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This book is dedicated to Drs Geoffrey Wade and Derek
Rowlands, who first introduced me to clinical cardiology
and electrocardiography at Manchester University Medical
School, and to Drs Colin Bray and David Bennett at Wythen-
shawe Hospital for the time, training and encouragement they
gave to me as their research fellow. Their extraordinary knowl-
edge as well as their great love and dedication to the specialty
of cardiology were an inspiration to me.

“We shall never learn to feel and respect our real calling and
destiny, unless we have taught ourselves to consider every
thing as moonshine, compared with the education of the
heart”

—J. G. Lockhart (August 1825), quoted in Lockhart’s
Life of Sir Walter Scott, vol. 6 (1837), ch. 2.



FOREWORD

Infective endocarditis, a dreaded complication of acquired
valvular and congenital heart disease, has long been a
source of fascination and a challenge to physicians, mi-
crobiologists and cardiac surgeons. Despite the landmark
development of antibiotic therapy in the 1950s that, for
the first time, offered the possibility of cure and the subse-
quent introduction of cardiac surgery and improved mi-
crobiological and imaging techniques, mortality remains
high, diagnosis is often difficult and, arguably, many cases
could be prevented. With an annual incidence in the United
Kingdom of under 1000 cases per year, few cardiologists
will have great experience of endocarditis, but it is a condi-
tion that requires clinical judgement of the highest order
and a multi-disciplinary approach if complications and
mortality are to be minimised.

David Ramsdale has a particular interest in and long
experience of endocarditis. This book is the culmination of

that experience combined with an exhaustive review of the
literature carried out during his leadership of a project, on
behalf of the British Cardiac Society, to develop guidance
on its diagnosis and management. Entitled a Color Atlas
of Infective Endocarditis because of the large number of
superb clinical photographs, many from his own practice,
the scope of this monograph far exceeds that of a compre-
hensive collection of illustrations of the protean manifes-
tations of this disease. Dr Ramsdale has provided us with
an authoritative textbook on the contemporary approach
to the prevention, diagnosis and management of infective
endocarditis. It will provide a valuable source of learning
and reference for students, microbiologists, sonographers,
dentists, and physicians of all specialties.

Nicholas Brooks
Manchester

July 2005
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PREFACE

Infective endocarditis is a life-threatening disease with sub-
stantial morbidity and mortality (20% or more) despite
improved techniques to aid diagnosis and modern an-
tibiotics and surgical therapies. It affects individuals with
underlying structural cardiac defects who develop bac-
teremia, often as a result of dental, gastrointestinal, geni-
tourinary, respiratory, or cardiac invasive/surgical proce-
dures. Most organ systems can be involved and the manner
in which infective endocarditis may present to doctors in a
variety of specialties demands that they be made aware of
infective endocarditis as a potential diagnosis warranting
prompt specialist investigation and treatment.

This illustrated book aims to present the clinical
manifestations—both cardiac and extracardiac, the diag-
nostic techniques currently used in clinical practice, the
range of microorganisms that are responsible, and the
clinical scenarios that are often associated with initiat-
ing bacteremia. The guidelines for prophylactic antibiotic
therapy to prevent infective endocarditis following dental
or invasive/surgical procedures and the medical treatment
indicated for both native and prosthetic valve endocarditis
are presented in detail. Finally, the indications, timing, and
outcome of cardiac surgical intervention and prognosis are
discussed.
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CHAPTER 1

Incidence and Pathogenesis

INCIDENCE

Infective endocarditis (IE) is uncommon. The yearly
incidence reported in developed countries ranges be-
tween 1.8 and 6.2 per 100 000 of the population [1–5].
However, these estimates may be imprecise for a vari-
ety of reasons. Although it affects neonates [6,7], in-
fants [8], children [9,10], young adults, and pregnant
women [11], the incidence increases after 30 years of
age and exceeds 10 per 100 000 for people aged over
50 years [12]. It is a life-threatening disease with a substan-
tial in-hospital morbidity and mortality (approximately
20%) despite improved techniques to aid diagnosis and
modern antibiotics and surgical therapies [13]. One-year
mortality approaches 40% [14]. Prosthetic valve endocar-
ditis (PVE), although uncommon (0.1–2.3% per patient
year) carries an even higher mortality rate [15–17] and
prevention of IE is therefore extremely important [18].

ETIOLOGY AND PATHOGENESIS

Infective endocarditis predominantly affects individuals
with underlying structural cardiac defects who develop
bacteremia with microorganisms likely to cause endo-
carditis [19].The incidence and risk of IE in such patients
following cardiac surgical and interventional procedures

has been reviewed in the literature [20,21]. Experimental
studies suggest that endothelial damage leads to platelet
and fibrin deposition and thus a nonbacterial thrombotic
endocardial lesion [22,23]. If bacteremia then occurs, for
example as a result of a surgical or dental procedure or in-
strumentation involving mucosal surfaces contaminated
by microorganisms, bacteria settle on the damaged or
abnormal heart valves or on the endocardium close to
anatomic defects resulting in endocarditis or endarteri-
tis. Valvular and congenital cardiac abnormalities, espe-
cially those that result in abnormal high-velocity jets, can
damage the endothelial surface and predispose to the for-
mation of a potential site for an infective endocardial le-
sion [24,25] and the pathologic hallmark of endocarditis—
infective vegetations (Figure 1.1), which are composed of
masses of organisms enmeshed with fibrin, platelets, and
variable inflammatory cell infiltrate (Figures 1.2–1.4) [26].
Thus, in patent ductus arteriosus, vegetations usually oc-
cur on the pulmonary artery, at the site where the jet of
blood from the aorta hits the pulmonary artery through
the ductus. In mitral regurgitation, vegetations occur on
the atrial aspect of the mitral valve and in aortic regurgita-
tion on the ventricular aspect of the aortic valve. Progres-
sive, uncontrolled infection leads to intracardiac abscess
formation, valvular perforation, destruction, and dehis-
cence causing regurgitation, fistula, and false aneurysm
formation as well as devastating embolic and vasculitic
complications.

1
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FIGURE 1.1 Large vegetations on the mitral valve
in a patient with Staphylococcus aureus endocarditis.

FIGURE 1.2 Histopathology of vegetations contain-
ing bacterial colonies (arrow). Courtesy of Dr Hani
Zakhour.

FIGURE 1.3 High-power magnification of vegeta-
tions showing bacterial colonies (arrow). Courtesy of
Dr Hani Zakhour.
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FIGURE 1.4 Histopathology of vegetations show-
ing bacterial colonies stained black. Courtesy of
Dr Hani Zakhour.

PATIENTS AT RISK

Currently, patients with prosthetic cardiac valves, users
of illicit intravenous (IV) drugs, and patients with mitral
valve prolapse or other nonrheumatic heart disease (e.g.

FIGURE 1.5 Patients with multiple prosthetic valves are at in-
creased risk of infective endocarditis. Chest X-ray—left lateral.

congenital heart disease, bicuspid aortic valves), rather
than those with rheumatic heart disease, account for the
majority of cases of IE, although rheumatic heart dis-
ease is still responsible for approximately 40–50% of cases
[19,27–31] (Figures 1.5–1.9). Such patients are at increased
risk when undergoing invasive procedures. Elderly pa-
tients, chronic alcoholics, patients with chronic inflam-
matory bowel disease, poor dental hygiene, or on chronic
hemodialysis, as well as those with diabetes mellitus and
those on immunosuppressives are at increased risk of IE
[5,32–44]. Left-sided cardiac structures are most com-
monly affected (85% of cases)—isolated aortic lesions in
55–60%, isolated mitral lesions in 25–30%, and mitral and
aortic lesions in 15% of cases. Right-sided IE accounts for
10–15% of cases.

Table 1.1 shows the causes of bacteremia that are re-
sponsible for IE and the predominant pathogens that are
responsible.
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FIGURE 1.6 Patients with mitral valve prolapse and
mitral regurgitation are more prone to infective endo-
carditis. Vegetations can be seen on the leaflets and
chordae (arrow). Courtesy of Dr John Gosney.

FIGURE 1.7 Large mobile vegetations on this myx-
omatous prolapsing mitral valve were associated with
severe mitral regurgitation and ruptured chordae. This
65-year-old man with Staphylococcus aureus endo-
carditis died of a large cerebral abscess. Courtesy of
Dr John Gosney.

FIGURE 1.8 Large vegetations on a myxomatous
mitral valve again associated with severe mitral regur-
gitation and ruptured chordae. Courtesy of Dr John
Gosney.
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TABLE 1.1 Causes of Bacteremia Responsible for Infective Endocarditis [45]

Cause Percent of cases Predominant pathogen

Dental procedures 20 Penicillin-sensitive viridans
streptococcia [46–49]

Respiratory tract infection <5 Streptococcus pneumoniae b [50–54]
Oropharyngeal surgery Haemophilus spp.
Respiratory tract surgery

Gastrointestinal infectious diseases 10–15 Enterococci
Gastrointestinal tumors [55] Streptococcus bovis [56–59] [72–75]
Gastrointestinal tract, Gram-negative aerobic bacilli

therapeutic interventions [60–61] Staphylococci
Gallbladder disease [62]
Inflammatory bowel disease [63–66]

Urosepsis [67] 5–10 Enterococci [68–71]
Urological interventions Gram-negative aerobic bacilli

Staphylococcus aureus
Gynecological infections 1–5 Streptococci
Gynecological interventions Enterococci

Pacemaker implantation/infection Staphylococcus epidermidis/S. aureus
(TV) [76,77]

Valvular heart surgery:
early Staphylococcus aureus

Staphylococcus epidermidis
late Staphylococcus aureus, Staphylococcus epidermidis

Viridans streptococci
Any organism

Other
Dermatological conditions [78–81]
Wound infections 10–15 Staphylococcus aureus
Skin injuries/burns [82,83] Staphylococcus epidermidis
Osteomyelitis [84,85] Gram-negative aerobic bacilli
Intravascular cathetersc [86–88] Fungi [89,90]
Chronic hemodialysis
Portosystemic stent shunt [91]
IV drug abused [92–94]
Cardiac surgery 10
Ventriculo-atrial shunt [95]
a Viridans streptococci (alpha hemolytic) comprise S. bovis; S. mutans (10%); S. mitis (25%)—includes S. sanguis; S. anginosus (5%)—
formerly S. milleri group—includes S. intermedius [96–98].
bStreptococcus pneumoniae is infrequent [99,100].
c IV lines in patients after valve replacement are important potential causes of IE.
d Staphylococcus aureus (60%); streptococci and enterococci (20%); Gram-negative aerobic bacilli (10%); fungi (5%).

A wide variety of other microorganisms have been reported to cause IE including: Neisseria gonorrhoeae [101–103], N. meningi-
tidis [104,105]; HACEK Gram-negative bacilli [106–111]; Pseudomonas aeruginosa, [112,113], P . mendocina [114]; Listeria [115–121];
diphtheroids [122]; Spirillum [123]; Brucella [124]; Mycoplasma pneumoniae [125,126]; Coxiella burnetii [127]; Chlamydia [128–131];
Bartonella[132]; Salmonella[133–135]; Pasteurella [136,137]; Yersinia [138]; Nocardia [139]; Tropheryma whipplei [140–143]; Lactobacil-
lus [144,145]; Clostridium [146,147]; Legionella [148–150]; Mycobacterium tuberculosis [151]; Rothia dentocarios [152]; Erysipelothrix
rhusiopathiae [153]; Gemella [154,155]; Histoplasma [156];Serratia [157]; Moraxella [158]; Actinomycosis [159]; Streptomyces [160];
group B streptococci [161].

For further references relevant to this section see website: www.bcs.com.
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FIGURE 1.9 The large vegetations on this bicus-
pid aortic valve were due to viridans streptococci. The
crusted white nodule on the right is a mass of collage-
nous fibrosis with calcification. The vegetation virtu-
ally occludes the orifice. Courtesy of Dr John Gosney.
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CHAPTER 2

Clinical Features

CLINICAL MANIFESTATIONS

The clinical manifestations of IE will depend on factors
such as the nature of any predisposing condition, the viru-
lence of the responsible organism, and the portal of entry
[1].

Patients with acute IE typically present with an ac-
celerated illness including high remitting pyrexia, rigors,
and prostration [2,3] (Figure 2.1). It is usually caused by
virulent pathogens such as Staphylococcus aureus and pre-
existing valve disease can be minimal. In contrast, those
with subacute endocarditis present more insidiously with
anorexia, weight loss, fever, chills, myalgia, arthralgia, and
fatigue [4,5]. It usually affects patients with major pre-
existing heart valve defects and is caused by less viru-
lent pathogens such as the viridans streptococci. Unique
features occur in childhood [6]. However, there is great
variability in the clinical presentation, which is often re-
lated to the type of organism responsible and the portal of
entry.

The clinical manifestations may be classified as cardiac
and extracardiac, although specific features may be found
in patients with right-sided IE, PVE, fungal IE, and culture-
negative IE (CNE).

CARDIAC

Cardiac manifestations usually dominate the clinical pre-
sentation with the presence of new or worsening cardiac

murmurs or the development of cardiac failure due to
advanced valvular infection and destruction [4,7,8]. Eighty
percent of patients present with a murmur whilst 15–20%
develop one in hospital [9,10]. Preexisting heart disease
is found in 60–75% of cases of left-sided endocarditis
but is less common in right-sided disease. The degree of
valvular destruction depends on the organism responsi-
ble, the duration of infection and its anatomic site. It may
consist of ulceration, tear and rupture of mitral or tri-
cuspid chordae tendineae, perforation of the cusps them-
selves, and even valvular disruption and dehiscence result-
ing in moderate or severe regurgitation [11] (Figure 2.2).
Typically, vegetations occur on the atrial surface of the mi-
tral valve, on the ventricular surface of the aortic valve,
distal to a coarctation of the aorta, in the pulmonary
artery in association with a patent ductus, and on the
right side of a ventricular septal defect. Occasionally all
four valves are affected and mural endocarditis occurs
[12]. Eustachian valve endocarditis has also been reported
[13–16].

Abscesses of the heart are observed in 20–40% of cases,
mainly in the aortic valve ring [17–21].They can spread
to surrounding structures such as the aorta, the anterior
mitral valve leaflet, and the interventricular septum and
can cause a fistula between the two ventricles, between the
aorta and left atrium, right atrium or right ventricle, be-
tween the left ventricle and the right atrium, and even into
the pericardial cavity causing tamponade [19–25]. Rupture
of the sinus of Valsalva is usually associated with the de-
velopment of a continuous murmur, cardiac failure, and a
high mortality [26]. Septal abscesses can lead to progressive

11
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FIGURE 2.1 High remitting pyrexia often associated with rigors is a presenting feature of infective endocarditis. IV antibiotics (arrow)
produce a favorable response.

FIGURE 2.2 Infective endocarditis of the aortic valve due to Strep-
tococcus faecalis causing detachment of the right coronary cusp
(arrow). Courtesy of Mr Walid Dihmis.

FIGURE 2.3 Abscess of the interventricular septum (arrow) can
lead to progressive conduction defects including complete heart
block and asystole. Courtesy of Dr L. Morrison.
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FIGURE 2.4 Conduction disturbances such as complete heart
block (as shown here) may occur as a complication of infective endo-
carditis especially aortic valve endocarditis when infection extends
into the interventricular septum (see Figure 2.3).

conduction defects evidenced by prolongation of the PR
interval and leading to complete heart block [23,27]
(Figures 2.3 and 2.4). This is more often associated with
PVE than with native valve endocarditis (NVE) and native
aortic than mitral valve endocarditis. Aortic root abscesses
may produce a sinus of Valsalva aneurysm (Figure 2.5) or
involve the coronary ostia, and large vegetations can cause
valvular obstruction [28,29]. Subaortic aneurysm has been
reported [30]. Occasionally, chest pain due to pleurisy,
pericarditis or myocardial infarction resulting from coro-

FIGURE 2.5 Aortogram in a 70-year-old man with infective en-
docarditis of the aortic valve due to viridans streptococci. The il-
lustration shows severe aortic regurgitation and an aneurysm of the
sinus of Valsalva (arrow).

FIGURE 2.6 Embolization and occlusion of a coronary artery by
a large friable vegetation (arrow) from the aortic valve resulted in
acute myocardial infarction and death (see Figure 2.7). Courtesy of
Dr Hani Zakhour.

nary arterial emboli are presenting symptoms [31–34]
(Figures 2.6–2.10). An inflammatory or septic pericardial
effusion is mainly observed in patients with aortic valve
endocarditis but pericardial abscess may occur as a result
of infection on the mitral valve [19]. Primary involvement
of the myocardium occurs with reduction in contractil-
ity and ST-T wave abnormalities and ventricular arrhyth-
mias may result (Figures 2.11–2.14). Free wall myocardial
abscesses may rupture and cause sudden death [35–37]
(Figures 2.15–2.17).

FIGURE 2.7 Myocardial infarction (arrow) following acute coro-
nary occlusion by an embolized vegetation from the aortic valve.
Courtesy of Dr Hani Zakhour.
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FIGURE 2.8 Twelve-lead ECG showing acute ST-segment eleva-
tion in leads V1–V3 due to acute myocardial infarction following a
devastating coronary embolus from an aortic valve vegetation.

EXTRACARDIAC

Extracardiac clinical manifestations consist of embolic
(13–40%) as well as vasculitic phenomena [33,38,39]—the
latter probably being due to immune-complex deposition.
Embolic events usually occur early. Focal pain in the flanks
or left upper quadrant may be due to embolic infarcts in
the kidneys (Figures 2.18–2.21) or spleen (Figures 2.22 and
2.23). Bowel ischemia may be a result of mesenteric em-
bolism. Retinal and peripheral limb emboli may also occur

FIGURE 2.9 Twelve-lead ECG showing acute ST-segment elevation in leads II, III, and aVF suggests acute inferior myocardial infarction as
a complication of aortic valve endocarditis.

FIGURE 2.10 Acute inferior myocardial infarction may be due to
obstruction of the right coronary artery by an embolized vegetation
from the aortic valve resulting in total coronary occlusion (arrow),
as shown by this right coronary arteriogram.

and digital infarction and gangrene may be a feature (Fig-
ure 2.24). Splenomegaly is found in 30–50% [17,38,40];
splenic abscesses sometimes occur and splenic rupture can
be fatal [41,42]. Abdominal CT or MRI scans appear to be
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FIGURE 2.11 Myocardial abscesses (arrow) due to
Staphylococcus aureus endocarditis in a 25-year-old
male IV drug abuser dying of septicemia. Abscesses
were also found in liver, spleen, and brain. Courtesy
of Dr John Gosney.

FIGURE 2.12 Histology of the myocardial abscess
showing necrotic myocardium, fragmented cardiomy-
ocytes, and an inflammatory response with mono-
cytes, neutrophil leukocytes, and red blood cells. Cour-
tesy of Dr John Gosney.

FIGURE 2.13 Focal microabscess in the myocar-
dium due to Staphylococcus aureus.
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FIGURE 2.14 Direct involvement
of the myocardium can cause seri-
ous arrhythmias such as ventricular
tachycardia.

FIGURE 2.15 Large myocardial abscesses (arrows)
in the left and right ventricular free wall and in-
terventricular septum in a 53-year-old woman who
developed septicemia due to Staphylococcus aureus
following emergency laparotomy for small bowel ob-
struction. Five days postoperatively she developed
pyrexia, oliguria, hemodynamic instability, peripheral
limb infarcts, as well as severe mitral and aortic valve
regurgitation. She died in theatre after debridement of
an aortic root abscess, homograft replacement of her
aortic root, and removal of a mitral valve vegetation.

FIGURE 2.16 Renal (arrow), splenic, and cerebral
abscesses were found at post-mortem in this patient.
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FIGURE 2.17 Her transesophageal echocardiogram demon-
strated severe mitral and aortic regurgitation, a 2 cm vegetation
(v) on the posterior leaflet of the mitral valve and echodense ar-
eas in the interventricular septum (arrows). Figures 2.15–2.17 were
kindly provided courtesy of Drs J. Chikwe, J. Barnard, J.R. Pepper,
and C. Sheppard. Heart 2004;90:597. Reproduced with permission
from the BMJ Publishing Group.

the best diagnostic tests for a splenic hematoma or splenic
abscess (Figures 2.25 a and b) and urgent drainage or
splenectomy may be necessary.

Neurological manifestations may be the presenting
feature [43,44]. These may be headache or any symp-
toms and signs associated with focal cerebral infarcts
(Figures 2.26–2.28), cerebritis or abscess, hemorrhage
or mycotic aneurysm, including stroke, drowsiness, con-
fusion, and seizures [45–48]. Subarachnoid and intrac-
erebral hemorrhage are uncommon presenting features.
Meningism/meningitis may occur and CSF cultures may
be positive [49]. These are particularly serious and life-
threatening features with a mortality rate of 40%. A
cerebral scan should be performed and in those with cere-
bral hemorrhage, arteriography or MRI angiogram to look
for a mycotic aneurysm (Figure 2.29 a and b). Approxi-
mately 3% of all patients with IE develop small aneurysms
on the distal branches of the middle, anterior, or posterior
cerebral arteries (Figure 2.30). About 65% of these rupture
within the first 5 weeks with a high mortality rate (Figure
2.31). Emergency treatment is required to treat or prevent
rupture of a mycotic aneurysm or a space-occupying lesion
such as a cerebral abscess.

Other vascular or immune-mediated phenomena may
occur, including petechiae (20–40%) (on extremities,
above clavicles, buccal and palatal mucosa or on palpebral
conjunctiva) (Figure 2.32), splinter hemorrhages (5–20%)
(Figures 2.33–2.35), retinal hemorrhages, Roth spots
(5–10%) (Figure 2.36), painful Osler’s nodes (5–15%)

FIGURE 2.18 Diffuse petechial hemorrhages on the capsular sur-
face of the kidney—the “flea-bitten kidney” represents the macro-
scopic appearance of the focal embolic nephritis that occurs in in-
fective endocarditis.

FIGURE 2.19 Hemorrhagic renal infarct (arrow) due to septic
emboli in a patient with Staphylococcus aureus endocarditis of the
aortic and mitral valves. Courtesy of Dr Hani Zakhour.
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FIGURE 2.20 Histopathology of hemorrhagic renal infarct as a result of a septic embolus (arrow) occluding a renal artery. Courtesy of
Dr Hani Zakhour.

FIGURE 2.21 High power view of Figure 2.20.
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FIGURE 2.22 Cross-section of spleen showing hemorrhagic in-
farct (arrow) due to systemic embolization of vegetation associated
with aortic valve endocarditis.

(Figures 2.37–2.40), painless red Janeway lesions on the
palms and soles (Figures 2.41 a and b), and finger
clubbing—which occurs late in 10–20% of patients
(Figures 2.42–2.45). Mycotic aneurysms, which occur in
2–15% of patients who have IE, involve mainly the sinuses

FIGURE 2.23 Large, old splenic infarct due to systemic embolus
in a patient with aortic valve endocarditis. Courtesy of Dr Hani
Zakhour.

FIGURE 2.24 Digital infarct/gangrene due to peripheral emboli
of aortic valve vegetations.

of Valsalva, the cerebral and carotid arteries, the branches
of the abdominal aorta (the mesenteric arteries, renal
artery), and more rarely limb and coronary arteries
[50–60]. They occasionally rupture, causing subarachnoid
or intraventricular hemorrhage or other vascular catastro-
phes [61–64]. Intracranial mycotic aneurysms (1.2–5%
of cases) have an overall mortality of 60% but 80% if
rupture should occur [62,65–67] (see Figures 2.29–2.31).
Contrast-enhanced CT scanning and 3-D magnetic res-
onance imaging may provide adequate information but
angiography remains the diagnostic imaging test of choice
[65,68].

FIGURE 2.25a) Computer-assisted tomography (CAT) scan
showing large splenic hemorrhagic infarct/hematoma (arrow) in a
patient with prosthetic valve endocarditis on anticoagulant therapy.



20 Color Atlas of Infective Endocarditis

FIGURE 2.25b) CAT scan showing splenic abscess (arrow).

FIGURE 2.26a) Transoesophageal echocardiography shows a large vegetation on the posterior leaflet of the mitral valve (arrow) in a
53-year-old man with mitral valve prolapse, mitral regurgitation and a history of previous infective endocarditis who developed infective
endocarditis due to Staphylococcus aureus. Fever, Janeway lesions on the right hand and left foot, left arm and facial weakness, slurred speech
and mild dysphasia and a Roth spot in the left fundus were the presenting features.
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FIGURE 2.26b) A CAT scan showed a large right parietal and a left occipital cerebral abscess. Following treatment with IV flucloxacillin,
cefotaxime and gentamicin for 6 weeks, the neurological deficit and the cerebral abscesses on CAT scanning resolved. He was referred electively
for mitral valve replacement. Courtesy of Dr E Roberts.

FIGURE 2.27 Two CAT scan slices showing hemor-
rhagic infarct in right occipital region due to systemic
embolus of a vegetation from the mitral valve infected
with coagulase-negative Staphylococcus. This patient’s
left homonymous hemianopia subsequently resolved
with antibiotic therapy.

FIGURE 2.28 Three CAT scan images from a di-
abetic woman with a large vegetation on the mitral
valve due to Streptococcus sanguis endocarditis. She
developed a behavioral disturbance and a right hemi-
plegia. The left image showed an area of infarction in
the left cerebral hemisphere, which progressed (central
image). After rapidly lapsing into unconsciousness,
a third CAT scan (right) showed severe intracerebral
hemorrhage affecting the left lateral and frontal lobes
and midline shift. Courtesy of Dr Chris Bellamy.



FIGURE 2.29 (a) Cerebral an-
giogram showing mycotic aneurysm
in a distal branch of the left middle
cerebral artery (arrow) in a 38-year-
old male IV drug abuser with infec-
tive endocarditis presenting with se-
vere headache. It was associated with
hemorrhage in the lateral fissure (ar-
row) (b). Courtesy of Dr Frederick
Chen. Copyright protected material
used with permission of the author
and the University of Iowa’s Virtual
Hospital, www.vh.org.

FIGURE 2.30 Mycotic aneurysms (arrow) may involve a cerebral
artery in patients with infective endocarditis and result in intracere-
bral or subarachnoid hemorrhage. Courtesy of Dr Hani Zakhour.

FIGURE 2.31 Ruptured mycotic aneurysms of cerebral arter-
ies (arrow) usually cause neurological catastrophes. Courtesy of
Dr Hani Zakhour.

22
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FIGURE 2.32 Subconjunctival hemorrhages.

FIGURE 2.33 Splinter hemorrhage (arrow) in finger of patient
with Streptococcus faecalis aortic valve endocarditis.

FIGURE 2.34 Extensive splinter hemorrhages in a patient with in-
fective endocarditis of the aortic valve. Courtesy of Dr David Roberts.

FIGURE 2.35 Splinter hemorrhage on the thumb of a patient with
infective endocarditis due to viridans streptococci.

FIGURE 2.36 Roth spot (arrow) in retina of patient with infective
endocarditis. Courtesy of Dr David Roberts.
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FIGURE 2.37 Painful, red, tender Osler’s nodes on the thumb of
a patient with infective endocarditis due to Staphylococcus aureus.

Deposits of immune complexes with complement
along the renal glomerular basement membrane may cause
a focal or diffuse glomerulonephritis and can be diag-
nosed by renal biopsy with appropriate glomeruli staining
[69–71]. Arthritis and Osler’s nodes have also been at-
tributed to the local deposit of immune complexes [72–
76]. Besides immune complex glomerulonephritis and
septic renal infarcts, hemodynamic instability, antibiotic
drug and contrast medium toxicity can be responsible for
acute renal failure, which often indicates a poor prognosis.

Endopthalmitis, osteomyelitis, diskitis, and epidural
abscess formation are rare complications [77–79] (Figures
2.46 a and b).

