the exception of prompt and appro-
priate antibiotic treatment has shown effectiveness in reducing systemic
embolization, although early surgery in selected patients may be useful.
Treatments to enhance vegetation resolution including fibrinolytics, anticoagu-
lants and antiplatelet agents have shown no benefits but are associated with an
increased risk of bleeding. Current recommendations reflect this lack of effective
and safe therapy in these high-risk patients. When making a decision to proceed
with cardiac surgery to reduce the embolic risk one needs to consider all the
clinical variables. The decision should not be based solely on the echocardio-
graphic findings.



370 0. Salehian and K.-L. Chan

References

1. Di Salvo G, Habib G, Pergola V, et al. Echocardiography predicts embolic events in infective
endocarditis. J] Am Coll Cardiol. 2001;37(4):1069-76.

2. Heiro M, Nikoskelainen J, Engblom E, Kotilainen E, Marttila R, Kotilainen P. Neurologic
manifestations of infective endocarditis: a 17-year experience in a teaching hospital in Finland.
Arch Intern Med. 2000;160(18):2781-7.

3. Pruitt AA, Rubin RH, Karchmer AW, Duncan GW. Neurologic complications of bacterial
endocarditis. Medicine (Baltimore). 1978;57(4):329-43.

4. Thuny F, Disalvo G, Belliard O, et al. Risk of embolism and death in infective endocarditis:
prognostic value of echocardiography: a prospective multicenter study. Circulation.
2005;112(1):69-75.

. Rubinstein E, Lang R. Fungal endocarditis. Eur Heart J. 1995;16(Suppl B):84-9.

6. Ellis ME, Al-Abdely H, Sandridge A, Greer W, Ventura W. Fungal endocarditis: evidence in
the world literature, 1965—-1995. Clin Infect Dis. 2001;32(1):50-62.

7. Cabell CH, Pond KK, Peterson GE, et al. The risk of stroke and death in patients with aortic
and mitral valve endocarditis. Am Heart J. 2001;142(1):75-80.

8. Ramadan FB, Beanlands DS, Burwash IG. Isolated pulmonic valve endocarditis in healthy
hearts: a case report and review of the literature. Can J Cardiol. 2000;16(10):1282-8.

9. Sanfilippo AJ, Picard MH, Newell JB, et al. Echocardiographic assessment of patients with
infectious endocarditis: prediction of risk for complications. J Am Coll Cardiol.
1991;18(5):1191-9.

10. Mugge A, Daniel WG, Frank G, Lichtlen PR. Echocardiography in infective endocarditis:
reassessment of prognostic implications of vegetation size determined by the transthoracic and
the transesophageal approach. J Am Coll Cardiol. 1989;14(3):631-8.

11. Deprele C, Berthelot P, Lemetayer F, et al. Risk factors for systemic emboli in infective endo-
carditis. Clin Microbiol Infect. 2004;10(1):46-53.

12. Steckelberg JM, Murphy JG, Ballard D, et al. Emboli in infective endocarditis: the prognostic
value of echocardiography. Ann Intern Med. 1991;114(8):635-40.

13. Tischler MD, Vaitkus PT. The ability of vegetation size on echocardiography to predict clinical
complications: a meta-analysis. ] Am Soc Echocardiogr. 1997;10(5):562-8.

14. Stewart JA, Silimperi D, Harris P, Wise NK, Fraker Jr TD, Kisslo JA. Echocardiographic docu-
mentation of vegetative lesions in infective endocarditis: clinical implications. Circulation.
1980;61(2):374-80.

15. Wong D, Chandraratna AN, Wishnow RM, Dusitnanond V, Nimalasuriya A. Clinical implica-
tions of large vegetations in infectious endocarditis. Arch Intern Med. 1983;143(10):1874-7.

16. Stafford WJ, Petch J, Radford DJ. Vegetations in infective endocarditis. Clinical relevance and
diagnosis by cross sectional echocardiography. Br Heart J. 1985;53(3):310-3.

17. Buda AJ, Zotz RJ, LeMire MS, Bach DS. Prognostic significance of vegetations detected by
two-dimensional ~ echocardiography  in  infective  endocarditis. =~ Am  Heart
J. 1986;112(6):1291-6.

18. Lutas EM, Roberts RB, Devereux RB, Prieto LM. Relation between the presence of echocar-
diographic vegetations and the complication rate in infective endocarditis. Am Heart
J. 1986;112(1):107-13.

19. Erbel R, Rohmann S, Drexler M, et al. Improved diagnostic value of echocardiography in
patients with infective endocarditis by transoesophageal approach. A prospective study. Eur
Heart J. 1988;9(1):43-53.

20. Jaffe WM, Morgan DE, Pearlman AS, Otto CM. Infective endocarditis, 1983—-1988: echocar-
diographic findings and factors influencing morbidity and mortality. J Am Coll Cardiol.
1990;15(6):1227-33.

21. Hwang JJ, Shyu KG, Chen JJ, et al. Infective endocarditis in the transesophageal echocardio-
graphic era. Cardiology. 1993;83(4):250-7.

22. Chan KL, Dumesnil JG, Cujec B, et al. A randomized trial of aspirin on the risk of embolic
events in patients with infective endocarditis. ] Am Coll Cardiol. 2003;42(5):775-80.

V)]



23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Systemic Embolism in Endocarditis 371

De Castro S, Magni G, Beni S, et al. Role of transthoracic and transesophageal echocardiogra-
phy in predicting embolic events in patients with active infective endocarditis involving native
cardiac valves. Am J Cardiol. 1997;80(8):1030-4.

Mangoni ED, Adinolfi LE, Tripodi MF, et al. Risk factors for “major” embolic events in hos-
pitalized patients with infective endocarditis. Am Heart J. 2003;146(2):311-6.

Vilacosta I, Graupner C, San Roman JA, et al. Risk of embolization after institution of antibi-
otic therapy for infective endocarditis. J] Am Coll Cardiol. 2002;39(9):1489-95.

Wann LS, Hallam CC, Dillon JC, Weyman AE, Feigenbaum H. Comparison of M-mode and
cross-sectional echocardiography in infective endocarditis. Circulation. 1979;60(4):728-33.
Di Salvo G, Thuny F, Rosenberg V, et al. Endocarditis in the elderly: clinical, echocardio-
graphic, and prognostic features. Eur Heart J. 2003;24(17):1576-83.

Valtonen V, Kuikka A, Syrjanen J. Thrombo-embolic complications in bacteraemic infections.
Eur Heart J. 1993;14(Suppl K):20-3.

Syrjanen J, Valtonen VV, livanainen M, Kaste M, Huttunen JK. Preceding infection as an
important risk factor for ischaemic brain infarction in young and middle aged patients. Br Med
J (Clin Res Ed). 1988;296(6630):1156-60.

Macko RF, Ameriso SF, Barndt R, Clough W, Weiner JM, Fisher M. Precipitants of brain
infarction. Roles of preceding infection/inflammation and recent psychological stress. Stroke.
1996;27(11):1999-2004.

Buyukasyk NS, Ileri M, Alper A, et al. Increased blood coagulation and platelet activation in
patients with infective endocarditis and embolic events. Clin Cardiol. 2004;27(3):154-8.
Kupferwasser LI, Hafner G, Mohr-Kahaly S, Erbel R, Meyer J, Darius H. The presence of
infection-related antiphospholipid antibodies in infective endocarditis determines a major risk
factor for embolic events. J Am Coll Cardiol. 1999;33(5):1365-71.

Soderquist B, Sundqvist KG, Vikerfors T. Adhesion molecules (E-selectin, intercellular adhe-
sion molecule-1(ICAM-1) and vascular cell adhesion molecule-1 (VCAM-1)) in sera from
patients with Staphylococcus aureus bacteraemia with or without endocarditis. Clin Exp
Immunol. 1999;118(3):408—11.

Muller AM, Cronen C, Kupferwasser LI, Oelert H, Muller KM, Kirkpatrick CJ. Expression of
endothelial cell adhesion molecules on heart valves: upregulation in degeneration as well as
acute endocarditis. J Pathol. 2000;191(1):54-60.

Korkmaz S, Ileri M, Hisar I, Yetkin E, Kosar F. Increased levels of soluble adhesion molecules,
E- selectin and P-selectin, in patients with infective endocarditis and embolic events. Eur Heart
J.2001;22(10):874-8.

Jagneaux T, Taylor DE, Kantrow SP. Coagulation in sepsis. Am J Med Sci.
2004;328(4):196-204.

Rohmann S, Erhel R, Darius H, Makowski T, Meyer J. Effect of antibiotic treatment on vegeta-
tion size and complication rate in infective endocarditis. Clin Cardiol. 1997;20(2):132-40.
Buiting AG, Thompson J, Emeis JJ, Mattie H, Brommer EJ, van FR. Effects of tissue-type
plasminogen activator on Staphylococcus epidermidis-infected plasma clots as a model of
infected endocardial vegetations. J Antimicrob Chemother. 1987;19(6):771-80.

Buiting AG, Thompson J, Emeis JJ, Mattie H, Brommer EJ, van Furth R. Effects of tissue-type
plasminogen activator (t-PA) on Streptococcus sanguis infected endocardial vegetations
in vitro. J Antimicrob Chemother. 1988;21(5):609-20.

Dewar HA, Jones MR, Barnes WS, Griffin SG. Fibrinolytic therapy in bacterial endocarditis:
experimental studies in dogs. Eur Heart J. 1986;7(6):520-7.

Fleming RE, Barenkamp SJ, Jureidini SB. Successful treatment of a staphylococcal endocar-
ditis vegetation with tissue plasminogen activator. J Pediatr. 1998;132(3 Pt 1):535-7.

Marks KA, Zucker N, Kapelushnik J, Karplus M, Levitas A. Infective endocarditis success-
fully treated in extremely low birth weight infants with recombinant tissue plasminogen activa-
tor. Pediatrics. 2002;109(1):153-8.

Levitas A, Zucker N, Zalzstein E, Sofer S, Kapelushnik J, Marks KA. Successful treatment of
infective endocarditis with recombinant tissue plasminogen activator. J Pediatr.
2003;143(5):649-52.



372 0. Salehian and K.-L. Chan

44. Connolly DL, Dardas PS, Crowley JJ, Kenny A, Petch MC. Acute coronary embolism compli-
cating aortic valve endocarditis treated with streptokinase and aspirin. A case report. J Heart
Valve Dis. 1994;3(3):245-6.

45. Di Salvo TG, Tatter SB, O’Gara PT, Nielsen GP, DeSanctis RW. Fatal intracerebral hemor-
rhage following thrombolytic therapy of embolic myocardial infarction in unsuspected infec-
tive endocarditis. Clin Cardiol. 1994;17(6):340-4.

46. Thorig L, Thompson J, Eulderink F. Effect of warfarin on the induction and course of experi-
mental Staphylococcus epidermidis endocarditis. Infect Immun. 1977;17(3):504-9.

47. Thompson J, Eulderink F, Lemkes H, van FR. Effect of warfarin on the induction and course
of experimental endocarditis. Infect Immun. 1976;14(6):1284-9.

48. Hook III EW, Sande MA. Role of the vegetation in experimental Streptococcus viridans endo-
carditis. Infect Immun. 1974;10(6):1433-8.

49. Priest WS, Smith JM, McGee CJ. The effect of anticoagulants on the penicillin therapy and the
pathologic lesion of subacute baterial endocarditis. NEJM. 1946;235(20):699-706.

50. Wilson WR, Geraci JE, Danielson GK, et al. Anticoagulant therapy and central nervous system
complications in patients with prosthetic valve endocarditis. Circulation. 1978;57(5):1004-7.

51. Paschalis C, Pugsley W, John R, Harrison MJ. Rate of cerebral embolic events in relation to
antibiotic and anticoagulant therapy in patients with bacterial endocarditis. Eur Neurol.
1990;30(2):87-9.

52. Davenport J, Hart RG. Prosthetic valve endocarditis 1976—1987. Antibiotics, anticoagulation,
and stroke. Stroke. 1990;21(7):993-9.

53. Whitlock RP, Sun JC, Fremes SE, et al. Antithrombotic and thrombolytic therapy in valvular
heart disease: antithrombotic therapy and prevention of thrombosis, 9th edition: American
College of Chest Physician Evidence-based Clinical Practice Guidelines. Chest. 2012;
141(2 Suppl):e576S-600.

54. Sullam PM, Bayer AS, Foss WM, Cheung AL. Diminished platelet binding in vitro by
Staphylococcus aureus is associated with reduced virulence in a rabbit model of infective
endocarditis. Infect Immun. 1996;64(12):4915-21.

55. Nicolau DP, Marangos MN, Nightingale CH, Quintiliani R. Influence of aspirin on develop-
ment and treatment of experimental Staphylococcus aureus endocarditis. Antimicrob Agents
Chemother. 1995;39(8):1748-51.

56. Kupferwasser LI, Yeaman MR, Shapiro SM, et al. Acetylsalicylic acid reduces vegetation
bacterial density, hematogenous bacterial dissemination, and frequency of embolic events in
experimental Staphylococcus aureus endocarditis through antiplatelet and antibacterial effects.
Circulation. 1999;99(21):2791-7.

57. Taha TH, Durrant SS, Mazeika PK, Nihoyannopoulos P, Oakley CM. Aspirin to prevent
growth of vegetations and cerebral emboli in infective endocarditis. J Intern Med.
1992;231(5):543-6.

58. Nguyen T, Ghebrehiwet B, Peerschke EI. Staphylococcus aureus protein A recognizes platelet
gC1qR/p33: a novel mechanism for staphylococcal interactions with platelets. Infect Immun.
2000;68(4):2061-8.

59. Johnson CE, Dewar HA. Effect of sulphinpyrazone on the development of experimental endo-
cardial vegetations. Cardiovasc Res. 1982;16(11):657-62.

60. Nicolau DP, Tessier PR, Nightingale CH, Quintiliani R. Influence of adjunctive ticlopidine on
the treatment of experimental Staphylococcus aureus endocarditis. Int J Antimicrob Agents.
1998;9(4):227-9.

61. Nicolau DP, Tessier PR, Nightingale CH. Beneficial effect of combination antiplatelet therapy
on the development of experimental Staphylococcus aureus endocarditis. Int J Antimicrob
Agents. 1999;11(2):159-61.

62. Chan KL, Tam J, Dumesnil JG, Cujec B, Sanfilippo AJ, Jue J, Turek M, Robinson T, Williams
K. Effect of long-term aspirin use on embolic events in infective endocarditis. Clin Infect Dis.
2008;46(1):37-41.



63.

64.

65.

66.

67.

68.

69.

Systemic Embolism in Endocarditis 373

Anavekar NS, Tleyjeh IM, Anavekar NS, Mirzoyev Z, Steckelberg JM, Haddad C, Khandaker
MH, Wilson WR, Chandrasekaran K, Baddour LM. Impact of prior anti-platelet therapy on
risk of embolism in infective endocarditis. Clin Infect Dis. 2007;44:1180-6.

Eishi K, Kawazoe K, Kuriyama Y, Kitoh Y, Kawashima Y, Omae T. Surgical management of
infective endocarditis associated with cerebral complications. Multi- center retrospective study
in Japan. J Thorac Cardiovasc Surg. 1995;110(6):1745-55.

Gillinov AM, Shah RV, Curtis WE, et al. Valve replacement in patients with endocarditis and
acute neurologic deficit. Ann Thorac Surg. 1996;61(4):1125-9.

