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Preface

Infective Endocarditis: A Changing Disease

An up-to-date textbook on infective endocarditis is missing and sorely needed. With
this book, we hope to have supplied precisely this.

Although infective endocarditis is a cardiac disease that has been known to us for
a very long time, it also is an ever-changing disease, with completely varying epide-
miology, more and more nosocomial cases, more atypical clinical presentations,
new microorganisms, new diagnostic techniques, and, finally, a persistent, severe
prognosis.

During the previous 2 years, three international guidelines have been published
(two American, one European) summarizing our knowledge of this disease and pre-
senting clear recommendations about the best ways to diagnose and treat patients
with suspected or confirmed endocarditis.

Challenges remain, however, mainly:

* How to manage infective endocarditis patients who have intracardiac devices and
prostheses, which will probably be the most frequent types of patients in the years
to come, due to the radical increase in the number of percutaneous procedures.

*  When and how to implement the new diagnostic techniques: With which patients
should they be used? PET/CT is an example of a new technology recently
brought on board for diagnosing endocarditis.

e When surgery should be considered. If endocarditis is clearly “a surgical dis-
ease,” nonetheless uncertainties still persist concerning the best indications and
timing for surgical intervention.

* How endocarditis can be prevented: This was probably the most hotly debated
topic of the past year in this field.

To answer all these questions, the top endocarditis specialists in the world agreed
to share their unique knowledge and experience on all the aspects of this disease by
contributing chapters to this project. I would like to thank the chapter authors for
their kind participation in this textbook.
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Finally, this book represents the present. We hope readers will find herein all the
most relevant and up-to-date information on this fascinating and challenging disease
in which the patient is at the center, surrounded by numerous specialists:
cardiologists, cardiac surgeons, infectiologists, microbiologists, radiologists,
nuclear medicine specialists, internal medicine specialists, anesthesiologists, neu-
rologists, neurosurgeons, and other specialists who constitute the multidisciplinary
“Endocarditis Team.”

Marseille, France Gilbert Habib, MD, FESC, FASE
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Chapter 1
Definition and Epidemiology of Infective
Endocarditis

Imad M. Tleyjeh and Aref A. Bin Abdulhak

Historical Aspects and Definition of Infective Endocarditis

William Osler (1849-1919) of Canada loaned his name to the skin manifestations
of infective endocarditis early in the last century; however, the history of this infec-
tion started more than 350 years ago [1-4]. The history of the evolving understand-
ing of endocarditis beautifully illustrates how human knowledge of a disease
develops over time, and certain important milestones warrant mention (Fig. 1.1a, b)
[1-5]. A detailed account of historical events that led to the understanding of endo-
carditis is well presented by Contrepois [1, 2] and other authors [3, 4].

Inflammation of the inner layer of the heart was probably first recognized in
1646 in France by Lazare Riviere (1589-1655) who described the cardiac autopsy
of a patient who presented with palpitations and died after a relatively short course.
He described “round carbuncles” that resemble “clusters of hazelnuts” in the left
ventricle outflow track. His observation was followed by the description of excres-
cences on valve tissues, which were assumed to be of valvular tissue origin, by
Giovanni Maria Lancisi in Italy (1654—1720). The term “vegetation” was first used
by Jean Nicholas Corvisart in France (1755-1821), who described it as a cauliflower,
and attributed it to syphilis due to its resemblance to syphilitic nodules [1-4].
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Autops i -
Probable findinng) aynd a clinical entity From a local to Endocarditis
earliest ; and natural a systemic caused by a
report GEEDERIE history of the disease “morbid poison”
vegetation Glerren
1554: Jean Farncois 1646: Lazare Riviere, 1835: Jean-Baptiste 1852: William 1861: Jean-Martin

Fernel, France:
earliest comments
regarding the
clinical aspects of
endocarditis.

1554

France: described
cardiac autopsy of a
patient and
“outgrowths” the size
of “hazelnuts” in
aortic valve.

1708: Giovanni
Lancisi, Italy

1715: Raymond
Vieussens, France

1749: Jean-Baptiste
Senac.

All described valvular
lesions on autopsy.

1799: Xavier Bichat,
France: elucidated
the notion of “tissue
inflammation”.
Referred only to
pericardium.

1806: Jean Nicolas
Corvisart, France:
used the term
“vegetation” as
“outgrowth or buds”.
“Syphilitic virus” as

a possible cause.
1809: Allan Burns,
England: vegetations
are “concretions”
and not “outgrowths”.

Bouillaud, France:
named the
“endocardium” and
the clinical entity as
“endocarditis” and
described symptoms.

{

1648: Microscope
invented by Anton
van Leeuwenhoek.

1816: Theophile
Laennec: invented
“cylindrical”
stethoscope.

Senhouse Kirkes,
England: described
symptoms related to
release of fragments
of vegetations in

the blood to distant
organs.

1858-71: Rudolph
Virchow, Germany:
used term
“embolism” and
examined fibrin
vegetation by
microscope.

Charcot and

Alfred Vulpian,
France: organisms
were not known yet.
They attributed the
“typhoidal” symptoms
of endocarditis to a
“morbid poison”
produced constantly
in the endocardium.

1865

f

1865: Louis
Pasteur, France:
“Germ Theory”.
Microbes (also
known as germs)
can cause
infectious diseases
which can be
spread by
microbes.

1865: Robert Koch,
Germany: specific
microbes cause
specific diseases.

Fig. 1.1 AB Although it is difficult to give an accurate account for all historical details that led to
the understanding of endocarditis, these two figures highlight important milestones up to the
beginning of the twentieth century: (a) 1554 through 1865; (b) 1869 through 1909
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Fig. 1.1 (continued)

1878: Ottomar
Rosenbach, Poland:
first endocarditis
animal model.

1886: Vladimir
Wyssokowitsch and
Johannes Orth,
Germany: various
bacteria introduced
in the bloodstream
can cause
endocarditis in
animals with injured
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1885-1908: William
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nce:
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England: pre-exisiting
valvulopathy, oral and
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etiology.

1909

f

1882: Hans

Christian Gram,
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staining method.

1890: Louis
Malasez, France:
invented a glass
syringe.