Emboli are more likely to occur with enterococci,
staphylococci, Gram-negative aerobic bacilli and fungi,
with large mobile vegetations and especially when the
mitral valve is affected. They tend to occur early before
hospital admission and within the first 2 weeks of starting

FIGURE 2.38 Osler’s nodes affecting fingers of a man with infec-
tive endocarditis of the aortic valve due to Streptococcus faecalis.

treatment. Fifty percent of all emboli occur within 20
days and 80% within the first month after initial symp-
toms of IE. After an embolic complication, recurrent
episodes are likely to follow, especially if vegetations per-
sist on echocardiography. In >50% of cases, recurrence
of a thromboembolic event occurs within 30 days after
the first episode. It has been estimated that up to 65%
of embolic events involve the central nervous system,

FIGURE 2.39 Osler’s nodes affecting thumb of the man shown in
Figure 2.38.
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FIGURE 2.40 Osler’s nodes of the hands and feet in a patient with Staphylococcus aureus endocarditis of the mitral valve, 8 months after
presenting with acute diskitis of L4/5 (arrow).
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FIGURE 2.41a) Janeway macules usually seen on the palms of the hands and soles of the feet are painless, red macules. Courtesy of Dr Charlie
Goldberg and Dr Josh Fierer, University of California San Diego, USA.

FIGURE 2.41b) These painless erythematous macules are typically distributed along the thenar and hypothenar eminences. They were due
to infective endocarditis due to Streptococcus viridans in a woman with rheumatic mitral valve disease. Courtesy of Dr S M Divakaramenon
and reproduced with permission from the BMJ Publishing Group. Heart 2005;91:516.
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FIGURE 2.42 Finger clubbing in subacute infective endocarditis
due to viridans streptococci.

FIGURE 2.43 Finger clubbing in subacute infective endocarditis
due to Streptococcus faecalis.

FIGURE 2.44 (a and b) Finger clubbing and splinter hemorrhages
(arrow) in a patient with infective endocarditis of the aortic valve.

FIGURE 2.45 Finger clubbing is sometimes best appreciated by
viewing the finger tips from the side.
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FIGURE 2.46a) The magnetic resonance imaging (MRI) scan
shows severe diskitis of L5/S1 (arrow)—an unusual result of in-
fective endocarditis. This 34-year-old woman presented with back,
suprapubic and right thigh pain, a pyrexia of 38.1◦C, and a palpable
tender mass over the right aspect of the sacrum. Cardiac auscultation
revealed a pansystolic murmur of mitral regurgitation and blood
cultures yielded Streptococcus oralis. Courtesy of Dr Chris Bellamy.

that the majority lodge in the middle cerebral artery terri-
tory, and that the associated mortality is high [80].

SPECIFIC MANIFESTATIONS

Right-sided Endocarditis
In patients with right-sided IE, the tricuspid valve is most
frequently involved (80%) (Figure 2.47), pulmonary in-
farcts are often followed by lung abscesses, and pleural
effusions occur [81–84](Figure 2.48). Hemoptysis can be
fatal [64]. Mycotic aneurysms of the pulmonary arteries

FIGURE 2.46b) Bacterial endophthalmitis causing visual loss
may occur rarely as a result of streptococcal infective endocardi-
tis (in this case S. pneumoniae). Courtesy of Dr S Harding.

may also be complicated by potentially fatal pulmonary
hemorrhage. Peripheral emboli and immunological vas-
cular phenomena generally do not occur but massive
pulmonary embolism of large vegetations can be fatal
(Figure 2.49). The main cause is intravenous drug abuse
but others include pacemaker infection, central IV lines,
skin and gynecological infections, and bacteremia in pa-
tients who have congenital cardiac lesions [85,86]. In
IV drug abuse, the prognosis of right-sided IE is fa-
vorable (4–5% mortality) but recurrences are frequent
(30%) [87,88]. When endocarditis is associated with in-
fection of pacemakers (Figures 2.50a–d), automatic im-
plantable defibrillators, central IV or Hickman lines or
other foreign bodies, e.g. septal occluder devices, tube
grafts etc., the objects need to be removed in order to
maximize the chance of successful treatment and antimi-
crobial therapy is required for 4–6 weeks [89] (Figures 2.51
and 2.52). S. aureus and S. epidermidis are responsible
for 50% and 25% of pacemaker infections respectively.
Special techniques have been reported for removal of in-
fected material associated with large vegetations [90,91],
but not infrequently open heart surgery is the only op-
tion (Figures 2.53 and 2.54). Forceful traction on retained
electrodes is hazardous, especially on actively fixed, screw-
in atrial leads, when myocardium may be removed and
myocardial perforation and cardiac tamponade may oc-
cur (Figure 2.55).

Prosthetic Valve Endocarditis
When prosthetic valves are affected (accounts for 5–15%
of all cases in developed countries [92,93]), abscesses are
particularly frequent, extending beyond the prosthetic ring
into the annulus and periannular tissue (Figure 2.56). Con-
duction system disturbance and even purulent pericarditis
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FIGURE 2.47 Tricuspid valve endocarditis follow-
ing diagnostic cardiac catheterization is exceedingly
rare but in this case was due to Staphylococcus aureus.
A valvular abscess (thin arrow) and vegetation (thick
arrow) on the tricuspid valve are shown. Courtesy of
Mr Walid Dihmis.

FIGURE 2.48 Chest X-ray showing many of the fea-
tures typical of right-sided infective endocarditis com-
plicated by septic pulmonary emboli. Multiple alveolar
opacities are noted in the right lung. Abscess forma-
tion in the left lung has caused a bronchopleural fistula,
pneumothorax, and empyema, hence the fluid level.
Courtesy of Dr Brad Munt and Dr Rob Moss. Heart
2003;89:577–581. Reproduced with permission from
the BMJ Publishing Group.
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FIGURE 2.49 A. Apical 4-chamber view of TTE showing a large, mobile, lobulated vegetation (arrow) partially obstructing the tricuspid
valve and prolapsing into the right ventricle (RV). Tricuspid valve endocarditis was due to Streptococcus agalactiae. RA = right atrium. B.
The tricuspid valve is eroded and associated with a myocardial abscess (arrowheads). C. Death was due to massive pulmonary embolism.
Autopsy revealed complete obstruction of the right pulmonary artery by this 3 × 2 cm mass, representing a fragment of the bacterial vegetation.
S. agalactiae lack fibrinolysin production, which might explain the unusual, large, friable vegetations and their frequent embolisation. Courtesy
of Dr. C B Marcu and reproduced with permission from the BMJ Publishing Group. Heart 2005;91:279.

FIGURE 2.50 (a–d) Eroded pacemakers can become infected and should be removed. Pacemaker pocket infection with Staphylococcus
aureus may result in infective endocarditis with vegetations on the endocardial lead and tricuspid valve. d) Explanted infected dual chamber
pacemaker and leads.
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FIGURE 2.51 This patient with an infected automatic implantable
defibrillator (AICD) and staphylococcal septicemia had the device
explanted. However, the ventricular lead could not be removed either
by manual traction or using the excimer lead removal system. The
fractured stretched electrode embolized into the pulmonary artery
(white arrow) and the tined electrode tip remained firmly anchored
in the right ventricular apex (black arrow).

FIGURE 2.53 This patient underwent a thoracotomy and atriotomy on cardiopulmonary bypass in order to remove the infected electrode
(arrow). Even then the lead could not be freed by simple traction, and dissection away from the ventricular muscle was necessary.

FIGURE 2.52 With infected pacing systems such as this, every
effort must be made to remove all hardware—to avoid subsequent
septicemia and endocarditis. A Dotter retrieval catheter (black ar-
row) was used to capture the loops of bare electrode in the pul-
monary artery, and withdraw them into the right atrium and down
the inferior vena cava. However, despite strong tension the electrode
tip remained firmly adherent to the right ventricular apex (white
arrow).
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FIGURE 2.54 Tip of tined ventricular AICD lead removed surgi-
cally from the right ventricular apex.

are serious complications. The diagnosis requires a high
index of suspicion from the clinician [94]. Ring or septal
abscess, fistulous tract, and dehiscence of the prosthesis are
frequent autopsy findings. Vegetations can interfere with
disk function, causing obstruction and/or regurgitation. In
bioprosthetic valve IE, the anatomic lesions vary between
limited leaflet infection and disseminated infection and
valve destruction [95] (Figure 2.57).

Early The microbiology of early (<60 days) PVE (which
still accounts for 0.4–1.2% of cases) and of those occurring

FIGURE 2.55 Removing infected permanent pacemaker elec-
trodes, especially actively fixed leads, may be impossible by direct
traction. Persistence may result in removal of myocardium, cardiac
perforation, cardiac tamponade, and death; this may be more of a
problem in the thinner atrium. Excimer laser lead-extraction may
be possible but open heart surgery may be necessary, especially if
the electrode is adherent to the tricuspid valve leaflet as well.

within the first year of surgery is distinctive [96,97]. S.
aureus and S. epidermidis predominate (45–50%), fol-
lowed by Gram-negative aerobic bacilli and fungi. Strep-
tococci and enterococci are less common, accounting for
<10% of cases. Contamination occurs intraoperatively
via the wound or from the extracorporeal circulation or
postoperatively from IV catheters, arterial lines, urethral
catheters, and endotracheal tubes. Of the staphylococci,
coagulase-negative staphylococci predominate, particu-
larly S. epidermidis—an increasing number of which are
methicillin-resistant. S. aureus PVE has a high mortality
and surgery should be considered early [98].

Late In late (>60 days) PVE, the bacteriology more
closely resembles that of community-acquired native
IE [44,99]although staphylococci are still important
causative organisms (Figure 2.58). The risk of IE after
cardiac surgical and interventional procedures has been
discussed by de Gevigney et al [100]. The incidence
may be higher in tissue than in mechanical valves [101]
(Figure 2.59).

Fungal Endocarditis
Fungal endocarditis is frequently characterized by negative
blood cultures and a paucity of physical signs [102–107].
The majority of fungal endocarditis is caused by can-
dida or aspergillus infection. Fever, changing murmurs,
and the presence of peripheral emboli—commonly of
large vessels, in the brain, gut, kidneys, coronary arter-
ies, and the limbs—are the most common signs of fun-
gal endocarditis. Although blood cultures are generally
negative in fungal endocarditis, 83–95% are positive in
those with candida infection (Figures 2.60 and 2.61). Cul-
ture of a peripheral arterial embolus may provide the
best and only clue to the presence of fungal endocarditis
and the specimen can be examined microscopically for
hyphae (Figure 2.62). Routine serology has been use-
ful in deep-seated cryptococcosis and histoplasmosis and
although candida precipitins and aspergillus antigens and
antibodies might provide supportive diagnostic evidence
of fungal infection, their sensitivity and specificity are dis-
appointing [108–111]. Fungal vegetations are frequently
large (10–30 mm diameter), bulky and friable, and valvu-
lar or endocardial in position [112]. Echocardiography and
transesophageal echocardiography (TEE) in particular are
most important in establishing an etiological diagnosis,
for defining the anatomical extent of the valvular disease
and for guiding the surgical strategy [113]. Emboli are
frequently large and multiple, cause considerable func-
tional and neurological damage, and lead to the associated
high mortality [107]. Metastatic abscesses are another fre-
quent complication—the heart and kidneys being involved
most commonly [114,115] (Figures 2.63–2.65). Special
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FIGURE 2.56 Transesophageal echo showing a large vegetation on a bioprosthetic aortic valve (gray arrow) infected by coagulase-negative
Staphylococcus. A large paravalvular abscess is clearly visible (twin white arrows).

FIGURE 2.57 Infected aortic valve bioprosthesis destroyed by Staphylococcus aureus endocarditis.



FIGURE 2.58 Gram-positive Staphylococcus aureus
seen by histological examination of infected tissue ad-
herent to an infected prosthetic valve.

FIGURE 2.59 Infected Starr–Edwards mechanical
prosthesis as a result of Staphylococcus epidermidis in-
fection (arrow).

FIGURE 2.60a) Colonies of Candida albicans growing on
Sabouraud’s medium.

FIGURE 2.60b) Opaque colonies of Candida albicans growing on
blood agar. Courtesy of Dr. John Cunniffe.
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FIGURE 2.61 Yeasts visualized microscopically.

FIGURE 2.62 Culture of a peripheral arterial embo-
lus or histological examination may provide the best
and only evidence of fungal endocarditis. This speci-
men shows fungal hyphae due to Aspergillus infection
of the tricuspid valve of an IV drug abuser.

FIGURE 2.63 Myocardial abscess due to Candida
albicans infective endocarditis. The valve and the en-
docardial surface bear well-defined red-gray vegeta-
tions in this 46-year-old woman dying of acute lym-
phoblastic leukemia. Courtesy of Dr John Gosney.
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FIGURE 2.64 Histology of myocardial abscess due to Candida
infection, showing a large aggregate of fungal hyphae within the
myocardium. The specimen is stained with the periodic acid–Schiff
(PAS) method, which brings up the carbohydrate in the fungal hy-
phae allowing them to be seen easily. Courtesy of Dr John Gosney.

stains can help to identify fungal hyphae histologically
(Figure 2.66).

Medical treatment combined with early surgery is the
mainstay of treatment. Surgery (valve replacement) should
be performed as soon as the bulky vegetations are diag-
nosed in order to prevent the high rate (68%) of emboliza-
tion. Fungal endocarditis may complicate prolonged an-
tibiotic treatment of PVE and prophylactic oral nystatin
may be valuable [116].

Blood Culture-negative Endocarditis
Blood culture-negative endocarditis (CNE) (5–10%) is
usually due to patients having been treated with antibiotics

FIGURE 2.65 Histology of myocardial abscess due to Candida in-
fection stained with the Grocott silver impregnation method. Here,
the silver is precipitated from a silver salt onto the hyphae and looks
black under the microscope. The counterstain is called “light green”.
Courtesy of Dr John Gosney.

a

b

FIGURE 2.66 Fungal myocardial abscess stained with hema-
toxylin and eosin (H&E) appears as an acute inflammatory focus
(a) but fungal hyphae can be seen clearly when stained by the PAS
method (b).
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FIGURE 2.67 Marantic vegetations as seen on this mitral valve
are sometimes associated with malignant and/or emaciating illness.
The vegetations tend to be small. These were an incidental finding
in an 80-year-old woman dying of carcinoma of the pancreas.

prior to the blood cultures being taken. Other causes in-
clude fungal infections, fastidious slow-growing organ-
isms, e.g. Brucella spp., Mycoplasma spp., Bartonella spp.,
Chlamydia spp., Histoplasma spp., Legionella spp., and
Coxiella burnetii, and “noninfective” endocarditis as seen
in systemic lupus erythematosus and in terminal malig-
nant disease (so-called “marantic endocarditis”) [117–
128] (Figure 2.67; Table 2.1).However, systemic lupus ery-
thematosus and IE can coexist [129].

Some of the more unusual infections have certain
clinical features that are suggestive. For example, Q-fever
endocarditis often occurs in patients in contact with
farm animals, frequently involving the aortic valve but
also the mitral and prosthetic valves. Liver involvement,
thrombocytopenia, and purpura are common [130,131].
Vegetations are usually small. Brucella endocarditis is also
found in patients in contact with cattle and goats, usually
farmers and veterinary surgeons. Again the aortic valve is
more frequently affected and aneurysms of the sinus of

TABLE 2.1 Causes of Culture-Negative Endocarditis

Previous antibiotics
Fastidious organisms

Nutritionally dependent streptococci
The HACEK group of oropharyngeal flora
Bacterial L-forms and anaerobes
Brucella, Neisseria, Legionella
Nocardia, mycobacteria
Mycoplasma pneumoniae

Cell-dependent organisms
Chlamydia, Coxiella, Bartonella

Fungi
Major immune activation—“Endocarditis lente”

FIGURE 2.68 Brucella microagglutination test. This test is used
to determine the relative concentration of Brucella antibodies (both
IgG and IgM) present in the patient’s serum. The serum is incu-
bated with a saffranin-stained Brucella abortus antigen. The posi-
tive reaction is detected by an absence of pellet formation due to
the formation of antigen–antibody complexes. Courtesy of Dr Mike
Rothburn.

Valsalva with intramyocardial spread are common. PVE
has been reported [132].

Advances in serology, histology, and molecular biol-
ogy have helped in establishing the diagnosis in CNE.
Serological tests (antibodies, precipitins) may be help-
ful in these situations, particularly for rickettsia such as
Coxiella, Brucella, or Chlamydia [133] (Figures 2.68–2.70;

FIGURE 2.69 Brucella enzyme immunoassay. This test is in two
stages. In the first stage “U”-bottomed microtiter plates are coated
with Brucella abortus antigen suspension. In the second stage, the
patient’s serum is added. If antibodies are present, these form a
complex with the antigens and are fixed. The complex is detected
by adding an enzyme-labeled monoclonal antibody. When substrate
is added, a positive reaction is indicated by yellow coloration. This
detects both IgG and IgM antibodies. 1–12 = different patients;
A–H = serum samples, serially double diluted from one well to the
next until the antibody (if present) is too dilute to be detected. The
final dilution is expressed as a “titer”. Courtesy of Dr Mike Rothburn.
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FIGURE 2.70 Complement fixation test (CFT). This is a two-stage
test for the presence of antibody in serum (both IgG and IgM). In
stage 1, the serum and known antigen react together in the presence
of added complement. If antigen combines with antibody, the com-
plement is fixed. This fixation is detected in stage 2 by the addition
of sensitized sheep red blood cells (coated with antibody). The pic-
ture shows positives as buttons of settled red blood cells. Negatives
show uniform lysis caused by free (unfixed) complement. This test
is used for detection of various bacteria which may cause culture-
negative infective endocarditis notably, Brucella, Coxiella (Q-fever),
and Chlamydia psittaci. Courtesy of Dr Mike Rothburn.

Table 2.2). Although Coxiella (a strict intracellular Gram-
negative organism) may be found by Giemsa staining
of the excised valve, endocarditis is best diagnosed by
IgG (>1/800) and IgA (>1/100) titers to phase I antigen
using the microimmunofluorescence (MIF) test [133–
137]. For Brucella spp. (a facultative intracellular Gram-
negative bacillus), high titers of specific IgG and IgM
antibodies by microagglutination, enzyme immunoassay,
or complement fixation techniques are diagnostic (see

TABLE 2.2 Serologic Tests Used in the Diagnosis of Infective
Endocarditis [149]

Microorganism Serologic technique Cut-off value

Coxiella burnetii Indirect
immunofluorescence

IgG to phase 1
>1:800

Bartonella species Indirect
immunofluorescence

IgG >1:1600

Chlamydia
species

Indirect
immunofluorescence

IgG >1:128

Legionella
pneumophila

Indirect
immunofluorescence

IgG >1:128

Mycoplasma
pneumoniae

IgM enzyme
immunoassay

Optical density
>control

Complement fixation >1:64
Brucella melitensis Wright’s serum

agglutination test
IgG >1:80

Card test Qualitative test:
positive or
negative

FIGURE 2.71 Staphylococcal aureus endocarditis of the mitral
valve. Darkly staining Gram-positive cocci in a vegetation revealed by
the Brown–Brenn tissue Gram stain. Original magnification ×400.
Courtesy of Drs H. Lepidi and D. Raoult.

Figures 2.68–2.70). Special histological stains (Figures 2.71
and 2.72; Table 2.3), immunohistology (Figures 2.73 and
2.74; Table 2.4), and occasionally electron microscopy
can help visualize organisms in valvular and other tissues

FIGURE 2.72 Tropheryma whipplei endocarditis. Foamy
macrophages containing the characteristic inclusion bodies in an
aortic valve from a patient with Whipple endocarditis. Periodic
acid–Schiff stain. Original magnification ×250. Courtesy of Drs H.
Lepidi and D. Raoult.
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FIGURE 2.73 Q-fever endocarditis. Immunohistochemical detection of Coxiella burnetii in a resected aortic valve from a patient with Q-fever
endocarditis, using a monoclonal antibody and hematoxylin counterstain. This immunoperoxidase stain demonstrates the intracytoplasmic,
small coccobacillus Coxiella burnetii. The inclusion bodies appear an orange-brown color. Original magnification ×400. Courtesy of Drs H.
Lepidi and D. Raoult.

FIGURE 2.74 Whipple endocarditis: Immunohistochemical detection of Tropheryma whipplei in a resected aortic valve from a patient with
Whipple endocarditis, using a polyclonal antibody and hematoxylin counterstain—immunoperoxidase method. Bacilli are packed as coarse
granular immunopositive material in foamy macrophage cytoplasm. Original magnification ×250. Courtesy of Drs H. Lepidi and D. Raoult.
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TABLE 2.3 Histological Stains of Use in the Diagnosis of
Infective Endocarditis [149]

Tissue stain Detected microorganisms

Giemsa Any bacterium
Tissue Gram
– Brown–Brenn Gram-positive bacteria
– Brown–Hopps Gram-negative bacteria
Periodic acid–Schiff Tropheryma whipplei, fungi
Warthin–Starry Bartonella species
Ziehl–Neelsen Acid-fast bacilli
Gimenez Coxiella burnetii,

Legionella species
Grocott–Gomori methenamine Fungi

silver

TABLE 2.4 Immunohistological techniques

Immunoperoxidase stain
Enzyme-linked immunosorbent assay (ELISA)
Enzyme-linked immunofluorescent assay (ELIFA)
Direct immunofluorescence using fluorescein-conjugated

monoclonal antibodies

removed surgically [138–143]. Bacterial polymerase chain
reaction (PCR) analysis for the amplification of bacte-
rial DNA can be crucial in confirming the diagnosis in
CNE, e.g. Tropheryma whipplei or Bartonella spp., and such
molecular analysis has been recently implemented into the

FIGURE 2.75 Polymerase chain reaction (PCR) products visual-
ized by ethidium bromide staining on a 2% agarose gel undergoing
electrophoresis. PCR product of 370 bp indicates a presence of bac-
terial DNA in the sample. The band of 477 bp corresponds to an
internal standard. PCR fragment from lane 4 was cut, DNA purified
by Gel Extraction Kit and directly sequenced using BidDye Termi-
nator kit on ABI3100-Avant sequencer (Applied Biosystems). The
sequence was compared with sequences obtained from public do-
main databases (NCBI) for determination of pathogen identity. In
this case Actinobacillus actinomycetemcomitans was identified as the
cause of culture-negative infective endocarditis. Courtesy of Tomas
Freiberger, Center for Cardiovascular Surgery and Transplantation-
CKTCH, Brno, Czech Republic.

FIGURE 2.76 Polymerase chain reaction (PCR) and DNA ampli-
fication techniques can detect DNA from microorganisms that are
present in too few numbers to be visualized or when growth charac-
teristics are such that there would be a delay in diagnosis. Advantages
of the technique are speed, automation, high degree of specificity
and sensitivity, crude extract is satisfactory, and the inoculum need
not be viable. The amplified DNA products can then be visualized
by agarose gel electrophoresis and staining of DNA with ethidium
bromide, which intercalates between the nucleotide bases and flu-
oresces under ultraviolet light. Here fragments of the expected size
(bp) of DNA from T. whipplei are identified (arrow) by agarose gel
electrophoresis. This organism may cause severe spondylodiskitis
and infective endocarditis. Courtesy of Professor M. Altwegg, De-
partment of Microbiology, University of Zurich, Switzerland.

newest revision of the Duke criteria [144–148] (Figures
2.75 and 2.76). The main advantages of the methods are
that they can be used on most types of clinical material,
including valvular specimens, are culture-independent
and that through the incorporation of “broad-spectrum”
primers, almost any bacteria can be detected in a single
reaction. Identification of the microorganism from which
amplified DNA is derived can be easily achieved by de-
termining the nucleotide base sequence of a PCR product
and then comparing it with reference sequences in data-
bases such as Genbank or the European Molecular Biology
Laboratory database.

These additional tests may not only improve the sensi-
tivity of the diagnosis, but may also improve the outcome
by increasing the specificity of the antibiotic treatment.
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CHAPTER 3

Investigations

Mild to moderate anemia is commonly present in IE with
a normochromic, normocytic picture. Neutrophil leuko-
cytosis is common and the erythrocyte sedimentation rate
(ESR) and C-reactive protein (CRP) are elevated in 90%
of patients and the latter have been proposed as additional
minor criteria to the Duke classification of IE [1–4]. In-
traleukocyte bacteria can be seen in buffy coat preparations
of blood in up to 50% of cases [5].

Urine examination may reveal microscopic hematuria
and/or proteinuria in 50% of cases. In those develop-
ing immune complex glomerulonephritis, red blood cell
casts and heavy proteinuria may be identified. Renal func-
tion should be repeatedly monitored to detect dysfunction
early. A polyclonal increase in gammaglobulins is charac-
teristic of active endocarditis and an elevated rheumatoid
factor may be of diagnostic help [6,7].

Blood cultures remain the definitive procedure for di-
agnosing IE [8]. At least three sets of blood cultures (aero-
bic and anaerobic) drawn >1 hour apart should be taken
and if positive for the same organism (in the majority
of the culture bottles), this confirms that an endovas-
cular infection is likely. Although IE caused by anaer-
obes is uncommon, blood cultures should be incubated
in both aerobic and anaerobic conditions in an attempt
to detect organisms such as Clostridium or Bacteroides
species.

An ECG and chest X-ray are useful for assessing the
extent and severity of the infection, its effects on cardiac
size and function, and for determining whether surgery
needs to be considered early or whether prophylactic tem-
porary pacemaker implantation is indicated. The presence
of significant conduction abnormalities demonstrated on

the ECG (Figure 3.1), especially if known to be new or
progressive, warrants urgent temporary pacing and this
is classically seen in the presence of aortic root abscesses
complicating aortic valve endocarditis due to Staphylo-
coccus aureus infection [9–12] (Figures 3.2 and 3.3). Ar-
rhythmias may be caused by myocarditis or by ischemia
due to coronary emboli and should be treated in standard
fashion.

A chest X-ray may show evidence of cardiomegaly and
heart failure (Figures 3.4–3.6) but in tricuspid valve en-
docarditis in intravenous drug abusers (Figures 3.7–3.9)
or in patients with serious permanent pacemaker infec-
tion it may demonstrate infective pulmonary emboli and
pulmonary abscesses (Figures 3.10 and 3.11). Computer-
assisted tomography (CAT) scanning may help confirm
a suspicious pulmonary shadow to be an abscess (Figure
3.12) and even identify embolization of vegetations into
the pulmonary circulation (Figures 3.13–3.15). The pres-
ence of a splenic abscess in a patient with splenomegaly
(Figure 3.16) may also be confirmed by CAT scanning.

CAT scanning is an essential investigation of intracra-
nial pathology. It distinguishes between hemorrhage, in-
farction, and abscess by their different X-ray attenuation.
Hemorrhage typically produces a high attenuation image,
infarction a low attenuation image, and an abscess a low
area of attenuation surrounded by a high attenuation ring
(see Figures 2.26–2.28).

Infection-related antiphospholipid antibodies may be
helpful in predicting risk of embolic events and the ap-
plication of polymerase chain reaction (PCR) technology
to blood and tissue samples may be useful for identifying
more unusual pathogens causing IE [13–17].

45
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FIGURE 3.1 Complete heart block may complicate infective en-
docarditis involving the interventricular septum often with abscess
formation. Intracardiac pacing is indicated as an emergency. Cour-
tesy of Dr Chris Bellamy.

FIGURE 3.2 Temporary pacing from epicardial pacing wires is
essential postoperatively in patients with conduction defects asso-
ciated with prosthetic aortic valve endocarditis and paravalvular
abscess due to Staphylococcus aureus.

FIGURE 3.3 Switching off the temporary pacemaker shows the
underlying rhythm to be complete heart block with ventricular
standstill and permanent pacemaker implantation is usually nec-
essary.

FIGURE 3.4 Chest X-ray showing cardiomegaly and pulmonary
edema due to severe aortic regurgitation as a result of Staphylococcus
aureus endocarditis affecting the aortic valve.

FIGURE 3.5 Chest X-ray showing pulmonary edema due to acute
mitral regurgitation as a result of Staphylococcus aureus induced
mitral valve endocarditis.
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FIGURE 3.6 Kerley B lines (arrow) are evidence of pulmonary
edema.

FIGURE 3.7 Chest X-ray showing multiple pulmonary abscesses
in a 26-year-old IV drug abuser with Staphylococcus aureus infec-
tive endocarditis on the tricuspid valve. A typical appearance of a
rounded opacity with air and fluid level (arrow) is characteristic of
an abscess.

FIGURE 3.8 A magnified view of an abscess cavity (arrow). Cour-
tesy of Dr Hilary Fewins.

FIGURE 3.9 Chest X-ray showing many of the features typical of
right-sided infective endocarditis complicated by septic pulmonary
emboli. Multiple alveolar opacities are noted in the right lung. Ab-
scess formation in the left lung has caused a bronchopleural fistula,
pneumothorax, and empyema, hence the fluid level. The patient has
a central intravascular catheter placed for antibiotic administration.
Courtesy of Dr Brad Munt and Dr Rob Moss. Heart 2003;89:577–
581. Reproduced with permission from the BMJ Publishing Group.
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FIGURE 3.10 Chest X-ray in a patient with pyrexia
4 years after dual chamber pacemaker implantation.
An opacity is visible in the left upper lobe (arrow).