Moon MR, Stinson EB, Miller DC. Surgical treatment of endocarditis. Prog Cardiovasc Dis.
1997;40(3):239-64.

Kang DH, Kim YJ, Kim SH, Sun BJ, Kim DH, Yun SC, Song JM, Choo SJ, Chung CH, Song
JK, Lee JW, Sohn DW. Early surgery versus conventional treatment for infective endocarditis.
N Engl J Med. 2012;366(26):2466-73.

Nishimura RA, Otto CM, Bonow RO, et al. ACC/AHA guidelines for the management of
patients with valvular heart disease. A report of the American College of Cardiology/American
Heart Association Task Force on Practice Guidelines. J Am Coll Cardiol.
2014;63(22):e57-185.

Habib G, Hoen B, Tornos P, Thuny F, Prendergast B, Vilacosta I, Moreillon P, de Jesus Antunes
M, Thilen U, Lekakis J, Lengyel M, Miiller L, Naber CK, Nihoyannopoulos P, Moritz A,
Zamorano JL, ESC Committee for Practice Guidelines. Guidelines on the prevention, diagno-
sis, and treatment of infective endocarditis (new version 2009): the Task Force on the
Prevention, Diagnosis, and Treatment of Infective Endocarditis of the European Society of
Cardiology (ESC). Endorsed by the European Society of Clinical Microbiology and Infectious
Diseases (ESCMID) and the International Society of Chemotherapy (ISC) for Infection and
Cancer. Eur Heart J. 2009;30(19):2369-413.



Christopher R. Skinner

Abstract

Endocarditis is a major threat to the nervous system. Early detection of neuro-
logical damage using neuro-imaging and treatment during the pre-embolic phase
is essential to prevent serious morbidity and mortality.

MRI sequences such as GRE and SWI have great sensitivity to detect micro-
hemorrhages in order to detect systemic sepsis affecting the CNS and subclinical
embolic events. In the case of an acute neurological deficit in a patient known to
have valvular disease, congenital heart disease or previous valvular surgery,
embolization due to endocarditis must be considered high in the differential
diagnosis. Serial imaging of the brain and brain vasculature using MRI/MRA
and high resolution CT/CTA are required to monitor the formation and progres-
sion of infectious intracranial aneurysms.

Multi-disciplinary neurovascular consultation is required once infectious
intracranial aneurysms have been detected. Once stabilized, infectious intracra-
nial aneurysms often have a good prognosis.

Marantic endocarditis is rare. The prognosis often depends mainly on the
clinical course of the underlying malignancy.

Institutions need to develop and implement structured approaches to the
detection and treatment of IE.
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Key Points

1. Endocarditis either IE or ME is a major threat to the nervous system

2. Early detection of neurological damage using neuro-imaging and treat-
ment during the pre-embolic phase is essential to prevent serious morbid-
ity and mortality. MRI sequences such as GRE and SWI have great
sensitivity to detect subclinical embolic events and micro-hemorrhages
associated with systemic sepsis affecting the CNS.

3. In the case of an acute neurological deficit in a patient known to have val-
vular disease, congenital heart disease or previous valvular surgery, embo-
lization due to endocarditis must be considered high in the differential
diagnosis.

4. Serial imaging of the brain and brain vasculature is required to monitor the
formation and progression of infectious intracranial aneurysms. Both
MRI/MRA and high resolution CT/CTA are appropriate tools to use for
this purpose.

5. Multi-disciplinary neurovascular consultation is required once infectious
intracranial aneurysms have been detected

6. Once stabilized, infectious intracranial aneurysms often have a good
prognosis

7. Marantic endocarditis is rare. The prognosis often depends mainly on the
clinical course of the underlying malignancy.

8. Institutions need to develop and implement structured approaches to the
detection and treatment of IE.

Introduction

The occurrence of a neurological event due to infective endocarditis (IE) is often unex-
pected, sudden and catastrophic. It is frequently perceived as an unfortunate but gener-
ally unavoidable event. However, when one looks at the sequence of the pathophysiologic
process of the disease, often there are telltale systemic and neurological signs and
symptoms prior to the main event, which could be essential in making an early diagno-
sis. Early diagnosis may lead to interventions, which could be useful to mitigate the
catastrophic sequence of events resulting in neurological damage and death.

This chapter is an attempt to document the sequence of the pathophysiological
processes in which the nervous system gets progressively involved in the disease
process of IE. Infective endocarditis will be the primary focus, but a brief discussion
of marantic endocarditis is also included.

Full appreciation of the different neurological events in IE must take into consid-
eration the pathophysiological processes, the etiological agent and the neurological
localization over the dimension of time from pre-clinical events to the specific
events resulting in neurological deficits and to further progression of neurological
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complications. This chapter provides a neurological diagnostic framework for the
practicing clinician based on the current literature.

Historical Perspective

The clinical triad of fever, heart murmur and stroke were recognized by Osler and
others before him to indicate the presence of IE [1, 2]. Present-day clinicians strive
to recognize the endocarditis complex before permanent damage to heart, brain and
other target organs occurs. Despite the use of modern imaging, there continues to be
significant delays in diagnosis and treatment in many IE patients.

The major historical milestones in the diagnosis and treatment of endocarditis
have been the development of antibiotics, cardiac imaging including angiography
and echocardiography, and the various options of surgical treatment from valve
replacement or repair to extensive reconstruction of aortic or mitral annulus.

In everyday neurological practice, advancements in neuroimaging including
computed tomography (CT), magnetic resonance imaging (MRI) and digital cere-
bral angiography have helped enormously in terms of the timely localization of
lesions in the central nervous system (CNS) in order to initiate real-time treatments
which can improve recovery, especially from ischemic and hemorrhagic events.
These investigations are usually employed after the defining event has occurred. In
order to improve outcomes in IE, more attention has to be paid to the use of these
tools earlier in the course of the disease to provide information which may reduce
mortality and morbidity. Specific treatments may include in highly selected cases
the use of thrombolytic agents to hasten resolution of a septic embolus and the use
of valve surgery to prevent an impending embolic stroke.

The use of neurological interventional techniques to deal with septic aneurysms
has led to the development of aneurysm hardware for coiling and clipping infectious
intracranial aneurysms. There are many case reports on treatment of these aneu-
rysms using neuroradiological interventional techniques. However there are few
clinical trials to assist the clinical determination of the best treatment of infected
intracranial aneurysms from a risk benefit standpoint.

Despite advances in neurological imaging, the key to early diagnosis remains a
high index of suspicion bearing in mind the protean manifestations of IE. The risk of
CNS embolic event diminishes rapidly following the initiation of appropriate antibi-
otic therapy. A delay in the diagnosis and treatment must be avoided to improve the
outcome of these patients. Thus the occurrence of an acute neurologic event in the
context of constitutional symptoms should alert the clinician to the possibility of IE.

Epidemiology
The occurrence of neurological complications in IE is from 20 % to 40 %, with an

average of 37 % [3]. Neurological deficits have been reported in up to 40 % of
patients with endocarditis of the left side of the heart [4]. Once neurological damage
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has occurred a mortality rate of 50 % has been reported versus 21 % in patients with
endocarditis without neurological complications [5]. Therefore, prevention of neu-
rological complications must become a priority.

Neurological complications were either the chief complaint or one of the major
presenting symptoms in 28 % of patients with IE. The presence of congestive heart
failure and non-cardiac shock with neurological damage increases the mortality and
morbidity significantly [6, 7].

Pathophysiological Mechanisms and Clinical Manifestations

The first matter to consider is the sequence of the pathophysiological processes by
which endocarditis affects the nervous system either directly or indirectly
(Table 14.1). The life history of endocarditis starts with the development of damage
to the endocardium, in particular the heart valve and surrounding tissue, with the
initiation of an inflammatory process on the surface of a valve, which then leads to
progressive destruction of the endocardial, then myocardial and conducting system
tissue.

In the early stages, the inflammatory process does not usually lead to the forma-
tion and liberation of thromboembolic material, but rather initiates non-specific sys-
temic inflammatory responses, which affect the nervous system indirectly. In the
pre-clinical event stage, there is release of inflammatory cytokines such as interleu-
kin-8 and tumor necrosis factor as well as other humoral responses. These humoral
factors can affect the brain, often causing non-specific encephalopathic responses
such as fatigue, anorexia and malaise. The detection of the presence of such cyto-
kines could be used as markers of early disease activity. The cytokines probably
interact with areas of brain, which are sensors of systemic disturbance such as the
area postrema, hypothalamus and pineal glands. The symptoms of encephalopathy
are difficult to explain in terms of precise localization, but these humoral factors are
present in 30-50 % of patients subsequently developing clinical neurological events.
Cerebrospinal fluid (CSF) markers of cerebral damage such as glial fibrillary acidic
protein (GFAP) and neurofilament protein have been measured in combination with
MRI scanning increasing the sensitivity of detecting CNS damage up to 73 % [8].

The second preclinical pathophysiological process, which results from the initial
inflammatory process, is the development of diffuse vascular inflammatory reaction
or vasculitis. This is usually a small vessel process, which affect all areas of cortex
leading to non-focal signs and symptoms of cognitive decline, such as inattention,
character changes, somnolence and irritability. At this stage endocarditis can mas-
querade as CNS vasculitis or vice versa [9]. When confronted with this non-specific
clinical picture rarely do clinicians look to the heart for the underlying cause and
order cardiac imaging such as echocardiography.

Diagnostic investigations which may be of help at this stage include a detailed
history, especially for prodromal infectious symptoms, and physical examination
with particular attention to the presence of a new heart murmur, splenomegaly and
the presence of peripheral embolic events such as Roth spots or Janeway lesions.
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Laboratory investigations should include serum for immune complexes, protein
electrophoresis and complement studies. MRI of the brain with and without gado-
linium may demonstrate increased contrast in the small vessels of the cortex-white
matter junction, which is quite distinctive from other inflammatory patterns. The
electroencephalogram (EEG) may show non-specific changes of bilateral slowing.
There are animal models of IE in pigs which have demonstrated areas of focal
encephalitis [10]. Sleep disruption in this stage has not been well studied but frag-
mentation of sleep architecture and lack of slow wave sleep might be expected.

The so-called immune complex vasculitis, which can predate or accompany
endocarditis, involves small blood vessels in the brain and elsewhere often leading
to other complications such as glomerulonephritis and renal dysfunction.
Approximately 20 % patients with IE are referred to nephrologists for underlying
renal disease based on the presence of proteinuria and active sediment [11].
Recognition and prompt antibiotic treatment at this stage can potentially prevent
serious neurologic deficits.

Neurological Embolic Events

The next stage of evolution at the endocardial level consists of progressive destruc-
tion of endocardium to the point of producing thromboembolic material which then
affects the nervous system directly. The size and infectivity of this material depends
on the duration of infection, the degree of destruction and the pathogenicity of the
organism.

The clinical context based on the neurological history of the embolic ictus is
vitally important. Carotid or simple cardiac emboli usually arise abruptly without
any encephalopathic prodrome. If altered mental status precedes a cerebral throm-
boembolic event for more than minutes, there should be a strong suspicion of an
underlying systemic disease such as IE which has a propensity for embolic events.
The presence of various risk factors for IE listed in Table 14.2 should heighten clini-
cal suspicion for IE.

With respect to the brain, the site of embolization from a central source embolus
such as a heart valve can involve any of the four arteries which supply the circle of
Willis. As a general rule, the site of embolization for larger emboli tends to reflect

Table 14.2 Clinical risk
factors for the development
of infective endocarditis

Presence of a prosthetic valve

Intravenous drug use

Body piercing, especially the tongue

Congenital heart disease especially right to left shunts
Previous intra-cardiac surgery

Presence of intracardiac catheters, shunts, tubing or
other prostheses

Immunodeficiency
Exposure to zoonotic infections
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sites of higher flow such as the left middle cerebral artery territory which is the
language dominant hemisphere in right-handed individuals.

The spinal cord and peripheral nerves remain relatively immune to peripheral
embolization from the heart [12]. Occasionally emboli to skeletal muscle can occur
and can present a sudden onset of an unusually severe localized non-radicular pain
in an isolated muscle of any limb or the paraspinal muscles. In such a case, blood-
work shows unexplained high levels of creatinine kinase of skeletal muscle origin.

The issue of the timing of the emboli causing neurological deficits is an impor-
tant one, as it may determine the decision with respect to surgical management of
the valvular disease. Clinical observation suggests that in some patients with IE
there is a bimodal distribution to the development of neurological deficit. The initial
embolic event may be small and cause either a reversible event or minor deficit.
Then, after a period of clinical improvement, a larger more devastating embolus
often occurs 3—4 days later. This phenomenon may be a reflection of the relationship
between the size of the valvular vegetation and the risk of embolization. Large veg-
etations of >30 mm have been shown to have a higher risk of embolization than
smaller vegetations [9], implying that the longer the vegetation is allowed to grow
on the valve, the more likely it is to embolize when it gets larger thus causing pro-
portionally greater damage.

Recent MRI studies show that most transient focal neurological deficits lasting
more than 30 min are in fact caused by small emboli, which cause changes on Diffusion
Weighted Imaging (DWI) MRI sequences. Therefore the occurrence of any focal neu-
rological deficit longer than 30 min in a patient with endocarditis should trigger rigor-
ous search for the source and consideration of the merit of surgery in the presence of
large vegetations with the usual precautions to rule out a hemorrhage. This is discussed
in more detail in Chap. 13. MRI has been shown to be superior to CT scanning to per-
form disease staging and provide guidance for therapeutic decisions, [13, 14]. Newer
techniques using Positron Emission Tomography (PET) scanning have been able to
detect areas of ischemic damage related to tissue metabolic changes [15].

Therefore for large and small emboli, the pathophysiological mechanisms
include ischemia due to blockage of vessels, hemorrhage into an area of ischemia,
and infection of the area affected by the embolus.

The presence of small micro-hemorrhages on Gradient Echo (GRE) or Susceptibility
Weighed Imaging (SWI) MRI imaging sequences is common in IE patients and may
indicate active micro-emboli activity (Fig. 14.1) [16, 17]. One study showed that for
every 1 mm increase in the size of the vegetation, there is a 10 % increase in the inci-
dence of ischemic microbleeds. The presence of microbleeds on MRI poses a contra-
indication to the use of systemic anticoagulation [17, 18].

Ischemia from large emboli tends to be cortical and lobar, conforming to the flow
pattern of the supplying artery. For instance, a large speech-dominant hemisphere
middle cerebral artery infarct leads to the constellation of symptoms including apha-
sia and contralateral hemiplegia of the face, arm and to a lesser extent the leg. For
small vessel ischemia, the pattern is much more random with cortical, subcortical
and brain stem infarcts occurring concurrently. The presenting neurological signs
and symptoms in this case are often discordant suggesting multiple localizations.
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Fig.14.1 Areas of increased magnetic susceptibility due to multiple micro-hemorrhages in sepsis
(From Ref. [16] with permission)

Cardiac emboli, which travel through the vertebrobasilar system, tend to frag-
ment on their journey up the basilar artery seeding the brain stem in several places
and then fragment to either or both of the posterior cerebral arteries, the so-called
“top of the basilar syndrome” (Fig. 14.2) [19].