Knowledge of the disease further evolved when scientists started to propose new
theories, such as the association between “typhoid endocarditis” and “acute rheu-
matoid arthritis” suggested by Jean-Baptiste Bouillaud (1796—1881) in France, who
introduced the term “endocardium” and called “endocarditis” as a clinical entity in
1835. This was followed by the discovery that endocarditis was a systemic disease
and not only confined to the endocardium. The concept of embolic events was pro-
posed by William Senhouse Kirkes (1822—1864) in England, who discovered frag-
ments of valve vegetations in distant foci such as the brain, kidney and spleen. The
pathology of the disease was regularly reformulated and its definition varied from
period to period and from country to country.

Before the proof of the germ theory by Louis Pasteur and Robert Koch in the
middle of the nineteenth century, Emmanuel Winge (1817-1894) in Norway described
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“parasitic microorganisms” in aortic valve vegetation in a patient who suffered from
endocarditis 1 month after having a skin infection. This led to the theory by Edwin
Klebs (1834-1913) in Germany that there is a point of entry for microorganisms that
are later transported in the bloodstream [1-4].

A theory that valvular impairment is a predisposing factor for endocarditis was
later proposed by Ottomar Rosenbach (1851-1907) in Poland, who conducted the
first animal experiments. In 1886, Vladimir Wyssokowitsch and Johannes Orth of
Germany discovered, using animal endocarditis models, that various bacteria
introduced in the bloodstream can cause endocarditis in animals with injured
valves [1-4].

The germ theory, and the use of microscopes and experimental animal models,
changed the view and concept of the disease at the end of the century. William Osler
built on earlier findings to give a more comprehensive understanding of this infec-
tion. He differentiated between ulcerative, malignant, septic, and pyemic endocar-
ditis. He also described the symptoms of endocarditis and the deposition of fibrin
and platelets on damaged endocardium, which constituted the nucleus of the vegeta-
tion. He proposed that a diversity of microorganisms can cause endocarditis. Years
later, Lord Thomas Horder (1871-1955) in England published 150 cases of IE and
described their pathological lesions. He classified IE in five categories: latent, ful-
minant, acute, chronic, and subacute [1-4].

Despite these discoveries provided by the synthesis of clinical medicine, pathol-
ogy and microbiology, IE was without effective treatment and carried a dismal
prognosis until the discovery of sulfonamides in the 1940s. Even then, the cure rate
improved only to 5-16% [3]. The use of penicillin starting in 1944 resulted in a
70% cure rate, and provided significant optimism that endocarditis is a curable
disease [3, 4]. In 1963, Andrew G. Wallace from Duke University in USA per-
formed the first valve excision and aortic valve replacement in a patient with endo-
carditis who failed to respond to antibiotic therapy [5].

Today, IE has been clearly established as an infection of the endocardial lining of
the heart that includes heart valves, mural endocardium, and endocardial covering
of the implanted material such as prosthetic valves and intracardiac devices [6]. The
infection is mostly caused by bacteria, with Staphylococcus and Streptococcus
species causing 80 % of cases; however, it [7] may occasionally be due to fungal
pathogens.

Incidence, Sequelae, and Global Burden of Infective
Endocarditis

The incidence of IE varies widely based on the geographic region and population
at risk. There is also significant heterogeneity between published incidence stud-
ies due to referral and case ascertainment biases, disease misclassification, use of
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different study designs and case definitions, and the change of IE definition over
time [8].

IE continues to be an uncommon infectious disease, with an annual incidence
ranging from 3 to 7 cases per 100,000 person-years in the most contemporary popu-
lation surveys [9, 10]. The Global Burden of Diseases Project-GBD 2010 IE expert
group conducted a comprehensive systematic review of IE epidemiology literature
between 1980 and 2008 [11]. Several medical and science databases were searched,
yielding 115 studies published in ten languages. Eligible studies were population-
based (17 %), multicenter hospital-based (11 %), and single-center hospital-based
(71 %). Population-based studies were reported from only ten countries: Australia,
Denmark, France, Greece, Italy, the Netherlands, Sweden, Tunisia, the United
States, and the United Kingdom. The crude incidence of IE ranged between 1.5 and
11.6 cases per 100,000 people. The overall mean proportion of IE patients that
developed stroke was 15.8+9.1 %, and the mean proportion of patients that under-
went valve surgery was 32.4+18.8% and the mean case fatality risk was
21.1+£10.4 %.

Data were missing or sparse from the majority of other countries. Accordingly,
IE incidence remains largely unknown from many parts of the world as the available
data were mostly reported from developed countries (Fig. 1.2).

The mean age of persons with IE was reported as 57.2 years [12], with incidence
increasing with age. The male to female case ratio is over 2:1 [7].

11.6
on STUDY 9.6 1.6
7'0 Il Study 1
: Study 2
65 W Study 3
6.3 W Study 4 6.2
6.2 -
3 W study 5 55
S 55 I study 6
8 50
- 4.4 Bars show Mode
g 4.4 : 36
o 36 .
£ 35
§ 35 ;
E 3.0 3.0 3.0
g 27 27 ”s
g 23 :
22 2
21 2]
18 1.8 1.8
1.7
15 1.5
Australia Denmark France  Greece Italy  Netherlands Sweden  Tunisia United United

Kingdom  States

Fig. 1.2 Infective endocarditis incidence among different countries (From Bin Abdulhak et al.
[11]. Reprinted with permission from Elsevier Limited)
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Risk Factors of Infective Endocarditis

IE has been traditionally linked to the presence of rheumatic heart disease, congenital
heart disease, prosthetic valves, and previous episodes of IE. However, many other
risk factors have been identified that predispose to the development of IE [7, 13],
including intracardiac devices, intravenous drug use, advanced age, degenerative val-
vular heart disease, hemodialysis, HIV infection, diabetes mellitus, cardiac trans-
plant with development of valvulopathy, and poor dentition or dental infection.

Some of these more recently identified risk factors may have taken predomi-
nance over the traditional risk factors as predisposing to IE, especially in developed
countries. Nonetheless, about 50 % of IE cases have no predisposing condition iden-
tified [7].

Temporal Trends in the Epidemiology of Infective
Endocarditis

The earlier description of infective endocarditis as a disease of pre-existing valvular
heart conditions that is mostly caused by S. viridans has undergone significant epi-
demiological changes during the recent decades, particularly in developed coun-
tries. However, there are certain degrees of heterogeneity with regard to the changing
epidemiology of IE among different nations [8, 14].