When valve replacement is undertaken, valvular tissue
(including vegetations) should be examined histologically
and cultured for the presence of organisms, which may
allow postoperative antibiotics to be tailored accordingly.
Bacterial DNA probe analysis of explanted tissue and am-
plification by PCR may be an alternative to histology and
culture.

The key tests, however, are blood cultures and echocar-
diography.

FIGURE 3.11 Close-up view of the opacity shown
in Figure 3.10 suggests that this may be an abscess.
Blood cultures demonstrated Staphylococcus aureus.

OPTIMAL BLOOD CULTURE
TECHNIQUE

Between three and six sets of blood cultures should be
obtained at intervals>1 hour within the first 24 hours from
all patients suspected of having IE before commencing
antibiotic treatment (Figure 3.17).

Three sets of blood cultures should be taken if the
patient is extremely unwell and the clinical features suggest
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FIGURE 3.12 CAT scan confirms that the shadow is a pulmonary abscess (arrow). A smaller second abscess was identified in the right upper
lobe.

FIGURE 3.13 Transesophageal echocardiography demonstrated a 1 cm vegetation on a tricuspid valve leaflet. The pacing system was removed
under local anesthetic whilst the patient was treated with IV flucloxacillin 3 g four times a day. A temporary pacemaker was not placed as the
original indication was sick sinus syndrome and sinus arrest. IVC, inferior vena cava; SVC, superior vena cava; RA, right atrium; TV, tricuspid
valve; VEG, vegetation; PML, pacemaker lead.
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FIGURE 3.14 Removal of an infected pacing system in a patient
with a vegetation on the tricuspid valve may result in embolization
of the vegetation into the pulmonary circulation. This repeat TEE
in the same patient shown in Figure 3.13 reveals that the vegetation
has disappeared from the tricuspid valve. RA, right atrium; RV, right
ventricle; TV, tricuspid valve.

that endocarditis is very likely and six sets if the patient is
not acutely ill or when the diagnosis is not obvious clini-
cally. Optimal aseptic technique is necessary when taking
the blood cultures to avoid missing the diagnosis as well
as to avoid false positive cases due to contaminating or-
ganisms from the skin [18,19]. Each set of blood cultures
should be taken via a separate venepuncture (10 ml of
blood into each bottle).

The bacteremia associated with IE is typically con-
tinuous, with 10–200 colony-forming units per milliliter
of blood [20]. However, this is not always the case and
some patients may have intermittent bacteremia or less
than one organism per milliliter of blood. In such cases,
the number of positive culture results is directly related
to the number of blood samples drawn and the volume
of blood in each individual sample. Single samples should
not be drawn because the most common contaminants,
coagulase-negative staphylococci, can be responsible for
endocarditis and a positive culture will be difficult to in-
terpret [21]. Ideally, cultures should be spaced at least
60 minutes apart to prove that bacteremia is continuous.
Blood cultures should be stored in an incubator at 37˚C
and not in a refrigerator (Figure 3.18). The possibility of
IE should be made clear on the request form (Figure 3.19).

Overall, about two-thirds of all samples drawn from
patients with IE are positive (Figures 3.20 and 3.21). Those
patients with untreated endocarditis and continuous
bacteremia will generally have positive culture results in
all samples [22]. Ninety percent will be diagnosed by the
first sample and 95% after three cultures [21–23]. Other
patients will have a much lower incidence of positive cul-
tures. These include patients who have already received an-
tibiotic treatment, those with fungal endocarditis or with
“difficult-to-culture” organisms, and those with CNE [24].
It has been estimated that blood cultures may be negative
in as many as 25% of patients who received recent outpa-
tient antibiotic therapy [25–28]and it may be prudent to
delay treatment (dependent on clinical status of patient) in
order to maximize the chance of obtaining positive blood
cultures. Culturing arterial rather than venous blood and
drawing blood during spikes of temperature do not appear
to be of any additional value [29]. When blood cultures are
negative because of previous antibiotic therapy, the period
of time required for the blood cultures to become positive
again varies from 24 hours to 2 weeks depending on the
activity of the antibiotic against the organism and the du-
ration of prior treatment. If treatment has been received
for only 2–3 days, cultures will probably revert to positive
quickly. It is important to indicate on the request form
whether antibiotics have been received by the patient so
that special culture methods for unusual organisms, lysis
centrifugation techniques, or serology may be considered.
Identification should be to species level.

The yield of positive cultures of “slow-growing” or-
ganisms, such as nutritionally variant streptococci (ap-
proximately 5% of streptococci in IE) and the fastidious
Gram-negative aerobic bacilli such as Haemophilus spp. or
Bartonella spp., may be improved by prolonged incubation

FIGURE 3.15 A CAT scan shows the vegetation to have embolized
into a branch of the right lower pulmonary artery (arrow).
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FIGURE 3.16 (a and b) CAT scans showing splenic abscess (arrows). Courtesy of Dr John Holemans.
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FIGURE 3.17 10 ml of blood needs to be added to both aerobic
and anaerobic blood culture bottles. The top illustration shows the
bottles to be used when a patient is not on antibiotic treatment
and the bottom illustration, the bottles to be used if the patient has
already received antibiotics. The culture media in the latter bottles
contain charcoal resin to remove antibiotic from the blood.

(7–21 days) (e.g. on chocolate agar plates) or by using op-
timized blood culture media [30–34]. The microbiology
laboratory should be informed when such organisms are
suspected. Serum can be analyzed for antibodies against
organisms that cannot be cultured routinely or antibod-
ies to Gram-positive bacterial cell walls. PCR may also be

FIGURE 3.18 Automated blood culture monitoring system. The
pairs of blood culture bottles are loaded directly into this incuba-
tor/detector as soon as possible after being collected. Continuous
monitoring allows the earliest detection of bacterial growth. Cour-
tesy of Dr Mike Rothburn.

applied to blood samples or the original growth-negative
blood culture substrate.

ECHOCARDIOGRAPHY

Echocardiography is the most useful tool for confirming
the anatomical diagnosis, e.g. hypertrophic obstructive
cardiomyopathy and mitral valve prolapse (Figures 3.22
and 3.23) and for demonstrating vegetations on valves or
other structures [35–41] (Figures 3.24 and 3.25). It should
be performed by appropriately trained personnel accred-
ited in echocardiography (Figure 3.26).

M-mode transthoracic echocardiography (TTE) has
been used for the detection of vegetations associated with
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FIGURE 3.19 Request forms should be fully completed accurately and legibly and as much clinical information as possible should be
provided. Specimens should be placed in an incubator without delay and not refrigerated overnight.

FIGURE 3.20 Blood culture bottles after incubation showing
color change in positive bottle indicating the need for subculture
onto agar plates for identification tests and antibiotic susceptibility.
In culture-negative endocarditis, the bottles do not signal as positive.
Courtesy of Dr Mike Rothburn.

IE since 1973 (Figure 3.27) and 2-D echocardiography
since 1977 (Figures 3.28 and 3.29). Reports suggest a
specificity of 98% and a sensitivity of 60–75% and echocar-
diography should be performed early in all patients clini-
cally suspected of having IE, including those with negative
blood cultures [42–48]. However, vegetation size affects
sensitivity and it has been suggested that although 70%
of vegetations between 6 and 10 mm are identified, only
25% of those <5 mm are recognized [37]. Cardiac myx-
omas can present with pyrexia and a new cardiac mur-
mur but transthoracic echocardiography can distinguish

FIGURE 3.21 Blood culture bottle showing positive result (left—
color changes from green to yellow) typically within 18 hours incu-
bation at 37◦C. The growth of bacteria is detected by production of
carbon dioxide and by a pH sensor at the base of the bottle. The color
change is detected by continuous reading by a colorimeter. Courtesy
of Dr Mike Rothburn.



FIGURE 3.22 M-mode echocardiogram showing the typical fea-
tures of hypertrophic obstructive cardiomyopathy, including asym-
metric hypertrophy of the interventricular septum (IVS) and systolic
anterior movement of the mitral valve (SAM) (arrow). RV, right ven-
tricle; AMVL, anterior mitral valve leaflet; PW, posterior wall of left
ventricle; ECG, electrocardiogram.

FIGURE 3.23 M-mode echocardiogram in mitral valve prolapse
showing posterior prolapse of the mitral valve (arrow). CW, chest
wall; RV, right ventricle; IVS, interventricular septum; AMVL, an-
terior mitral valve leaflet; PW, posterior wall of left ventricle; ECG,
electrocardiogram.

FIGURE 3.24 Myxomatous mitral valve infected with vegetations
(arrow).

FIGURE 3.25 Vegetations on both anterior and posterior mitral
valve leaflets can usually be identified by echocardiography.

FIGURE 3.26 Transthoracic echocardiogram being performed.

FIGURE 3.27 M-mode transthoracic echocardiogram showing
aortic valve vegetations (arrow).
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FIGURE 3.28 2-D transthoracic echocardiogram
showing large pedunculated vegetation (arrow) on the
aortic valve due to Enterococcus faecalis endocarditis.

between vegetations and myxoma (Figures 3.30 and 3.31).
Myxomas are often fragile, may embolize and should be
removed surgically (Figures 3.32 and 3.33).

Transesophageal echocardiography (TEE), initially
described in the late 1980s, has proved most valuable
in assessing patients with suspected endocarditis—being
more sensitive (95%) than transthoracic echocardiogra-
phy for detecting and sizing vegetations, abscesses, pseu-
doaneurysms, and valvular perforations [37–53] (Figure
3.34). The absolute sensitivity depends upon the site and
the size of the abnormalities [40,54–56]. TEE is usually
performed under sedation (Figures 3.35–3.40).

TEE using biplanar and multiplanar probes with color
flow, continuous and pulse-wave Doppler is more sensitive

FIGURE 3.29 2-D transthoracic echocardiogram
showing large vegetation on posterior leaflet of mi-
tral valve (arrow) in a patient with Streptococcus mitis
endocarditis.

than TTE for detecting abscesses in patients with both NVE
and PVE (87% versus 28%) [57–60]. TEE is the technique
of choice in evaluating a patient with suspected PVE (since
it is more likely to demonstrate a perivalvular abscess, de-
hiscence, and fistulas) (Figure 3.41), for those with NVE
who have a prolonged course of infection, for those with
endocarditis at unusual sites e.g. pacemaker leads, and for
those who do not respond to adequate medical therapy
[37,52,57–65].TEE is perhaps more useful in tissue rather
than mechanical PVE as it is often difficult to see detail
on mechanical valves because of intense interfering echoes
from the metal struts and valve ring [66].

Echocardiography may not only demonstrate veg-
etations (Figure 3.42), fistulas, valve perforations,
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FIGURE 3.30 M-mode echocardiogram provides the diagnosis
of a rare right atrial myxoma which prolapses through the tricus-
pid valve. RV, right ventricle; Myx, myxoma; MV, mitral valve; IVS,
interventricular septum; LV, left ventricle.

pseudoaneurysms, perivalvular complications such as
abscesses (Figures 3.43–3.47) and predict embolic risk in
IE but it also provides information on left ventricular func-
tion and an estimate of severity of regurgitant flow [67–70]
(Figures 3.48–3.53). Premature mitral valve closure in
acute aortic regurgitation suggests the need for urgent sur-
gical intervention. Repeat echocardiography is often useful

FIGURE 3.32 Open heart surgery is necessary to
remove myxomas.

FIGURE 3.31 2-D echocardiogram confirms the M-mode sug-
gestion of large right atrial myxoma (arrow) which prolapses across
the tricuspid valve and into the right ventricle and excludes the pos-
sibility of tricuspid valve vegetations.

for early detection of cardiac complications requiring sur-
gical intervention.

Using continuous wave Doppler, systolic high veloc-
ity flow suggests an abnormal communication between
the aorta and either the left or right atria and using color
Doppler, the site of fistulous communications may be well
defined (Figure 3.54).

For suspected NVE, a TTE should be the initial echo
study. If the TTE is technically inadequate, then a TEE
should be performed. If the TTE is clearly positive or
clearly negative, no further echo is necessary, although the
diagnosis of IE cannot be excluded. However, a TEE should
be performed if the TTE is abnormal but nondiagnostic.
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FIGURE 3.33 Myxoma removed from right atrium. Once re-
moved and devoid of blood supply, the tumors often appear to
“shrink” in size.

CARDIAC CATHETERIZATION IN
INFECTIVE ENDOCARDITIS

Doppler echocardiography allows accurate assessment of
the hemodynamic and pathological consequences of in-
fection in most cases. The use of invasive techniques is
usually limited to coronary arteriography in those with a
history of angina or risk factors for coronary artery dis-
ease and to aortography for the identification of sinus
of Valsalva aneurysms (Figure 3.55), the severity of aor-
tic regurgitation (Figure 3.56), or fistulous connections
between chambers if echocardiography is inconclusive.
Left ventricular (LV) angiography will demonstrate LV

FIGURE 3.34 Transesophageal echocardiogram (TEE) showing
large mobile vegetation on mitral valve (arrow) in a diabetic patient
with Streptococcus sanguis infective endocarditis.

FIGURE 3.35 Transesophageal echocardiography (TEE) is usually
performed under sedation. A cardiologist, an echocardiographer,
and a nurse are usually necessary. Courtesy of Dr Serge Osula and
Dr Malcolm Burgess.

function and the presence and severity of mitral regurgita-
tion (Figure 3.57). The latter may also be indicated by the
large “V” wave in a pulmonary capillary wedge or direct left
atrial pressure trace (Figure 3.58). In severe aortic regurgi-
tation, the aortic diastolic pressure may equalize with the
left ventricular end-diastolic pressure and demands early
surgical intervention (Figure 3.59). However, there is a risk
of systemic embolization if contact is made with loose or
friable vegetations when attempting to obtain coronary ar-
teriograms (Figure 3.60) and crossing potentially infected
aortic valves should be avoided [71].

FIGURE 3.36 The cardiologist can maneuver the TEE probe using
both hands, so that all views of relevant intracardiac anatomy can
be obtained.
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FIGURE 3.37 The technician/echocardiographer helps to focus
in on areas of interest, record Doppler color flow images as well
as monitor the patient’s arterial oxygen saturation using pulse
oximetry.

FIGURE 3.38 The proximal end of the TEE probe has controls for
angulating the transducer tip in the relevant direction.

FIGURE 3.39 Images are stored digitally on a modern ECHO
machine.

FIGURE 3.40 The TEE probe is protected by a sheath and placed
through a mouthpiece to protect the probe from damage by teeth.

FIGURE 3.41 TEE showing large vegetation on bioprosthetic aor-
tic valve (arrow) infected by coagulase-negative Staphylococcus. A
large paravalvular abscess is clearly visible (twin arrows).
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FIGURE 3.42 A 2-D echocardiogram showing large (4 cm diameter) vegetation (VEG) on the tricuspid valve in an IV drug abuser. RV,
right ventricle; LV, left ventricle; RA, right atrium. Courtesy of Dr Brad Munt and Dr Rob Moss. Heart 2003;89:577–581. Reproduced with
permission from the BMJ Publishing Group.

FIGURE 3.43 A 2-D transthoracic echocardiogram showing vegetation on a bioprosthetic aortic valve (single gray arrow) and aortic-root
abscess (double white arrows) in a patient with Staphylococcus epidermidis endocarditis.
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FIGURE 3.44 A 2-D transthoracic echocardiogram (four-chamber view) showing large interventricular septal abscess as a result of Staphy-
lococcus aureus infective endocarditis of the aortic valve. This serious complication may result in conduction disturbances such as complete
heart block. LV, left ventricle; RV, right ventricle; Ao, aorta; RA, right atrium; <<AB, septal abscess; <<VEG, vegetation. Courtesy of Dr Lindsay
Morrison.

FIGURE 3.45 TEE in a patient with pyrexia 3 months after AICD implantation. A large globular vegetation (arrow) is seen attached to the
ventricular lead on the atrial side of the tricuspid valve. It was associated with moderate tricuspid regurgitation due to Staphylococcus aureus
endocarditis affecting the tricuspid valve. Courtesy of Dr M. Burgess.
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FIGURE 3.46 TEE showing a large vegetation on the noncoronary cusp of the aortic valve (arrow) in an IV drug abuser with severe aortic
regurgitation. The vegetation was prolapsing into the left ventricular outflow tract in diastole. Courtesy of Dr M. Burgess.

FIGURE 3.47 Same case as in Figure 3.46; TEE. Parasternal short axis view shows vegetation (arrow) on aortic valve leaflet.
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FIGURE 3.48 Color flow transthoracic echocardiogram showing severe tricuspid regurgitation into right atrium.

FIGURE 3.49 Color flow TEE shows severe mitral regurgitation (arrow) across a mitral valve infected by Streptococcus sanguis.
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FIGURE 3.50 Color flow echocardiogram showing severe mitral regurgitation (arrow). LV, left ventricle; LA, left atrium.

FIGURE 3.51 Color flow TEE showing severe aortic regurgitation (arrow) in a patient with Staphylococcus aureus infective endocarditis of
the aortic valve. Apical four-chamber view. LV, left ventricle; AoV, aortic valve.
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FIGURE 3.52 Color flow echocardiogram showing severe aortic regurgitation (arrow) in a patient with Staphylococcus aureus infective
endocarditis of the aortic valve. LV, left ventricle; AoV, aortic valve.

FIGURE 3.53 Color flow echocardiogram showing a broad jet of aortic regurgitation directed onto the anterior mitral valve leaflet—a result
of infective endocarditis due to Coxiella burnetii.
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FIGURE 3.54 Color flow echocardiogram showing the high velocity flow of severe paraprosthetic aortic regurgitation (green arrows) and
aorta to left atrial fistula (blue arrow) in a 75-year-old man with Staphylococcus aureus infective endocarditis of a prosthetic aortic valve (AVP).
An aortic root abscess was associated with the severe paraprosthetic aortic regurgitation and a fistulous communication between aorta and
left atrium (LA). There was also a vegetation on the atrial aspect of the mitral valve. LV, left ventricle; RA, right atrium; RV, right ventricle.

FIGURE 3.55 Aortogram in a 70-year-old man with infective en-
docarditis of the aortic valve due to viridans streptococci. The il-
lustration shows severe aortic regurgitation and an aneurysm of the
sinus of Valsalva (arrow).

FIGURE 3.56 Aortogram showing severe aortic regurgitation in
a man with infective endocarditis of the aortic valve.
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FIGURE 3.57 Left ventricular angiogram showing severe mitral
regurgitation into the left atrium (arrow) in a patient with infective
endocarditis of the mitral valve.

FIGURE 3.58 Phonocardiogram (PCG) shows the pansystolic
murmur of mitral regurgitation associated with infective endocardi-
tis of the mitral valve. The intracardiac pressure tracing shows the
tall “V” wave (arrow) recorded in the left atrium due to severe mitral
regurgitation. (MF = mid-frequency)

FIGURE 3.59 Equalization of left ventricular end-diastolic and
aortic diastolic pressures (arrow) in severe aortic regurgitation due
to aortic valve cusp perforation and dehiscence caused by Staphylo-
coccus aureus infective endocarditis.

FIGURE 3.60 Coronary arteriography may be indicated to define
the presence and extent of coronary artery disease in patients with a
history of angina pectoris or myocardial infarction or who possess
multiple coronary risk factors but also require surgical intervention
for their infective endocarditis.
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CHAPTER 4

Diagnostic Criteria

DUKE CRITERIA FOR DIAGNOSIS
OF INFECTIVE ENDOCARDITIS

Criteria for the diagnosis of IE were proposed by von Reyn
and colleagues in 1981 based on analysis of symptoms, clin-
ical signs, and blood cultures [1]. These were subsequently
refined by Durack and colleagues at the Duke Endocardi-
tis Service in 1994, taking into account information ob-
tained by echocardiography and introducing the concept
of major and minor diagnostic criteria [2] (Table 4.1).
The advantages and limitations of the Duke criteria for
the diagnosis of IE have been studied and modified but
echocardiographic data, serology, and culture of excised
tissue appear to improve the specificity and sensitivity of
the diagnostic criteria [3–17].Comparison has also been
made between the Duke and other criteria (Beth Israel) for
the diagnosis of IEand although the modified Duke crite-
ria appear to be superior, confirmatory studies are few and
small [18,19]. Larger studies are needed.

More recently, it has been proposed that PCR amplifi-
cation of specific gene targets and universal loci for bacteria
and fungi and subsequent sequencing to identify the possi-
ble causative organisms in blood culture and excised tissue
should be considered as a major Duke criterion [20]. Such
molecular methods have been validated in the diagnosis of
CNE and recently implemented into the newest revision
of the Duke criteria [21,22].

Diagnosis of “definite” IE requires the presence of two
major or one major plus three minor criteria or five minor
criteria and has a specificity of around 99% and sensitivity
of >80% [2,23].

Histological Techniques
A variety of specialized stains and immunohistolog-
ical techniques (immunoperoxidase staining, enzyme-
linked immunosorbent (ELISA) and immunofluorescent
(ELIFA) assays, and direct immunofluorescence using
fluorescein conjugated monoclonal antibodies) are now
available to allow the identification of elusive bacteria and
fungi.

Tissue stains include acridine orange and Giemsa for
any bacteria, tissue Gram stain for Gram-positive/negative
bacteria, periodic acid–Schiff for Tropheryma whipplei and
fungi, Gimenez for Coxiella burnetii and Legionella species,
and the Grocott–Gomori stain for fungi [24,25].

Molecular Techniques
The polymerase chain reaction (PCR) utilizing nucleic acid
target or signal amplification, alone or in combination with
sequence analysis, is most widely used and allows quick
and reliable detection of fastidious and difficult-to-culture
organisms in blood and tissue removed from patients with
infective endocarditis [21] (Figures 4.1–4.3).

16S rRNA genes are found in all bacteria. “Broad-
range” or “universal” PCR primers are available to iden-
tify “conserved” bacterial 16S rRNA gene sequences and
used to amplify intervening, variable, or diagnostic re-
gions. Both 16S (bacterial) rRNA and 18S/28S rRNA (fun-
gal) amplification should be followed by automated se-
quence identification of the amplicons. “Specific” primers
are available for organisms such as T. whipplei, C. bur-
netii, Bartonella, Chlamydia, Brucella, Legionella, Mycobac-
terium, and Mycoplasma species (Figure 4.4).
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TABLE 4.1 Duke Criteria for Diagnosis of Infective Endocarditis and Terminology Used in the Modified Diagnostic Criteria

Definite infective endocarditis
Pathological criteria

Microorganisms: demonstrated by culture or histology in a vegetation that has embolized, or in an intracardiac
abscess, or

Pathological lesions: vegetation or intracardiac abscess present, confirmed by histology showing active
endocarditis

Clinical criteria (use definitions below)
2 major criteria, or
1 major and 3 minor criteria, or
5 minor criteria

Possible infective endocarditis
Findings consistent with IE that fall short of “definite”, but not “rejected”

Rejected
Firm alternate diagnosis for manifestations of endocarditis, or
Resolution of manifestations of endocarditis, with antibiotic therapy for 4 days or less, or
No pathological evidence of IE at surgery or autopsy, after antibiotic therapy for 4 days or less

DEFINITIONS

Major criteria
1. Positive blood culture for IE

Isolation of microorganism known to cause IE from two separate blood cultures, e.g. viridans streptococci, S. bovis, S. aureus,
S. epidermidis, enterococci, Haemophilus spp., Actinobacillus spp. etc.

Persistently positive blood culture—defined as recovery of a microorganism consistent with endocarditis from:
(i) at least two blood cultures drawn more than 12 hours apart, or

(ii) all of three or a majority of four or more separate blood cultures, with first and last drawn at least
1 hour apart

2. Evidence of endocardial involvement
Positive echocardiogram for IE:

(i) mobile intracardiac mass on valve or supporting structures or in path of
regurgitant jet, or on implanted material without any alternative anatomical explanation, or

(ii) abscess, or
(iii) new partial dehiscence of prosthetic valve, or new valve regurgitation

3. Clinical evidence of new valvular regurgitation
4. Positive serology for Q-fever or other causes of culture-negative endocarditis such as Bartonella spp. and

Chlamydia psittaci
5. Positive identification of a microorganism from blood culture or excised tissue using molecular

biology methods

Minor criteria
Predisposition: predisposing heart condition or IV drug abuse
Fever: >38.0◦C
Vascular phenomena: major arterial emboli, septic pulmonary infarcts, mycotic aneurysm, intracranial

hemorrhage, conjunctival hemorrhages, Janeway lesions, newly diagnosed clubbing, splinter hemorrhages, splenomegalya

Immunological phenomena: glomerulonephritis, Osler’s nodes, Roth spots, +ve rheumatoid factor, high
ESR (>1.5 times upper limit of normal), high C-reactive protein level (>100 mg/L)a

Microbiological evidence: positive blood culture, but not meeting major criteria as defined above
a Additional modifications to the Duke criteria appear to improve diagnostic sensitivity whilst retaining specificity.
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Collection of clinical specimen
(Blood, blood culture, valve, vegetation, embolic tissue)

DNA extraction

PCR amplification
(Universal/broad-range bacteria 16S, 16-23S, 23S rDNA
Universal/broad-range fungi 18S, 28S, ITS1, ITS2 rDNA

Specific gene target) 

Detection of amplicons
(Agarose gel electrophoresis, fluorescence detection-light cycler)

Direct automated DNA sequencing

Bioinformatics/Sequence analysis
(BLAST, FASTA)

FIGURE 4.1 Molecular biology techniques, in particular the poly-
merase chain reaction (PCR), have allowed for an increased ability
to detect and identify causal organisms associated with infective
endocarditis. As molecular techniques are rapidly evolving, several
permutations exist both in approach and techniques employed. Like
all other molecular diagnostic assays, employment of detection and
identification schemes for cardiac and cardiovascular specimens fol-
lows the general workflow of (1) obtaining such specimens, (2) ex-
traction of microbial DNA, (3) amplification of target gene loci,
and (4) identification of amplicon. Courtesy of Dr B. Cherie Millar
and Dr John E. Moore.

FIGURE 4.3 A representative sequence chromatogram obtained using dye termination sequencing chemistry and a direct automated
sequencer (Model 373A, Applied Biosystems, Foster City CA, USA). In this chromatogram, approximately 320 bases have been called from
raw unprocessed sequence data of ribosomal RNA gene loci of Candida albicans. Courtesy of Dr B. Cherie Millar and Dr John E. Moore.

FIGURE 4.2 Gel electrophoresis of PCR products following am-
plification of three gene loci (coagulase, femB, mecA) using DNA
extracted from blood culture material from patients with staphy-
lococcal endocarditis. Mwt, 100 bp DNA molecular weight ladder
(Gibco, UK); -ve, negative control (molecular grade water); +ve,
positive control methicillin-resistant Staphylococcus aureus (MRSA);
CNS, coagulase-negative Staphylococcus sp.;Staph. aureus, Staphy-
lococcus aureus (methicillin-sensitive); MRSA, methicillin-resistant
Staphylococcus aureus. Courtesy of Dr B. Cherie Millar and Dr John
E. Moore.
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FIGURE 4.4 Polymerase chain reaction (PCR) and DNA amplification techniques can detect DNA from microorganisms that are present in
too few numbers to be visualized or when growth characteristics are such that there would be a delay in diagnosis. Advantages of the technique
are speed, automation, high degree of specificity and sensitivity, crude extract is satisfactory, and the inoculum need not be viable. The amplified
DNA products can then be visualized by agarose gel electrophoresis and staining of DNA with ethidium bromide, which intercalates between
the nucleotide bases and fluoresces under ultraviolet light. Here fragments of the expected size (bp) of DNA from T. whipplei are identified
(arrow) by agarose gel electrophoresis. This organism may cause severe spondylodiskitis and infective endocarditis. Courtesy of Professor M.
Altwegg.