A typical brainstem prodrome can present as an acute unexplained cranial neu-
ropathy sometimes as simple as a Bell’s palsy. On closer examination, the anatomi-
cal neighbors of the facial nerve, cranial nerves 5, 6 or 8 may be involved on the
same side indicating more widespread pontine damage. This would then be a sig-
nificant clue to prompt a search for a central source of emboli before a larger
embolus is released.

Infectious Intracranial Aneurysm

Following the seeding of the nervous system with septic emboli, the next phase of
damage occurs. This involves the vascular damage due to the infected emboli invad-
ing the blood vessels directly. The development of septic or infectious intracranial
aneurysms (also known as mycotic aneurysms) in the brain should be considered a
late complication in which there has been adequate time for the blood vessels, which
are relatively resistant to infectious invasion, to be affected and develop weakening
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Fig. 14.2 This figure shows bilateral hemorrhagic infarction from an embolus traveling up the
vertebrobasilar system and fragmenting into a left and right-sided occipital thromboemboli

of the collagen support structure (Figs. 14.3 and 14.4). The frequency of infectious
intracranial aneurysms is 2—10 % in patients with IE [20].

There is no literature to suggest that individuals with qualitative abnormalities of
collagen such as Ehlers-Danlos syndrome or polycystic kidney disease or fibromus-
cular dysplasia have a higher risk of infectious intracranial aneurysms than the nor-
mal population. Common sense would dictate that cerebral vessels of these
individuals may have more severe tissue destruction when affected by septic emboli.

The use of MRI and magnetic resonance angiography (MRA) has improved our
ability to diagnose infectious intracranial aneurysms, which are often clinically
silent until they reach a size which causes mass effect or rupture. The usual rules
concerning the size of aneurysm and the risk of rupture do not apply to infectious
intracranial aneurysms. Once an infectious intracranial aneurysm is identified, serial
angiography is recommended to follow aneurysm growth [21]. The advances in CT
angiography provide the ability to image both the interior and exterior anatomy of
the vessels in three dimensions to allow examination of these serial changes. The
neuroradiologist needs to be alerted to the clinical problem under investigation as
the various types of rendering such as volume rendering may be inappropriate when
maximum projection rendering may be more appropriate to visualize the interior of
the vessel.
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Fig. 14.3 This cerebral angiogram shows a nidus a distal branch of the left posterior cerebral
artery, which caused a subarachnoid hemorrhage, and was subsequently resected (Courtesy Dr.
H. Lesiuk)

Fig. 14.4 This is the photomicrograph of the mycotic aneurysm shown above that was resected
surgically. There is a collection of purulent necrotic material in the aneurysm, which spread
through the intima and media to the point of failure of the arterial wall (Courtesy Dr. H. Lesiuk)

Infectious intracranial aneurysms of the vertebrobasilar system are rare but have
been reported on the posterior cerebral artery [22]. Extracranial arteries can be
affected to cause neurological deficits such as in the iliofemoral system. Infectious
aneurysms of the extracranial carotid arteries are rare but have been reported in the
extracranial portion of the internal carotid arteries [23, 24].
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Brain Abscess and Meningitis

Other complications to the nervous system following seeding, infarction and infec-
tion include the development of seizures from areas of damaged cortex, brain
abscesses, meningitis, subdural hematomas and ventriculitis [25]. Both brain
abscess and meningitis are uncommon accounting for 0.6 % and 5 % respectively of
the neurological complications in 340 patients who experienced such complications
in a multi-centre study of 1,345 episodes of left-sided IE [26]. Staphylococcus
aureus was the most common etiologic agent. The treatment for intracerebral
abscess in IE patients should include a search for infectious intracranial aneurysms
which frequently co-exist in these patients. Most solitary brain abscesses, however,
are not caused by IE [27]. Among 1,025 episodes of meningitis from 2006 to 2012 in
the Netherlands, IE was identified in 24 episodes (2 %). The common organisms
were Streptococcus pneumonia and Straphylococcus aureus. The prognosis is poor
due to frequent systemic and neurologic sequalae [25].

Intracranial Hemorrhage
The relative neurological damage from any of these processes depends on the local-
ization and the severity combined with the effect of age and other medical co-
morbidities. The presence of hyperglycemia, hypertension or hypotension may
increase the severity of ischemic damage caused by thromboemboli especially if
these are septic. Hemorrhage complicating septic emboli can lead to sudden rapid
herniation syndromes and brain death (Fig. 14.5). Long-term neurological compli-
cations of thromboembolic events and sepsis in the brain beside the focal deficits
caused by local destruction of brain tissue include seizure disorders, movement dis-
orders, personality changes, cognitive dysfunction and dementia.

Subarachnoid hemorrhage (SAH) from infectious intracranial aneurysms occurs
in approximately 1-1.7 % of cases of IE [28] with a mortality rate of 80 % [20]. The
occurrence of SAH in the context of IE is highly predictive of the presence of an

Fig. 14.5 CT scan of 45-year-old man with mechanical aortic valve with Staph aureus endocar-
ditis develops sudden left sided weakness and brain death in 36 h. CT scan shows large right
hemisphere infarct with hemorrhage extending into the lateral third and fourth ventricles
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infectious intracranial aneurysm by angiography [29]. Some authors have suggested
that subarachnoid hemorrhage in the context of endocarditis may have alternate
mechanisms such as leakage from damage due to pyogenic necrosis instead of rup-
ture of infectious intracranial aneurysms. Infectious intracranial aneurysms should
be considered in the differential diagnosis of non-traumatic subdural hematoma [30,
31]. Infectious intracranial aneurysms when successfully treated either medically or
with neuro-interventional techniques can resolve over time and usually present no
long-term risk of rupture after stabilization.

IE is associated with multiple types of neuropathological lesions and activation
of cells of monocyte-microglial lineage throughout the brain [32]. One study of the
histopathology of intracranial hemorrhage due to IE found that hemorrhagic trans-
formation of the ischemic infarct due to septic emboli is the most frequent mecha-
nism leading to intracerebral hemorrhage in patients dying of IE and that rupture of
pyogenic arteritis or infectious intracranial aneurysms is an alternative mechanism
in other cases [33].

Etiological Agents

One of the major factors determining the outcome of neurological events due to IE
is the metastatic infectivity of the etiological agent. Streptococcus pneumoniae and
Staphylococcus aureus, common organisms causing IE, often resulting in multi-
focal cerebral and systemic septic emboli [25].

There is a paucity of literature that links the pattern of thromboemboli with spe-
cific organisms, although more virulent organisms associated with large vegetations
can cause thromboemboli earlier in the course of the disease as opposed to a more
subacute clinical courses by less virulent organisms such as Streptococcus viridans.
Some organisms such as non-typhi Salmonella are more prone to cause septic aneu-
rysms of large vessels such as the aortic arch with the potential for shock and sig-
nificant downstream damage leading to a poor outcome [34].

Different organisms may produce different profiles of cytokine and humoral pro-
inflammatory responses. It remains to be determined whether detection of these
molecules could be used for the purpose of early diagnosis of IE in the context of
new onset, unexplained mental status change.

Neurological Localization

The approach to localization in patients with IE with neurological involvement
should mirror the time course of the pathophysiological processes listed above. The
pathophysiological mechanism of the early involvement of cortical and subcortical
structures to produce confusion or personality change and altered levels of con-
sciousness is not well understood. The liberation of systemic cytokines is known to
affect the sleep and attention centers in the hypothalamus. Close attention has to be
paid to the history of an abrupt change in mental status with no other medical
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explanation in terms of systemic illness or change in medication. Often this pro-
drome can precede the thromboembolic events by many days or weeks and there-
fore offers a long potential window for intervention.

The various brain localizations mentioned above include territories served by
middle cerebral, vertebrobasilar and anterior cerebral vessels. When the neurologi-
cal localization conforms to one of these patterns, the presence of large vessel
emboli is most likely. The appearance of concurrent multi-focal localizations would
suggest the liberation of small emboli to multiple territories in the nervous system,
which can include the spinal cord, peripheral nerves and muscle.

The appearance of dysfunction of the neuromuscular junction in a patient with
culture-negative endocarditis should raise the possibility of marantic endocarditis
and a paraneoplastic etiology for the neurologic manifestation. A search should be
considered for a neoplasm most likely a small cell tumor in the lung. Antibody
assays are available to assist in the search of paraneoplastic causes [35].

Clinical History

The clinical history is essential to assist in determining the presence of risk factors
for the development of endocarditis (Table 14.2). The suspicion of endocarditis
should raise the following crucial questions: what is the source of the infection,
what is the most likely organism, and to where in the CNS has the vegetation
embolized?

Symptoms can be non-specific such as low back pain and hematuria [36, 37].
The occurrence of TIA or stroke prior to the acute illness is essential in terms of
determining a baseline neurological status. In the patient with new onset of fever
and encephalopathy, family or friends can be the richest source of information to
guide the search for the source of the infection and to provide information on base-
line mental state. The cheapest test is always more history.

When reviewing a patient with IE and recent cardiac surgery other factors must
be considered in determining the cause of the neurological deficits. In particular
there are factors relating to other cardiac conditions and the surgical procedure
itself, which may have a role in causing the deficits (Table 14.3).

Table 14j3 Pqtential causes Intracardiac thrombus or intracardiac shunts
of stroke in patients who have

. Embolism of fragments of valve tissue or calcium
undergone cardiac surgery

Air emboli

Aortic atherosclerosis, which is a source of emboli
during surgery

Embolism of thrombus formed at aortic cannulation
sites

Watershed stroke due to hypotension during the
procedure
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Treatment Methods to Prevent Embolic Stroke

From a neurological standpoint, treatment options depend on many factors, such as
which phase of the illness the patient is in, the pre-existing CNS status and the
severity of CNS damage caused by IE. In the pre-event phase, it would be most
desirable to diagnose the presence of IE and to commence treatment to prevent the
growth and propagation of valvular vegetation. Conventional treatment with antibi-
otics is appropriate. The risk analysis for treatment with anticoagulants has to take
into consideration all the variables. These would include the presence of arrhyth-
mias, presence of prosthetic heart valves and the presence of previous cerebral dam-
age from stroke or hemorrhage. Anticoagulants should be continued in patients in
whom it is indicated prior to IE, but there is no evidence for its use to prevent embo-
lism in IE patients. The presence of diffuse microvascular disease or microbleeds
detected by MRI with SWI protocols are known risk factors for cerebral hemor-
rhage with anti-coagulants.

In the pre-event stage, if encephalopathy is present, the treatment should be
focused on maintaining optimal metabolic and nutritional balance with correction
of any potential or pre-existing nutritional deficiency such as B12, folate, thiamine
or thyroid in addition to appropriate antibiotic therapy. There is no evidence to sup-
port the prophylactic use of anti-convulsants at this stage.

The use of antiplatelet agents during this stage to prevent the formation and
propagation of thromboemboli material from a damaged valve to decrease the risk
of embolization has to be balanced against the risk of causing hemorrhage from
potentially compromised cerebral vessels. A study comparing the use of ASA at a
dose 325 mg versus placebo failed to show a positive effect for prevention of infarct
but conferred a slightly higher risk of hemorrhage. ASA had no effect on vegetation
resolution and valvular dysfunction [38].

Patients with IE and concomitant coronary artery disease may be taking dual
anti-platelet agents such as clopidogrel and ASA. This combination has been found
to confer a higher risk of spontaneous cerebral hemorrhage. Although studies in a
population with IE treated with these agents have not been performed, great caution
and close monitoring for bleeding are warranted in IE patients taking both agents.

Treatment After Occurrence of Stroke

After a neurological defining event such as an embolus has occurred, the treatment
focus shifts to that of acute stroke care. There are a few series in which the use of
thrombolytics has been safely carried out in children, but there is little evidence to
support the safety of thrombolytics in adults in the acute state [39, 40]. The use of
these agents in the face of endocarditis can have potentially disastrous results since the
risk of bleeding is real particularly if there are unsuspected micro hemorrhages and
infectious intracranial aneurysms which have already formed. This emphasizes the
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need for urgent high-resolution imaging of the neurovascular tree prior to the initiat-
ing of thrombolytic therapy in any patient with an acute deficit with suspected IE.

The technology of clot retrieval in acute stroke presents options for using such
devices in the context of stroke in IE [41].

The decision with respect to anticoagulation after an acute event in a patient with
endocarditis requires weighing the risk of bleeding into an area of non-hemorrhagic
infarction against the daily risk of embolization. Although published guidelines are
helpful, they cannot supplant the discussion by a multidisciplinary team consisted
of both medical and surgical specialists, in order to carefully assess the risks and
benefits of continuation versus interruption of antithrombotic therapy is a given
patient with IE and suspected CNS event. The guidelines of the American Heart
Association/American College of Cardiology (AHA/ACC) and the European
Society of Cardiology (ESC) are listed in Table 14.4 [42, 43]. The guidelines largely
address the issue of continuation versus interruption of antithrombotic therapy in IE
patients who have been on antithrombotic treatment prior to the diagnosis of IE. In
IE patients not on antithrombotic therapy prior to IE, antithrombotic therapy includ-
ing anticoagulants and antiplatelet agents are not indicated in this situation, because
patients with IE have an increased risk of bleeding and there is no data to support a
beneficial effect of antithrombotic therapy.

Whether to perform valve surgery in a patient with embolic stroke and persistent
valvular vegetation is a clinical dilemma. The decision must be individualized.
Valve surgery may be reasonable in a patient who has had a small cerebral infarct
but still has large mobile valvular vegetations. Pre-operative MRI scanning is now
recommended to document pre-existing lesions using DWI and ADC mapping to
determine lesion age [44].

Table 14.4 Guidelines on the use of antithrombotic therapy in infective endocarditis

AHA/ACC guidelines

IIa Reasonable to temporarily discontinue anticoagulation when there are neurological
symptoms compatible with embolism or stroke

1b Temporary discontinuation of VKA anticoagulation at the time of IE diagnosis

ESC guidelines

I Interruption of antiplatelet therapy in the presence of major bleeding

In ischemic stroke without cerebral hemorrhage replacement of VKA by
unfractionned heparin for 2 weeks

In intracranial hemorrhage, interruption of all anticoagulation

ITa In intracranial hemorrhage and mechanical valve, unfractioned heparin should be
reinitiated as soon as possible following multidisciplinary discussion

Ib In the absence of stroke, replacement of VKA by unfractionned heparin for 2 weeks
in case of S. aureus IE may be considered

AHA/ACC American Heart Association/American College of Cardiology, ESC European Society
of Cardiology, /E infective endocarditis, VKA vitamin K antagonist
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The surgical treatment of infectious intracranial aneurysms presents technical
challenges not present with berry aneurysms of the circle of Willis. The localiza-
tion of infectious intracranial aneurysms is more difficult because they tend to be
more distal, are more friable and may be obscured by hematoma. The basic surgi-
cal principle is to render the infectious nidus safe from further necrosis, break-
down and bleeding. This often requires taking the whole vascular apparatus
including the feeding artery, the aneurysm and the draining vein. This type of
surgery has a high risk of causing collateral ischemic damage in the area served
by the vessel, which has to be sacrificed to make the aneurysm safe from further
bleeding.

Newer techniques such as wand-guided MRI and MRA-guided frameless stereo-
taxy have been developed [45]. The use of stereotactic angiography to localize
infectious intracranial aneurysms is described [46]. Advanced techniques such as
stereoscopic synthesized brain-surface imaging can be used to precisely localize the
aneurysm and minimize the size of the craniotomy [47].