Temporal trends in the epidemiology of IE have been examined using different
study designs. The first approach used longitudinal follow-up data from the small
population of Olmsted County, MN, USA [10, 15, 16], which provides a unique
opportunity to conduct population-based studies because its population is stable and
medical care is limited to a few local facilities. The long-established Rochester
Epidemiology Project [17] facilitates data collection and ensures detection of virtu-
ally all cases. In 2000, the population of Olmsted County was 90,000 adults.
Between 1970 and 2006, there were 150 cases with IE with 3 % intravenous drug
(IVD) use. The age- and sex-adjusted incidence rates of IE ranged between 5.0 and
7.9 cases per 100,000 person-years. IE incidence among men was relatively stable
across the study period and ranged from 8.6 to 12.7 cases per 100,000 person-years
(P=.79). In contrast, there was a significant increase in incidence among women,
from 1.4 cases per 100,000 person-years at the beginning of the study period to 6.7
at the end of the period (P=.006) (Fig. 1.3a). Among incident cases, there was a
temporal trend of increasing age on presentation (Spearman correlation coefficient,
0.17; P=.04), with median age increasing from 46.5 years in 1980-1984 to
70.5 years in 2001-2006. From 1975 to 1979 to 2001-2006, the proportion of cases
with rheumatic heart disease as a predisposing factor declined from 31 to 5%
(P=.02), while the proportion of patients undergoing surgery increased from 0 to
30% (p=0.09). There was no significant temporal trend in the incidence of either S
aureus or viridans group streptococcal IE (Fig. 1.3b).
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Fig. 1.3 Epidemiological trends of infective endocarditis in Olmsted County, Minnesota. (a) Age-
adjusted incidence of infective endocarditis over time; for trend in women, P=.006; for trend in
men, P=.79. (b) Age-adjusted incidence of infective endocarditis by causative organisms over
time (Both from Correa de Sa et al. [10]. Reprinted with permission from Elsevier Limited)

The second study design compared repeated temporal cross-sectional surveys
of a large population in France [9, 18-20]. These studies included three French
regions (Greater Paris, Lorraine and Rhone-Alpes) with 11 million inhabitants
(24 % of the French population). Three 1-year population-based surveys were con-
ducted in 1991, 1999, and 2008 by prospectively collecting IE cases from all medi-
cal centers using a survey design. Overall, 993 expert-validated IE cases were
analyzed (323 in 1991; 331 in 1999; and 339 in 2008). The age- and sex-standard-
ized annual IE incidence did not change significantly across the 3 surveys (Fig. 1.3a,
b), but it decreased significantly in patients with previously known native heart
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valve disease. The incidence of oral streptococcal IE did not increase in the overall
population or in the population of patients with previously known native heart valve
disease, in whom it significantly decreased. The incidence of both S. aureus and
coagulase-negative staphylococcal IE increased significantly in patients without
previously known native heart valve disease (Fig. 1.4). Mean age increased over
time from 58 to 62 years (P=0.013). IE predominated in males in all 3 surveys. The
rate of patients with no previously known heart valve disease increased from 34 %
in 1991 to 49 % in 1999 and remained stable in 2008 (47 %) (P<0.001).

Microorganisms responsible for IE were identified in 87, 93, and 93 % from 1991
to 2008. Streptococcal sp. were the most frequent microorganisms across the 3
surveys. The proportion of Staphylococcus aureus increased regularly and signifi-
cantly (16, 21, and 26 %; P=0.011). The rate of cardiac surgery performed during
the acute phase of the disease increased from 1991 to 1999 (31-50%) and then
remained stable (50%) (P<0.001). In-hospital death rates were not significantly
different among the three periods (21 %, 15 %, and 21 %, respectively).

The third approach used pooled analyses of temporal trends across different pop-
ulation studies [8]. Fifteen population-based investigations from seven countries
(Denmark, France, Italy, the Netherlands, Sweden, United Kingdom, and United
States) from 1969 to 2005 were eligible. Using meta-regression analyses, the
authors observed a decline in the proportion of IE cases with underlying rheumatic
heart disease (—12 %/decade), an increase in the proportion of IE patients undergo-
ing surgery (+9 %/decade), and no temporal trends in causative organisms.

Controversy surrounds the dominant pathogens and temporal trends of patho-
genic organisms of IE. A large-scale review of data from hospital-based studies
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demonstrated that staphylococcal and enterococcal infection rates have increased
over the last five decades, whereas S. viridians and culture negative endocarditis rates
have declined over the same period of time [12]. Figure 1.5 illustrates worldwide
distribution and trends of endocarditis pathogens [12]. S. aureus was the most com-
monly identified pathogen over the last decade followed by S. viridians, culture neg-
ative endocarditis, enterococcus group, and coagulase negative staphylococcus [12].
The overall worldwide increase in the frequency of S aureus endocarditis was driven
by an increase in North America [12]. The increase in S aureus endocarditis in North
American was paralleled by an increase in intravenous drug use-associated endocar-
ditis in the last decade, which may partially explain its higher frequency [12].

Outcome in Infective Endocarditis

IE continues to be characterized by increased morbidity and mortality, and is now
the fourth most common life-threatening infection syndrome, after sepsis, pneumo-
nia, and intra-abdominal abscess. Globally, in 2010, IE was associated with 1.58
million disability-adjusted life years (DALYs) or years of healthy life lost due to
death and non-fatal illness or impairment [21].

Despite advances in medical knowledge, technology, and antimicrobial therapy,
IE is still associated with devastating outcomes. Almost one in every four cases will
not survive the disease [11]. IE is associated with up to 22 % in-hospital mortality
and 45 % 5 -year mortality rates [20, 22]. Globally, IE was estimated to be associ-
ated with 35,900 thousands deaths (95 % uncertainty interval [UI]: 30.0, 44.5) in
1990, increasing to 48,300 thousand deaths (95 % UI: 39.3, 55.5) in 2010 [23].
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Chapter 2
Pathophysiology of Infective Endocarditis

Franck Thuny

Introduction

Infective endocarditis usually occurs on an endocardium with pre-existing lesions
or on intracardiac foreign materials. From various portals of entry (oral, digestive,
cutaneous, etc.) and subsequent bacteraemia, pathogens can adhere and colonize the
previously damaged endocardium thanks to numerous complex processes based on
a unique host-pathogen interaction [1, 2]. Then, severe life-threatening complica-
tions can occur such as acute heart failure or embolic events.