Possible quantification by real-time PCR may elim-
inate the need for gel electrophoresis, with faster, more
accurate results and the possibility of investigating com-
mon antimicrobial-resistance genes enabling a targeted
approach to antibiotic treatment [26].
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CHAPTER 5

Treatment: Prophylaxis

TREATMENT

Despite medical treatment, IE continues to cause signifi-
cant morbidity and mortality (20%). Prevention therefore
is a priority as is early diagnosis and adequate management
based on appropriate antibiotic therapy and in many cases
cardiac surgery. Antimicrobial prophylaxis before selected
procedures in patients at risk has become routine in most
countries, despite the fact that no prospective study has
been performed that proves that such therapy is definitely
beneficial [1–3]. Animal experiments and some human
studies have, however, suggested benefit from prophylac-
tic antibiotics [4]. Even if prophylaxis is effective, it can
only prevent a minority of cases of endocarditis and it is
not cost-effective as a general strategy. Nevertheless, cur-
rent “best practice” continues to favor the use of antibiotic
prophylaxis of selected patients at risk of IE who are un-
dergoing procedures that can cause bacteremia. Guidelines
and advice have been published by expert groups in both
Europe and the USA and the differences in recommenda-
tions are minor [5–10]. However, the guidelines represent
consensus recommendations based mainly on data from
animal models, case-control studies and case series.

PROPHYLAXIS

In view of these issues, it is prudent to classify the risk
of subgroups of patients with preexisting cardiac disor-
ders for developing IE as high, moderate or low, especially

since certain cardiac conditions are associated with en-
docarditis more often than others and the severity of the
disease and the resulting morbidity is more severe [8].
Although concerns have been expressed about the value
of antibiotic prophylaxis [3,11–19], the fact that animal
experiments and clinical experience document IE follow-
ing bacteremia, that bacteremia occurs after various den-
tal and instrumental procedures, and that antibiotics are
available that can kill potential causative organisms, it is
prudent to offer prophylactic antibiotic therapy to indi-
viduals who are at higher risk of IE than the general pop-
ulation [20–29]. It is particularly important for those in
whom IE is associated with high morbidity and mortality
[4,5,8,30,31].

It is important to inform those at risk and provide
them with written instructions [32]. Although the British
Heart Foundation “Endocarditis Dental Warning Card”
should currently be given to all patients at risk of develop-
ing IE (Figure 5.1), an improvement would be a card that
indicates the patient’s details, diagnosis, the estimated risk
category, whether there is allergy to penicillin, and who to
contact for advice about the need for antibiotic prophy-
laxis if any medical or dental practitioner is contemplating
any invasive procedure likely to cause bacteremia. Patients
should be told to show the card to their doctor or den-
tist and there should be written communication between
these professionals [33].

Cardiac conditions may be stratified into high-,
moderate-, and low-risk groups based on potential out-
come if IE should develop.
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FIGURE 5.1 British Heart Foundation “Endocarditis Dental Warning Cards” for patients requiring dental prophylaxis with antibiotics. The
red card should be given to patients who may receive penicillin and the yellow card to those allergic to penicillin.
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TABLE 5.1 Antibiotic prophylaxis for high-, moderate-, and low-risk cases

High risk
Previous infective endocarditis [34]
Complex cyanotic congenital heart disease, transposition of great arteries, Fallot’s tetralogy, Gerbode’s defect [35–37]
Surgically constructed systemic pulmonary shunts or conduits
Mitral valve prolapse with mitral regurgitation or thickened valve leaflets [38–42]
Prosthetic heart valves (5 times greater than those with native valves) [43,44]

Moderate risk
Acquired valvular heart disease, e.g. rheumatic heart disease—aortic stenosis, aortic regurgitation, mitral regurgitation
Non-cyanotic congenital cardiac defects, e.g. bicuspid aortic valve, primum atrial septal defect, patent ductus arteriosus [45], coarctation of

aorta [47], atrial septal aneurysm/patent foramen ovale [48], ventricular septal defect [49]
Other structural cardiac defects, e.g. aortic root replacement [46], hypertrophic obstructive cardiomyopathy [50–53],subaortic membrane

[54]

Low-risk cases not requiring antibiotic prophylaxis
Isolated secundum atrial septal defecta [55], pulmonary stenosis
Surgically-repaired atrial septal defect, ventricular septal defect or patent ductus arteriosus, post Fontan or Mustard procedure without

residual defect/murmur
Previous coronary artery bypass surgery
Mitral valve prolapse without regurgitation
Innocent heart murmursb

Cardiac pacemakers/defibrillatorsc ,d

Coronary artery stent implantationc

Heart/Heart and lung transplante

a Antibiotic prophylaxis is recommended for up to 12 months after ASD/PFO catheter-based closure procedures.
b If unsure as to the exact nature of the murmur and the need for prophylaxis, an opinion should be sought from a cardiologist. In an emergency or when it is
difficult to obtain specific advice then antibiotic prophylaxis should be given prior to dental or surgical treatment.
c Unless being performed in patients at moderate or high risk of endocarditis, when antibiotic prophylaxis is advisable.
d Pre- and post-procedure antibiotics are generally used routinely for surgical prophylaxis.
e Within the first 6 months after heart/heart-lung transplantation, patients should receive antibiotic prophylaxis.

Patients at Risk
Subgroups of patients with preexisting cardiac disorders
may be classified at high, moderate, or low risk of de-
veloping IE in the event of significant bacteremia oc-
curring following an interventional procedure. Table 5.1
stratifies these cardiac conditions into risk groups based
on the outcome should IE develop and the increased
susceptibility to IE compared with those in the general
population.

Patients at highest risk are those who have prosthetic
heart valves, a history of previous endocarditis, complex
cyanotic congenital heart disease, surgically constructed
systemic pulmonary shunts or conduits. Mitral valve pro-
lapse with mitral regurgitation or thickened leaflets should
also be considered in this risk category. Those with pros-
thetic valves are 5–10 times more at risk than those with
native valve disease [34–44].

Congenital cardiac conditions at moderate risk of en-
docarditis include primum atrial septal defect, ventricu-
lar septal defect, patent ductus arteriosus, bicuspid aortic
valve and coarctation of the aorta. Patients with rheumatic
valve disease or hypertrophic obstructive cardiomyopathy
should also be considered at moderate risk [45–55].

Low-risk patients are those patients with cardiac dis-
ease in whom the risk is no higher than in the general

population and include some patients with grown-up con-
genital heart (GUCH) disease [36]. Those with innocent
heart murmurs and structurally normal hearts do not re-
quire antibiotic prophylaxis.

Procedures Requiring Antibiotic
Prophylaxis
Bacteremia commonly occurs during chewing and tooth-
brushing [56–58]. However, significant bacteremia caus-
ing IE seems to occur most often after certain procedures.
These procedures include dental procedures and instru-
mentation of the oral/respiratory, gastrointestinal, or gen-
itourinary tracts [59–64]. The evidence for many other
procedures is limited [4,65–74].

The risk of developing IE is probably directly related
to the frequency and severity of bacteremia that occurs
with each individual procedure and its duration, and the
procedure/portal of entry is a determinant of the organ-
ism involved and the type of prophylaxis regimen that
should be appropriate [75,76].What constitutes a “signif-
icant” degree of bacteremia has been a matter of much
debate and research, and in the area of dentistry, the work
has proved helpful in defining which procedures are as-
sociated with the greatest yield of bacteremia and hence
especially worthy of antibiotic prophylaxis [77–79]. For
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FIGURE 5.2 Severe dental caries and gingivitis in a patient with
infective endocarditis of the mitral valve due to Streptococcus mitis.
Transient bacteremia occurs with dental extraction and periodontal
surgery, but also spontaneously in the presence of severe periodontal
disease. Courtesy of Mr Phil Hardy.

example, bleeding after dental treatment is not in itself
associated with an increased frequency of bacteremia and
this has changed advice about antibiotic prophylaxis for
certain dental procedures.

DENTAL AND ORAL PROCEDURES

Poor dental hygiene and periodontal or periapical in-
fections may produce bacteremia even in the absence of
dental procedures and so those at risk of endocarditis
should establish and maintain the best possible oral hy-
giene to minimize the risk [61,80,81] (Figures 5.2 and
5.3). This can be aided by regular dental follow-up and

FIGURE 5.3 Severe dental caries resulting in Streptococcus sanguis
infective endocarditis of both mitral and aortic valves. Courtesy of
Mr Phil Hardy.

FIGURE 5.4 A 3 g sachet of amoxicillin is used as prophylaxis
against IE in those patients at risk of developing endocarditis who
are undergoing dental procedures.

care and daily techniques to minimize plaque build-up,
e.g. toothbrushing, dental floss, plaque removal. How-
ever, even these simple procedures may not be without
risk [82,83]. Chlorhexidine mouthwash (0.2%), preferably
non-alcoholic, may help patients who find a high standard
of plaque control difficult. Although recent work has ques-
tioned its effectiveness, 15 ml of chlorhexidine hydrochlo-
ride (0.2%) should be given as an oral rinse to all pa-
tients at risk 5 minutes prior to dental treatment to reduce
the incidence and magnitude of odontogenic bacteremia
[80,84–86]. Sustained or repeated frequent interval use is
not indicated as this may result in the selection of resistant
organisms.

Antibiotic prophylaxis for at-risk patients is recom-
mended for dental and oral procedures likely to cause
bacteremia [61,62,87,88] (Figure 5.4). The dental pro-
cedures that require prophylaxis are shown in Table 5.2.



TABLE 5.2 Dental procedures and endocarditis antibiotic prophylaxis for high- and moderate-risk cases [115,116]

Prophylaxis required Prophylaxis not required

Examination procedures
Periodontal probing [117] Dental examination with mirror and probe [79]

Investigative procedures
Sialography [118] Intraoral radiographs

Extraoral radiographs

Preventive procedures
Nil Fissure sealants

Fluoride treatments

Professional cleaning proceduresa

Polishing teeth with a rubber cup [119,120]
Air polishing [121]
Oral irrigation with water jet [122,123]
Light scaling [124,125]
Deep scaling [124,125]
Scaling teeth with hand instrument [120,126]
Scaling with ultrasonic instrument [126]

Anesthetic procedures
Intraligamental local anesthetic Infiltration local anesthetic injections [99]
injections [99] Nerve block local anesthesia

Oral airway for GA [127,128]
Nasal airway for GA [127–129]
Laryngeal mask airway for GA [130,131]

Comprehensive dental treatment under general anesthesia [132]
Extractions and fillings [133–135]

Conservative (restorative) proceduresb

Rubber dam placement [136,137] Slow and fast drilling of teeth (without rubber dam) [136,137]
Matrix band and wedge placement [136,137]
Gingival retraction cord placement [137]

Periodontal procedures
Root planing (similar to scaling)
Antibiotic fibers or strips placed subgingivallyc

Gingivectomy [124]
Periodontal surgery [138]

Endodontic proceduresd

Root canal instrumentation beyond the apex [124,139] Root canal instrumentation within the root canal [139]
Avulsed tooth reimplantatione Vital pulpotomy of primary molar [140,141]
Non-vital pulpotomy of primary molar Pulpotomy of permanent tooth f

Orthodontic procedures [142,143]
Tooth separation [77] Alginate impressions [77]
Expose or expose and bond tooth/teeth [143] Placement of removable appliances

Band placement and cementation [77,91,144]
Band removal [92]
Adjustment of fixed appliances [77,145]

Surgical procedures
Extraction of single tooth [124,132,143,146,147] Incision and drainage of an abscess without extraction [148]
Extraction of multiple teeth [124,143,146,149] Dental implants—transmucosal fixture
Incision and drainage of an abscess with extraction
Mucoperiosteal flap to gain access to tooth or lesion [143,150]
Dental implants (as for mucoperiosteal flap)

Post-surgical procedures
Suture removal [151–153]
Removal of surgical packs

Daily or physiological events
Exfoliation of primary teeth
Toothbrushing
Flossing
Use of interdental wooden points

a There is a paradox inherent in endocarditis prophylaxis in that many cleaning procedures, i.e. toothbrushing, dental flossing, interdental wooden points, oral irrigation
all cause a significant bacteremia. There is no justification for using antibiotic prophylaxis for these self-care procedures carried out at home on a daily or twice daily basis.
b It is common for a course of dental treatment to take several visits to the dentist. For patients at high or moderate risk of developing infective endocarditis, as much
treatment as possible should be carried out at each visit. The antibiotic should be changed at alternate visits, e.g. amoxicillin—clindamycin—amoxicillin etc., but no more
than two doses of penicillin should be given within a month. For patients who are allergic to penicillin, then a period of 1 month must be allowed between visits.
c No data but the procedure is very similar to gingival retraction cord placement.
d Dental treatment confined to the root canal does not require antibiotic prophylaxis. However, if a rubber dam is used, antibiotic prophylaxis should be used since
significant bacteremia often results in these circumstances.
e The avulsed tooth can be quickly washed and reimplanted immediately and the antibiotic prophylaxis administered when the child attends the dental surgery provided
this is within 2 hours of the reimplantation. This is because antibiotic prophylaxis is still successful if administered after the bacteremic episode [98].
f No data but the procedure is similar to pulpotomy of primary molar.
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Prophylaxis against IE in orthodontics has been discussed
in the literature [77,89,90]. However, this is a specially
difficult problem as some procedures cause significant
bacteremia (e.g. tooth separation) but others such as
banding and debanding cause only a small, nonsignifi-
cant increase in bacteremia [88,91,92]. It is possible that
the deterioration in gingival health as a consequence of
the appliances placed in the mouth is a risk factor that
needs to be considered more carefully. If patients are
unable to maintain good oral hygiene when appliances
are in the mouth, it may be helpful to use a chlorhexi-
dine mouthwash for the period of the appliance therapy
[93,94].

Antibiotics administered up to 1 hour before a den-
tal procedure will effect a reduction in odontogenic bac-
teremia and a most important clinical advance was the
demonstration that oral administration of amoxicillin
proved effective in significantly reducing dental bac-
teremia [95]. This has become the mainstay of outpa-
tient dental care both in general and in specialist prac-
tice. Regimens for IV or IM administration have also been
tested and proved to be effective for adults and children
[96,97].

Data from experimental animal models suggest that
antimicrobial prophylaxis administered within 2 hours fol-
lowing the procedure will also provide protection [98].
However, antibiotics given >4 hours after the procedure
probably have no prophylactic benefit. Intraligamental in-
jections of local anaesthetic should be avoided if possible as
severe bacteremia occurs in a large proportion of patients
[99].

For patients undergoing cardiac surgery, a careful
preoperative dental evaluation is recommended so that
necessary dental treatment can be completed before car-
diac surgery whenever possible in an attempt to reduce the
incidence of late postoperative IE.

OTHER PROCEDURES

Antibiotic prophylaxis is recommended in patients at
high or moderate risk of IE who are undergoing vari-
ous gastrointestinal, genitourinary, respiratory, or cardiac
procedures and subspecialty societies have published their
guidelines for antibiotic prophylaxis [100–103]. These
procedures are listed in Table 5.3. The evidence for signif-
icant bacteremia after many of theses procedures has not
been proven, but since cases of infective endocarditis have
been reported to follow them, prophylactic antibiotics are
recommended (Figs 5.5 and 5.6). Some procedures do not
require antibiotic prophylaxis.

TABLE 5.3 Other procedures requiring endocarditis
prophylaxis in high-and moderate-risk cases

Prophylaxis required
Gastrointestinal tract

Esophageal procedures [154,155]
Surgical operations on stomach, small or large bowel
Endoscopic retrograde cholangiography/biliary obstruction

[156]
Endoscopy with/without biopsy [100–102,157–161]
Endoscopic variceal sclerotherapy [161,162]
Percutaneous endoscopic gastrostomy [103]
Biliary tract surgery
Lithotripsy of gallstones [163]

Genitourinary tract
Circumcision [164]
Prostatic surgery, transrectal biopsy [165]
Vasectomy [166,167]
Lithotripsy [168]
Cystoscopy
Urethral catheterization in presence of bacteriuria
Urethral dilatation
Gynecological operations, e.g. hysterectomy, cesarean section,

vaginal deliverya [169,170]
Therapeutic abortion [171–173], uterine dilatation and

curettage, sterilization procedures, insertion of intrauterine
devicea [174]

Removal of infected intrauterine devicesa

Smearsa [175]
Respiratory tract

Tonsillectomy/adenoidectomy
Surgical procedures on respiratory tract
Bronchoscopy—particularly rigid bronchoscopy [176,177]
Nasal packinga [178]

Cardiac
Implantation of cardiac pacemakers/defibrillators [179–181]
Cardiac surgical operations
Implantation of occlusive devices, e.g. ductal occluders [182],

septal occluders [183,184]
Transesophageal echocardiographya [185]
Balloon valvuloplasty [186–190]
Balloon dilatation of coarctation of aortaa [191]
PTCA/PCI/Stent implantationa [192,193]

Ophthalmological
Lacrimal duct probinga [194]

Dermatological
Surgerya [195,196]

Other
Thermal injury/burnsa [197,198]
Acupuncturea [199,200]
Body piercinga [201–203]
Tattooinga [204]

Prophylaxis not required
Gastrointestinal tract—barium examinations
Genitourinary tract—urethral catheterization—unless bacteriuria

evident
Respiratory tract—endotracheal intubation
Cardiac—diagnostic cardiac catheterization
a Although not considered “high-risk” procedures, bacteremia and/or IE have
been reported after these procedures and antibiotic prophylaxis should be
considered for those patients considered at high or moderate risk of IE
(Table 5.2). The ESC did not recognize these to be indications for antibiotic
prophylaxis in their Task Force Report [10,205].



FIGURE 5.5 Body piercing may be associated with
infective endocarditis in patients at risk because of
their cardiac lesion.

FIGURE 5.6 Tattooing may involve driving up to 14
dye-impregnated needles into the dermis several hun-
dred times per minute. In persons at increased risk
of infective endocarditis such as those with prosthetic
valves, staphylococcal bacteraemia may result in infec-
tive endocarditis. Patients should be advised against
such body decoration or at least offered antibiotic
prophylaxis prior to the procedure. Courtesy of Dr.
Peter Schofield and colleagues and reproduced with
permission from the BMJ Publishing Group. Heart
2001;85:11–12.
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TABLE 5.4 Prophylactic antibiotic regimens for dental, oral, respiratory tract, or esophageal procedures in adults

Clinical situation Drug Regimen

High-risk and moderate-risk patients
including those with prosthetic valvesa

Amoxicillin 3 g oral 1 h pre-procedure or 2 g IV <30 min
pre-procedureb

For those patients allergic to penicillinc Clindamycind [206] 600 mg oral/300 mg IV 1 h/<30 min pre-proceduree

then oral or IV clindamycin 150 mg 6 hours later
or azithromycind 500 mg oral 1 h pre-procedure

or vancomycin 1 g IV over 2 hours, 1–2 h pre-procedure
+gentamicin 1.5 mg/kg IV <30 min pre-procedureb

or teicoplanin 400 mg IV <30 min pre-procedureb

+gentamicin 1.5 mg/kg <30 min pre-procedureb

Patients with previous infective
endocarditis f

Amoxicillin 2 g IV 1 h pre-procedure + 1 g IV/orally at 6 h
+gentamicin 1.5 mg/kg IV <30 min pre-procedureb

For those patients allergic to penicillinc Vancomycin 1 g IV over 2 h, 1–2 h pre-procedure
+gentamicin 1.5 mg/kg IV <30 min pre-procedureb

a Particular care should be taken to ensure that patients with prosthetic heart valves are protected by prophylactic antibiotics, since the consequences of infective
endocarditis are particularly serious. It is essential that they receive prophylactic antibiotics at least 1 hour before the procedure. If not, they should be given IV
antibiotics immediately before the procedure or the procedure should be postponed.
b For those undergoing GA, IV antibiotics should be given either on induction or within 30 minutes prior to starting the procedure; oral amoxicillin (3 g)
should be given 4 hours before induction and again as soon as possible after the procedure. Where oral antibiotics are not ideal and in cases where IV access is
difficult or impossible, e.g. IV drug abusers, IM clindamycin 600 mg 1 hour preoperatively or IM teicoplanin (2 mg/kg) 1 hour preoperatively may be alternative
treatments.
c Or having received a penicillin within the previous 4 weeks.
d Azithromycin 500 mg as an oral suspension, given 1 hour before the procedure, may be an alternative if dysphagia is a problem.
e Clindamycin to be infused over 10–15 minutes.
f These patients are considered to be at particularly high risk of IE.

ANTIBIOTIC PROPHYLAXIS
REGIMENS

Antibiotic prophylaxis varies according to the type of pro-
cedure being performed and the type of microorganism
likely to cause infection. The regimens for prophylaxis
for dental, oral, respiratory, or esophageal procedures are
shown in Table 5.4 and for genitourinary and gastroin-
testinal procedures in Table 5.5. A comparison between the
regimens used in the UK, Europe, and the USA is shown in
Table 5.6. In patients with prosthetic valves, the antibiotics
should be given 1 hour before the interventional procedure
and 6 hours after the procedure [104,105].

TABLE 5.5 Prophylactic antibiotic regimens for genitourinary or gastrointestinal procedures in adults

Clinical situation Drug Regimen

High-risk and moderate-risk patients Ampicillin or
amoxicillin

2 g IV <30 min pre-procedurea and 1 g IV or orally 6 h
post-procedure

+ gentamicin 1.5 mg/kg IV <30 min pre-procedurea

For those patients allergic to penicillin Vancomycin 1 g IV over 2 h, 1–2 h pre-procedure
+ gentamicin 1.5 mg/kg IV <30 min pre-procedurea

a For those undergoing GA, the antibiotics should be given either on induction or within 30 minutes prior to starting the procedure.

Prior to (and after) permanent pacemaker implanta-
tion or cardiac surgery, prophylactic antibiotics are given
to prevent serious wound infection, mediastinitis, and en-
docarditis due to staphylococci, streptococci, and entero-
cocci [106,107]. Institution- or surgeon-specific selection
of antibiotics is appropriate [108,109] and some examples
of regimens are shown in Tables 5.7 (for pacemaker im-
plantation) and 5.8 (for cardiac surgery). Data suggest that
a 1-day course of IV antimicrobials is as efficacious as
the traditional 48-hour (or longer) regimens [110–114].
There are insufficient data to suggest that aminoglyco-
sides add substantial benefit to the prophylactic regimen
[108].
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TABLE 5.6 Antibiotic prophylaxis regimens for high-risk patients: comparison between UK, Europe, and USA

Procedure UK Europe USA

Dental/Oral/Respiratory
tract/Esophageal

Amoxicillin Amoxicillin Amoxicillin
2–3 g oral 1 h preop 2 g oral 1 h preop 2 g 1 h preop
or 2 g IV <30 min preop or 2 g IV 30–60 min preop or 2 g IV/IM <30 min preop

Children: 50 mg/kg orally/IV
1 h preop

Children: 50 mg/kg orally 1 h
preop

Penicillin allergic Clindamycin Clindamycin Clindamycin
600 mg oral 1 h preop 600 mg oral 1 h preop 600 mg oral 1 h preop
or 300 mg IV <30 min

preop
Children: 20 mg/kg orally

1 h preop
or 600 mg IV <30 min preop

then oral or IV Clindamycin
150 mg 6 h post

Children: 20 mg/kg orally 1 h
preop

Genitourinary/Gastrointestinal Ampicillin Ampicillin or amoxicillin Ampicillin
2 g IV <30 min preop 2 g IV 30–60 min preop 2 g IV/IM <30 min preop
+ gentamicin + gentamicin + gentamicin
1.5 mg/kg IV <30 min preop 1.5 mg/kg IV <30 min preop 1.5 mg/kg <30 min preop
+ ampicillin 1 G IV or orally

6 hr post
+ ampicillin 1 G orally

6 hr post
+ ampicillin 1 G IV/IM or

amoxicillin 1 G oral 6 hrs later
Children: ampicillin
50 mg/kg IV + gentamicin
1.5 mg/kg 30–60 min preop

Children: ampicillin 50 mg/kg
IM/IV + gentamicin 1.5 mg/kg
<30 min preop + ampicillin
25 mg/kg IM/IV or amoxicillin
25 mg/kg orally 6 hrs postop

Penicillin allergic Vancomycin Vancomycin Vancomycin
1 g IV over 2 h, 1–2 h preop 1 g IV over 2 h, 1–2 h preop 1 g IV over 1–2 h <30 min preop
+ gentamicin + gentamicin + gentamicin
1.5 mg/kg IV <30 min preop 1.5 mg/kg IV/IM <30 min

preop
1.5 mg/kg IV/IM <30 min preop

Children: vancomycin 20
mg/kg IV over 1–2 h +
gentamicin 1.5 mg/kg
IV/IM

Children: vancomycin 20 mg/kg
IV over 1–2 h + gentamicin
1.5 mg/kg IV/IM

TABLE 5.7 Prophylactic antibiotic regimens for permanent pacemaker implantationa

Clinical situation Drug Regimen

High-risk and moderate-risk patients Flucloxacillinb 1 g IV <30 min pre-procedure
+ 500 mg orally four times a day for

2 days

For those patients allergic to penicillin Vancomycin 1 g IV over 2 h, 1–2 h pre-procedure
+ erythromycin 500 mg orally four times a day

for 2 days
a Probably should be followed in high/moderate-risk patients having defibrillator, stent, or other intravascular device implantation.
b Patients infected or colonized with MRSA should be given vancomycin rather than flucloxacillin.



86 Color Atlas of Infective Endocarditis

TABLE 5.8 Prophylactic antibiotic regimens for cardiac surgerya

Procedure Drug Regimen

Coronary artery bypass graft surgery Flucloxacillin 1 g IV 3 doses—first dose given on induction then 8-hourly
+ gentamicin 1.5 mg/kg IV 3 doses—first dose given on induction then 8-hourly
or
Cefuroxime 1.5 g IV 6 doses—first dose given on induction second after CPB,

then 8-hourly
Valvular or other cardiac surgery if any pros-
thetic device/material is used

Flucloxacillin 1 g IV 3 doses—first dose given on induction then 8-hourly
+ gentamicin 1.5 mg/kg IV 3 doses—first dose given on induction then 8-hourly
or
Cefuroxime 1.5 g IV 3 doses—first dose given on induction then 8-hourly
+ vancomycin 1 g IV

(infused over 2 h)
3 doses—first dose given on induction then 8-hourly

For those patients allergic to penicillin Vancomycin 1 g IV (infused
over 2 h)

First dose 30–60 min before skin incision, 2 further doses at
12 and 24 h

a Prophylactic antibiotics at the time of cardiac surgery are given not only to prevent endocarditis and prosthetic infection but to prevent other serious infections
such as mediastinitis and major wound infection [207].
The dose and type of antibiotics varies according to the sensitivity patterns of microorganisms in the cardiac surgical environment and in the individual patient.
Some cardiac surgical units use a combination of antibiotics, others use monotherapy.
The timing of antibiotics is important. They should be given prior to surgery and for at least 24–48 hours postoperatively.
In MRSA carriers or in units where there is a high prevalence of infection by MRSA, vancomycin should always replace flucloxacillin.
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CHAPTER 6

Treatment: Antimicrobial Therapy

GENERAL MANAGEMENT

An algorithm for the management of patients with infec-
tive endocarditis is shown in Figure 6.1.

General principles and specific guidelines for medical
treatment have been published in the UK, Europe, and the
USA [1–8].

Infective endocarditis requires prompt treatment with
appropriate antimicrobial drugs, administered parenter-
ally in doses sufficient to eradicate the organism from the
blood, from vegetations and from local or metastatic foci
of infection. Parenteral administration ensures complete
bioavailability, high serum concentrations, and good pen-
etration into the vegetation. Treatment should begin im-
mediately after blood cultures have been taken—especially
in patients with severe sepsis, severe valvular dysfunction,
conduction disturbance or embolic events, and should be
adjusted once the organism has been identified and the
antibiotic sensitivities are known.

The type and duration of antimicrobial treatment is
based on the organism responsible, its sensitivity, a his-
tory of penicillin allergy, and whether the valve involved is
a native or a prosthetic valve [7,8]. Advice from the micro-
biologist should be sought. Organisms exist at very high
densities inside vegetations (109–1010 per gram) protected
from host defenses and cure requires sterilization of veg-
etations with bactericidal agents in high concentrations
for long enough [9,10]. Generally, bactericidal therapy
requires a combination of antimicrobials with synergistic
activity such as a cell-wall-active agent (B-lactams and
glycopeptides) and an aminoglycoside.

Antibiotics That May Be Used in Treatment
Benzylpenicillin remains an important and useful antibi-
otic but is inactivated by bacterial beta-lactamases.

Penicillinase-resistant penicillins such as flucloxacillin
are not inactivated by the enzyme and may be used in the
treatment of penicillin-resistant staphylococci.