Neuroradiological interventional techniques for treating infectious intracranial
aneurysms include coiling, glue embolization or stenting. The options for treatment
are multiple and there are few evidence-based guidelines to assist decision making
in this regard. In many cases, it is a matter of reviewing the anatomy of the infec-
tious intracranial aneurysm or aneurysms in a multi-disciplinary neurovascular
forum to decide on the best course of action considering factors such as the size of
the aneurysm, the location, the size of the neck, surgical accessibility and medical
co-morbidities.

The debate concerning neurosurgical versus neuroradiological interventional
techniques follows the same pattern as with berry aneurysm treatment. The location
of the aneurysm, the size, the clinical stability of the patient and the availability of
a facility with experience performing the available procedures all figure into the
decision as to which might be a better choice. There are case reports of both surgery
and coiling used for different infectious intracranial aneurysms in the same patient.
In general, patients with endocarditis and infectious intracranial aneurysms, the
infectious intracranial aneurysm should be properly treated before valvular surgery
is performed.

With respect to the timing of cardiac surgery after a cerebral embolism, the risk
depends on the size and location of the infarct and the risk of reperfusion injury
after the patient comes off the bypass pump. Some studies suggest that patients
with endocarditis who have suffered neurological deficits for whom surgery is
delayed up to 3 weeks may have better outcomes [4, 48]). The current standard of
practice is to delay cardiac surgery a minimum of 2 weeks after an embolic infarct
with little or no hemorrhage and 4 weeks after a cerebral hemorrhagic event. Early
cardiac surgery can be considered in younger patients with small neurological defi-
cits without significant heart failure. Fukuda et al. suggested that infectious intra-
cranial aneurysms should be dealt with before the cardiac surgery [49]. The ESC
guidelines regarding the indications and timing of interventions listed in Table 14.5
provide a pragmatic and reasoned approach in dealing with these seriously ill
patients [42].
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Table 14.5 Management and timing of intervention in patients with infective endocarditis and
neurological complication

Class I | After a silent cerebral embolism or transient ischemic attack, surgery is
recommended without delay if an indication remains
Following intracranial hemorrhage, surgery must be postponed for at least 1 month

Neurosurgery or endovascular therapy are indicated for very large, enlarging, or
ruptured intracranial aneurysm

Class After a stroke, indicated cardiac surgery should not be delayed as long as coma is
IIa absent and cerebral hemorrhage has been excluded by cranial CT

Intracranial aneurysm should be looked for in any patient with IE and neurological
symptoms — CT or MR angiography should be considered for diagnosis
Conventional angiography should be considered when non-invasive techniques are
negative and the suspicion of intracranial aneurysms remains

CT indicated cardiac, MR magnetic resonance

Marantic Endocarditis

Marantic endocarditis (ME) or non-bacterial thrombotic endocarditis is a rare clini-
cal entity, which features the occurrence of sterile fibrin-platelet deposits on the
surface of mitral, tricuspid or aortic valves [50, 51].

In patients with chronic diseases or malignancy, the occurrence of recurrent
strokes should alert the clinician to the possibility of ME [52]. The presence of
embolic material on a heart valve without evidence of infection should trigger a
search for the primary malignancy. Gynecological neoplasms seem to have the
highest potential for developing ischemic stroke related to microemboli due to
marantic endocarditis [53]. The embolic events can precede any symptoms from the
underlying malignancy for months to years. Occasionally treatment of the underly-
ing malignancy leads to improvement of the endocarditis and the prothrombotic
state [54]. Common neurological findings are altered mental status, seizures, and
hemiplegia. Pneumonia, hypoxia, disorders of coagulation, and renal failure are
frequently present in seriously ill patients.

Differences in the MRI appearance of infarcts in ME versus IE using DWI imag-
ing is reported [55]. Infarcts due to the former have been found to show multiple,
widely distributed, small and large strokes.

Summary

Unexplained acute neurological events in the presence of a subacute systemic ill-
ness, zoonotic exposure or a prosthetic valve should alert clinicians alert to the pos-
sibility of IE. The most cost effective investigation remains a comprehensive history
of the illness, which should be gleaned from any and all sources including the
patient, the family and the primary care provider. A high index of suspicion coupled
with appropriate focused investigations including multiple blood cultures, imaging
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the heart and the nervous system are essential to prevent further damage. The detec-
tion of IE should trigger an intense search for a source of infection such as gastro-
intestinal, dental or cutaneous source.

In the face of IE or ME, when a single defining neurologic event occurs, be on
the alert for the second more devastating event.

Optimal care for these patients requires a team approach incorporating cardiac,
cardiac surgical, neurological, neurosurgical and neuroradiological expertise. The
occurrence of IE should have the same urgency and alert protocol similar to that for
stroke and myocardial infarction. Some centers have adopted an endocarditis proto-
col such as “A Multi-Disciplinary Alert Strategy” [56].

Preventing progressive neurological complications in patients who have IE and
stroke remains a clinical challenge. Early and frequent neuroimaging in the pres-
ence of IE is essential to prevent further injury. In the event of infectious intracranial
aneurysms, early involvement of the neurosurgical and neuroradiological teams is
essential to prevent further neurological damage. Once stabilized, infectious intra-
cranial aneurysms present minimal long-term risk of rupture and rebleeding, given
that the source of infection has been identified and rectified. A delay of 3—4 weeks
between treatment for infectious intracranial aneurysms and cardiac valve surgery
seems to be the standard of care for most patients. Compared to adults, children
have better outcomes from the treatment of infectious intracranial aneurysms and
the use of thrombolytic therapy.

Mortality and morbidity from IE remain high despite technological advances.
What is required is a structured institutional approach for timely detection, treat-
ment and research similar to that being currently used in acute stroke.

References

1. Osler W. Gulstonian lectures on malignant endocarditis. Lancet. 1985;1:415-64.

2. Pearce JM. Cerebral embolism in endocarditis: William Senhouse Kirkes (1823—-64). J Neurol
Neurosurg Psychiatry. 2003;74(11):1570.

3. Lakhdhar R, Chourabi C, Drissa M, Cheour M, Drissa H. Epidomiological characteristics of
infective endocarditis: a study of 135 cases. Tunis Med. 2014;92(2):115-22.

4. Gillinov AM, Shah RV, Curtis WE, et al. Valve replacement in patients with endocarditis and
acute neurologic deficit. Ann Thorac Surg. 1996;61(4):1125-9.

5. Chen CH, Lo MC, Hwang KL, Liu CE, Young TG. Infective endocarditis with neurologic
complications: 10-year experience. J Microbiol Immunol Infect. 2001;34(2):119-24.

6. Chao TH, Li YH, Tsai WC, et al. Prognostic determinants of infective endocarditis in the
1990s. J Formos Med Assoc. 1999;98(7):474-9.

7. Rubinovitch B, Pittet D. Infective endocarditis: too ill to be operated? Crit Care.
2002;6(2):106-7.

8. Snygg-Martin U, et al. Cerebrovascular complications in patients with left-sided infective
endocarditis are common: a prospective study using magnetic resonance imaging and neuro-
chemical brain damage markers. Clin Infect Dis. 2008;47:23-30.

9. Deprele C, Berthelot P, Lemetayer F, et al. Risk factors for systemic emboli in infective endo-
carditis. Clin Microbiol Infect. 2004;10(1):46-53.

10. Christiansen JG, Oscarson M, Jensen HE, et al. Embolic encephalitis in a porcine model of
endocarditis. In Vivo. 2013;27(5):591-7.



11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

Neurological Complications of Endocarditis: Pathophysiologic Mechanisms 393

Park JH, Jang HR, Lee JE, et al. Infective endocarditis with multiple mycotic aneurysms mim-
icking vasculitis: a case report. Can J Infect Dis Med Microbiol. 2012;23(3):e67-8.
Oyanguren B, Esteban L, Guillan M, et al. Central nervous system involvement in adult
patients with invasive infection caused by Streptococcus agalactiae. Neurologia.
2015;30(3):158-62.

Goulenok T, Klein I, Mazighi M, Messika-Zeitoun D, Alexandra JF, Mourvillier B, Laissy JP,
Leport C, Iung B, Duval X, IMAGE study group. Infective endocarditis with symptomatic
cerebral complications: contribution of cerebral magnetic resonance imaging. Cerebrovasc
Dis. 2013;35(4):327-36.

Merino JG, Warach S. Imaging of acute stroke. Medscape Nat Rev Neurol.
2010;6(10):560-71.

Wolff M, Mourvillier B, Sonneville R, Timsit JE. My paper 10 years later: infective endocardi-
tis in the intensive care unit. Intensive Care Med. 2014;40(12):184.

Corréa DG, et al. Intracerebral microbleeds in sepsis: susceptibility-weighted MR imaging
findings. Arq Neuropsiquiatr. 2012;70(11):900—4.

Klein I, Iung B, Labreuche J, et al. Cerebral microbleeds are frequent in infective endocarditis:
a case-control study. Stroke. 2009;40:3461-5.

Tung B, Tubiana S, Klein I, et al. Determinants of cerebral lesions in endocarditis on systematic
cerebral magnetic resonance imaging: a prospective study. Stroke. 2013;44(11):3056-62.
Caplan LR. Top of the basilar syndrome. J Neurointerv Surg. 2015;7(6):449-52.

Kong KH, Chan KF. Ruptured intracranial mycotic aneurysm: a rare cause of intracranial
hemorrhage. Arch Phys Med Rehabil. 1995;76(3):287-9.

Tashima T, Takaki T, Hikita T, Kuroiwa S, Hamanaka N, Takahashi M. Bacterial intracranial
aneurysm associated with infective endocarditis: a case showing enlargement of aneurysm
size. No Shinkei Geka. 1995;23(11):985-9.

Meena AK, Sitajayalakshmi S, Prasad VS, Murthy JM. Mycotic aneurysm on posterior cere-
bral artery: resolution with medical therapy. Neurol India. 2000;48(3):276-8.

Hubaut JJ, Albat B, Frapier JM, Chaptal PA. Mycotic aneurysm of the extracranial carotid
artery: an uncommon complication of bacterial endocarditis. Ann Vasc Surg.
1997;11(6):634-6.

Naik DK, Atkinson NR, Field PL, Milne PY. Mycotic cervical carotid aneurysm. Aust N Z
J Surg. 1995;65(8):620-1.

Lucas MJ, Brouwer MC, van der Ende A, van de Beek D. Endocarditis in adults with bacterial
meningitis. Circulation. 2013;127(20):2056-62.

Garcia-Cabrera E, Fernandez-Hidalgo N, Almirante B, Ivanova-Georgieva R, Noureddine M,
Plata A, Lomas JM, Galvez-Acebal J, Hidalgo-Tenorio C, Ruiz-Morales J, Martinez-Marcos
FJ, Reguera JM, de la Torre-Lima J, de Alarcén Gonzalez A, Group for the Study of
Cardiovascular Infections of the Andalusian Society of Infectious Diseases, Spanish Network
for Research in Infectious Diseases. Neurological complications of infective endocarditis: risk
factors, outcome, and impact of cardiac surgery: a multicenter observational study. Circulation.
2013;127(23):2272-84.

Jones Jr HR, Siekert RG. Neurological manifestations of infective endocarditis. Review of
clinical and therapeutic challenges. Brain. 1989;112(Pt 5):1295-315.

Chukwudelunzu FE, Brown Jr RD, Wijdicks EF, Steckelberg JM. Subarachnoid haemorrhage
associated with infectious endocarditis: case report and literature review. Eur J Neurol.
2002;9(4):423-17.

Hui FK, Bain M, Obuchowski NA, et al. Mycotic aneurysm detection rates with cerebral angi-
ography in patients with infective endocarditis. J Neurointerv Surg. 2014.

Matsuda T, Kiyosue H, Yamashita M, et al. A case of multiple mycotic intracranial aneurysms
presenting with subdural hematoma. No Shinkei Geka. 2002;30(1):73-8.

Yamakawa H, Hattori T, Tanigawara T, Enomoto Y, Ohkuma A. Ruptured infectious aneurysm
of the distal middle cerebral artery manifesting as intracerebral hemorrhage and acute subdural
hematoma — case report. Neurol Med Chir (Tokyo). 2003;43(11):541-5.



394 C.R. Skinner

32. Weeks Angstwurm K, Borges AC, Halle E, Schielke E, Einhaupl KM, Weber JR. Timing the
valve replacement in infective endocarditis involving the brain. J Neurol.
2004;251(10):1220-6.

33. Masuda J, Yutani C, Waki R, Ogata J, Kuriyama Y, Yamaguchi T. Histopathological analysis of
the mechanisms of intracranial hemorrhage complicating infective endocarditis. Stroke.
1992;23(6):843-50.

34. Meerkin D, Yinnon AM, Munter RG, Shemesh O, Hiller N, Abraham AS. Salmonella mycotic
aneurysm of the aortic arch: case report and review. Clin Infect Dis. 1995;21(3):523-8.

35. Pelosof LC M.D., Ph.D., Gerber DE M.D. Paraneoplastic syndromes: an approach to diagnosis
and treatment. Mayo Clin Proc. 2010;85(9):838-54.

36. Vieira ML, Schmidt ML, de Resende MV, de Andre Junior LS. Multiple embolism in a female
patient with infective endocarditis. Low back pain and hematuria as the initial clinical mani-
festations. Arq Bras Cardiol. 2002;78(6):592-7.

37. Brouwer RE, van Bockel JH, van Dissel JT. Streptococcus pneumoniae, an emerging pathogen
in mycotic aneurysms? Neth J Med. 1998;52(1):16-21.

38. Chan KL, Dumesnil JG, Cujec B, et al. A randomized trial of aspirin on the risk of embolic
events in patients with infective endocarditis. ] Am Coll Cardiol. 2003;42(5):775-80.

39. Levitas A, Zucker N, Zalzstein E, Sofer S, Kapelushnik J, Marks KA. Successful treatment of
infective endocarditis with recombinant tissue plasminogen activator. J Pediatr.
2003;143(5):649-52.

40. Di Salvo TG, Tatter SB, O’Gara PT, Nielsen GP, DeSanctis RW. Fatal intracerebral hemor-
rhage following thrombolytic therapy of embolic myocardial infarction in unsuspected infec-
tive endocarditis. Clin Cardiol. 1994;17(6):340-4.

41. Dababneh H, Hedna VS, Ford J, et al. Endovascular intervention for acute stroke due to infec-
tive endocarditis: case report. Neurosurg Focus. 2012;32(2):E1.

42. Habib G, Hoen B, Tornos P, Thuny F, Prendergast B, Vilacosta I, Moreillon P, de Jesus Antunes
M, Thilen U, Lekakis J, Lengyel M, Miiller L, Naber CK, Nihoyannopoulos P, Moritz A,
Zamorano JL, ESC Committee for Practice Guidelines. Guidelines on the prevention, diagno-
sis, and treatment of infective endocarditis (newversion 2009): the Task Force on the
Prevention, Diagnosis, and Treatment of Infective Endocarditis of the European Society of
Cardiology (ESC). Endorsed by the European Society of Clinical Microbiology and Infectious
Diseases (ESCMID) and the International Society of Chemotherapy (ISC) for Infection and
Cancer. Eur Heart J. 2009;30(19):2369-413.

43. Nishimura RA, Otto CM, Bonow RO, et al. 2014 ACC/AHA guidelines for the management of
patients with valvular heart disease. A report of the American College of Cardiology/American
Heart Association Task Force on Practice Guidelines. J Am Coll Cardiol.
2014;63(22):e57-185.