The Host’s Underlying Lesions

Under normal conditions, the endocardium is resistant to infection. However,
degenerative processes (fibrosis, calcifications), turbulent blood flows created by
valvular or congenital heart diseases and mechanical lesions secondary to material
implantation can provoke endocardial damage, resulting in the exposure of the
extracellular matrix, apoptosis, production of tissue factor and then thrombus for-
mation (non-bacterial vegetation). Moreover, the presence of underlying endocar-
dial damage may induce an exposure of altered phospholipids (cardiolipin) on the
outer membrane of endothelial cells, resulting in the production of antiphospholipid
antibodies by the immune cells. The implication of antiphospholipid antibodies in
this thrombotic step of the endocarditis pathogenesis has been suggested even in the
absence of autoimmune disease [3]. Indeed, the antiphospholipid antibodies react
with negatively charged phospholipids. They require beta-,-glycoprotein 1 as a
cofactor to bind to phospholipids. This beta-,-glycoprotein 1 inhibits factor Xa
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synthesis on activated platelets. Thus, antiphospholipid antibodies may interfere
with this inhibition leading to factor Xa generation and thrombin formation [3].
Immunoglobulin fractions from patients with antiphospholipid antibodies can bind
to endothelial cells, resulting in endothelial cell activation and phenotypic changes,
with induction of a pro-adhesive, pro-thrombotic surface causing a subsequent per-
turbation of the endothelium-platelet axis, thrombin generation and reduced fibrino-
lysis. The formation of such non-bacterial thrombotic endocarditis is the key event
that will facilitate the pathogens adherence and infection.

Alternatively, an endocardium free of previous mechanical lesions, but with
inflammation, can also form, by itself, an adhesive surface for circulating virulent
pathogens, such as S. aureus, thanks to expression of integrins by the endothelial
cells [4].

The Bacteraemia

The role of bacteraemia has been studied in animals with catheter-induced non-
bacterial thrombotic endocarditis. Both the magnitude of bacteraemia and the
ability of the pathogen to attach to damaged valves are important. Of note, bac-
teraemia does not occur only after invasive procedures, but also as a consequence
of the daily routine activities such as chewing, flossing and tooth brushing. The
cumulating numbers of circulating bacteria are even greater after these activities
than after an invasive procedure. Such spontaneous, low grade, short duration but
repeated bacteraemia may explain why most cases of IE are not preceded by
invasive procedures, questioning the efficiency of the one-dose prescription of
antibioprophylaxis. Also of increasing concern are health-care-associated bacte-
remias, such as in chronic hemodialysis patients who represent a new at-risk
group for IE [5-8].

The Host-Pathogen Interaction

During bacteraemia, some pathogens can adhere to the components of the non-
bacterial thrombotic vegetation or the enflamed endocardium. Molecules such as
fibrinogen, fibronectin or platelets proteins are recognized by adhesins located on
the surface of pathogens [1, 9]. The predominance of gram-positive pathogens as
the leading cause of most IE can be explained by the fact that they are the most
equipped with these surface adhesins that mediate attachment to the extracellular
host matrix proteins. These adhesins are collectively referred to as Microbial
Surface Component Reacting with Adhesive Matrix Molecules [1]. After adhesion,
the subsequent colonization and invasion of the endocardium maintain both the
inflammation and the coagulation processes, resulting in a vicious circle with
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Fig. 2.1 Illustration of the infective endocarditis (IE) pathophysiology. The natural history of IE
may be demonstrated in successive steps including cell apoptosis that may be promoted by blood
turbulence in the vicinity of valve lesion (a), procoagulant activity that results in fibrin and platelet
deposition (b), bacterial colonization and chemoattraction of neutrophils increasing vegetation
size (c¢), and tissue remodelling and neoangiogenesis leading to the functional destruction of the
valve (d). At this stage, the situation is irreversible and cardiac surgery is necessary (All from
Benoit et al. [2]. Open access)

the formation of infective vegetation in which the pathogens persist, multiply and
escape from the host defenses. Consequently, the vegetation will grow, a neoangio-
genesis process will occur, and the valve tissue will be destroyed, resulting ulti-
mately in embolic events, abscess formation, and valve dysfunction [2]. Moreover,
the excessive host response can be responsible for the aggravation of the lesions by
secondary autoimmune effects, such as immune complex glomerulonephritis and
vasculitis, but also an increasing risk of embolic events due to hypersecretion and
activation of the matrix metalloproteinases [10] and the increased production of
antiphospholipid antibodies [3] (Fig. 2.1a—d).
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Chapter 3
Clinical Features of Infective Endocarditis

Pilar Tornos

Introduction

The diagnosis of infective endocarditis (IE) is based on a combination of clinical
symptoms, microbiologic findings and imaging techniques, in particular echocar-
diography, but with an increasing role for computed tomography and nuclear tech-
niques. The diagnosis of IE is usually straightforward when the symptoms are
recognized: blood cultures and echocardiography will confirm or rule out the diag-
nosis in most cases. A number of difficult cases will remain that will need further
microbiologic investigations or additional imaging techniques.

However, the most important challenge in the diagnosis of IE is that the clinical
suspicion is very often delayed because the early clinical symptoms are not properly
evaluated. There are several reasons to explain this. Besides the fact that IE is a
rather uncommon and complex disease, important changes in epidemiology have
recently occurred and consequently the clinical picture has been modified.

The classical IE occurring in young patients with valve disease is nowadays
uncommon [1]; IE is now diagnosed in older people [2], in patients with no previous
history of valvular disease [3], in patients with comorbidities who suffer from nosoco-
mial IE [4], and in patients with pacemakers, defibrillators and valvular prostheses [5].

IE can present as a subacute disease. In those cases the initial symptoms consist-
ing of fever and malaise do not seem to correspond to a serious disease, and IE is
only suspected after the appearance of complications.

On the other hand, IE can present acutely, with fever, sepsis and major emboli.
In those cases, extra cardiac symptoms may predominate and patients present to a
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Table 3.1 Clinical data Predisposition
considered as minor
diagnostic criteria in the
modified Duke criteria for the
diagnosis of infective Major arterial emboli
endocarditis Septic pulmonary infarcts

Fever
Vascular phenomena:

Mycotic aneurysm
Intracranial haemorrhages
Janeway lesions
Immunologic phenomena:
Glomerulonephritis
Osler’s nodes

Roth’s spots

variety of specialists. Very often, alternative diagnoses are considered before the
suspicion of endocarditis arises.

According to the Duke criteria [6], clinical symptoms are considered minor cri-
teria (Table 3.1).