Broad-spectrum penicillins including ampicillin and
amoxicillin are active against certain Gram-positive
and Gram-negative organisms but are inactivated by
penicillinases produced by Staphylococcus aureus and
by common Gram-negative bacilli such as Escherichia
coli. Co-amoxiclav consists of amoxicillin with the beta-
lactamase inhibitor clavulanic acid and can be of use in
beta-lactamase-producing bacteria that are resistant to
amoxicillin.

Antipseudomonal penicillins include the car-
boxypenicillin ticarcillin and are principally indicated for
infection with Pseudomonas aeruginosa and certain other
Gram-negative bacilli including Proteus spp.Ticarcillin is
available in combination with clavulanic acid (Timentin),
which is active against beta-lactamase-producing bacteria
resistant to ticarcillin. The ureidopenicillin piperacillin
is more active than ticarcillin against P. aeruginosa.
Tazocin (piperacillin with the beta-lactamase inhibitor
tazobactam) is active against beta-lactamase-producing
bacteria resistant to the ureidopenicillins. Its spectrum
of activity is comparable to the carbapenems, imipenem
and meropenem. These agents should be given with an
aminoglycoside since they have synergistic effects.

“Third-generation” cephalosporins such as cefo-
taxime, ceftazidime, and ceftriaxone have greater activity
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CLINICALLY SUSPECTED INFECTIVE
ENDOCARDITIS

Strong
likelihood

Weak
likelihood

Await blood
culture results

Commence
antibiotics

BC+ve

B -ve
BC-ve

(Table 6.7)

Antibiotics according to:
-microorganism
-clinical scenario
-sensitivities
(Table 1.1)

Serology. Atypical BCs:
-consider other causes of
BC-ve pyrexia
-consider withdrawing
ABs (if given) and
observe with more BCs

Strep – Tables 6.1 and 6.2
Staph – Table 6.3 and 6.4
Enterococci – Table 6.5
G+ve/-ve bacilli – Table 6.6
HACEK – Table 6.7
Fungi – Table 6.7

Symptoms/Signs of IE diminish
+

No indication for surgery

Symptoms/Signs of infection persist after one
week

or
Features develop to indicate surgery (Table 7.1)

*Complete antibiotic course and observe for
evidence of:
(i) control of infection
(ii) cardiac/extracardiac complications

Observe for one week after
cessation of ABs

Discharge

Ensure good TTE/TEE obtained

Refer to cardiac surgeons for
surgical intervention

*Observation should include:
(i)   clinical, ECG, Echo
(ii)  Hematological and biochemical markers
(iii) Blood cultures

Echo
Blood cultures

C

FIGURE 6.1 Algorithm as a guide to the management of patients with infective endocarditis. BC, blood culture; AB, antibiotic.
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than the “second-generation” cefuroxime and cefaman-
dole against certain Gram-negative bacteria but are less
active against Staphylococcus aureus. Ceftazidime has
good activity against P. aeruginosa and other Gram-
negative bacteria and ceftriaxone has a longer half-life
and only needs once daily administration. Cefoxitin,
a cephamycin antibiotic, is active against Bacteroides
fragilis.

Beta-lactam antibiotics include aztreonam,
imipenem, and meropenem. Aztreonam is a mono-
cyclic beta-lactam (monobactam) antibiotic active against
Gram-negative aerobic bacteria including P. aeruginosa,
Neisseria meningitidis, and Haemophilus influenzae. It is
inactive against Gram-positive organisms. Imipenem, a
carbapenem, has a broad spectrum of activity against
many aerobic and anaerobic Gram-positive and Gram-
negative bacteria. Since it is partially inactivated in
the kidney by enzymatic activity, it is administered in
combination with cilastin, a specific enzyme inhibitor
that blocks its renal metabolism. Meropenem is similar
to imipenem but is stable to the renal enzyme that
inactivates imipenem and therefore can be used without
cilastin.

Aminoglycosides include amikacin, gentamicin, strep-
tomycin, and tobramycin. All are bactericidal and active
against some Gram-positive and many Gram-negative or-
ganisms. Amikacin, gentamicin, and tobramycin are also
active against P. aeruginosa. Serum concentration moni-
toring avoids both excessive and subtherapeutic concen-
trations, thus preventing toxicity and ensuring efficacy. In
patients with normal renal function, aminoglycoside con-
centrations should be measured after three or four doses,
but they should be measured earlier and more frequently
in those with renal impairment. Blood samples should
be taken 1 hour after IV administration (peak) and just
before the next dose (trough). Gentamicin has a broad
spectrum but is inactive against anaerobes and has poor
activity against hemolytic streptococci and pneumococci.
It should be used in combination with another antibi-
otic such as penicillin. The dose is up to 5 mg/kg daily
in divided doses every 8 hours. Loading doses and main-
tenance may be calculated on the basis of the patient’s
weight, using a nomogram. Adjustments are then made
according to serum gentamicin concentrations. In staphy-
lococcal endocarditis, gentamicin is given in conventional
doses to achieve a “peak” concentration of 5–10 mg/L and
a “trough” level of <2 mg/L. Amikacin is more stable than
gentamicin to enzyme inactivation and may be used for
serious infections caused by gentamicin-resistant Gram-
negative bacilli. Tobramycin is similar to gentamicin but
is slightly more active against P. aeruginosa.

Macrolide antibiotics include erythromycin and clar-
ithromycin. Erythromycin has an antibacterial spectrum

that is similar to penicillin and is an alternative in
penicillin-allergic patients. Azithromycin is a macrolide
with slightly less activity against Gram-positive bacteria
but enhanced activity against some Gram-negative bac-
teria such as H. influenzae. It has a long tissue half-life
and once daily dosage is recommended. Clarithromycin
is an erythromycin derivative with greater activity than
erythromycin. Tissue concentrations are higher than with
erythromycin and it is given twice daily.

Clindamycin is active against Gram-positive cocci, in-
cluding penicillin-resistant staphylococci, and also against
many anaerobic bacteria, especially Bacteroides fragilis.

Fusidic acid may be used for staphylococci, especially
penicillin-resistant staphylococci, although a second anti-
staphylococcal antibiotic is required to prevent emergence
of resistance.

The glycopeptide antibiotics vancomycin and te-
icoplanin have bactericidal activity against aerobic and
anaerobic Gram-positive bacteria. Vancomycin is used
for treating Gram-positive cocci including multiresistant
staphylococci. There are increasing reports of vancomycin-
resistant enterococci (VRE). It has a long duration of ac-
tion and can be given 12-hourly. Teicoplanin is similar
but has a longer duration of action and can be given once
daily.

Linezolid, an oxazolidinone antibacterial, is active
against Gram-positive bacteria including methicillin-
resistant Staphylococcus aureus (MRSA)and VRE. It should
be reserved for treating organisms resistant to other an-
tibacterials or when they are poorly tolerated. It is inactive
against Gram-negative organisms.

Synercid—a combination of the streptogramin antibi-
otics quinupristin and dalfopristin—may be useful for
Gram-positive bacterial endocarditis with MRSA or for
patients who cannot be treated with other agents. It is not
active against Enterococcus faecalis.

Pharmacokinetic Issues
For antimicrobials with time-dependent bactericidal activ-
ity (B-lactams and glycopeptides), it is necessary to attain
concentrations persistently above the MIC (see below),
in both serum and vegetations. This justifies the use of
high doses, despite their time-dependent activity, espe-
cially for teicoplanin in staphylococcal endocarditis, or
ceftriaxone in endocarditis due to Gram-negative aerobic
bacilli.

For antimicrobials with concentration-dependent
bactericidal activity, high peak concentrations must be ob-
tained. A post-antibiotic effect (PAE) observed in Gram-
negative endocarditis allows an increased interval between
doses, but this does not apply for Gram-positive, mainly
enterococcal endocarditis, for which no PAE has been
shown in vivo.
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Dosing Regimens
For B-lactams and glycopeptides with time-dependent
activity and no PAE, serum levels must be maintained
throughout the dosing interval to prevent regrowth of
bacteria between doses. This interval is determined by
the rate of drug elimination and the serum half-life. Ben-
zylpenicillin and anti-staphylococcal penicillins should be
administered every 3–4 hours. Ceftriaxone, which has a
long serum half-life (8 hours), can be administered once
a day in the case of highly susceptible organisms such as
viridans streptococci. Vancomycin and teicoplanin are ad-
ministered every 12 or 24 hours respectively after a loading
dose for teicoplanin because of its long half-life. Aminogly-
cosides can be administered twice a day for Gram-negative
bacilli endocarditis, but are needed three times daily for
Gram-positive and enterococcal endocarditis.

Maximizing Effectiveness of Antimicrobial
Treatment
In evaluating the potential efficacy of an antibiotic, the
minimal inhibitory concentration (MIC) must be consid-
ered [11]. The MIC is the minimum concentration that in-
hibits bacterial growth in vitro. With most streptococci or
staphylococci, the MIC and minimal bactericidal concen-
tration (MBC) of cell-wall active antibiotics (penicillins,
cephalosporins, and vancomycin) do not differ signifi-
cantly [12]. However, the MBCs of these antibiotics are
much higher than the MICs for a minority of strains of
streptococci and staphylococci and for many strains of en-
terococci. When the difference is 10-fold or more, or when
the MBC/MIC ratio is >32, the strains are said to be toler-
ant, which indicates a slower rate of kill [13]. Tolerance can
be overcome by addition of an aminoglycoside – resulting
in a more rapid bactericidal activity [14–16]. In treatment
of enterococcal endocarditis an aminoglycoside must be
added to amoxicillin or ampicillin to obtain adequate bac-
tericidal effect and cure, although this is probably not es-
sential in tolerant streptococcal or staphylococcal infection
[17–20]. Serum drug level monitoring during aminogly-
coside therapy is recommended. Gentamicin peak serum
concentration (1 hour post IV dose) should be 5–10 mg/L
but the trough level should be <2.0 mg/L to avoid renal or
ototoxic effects. Optimum vancomycin effects are achieved
if serum concentrations are kept at least 2–4 times above
the MIC of the causative organism. Trough levels should
be 10–15 mg/L.

The necessary frequency of dosing varies, depending
on the organism and the antimicrobial(s) being used and
whether or not a post-antibiotic effect exists. Intravenous
antibiotics should be commenced as soon as the diagno-
sis is made and after appropriate blood culture samples
have been collected and sent to the microbiology labora-
tory. Initially, IV benzylpenicillin and gentamicin in the

FIGURE 6.2 Positive growth in blood culture bottles is indicated
by a color change from green (right) to yellow (left).

same dosage as for treatment of IE caused by penicillin-
sensitive viridans streptococci should be used. If there is a
strong possibility of staphylococcal infection, e.g. IV drug
abuse, infected hemodialysis lines, or pacemaker infection,
IV flucloxacillin and/or vancomycin should be used in-
stead of benzylpenicillin. Once the blood culture results
are known, the treatment can be modified and a decision
made about its duration (Figure 6.2). An exception to this
might be in patients recently receiving antibiotics, when
delaying treatment for a few days can increase the chance
of isolating the responsible organism on subsequent blood
cultures. Such delay is only reasonable in closely moni-
tored patients with subacute illness who have no evidence
of severe or progressive valve dysfunction, heart failure, or
embolic complications.

Isolation of the infecting organism is extremely im-
portant, so that an appropriate antimicrobial agent can
be chosen and the antimicrobial susceptibility of the or-
ganism established. Both MIC and MBC may be useful,
although no data suggest that MBC is any better than the
more simple and reproducible MIC test. Therefore, rou-
tine determination of MBC or serum bactericidal level is
not recommended [21].

A peak serum bactericidal titer (the highest dilution of
the patient’s serum whilst receiving antibiotics that kills a
standard inoculum of the patient’s organism in vitro and
measured by back-titration) of 1:8 or greater usually in-
dicates an adequate therapeutic effect. A peak bactericidal
titer of 1:64 and a trough of 1:32 has been reported to rep-
resent optimal therapy [22]. Determination of the titer is
valuable only when response to treatment with the rec-
ommended regimens is suboptimal, when IE is due to an
unusual organism, or when an unconventional treatment
regimen is used [18]. However, caution should be used
when using titer data, in order to avoid false reassurance
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TABLE 6.1 Treatment of infective endocarditis due to penicillin-sensitive viridans streptococci and S. bovis
(MIC <0.1 mg/L) in adults

Antibiotic Dose/route Duration

Benzylpenicillin 7.2–12 g IV daily in 4–6 divided doses 4–6 weeksb

+ gentamicina 3–5 mg/kg IV daily in 2–3 divided doses (max 240 mg) 2 weeksc

Benzylpenicillin 7.2–12 g IV daily in 4–6 divided doses 2 weeksd

+ gentamicina 3–5 mg/kg IV daily in 2–3 divided doses (max 240 mg) 2 weeks
Teicoplanin [172] 400 mg IV bolus 12-hourly for first 3 doses, then 400 mg IV dailye 4 weeks
Ceftriaxone 2 g/day IV 4 weeks

For those patients allergic to penicillin
Vancomycin 30 mg/kg IV in 24 h in 2 divided doses f (infused over 2 h) 4 weeks
+ gentamicina 3–5 mg/kg IV daily in 2–3 divided doses (max 240 mg) 2 weeks
a Loading dose and maintenance dose of gentamicin may be calculated on the basis of the patient’s age, weight and renal function using a nomogram, with
appropriate adjustments in dose being made according to serum gentamicin concentrations.

With renal impairment, dose may be reduced according to creatinine clearance using Mawer nomogram or to blood urea levels, e.g.
7–17 mmol/L: 80 mg 12-hourly
17–33 mmol/L: 80 mg daily
>33 mmol/L: 80 mg alternate days.

Serum gentamicin levels should be checked twice per week if serum creatinine is normal and more often if elevated.
Ideally:

Pre(trough) level (taken just prior to dose) <2 mg/L
If >2 mg/L – drug interval must be increased or dose reduced
Peak level (taken 1 hour after IV dose) < 10 mg/L Preferably 3–5 mg/L
If level exceeds this – reduce dose.

b Duration adjusted according to clinical response and advice from microbiologist.
c Four weeks of benzylpenicillin alone for sensitive streptococci may be a useful option for the elderly or those with existing hearing impairment or poor renal
function.
d Conditions to be met for a 2 week treatment regimen for viridans streptococci and S. bovis endocarditis:

Penicillin-sensitive viridans streptococci including S. bovis (penicillin MIC <0.1 mg/L)
No cardiovascular risk factors, e.g. heart failure, aortic or mitral regurgitation, conduction abnormalities
No evidence of thromboembolism
Native valve infection
No vegetations >5 mm diameter demonstrated on echocardiography
Clinical response within 7 days including abolition of pyrexia.

e Serum teicoplanin levels should be checked to ensure appropriate blood concentrations.
f Serum trough level of vancomycin should be maintained between 10 and 15 mg/L to ensure optimal efficacy.

of microbiological efficacy despite the lack of evidence of
clinical improvement.

TREATMENT REGIMENS FOR
SPECIFIC MICROORGANISMS

Streptococci and Staphylococci
The majority (80%) of NVE is caused by viridans strep-
tococci (50–70%), Staphylococcus aureus (25%), and en-
terococci (10%) [23–30]. Certain organisms are more fre-
quently associated with particular clinical situations and
procedures (see Table 1.1). For example, S. aureus is the
most frequent cause of endocarditis in IV drug abusers
(60%), in insulin-dependent diabetes mellitus, and in in-
fection of the tricuspid valve, and this microorganism is
particularly destructive [27,29]. S. epidermidis more often
causes indolent infection on previously damaged valves
[25,31].

Regimens for treatment of streptococci are shown in
Tables 6.1 and 6.2 and for staphylococci in Tables 6.3 and
6.4 [5,6,8,18,25,32–34].

Treatment of streptococcal endocarditis depends on
the clinical complexity of the infection in the individ-
ual patient and on the antibiotic susceptibility of the
organism (Figures 6.3 and 6.4). For example, in un-
complicated IE caused by fully penicillin-sensitive viri-
dans streptococci or S. bovis (MIC <0.1 mg/L) on a
native valve, treatment for 2 weeks with IV benzylpeni-
cillin + gentamicin is generally sufficient to cure the in-
fection. Whereas, if there is any evidence of cardiac or
embolic complications or if the organism is less sensi-
tive to penicillin (MIC between 0.1 mg/L and 0.5 mg/L),
benzylpenicillin should be continued for 4–6 weeks with
gentamicin for the first 2 weeks. For more resistant strep-
tococci (MIC >0.5 mg/L), treatment with gentamicin for
longer may be necessary, although the risk of ototoxicity
increases.

Frequent dosing of penicillin is necessary as the ini-
tial high peak concentration rapidly decreases due to
glomerular filtration, tubular excretion in the kidney,
and inactivation of penicillin (half-life 20–30 minutes) in
blood. Although prolonged courses of antibiotics prob-
ably produce more effective outcomes, on the whole,
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TABLE 6.2 Treatment of infective endocarditis due to penicillin-relative resistant viridans streptococci and S. bovis
(MIC > 0.1 mg/L) in adults

Antibiotic Dose/route Duration

Benzylpenicillin 12–14 g IV daily in 4–6 divided doses 4–6 weeksb

+ gentamicina 3–5 mg/kg IV daily in 2–3 divided doses (max 240 mg) 2 weeksb

or
Teicoplaninc 400 mg IV bolus 12-hourly for 3 doses, then 400 mg IV daily 4 weeksb

+ gentamicina 3–5 mg/kg IV daily in 2–3 divided doses (max 240 mg) 2 weeksb

For those patients allergic to penicillin
Vancomycind 30 mg/kg IV per 24 h in 2 divided doses (infused over 2 hrs) 4 weeksb

+ gentamicina 3–5 mg/kg IV daily in 2–3 divided doses (max 240 mg) 2 weeksb

a See Table 6.1
b Duration adjusted according to clinical response and advice from microbiologist.
c Serum teicoplanin levels should be checked to ensure appropriate blood concentrations.
d As a guide the dose may be adjusted to achieve 1 hour post-infusion serum concentrations of about 30 mg/L and trough concentrations of 10–15 mg/L,
although the correlation between peak and trough levels with toxicity and efficacy is not high.

S. pneumoniae—treat as penicillin-sensitive viridans streptococci but check sensitivity as penicillin-resistant pneumococci are now being isolated.
S. pyogenes—(group A streptococci), groups B, C, and G streptococci—treat as per penicillin-sensitive viridans streptococci [173].
S. adjacens and S. defectivus (nutritionally variant streptococci)—treat with either benzylpenicillin/gentamicin combination or vancomycin and gentamicin
regimen. Advice from microbiologist should be sought.

TABLE 6.3 Treatment of endocarditis due to staphylococci on native valve

Antibiotic Dose/route Duration

Penicillin-sensitive (non-B-lactamase producers)
Benzylpenicillin 12–14 g IV daily in 4–6 divided doses 6 weeks
+ gentamicina 3–5 mg/kg IV daily in 2–3 divided doses 3–5 days

Methicillin-sensitive staphylococci (B-lactamase producer)
Flucloxacillin 8–12 g IV daily in 4 divided doses 6 weeks
+ gentamicina 3–5 mg/kg IV daily in 2–3 divided doses 3–5 days

For those patients allergic to penicillin
Vancomycin 30 mg/kg IV in 24 hours in 2 divided doses (infused over 2 h) 6 weeks
+ gentamicina 3–5 mg/kg IV daily in 2–3 divided doses 3–5 days

Methicillin-resistant staphylococcib

Vancomycin 30 mg/kg IV in 24 hours in 2 divided doses (infused over 2 h) 6 weeks
+ gentamicina [174] 3–5 mg/kg IV daily in 2–3 divided doses 3–5 days
a Gentamicin blood levels must be checked 2–3 times in this week period.
See Table 6.1. Peak levels 5–10 mg/L.
Oral Fusidic acid may be considered as an alternative to gentamicin for combination treatment for fusidic acid-sensitive strains [175–177].
Rifampicin may be added to the penicillin, gentamicin, or vancomycin regimens for poor responders.
In some patients with uncomplicated tricuspid valve endocarditis due to IV drug abuse, 2 weeks of IV flucloxacillin and gentamicin for methicillin-sensitive
staphylococcal infection is often effective (see text).
b Linezolid or Synercid may be used in MRSA.

TABLE 6.4 Treatment of endocarditis due to staphylococci on prosthetic valve or other prosthetic material

Antibiotic Dose/route Duration

Methicillin-sensitive staphylococci
Flucloxacillin 8–12 g IV daily in 4 divided doses 6 weeks
+ rifampicina 300 mg orally 8-hourly 6 weeks
+ gentamicinb 3–5 mg/kg IV daily in 2–3 divided doses 2 weeks

Methicillin-resistant staphylococcic

Vancomycin 30 mg/kg IV in 24 h in 2 divided doses (infused over 2 h) 6 weeks
+ rifampicina 300 mg orally 8-hourly 6 weeks
+ gentamicinb 3–5 mg/kg IV daily in 2–3 divided doses 2 weeks
a Resistance to rifampicin develops rapidly and therefore should never be given alone. Fluoroquinolones are an alternative to rifampicin if the microorganism
is resistant to rifampicin.
b See Table 6.1. Peak levels 5–10 mg/L.
c This regimen may be used if patient is allergic to penicillin.
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FIGURE 6.3 Colonies of viridans streptococci appear to have a
greenish tinge when grown on a blood agar plate.

there is limited evidence that 4 weeks is better than 3, or that
6 weeks is better than 5 weeks. As indicated above, some
cases of endocarditis can be cured by only 2 weeks’ treat-
ment, for example in uncomplicated, penicillin-sensitive,
streptococcal native valve endocarditis (see Table 6.1) and
drug addicts with S. aureus tricuspid valve endocarditis.
It is thought that combining penicillin/flucloxacillin with
gentamicin results in a more rapid defervescence and clear-
ance of bacteremia and this is therefore recommended,
although superiority over penicillin alone has not been
demonstrated in a clinical trial. Teicoplanin is an alterna-
tive to penicillin in streptococcal endocarditis, when the

FIGURE 6.4 Gram-positive streptococci seen microscopically are
arranged in a “chain” formation. Courtesy of Dr Lisa Grech.

FIGURE 6.5 Blood agar plate showing the large, gold-colored
colonies of Staphylococcus aureus grown in blood culture bottles
from a patient with infective endocarditis of the aortic valve. Cour-
tesy of Dr Lisa Grech.

starting dose should be at least 10 mg/kg and the serum
levels checked in order to ensure appropriate blood con-
centrations. Vancomycin is also an effective alternative to
penicillin and the drug of choice in patients allergic to peni-
cillin [2,35]. Ceftriaxone has an excellent pharmacokinetic
profile for treating streptococcal IE and may be useful in
patients over 65 years or with renal or auditory nerve im-
pairment [36–42].

Staphylococcal IE is a particularly severe and life-
threatening infection responsible for about one third
of all cases (Figures 6.5–6.8). Early treatment is the key
to improving overall prognosis. Ninety percent are due
to coagulase-positive S. aureus and 10% to coagulase-
negative staphylococci. The tube coagulase test or the
coagulase spot test is used to distinguish between the two

FIGURE 6.6 Two blood agar plates showing the contrast between
the golden yellow colonies of Staphylococcus aureus (left) and the
white colonies of Staphylococcus epidermidis (right).
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FIGURE 6.7 Gram-positive staphylococci – microscopic appear-
ance.

major species of pathogenic staphylococci (Figures 6.9
and 6.10).

S. aureus is the only common cause of acute en-
docarditis and can attack normal hearts in staphylo-
coccal septicemia. The organism predominantly affects
left-sided valves except in IV drug abusers. Less than 10%
of S. aureus strains are susceptible to penicillin although
community-acquired strains are frequently methicillin-
sensitive. Methicillin-resistant S. aureus (MRSA) accounts
for approximately 50% of cases of S. aureus endocarditis
in drug abusers and endocarditis acquired in hospitals,

FIGURE 6.8 Staphylococci as seen by scanning electron mi-
croscopy.

FIGURE 6.9 The tube coagulase test tests the ability of the staphy-
lococcal strain to produce a thrombin-like enzyme, coagulase. After
incubating diluted plasma and a broth culture of the organism, for-
mation of a clot (arrow) within the tube (right), but not in a control
tube (left), indicates that the organism is coagulase positive.

e.g. IV access site infection or transvenous pacemaker
infection [43,44]. Methicillin-resistant S. epidermidis is
responsible for most cases of S. epidermidis endocarditis
on prosthetic valves but uncommonly causes native valve
endocarditis [44–46]. When it does, it usually presents
a subacute picture. Treatment of suspected methicillin-
resistant staphylococcal endocarditis in these situations
or of proven infection must include vancomycin. Ri-
fampicin has been used as a supplement to therapy with
a penicillin, cephalosporin or vancomycin with or with-
out aminoglycosides in patients responding poorly to
these agents [47,48]. Rifampicin is actively taken up by
granulocytes and becomes effective against intracellular
staphylococci and staphylococci within abscesses. Other
agents such as linezolid and Synercid may be alternative
choices for infection with MRSA. The emergence of van-
comycin intermediate resistance S. aureus (VISA) among
MRSA isolates is of great concern; many of these organ-
isms are also resistant to teicoplanin and are called gly-
copeptide intermediate resistance S. aureus (GISA) [49].
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FIGURE 6.10 The slide “coagulase” test has the advantage of be-
ing faster and simpler to use. Here, coagulase-positive staphylococci
produce coagulase which when mixed with plasma on a slide, trig-
gers clotting and causes the plasma to form clump-like clots. The
lower slide shows clotted plasma, the upper slide being smooth and
unclotted.

Although coagulase-negative staphylococci are the
most common cause of PVE, they also affect patients with
mitral valve prolapse. Here the course is typically indo-
lent with a good response to medical or surgical treat-
ment. However, Staphylococcus lugdunensis is particularly
virulent and causes high rates of perivalvular extension of

FIGURE 6.11 Echocardiogram showing aortic valve
endocarditis and a large vegetation (arrow). The infec-
tive endocarditis was due to Enterococcus faecalis in a
patient with carcinoma of the colon (see Figure 6.12).

infection and metastatic seeding to distant organs [49–52].
Such patients require careful observation for the develop-
ment of such complications.

The routine use of back-titrations of the patient’s
serum against the organism is not recommended for mon-
itoring antibiotic treatment.

Nutritionally Variant Streptococci
These bacteria account for 5–6% of streptococcal endo-
carditis and are an important cause of culture-negative
endocarditis [53]. Streptococcus adjacens and Streptococcus
defectivus appear to be the predominant species. These or-
ganisms are residents of the oral cavity, genitourinary and
intestinal mucosae. Endocarditis occurs in the setting of
prior valvular disease and is characterized by a slow indo-
lent course [53,54]. Morbidity and mortality exceed those
of other forms of viridans streptococci and even entero-
cocci [54]. Bacteriological diagnosis may require special
techniques [55].

More than 30% of strains are relatively resistant to
penicillin and either a penicillin/aminoglycoside combi-
nation or vancomycin regimen is usually necessary [55].

Enterococci
E. faecalis accounts for 10% of cases of endocarditis and
90% of all enterococcal endocarditis [56]. Other species
that may be responsible include E. faecium and E. durans.
E. faecalis endocarditis is most often found in elderly
patients and is usually associated with malignancy or ma-
nipulation of the gastrointestinal or genitourinary tract
(Figures 6.11–6.13). It often produces a subacute rather
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FIGURE 6.12 Ulcerated carcinoma of the colon (arrow) as seen at
colonoscopy in a patient who developed Enterococcus faecalis aortic
valve endocarditis.

than an acute endocarditis. These microorganisms are usu-
ally more resistant to penicillin than viridans streptococci
and relatively resistant to aminoglycosides [57–60]. Some
enterococci are multiresistant to antibiotics including van-
comycin (VRE) [61,62]. Regimens for treatment are shown
in Table 6.5 [18–20,63–64].

First-line treatment is with a synergistic bactericidal
combination of IV amoxicillin+gentamicin. Gentamicin-
resistant (MIC >500 mg/L) enterococci may not respond
to this combination but some strains may respond to high-
dose amoxicillin for 6 weeks or to a combination of amoxi-
cillin + streptomycin. Amoxicillin-resistant strains can be
treated with a combination of vancomycin (or teicoplanin)
and gentamicin and this regimen may be suitable for

FIGURE 6.13 MacConkey medium. Enterococcus faecalis grows
as small pinpoint bright magenta-colored colonies. Escherichia coli
form larger pink colonies.