44. Takagi Y, Higuchi Y, Kondo H, et al. The importance of preoperative magnetic resonance
imaging in valve surgery for active infective endocarditis. Gen Thorac Cardiovasc Surg.
2011;59(7):467-71.

45. Harris A, Levy E, Kanal E, et al. Infectious aneurysm clipping by an MRI/MRA wand-guided
protocol. A case report and technical note. Pediatr Neurosurg. 2001;35(2):90-3.

46. Cunhae S, Sisti M, Solomon R. Stereotactic angiographic localization as an adjunct to surgery
of cerebral mycotic aneurysms: case report and review of the literature. Acta Neurochir
(Wien). 1997;139(7):625-8.

47. Kato'Y, Yamaguchi S, Sano H, et al. Stereoscopic synthesized brain-surface imaging with MR
angiography for localization of a peripheral mycotic aneurysm: case report. Minim Invasive
Neurosurg. 1996;39(4):113-5.

48. Yeates A, Mundy J, Griffin R, et al. Early and mid-term outcomes following surgical manage-
ment of infective endocarditis with associated cerebral complications: a single centre experi-
ence. Heart Lung Circ. 2010;19(9):523-7.

49. Fukuda W, Daitoku K, Minakawa M, Fukui K, Suzuki Y, Fukuda I. Management of infective
endocarditis with cerebral complications. Ann Thorac Cardiovasc Surg. 2014;20(3):229-36.

50. Hagmann N, Perrenoud JJ, Gold G, Herrmann F, MacGee W, Michel JP. Non-bacterial throm-
botic endocarditis and cancer. Age Ageing. 2001;30(1):92-3.



51

52.

53.

54.

55.

56.

Neurological Complications of Endocarditis: Pathophysiologic Mechanisms 395

Wong SF, Seow J, Profitis K, Johns J, Barnett S, John T. Marantic endocarditis presenting with
multifocal neurological symptoms. Intern Med J. 2013;43(2):211-4.

Borowski A, Ghodsizad A, Cohnen M, Gams E. Recurrent embolism in the course of marantic
endocarditis. Ann Thorac Surg. 2005;79(6):2145-7.

Borowski A, Ghodsizad A, Gams E. Stroke as a first manifestation of ovarian cancer.
J Neurooncol. 2005;71(3):267-9.

Cockburn M, Swafford J, Mazur W, Walsh GL, Vauthey JN. Resolution of nonbacterial endo-
carditis after surgical resection of a malignant liver tumor. Circulation. 2000;102(21):2671-2.
Singhal AB, Topcuoglu MA, Buonanno FS. Acute ischemic stroke patterns in infective and
nonbacterial thrombotic endocarditis: a diffusion-weighted magnetic resonance imaging study.
Stroke. 2002;33(5):1267-73.

Carrasco-Chinchilla F, Sanchez-Espin G, Ruiz-Morales J, et al. Influence of a multidisci-
plinary alert strategy on mortality due to left-sided infective endocarditis. Rev Esp Cardiol
(Engl Ed). 2014;67(5):380-6.



A
Abiotrophia spp., 191

A. adjacens, 297

A. defectiva, 297

diagnosis, 297

epidemiology, 297

prognosis and treatment, 297-298

signs and symptoms, 297
Abscess, 18, 159, 246

annular, 15, 19-21, 23

aortic root, 20-23, 156

cerebral, 26

myocardial, 19, 20, 23, 26

renal, 25

splenic, 251-252
Acradine orange stain, 287
Acute endocarditis, 92-93
Acute limb ischemia, 27
Adenoidectomy, 76
Allylamines, 227, 231
AmB. See Ampthotericin B (AmB)
American Heart Association/American

College of Cardiology (AHA/ACC),
368, 369, 389

Aminoglycoside-induced nephrotoxicity, 81
Aminoglycosides, 185

BHS, 199

E. coli, 221

enterococci, 201-203

Klebsiella spp., 222

MSSA NVE, 212

NVS IE, 191

P. aeruginosa, 226

S. epidermidis, 216

viridans streptococci, 187, 188
Aminopenicillin prophylaxis, 70
Aminopenicillins, 70, 79-80, 83

E. coli, 221

Enterococcus spp., 202, 203
Amoxicillin, 69, 70, 79-82

© Springer International Publishing 2016

Ampicillin
E. faecalis, 202
E. faecium, 203
Salmonella spp., 223
S. pneumoniae, 197
Streptococcus spp., 192-195
susceptible enterococcal NVE, 202
VRE, 204
Ampthotericin B (AmB)
Aspergillus spp., 235-237
Candida spp., 228, 232
efficacy, 229
infusion-related adverse events, 228
inherent/acquired resistance, 228
invasive fungal infections, 228
lipid formulations, 228-229
nephrotoxicity, 228
Anaerobic bacteria, 74
Anemia, 36, 94, 208, 219, 292, 299, 344
Aneurysms, 12, 15, 16
extracranial mycotic aneurysms, 244-245
IMAS (see Intracranial mycotic aneurysms
(IMAs))
leaflet/cusp, 17
mycotic, 22, 23, 25-27
Annular abscesses, 15, 21, 23
Anterior mitral leaflet, 15, 17, 18, 20
Antibiotic prophylaxis, 5
AHA guidelines, 79-80
bacteremia, procedure for
dental procedures (see Dental
procedures, bacteremia)
gastrointestinal procedures, 76—78
genitourinary tract, 78-79
respiratory tract, 76
complications, 81-82
experimental endocarditis, 6870
guidelines for, 319
patients at-risk, 71-72
PIE, 350

397

K.-L. Chan, J.M. Embil (eds.), Endocarditis: Diagnosis and Management,

DOI 10.1007/978-3-319-27784-4



398

Anticoagulant therapy, 365-366
Anti-microbial treatment, 10, 12, 27
Antiphospholipid antibody syndrome, 122
Antiseptic mouth rinses, 74
Aortic root abscesses, 20-23, 127
Aortic valve
bicuspid, 10, 72
insufficiency, 10, 15
stenosis, 10
Aortotomy, 23
Arrhythmias, 24
Arteries
cerebral, 26
transposition of, 10
Arteritis, development of, 21
Aspergillus spp.
A. fumigatus, 234-236
AmB therapy, 235-237
antigen detection tests, 235
cardiac aspergillosis, 234
caspofungin, 232, 236
clinical manifestations, 234
combined medical-surgical therapy, 235
endovascular vegetations, 235
5-FC, 236
fluconazole, 229-230
itraconazole, 230, 236
mitral valve, 235
mural endocarditis (ME), 237
nucleic acid amplification, 235
PCR, 235
posaconazole, 231
prophylaxis, 237
surgery, 237
terbinafine, 231
voriconazole, 230, 236
Aspirin, 366-367
Atrial endocardium, left, 14
Atrial septal defect (ASD), 71, 109
Atrioventricular groove, 20, 23
Atrioventricular node, 23
Atrioventricular valves, 19
Atrium
left, 21, 22
right, 11, 21-22
Autoimmune disease, 17
Azithromycin, 80
Azlocillin, 202
Azoles, 227
fluconazole, 229-230
itraconazole, 230
posaconazole, 231
ravuconazole, 231
voriconzole, 230-231

Index

B
Bacilliform organisms, 18
Bacteremia, 339
dental procedures (see Dental procedures,
bacteremia)
development of, 68
gastrointestinal procedures, 76—78
genitourinary procedure, 78-79
neonates and premature infants, 343
persistent, 246
respiratory tract, procedure of, 76
S. bovis complex, 190
sustained bacteremia
Coxiella burnetii infection, 341
endocardial involvement, 341-342
positive blood cultures, 340
timing of blood cultures, 340
volume of blood, 340-341
Bacterial antigens, 25
Bactericidal activity, 184185
Bactericidal antibiotics, 184
Bacteriostatic antimicrobial agents, 70
Bacteroides fragilis, 226, 242
Bartonella spp., 293
. alsatica, 293
. elizabethae, 293
. henselae, 59, 60, 294
. koehlerae, 293
. quintana, 59, 60
. qunitana, 293
. vinsonii, 293
epidemiology, 293
signs and symptoms, 293-294
treatment and prognosis, 294
BCNE. See Blood culture negative
endocarditis (BCNE)
Benchmark Counterpulsation Registry, 326
B-hemolytic streptococci (BHS), 198-200
Beta 2 glycoprotein I, 301
Bicuspid aortic valve, 10, 72
Biliary endoprosthesis, 77
Biliary malignancies, 77
Biliary obstruction, 77
Biliary sepsis, 77
B-lactams, 69, 79, 80, 184, 185
enterococci, 200, 202, 203
Staphylococcus
S. aureus, 212,213
S. epidermidis, 215-216
S. lugdunensis, 220
Blastomycosis, 238
Blood culture negative endocarditis
(BCNE), 301-302
Abiotrophia and Granulicatella spp.

T E ™



Index

diagnosis, 297
epidemiology, 297
prognosis and treatment, 297-298
signs and symptoms, 297
Bartonella spp., 293
B. henselae, 59, 60
B. quintana, 59, 60
epidemiology, 293
signs and symptoms, 293-294
treatment and prognosis, 294
Brucella spp.
epidemiology, 294
signs and symptoms, 294-295
treatment and prognosis, 295
clinical approach, 285
Coxiella burnetii, 59, 291
diagnosis, 292
epidemiology, 291
prognosis and treatment, 292-293
signs and symptoms, 292
definition of, 282
diagnostic methods
laboratory isolation, 286
MALDI TOF MS, 287
electron microscopy, 288-289
etiology of
HACEK organisms, 283
mortality in, 283
proportion of, 284
fungi
epidemiology, 296
signs and symptoms, 296
treatment and prognosis, 296297
histology, 287
immunohistologic methods, 288
incidence of, 283
Legionella spp.
diagnosis, 299
epidemiology, 299
prognosis and treatment, 299
signs and symptoms, 299
molecular techniques, 290-291
Mycobacterium spp., 298
Mycoplasma spp., 298
non-infectious causes of, 300-301
serology, 289-290
treatment, 285-286
Whipple’s disease bacterium, 60, 299-300

Blood cultures, 12, 95

dental extractions, 68

microbiologic diagnosis, 60—-62
positive blood cultures, number of, 340
timing of, 340

volume of blood, 340-341

Brucella spp.
B. melitensis, 294
epidemiology, 294
signs and symptoms, 294-295
treatment and prognosis, 295
Buffered charcoal yeast extract
(BCYE), 286, 299

C
Calcified nodules, 15
Candida spp., 228
AmB therapy, 228, 232
candidal IE, risk factors, 232
caspofungin, 232-234
combined medical-surgical therapy,
232-233
C. parapsilosis, 288, 289
fluconazole, 229, 233
itraconazole, 230
posaconazole, 231
terbinafine, 231
valve replacement, 233
voriconazole, 230
Candidemia, 233
Cannulas, 11
Carbapenems, 207, 216, 226
Cardiac computed tomography (CCT), 103
Cardiac implantable electronic devices
(CIEDs), 320
device removal and antimicrobials, 322
diagnosis of, 321
ICD, implantation rates for, 108
microbiology of, 321
mortality rates, 109
PET/CT, 104
PPMs, 108, 321
risk factors for, 321
SPECT imaging, 105
TTE and TEE, 109
Cardiac lesions, 71, 73
Cardiac surgery, 20
abscesses, 246
Aspergillus NVE, 234, 235, 248
BHS, 199-200
Brucella spp., 248
Candida spp., 248
CNS complications,
prevention of, 249-250
congestive heart failure, 246
Coxiella burnetti, 248
embolization, 249-250
hemorrhage, 250
indications for, 245, 247-248

399



400

Cardiac surgery (cont.)
intracardiac fistula, 246
paravalvular myocardial abscess, 246
persistent bacteremia, 246
persistent fever, 246, 248
prosthetic valves, risk factors, 249
Pseudomonas aeruginosa, 248
recurrent fever, 248
S. aureus, 248
S. epidermidis, 219-220
S. lugdunensis, 220-221
splenic abscesses, 159, 251-252
splenic infarcts, 251
surgical timing, 157
vegetation size, 249-250
Cardiovascular devices (CDs)
CIED infections (see Cardiac implantable
electronic devices (CIEDs))
coronary artery stent infections, 325-326
intra-aortic balloon pump infections, 326
total artificial heart infections, 324-325
VAD infections, 322-324
Caspofungin
Aspergillus spp., 232, 236
Candida spp., 232-234
Histoplasma capsulatum, 239
Catheters, 11, 252
Cavitation, 20
Cefonicid, 185
Cefotaxime, 77, 223
Ceftriaxone, 187, 295, 318, 347
Cellular debris, 12
Central nervous system, 26, 27
Central venous catheters (CVCs), 83
Cephalosporins, 80
E. coli, 221
S. aureus, 213
S. pneumoniae, 196
Cerebral abscesses, 26
Cerebral arteries, 26
Cerebral infarcts, 26, 159
Cerebrospinal fluid (CSF) markers, 378
Cerebrovascular embolism, 26
Chemotherapy, 11
Cholangitis, 77
Choledocholithiasis, 77
Cholestasis, 25
Chordal rupture, 15-17
Chromoblastomycosis, 238
Chronic liver disease, 190
CIEDs. See Cardiac implantable electronic
devices (CIEDs)
Clarithromycin, 70, 80
Clindamycin, 70, 79, 80, 185
enterococci, 200

Index

MRSA, 207
MRSE, 216
NVS IE, 191
S. bovis complex, 190
S. epidermidis, 218
S. pneumoniae 1E, 196
Clostridium difficile-associated disease
(CDAD), 81
Coagulase-negative staphylococci (CoNS)
antibiotic prophylaxis, 83
foreign body infections, 215
heart failure and in-hospital
mortality, 53-54
risk for, 54
Staphylococcus capitis, 221
Staphylococcus epidermidis
aminoglycoside-resistance, 216
biofilm formation, 217
p-lactamase, 215-216
cardiac surgery, 219-220
daptomycin, 219
LZL, 219
MRSE, 216-217
penicillin, 216
quinupristin/daltopristin, 218
rifampin, 217
teicoplanin resistance, 217
telavancin, 219
vancomycin, 217
Staphylococcus lugdunensis, 220-221
Staphylococcus saprophyticus, 221
Staphylococcus warneri, 221
Coarctation, 10
Coccidioides spp.
C. immitis/posadasii, 239-240
coccidiomycosis, 239
Coccidiomycosis, 239
Colonic neoplasm, 190
Colonoscopy, 76, 78
Colorectal tumor, 190
Community-associated MRSA strains
(CA-MRSA), 207
Complement fixation method, 240
Computed tomography (CT), 251, 381, 383
cardiac computed tomography, 103
mechanical aortic valve, 385
Conduction system destruction, 19, 23, 24
Congenital bicuspid aortic valve, 10
Congenital heart disease (CHD), 10, 74, 319
fever, 342
risk factors, 334
Congestive heart failure (CHF), 59, 186,
212,246
CoNS. See Coagulase-negative staphylococci
(CoNS)



Index

Coronary artery stent infections
diagnosis of, 325
microbiology of, 325
treatment of, 326
Coronary ostia, 22
Coxiella burnetii, 59, 291
diagnosis, 292
epidemiology, 291
evidence of, 341
prognosis and treatment, 292-293
signs and symptoms, 292
Crescentic glomerulonephritis, 25
Cryptococcus spp., 227
Cumulative exposure index (CEI), 73
Cumulative exposure to bacteremia
(CEB), 72-73
Cystoscopy, 78,79, 319