However, as Li et al. point out [6], Duke criteria are useful for research purposes
in order to compare series of patients but their use in clinical decision making is not
clear. Although the use of Duke’s clinical criteria are very useful clinical judgement
remains crucial in the evaluation and diagnosis of IE.

In the present chapter, the clinical situations and signs and symptoms of IE are
discussed.

Clinical Data
Predisposition

Patients at increased risk of infective endocarditis are patients with valvular
heart disease, patients with previous episodes of endocarditis, patients with con-
genital heart diseases, and patients with valvular prostheses. In recent years, IE
is being diagnosed frequently in patients with pacemakers and other intracardiac
devices.

On the other hand, patients at risk are intravenous drug addicts and patients with
comorbidities that require frequent medical instrumentation or that result in immu-
nosuppression, for example renal patients on haemodialysis or cancer patients. In
those patients, even low grade fever should indicate the practice of blood cultures,
and the diagnosis of IE should be considered.

Nevertheless, IE occurs often in patients who were unaware of having any heart
problem. This makes the clinical diagnosis more difficult.
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Fever

Fever is present in almost 90 % of all cases of IE. The diagnosis of IE should be
always considered in patients with longstanding fever, especially when this causes
chills and when there are signs consistent with bacteraemia.

In patients with low virulent organisms, fever can be low grade and well toler-
ated. Valvular patients and patients with congenital heart disease should know about
the risk of IE and should be educated to report cases of fever lasting for several days.
Blood cultures then will allow for an early diagnosis. Unfortunately, many patients
with IE are unaware of having any cardiac disease, and the diagnosis of IE is only
considered after the development of heart failure or embolic episodes.

Patients with IE caused by virulent organisms such as staphylococci can present
within hours or within a few days with high fever and in a severe septic status. In
those very acute cases, the diagnosis of IE can also be missed, in particular if there
is a lack of previous history of valve disease. In these very septic patients, it is dif-
ficult to hear murmurs and non cardiac symptoms, such as neurologic symptoms, or
respiratory insufficiency can predominate. Nevertheless, when blood cultures are
positive per staphylococci, or other microorganisms common in endocarditis the
diagnosis of IE should be considered and investigations performed.

Fever is a common finding in the early postoperative period after valve surgery.
In this clinical setting, there are many causes for fever, but when an obvious cause
is not present, the diagnosis of IE should be on the list and blood cultures and other
investigations performed.

In patients with pacemakers and defibrillators, endocarditis can occur in combi-
nation with an infection of the pocket of the device, and patients present with fever
and clear signs of pocket infection. However, other patients can have infections of
the leads causing IE with no apparent signs of pocket infection. Those patients usu-
ally present with several episodes of well tolerated low grade fever, sometimes with
respiratory symptoms due to lung embolism that can be viewed as pulmonary infec-
tions. A high index of suspicion is needed to consider the possibility of IE.

Fever in hospitalized patients with intravenous lines, haemodialysis, or exposed
to chemotherapy or other medical instrumentations should be carefully studied,
blood cultures performed and close follow up of patients with positive blood cul-
tures performed, in particular when blood cultures are positive for microorganisms
that are common in IE.

The absence of fever makes the diagnosis of IE unlikely, although fever can be
absent in patients with renal failure or in cases where there are very low virulent
infections.

Cardiac Murmur

The presence of a cardiac murmur in a patient presenting with fever can raise the
suspicion of IE. However, a systolic murmur caused by the increased cardiac output
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can occur in the absence of any cardiac problem. Nevertheless, the presence of a
murmur, in particular a diastolic murmur of aortic regurgitation or a murmur of
mitral regurgitation, should encourage investigations to rule out IE. All textbooks
on IE state that any change in a previous murmur or an increase in a previous mur-
mur is very specific to IE, although this finding is very uncommon. Rarely, a change
in a previous murmur can occur during the course of IE. For example, a continuous
murmur can appear when a fistula occurs between left and right cardiac cavities.

In patients with valvular prostheses, any murmur consistent with a prosthetic
leak should also raise the possibility of IE, in particular in the presence of fever.
Also, when a new prosthetic leak is discovered, the possibility of endocarditis
should be considered, even in the absence of fever.

Cardiac Symptoms

Patients with IE can develop heart failure. Therefore, this diagnosis should be sus-
pected in any patient with heart failure and fever. Heart failure can be secondary to
the febrile status, anemia, and tachycardia, but more often heart failure is due to the
acute valvular insufficiency caused by the infectious process. In patients with acute
heart failure, the diagnosis of severe acute aortic or mitral regurgitation can be dif-
ficult because the murmur is usually faint, the heart is not enlarged, and pulmonary
edema can be erroneously diagnosed as a pulmonary infection in patients with fever
and septic shock.

Patients can present with pericardial signs such as a pericardial rub. In those
cases, periannular or myocardial abscesses are likely to be present causing pyoperi-
cardium. In patients with periannular abscesses, new conduction defects can appear
(Fig. 3.1a, b), and therefore IE has to be ruled out in any patient with fever and heart
block.

Myocardial infarction can occur as a result of coronary embolism. Rarely can
mycotic coronary aneurysm be found [7].

Neurological Symptoms

Clinical neurological events occur in 20—40 % of patients with IE, and occult cerebral
lesions in asymptomatic patients occur in almost 70 % of patients [8]. Neurological
symptoms are sometimes present at the time of diagnosis. Patients may present with
encephalopathy that can be secondary to sepsis or to underlying central nervous sys-
tem complications. The most common include ischemic or hemorrhagic stroke as a
consequence of embolism [9]. Therefore, the diagnosis of endocarditis should always
be suspected in patients with stroke and fever. Ischemic strokes most commonly
occur in the middle cerebral artery; however, multifocal infarction is also common
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Fig. 3.1 (a) ECG showing prolonged PR (arrow) in a patient with prosthetic valve endocarditis
with perianular extension. (b) 18 FDG PET/CT showing the periprosthetic abscess

Fig. 3.2 (a) MRI showing multiple embolic infarcts in a patient with IE caused by S aureus who
presented with fever and encephalopathy. (b) MRI of the same patient with a large infarct in the
anterior temporal lobe

(Fig. 3.2a, b). Hemorrhage in the brain can be subarachnoid or parenchymal as a
result of hemorrhagic conversion of a prior ischemic infarct or rupture of an infec-
tious aneurysm. Other neurological complications include meningitis, brain abscess,
and infectious intracranial aneurysms. In those cases, headache and seizures in a
febrile patient can be the initial symptomatology.
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Fig. 3.3 (a) Peripheral emboli in a patient with prosthetic infective endocarditis caused by
Enterococcus faecalis. (b) Conjunctival petechiae in a patient with S mitis IE

Musculoskeletal Symptoms

Patients with IE can present with nonspecific arthralgia or myalgia. Sometimes,
patients are erroneously diagnosed of polymyalgia rheumatica or giant cell arteritis
[10]. Back pain is also a common manifestation of IE, but in patients with fever and
severe back pain spondylodiscitis should be suspected and blood cultures per-
formed. In patients presenting with pyogenic vertebral osteomyelitis, the incidence
of infective endocarditis is high [11].