FIGURE 6.14 Proteus mirabilis seen here on a blood agar plate is an
unusual cause of infective endocarditis seen in patients with severe
urinary sepsis and in immunocompromised patients undergoing
long-term ventilation on intensive care units.

patients who are allergic to penicillin. For VRE, linezolid
may be useful, while Synercid may be used in vancomycin-
resistant E. faecium.

Gram-positive and Gram-negative Bacilli
Gram-positive (e.g. Listeria monocytogenes and Propri-
onibacterium acnes) and Gram-negative bacilli (e.g. E.
coli, Klebsiella spp., Serratia spp., P. aeruginosa, Proteus
mirabilis) are uncommon but serious causes of endo-
carditis [65–73] (Figure 6.14). Regimens for treatment are
shown in Table 6.6 [74–87]. As susceptibility of these or-
ganisms is often unpredictable, treatment should be based
on susceptibility testing.

Anaerobic Gram-negative bacilli(e.g. Fusobacterium
spp., Bacteroides spp.) require specific treatment which in-
cludes high-dose IV penicillin, imipenem, and the addition
of metronidazole 500 mg 8-hourly for 6–8 weeks [87,88].

HACEK Group
In recent years, the HACEK group of organisms
(Haemophilus, Actinobacillus, Cardiobacterium, Eikenella,
and Kingella species) have become important causes of
endocarditis (Figures 6.15 and 6.16), causing large veg-
etations (>1 cm), large vessel emboli, and congestive
cardiac failure [89–98]. This group of organisms will of-
ten require 7–21 days of incubation in 10% CO2 to allow
growth. The treatment is shown in Table 6.7 [98–103].
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TABLE 6.5 Treatment of infective endocarditis due to enterococci in adults

Antibiotic Dose/route Duration

Gentamicin-sensitive or low-level resistant
organism (MIC <500 mg/L)
Benzylpenicillin 10–12 g IV daily in 4–6 divided doses 4–6 weeksa

or ampicillin or amoxicillin 12 g IV daily in 4 divided doses 4–6 weeksa

+ gentamicinb 3–5 mg/kg IV daily in 2–3 divided doses 4–6 weeksa

For those patients allergic to penicillin
Vancomycinc 30 mg/kg IV per 24 h in 2 divided doses (infused over 2 h) 4–6 weeksa

+ gentamicinb 3–5 mg/kg IV daily in 2–3 divided doses 4–6 weeksa

a Six weeks’ therapy recommended for patients with symptoms >3 months.
b Monitor drug serum levels and renal function. See Table 6.1.
c Teicoplanin 10 mg/kg IV bolus 12-hourly for first 6 doses then 10 mg/kg IV daily may be an alternative to vancomycin. Levels should be measured.

For gentamicin-highly resistant strains (MIC >500 mg/L), ampicillin or amoxicillin 12 g IV per day in 6 divided doses or as a continuous infusion for 6 weeks
is advisable. If the organism is sensitive to streptomycin this could also be added but dose monitoring is necessary to avoid ototoxicity.
For ampicillin-resistant strains, the vancomycin + gentamicin regimen may be effective.
Vancomycin-resistant enterococci (VRE) may respond to IV linezolid 600 mg infused over 30–120 min every 12 h.
Vancomycin-resistant E. faecium may respond to Synercid.
For multiresistant strains, expert advice should be sought from the microbiologist.

FIGURE 6.15 Culture of Haemophilus on blood agar shows tiny
pinpoint colonies, although the quality of the medium can have an
effect on the appearance of the colonies. Courtesy of Dr Lisa Grech.

FIGURE 6.16 Haemophilus appears microscopically as small,
Gram-negative bacilli. Courtesy of Dr Lisa Grech.

Fungi
Fungi, especially Aspergillus spp. and Candida spp., are also
important causes of endocarditis (2–10%), particularly in
patients with prosthetic valves, suppressed immunity, or
IV drug abuse [104–107]. Patients receiving prolonged,
intense antibiotic therapy and hyperalimentation, those
with long-term IV catheters in situ, and those with bac-
terial endocarditis are also at increased risk of fungal en-
docarditis. Details of the organisms responsible and their
sources have been presented by Rubinstein and Lang [108]
and are associated with large vegetations and systemic
emboli.

Fungal endocarditis demands intensive treatment with
potentially toxic agents (Table 6.7). Seventy-five percent
of cases are due to Candida species and they should be
formally identified and sensitivity tested. Patients require
careful observation with frequent monitoring of their
hematology and biochemistry. Surgery should be per-
formed early after commencing treatment, especially in
patients with large vegetations, evidence of emboli, poor
response to treatment, Aspergillus endocarditis, and in
those with prosthetic valves, since mortality is unaccept-
ably high with treatment with antimycotic agents alone
[108–110] (Figures 6.17–6.19). However, fungal valvu-
lar infection is aggressive and difficult to treat surgically.
There is a high risk of embolization and serious perioper-
ative bleeding may occur when infected tissue is resected
[111].Usually surgery is complicated by the need for radi-
cal debridement and aortic root reconstruction. Prosthetic
valve fungal endocarditis is particularly serious – the first
episode is usually a result of nosocomial candidemia,
and recurrent episodes are frequent [110,112,113]. In this
situation, urgent surgical intervention is recommended
and antifungal drug treatment should be continued for
life.
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TABLE 6.6 Treatment of endocarditis due to Gram-positive and Gram-negative bacilli

Organism Antibiotic Dose/route Duration

Listeria monocytogenes a Amoxicillin 12 g IV daily in 4 divided doses 6 weeks
+ gentamicinb 3–5 mg/kg IV daily in 2–3 divided doses 4–6 weeks

Pseudomonas aeruginosa a Tazocinc 18 g IV daily in 6 divided doses 6 weeks
or ceftazidime 6 g IV daily in 3 divided doses 6 weeks
or imipenem 2–4 g IV daily in 4 divided doses 6 weeks
or aztreonam 8 g IV daily in 4 divided doses 6 weeks

+ gentamicinb 3–5 mg/kg IV daily in 2–3 divided doses 4–6 weeks
or tobramycin 8 mg/kg IV daily in 4 divided doses 4–6 weeks

Enterobacteraceaed Amoxicillin 12 g IV daily in 4 divided doses 6 weeks
or cefotaxime 8 g IV daily in 4 divided doses 6 weeks
or imipenem 2–4 g IV daily in 4 divided doses 6 weeks
or aztreonam 8 g IV daily in 4 divided doses 6 weeks

+ gentamicinb 3–5 mg/kg IV daily in 2–3 divided doses 4–6 weeks
a Treatment is usually specific and based on results of antibacterial sensitivity testing [178].
b See Table 6.1. Peak levels 5–10 mg/L.
c Tazocin (piperacillin + beta-lactamase inhibitor, tazobactam) is probably better than piperacillin alone.
d E. coli/Klebsiella/Enterobacter/Serratia/Proteus—drug regimen often depends on individual organism, sensitivity testing, and advice from microbiologist.

Amphotericin B has been the single most effective
agent but it requires prolonged infusion periods and has
unpleasant side effects and adverse effects. Liposomal am-
photericin B may be particularly effective in Aspergillus
endocarditis. Flucytosine is less well defined although most

authors recommend a combination of the two agents. FC
is toxic to liver and bone marrow and frequent monitoring
of blood and liver function tests are mandatory.

Voriconazole is a new antifungal agent which may be
useful for serious Aspergillus infections.

TABLE 6.7 Treatment of HACEK group, fungal, and culture-negative endocarditis
HACEK group

Antibiotic Dose/route Duration

Ampicillin or amoxicillina 12 g IV daily in 4 divided doses 4–6 weeksb

+ gentamicinc 3–5 mg/kg IV daily in 2–3 divided doses 2 weeks
a If amoxicillin-resistant, a third generation cephalosporin such as IV ceftriaxone 2 g/day in a single dose is given for 3–4 weeks in native valve endocarditis and
6 weeks in prosthetic valve endocarditis. It has a long half-life.
b 6 weeks for patients with prosthetic valve endocarditis.
c See Table 6.1. Peak levels 5–10 mg/L.
Ofloxacin may be useful in Actinobacillus endocarditis [179].

Fungia

Antifungal Dose/route Duration

Amphotericin Bb 1 mg/kg IV every 24 h (total dose 2–2.5 g) 6 weeks
± flucytosinec 150–200 mg/kg oral per day in 4 divided doses 6 weeks
a Current antifungal agents will not cure fungal endocarditis except in rare cases and combined medical treatment and surgical treatment should be employed.
b Amphotericin B as a lipid complex or encapsulated in liposomes have been shown to have reduced toxicity enabling much higher doses to be given without
substantial side effects [180]. Advice from microbiologist should be sought.
c Marrow depression and hepatic necrosis are side effects; plasma concentrations for optimal response are 25–50 mg/L and should not be allowed to exceed
80 mg/L.

Culture-negativea

Antibiotic Dose/route Duration

Vancomycin 15 mg/kg IV every 12 h 6 weeks
+ gentamicinb 3–5mg/kg IV daily in 2–3 divided doses 2 weeks
a When serology for atypical organisms such as Chlamydia, Coxiella, and Bartonella are negative.
b See Table 6.1. Peak levels 5–10 mg/L.
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FIGURE 6.17 Aspergillus species may be isolated from blood cultures or directly from vegetations or emboli removed surgically. They are
recognized by their conidiophores – swollen ends of hyphae from which radiate large numbers of sterigmata (short lengths of narrower hyphae)
ending in short chains of spores. Courtesy of Dr Hani Zakhour.

Blood Culture-negative Endocarditis
Treatment should include antibiotics that are appropriate
for the most likely organism but should generally cover
Gram-positive and Gram-negative organisms (Table 6.7).
Early surgical intervention is often necessary [114,115].
Patients with Coxiella and Chlamydia infection need valve
replacement and prolonged treatment since reinfection
commonly occurs.

For Q-fever endocarditis, treatment with doxycycline
(1 g/day) is indicated for at least 3 years (possibly for
life) plus either cotrimoxazole (1.92 g/day), rifampicin
(300 mg/day), or ciprofloxacin (1.5 g/day) since the liver is
usually chronically infected. Other agents, e.g. ofloxacin,
hydroxychloroquine, are being evaluated in combina-
tion therapy for Q-fever infection [116]. During treat-
ment, serological testing should be performed monthly for

FIGURE 6.18 Aspergillus conidiophore. Courtesy of
Dr Hani Zakhour.
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FIGURE 6.19 Aspergillus hyphae – high power.
Courtesy of Dr Hani Zakhour.

6 months, and every 3 months thereafter. Antibody levels
fall slowly. The IgM antibodies disappear first, then the
IgA but the IgG antibodies remain positive for years. It has
been suggested that after 3 years, treatment can be stopped
if the level of IgG against phase-I antigens is still below 400
and IgA against phase-I are no longer detectable [117].

For Brucella endocarditis, consultation with a micro-
biologist is essential and culture bottles may need to be kept
for up to 6 weeks. The combination of doxycycline (100 mg
twice daily) and IV gentamicin for 4 weeks followed by the
combination of doxycycline and rifampicin (600 mg twice
daily) for 4–8 weeks is the most effective regimen [118].
Most require valve replacement in combination with an-
timicrobial agents given over a prolonged period.

In culture-negative endocarditis, all material excised
during cardiac surgery in patients with active IE should be
cultured and examined [119].

TREATMENT OF INFECTIVE
ENDOCARDITIS IN SPECIFIC
CLINICAL SITUATIONS

Intravenous Drug Abuse
Infective endocarditis is one of the most severe compli-
cations in IV drug abusers and IV drug addiction one of
the most important causes of IE in some urban medical
centers [120,121] (Figures 6.20 and 6.21). Infected needle
punctures and thrombophlebitis may be evident on the
arms or legs of the addicts (Figure 6.22) and subcutaneous

abscesses may also develop and require incision and
drainage. Infected deep venous thrombosis in the thigh
is another complication of using infected needles (Fig-
ure 6.23). Infected carious teeth are an important source
of microorganisms which are transferred to drug users’
needles by their habit of licking the needles before inject-
ing the drug intravenously (Figure 6.24).

Methicillin-sensitive S. aureus is the causative organ-
ism in 60–70% of cases, streptococci and enterococci in 15–
20%, P. aeruginosa, Serratia marcescens and other Gram-
negative bacilli in <10%, and Candida spp. in <2%; 5%
of cases are polymicrobial and 5–10% of cases are culture-
negative. The tricuspid valve is most frequently affected
(>70%), followed by left-sided valves. Pulmonary valve
infection is rare (<1%).

The type of antimicrobial therapy and mode of ad-
ministration necessary is dependent on the organism(s)
responsible, which may be suggested by the type of drug
and solvent used by the addict [122–124].

The prognosis of right-sided IE is favorable and
in those with uncomplicated native valve IE caused by
methicillin-sensitive S. aureus, 2 weeks’ treatment with IV
flucloxacillin plus IV gentamicin may cure the infection
[125]. However, once the causative organism has been iso-
lated, therapy has to be adjusted. A standard 4–6 week
treatment regimen should be used where there is a slow
clinical or microbiological response to antibiotic therapy,
right-sided endocarditis complicated by right heart failure,
large (>20 mm) valve vegetations, acute respiratory fail-
ure, septic metastatic foci outside the lungs or extracardiac
complications such as acute renal failure, associated severe
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FIGURE 6.20 A 2-D transthoracic echocardiogram
showing large vegetation (�VEG) on the tricuspid
valve (TV) in an IV drug abuser with Staphylococcus
aureus endocarditis. Septic pulmonary infarcts may
occur as a result of embolization (AO, aorta; RA, right
atrium). Courtesy of Dr Lindsay Morrison.

immunosuppression with or without AIDS, and therapy
with antibiotics other than penicillinase-resistant peni-
cillins. It has been estimated that the prevalence of HIV-1
infection in IV drug abusers with endocarditis ranges from
40 to 90% – an important consideration for nursing, med-
ical, surgical, and technical staff [126,127].

Surgery is necessary in <2% of cases and death oc-
curs in <5% of cases. The indications for surgery and the
perioperative treatment is the same as in non-addicts but
should be more conservative because of the higher inci-
dence of recurrent IE due to continued IV drug abuse. The
indication and type of surgery should therefore be carefully

FIGURE 6.21 Pulmonary abscess (arrow) showing a typical air
and fluid level, in a 26-year-old IV drug abuser with tricuspid valve
endocarditis.

FIGURE 6.22 Large abscess in right forearm as a result of injecting
infected drug solution. Courtesy of Dr. N. Beeching.
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FIGURE 6.23 Infected deep venous thrombosis in the right thigh
as a result of injecting infected drug solution into right femoral vein.
Infected needle injection sites and thrombophlebitis in the left arm
can also be seen. Courtesy of Dr. N. Beeching.

considered to avoid the development of prosthetic valve
endocarditis if drug abuse continues. The three main sur-
gical indications are IE due to organisms that are difficult
to eradicate, e.g. fungi, persisting bacteremia (>1 week)

FIGURE 6.24 Infected carious teeth in a drug addict. The practice
of licking the needle before injecting IV drugs ensures bacteremia
with a mixture of bacteria and the associated risk of infective endo-
carditis. Courtesy of Dr. N. Beeching.

despite adequate antimicrobial therapy, and large tricuspid
valve vegetations (>20 mm) associated with recurrent pul-
monary emboli with or without concomitant right heart
failure.

HIV-positive Patients
Endocarditis in HIV-positive patients usually occurs as a
result of IV drug abuse or long-term indwelling catheters
[128]. Estimates of endocarditis occurrence vary from
6.3% to 34% [129]. S. aureus is the most frequent causative
organism and for drug abusers the tricuspid valve is most
commonly affected and short courses of antibiotics have
been reported to be successful [130]. Fungal endocardi-
tis is not uncommon and there is an increased risk of
Salmonella infection [131].The outcome is worst in pa-
tients with AIDS and prolonged IV antibiotics are probably
indicated [132–134].

Pregnancy
Most of the first choice antibiotics are safe and effective
in pregnancy. Penicillins do not appear to cause mater-
nal or fetal complications [135]. Aminoglycosides should
be used only in special situations because of the potential
for oto- and nephrotoxicity in the fetus [136]. No terato-
genic effects have so far been reported with imipenem or
rifampicin. Quinolones are contraindicated in pregnancy
[136].

Amphotericin B does not appear to be associated with
teratogenic effects, unlike fluconazole where there ap-
pears to be a dose-dependent effect [137]. For IE in preg-
nancy, the advice of an expert microbiologist is strongly
advised.

Cardiac surgery for IE in pregnancy is difficult. There
is a risk of fetal distress, growth retardation, and fetal
death and wherever possible, surgical intervention should
be postponed until the fetus is viable and heart surgery
and cesarean section can be performed as a concomitant
procedure. Close cooperation between cardiologist, car-
diac surgeon, and obstetrician is essential. There does not
appear to be any absolute indication for pregnancy termi-
nation in active IE since in patients with heart failure due
to valve insufficiency, hemodynamic improvement cannot
be expected by termination of pregnancy alone.

Prosthetic Valve Endocarditis
In early prosthetic valve endocarditis (PVE), S. epidermidis
and S. aureus are the most frequent organisms responsible.
Vegetations are generally larger than those found in NVE
and prosthetic material protects organisms against antimi-
crobial treatment – making sterilization with antibiotics
extremely difficult [138,139]. Consequently, antibiotics
have to be used in dosages that result in maximum but
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nontoxic serum concentrations in order to penetrate the
vegetations, and the duration of treatment must also be
longer. Antibiotic sterilization of large vegetations is un-
likely with organisms that have a high MIC. A min-
imum of 2 months’ IV therapy may cure some cases
[140] but most will require further valve surgery and an-
other month’s IV treatment. Beyond 6 months, the or-
ganisms causing “late” PVE are not dissimilar to those
responsible for NVE [141]. When PVE is clinically ap-
parent and blood cultures are not yet positive, empiric
treatment should be initiated with IV vancomycin and
gentamicin.

Prosthetic valve endocarditis has a poor prognosis and
demands prompt and careful assessment of the need for
early surgical intervention [140–147] (Figure 6.25). Trans-
esophageal echocardiography is essential in order to recog-
nize the presence of vegetations on the prosthesis and for
diagnosing periprosthetic abscess formation, fistulas, and
prosthetic valve dysfunction not seen on a transthoracic
study.

In patients with PVE due to aggressive organisms such
as S. aureus, those who fail to respond immediately to

TABLE 6.8 Treatment for native valve endocarditis caused by streptococci, enterococci and HACEK organisms: UK, Europe, and USA

Organism UK Europe USA

Penicillin-sensitive viridans Benzylpenicillin Penicillin G Penicillin G
streptococci or S. bovis

1–2 g IV 4-hourly 4 weeks 2–3 MU IV 4-hourly 4 weeks 2–3 MU IV 4-hourly 4 weeks
+ gentamicin + gentamicin
3–5 mg/kg IV/24 h 2 weeks 3 mg/kg IV/24 h 2 weeks

or ceftriaxone or ceftriaxone or ceftriaxone
2 g/day IV 4 weeks 2 g/day IV 4 weeks 2 g/day IV 4 weeks

Penicillin-resistant Benzylpenicillin Penicillin G Penicillin G
viridans streptococci and
S. bovis

1–2 g IV 4-hourly 6 weeks 3–4 MU IV 4-hourly 4 weeks 3 MU IV 4-hourly 4 weeks
+ gentamicin + gentamicin + gentamicin
3–5 mg/kg IV/24 h 2–4 weeks 3 mg/kg IV/24 h in 2–3 doses 1 mg/kg IV/IM 8-hourly 2 weeks

Enterococcus Ampicillin or amoxicillin Penicillin G Penicillin G
2 g IV 4-hourly 4–6 weeks 3–4 MU IV 4-hourly 4 weeks 3–5 MU IV 4-hourly 4–6 weeks
+ gentamicin + gentamicin or ampicillin 2 g IV 4-hourly

4–6 weeks3–5 mg/kg IV/24 h 4–6 weeks 1.5 mg/kg IV 12-hourly 4 weeks
+ gentamicin
1 mg/kg IV/IM 8-hourly 4–6 weeks

Penicillin allergic individuals Vancomycin 30 mg/kg IV/day in Vancomycin 30 mg/kg IV/day in Vancomycin 30 mg/kg IV/day in
2 divided doses 4–6 weeks 2 divided doses 4–6 weeks 2 divided doses 4–6 weeks

+ gentamicin ± gentamicin ± gentamicin
3–5 mg/kg IV/day in 2–3 3 mg/kg IV/day in 2 doses 4 weeks 1 mg/kg IV/IM 8-hourly 4–6 weeks
divided doses 2–6 weeks

HACEK group Ampicillin or amoxicillin Ceftriaxone 2 g/day IV Ceftriaxone 2 g/day IV/IM 4 weeks
12 g IV/24 hrs in 4 divided doses 3–4 weeks

4–6 weeks or ampicillin 2 g IV 6-hourly or ampicillin 2 g IV 4-hourly
3–4 weeks 4 weeks

+ gentamicin + gentamicin + gentamicin
3–5 mg/kg IV/24 hours 2 weeks 1 mg/kg IV 8-hourly 3–4weeks 1 mg/kg IV/IM 8-hourly 4 weeks
or ceftriaxone 2 g/day IV 3–4 weeks

FIGURE 6.25 Destruction of aortic valve bioprosthesis by Staphy-
lococcus aureus.

antibiotics, those with large periprosthetic leaks or absc-
esses, fistula formation and false aneurysms, vegetations
on the prosthesis, new-onset conduction disturbance,
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TABLE 6.9 Treatment for native and prosthetic valve staphylococcal endocarditis: UK, Europe, and USA

UK Europe USA

Native
Penicillin-sensitive Benzylpenicillin

staphylococci 1.2 g IV 4-hourly 6 weeks
+ gentamicin
3–5 mg/kg IV/day 1 week

Methicillin-sensitive Flucloxacillin Oxacillin Oxacillin
staphylococci 2 g IV 4-hourly 6 weeks 2–3 g 6-hourly 4 weeks 2 g IV 4-hourly 4–6 weeks

+ gentamicin + gentamicin + gentamicin
3–5 mg/kg IV/day 1 week 3 mg/kg IV/day in 3 doses 1 mg/kg IM/IV 8-hourly

3–5 days 3–5 days

Methicillin-resistant Vancomycin Vancomycin Vancomycin
staphylococci or penicillin
allergic individuals

30 mg/kg/day IV over 2 h in 2 30 mg/kg/day IV over 2 h in 30 mg/kg/day IV in 2 divided
2 divided doses 6 weeks divided doses 6 weeks doses 4–6 weeks

+ gentamicin
3–5 mg/kg IV/day in 3 divided

doses 1 week

Prosthetic
Methicillin-sensitive Flucloxacillin Oxacillin Oxacillin

staphylococci 2 g IV 4-hourly 6 weeks 2–3 g 6-hourly 6–8 weeks 2 g IV 4-hourly 6–8 weeks
+ rifampicin + rifampicin + rifampicin
300 mg orally 8-hourly 6 weeks 300 mg IV 8-hourly 6–8 weeks 300 mg orally 8-hourly

6–8 weeks
+ gentamicin + gentamicin + gentamicin
3–5 mg/kg IV/day in 3 divided 3 mg/kg IV/day in 3 divided 3 mg/kg IV/day in 3 divided

doses 2 weeks doses 2 weeks doses 2 weeks

Methicillin-resistant Vancomycin Vancomycin Vancomycin
30 mg/kg IV/day in 2 divided 30 mg/kg IV/day in 2 divided 30 mg/kg IV/day in 2 divided

doses over 2 h for 6 weeks doses over 2 h for 6 weeks doses over 2 h for 6–8 weeks
+ rifampicin + rifampicin + rifampicin
300 mg orally 8-hourly 6 weeks 300 mg IV/day in 3 divided 300 mg orally 8-hourly

doses 6–8 weeks 6–8 weeks
+ gentamicin + gentamicin + gentamicin
3–5 mg/kg IV/day in 3 divided 3 mg/kg IV/day in 3 divided 3 mg/kg IV/day in 3 divided

doses 2 weeks doses 6–8 weeks doses 2 weeks

heart failure due to prosthetic valve dysfunction and fun-
gal infection require surgery urgently [148–153]. It is a
forlorn hope that these situations will be cured by medical
treatment alone as surgical mortality is probably related
to the amount of anatomical destruction that has already
occurred.

Although, superior results have been shown with
surgical treatment compared with antibiotics alone, oc-
casionally medical treatment alone may be appropriate
[140,154–160]. Patients in whom the diagnosis is made
early, those with streptococcal infection, a prompt an-
tibiotic response, favorable transesophageal echocardio-
graphic findings such as small or absent vegetations, and
no periprosthetic abscesses or prosthetic dysfunction may
be managed conservatively. However, they require careful
clinical monitoring and should be reconsidered for surgery
if complications arise – as happens not infrequently
[140,158]. Patients in whom surgery is contraindicated

for some other reason or who refuse to give consent for
surgery may also be managed medically. Mortality, how-
ever, is significant (26–70%) [161,162].

A comparison between the treatment regimens rec-
ommended in the UK, Europe, and the USA is shown in
Tables 6.8 and 6.9.

PENICILLIN ALLERGY

Patients with a convincing history of immediate-type (IgE-
mediated) hypersensitivity reaction to penicillin includ-
ing urticarial rash or angioneurotic edema should not
receive penicillin, cephalosporin or other B-lactam antibi-
otics (Figures 6.26 and 6.27). Vancomycin or teicoplanin
should be substituted and given with gentamicin, although
the risk of nephrotoxicity increases and requires careful
monitoring.
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FIGURE 6.26 Penicillin allergy results in a widespread erythema-
tous maculopapular rash and when severe may result in a recurrence
of pyrexia.

FIGURE 6.27 Penicillin hypersensitivity rash on hands. Courtesy
of Dr Graham Sharpe.

ANTICOAGULANT THERAPY

For patients on long-term oral anticoagulants (e.g. for me-
chanical valve prosthesis), coumarin therapy should be
discontinued and replaced by heparin immediately after
the diagnosis of IE is confirmed.

MONITORING OF PLASMA DRUG
LEVELS

Most treatment regimens require regular monitoring of
plasma antimicrobial concentrations. Peak and trough
levels should be checked twice weekly, but more frequently
in the elderly and in those with renal or hepatic impairment
in order to minimize the risk of toxicity (e.g. with amino-
glycosides or glycopeptides) and to ensure that bacteri-
cidal concentrations are maintained [2,163]. Monitoring
of drug levels will generally require close liaison with the
microbiologist. For vancomycin, trough levels between 10
and 15 mg/L would be considered efficient. For teicoplanin
(generally not recommended for treatment of IE due to S.
aureus) a peak level >20 mg/L may be optimum in Gram-
positive endocarditis and a trough level >20 mg/L may be
as effective as vancomycin in the treatment of S. aureus
endocarditis [164,165].

In those patients with impaired renal function, the
starting dose of most antibiotics should be modified and
thereafter serum levels should be monitored closely and the
dose and/or frequency of administration adjusted accord-
ingly. This applies to penicillin, ampicillin, and amoxicillin
as well as teicoplanin, gentamicin, and vancomycin.

RESPONSE TO TREATMENT

Patients should be monitored frequently to assess the re-
sponse to treatment, to detect complications promptly, and
to reappraise the need for surgical intervention. Assess-
ment should include clinical examination, measurement of
body temperature, ECG, blood count, ESR and CRP, renal
and hepatic function tests, and repeat echocardiograms.

Most patients improve during the first week of ef-
fective antimicrobial therapy and the temperature should
normalize within 5–10 days. CRP values usually decrease
rapidly during the first or second week but may remain
slightly elevated for 4–6 weeks. A persistently elevated CRP
suggests inadequately controlled infection with cardiac or
septic complications. ESR is less useful for reflecting the
therapeutic response, since high values may persist over
several weeks despite clinical improvement. Persistence or
recurrence of fever may not only be due to inadequate
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FIGURE 6.28 (a) 3D reconstruction of right carotid angiogram
showing a large mycotic aneurysm of the right middle cerebral artery
in a 63-year-old marine engineer with severe aortic and mitral re-
gurgitation due to Enterococcus faecalis infective endocarditis. Four
weeks into treatment with IV amoxicillin and gentamicin he developed
severe headache and neck stiffness due to subarachnoid haemorrhage.
Although he had no neurological deficit, CAT digital subtraction
angiography showed a large right middle cerebral artery aneurysm.
(b and c) The aneurysm was successfully occluded by intravascular coil
placement prior to aortic and mitral valve replacement. Courtesy of
Dr. N Newall and Dr. S Niven.

therapy but to myocardial or metastatic abscesses,
recurrent emboli, venous thrombosis extending from the
site of venous cannulation, superinfection, or febrile re-
action to the antibiotics (commonly recurrence of fever)
[166]. Persisting bacteremia indicates persisting infection
as does persisting leukocytosis.