D
Daptomycin, 185
Staphylococcus
S. aureus, 214
S. epidermidis, 219
VRE, 205
Defibrillators, 11, 83
Degenerative aortic stenosis, 10
Dehisced valve prosthesis, 19, 23
Dental procedures, bacteremia, 68
antibiotic prophylaxis
for adults, 75
cardiac conditions for, 74
CDAD, 81
conditions for, 74-75
protective efficacy of, 73-74
repeated prophylaxis, 76
VGS, 68, 75
CEB method, 72-73
CEL 73
modified CEB, 73
poor oral hygiene, 72
transient bacteremia, 68, 72
Diabetes, 11
Diagnosis of infective endocarditis
ASD closure device, 109
blood cultures, 95
cardiac computed tomography, 103
case definitions
Duke criteria, 98
modified Duke criteria, 98, 100
Pelletier and Petersdorf criteria, 97, 98
von Reyn criteria, 97-99
CIED related IE, 108-109
echocardiographic investigations
(see Echocardiography)

401

FDG PET/CT, 104
history, 93
laboratory investigations, 94-95
LVAD, 109-110
PET, 103-104
physical examination, 93-94
prosthetic valve endocarditis, 105
SPECT, 104-105
Staphylococcus aureus bacteremia,
106-108
suspected endocarditis, patients with
diagnostic algorithm for, 101-103
high clinical risk features, 101, 102
low risk clinical features, 101, 102
symptoms and signs, frequency of, 93, 94
validation studies, 98-99
Diffuse alveolar damage, 25
Dimorphic fungi
definition, 227
Histoplasma capsulatum, 227, 238-239
Disseminated intravascular
coagulation (DIC), 25
Diverticulum, 17
Doppler echocardiography, 72
Doxycycline, 292-293
Drug eluting stents (DES), 325
Duke criteria, 4, 33-34, 43, 60, 98, 99, 300,
337,339
Dysphasia, 358

E
Echinocandins, 227, 231-232
Echocardiography
TEE, 4, 96-97
abscess aortic root, 156
ASD closure device, 109
CIED related IE, 109
embolic events, 361
endocardial involvement, evidence of,
341, 342
indication, 118
LVAD, 110
native valve endocarditis, 120-123
pacemaker leads and central venous
catheters, 142—-143
perivalvular abscess and complications,
132-135
pneumococcal IE, 199
prosthetic valve endocarditis, 105,
137-139
right sided endocarditis, 136—137
SAB, 106-108
suspected endocarditis, 101, 103
valvular abnormalities, 126



402

Echocardiography (cont.)
TTE, 96-97
ASD closure device, 109
CIED related IE, 109
endocardial involvement, evidence of,
341-342
indication, 118
LVAD, 110
native valve endocarditis, 119-121
pacemaker leads and central venous
catheters, 142-143
perivalvular abscess and complications,
130-133
prosthetic valve endocarditis, 105,
137, 138
Q fever endocarditis, 292
right sided endocarditis, 135-136
SAB, 106-108
suspected endocarditis, 101, 103
valvular abnormalities, 125, 126
E. coli, 77,78, 221-222
Elderly patients
bacteriology and age, 35-36
clinical presentation and echocardiography
findings, 36-37
epidemiology, 33-34
treatment and outcomes
logistic regression analysis, 37
mortality, 37, 38
multivariate analysis, 37
Electroencephalogram (EEG), 380
Electron microscopy (EM), 14, 17, 18,
288-289
Embolectomy, 27
Embolism, 25
age, 363
cerebral embolism, 358-359
coagulation and fibrinolysis,
abnormalities of, 364
differential diagnosis, 358
ESC and AHA/ACC, 368-369
immune complex disease, 24
incidence of, 359
limbs, 27
myocardial abscess, 20
myocardial infarcts, 20, 26
peripheral, 23
pulmonary, 11, 25, 27
right and left sided IE, 25
risk factors
fungal endocarditis, 360
neurologic complications, 359
valve location, 360
size, 25
strategies

Index

antibiotic therapy, 364-365
anticoagulant therapy, 365-366
aspirin and antiplatelet agents, 366-367
fibrinolytic therapy, 365
surgical therapy, 368
vegetation morphology, 360
meta-analysis, 362
multivariate analysis, 361, 362
pooled analysis, 363
semi-quantitative grading system, 361
univariate analysis, 362
vegetation size, 361, 362
Empyema, 25, 27
Endocardial jet lesions, 15, 20
Endoscopic retrograde
cholangiopancreatography
(ERCP), 77
Endoscopic ultrasound (EUS), 77-78
Endoscopic variceal ligation (EVL), 77
Endoscopy, 76-78, 301
Endothelialisation, 72
Enterobacteriaceae, 221
Enterococci
ampicillin, 202, 203
B-lactams, 200, 202, 203
categories, 200
Enterococcus
E. durans, 56
E. faecalis, 55, 56, 318
E. faecium, 56
gentamicin in, 318
HLAR, 201-203
lincosamides, 200-201
LLAR, 201
PBP, 200
PIE, treatment of, 347-348
TMP/SMX, 200, 201
VRE, 56
daptomycin, 205
LZL, 204-205
quinupristin/dalfopristin, 204
Enzyme immunosorbent assay (EIA), 235
Erythromycin, 299
Esophago-gastro-duodenoscopy, 76
European Society of Cardiology (ESC), 143,
144, 368, 369, 389-391
Extracranial mycotic aneurysms (EMAs), 242,
244-245
Extrasystoles, 2

F

Fallot, tetralogy of, 10, 71, 320, 335
FE. See Fungal endocarditis (FE)
Febrile neutropenia, 76



Index

Fenestrations, 19
Fibrin, 17, 25, 68, 69, 121, 185, 344, 349, 365
Fibrinolytic therapy, 365
Fibrinous pericarditis, 23
Fibroblastic proliferation, 17
Fibrocalcific nodules, 18
Fine-needle aspiration (FNA), 77-78
Fistulas, 19-22
Flucloxacillin, 76
Fluconazole
Aspergillus spp., 229-230
Candida spp., 229, 233
Fluoropyrimidines, 227, 231
Fluoroquinolones
E. coli, 221
Salmonella spp. NVE, 223-224
5-Fluorouracil (5-FU), 231, 236
5-Fluorouridine triphosphate (5-FUTP), 231
Fungal endocarditis (FE), 17-18
allylamines, 227, 231
antifungal susceptibility testing, 228
Aspergillus spp (see Aspergillus spp.)
azoles, 227, 229-231
Candida spp (see Candida spp.)
echinocandins, 227, 231-232
and embolic events, 360
endemic mycoses
Coccidioides spp., 239-240
Histoplasma capsulatum, 238-239
epidemiology, 296
fluoropyrimidines, 227, 231
moulds, 227
polyenes, 227-229
prosthetic valve endocarditis, 227
signs and symptoms, 296
treatment and prognosis, 296-297
yeasts, 227
Fungal infection, 11, 17, 24, 175, 228, 229,
239,314
Fusobacterium spp., 227

G
Galactomannan (GM), 235
Gangrene, 27
Gastrointestinal disorder, 18
Gastrointestinal (GI) procedures, 76—78
Genitourinary (GU) procedures, 78-79
Gentamicin
and amoxicillin, 70, 80
in enterococci, 318
and glycopeptide, 40
Staphylococcus aureus, 213
and streptomycin, 203
Giemsa stain, 12, 287, 293

403

Gimenez stain, 287
Gingival inflammation, 72
Gingival surgery, 68
Glomerulonephritis, 25, 94
Glycopeptides, 69, 79, 184, 185
Staphylococcus
S. aureus, 207
S. epidermidis, 217-218
VRE, 204
GNB. See Gram-negative bacilli (GNB)
Gomori-Grocott’s silver stain, 287
Gore-Tex®, 320
Gram-negative bacilli (GNB)
Bacteroides fragilis, 226
E. coli, 221-222
Fusobacterium spp., 227
Klebsiella spp., 222
Pseudomonas aeruginosa, 225-226
Salmonella spp.
antibiotic treatment, 223-224
combined medical/surgical therapy, 225
complications, 223
endovascular infection, 222, 224-225
mural endocarditis, 224
mycotic aneurysm, 225
risk factors, 222-223
surgery, 224
Gram negative endocarditis, 56-57
Gram-positive bacterium, 227
Gram stain, 12, 13, 215, 302, 303
Granulicatella spp., 191
epidemiology, 297
G. adiacens, 297
G. balaenopterae, 297
G. elegans, 297
prognosis and treatment, 296297
Gut ischemia, 27

H
HACEK organisms, 13-14, 24, 26, 56-58, 95,
283, 314, 348, 349
Healthcare-associated infective endocarditis
(HA-IE), 44-45, 83
Hemiplegia, 358
Hemodialysis, 43-45
Hemolysis, 20, 24
Hemopericardium, 19, 21, 23
Hemoptysis, 208
Hemorrhage
cardiac surgery, 250
subarachnoid, 26
subungual, 27
Heterogeneously vancomycin-intermediate
S. aureus (h-VISA), 207-208, 210



404

High level aminoglycoside resistance
(HLAR), 201-203
Histoplasma capsulatum, 227, 238-239
Histoplasmosis, 238
History of progress with endocarditis, 92-93
blood cultures, 3, 4
clinical features, 3
in nineteenth century, 3
Osler’s nodes, 3
Penicillin Era, 4
prophylaxis of endocarditis (see Antibiotic
prophylaxis)
in seventeenth and eighteenth centuries, 2-3
Human immunodeficiency virus (HIV), 41-42
clinical presentation and echocardiography
findings, 4344
epidemiology, 4243
treatment and outcomes, 44
Hydroxychloroquine, 292
Hypertrophic cardiomyopathy, 10
Hypotension, 25

I
IMAs. See Intracranial mycotic aneurysms
(IMAs)
Immune complex disease, 24
Immune complex phenomena, 25
Immune complex vasculitis, 380
Immunization, 199
Immunologic perturbation, 94
Immunosuppression, 11, 17
Implantable cardioverter defibrillators (ICDs),
108, 109, 142, 320-322
Infectious Diseases Society of America
(IDSA) guidelines, 316-318
Infective endocarditis (IE)
annual incidences, 182
catheter and line-related lesions, 11
characteristics of, 33
complications, 186
diagnosis of (see Diagnosis of infective
endocarditis)
echocardiography and clinical decision
making, 143-145
in elderly patients (see Elderly patients)
hematoxlylin and eosin staining, 287
in HIV-seropositive patients (see Human
immunodeficiency virus (HIV))
immunocompromised patients and health
care associated endocarditis, 44—45
incidence of, 71, 154
in injection drug users (see Intravenous
drug users (IVDUs))
on intracardiac prosthetic devices, 34

Index

microbial epidemiology of, 36
microbiology of (see Microbiology)
mortality rates, 67, 182
native valve infective endocarditis (see
Native valve endocarditis (NVE))
neurological complications (see
Neurological complications)
pacemaker leads and central venous
catheters, 142—-143
pathology
fungal endocarditis, 17-18
of perivalvular sequelae, 18-23
systemic sequelae, 24-27
valve prostheses, 23-24
of valvular sequelae, 14—17
Whipple’s disease, 18
PIE (see Pediatric infective
endocarditis (PIE))
predisposing conditions, 10-11
pre-existing cardiac valvular lesions, 10
prophylaxis of (see Antibiotic
prophylaxis)
prosthetic valve infective endocarditis
(see Prosthetic valve endocarditis
(PVE))
symptoms, 93
systemic embolism (see Embolism)
treatment of (see Treatment of infective
endocarditis)

Interagency Registry for Mechanically
Assisted Circulatory Support
(INTERMACS), 322, 325

International Collaboration on Endocarditis
(ICE), 33, 35, 38, 45, 52

Interstitial nephritis, 25

Intra-aortic balloon pump (IABP)
infections, 326

Intracardiac catheters, 11

Intracardiac fistula, 246

Intracranial mycotic aneurysms (IMAs)

antimicrobial therapy, 243-244

clinical presentation, 243

diagnosis of, 243

endovascular occlusion of, 244

mortality rate, 242-243

surgical resection, 244
Intravascular catheters, 11
Intravenous drug users (IVDUs), 15

bacteriology, 39

clinical presentation, 39-40

epidemiology, 38-39

MRSA in, 58

Pseudomona aeruginosa, 58

recurrent IE, 41

repetitive bacteraemia, 11



Index

Salmonella NVE, 222
Staphylococcus aureus, 58
surgical management, 174-175
treatment and outcomes, 4041
Intravenous hyper-alimentation, 17
Ischemia, 18, 21, 24, 25, 27
Isolated tricuspid valve endocarditis, 174
Itraconazole, 230
Aspergillus spp., 230, 236
Candida spp., 230
IVDUs. See Intravenous drug users (IVDUs)

J

Jaccoud’s disease, 3

Janeway lesions, 25, 27, 93, 343, 378
Jaundice, 25

K

Kanamycin, 201

Kinyoun stain, 287
Klebsiella spp., 77,78, 222

L
Legionella spp.
diagnosis, 299
epidemiology, 299
L. dumoffii, 299
L. longbeachae, 299
L. micdadei, 299
L. pneumophila, 299
prognosis and treatment, 299
signs and symptoms, 299
Lemierre’s syndrome, 227
Leukocytosis, 94
Libman-Sacks endocarditis, 121
Libman Sacks lesions, 15
Lincosamides, 70, 80, 200-201
Linezolid (LZL)
enterococci, 204-205
Staphylococcus
S. aureus, 214
S. epidermidis, 219
Liquefactive necrosis, 20
Lobomycosis, 238
Logistic regression analysis, 37
Low level aminoglycoside resistance
(LLAR), 201

M
MA. See Myocardial abscess (MA)
Macrolides, 70, 79, 80, 185

405

Magnetic resonance angiography (MRA),
383, 390
Magnetic resonance imaging (MRI), 377, 378,
380, 391
GRE/SWI, 381
and MRA, 383, 390
transient focal neurological deficits, 381
Malignant endocarditis, 93
Marantic endocarditis (ME). See Non-bacterial
thrombotic endocarditis (NBTE)
Mastoidectomy, 76
Matrix-assisted laser desorption ionization-
time of flight mass spectrometry
(MALDI TOF MS), 287
Medtronic Melody® TPVR, 320
Meningitis, 26
Methicillin-resistant S. epidermidis
(MRSE), 216-219
Methicillin-resistant Staphylococcus aureus
(MRSA), 45, 206, 207, 210, 211,
213,214
embolic complications in, 53
incidence of, 53
in IVDU, 58
PVIE, 314
Methicillin-susceptible Staphylococcus aureus
(MSSA), 53, 207, 209, 212
Metronidazole, 226
Mezlocillin, 202
Micafungin, 232
Microbiology, 50
BCNE, 59-60
of CIED infections, 321
of coronary stent infections, 325
diagnosis
blood cultures, 60—-62
histology, 63
molecular diagnostics, 62—63
serology, 62
gram negative endocarditis, 56-57
IVDU, 58
native valve endocarditis
CoNS, 53-54
enterococci, 55-56
Staphylococcus aureus, 52-53
streptococci, 54-55
prosthetic valve endocarditis, 57-58, 314
Minimal inhibitory concentration
(MIC), 183, 187
Minimum bactericidal concentration
(MBCO), 183-184
Mitral annular calcification (MAC), 10, 20-21
Mitral-aortic intervalvular fibrosa (MAIVF),
128, 129, 134
Mitral insufficiency, 10, 14