Peripheral Signs

Petechiae or purpura and splinter haemorrhages are nonspecific findings that occur
in up to 20 % of patients with IE (Fig. 3.3a, b). In a recent study [12], specific skin
manifestations occurred in 12 % of cases, purpura being the most common. Osler
nodes, Janeway lesions, and conjunctival haemorrhages occurred more infrequently.
Roth spots are also rare but, when present the diagnosis of IE, should be suspected

Renal Symptoms

Renal impairment can occur in IE as a result of the infection or in relation to antibi-
otic toxicity. Glomerulonephritis is rather uncommon, but can present as acute kid-
ney injury, and the most common biopsy pattern is necrotizing and crescentic
glomerulonephritis [13]. Patients can also present with haematuria and back pain as
a result of embolism to the kidney.

Other

Systemic embolisms in the spleen or kidney causing abdominal pain or silent and
discovered at the time of a radiological examination should also arouse suspicion of
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IE. In patients with right sided IE, pulmonary embolisms presenting as pulmonary
infections can be the clue for establishing the diagnosis of IE. Mycotic aneurysms are
rarely diagnosed before rupture, but in rare cases peripheral aneurysms can be seen.
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Chapter 4
Microbiological Diagnosis in Infective
Endocarditis

Jean-Paul Casalta, Frederique Gouriet, Sophie Edouard,
Pierre-Edouard Fournier, Hubert Lepidi, and Didier Raoult

Blood Culture-Positive Endocarditis (BCPE)

Currently, blood culture is the most significant assay for the diagnosis of bacterial
infections, especially for bloodstream infections and endocarditis. Positive blood cul-
tures remain the cornerstone of diagnosis and provide live bacteria for both identifi-
cation and susceptibility testing. Three sets are taken at 30 min interval including in
the first one aerobic and one anaerobic, in the second and third one anaerobic, each
containing 10 mL of blood for a total of 40 ml obtained from a peripheral vein using
meticulous sterile technique, is virtually always sufficient to identify usual causative
microorganisms. Automates perform continuous monitoring of bacterial growth,
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which ensures quick reports to the physicians. When a blood culture bottle is
identified as growing bacteria by the automate, presumptive identification is based on
Gram staining, which allows classification of bacteria as either cocci or bacilli and as
Gram-positive or Gram-negative. This information is immediately given to clinicians
in order to adapt presumptive antibiotic therapy. The positive blood culture suspen-
sion is then subcultured on agar plates in order to obtain bacterial colonies that will
be subjected to identification. Routine bacterial identification is based on phenotypic
tests, including Gram staining, culture and growth characteristics and biochemical
patterns. Complete identification is routinely achieved within 2 days, but may require
longer time for fastidious or atypical organisms [1-3]. As the delay between blood
culture sampling and definitive identification of the organism responsible for the bac-
teremia and antibiotic susceptibility testing is long, many improvements have been
proposed to speed up the process of detection and identification. These systems are
based on a quick identification of bacteria that have grown in blood culture bottles.
First of all, improvements in culture media and detection of growth procedures have
reduced these delays. The most recent generation of automates can detect even weak
bacterial growth. When growth is detected by the automate, it is possible to perform
direct identification of bacteria by molecular biology, such as universal amplification
and sequencing, nucleic acid-based fluorescence hybridization probes, such as FISH,
DNA microarrays or molecular detection amplification and specific probes. The lat-
ter systems are usually not open and only allow detection of one or a few specific
targets; however, they may provide no information about presumptive antibiotic sus-
ceptibility (i.e., detection of MRSA). These procedures are efficient but are expen-
sive and/or require highly qualified bacteriology technicians. Among the most recent
procedures for rapid identification, bacterial identification based on peptide spectra
obtained by matrix-assisted laser desorption ionization time-of-flight mass spectrom-
etry (MALDI-TOF MS) has recently demonstrated its usefulness in clinical microbi-
ology. Not only may this method replace routine identification of bacterial colonies
as it enables identification of bacterial isolates grown in agar for a few cents and
within minutes, but it may also be applied to bacterial suspensions, as it has also
recently been used successfully for the routine identification of bacterial colonies
directly in the blood culture bottle supernatant [4, 5].

Blood Culture-Negative Endocarditis (BCNE)

Blood culture-negative endocarditis (BCNE) refers to endocarditis in which no caus-
ative microorganism can be grown using usual blood culture methods. BCNE occurs
in 2.5-31 % of all cases of endocarditis (BCNE) and often causes considerable diag-
nostic and therapeutic dilemmas. First, BCNE are often caused by fungi or fastidious
bacteria, notably obligatory intracellular bacteria. Isolation of these microorganisms
requires culturing them on specialized media, and their growth is relatively slow,
when possible, on axenic culture media. Second, the initiation of antibiotic therapy
is often delayed, with profound impact on clinical outcome. Third, the usual
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empirical antibiotic therapy used for BCNE, i.e., an association of a f-lactam and an
aminoglycoside, may not appropriate for several causative agents of BCNE that
require a specific treatment, such as Coxiella burnetii, Tropheryma whipplei or fungi,
potentially affecting the outcome of the disease. Four, BCNE may be caused by a
manifestation of non-infectious diseases such as anti-phospholipid syndrome or sys-
temic lupus erythematosus (Libmann-Sacks endocarditis), cancer (marantic or non-
bacterial thrombotic endocarditis) [6] or allergy to pork in patients with porcine
valvular bioprostheses. In these diseases, antibiotics are totally inefficient.