If a rash develops, the antibiotics should be changed
unless the antimicrobial therapy options are very limited.

Weight gain, improvement of appetite, and a rise in
hemoglobin may not occur for weeks after treatment and

splenomegaly takes months to resolve. New or changing
heart murmurs due to valvular destruction may occur dur-
ing or after therapy and must be sought by regular physical
examination during the period of treatment. Heart failure
may develop and is the principal cause of death, especially
in aortic valve endocarditis. The natural history of vegeta-
tions during successful medical treatment of IE has been
described by Vuille et al [167]. Echocardiography should
be performed at any time during the course of treatment
if the symptoms or physical signs change and at the end
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FIGURE 6.29 Thirty-year-old IV drug abuser af-
ter aortic valve replacement for severe infective endo-
carditis due to Staphylococcus aureus. He suffered acute
renal failure requiring hemofiltration via the right sub-
clavian artery and vein as well as bowel infarction
and peritonitis requiring bowel resection. Courtesy of
Dr Nigel Scawn.

of treatment to document the site and extent of valvular
damage and as a baseline for long-term follow-up.

Mycotic aneurysms may regress on antimicrobial ther-
apy or rupture weeks or years later. Central nervous sys-
tem symptoms/physical signs suggest cerebral aneurysm
formation with leakage or enlargement and demand ur-
gent investigation by CAT/MRI scanning and treatment
(Figure 6.28).

Renal insufficiency from glomerulonephritis usually
improves with treatment, but not always, and a specialist
opinion should be sought early. Other causes of renal

insufficiency include hemodynamic instability, antibiotic
drug toxicity, renal infarction and systemic embolization,
and contrast media toxicity; or it may be a postoperative
phenomenon. Hemofiltration or dialysis may be required
(Figures 6.29 and 6.30).

RELAPSE/NEW EPISODES

If a primary focus responsible for IE is identified, it
should be eliminated prior to an elective cardiac surgical

FIGURE 6.30 Close-up view of arterial and venous
hemofiltration lines placed into the right subclavian
artery and vein via a supraclavicular approach. Cour-
tesy of Dr Nigel Scawn.
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procedure in an attempt to prevent relapse. Following
medical or surgical treatment of IE, all patients require
careful follow-up for signs of clinical relapse or hemo-
dynamic deterioration [168]. Most relapses occur within
2 months of stopping treatment and most within 4 weeks.
The reported relapse rate is <2% for streptococcal IE in
native valves, but is considerably higher for virulent or-
ganisms such as staphylococci and enterococci (8–20%)
and for PVE (10–15%). Difficult-to-treat organisms such
as Brucella,Chlamydia, and Bartonella, and polymicrobial
IE seen in IV drug abusers, are associated with an in-
creased relapse rate, as are a suboptimal choice of antibiotic
therapy or insufficient duration of treatment. Blood cul-
tures 2–4 weeks after completion of treatment detect most
relapses. Delayed relapses may occur with fungal and
Q-fever endocarditis. When relapse occurs in patients with
PVE after a course of medical therapy, a perivalvular in-
fection is usually present and further surgery is usually
required.

New episodes may occur in 6% of patients with NVE
although IV drug abusers are more susceptible [169].

OUTPATIENT TREATMENT

Because of the high morbidity and mortality associated
with IE and the need for continued clinical observation
and investigations to monitor progress and response to
treatment, inpatient management is essential and only in
exceptional circumstances would outpatient treatment be
considered acceptable – and only then, after an initial pe-
riod of hospitalization and stabilization [170,171].
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CHAPTER 7

Cardiac Surgery in Infective Endocarditis

In many patients with IE, the infection can be cured with
medical treatment alone [1]. However, in 25–30% medi-
cal treatment alone is insufficient and must be combined
with surgery. The purpose of surgery is to control infec-
tion by debridement and removal of necrotic tissue and
to restore cardiac morphology by surgical repair and/or
valve replacement. The indications and optimal timing
for surgery in infective endocarditis have been recently
discussed in the literature [2].

INDICATIONS

Surgery is indicated in patients with life-threatening con-
gestive heart failure or cardiogenic shock due to surgically
treatable valvular heart disease—such as severe aortic or
mitral regurgitation [3] (Figure 7.1). Aortic valve cusp per-
foration and even leaflet dehiscence leads to severe aortic
regurgitation and necessitates urgent aortic valve replace-
ment (Figures 7.2–7.4). This applies to cases with or with-
out proven IE if the patient has reasonable prospects of
recovery and a satisfactory quality of life after surgery. De-
velopment of cardiac failure carries a mortality of >50%
in patients with IE managed with only medical treatment
[1]. Many studies have indicated that surgical intervention
improves the prognosis of IE over medical therapy alone
(10–35% versus 55–85%) [4] and a high early surgery rate
is associated with good long-term results and no increase
in hospital mortality [5–10]. However, randomized trials
of medical versus surgical treatment do not exist and the
conclusions that have emerged are often only supported
by case studies. Surgery should be postponed or avoided

if serious complications make the prospect of recovery
unlikely.

The indications for surgery for IE in patients with
stable hemodynamics are less clear and depend also on
whether native or prosthetic valves are involved. Early con-
sultation with a cardiac surgeon is advisable in case surgery
is suddenly required. Surgery is indicated in patients
with valvular obstruction or dehiscence, annular or aortic
abscesses, pseudoaneurysms, fistulous communications,
those with fungal endocarditis, those with PVE, and
those with infections resistant to antibiotics (Figures 7.5–
7.7). Indeed, persisting fever often represents abscess of
the valve ring and surrounding structures or widespread
tissue destruction and generally necessitates surgical inter-
vention including radical debridement and sometimes ex-
tensive reconstruction [11–13]. Periannular extension oc-
curs in 10–40% of all native valve IE and complicates aortic
IE more commonly than mitral or tricuspid IE [14–16]. It
occurs in 56–100% of patients with PVE [17] (Figure 7.6).

However, it should be remembered that penicillin hy-
persensitivity is a common cause of recurrent fever, with
rash and eosinophilia being such indications. Neutrope-
nia and impaired renal function may suggest toxic over-
dosing. In this case the fever usually promptly disappears
after drug withdrawal. The emergence of antibiotic resis-
tance in the infecting organism is seldom a cause and if
the bacteria have been cultured and the patient given ap-
propriate bactericidal antibiotics, then the temptation to
change the treatment should be resisted.

Patients with a vegetation of diameter >10 mm have a
significantly higher incidence of embolization than those
with smaller vegetations [18] and the risk is higher in mitral
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FIGURE 7.1 Left ventricular angiogram showing severe mitral
regurgitation into left atrium (arrow) in a patient with endocarditis
of the mitral valve.

(25%) than in aortic (10%) endocarditis and especially
when the anterior leaflet of the mitral valve is involved.
However, surgery on the basis of vegetation size alone is
controversial. Valvular vegetations can be identified and
sized by echocardiography (Figure 7.8) and especially TEE.
Early surgery should be considered for aortic/mitral kissing
vegetations, markedly mobile vegetations, and vegetations
that appear to be rapidly increasing in size (Figures 7.9–
7.16).

Prior systemic embolization, recurrent emboli, per-
sistent vegetation after a major systemic embolus, and

FIGURE 7.2 Vegetation on aortic valve resulting in a perforation
of a valve cusp (arrow) and severe aortic regurgitation in a patient
with Staphylococcus aureus infective endocarditis.

FIGURE 7.3a) Perforated aortic valve cusp due to infective en-
docarditis resulting in severe aortic regurgitation, heart failure, and
death.

association with a perivalvular abscess are usually indi-
cations for surgery. This is especially so in patients who
have endocarditis caused by Staphylococcus aureus, fungi,
or Haemophilus spp.

Many of the important issues concerning the surgical
management of PVE have been the subject of discussions
and review articles [19–27]. Acute valvular regurgitation
with pulmonary edema, dehiscence of a prosthetic valve,
and abscess formation are absolute indications for surgery

FIGURE 7.3b) Large perforations (arrows) in two cusps of the
aortic valve following infective endocarditis resulted in severe aortic
regurgitation and intractable heart failure. This patient successfully
underwent emergency aortic valve replacement. Courtesy of Mr. N
Mediratta.
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a b

c d

FIGURE 7.4 (a and b) This flail leaflet (arrow) on the aortic valve gives rise to severe aortic regurgitation. It was freely mobile into and out of
the left ventricular outflow tract and visualized by echocardiography. (c) The torn, flail, and calcified leaflet is lifted by forceps. (d) Flail aortic
valve leaflet and attached vegetation removed from patient undergoing emergency aortic valve replacement for severe aortic regurgitation.
Courtesy of Mr Walid Dihmis.

FIGURE 7.5 Aortic valve endocarditis associated
with a sinus of Valsalva aneurysm. The entrance to
the aneurysm is shown by the arrow.
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FIGURE 7.6 Paravalvular aortic abscess is a not uncommon complication of Staphylococcus aureus endocarditis involving the aortic valve.
This TEE shows a large vegetation on a bioprosthetic aortic valve (arrow) infected by coagulase-negative Staphylococcus. A large paravalvular
abscess is clearly visible (twin arrows). MV, mitral valve; AV, aortic valve.

FIGURE 7.7 Starr–Edwards prosthesis infected with Staphylococcus epidermidis. Infected granulation tissue and vegetations are seen to be
adherent to the sewing ring and struts of the prosthesis (arrow).
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FIGURE 7.8 M-mode echocardiogram shows aortic valve vege-
tations (arrow). ECG, electrocardiogram; PCG, phonocardiogram;
RVOT, right ventricular outflow tract; AAo, anterior aortic root wall;
PAo, posterior aortic root wall; LA, left atrium.

(Figures 7.17–7.19). Patients with PVE should have their
warfarin replaced by heparin in case urgent surgery is nec-
essary. Anticoagulant therapy is potentially hazardous in
patients with infective endocarditis [28].

FIGURE 7.9 Fleshy vegetations (arrow) on stenotic aortic valve
infected with viridans streptococci. View at aortotomy. Courtesy of
Mr N. Mediratta.

FIGURE 7.10 Large, very mobile vegetation (arrow) on aortic
valve of IV drug abuser with Staphylococcus aureus infective endo-
carditis, severe aortic regurgitation, and pulmonary edema—seen
at aortotomy. Figures 7.10–7.16 courtesy of Dr M. Desmond and
Mr A. Rashid.

Abdominal and splenic abscesses should be operated
upon before cardiac surgery is performed.

In intravenous drug addicts with tricuspid valve endo-
carditis and tricuspid regurgitation, large vegetations can
be treated by tricuspid valve repair, tricuspid valvectomy
or vegetectomy [29–32], although valvectomy may result
in permanent damage to the right ventricle, intractable
right heart failure, and death. Repair has the advantage of

FIGURE 7.11 Large vegetations are attached to two cusps of this
resected aortic valve. The arrow points to the cusp that appears free
of vegetations.
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FIGURE 7.12 Infected aortic valve and vegetation removed in
preparation for aortic valve implantation.

avoiding or minimizing the implantation of foreign mate-
rial in the infected area while preserving tricuspid valve
function. Several different techniques have been used,
including cusp resection (rendering the valve bicuspid),
commissural plication, the use of artificial chordae, and
pericardial patch repair of the tricuspid leaflet. If tricus-
pid valve replacement is unavoidable, cryopreserved mitral
homografts in addition to a tricuspid ring for annular sta-
bility should be considered.

Infected pacemaker electrodes may be associated with
infection or abscess formation on the tricuspid valve with
which it is in contact. The electrode(s) and generator have
to be removed surgically (Figures 7.20–7.22).

FIGURE 7.13 This Perimount tissue-valve prosthesis is selected
for aortic valve replacement.

FIGURE 7.14 Prosthesis being sutured in place (1).

FIGURE 7.15 Prosthesis being sutured in place (2).

FIGURE 7.16 Aortic valve prosthesis in situ.
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FIGURE 7.17 Severe paraprosthetic mitral regurgitation due to
dehiscence of the mitral valve prosthesis caused by infective endo-
carditis with Staphylococcus aureus. This left ventricular angiogram
shows contrast regurgitation into the left atrium (arrow).

Infection with certain organisms (e.g. fungi, Coxiella
burnetii, and enterococci for which there is no synergis-
tic bactericidal combination) rarely responds to medical
treatment alone and usually requires surgery.

Intraoperative TEE may provide useful information
on the exact location and extent of the infection and in the
planning of surgery.

FIGURE 7.18 Aortic valve replacement with a prosthetic, me-
chanical valve is often necessary when the native aortic valve is de-
stroyed by infective endocarditis. This ATS r© carbon bileaflet aortic
valve prosthesis is about to be inserted on its holder. Courtesy of
Mr M. Pullan.

TIMING OF SURGERY

If there is an adequate indication for early surgery in the
course of active IE such as severe aortic regurgitation and
progressive pulmonary edema, there is little evidence that
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FIGURE 7.19 Bileaflet aortic valve prosthesis in
place (arrow).

there is anything to be gained by delaying surgery for pro-
longed periods of antibiotics [4,33–35]. The frequency of
early relapse and/or infection of the prosthesis after surgery
is low [36,37]. If heart failure regresses, the optimal tim-
ing remains controversial, although 2 weeks of antibiotic
therapy is generally considered ideal [38].

Early surgery for PVE may reduce mortality even
when the period of preoperative antibiotic treatment has
been brief [39,40]. Although 10 days of antibiotic therapy
prior to surgery is desirable, surgery should not be delayed
as postoperative endocarditis is surprisingly uncommon
[41,42].

FIGURE 7.20 A 60-year-old man developed
anorexia, night sweats, and weight loss 18 months
after pacemaker implantation. Although he had no
signs of pacemaker generator infection, blood cultures
yielded Staphylococcus epidermidis and a vegetation
could be seen on the ventricular lead by TEE. His aor-
tic valve prosthesis showed no evidence of vegetations
on echocardiography. Five weeks of IV antibiotics did
not improve matters and surgical removal of the whole
pacing system was performed.

The optimal timing of surgery after a cerebral em-
bolism is often unclear because heparinization during by-
pass may exacerbate the clinical course of a recent cere-
bral infarction [43,44]. Ideally, 10 days should be allowed
to elapse in patients who have sustained a cerebral in-
farct, although surgical results are good within the first
72 hours [43,45–47]. Such emergency surgery may be re-
quired if IE is complicated by severe prosthetic valve dys-
function, paravalvular leaks, persistent positive blood cul-
tures, abscesses, large vegetations, or conduction defects
(Figure 7.23). At least 3 weeks should be allowed to elapse
in those who have had an intracranial hemorrhage [44].
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FIGURE 7.21 Removal of the whole pacing system demonstrated
the large infected vegetation (arrow) which was adherent to the
ventricular electrode and tricuspid valve. Courtesy of Mr A. Rashid.

CAT and MRI scanning should be performed prior to any
possible surgery in order to exclude cerebral hemorrhage
[48,49]. Contemporary approaches to the management of
neurosurgical complications of IE have been recently pre-
sented in the literature [50–52].

The indications for surgery for NVE and PVE are
shown in Table 7.1 [53–57]. Whether antibiotic impreg-
nation of heart valve sewing rings prevents endocarditis or
is useful in the surgical treatment of endocarditis remains
unclear at present [58].

FIGURE 7.23 This bioprosthesis was totally de-
stroyed and made severely regurgitant as a result of
Staphylococcus endocarditis.

FIGURE 7.22 This vegetation (arrow) could be seen to be mobile
on the transthoracic echocardiogram.

RESULTS OF SURGERY

Operative mortality varies from 4% to 30%. The highest
risk and poorest outcome appears to be in patients with
heart failure, perivalvular abscess or aortic root abscess, as
well as those with infections due to certain Gram-negative
aerobic bacilli (Escherichia coli, Serratia spp., Pseudomonas
aeruginosa), fungi, S. aureus and S. epidermidis which are
resistant to penicillin and sometimes methicillin [3,14,
59,60]. Early surgical intervention is required in many
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TABLE 7.1 Indications for surgery for native and prosthetic valve endocarditis

Native
Acute aortic regurgitation (AR) or mitral regurgitation (MR) with heart failure [86–88]
Acute AR with tachycardia and early closure of the mitral valve
Fungal endocarditis [89–94]
Annular or aortic abscess, true aneurysm of the sinus of Valsalva, true or false aneurysm of the aorta [86,87]
Evidence of valvular dysfunction and persistent infection after a prolonged period (7–10 days) of appropriate antibiotics, as indicated by

presence of fever, leukocytosis, or bacteremia—assuming that there are no noncardiac causes for infection [86,87]
Recurrent emboli after appropriate antibiotic therapy [86,87]
Mobile vegetations >10 mm diameter
Early infection of the mitral valve—that can be repaired
Persistent pyrexia and leukocytosis with negative blood cultures [86,87]
Infection with Gram-negative organisms or organisms with a poor response to antibiotics [86,87,95]
Relapse after an adequate course of antibiotics

Prosthetic
Early prosthetic valve endocarditis (<2 months) [86,87,95]
Heart failure with prosthetic valve dysfunction
Fungal endocarditis [89,95]
Staphylococcal endocarditis unresponsive to antibiotics [86,87,95,96]
Paravalvular leak, annular or aortic root abscess [86,87,95,96]
Infection with Gram-negative organisms or organisms with a poor response to antibiotics [86,87,95]
Sinus or aortic true/false aneurysm, fistula formation
Persistent bacteremia after 7–10 days of antibiotics
Recurrent peripheral embolus
Vegetation on prosthesis
New-onset conduction disturbance
Relapse after an adequate course of antibiotics

cases but the mortality may still be >20% [61]. Among
patients who have NVE, survival ranges from 70% to 80%
at 5 years, although it is less optimistic in those with PVE,
where surgical treatment is generally better than medical
therapy alone [62]. A relapse rate of IE of 5–10% occurs
when surgery is performed in the acute phase of the disease,
and paravalvular regurgitation occurs in 5–15% of cases.
Long-term results of surgical treatment of active infective
aortic valve endocarditis with associated periannular ab-
scess have been recently presented [63,64]. Permanent
pacemaker implantation is not infrequently indicated
postoperatively in patients with aortic valve endocarditis
and root abscesses and temporary endocardial or epicar-
dial leads should be in place until a permanent system is
implanted (Figures 7.24–7.26).

Surgical intervention for IE in infancy and childhood
and in intravenous drug abusers has been described in the
literature [65,66].

FIGURE 7.24 Pacing is frequently necessary in aortic valve endo-
carditis complicated by aortic root abscess.

Whether surgery using homograft or mechanical pros-
theses is best in the short or long term remains debatable
and randomized trials would be necessary to settle this
issue [67–85] (Figures 7.27 and 7.28). A perforation in
a valve cusp or leaflet can be repaired with a pericar-
dial patch, and kissing vegetations may be removed and

FIGURE 7.25 Epicardial pacing wires should be placed postoper-
atively in patients with any conduction defect as a result of infective
endocarditis. They are frequently required in patients with aortic
valve endocarditis and paravalvular abscess.
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FIGURE 7.26 Pacing box used for temporary epicardial pacing
after surgical intervention for infective endocarditis.

the valve similarly repaired. Subannular, annular, and
supra-annular defects may be repaired by autologous peri-
cardium but all abscesses must be drained and the cavity
debrided. Allograft aortic root replacement is a valuable
technique in the complex setting of PVE with involvement
of the periannular region [74,83].

After surgery, antibiotics should be continued—the
duration depends on the length of treatment preopera-

FIGURE 7.27 A Carpentier-Edwards Perimount
bioprosthesis (arrow) is placed in the aortic posi-
tion after removal of an infected, regurgitant me-
chanical prosthesis. Courtesy of Dr M. Desmond
and Mr B. Fabri.

FIGURE 7.28 ATS r© bileaflet mechanical valve (arrow) used for
aortic valve replacement in infective endocarditis will require long-
term oral anticoagulant therapy. Courtesy of Mr M. Pullan.

tively, the susceptibility of the organism to antibiotics, the
presence of paravalvular lesions, and the culture status of
vegetations or valve removed.

Generally, treatment should be continued for 2
weeks postoperatively. However, when intracardiac fungal
masses and vegetations persist despite antifungal therapy
and surgical removal is necessary, oral medication should
be prolonged postoperatively (Figure 7.29).
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FIGURE 7.29a) Transoesophageal echocardiogram from a 48-year-old woman receiving chemotherapy with epirubicin (via a Hickman
line) for breast cancer following mastectomy and axillary clearance. She developed neutropenic septicaemia due to Candida tropicalis. The
echocardiogram (right) showed a large (20mm) vegetation (double arrow) on the anterior tricuspid valve leaflet (arrow), moderate tricuspid
regurgitation and (left) a large pedunculated mobile mass (25mm long) (arrow) attached to the superior vena cava and floating in the right
atrium. Courtesy of Dr. Chris Bellamy.

FIGURE 7.29b) Open heart surgery was necessary to remove the
mass from the SVC (arrow).

FIGURE 7.29c) The tricuspid valve and its large vegetation
(arrow) were also removed. The valve was replaced by a tissue
valve prosthesis and the patient treated with IV amphoteracin B
for 4 weeks and oral voriconazole for 1 year. The large fungal mass
can be seen attached to the destroyed tricuspid valve. Courtesy of
Mr. A Oo.
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CHAPTER 8

Prognosis

The determinants of early and late survival in patients
with IE have been identified [1]. Several factors worsen

the prognosis of IE and early surgical intervention may be
necessary [2].

Clinical factors include old age, the presence of heart
failure, renal failure, neurological symptoms, systemic em-
boli, and delay in diagnosis. Persistent fever beyond the
first week of treatment often indicates the development
of complications such as progressive valve destruction,
extension of infection to the valve’s annulus, develop-
ment of perivalvular abscess, or the presence of septic
emboli.

Bacteriological factors include the causative organism,
with a worse prognosis in the case of Staphylococcus aureus,
certain Gram-negative aerobic bacilli, and fungi. These of-
ten present as acute IE and produce severe intracardiac de-
struction and major embolic complications. Early surgical
intervention is frequently required and the mortality rate
is >20% [3].

Echocardiographic factors include aortic valve endo-
carditis, PVE, and ring abscesses when persisting infection
is more likely and surgery often inevitable [4]. The presence
of recent, large (>10 mm), very mobile, pedunculated veg-
etations increases the risk of systemic embolization, which
may significantly affect prognosis.

The cure rate for NVE is >90% for streptococci, 75–
90% for enterococci, and 60–75% for S. aureus [5–8].The
usual causes of death are heart failure, emboli, rupture
of mycotic aneurysms, postoperative complications, re-
nal failure, and overwhelming infection. The prognosis is
worse in PVE than in NVE, and on rare occasions only
heart transplantation can resolve intractable infection on

prosthetic valves [9]. Late prosthetic valve endocarditis has
a better prognosis than early prosthetic valve endocarditis,
with mortality rates of 19–50% and 41–80% respectively
[10–15]. Valvular dysfunction, dehiscence, and intracar-
diac abscesses are commoner in early infection and the
antibiotic-resistant organisms associated with early dis-
ease contribute to the higher mortality.

In 1995, Delahaye et al reported on the long-term prog-
nosis of IE [16].In their series (1970–1986), global survival
was 75% at 6 months and 57% at 5 years, with the annual
instantaneous risk of death being 0.55 at 6 months, 0.18 at
1 year, then 0.03. After 1 year, the only factor influencing
prognosis was age. The risk of recurrence appears to be
0.3–2.5/100 patient-years [16,17].

Castillo et al (1987–1997) reported a 5-year survival of
71% [18].In NVE, 5-year survival has been reported to be
88–96%, in contrast to PVE where 5-year survival rate is
60–82% [18–20]. Late PVE may have 5-year survival rates
of 80–82% [18,21].

Netzer et al [22] reported that long-term survival fol-
lowing IE is 50% after 10 years and is predicted by early
surgical treatment, age <55 years, lack of congestive heart
failure, and the initial presence of more symptoms of IE.

The long-term results of multivalvular surgery for IE
have been recently reported [23].
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APPENDIX 1

Abbreviations

AICD Automatic implantable cardioverter
defibrillator

AIDS Acquired immunodeficiency syndrome
AR Aortic regurgitation
AS Aortic stenosis
ASD Atrial septal defect
ATS r© Advancing the standard
CAT Computer-assisted tomography
CNE Culture-negative endocarditis
CO2 Carbon dioxide
CPB Cardiopulmonary bypass
CRP C-reactive protein
CSF Cerebrospinal fluid
2-D Two-dimensional
DNA Deoxyribose nucleic acid
ECG Electrocardiogram
ECHO Echocardiography
ESR Erythrocyte sedimentation rate
FC Flucytosine
GA General anesthesia
GISA Glycopeptide intermediate resistance

Staphylococcus aureus
IE Infective endocarditis
IgA, IgG Immunoglobulin A, immunoglobulin G

IM Intramuscular
IV Intravenous
MBC Minimal bactericidal concentration
MIC Minimal inhibitory concentration
MIF Microimmunofluorescence
MR Mitral regurgitation
MRI Magnetic resonance imaging
MRSA Methicillin-resistant Staphylococcus aureus
NVE Native valve endocarditis
PAE Post-antibiotic effect
PCG Phonocardiogram
PCI Percutaneous Coronary Intervention
PCR Polymerase chain reaction
PDA Patent ductus arteriosus
PFO Patent foramen ovale
PTCA Percutaneous Transluminal Coronary

Angioplasty
PVE Prosthetic valve endocarditis
spp. Species
TEE Transesophageal echocardiography
TTE Transthoracic echocardiography
TV Tricuspid valve
VISA Vancomycin intermediate resistance Staphylo-

coccus aureus
VRE Vancomycin-resistant enterococci
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chlorhexidine hydrochloride mouthwash,

80, 82
comparison of UK, Europe, and USA, 82,

108–109
documentation of, 12
follow-up testing for, 105–106
glycopeptides and macrolides, 95, 100
maximization of effectiveness, 96–97
microbe-specific regimens for, 82–83,

97–98, 102–104, 108–111
outpatient, 114
penicillin allergy in, 77–78, 82, 84–86, 95,

108–111
plasma drug levels in, 95–96, 111
postoperative, 48, 131
prophylactic. See Prophylaxis
for prosthetic heart valves, 98, 122, 125,

128

response to, 95, 102, 111–113
side effects/adverse effects of, 96–97,

102–105, 108, 111, 113
specific clinical situations in, 106–110
See also specific drugs and microbes

Aorta
aneurysms of, 13, 19
coarctation of, 11–12

Aortic root abscesses, 45, 102
Aortic valve

abscesses, 11–13, 45, 102, 124
cusp perforation of, 122
and IV drug abuse, 59, 61
prosthetic (AVP), 58, 65, 127–128,

131
regurgitation, 13, 17, 56–57, 61, 63–66,

122
removed (photo), 126
replacement, 127–128, 131
vegetations, 11–13, 33–34, 37, 54–55,

101, 122–125
Aortography, 13, 65
Aortotomy, 125
Arteries

aorta, 11–13, 19, 45, 65, 102, 125
carotid, 19, 112
cerebral, 17, 19–22, 28, 112, 128–129
coronary, 13–14, 57, 66, 86
endarteritis, 1
pulmonary, 1, 11, 28, 50
renal, 18
subclavian, 113

Arteriography, 14, 57, 66
Aspergillus species, 32, 35, 103–106

141
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ATS carbon bileaflet aortic valve, 127–128,
131

Automatic implantable cardiac defibrillator
(AICD), 31–32, 60, 131

Azithromycin, 81, 95
Aztreonam, 95, 102

B
Bacilli

Bacteroides fragilis, 95
Escherichia coli, 93, 102
Gram-negative, 5, 32, 38–40, 50, 93, 96,

102, 106
Gram-positive, 40, 102
Listeria monocytogenes, 102
Proteus species, 93, 101
Pseudomonas aeruginosa, 93, 95, 102, 106
See also Bacteria

Bacteremia/septicemia
cultures for. See Blood cultures
degree of, 79–80
dental hygiene and, 5, 77, 80, 108
endocarditis prophylaxis for.