406

Mitral valve prolapse (MVP), 10, 81
Modified Duke criteria, 45, 62, 98-100, 337-339
Moulds
antifungal susceptibility testing, 228
Aspergillus spp (see Aspergillus spp.)
definition, 227
Multivariate analysis, 37, 42
Mural endocarditis (ME), 241-242
Aspergillus spp., 237
Salmonella spp., 223, 224
Mycetoma, 238
Mpycoplasma spp., 298
Mycotic aneurysms, 22, 23, 25-27
central nervous system circulation, 27
EMAs, 244-245
IMAs
antimicrobial therapy, 243-244
clinical presentation, 243
diagnosis of, 243
endovascular occlusion of, 244
mortality rate, 242-243
surgical resection, 244
Myocardial abscess (MA), 19, 20, 23, 26
causes of, 240
classification of, 240, 242
combined medical/surgical therapy, 241
complications, 240-241
surgical intervention, 241
Myocardial infarct, 20, 25, 26, 367, 392

N
Natamycin, 228
Native valve endocarditis (NVE)
CoNS
heart failure and in-hospital
mortality, 53-54
risk for, 54
detection of vegetation
TEE, 120-123
TTE, 119-121
enterococci
ampicillin, 202, 203
B-lactams, 200, 202, 203
categories, 200
Enterococcus durans, 56
Enterococcus faecalis, 55, 56
Enterococcus faecium, 56
HLAR, 201-203
lincosamides, 200-201
LLAR, 201
PBP, 200
TMP/SMX, 200, 201
vancomycin (see Vancomycin-resistant
enterococci (VRE))

Index

fungal endocarditis
Aspergillus spp (see Aspergillus spp.)
Candida spp (see Candida spp.)
Coccidioides spp., 239-240
Histoplasma capsulatum, 238-239
Gram-negative bacilli
Bacteroides fragilis, 226
E. coli, 221-222
Fusobacterium spp., 227
Klebsiella spp., 222
Pseudomonas aeruginosa, 225-226
Salmonella spp., 223-225
microbiologic features of, 51
mortality in, 170
Propionibacterium acnes, 227
staphylococci (see Staphylococci)
streptococci
BHS, 198-200
NVS, 191-195
oral/viridans group streptococci,
187-189
Streptococcus anginosus, 54-55
Streptococcus bovis, 55, 189, 190
Streptococcus mutans, 54
Streptococcus oralis, 54
Streptococcus pneumoniae, 55, 191,
196-199
Streptococcus salivarius, 54
Streptococcus sanguis, 54
survival in, 171
NBTE. See Non-bacterial thrombotic
endocarditis (NBTE)
Negative predictive value (NPV), 104
Nephrotic syndrome, 25
Netilmicin, 201
Neurological complications
clinical history, 387
CSF markers, 378
diagnostic investigations, 378
epidemiology, 377-378
historical perspective, 377
infectious intracranial aneurysm, 386
brain abscess and meningitis, 385
CT angiography, 383
development of, 382, 383
intracranial hemorrhage, 385-386
left posterior cerebral artery, 383, 384
MRA, 383
MRI, 383
neuroradiological interventional
techniques, 390
purulent necrotic material, 383, 384
stereotactic angiography, 390
vertebrobasilar system, 384
marantic endocarditis, 391



Index

neurological embolic events
bilateral hemorrhagic infarction, 382,
383
micro-emboli activity, 381, 382
risk factors, 380
neurological localization, 386-387
non-specific systemic inflammatory
responses, 378
preclinical pathophysiological process, 378
stroke
causes of, 387
treatment, 388-391
symptoms, signs and pathological changes,
378, 379
Neutropenic cancer, 82
Neutropenic endocarditis model, 70
Neutrophils, 17
Non-bacterial thrombotic endocarditis
(NBTE), 15, 122, 391
pathogenesis of, 301
risk factor, 301
Non-valvular endocarditis
mural endocarditis, 241-242
mycotic aneurysms
EMAs, 244-245
IMAs, 242-244
myocardial abscess, 240-241
Staphylococcus spp., antibiotic treatment,
209-210
Nutritionally-variant streptococci (NVS),
191-195
NVE. See Native valve endocarditis (NVE)
Nystatin, 228, 229

(0}

Oral cavity, 68

Oral streptococci, 187-189
Osler’s nodes, 25, 27, 93
Oxazolidinones, 185

P
Pacemakers, 11, 83
Papillary muscle rupture, 20
Paracoccidioidomycosis, 238
Patent ductus arteriosus (PDA), 10, 15, 16, 71
PCR. See Polymerase chain reaction (PCR)
Pediatric infective endocarditis (PIE), 334, 335
ancillary tests, 344
bacteremia (see Bacteremia)
diagnosis of
modified Duke Criteria, 337-339
TTE/TEE, 337, 339
epidemiology of, 335-336

407

etiology of, 336-337
fever, 342
immunologic phenomena, 343
microbiological evidence, 343
prevention
antibiotic prophylaxis, 350
vaccines, 350
signs and symptoms, 343-344
treatment of, 344-345
anticoagulants and thrombolytics, 349
culture negative endocarditis, 349
enterococci, 347-348
fungi, 348-349
gram negative organisms, 348
staphylococci, 346-347
Streptococcus pneumoniae, 347
surgery in, 349
viridans streptococci, 345-346
vascular phenomena, 342
Pelletier and Petersdorf criteria, 97, 98
Penicillin, 70, 75, 79-83
BHS, 198, 199
enterococci, 200, 202
Fusobacterium spp., 227
oral/viridans group streptococci, 187-189
Staphylococcus
S. aureus, 206, 209
S. epidermidis, 216
Penicillin binding proteins (PBPs), 200
Penicillin non-susceptible strains
(PNSP), 196, 197
Penicilliosis, 238
Percutaneous coronary
intervention (PCI), 325
Pericarditis, 19
fibrinous, 21, 23
suppurative, 21, 23
Periodic acid-Schiff (PAS) stain, 287, 300
Perivalvular abscess
echolucent mass, 127
long term mortality, 129, 130
MAIVFE, 128, 129
natural history of, 127
and prosthetic valve
endocarditis, 139-142
pseudoaneurysm, 128, 129
risk factors, 129
serial echocardiographic evaluation, 128
short term mortality, 129, 130
surgical management, 159, 166—-169
TEE, 135
aortic root thickening, 132, 134
MAIVFE, 134
mitral and tricuspid valves, 133
sensitivity and specificity, 131, 132



408

Perivalvular abscess (cont.)
TTE
aortic root thickening, 131, 132
atrioventricular groove, 131, 132
mitral annulus, caseous calcification of,
131, 133
sensitivity and specificity, 130, 131
Perivalvular leaks, 19, 20, 24
Permanent pacemakers (PPMs), 321
Persistent bacteremia, 246
Persistent fever, 246, 248
Petechiae, 93
PIE. See Pediatric infective
endocarditis (PIE)
Piperacillin, 202
Platelet-fibrin complex, 68
Pleuritic chest pain, 208
Pneumococcal infective endocarditis, 191,
196-199
Pneumococcal meningitis, 196
Pneumonia, 196
Polyenes, 227
ampthotericin B (see Ampthotericin B
(AmB))
natamycin, 228
nystatin, 228, 229
Polymerase chain reaction (PCR), 14, 18, 235,
284, 300
in clinical samples, 62
microbial etiology, 63
16S rDNA PCR assay, 290
valvular tissue culture, 290
Polymorphonuclear leukocytes, 70
Polypectomy, 78
Posaconazole, 231
Positive predictive value (PPV), 104
Positron emission tomography (PET),
103-104
Post-antibiotic effect (PAE), 185
Post-antibiotic leukocyte effect, 185
Prophylactic antibiotic regimens, 68, 69,
77-79
Prophylaxis. See Antibiotic
prophylaxis
Propionibacterium acnes, 227
Prosthesis dehiscence, 19, 23
Prosthetic valve endocarditis (PVE)
Candida spp., 319
and CDs (see Cardiovascular devices
(CDs))
CoNS, 54, 57
culture negative IE, 176
Duke criteria, 99
etiologic agents, 57

fungal infection, 175-176
fungal organisms, 57
HACEK organisms, 58, 314
IDSA guidelines, 316-318
incidence of, 105, 175, 313
intraoperative contamination, 57
microbiologic features of, 51
mortality, 170, 176, 319
MRSA, 314
outcome of, 105
in perioperative period, 314
and perivalvular abscess, 139-142
risk of, 313
surgical criteria for, 316
surgical intervention, timing of, 316
survival in, 171
TEE, 105, 137-139
TTE, 105, 137, 138
von Reyn criteria, 99
VRE, 318
Prosthetic vascular grafts, 83
Protein binding, 185
Pseudoaneurysm, 19, 20, 27, 156, 159
Pseudomonas aeruginosa, 225-226
Pulmonary conduits, 320
Pulmonary emboli, 11, 25, 27
PVE. See Prosthetic valve
endocarditis (PVE)
Pyelonephritis, 25

Q
Q fever, 291
diagnosis, 292
epidemiology, 291
prognosis and treatment, 292-293
signs and symptoms, 292
Quinolones, 185
Quinupristin/dalfopristin (Q/D), 204
Staphylococcus aureus, 213-214
Staphylococcus epidermidis, 218

R

Real-time 3-D echocardiography
abscess cavities, 134, 140
aortic root abscess, 127
MAIVF pseudoaneurysm, 129
perforations, 126
perivalvular leaks, location of, 139
prosthetic mitral valves, 140, 141
vegetations, 123, 139

Recurrent infective endocarditis, 41

Renal abscesses, 25



Index

Renal failure, 25
Respiratory distress syndrome, 25
Respiratory mucosa, 76
Respiratory tract, 76
Retinal hemorrhage, 27
Rheumatic fever, 2, 15, 33
Rheumatic heart disease, 187
Rheumatic tricuspid valve disease, 208
Rheumatic valvular heart disease, 92, 94
Rhodotorula spp., 227
Rifampicin
Staphylococcus aureus, 213
Staphylococcus epidermidis, 217
Right sided endocarditis
risk factors for, 300
TEE, 136-137
TTE, 135-136
Right ventricular outflow tract
(RVOT), 320
Roth spots, 25, 27, 93, 94

S
Saccharomyces spp., 227
Salmonella spp.
antibiotic treatment, 223-224
combined medical/surgical
therapy, 225
complications, 223
endovascular infection, 222, 224-225
mural endocarditis, 224
mycotic aneurysm, 225
risk factors, 222-223
surgery, 224
Sclerotherapy, 76, 77
Sepsis, 11
Septicemia, 79
Septic infarct, 25, 27
Septoplasty, 76
Serratia marcescens, 58
Silver stain, 12, 14
Simple endocarditis, 92-93
Single deciduous molar extraction, 73
Single photon emission computed tomography
(SPECT), 104-105
Sinus, 19, 21-22
Sismicin, 201
Sodium fusidate, 213
Splenectomy, 252
Splenic abscesses, 159, 251-252
Splenic infarcts, 25, 27, 251
Sporotrichosis, 238
Staphylococcal chromosomal cassette mec
(SCCmec), 207

409

Staphylococci
pacemaker/defibrillator infection, 11
PIE, treatment of, 346-347
Staphylococcus aureus, 54
aminopenicillin-based prophylaxis, 83
aortic valve involvement, 52
p-lactamase, 212, 213
p-lactams, 184
CA-MRSA, 207
cardiac surgical intervention, 214-215
cefonicid, 185
cephalosporins, 213
community-acquired, 206
daptomycin, 214
gentamicin, 213
glycopeptides, 184
h-VISA strains, 207-208, 210
isolated right-sided NVE, 208, 211
left-sided NVE, 211-212
LZL, 214
mortality rate, 52
MRSA, 53, 206, 207, 210, 211
MSSA, 207, 209, 212
neurologic complication, 359
penicillin resistance, 206, 209
quinupristin/dalfopristin, 213-214
rifampicin, 213
sodium fusidate, 213
TMP/SMX, 213
tricuspid involvement, 52
VISA strains, 207, 210
VRSA strains, 208, 210
Staphylococcus capitis, 221
Staphylococcus epidermidis, 53
aminoglycoside-resistance, 216
biofilm formation, 217
p-lactamase, 215-216
cardiac surgery, 219-220
daptomycin, 219
LZL, 219
MRSE, 216-217
penicillin, 216
quinupristin/daltopristin, 218
rifampin, 217
teicoplanin resistance, 217
telavancin, 219
vancomycin, 217
Staphylococcus lugdunensis, 220-221
Staphylococcus saprophyticus, 221
Staphylococcus warneri, 221
Staphylococcus aureus bacteremia (SAB), 95
antibiotic therapy, 107
incidence of, 106
TTE and TEE, 106-108



410

Streptococci
BHS, 198-200
NVS, 191-195
oral/viridans group streptococci, 187-189
Streptococcus anginosus, 54-55
Streptococcus bovis, 55, 189, 190
age and prevalence of, 36
clinical, echographic and prognostic
features of, 36
embolism in, 36
incidence of, 35
Streptococcus mutans, 54
Streptococcus oralis, 54
Streptococcus pneumoniae, 55, 191,
196-199, 347
Streptococcus salivarius, 54
Streptococcus sanguis, 54
Streptogramins A, 200
Stroke, 24, 26, 359, 360, 362, 367
causes of, 387
treatment, 388
antithrombotic therapy, 389
management and timing of
intervention, 391
Subarachnoid hemorrhage (SAH), 26, 385, 386
Surgical management
acute IE, challenge in, 154
anatomical assessment, 163
Aspergillus spp. endocarditis, 237
culture negative IE, 155
E. coli NVE, 221-222
exposure and myocardial protection,
160, 162
infecting microorganism, effect of
on event-free survival, 172
on survival, 172
infection, assessment of, 154—155
intravenous drug users, 174-175
isolated tricuspid valve endocarditis, 174
mechanical vs. bioprosthetic valves,
outcomes in, 172, 174
NVE
mortality in, 170
survival in, 171
perforation, 165-166
perivalvular abscesses, 166—169
postoperative complications, 171, 173
prosthetic valve IE
culture negative IE, 176
fungal infection, 175-176
incidence of, 175
mortality in, 170, 176
survival in, 171
recurrent IE rates, 172, 174

Index

Salmonella spp., 224
structural lesions, 163
surgical techniques, 160
suspicious valvular lesion, 11-14
timing and indications for, 156-161
valve repair/replacement, 162, 170,
171, 173
valvular disease, 155-156
vegetations, 163165
Susceptibility weighed imaging (SWI), 381,
382,388
Synergism, 201
Systemic inflammatory response syndrome
(SIRS), 323
Systemic lupus erythematosus (SLE), 121, 122