The variation in incidence of BCNE among series may be explained by several
factors, including (i) differences in the diagnostic criteria used; (ii) specific epide-
miological factors, as may be the case for fastidious zoonotic agents; (iii) variations
in the early use of antibiotics prior to blood sampling; (iv) differences in sampling
strategies; or (v) involvement of unknown pathogens. It’s important to highlight the
major role of zoonotic agents and the underestimated role of non-infective diseases
in BCNE. Therefore, according to local epidemiology, systematic serological test-
ing for Coxiella burnetii, Bartonella spp., Aspergillus spp., Mycoplasma pneumo-
nia, Brucella spp., Legionella pneumophila, Brucella spp. should be proposed [7],
followed by specific PCR assays for T. whipplei, Bartonella species, and fungi
(Candida spp, Aspergillus spp) from blood [1]. Most studies using blood PCR for
the diagnosis of BCNE have highlighted the importance of Streptococcus gallolyti-
cus and mitis, Enterococci, Staphylococcus aureus, Escherichia coli and fastidious
bacteria, the respective prevalence of which vary according to the status and condi-
tion of the patient [2, 8, 9].

Two other major diagnostic methods for BCNE are histological examination
and broad-spectrum 16S and 18S ribosomal RNA PCR applied to valvular
biopsies.

When all microbiological assays are negative, the diagnosis of non-infectious
endocarditis should systematically be considered, and assays for antinuclear anti-
bodies as well as antiphospholipid syndrome [anti —cardiolipine (IgG) and anti
Beta2 glycoprotein 1 (IgG and IgM)] be performed [5]. When all other tests are
negative and the patient has a porcine bioprosthesis and markers of allergy, anti-
pork antibodies should be searched [10].

Histologic Diagnosis of Infective Endocarditis

Pathological examination of resected valve tissue or embolic fragments remains the
gold standard for the diagnosis of IE [11]. All tissue samples that are excised during
the course of the surgical removal of cardiac valves must be collected in a sterile
container without fixative or culture medium. The entire sample is taken without
delay to the diagnostic microbiology laboratory for optimal recovery and identifica-
tion of microorganisms. After the selection of valve tissue samples for bacteriologic
procedures such as valve tissue culture and polymerase chain reaction amplifica-
tion, the remaining tissue samples are fixed in neutral buffered formalin, decalcified
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if necessary, and embedded in paraffin. Tissue specimens are cut to 3-mm thickness
and stained with hematoxylin-eosin by use of routine methods. During the histo-
logic examination, valve lesions are classified as (i) consistent with IE, (ii) showing
no histologic features of IE, (iii) intermediate status according to criteria defined
elsewhere. Non-specific special stains, including Giemsa, Grocott-Gomori methe-
namine silver, Warthin-Starry, periodic acid Schiff, Brown-Brenn and Brown-Hopps
tissue Gram stains, are used when necessary to better visualize bacterial colonies or
fungal hyphae. Moreover, immunohistological detection, as specific method of
detection, can be used to detect bacteria, particularly in case of bacteria with an
intracellular growth [12—15]. Detection and specific identification of bacteria in tis-
sue samples can be also achieve by fluorescence in situ hybridization (FISH), a
recent molecular method [16].
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Strategy for the Standard Diagnostic of Culture-Positive
and Culture-Negative IE

In recent decades, standard diagnostic schemes have been developed to improve the
sensitivity and specificity of the diagnosis of endocarditis. Despite progress with
diagnostic criteria, the type and timing of laboratory tests used to diagnose infective
and non-infective endocarditis have not been standardized. One of solutions is the
realization of diagnostic kit taken in 1 h and including four blood bottles, systematic
serological testing for Coxiella burnetii, Bartonella spp., Aspergillus spp., Legionella
pneumophila, brucella spp., Mycoplasma pneumonia, rheumatoid factor for the
positive diagnosis, serological tests for antiphospholipid syndrome [anti —cardio-
lipine (IgG) and anti Beta2 glycoprotein 1 (IgG and IgM)], antinuclear antibodies
and anti-pork antibodies. The kit is used to indicate to the microbiological labora-
tory the patient suspected of IE. At 24 h, when the results of blood cultures are nega-
tives (most bacteria are growing within 24 h) the laboratory can perform the other
tests of the kit (serologies and PCRs). These investigations performed in accordance
with a decision algorithm proposed by the European Society of Cardiology [17]
(Fig. 4.1) can be a complete solution with cost- effectiveness [4]. In addition, car-
diac valvular materials obtained at surgery were subjected systematical culture, his-
tologic examination and included PCR aimed at documenting the presence of
fastidious organisms.
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Chapter 5
Echocardiography in Infective Endocarditis
Diagnosis

Maria Teresa Gonzalez-Alujas and Artur Evangelista Masip

Introduction

Early and reliable diagnostic and risk stratification strategies are critical to reduce
delays in the initiation of appropriate antimicrobial therapy and identify patients
who require urgent valve surgery. The development of two-dimensional and later
transoesophageal echocardiography (TOE) has significantly improved the non-
invasive detection of vegetations. Moreover, Doppler echocardiography provides
clinically important information on the presence and degree of valvular destruction
and their haemodynamic consequences, as well as on the existence of perivalvular
infection. The diagnostic strategy proposed by Durack et al. [1] (the Duke criteria)
combined echocardiographic findings with clinical and microbiological data. Three
echocardiographic findings were considered to be major criteria for the diagnosis of
endocarditis: (a) presence of vegetations defined as mobile echodense masses
implanted in a valve or mural endocardium in the trajectory of a regurgitant jet or
implanted in prosthetic material with no alternative anatomical explanation; (b)
presence of abscesses; or (c) presence of a new dehiscence of a valvular prosthesis.
Abnormal echocardiographic findings not fulfilling these definitions were consid-
ered minor criteria. More recently, the use of TOE has resulted in better imaging and
therefore doubtful findings are no longer considered minor criteria [2]. Since the
definitive diagnosis of endocarditis requires the presence of two major criteria or
one major and three minor criteria, it is clear that echocardiography has assumed a
crucial role in the diagnosis of the disease, particularly when blood cultures are
negative.
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Table 5.1 Anatomic and echocardiographic definitions of IE findings

Vegetation

Abscess

Pseudoaneurysm

Valvular aneurysm

Perforation

Fistula

Prosthesis dehiscence

Echocardiography

Echo-dense mass on valve or
other endocardial structures or in
implanted intracardiac material
Thickened, non-homogeneus
perivalvular area with echo dense
or echolucent appearance