See Prophylaxis
etiology of, 1, 5, 15–16, 80–84

Bacteria
cultures of. See Blood cultures
Gram-positive/-negative, 5, 32, 38, 50, 71,

93, 96–98, 102, 106
histopathologic colonies of, 2, 3, 15, 36,

72, 99, 102–103
tissue stains for. See Tissue stains
See also specific bacteria

Bacterial endophthalmitis, 28
Bacteroides fragilis, 95
Bartonella species, 37, 37–38, 50, 114
Benzylpenicillin, 96–98, 103, 108–109
Beta-lactamase inhibitors, 93, 95, 108
Bicuspid valve. See Mitral valve
Blood cultures

aerobic and anaerobic, 45, 52
agar for, 99, 102–103
bottles for, 52–53, 96, 100
criteria for positive, 72
in diagnostic algorithm, 94
during/after antimicrobial therapy, 50, 52,

95–96, 111, 114
incubator/detector for, 52–53
negative, 32, 36–40, 50, 105–106
optimal technique for, 48, 50, 52

Blood/circulation
anemia, 45
bacteremia. See Bacteremia/septicemia
cardiac jet sites, 1
clots. See Thrombi/emboli
hematuria, 45
hemoptysis, 28

high-velocity jets, 1
septicemia. See Bacteremia/septicemia
See also Arteries; Hemorrhage/hematomas

Body piercing, 83
Brain

cerebral arteries, 17, 19–22, 28, 112,
128–129

cerebral signs and symptoms, 17, 21, 28
CT scans of, 21

British Heart Foundation, 77–78
Brown-Brenn tissue Gram stain, 38, 71
Brucella species, 37–38, 106, 114
Burn injuries, 5

C
CABG (coronary artery bypass graft), 86
Cancer. See Malignancy/cancer
Candida species, 106

Candida albicans, 32, 34–36, 73
Candida tropicalis, 132
nosocomial candidemia, 103

Carbapenems, 93, 95
Cardiac surgery

for children, 130
coronary artery bypass graft (CABG), 86
indications for, 121–127, 130
myxoma removal, 56–57
postop care, 48, 131–132
prognosis/mortality from, 129–131, 137
timing of, 109, 127–129
valve debridement, 121–122, 125, 131
valve replacement, 30, 33–34, 36, 48,

121–132. See also specific valves
Cardiomegaly, 45–46
Carotid arteries, 19, 112
Carpentier-Edwards Perimount

bioprosthesis, 131
Catheters

cardiac, 29, 57
Dotter retrieval, 31
intravascular, 5

Cefotaxime, 102
Cefoxitin, 95
Ceftazidime, 93, 95, 102
Ceftriaxone, 93, 95–97, 99, 108
Cephalosporins, 93, 95, 108
Cerebral arteries, 17, 19–22, 28, 112,

128–129
Cerebral signs and symptoms, 17, 21, 28
Cesarean section, 107
CFT (complement fixation test), 38
Chest pain, 13–14
Chest X-rays, 3, 29, 30, 46–48, 107
Children/young adults

endocarditis incidence rates in, 1
prophylaxis for, 82
surgical intervention for, 130

Chlamydia species, 37–38, 105, 114
Chlorhexidine hydrochloride mouthwash,

80, 82
Chromatography, 73
Cilastin, 95
Ciprofloxacin, 105
Circulation. See Arteries
Clarithromycin, 95
Clavulanic acid, 93
Clindamycin, 81–82, 95
CNE (culture-negative endocarditis), 36–40,

50, 105–106
Coagulase, 33, 50, 73, 100–101
Co-amoxyclav, 93
Coarctation of aorta, 11–12
Colon cancer, 101–102
Complement fixation test (CFT), 38
Complete heart block, 12–13, 46
Computed tomography (CT) scans

of brain, 21
for intracardiac pathology, 45
of pulmonary pathology, 45, 49, 50
of spleen, 19–20, 45, 51

Conduction disturbances, 12–14, 16, 45–46,
60

Conidiophores, 105
Conjunctiva, 17, 23
Coronary arteries

arteriography of, 57
coronary artery bypass graft (CABG), 86
occlusion of, 13–14

Coronary artery bypass graft (CABG), 86
Cotrimoxazole, 105
Coumarin (warfarin), 111, 125
Coxiella burnetii, 37–39, 71, 105
C-reactive protein (CRP), 45
CT scan. See Computed tomography (CT)

scans
Culture-negative endocarditis (CNE),

36–40, 50, 105–106

D
Dental and oral procedures

bacteremia from, 5, 77, 80, 108
endocarditis risk with, 77–82
prophylaxis required for, 80–82

Dental caries/gingivitis, 80, 82, 108
Dental warning cards, 77–78
Dermatological conditions, 5, 17, 19, 20,

23–26, 112
Diabetes mellitus (DM), 3, 97
Diskitis, intervertebral, 28
DNA (deoxyribonucleic acid), 40, 73–74
Documentation

dental warning cards, 77–78
flow sheets, 12
request forms, 53
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Doppler technology, 56
Dotter retrieval catheter, 31
Doxycycline, 106
Drug abuse. See IV drug abuse
Drugs

abuse of. See IV drug abuse
allergies to, 77–78, 82–83, 95, 108–111
antibiotics. See Antimicrobial therapy
anticoagulant therapy, 111, 125
blood cultures after, 50, 52, 114
combinations of, 93, 96–99
loading doses of, 95, 97
MIC/MBC plasma levels, 95–96, 109, 111
microbe-specific regimens for, 82–83,

97–98, 102–104, 108–111
parenteral administration of, 93
penicillins. See Penicillins
and pregnancy, 108
prophylactic. See Prophylaxis
side effects/adverse effects of, 96–97,

102–105, 108, 111, 113
titration of, 60, 101
toxicity of, 96–97, 105, 112
See also specific drugs

Duke classification of infective endocarditis
(IE), 45

Duke diagnostic criteria for infective
endocarditis (IE)

development and modification of, 71–72
histological and molecular techniques in,

71–74
table of, 72
See also specific tests

Dysphasia, 20

E
Echocardiography (echo)

of aortic valve vegetation, 101
applications for, 55–56
color flow, 62–65
criteria for positive, 72, 137
in diagnostic algorithm, 94
for endocarditis diagnosis, 52–65
intraoperative, 127
phonocardiogram (PCG) on, 66, 125
of septal abscess, 12
staff and equipment for, 58
TEE versus TTE, 55–56
transesophageal (TEE), 17, 20, 33, 49–50,

55–58, 60–63, 109, 127
transthoracic (TTE) (M-mode), 30,

52–55, 107, 125
See also specific heart valves

Edema, pulmonary, 46–47
Effusions

pericardial, 13
pleural, 29, 47, 95, 106–107

Electrocardiography (EKG)
complete heart block on, 12–13, 46
echocardiogram with, 54, 125
for initial assessment, 45
pacing viewed on, 130
ST segment elevation on, 14
ventricular tachycardia on, 16

Electrodes/leads, 30–32, 126, 128–129
Emboli. See Thrombi/emboli
Empyema, 47
Endarteritis, 1
Endocarditis. See Infective endocarditis (IE)
Endopthalmitis, 28
Endothelium, 1
Enterococci

Enterococcus durans, 101
Enterococcus faecalis, 95, 101–102
Enterococcus faecium, 101–102
incidence of IE from, 5, 97, 101–102
prognosis with, 137
relapse rates of IE from, 114
resistance of, 102
treatment regimens for, 102–103, 108
vancomycin-resistant (VRE), 95

Erythrocyte sedimentation rate (ESR), 45
Erythromycin, 95
Escherichia coli, 93, 102
Esophagus

prophylaxis for procedures, 81–82
transesophageal echocardiography (TEE),

17, 20, 49–50, 55–58, 60–63, 109,
124, 127

Eustachian valve, 11
Excimer laser lead extraction, 31–32
Extremities

abscesses on, 107–108
digital infarct/gangrene, 19
emboli in, 14, 107–108
finger clubbing, 19, 27
infected needle punctures on, 107
Janeway lesions on, 19, 20, 26
Osler’s nodes on, 17, 24–25
splinter hemorrhages in, 23, 27

Eyes. See specific eye structures

F
Farm animals, 37
Fetal development, 1, 108
Fever. See Pyrexia (fever)
Fibrin deposits, 1
Finger clubbing, 19, 27
Fistulas

aorta to left atrium, 65
bronchopleural, 47

Flail leaflets, 123
“Flea-bitten kidney,” 17
Flucloxacillin, 96, 98–99, 110

Fluconazole, 108
Flucytosine, 104
Foreign bodies

AICDs, 31–32, 60, 131
cardiac catheters, 29, 57
pacemakers, 28, 30–32, 45–46, 48
See also Prosthetic heart valves

Fungi
Aspergillus species, 32, 35, 103–106
Candida species, 32, 34–36, 73, 103, 106,

132
hyphae of, 32, 35–36, 105
incidence of IE from, 5, 101
mycotic aneurysms from, 19, 22,

112
negative cultures for, 50
prognosis with, 137
and prosthetic heart valves, 101–102
tissue stains for, 71
treatment of, 102–104

Fusidic acid, 95, 98

G
Gallbladder, 5
Gammaglobulins, 45
Gangrene, 14, 19
Gastrointestinal tract

bacteremia from, 5, 93, 95, 97, 101–103,
108, 137

bowel ischemia, 14
colon cancer, 101–102
prophylaxis for procedures, 82
viridans streptococci in, 101–102

Gel electrophoresis, 73
Genes

16S rRNA, 71
18S/28S rRNA, 71
amplification of, 73
antimicrobial-resistance, 74
and DNA, 40, 73–74

Genitourinary tract
bacteremia from, 5, 101
prophylaxis for procedures, 82, 84
proteinuria/hematuria, 45
renal arteries, 18
urinalysis, 45
viridans streptococci in, 101–102
See also Kidney

Gentamicin, 81–82, 95, 97–99, 102–104,
111

Giemsa stain, 71
Gimenez stain, 71
Glomerulonephritis, 24, 113
Glycopeptide intermediate-resistance

Staphylococcus aureus (GISA),
100

Glycopeptides and macrolides, 95, 100
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Gram-positive/-negative bacteria, 5, 32,
38–40, 50, 71, 93, 96–98, 102,
106

Grocott silver impregnation, 36
Grocott-Gomori stain, 71
Grown-up congenital heart (GUCH)

disease, 79

H
HACEK (Haemophilus, Actinobacillus,

Cardiobacterium, Eikenella, and
Kingella) group, 102, 104, 109

Haemophilus influenzae, 5, 50, 93, 95,
102–104, 109

Headaches, 22
Heart

abscesses in. See Abscesses
aneurysms in. See Aneurysms
cardiomegaly, 45–46
congenital conditions of, 1, 79
myocardial infarctions (MIs),

13–14
pericardial effusions, 13
prophylaxis for procedures.

See Prophylaxis
rheumatic heart disease, 3
surgery on. See Cardiac surgery
vegetations in. See Vegetations, infective
See also specific heart structures

Heart murmurs, 11, 79, 112
Heart valves

abscesses on. See Abscesses
damage to, 1, 3, 5
debridement of, 121–122, 125, 131
destroyed (photo), 129
infection of. See Infective endocarditis

(IE)
leaflets and chordae of, 4, 6, 20, 49–50,

54–55, 123, 125–126, 131–132
native, 13, 33–34, 97, 129–131
perforation of, 122
prosthetic. See Prosthetic heart valves
regurgitation from. See specific valves
replacement of, 30, 33–34, 36, 48, 124,

126–132. See also specific valves
vegetations on. See Vegetations, infective
See also Cardiac surgery; specific valves

Hematoxylin and eosin (H&E) stain, 36
Hematuria, 45
Hemodialysis, 3
Hemoptysis, 28
Hemorrhage/hematomas

conjunctival, 23
in fingers, 23, 26–27
hemoptysis, 28
renal, 14, 17–18
retinal, 17

splenic, 17
subarachnoid (SAH), 17

Heparin, 111, 125, 128
Hepatic toxicity, 105, 111
Histological stains, 36–38
Histological techniques, 71. See also specific

tests
Histoplasma species, 37
HIV-1 (human immunodeficiency virus-1)

infection, 108
Hyphae, 32, 35–36, 105

I
IBD (inflammatory bowel disease), 3, 5
IgG and IgM antibodies, 37–38, 106
Imipenem, 95, 102, 108
Immunohistological techniques, 38,

71–74
Immunosuppressed patients, 103, 108
Infarctions. See specific organs
Infective endocarditis (IE)

acute versus subacute, 11
clinical features of

cardiac, 11–14, 72
extracardiac, 14–28, 72
specific manifestations in, 28–40

culture-negative (CNE), 36–40, 50,
105–106

and dental procedures, 77–82, 108
Duke classification of, 45
Duke diagnostic criteria for, 71–74
follow-up testing for, 50, 52, 105–106,

114
fungal. See Fungi
histopathology of, 2, 3, 15, 36, 72, 99,

102–103
incidence, etiology, and pathogenesis of,

1, 3, 5, 11, 97, 101–103. See also
specific microbes

investigations for, 45–66, 71–74. See also
specific tests

left-sided, 3
native valve-related (NVE), 97, 129–130
neurological manifestations of, 17, 21
predisposing conditions and, 1, 3, 5, 11,

72
in pregnancy, 108
prognosis/mortality from, 1, 121,

129–131, 137
prophylaxis for. See Prophylaxis
prosthetic valve-related. See Prosthetic

valve endocarditis (PVE)
Q-fever, 37–39, 72, 105
relapse/recurrent episodes of, 102,

113–114, 130
right-sided, 3, 28, 47, 106
risk factors for, 3–5, 57, 77–83

treatment of, 93–114
algorithm for, 94
antimicrobial. See Antimicrobial

therapy; specific microbes
outpatient, 114
penicillin allergy in, 77–78, 82, 84–86,

95, 108–110
prophylactic. See Prophylaxis
response to, 95, 102, 111–113
specific clinical situations in, 106–110
surgical. See Cardiac surgery; specific

valves
type and duration of, 93, 96–99.

See also specific microbes
in UK, Europe, and USA, 82, 108–109

See also specific heart structures
Inflammatory bowel disease (IBD), 3, 5
Interventicular septum (IVS)

abscesses on, 11–13, 60
hypertrophy of, 54

IV drug abuse
and aortic valve, 59, 61
clinical findings in, 106–108
fungal endocarditis from, 103
and HIV-1, 108
treatment of IE from, 106–108
and tricuspid valve, 5, 28–29, 35, 45, 59,

97, 106, 125–126

J
Janeway lesions, 19, 20, 26
Jets, high-velocity, 1

K
Kerley B lines, 47
Kidney

abscesses in, 16–18
acute renal failure, 24
“flea-bitten,” 17
glomerulonephritis, 24, 113
hematuria/proteinuria, 45
hemodialysis, 3
hemorrhage and infarct in, 14,

17–18
renal arteries, 18
renal toxicity, 96, 113
urinalysis, 45

L
Left upper quadrant (LUQ), 13–14
Legionella species, 37, 37–38, 71
Linezolid, 95, 98, 100, 102
Listeria monocytogenes, 102
Liver, 105, 111
Loading doses, 95, 97
Lungs

abscesses in, 29, 45, 47–49, 106–107
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aneurysms in, 28
edema in, 46–47
effusions in, 29, 47, 95, 106–107
emboli in, 28, 45, 50, 107
fistulas in, 47
pneumothorax, 29, 47

LUQ (left upper quadrant), 13–14

M
Macrolides, 95
Macules, 19, 26
Magnetic resonance imaging (MRI) of

spine, 28
Malignancy/cancer

of the colon, 101–102
vegetations from, 37

MBC (minimal bactericidal concentration),
50, 52, 95–96, 109, 111, 114

Meningism/meningitis, 17
Meropenem, 93, 95
Methicillin-resistant Staphylococcus aureus

(MRSA), 73, 95, 98, 100
Metronidazole, 102
Microbiologist consult, 108
Minimal bactericidal concentration (MBC),

50, 52, 95–96, 109, 111, 114
Minimal inhibitory concentration (MIC),

50, 52, 95–96, 109, 111, 114
Mitral valve

angiogram, 127
myxoma on, 4
premature closure of, 56
regurgitation, 17, 46, 62–63, 66, 121–122,

127
systolic anterior movement (SAM) of, 54
on TEE, 20
vegetations, 2, 4, 11–12, 20, 37, 38, 54–55,

65, 122
Mitral valve prolapse, 4, 20, 54
Molecular techniques, 71, 73–74
MRI (magnetic resonance imaging) of spine,

28
MRSA (methicillin-resistant Staphylococcus

aureus), 73, 95, 98, 100
Mycoplasma species, 37, 37–38
Mycotic aneurysms, 19, 22, 112
Myocardial infarction (MI), 13–14
Myocardium, 11–13, 15–16, 28, 32, 35–36
Myxomas, 4, 53–57

N
Native valve endocarditis (NVE), 97,

129–130
Neisseria meningitidis, 93, 95
Neonate/infant incidence rates, 1
Nephrotoxicity, 96, 113
Neurological manifestations, 17, 21

Neutrophil leukocytosis, 45
Nosocomial candidemia, 102
NVE (native valve endocarditis), 97,

129–130

O
Ofloxacin, 103
Oral hygiene, 3, 80, 82
Orthodontics, 81–82
Osler’s nodes, 17, 24–25
Osteomyelitis, 5
Ototoxicity, 96, 97, 108
Outpatient treatment, 114
Oxacillin, 110

P
Pacemaker implantation

bacteremia from, 5
as foreign body, 28, 30–32
postoperative, 130
prophylactic antibiotic regimens for,

81–82
temporary pacing, 45–46
and tricuspid valve, 126
vegetations from, 48, 128–129

Pain
headaches, 22
in left upper quadrant (LUQ), 13–14

PAS (periodic acid-Schiff), 36, 38, 40, 71
Patent ductus arteriosus, 1, 11
Patients

children/young adults, 1, 82, 130
HIV-1 infected/immunosuppressed, 103,

108
IV drug abusers. See IV drug abuse
neonates/infants, 1
outpatients, 114

PCGs (phonocardiograms), 66, 125
PCR (polymerase chain reaction), 38, 40, 45,

71, 73–74
Peak serum bactericidal titer, 96–97
Penicillin G, 108
Penicillins

allergies to, 77–78, 82–83, 95, 108–111
alternate drugs for, 82–83, 95, 97–98,

103–104
benzylpenicillin, 96–98, 103, 108–109
half-life of, 97
penicillinase-resistant, 93
and pregnancy, 108
regimens for, 96–99, 101–104, 108–109
ureidopenicillins, 93
See also specific drugs

Pericardial effusions, 13
Perimount tissue-valve prosthesis, 126
Periodic acid-Schiff (PAS), 36, 38, 40, 71
Petechiae, 17

Phonocardiograms (PCGs), 66, 125
Piperacillin, 93
Plaque, oral, 80
Platelet deposits, 1, 2
Pleural effusions, 29, 47, 95, 106–107
Pneumothorax, 29, 47
Polymerase chain reaction (PCR), 38, 40, 45,

71, 73–74
Postoperative care, 48, 129–131
Predisposing conditions and IE, 1, 3, 5, 11,

72
Pregnancy, 1, 108
Pressure tracings, intracardiac, 66
Prolapse, valvular, 1, 3, 4, 13, 20, 54, 56
Prophylaxis

antibiotic regimens for, 82–85
for children, 82
comparison of UK, Europe, and USA, 82
for dental and oral procedures, 80–82
for pacemaker implantation, 81–82
with penicillin allergies, 77–78, 82, 84–86,

95, 108–110
preoperative, 82–85
prophylaxis for procedures, 84
for prosthetic heart valves, 81–82
and risk factor classification, 77, 79
warning cards for, 77–78

Prosthetic heart valves
antibiotic impregnation of, 129
ATS carbon bileaflet aortic, 127–128, 131
Carpentier-Edwards Perimount

bioprosthesis, 131
destruction of, 109
endocarditis prophylaxis for, 81–82
endocarditis treatment for, 98, 122, 125,

128
fungal endocarditis with, 101–102
Perimount tissue-valve, 126
Starr-Edwards mechanical, 34, 124
surgery on. See Cardiac surgery; specific

valves
suture placement for (photos), 126–127
versus tissue valves, 13, 33–34, 97,

130–131
Prosthetic valve endocarditis (PVE)

early versus late, 32
effect on spleen, 19
incidence of, 3, 28, 79
morbidity and mortality rates for, 1,

101–102
versus native valve disease, 13, 33, 97,

130–131
prophylaxis for, 81–82
on Starr-Edwards valve, 34
treatment of, 98, 122, 125, 128
virulence and prognosis in, 137
See also specific microbes
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Proteinuria, 45
Proteus species, 93, 102
Pseudomonas aeruginosa, 93, 95, 102,

106
Pulmonary artery

aneurysms of, 28
embolus on CT scan, 50
vegetations on, 1, 11

Pulmonary edema, 46–47
Pulmonary effusion, 29, 47, 95, 106–107
PVE. See Prosthetic valve endocarditis

(PVE)
Pyrexia (fever)

flow sheet for, 12
high and remitting, 11–12
myxoma-related, 53
from penicillin hypersensitivity, 112,

121
as presenting symptom, 20
prognosis and, 137

Q
Q-fever, 37–39, 72, 105
Quinolones, 108

R
Radiography, 3, 29, 30, 46–48, 107
Rashes, 112
Regurgitation, valvular, 1, 3, 4, 17, 121–122.

See also specific valves
Relapse/recurrent episodes of IE, 102,

113–114, 130
Renal arteries, 18
Renal failure, acute, 24
Request forms, 53
Respiratory tract

bacteremia from, 5
prophylaxis for procedures, 82, 84
See also Lungs

Retina, 14, 17, 23
Rheumatic heart disease, 3
Rheumatoid factor, 45
Rickettsia, 37
Rifampicin, 98, 100, 106, 108, 110
Rigors, 11–12
Risk factors for IE, 3–5, 57, 77–83
RNA (ribonucleic acid), 71, 73
Roth spots, 17, 20, 23

S
Salmonella species, 108
SAM (systolic anterior movement), 54
Septicemia. See Bacteremia/septicemia
Septum. See Interventricular septum
Serological tests, 37–38
Serratia marcescens, 106
Shunts/stents, 5

Sinus of Valsalva
aneurysms on, 13, 19, 65, 123
rupture of, 11, 13
vegetations on, 37

Skin conditions, 5, 17, 19, 24–26
SLE (systemic lupus erythematosus), 37
Spine, 28
Spleen

abscesses in, 19–20, 45, 51
hemorrhage of, 17
infarcts in, 14, 19
removal of, 17
splenomegaly, 14, 112

Splenectomy, 17
Splinter hemorrhages, 23, 26–27
Staphylococci

antibiotic resistance of, 95
on blood agar plate, 99–100
coagulase-negative, 33, 50, 73, 124
methicillin-resistant Staphylococcus

aureus (MRSA), 73, 95, 98, 100
microscopic appearance of, 34, 38, 100
penicillin-resistant, 93
relapse rate of infection, 114
Staphylococcus aureus

on blood agar plate, 99
endocarditis characteristics of, 15, 25,

100
glycopeptide intermediate-resistance

(GISA), 100
incidence of IE from, 5, 11, 97, 124
in IV drug abuse endocarditis,

106–108, 125
methicillin-resistant (MRSA), 73, 95,

98, 100
in pacemaker infections, 28, 45
penicillinases produced by, 93
prognosis with, 137
in prosthetic valve endocarditis (PVE),

28–29, 32, 34, 111
vancomycin intermediate-resistance

(VISA), 100
Staphylococcus epidermidis, 5, 28, 32, 97,

99–100, 124
Staphylococcus lugdunensis, 101
treatment criteria for, 98–101

Starr-Edwards mechanical valves, 34, 124
Sterigmata, 105
Streptococci

on blood agar plate, 99
and endopthalmitis, 28
incidence of IE from, 97
nutritionally variant, 101
prognosis with, 137
slow-growing, 50, 52
Streptococcus adjacens, 98, 101
Streptococcus agalactiae, 30

Streptococcus bovis, 5, 97–98, 108
Streptococcus defectivus, 98, 101
Streptococcus faecalis, 12, 23
Streptococcus mitis, 80
Streptococcus oralis, 28
Streptococcus pneumoniae, 5, 98
Streptococcus pyogenes, 98
Streptococcus sanguis, 21
treatment criteria for, 97–99
viridans, 5, 6, 11, 23, 96–99, 101–102, 108,

125, 137
Streptomycin, 95, 102
Subclavian artery, 113
Surgery

aortotomy, 125
bleeding and embolization during, 102
cardiac. See Cardiac surgery; specific valves
cesarean section, 108
for children, 130
foreign body retrieval, 28, 30–34
mortality during, 102, 108
myxoma removal, 56–57
oropharyngeal, 5
postoperative care, 48, 131
preoperative dental exams for, 82
prophylaxis for, 82–85
splenectomy, 17
thoracotomy, 31

Synercid, 98, 100, 102
Systemic lupus erythematosus (SLE), 37
Systolic anterior movement (SAM), 54

T
Tamponade, 11, 28, 32
Tatooing, 83
Tazobactam, 93
Tazocin, 93, 102
Teeth

dental caries/gingivitis, 5, 80, 108
exams and cleaning of, 81
orthodontics, 81–82
treatment procedures on, 80–82

Teicoplanin, 81, 95–99, 102, 111
Thoracotomy, 31
Thrombi/emboli

cerebral, 17, 19–22, 28, 112, 128–129
endocardial, 1, 13–14
extracardiac, 14, 17–20, 107–108, 128–129
in extremities, 14, 107–108
incidence by specific microbes, 24, 28,

32–36
pulmonary, 28, 45, 50, 107
recurrent, 122
risk factors for, 57
See also specific organs

Thrombophlebitis, 107
Ticarcillin, 93
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Timentin, 93
Tissue stains

acridine orange and Giemsa, 71
Brown-Brenn tissue Gram stain, 38, 71
Gimenez, 71
Grocott-Gomori, 71
hematoxylin and eosin (H&E), 36
histological stains, 36–38, 71
periodic acid-Schiff (PAS), 36, 38, 40, 71

Titration, 60, 101
Tobramycin, 95, 102
Transesophageal echocardiography (TEE),

17, 20, 33, 49–50, 109, 124, 127, 132
Transthoracic (M-mode) echocardiography

(TTE), 52–55, 107, 125
Tricuspid valve

and IV drug abuse, 5, 28–29, 35, 45, 59,
97, 106, 125–126

myxomas and, 56
and pacemaker implantation, 126
and pulmonary abscesses, 47
regurgitation, 62, 125
replacement of, 126, 132
TEE (echo) of, 49–50, 60, 132
TTE (echo) of, 107
vegetations, 28–30, 59, 132

Tropheryma whipplei, 38–40, 71, 74
Trough levels, 96, 111

U
Ultrasound, cardiac. See Echocardiography

(echo)
Ureidopenicillins, 93
Urinalysis, 45

V
Valves. See Heart valves
Vancomycin, 81–82, 96–100, 102–103, 111
Vancomycin intermediate-resistance

Staphylococcus aureus (VISA), 100
Vancomycin-resistant enterococci (VRE), 95
Vegetations, infective

aortic-mitral “kissing,” 122, 130
common locations of, 11
deposits of, 1, 2, 4, 6
echocardiography (echo) of, 49–50, 60,

107, 132
from foreign bodies, 28–32, 48, 60,

128–129
histology of, 2–3, 15, 36
incidence by specific microbes, 24, 28,

32–36

and IV drug abuse, 5, 28–29, 35, 45, 59,
97, 106, 125–126

marantic, 37
microbial densities in, 93
size of, 53, 108, 121–122, 125, 137
on TEE, 20
See also specific valves

Venous thrombosis, 108
Ventricles, 30
Ventricular septal defect (VSD), 11
Ventricular tachycardia, 16
Viridans, streptococci, 5, 6, 11, 23, 96–99,

101–102, 108, 125, 137
VISA (vancomycin intermediate-resistance

Staphylococcus aureus) , 100
Voriconazole, 104
VRE (vancomycin-resistant enterococci),

95

W
Warfarin, 125
Warning cards, 77–78
Wound infections, 5, 107

Y
Yeasts, 34–36, 73, 101, 105
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