T
Tamponade, 21, 23
TEE. See Transesophageal echocardiography
(TEE)
Teicoplanin, 70
Staphylococcus aureus, 207
Staphylococcus epidermidis, 217
Telavancin, 219
Terbinafine, 231
Tetracyclines, 185
Thrombectomy, 27
Tobramycin, 201
Tonsillectomy, 76
Tooth extraction, 68
Total artificial heart (TAH) infections,
324-325
Transcatheter aortic valve implantation
(TAVI), 319-320
Transcatheter pulmonic valve replacement
(TPVR), 320
Transesophageal echocardiography
(TEE), 4, 96-97
abscess aortic root, 156
ASD closure device, 109
CIED related IE, 109
detection of vegetation
native valve endocarditis, 120-123
prosthetic valve endocarditis, 137-139
embolic events, 361
endocardial involvement,
evidence of, 341, 342
indication, 118
LVAD, 110
pacemaker leads and central venous
catheters, 142-143
perivalvular abscess, 135
aortic root thickening, 132, 134



Index

MAIVF, 134
mitral and tricuspid valves, 133
sensitivity and specificity, 131, 132
pneumococcal IE, 199
prosthetic valve endocarditis, 105,
137-139
right sided endocarditis, 136—137
SAB, 106-108
suspected endocarditis, 101, 103
valvular abnormalities, 126
Transient asymptomatic bacteremia, 68
Transient ischemic attacks, 26
Transmission electron microscopy (TEM),
288-289
Transrectal biopsy, 78
Transthoracic echocardiography (TTE), 96-97
ASD closure device, 109
CIED related IE, 109
detection of vegetation
native valve endocarditis, 119-121
prosthetic valve endocarditis, 137, 138
endocardial involvement, evidence of,
341-342
indication, 118
LVAD, 110
pacemaker leads and central venous
catheters, 142-143
perivalvular abscess
aortic root thickening, 131, 132
atrioventricular groove, 131, 132
mitral annulus, caseous calcification of,
131, 133
sensitivity and specificity, 130, 131
prosthetic valve endocarditis, 105, 137, 138
Q fever endocarditis, 292
right sided endocarditis, 135-136
SAB, 106-108
suspected endocarditis, 101, 103
valvular abnormalities, 125, 126
Transurethral resection of bladder tumour
(TURBT), 79
Transurethral resection of the prostate
(TURP), 78, 79
Treatment of infective endocarditis
antimicrobial performance, re-assessment
of, 186
antimicrobial susceptibility testing, 183
bactericidal activity, 184—185
cardiac surgery (see Cardiac surgery)
MBC, 183-184
MIC, 183
native valve endocarditis
Aspergillus spp (see Aspergillus spp.)
Bacteroides fragilis, 226

41

Candida spp (see Candida spp.)
Coccidioides spp., 239-240
E. coli, 221-222
enterococci (see Enterococci)
Fusobacterium spp., 227
Histoplasma capsulatum, 238-239
Klebsiella spp., 222
Propionibacterium acnes, 227
Pseudomonas aeruginosa, 225-226
Salmonella spp., 223-225
staphylococci (see Staphylococci)
streptococci (see Streptococci)
non-valvular endocarditis
EMAs, 242, 244-245
IMAs, 242-244
mural endocarditis, 241-242
myocardial abscess, 240-241
Staphylococcus spp., antibiotic
treatment, 209-210
PAE, 185
protein binding, 185
Trichosporon spp., 227
Tricuspid syndrome, 208
Tricuspid valves, 11, 15, 18, 21, 22
Trimethoprim-sulfamethoxazole
(TMP/SMX)
enterococci, 200, 201
Staphylococcus aureus, 213
Tropheryma whippelii, 18, 60, 299-300
TTE. See Transthoracic echocardiography
(TTE)

U

Ureidopenicillins, 202

Urethral dilatation, 78

Urinary tract infections (UTIs), 78, 221
Urological diseases, 78

Urosepsis, 78

\'%
Vaccination, 199
VAD. See Ventricular assist
device (VAD)
Valve prostheses, 23-24
Valvular abnormalities
severe mitral regurgitation, 124, 125
TEE, 126
TTE, 125, 126
Valvular thrombus, 10-11
Vancomycin, 80
Vancomycin-intermediate S. aureus (VISA),
207,210



412

Vancomycin-resistant enterococci (VRE), 56,
203, 318
daptomycin, 205
glycopeptide resistance, 204
LZL, 204-205
Vancomycin-resistant S. aureus
(VRSA), 208, 210
Vascular spasm, 25
Vegetations, 14, 15
anterior mitral leaflet, 17, 18
appearance of, 17
calcific valve nodules, 18, 19
chordal, 16
detection of
TEE, 120-123
TTE, 119-121
valvular bioprostheses, 23
Venous catheters, 17
Ventricular assist device (VAD),
109-110, 322
classifications, 323
diagnosis of, 323
risks for, 323
standard antimicrobial surgical
prophylaxis, 324
treatment of, 324
Ventricular papillary muscle rupture, 20

Index

Ventricular septal defect (VSD), 10, 71
Ventricular septum, 1415
Vertebrobasilar system, 382-384
Viridans group streptococci (VGS), 68, 69, 75,
187-189
Visceral infarction, 25
von Reyn criteria, 97-99
Voriconazole, 230-231
Aspergillus spp., 230, 236
Candida spp., 230

W

Warthin-Starry stain, 294

Whipple’s disease bacterium. See Tropheryma
whippelii

Y

Yeasts
antifungal susceptibility testing, 228
Candida spp (see Candida spp.)
definition, 227

7
Ziehl-Nielsen staining, 287, 298



	Foreword (1st Edition)
	Preface (2nd Edition)
	Contents
	Contributors
	1: Perspectives on the History of Endocarditis
	Case Study
	 Historical Perspective
	References

	2: Pathologic Findings: Valvular Destruction, Perivalvular Abnormalities and Extracardiac Findings
	Introduction
	 Catheter and Line Related IE
	 Approach to Infective Endocarditis at Surgery or Autopsy
	 Active Infective Endocarditis Pathology (Table 2.1)
	Fungal Endocarditis
	 Whipple Disease

	 Chronic Infective Endocarditis Pathology (Tables 2.1 and 2.2)
	 Perivalvular Lesions of Infective Endocarditis (Table 2.2)
	 Infective Endocarditis of Valve Prostheses (Tables 2.1 and 2.2)
	 Systemic Pathology of Infective Endocarditis (Table 2.3)
	 Summary
	References

	3: Changing Populations: The Elderly, Injection Drug Users, Health-Care Associated Endocarditis and Immunocompromised Patients
	The Elderly
	Epidemiology
	 Bacteriology and Age
	 Clinical Presentation and Echocardiography Findings
	 Treatment and Outcome

	 Injection Drug Users
	Epidemiology
	 Bacteriology
	 Clinical Presentation
	 Treatment and Outcome
	 Recurrent IE

	 HIV
	Epidemiology
	 Clinical Presentation and Echocardiography Findings
	Treatment and Outcome


	 Immunocompromised Patients and Health Care Associated Endocarditis
	Epidemiology

	References

	4: Microbiology of Infective Endocarditis and Microbiologic Diagnosis
	Microbiology
	Trends

	 Community Acquired Native Valve Endocarditis
	Staphylococci
	Staphylococcus aureus
	 Coagulase Negative Staphylococci

	 Streptococci
	 Enterococci

	 Gram Negative Endocarditis
	 Prosthetic Valve Endocarditis
	 Intravenous Drug Users (IVDU)
	 Blood Culture Negative Endocarditis
	 Microbiologic Diagnosis
	Blood Cultures
	 Methods for Diagnosis in Culture-Negative IE
	Serology
	 Molecular Diagnostics
	 Histology


	References

	5: Prophylaxis of Endocarditis
	Prophylaxis of Experimental Endocarditis
	 Patients at-Risk
	 Procedures Producing Bacteremia
	Dental Procedures
	 Other Procedures: Respiratory, Gastrointestinal, Genitourinary

	 Antimicrobial Prophylaxis
	 Reasons Against Prophylaxis
	 Emerging Issues
	 Conclusion
	References

	6: Diagnostic Approach to Endocarditis
	Historical Perspective
	 Diagnostic Approach
	History and Physical Examination
	 Investigations
	General Investigations
	 Bacteriologic Investigations
	 Echocardiographic Investigations


	 Case Definitions and Validation Studies
	Case Definitions
	 Validation Studies

	 Suggested Approach in Suspected Endocarditis
	Cardiac Computed Tomography
	 Molecular Imaging
	 Positron Emission Tomography
	 Single Photon Emission Computed Tomography (SPECT)

	 Special Populations and Endocarditis
	Prosthetic Valve Endocarditis
	 Staphylococcus aureus Bacteremia and Endocarditis
	Cardiovascular Device Related Infective Endocarditis
	 CIED
	 ASD Closure Devices
	 Ventricular Assist Devices


	 Conclusion
	References

	7: Role of Transthoracic and Transesophageal Echocardiography in the Management of Endocarditis
	Introduction
	 Native Valve Endocarditis
	Detection of Vegetation
	Summary

	 Valvular Abnormalities
	Summary

	 Perivalvular Abscess and Related Complications
	Summary

	 Right Sided Endocarditis
	Summary


	 Prosthetic Endocarditis
	Detection of Vegetation
	Summary

	 Perivalvular Abscess and Related Complications in Prosthetic Valve Endocarditis
	Summary

	 Endocarditis Associated with Pacemaker Leads and Central Venous Catheters
	Summary


	 Echocardiography and Clinical Decision Making
	References

	8: Surgical Management: Indications, Timing and Surgical Techniques
	Surgery for Infective Endocarditis
	Introduction
	 Assessing the Infection
	 Assessing the Valvular Disease
	 Making the Surgical Decision: Indications and Timing

	 Operative Management and Techniques
	 Exposure and Myocardial Protection
	 Repair or Replace
	 Anatomical Assessment
	Vegetations
	 Perforation
	 Perivalvular Abscesses

	 Surgical Outcomes and Complications
	 Other Important Surgical Considerations
	Isolated Tricuspid Valve Endocarditis
	 Intravenous Drug Users
	 Prosthetic Valve Endocarditis

	 Summary
	References

	9: Treatment of Endocarditis
	Introduction
	 Principles of Medical Therapy
	 Native Valve Endocarditis (NVE)
	Streptococcal NVE
	Oral (or Viridans Group) Streptococci
	 S. bovis Complex
	 Nutritionally-Variant Streptococci
	 S. pneumoniae
	 β-Hemolytic Streptococci

	 Enterococcal NVE
	 Staphylococcal NVE
	S. aureus
	Coagulase-Negative staphylococci (CoNS)
	S. epidermidis
	S. lugdunensis

	Other Coagulase-Negative staphylococci


	 Gram-Negative Bacilli
	Pseudomonas spp
	 Native Valve Endocarditis Due to Anaerobic Bacteria
	Fungal Endocarditis
	Candida spp.
	Aspergillus spp.
	Endemic mycoses


	 Non-valvular Cardiovascular Infections

	 The Role of Surgery
	References

	10: Blood Culture Negative Endocarditis
	Introduction
	 Definition and Incidence
	 Etiology of BCNE
	 Clinical Approach to the Patient with BCNE
	 Approach to Treatment
	 Diagnostic Methods
	Culture

	 Histology
	 Immunohistologic Methods
	Electron Microscopy
	 Serology
	 Molecular Techniques

	 Selected Infectious Agents of BCNE
	Coxiella burnetii
	Signs and Symptoms
	 Diagnosis
	 Prognosis and Treatment

	 Bartonella spp
	Epidemiology
	 Signs and Symptoms
	 Treatment and Prognosis

	 Brucella
	Epidemiology
	 Signs and Symptoms
	 Treatment and Prognosis

	 Fungi
	Epidemiology
	 Signs and Symptoms
	 Treatment and Prognosis

	 Abiotrophia and Granulicatella spp
	Epidemiology
	 Signs and Symptoms
	Diagnosis
	Prognosis and Treatment

	 Mycobacterium spp
	 Mycoplasma spp
	 Legionella spp
	Epidemiology
	Signs and Symptoms
	Diagnosis
	Prognosis and Treatment


	 Whipple’s Disease Bacterium: Tropheryma whippelii Endocarditis
	 Culture-Negative Endocarditis Due to Right Sided Endocarditis
	Non-infectious Causes of Endocarditis

	 Illustrative Case
	Case History: Culture Negative Endocarditis
	Comment


	 Conclusions
	References

	11: Prosthetic Valve Endocarditis and Cardiovascular Device Related Infections
	Introduction
	 Prosthetic Valve Endocarditis
	Transcatheter Aortic Valve Replacement
	 Pulmonary Conduits

	 Cardiac Implantable Electronic Device Infections
	VAD Infections
	 Total Artificial Heart Infections
	 Coronary Artery Stent Infections
	 Intra-Aortic Balloon Pump Infections

	References

	12: Pediatric Infective Endocarditis and Congenital Heart Disease
	Introduction
	 Epidemiology
	 Etiology
	 Diagnosis
	 Defining the Terms Used in the Modified Duke Criteria for Diagnosis of Pie
	 The Major Criteria
	Evidence of Bacteremia with Certain Organisms
	 Evidence of Sustained Bacteremia
	Number of Positive Blood Cultures
	 Timing of Blood Cultures
	 Volume of Blood Drawn for the Blood Culture
	 Evidence of a Coxiella burnetii Infection
	 Evidence of Endocardial Involvement


	 The Minor Criteria
	Predisposition to PIE
	 Fever
	 Vascular Phenomena
	 Immunologic Phenomena
	 Microbiological Evidence

	 Signs and Symptoms of PIE
	 Ancillary Tests
	 Treatment
	Treatment of PIE Caused by Viridans Streptococci in the Absence of Prosthetic Material [57]
	 Treatment of PIE Caused by Viridans Streptococci with Prosthetic Material in Place [57]
	 Treatment of PIE Caused by Staphylococci (S. aureus, Coagulase Negative Staphylococci) [57]
	 Treatment of PIE Caused by S. pneumoniae [57]
	 Treatment of PIE Caused by Enterococci [57]
	 Treatment of PIE Caused by Gram Negative Organisms [57]
	 Treatment of PIE Caused by Fungi [57]
	 Treatment of Culture Negative Endocarditis [57]
	 The Role of Anticoagulants and Thrombolytics in PIE Therapy
	 Surgery in PIE Therapy

	 Prevention
	Vaccines
	 Antibiotic Prophylaxis

	 Conclusion
	References

	13: Systemic Embolism in Endocarditis: Incidence, Risk Factors, Clinical Significance and Treatment Strategies
	Case Studies
	Case 1
	 Case 2

	 Introduction
	 Risk Factors Associated with Embolic Events
	Infecting Organism
	 Valve Location

	 Vegetation Morphology
	Age
	 Abnormalities of Coagulation and Fibrinolysis

	 Strategies to Decrease Embolic Risk
	Antibiotic Therapy
	 Fibrinolytic Therapy
	 Anticoagulant Therapy
	 Aspirin and Other Antiplatelet Agents
	 Surgical Therapy

	 Guidelines
	 Conclusion
	References

	14: Neurological Complications of Endocarditis: Pathophysiologic Mechanisms and Management Issues
	Introduction
	 Historical Perspective
	 Epidemiology
	 Pathophysiological Mechanisms and Clinical Manifestations
	Neurological Embolic Events
	 Infectious Intracranial Aneurysm
	Brain Abscess and Meningitis
	 Intracranial Hemorrhage


	 Etiological Agents
	Neurological Localization

	 Clinical History
	 Treatment Methods to Prevent Embolic Stroke
	 Treatment After Occurrence of Stroke
	 Marantic Endocarditis
	 Summary
	References

	Index