Pulsatile perivalvular echo-free
cavity with colour-Doppler flow
detected

Saccular dilatation of valvular
tissue in “jet” impact areas
Solution of continuity in the
valve leaflets with evidence of
flow passage through it

Non anatomic connection
between two cardiac chambers,
with flow passage through it
Perivalvular regurgitation

Surgery/Necropsy

Infected mass attached to an
endocardial structure, or on
implanted intracardiac material
Perivalvular cavity with necrosis
and purulent material not
communicating with the
cardiovascular lumen

Perivalvular cavity communicating
with the cardiovascular lumen

Saccular outpouching of valvular
tissue

Interruption of endocardial valve
continuity

Communication between two
neighbouring cardiac cavities
through a perforation

Dehiscence of the prosthesis

identified by TTE or TEE, with
or without “rocking” motion of
the prosthesis

Detection of Vegetations

There is no better technique for the non-invasive visualisation of vegetations than
echocardiography. Typically, a vegetation presents as an oscillating mass attached
to a valvular structure, with a movement independent of that of this valve (Table 5.1).
Overall, the detection rate for vegetations by transthoracic echocardiography (TTE)
in patients with clinically suspected endocarditis [3] is around 75 % (Fig. 5.1, Video
5.1). However, the sensitivity of TTE may be reduced by several factors: (a) image
quality, (b) echogenicity and vegetation size, (c) vegetation location, (d) presence of
previous valvular disease or valvular prosthesis, (e) experience and skill of the
examiner, and (f) pre-test probability of endocarditis.

A vegetation may also present as a non-oscillating mass and with an atypical
location. Vegetations are usually located on the atrial side of the atrio-ventricular
valves and on the ventricular side of the aortic and pulmonary valves. Less fre-
quently, vegetations are located on papillary muscles or mural endocardium. Over
time, vegetations tend to decrease in size with therapy, although they may persist
indefinitely as less mobile and more echogenic masses. Vegetations persisting after
effective treatment must not be interpreted as a clinical recurrence of the disease
unless supported by clinical features and bacteriological evidence.

Not all intracardiac mass lesions are vegetations from IE. For instance, in sys-
temic lupus erythematosus inflammatory mass lesions (Libman-Sacks) related to
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Fig. 5.1 Transthoracic
echocardiography showing a
large vegetation on the
sigmoid of bicuspid aortic
valve (arrow) and another
small vegetation at the
posterior commissure

(small arrow). RV right
ventricle, RA right atrial,

Ao aortic valve, LA left atrial

the disease usually have broad bases and are small. Other sterile vegetations, such
as in marantic endocarditis, may also be present in patients with advanced malig-
nancies. A mass effect may be seen in patients with myxomatous valves, ruptured
chordae unrelated to infection or heart tumours. Moreover, normal variants, such a
Lambl excrescences (small filiform processes on the medial tip of the aortic valve),
a Chiari network, and a Eustachian valve in the right atrium, may mimic IE vegeta-
tions on the echocardiogram [4, 5]. Echocardiography must be performed rapidly,
as soon as IE is suspected. However, the sensitivity and specificity of TTE and TOE
are diminished when applied indiscriminately, particularly in patients with a low
likelihood of IE. Appropriate use of echocardiography using simple clinical criteria
improves the diagnostic yield [6]. An exception is in patients with staphylococcus
aureus bacteraemia when routine echo is warranted owing to the aggressiveness of
this infection. The list of clinical situations in which IE must be suspected has been
clearly established in the ESC guidelines [7].

Native Valve Infective Endocarditis

TTE is the initial technique of choice for study. However, vegetation size affects
TTE sensitivity [8] since only 25 % of vegetations less than 5 mm and 70 % of those
between 6 and 10 mm are identified [9]. Underlying valve disease may influence the
diagnostic accuracy of TTE when a myxomatous mitral valve or sclerotic or calci-
fied valves are present. These limitations have been overcome by TOE owing to its
better resolution and multiple study planes (Fig. 5.2, Video 5.2). Many studies have
compared the sensitivity and specificity of TTE and TOE in the diagnosis of vegeta-
tions. In the majority of these studies TTE sensitivity varies between 40 and 63 %
and that of TOE between 90 and 100 % [4, 5, 8, 9]. TOE is mandatory in cases of
doubtful TTE. in prosthetic and pacemaker IE.

A negative TOE has a major clinical impact on the diagnosis of endocarditis with
a high negative predictive value ranging from 86 to 97 %. In patients with native
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Fig. 5.2 Large vegetation
visualised by 3D-TOE at
the atrial side of the
posterior mitral valve
(P2), with a mobile
component in the upper
part (arrow)

heart valves, a negative TOE virtually rules out the diagnosis of infective endocar-
ditis. However, in the study of Sochowski et al. [10], 5 out of 65 patients (7.6 %)
with an initially negative TOE were finally diagnosed of endocarditis: In 3 of these,
TOE performed in 1-2 weeks after the initial examination showed the presence of
vegetations. This study underlines the importance of recognising the phase of the
disease in which the study is performed since vegetations may not be large enough
to be visualised when endocarditis is suspected very early on. The usefulness of
TOE in patients with suspected endocarditis on a native valve depends on the TTE
results. TOE is useful when TTE is negative or inconclusive.

Prosthetic Valve Endocarditis

Vegetations on prosthetic valves are more difficult to detect by TTE than those
involving native valves; thus, TOE should always be used if the diagnosis of
prosthetic endocarditis is suspected (Fig. 5.3, Video 5.3). The sewing ring and
support structures of mechanical and bioprosthetic valves are strongly echogenic
and may prevent vegetations detection within the valve apparatus or its shadow.
The vegetative growth appears as thickening and irregularity of the normally
smooth contour of the sewing ring. Both thrombus and pannus have a similar
appearance and cannot be distinguished from vegetative material. It is also impor-
tant to recognise strands to avoid false-positive diagnosis. Strands are commonly
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Fig. 5.3 TOE showing a
large vegetation on the
annulus of mitral valve
bileaflet prosthesis
(arrows). LA left atrial,
LV left ventricle

Fig. 5.4 TTE shows a
large, mobile vegetation in
tricuspid valve (arrows).
RV right ventricle,

Ao aortic valve,

RA right atrial

observed by TOE on prosthetic valves, particularly in the early postoperative
months [11].

In a large series of prosthetic endocarditis, TOE showed 86—94 % sensitivity and
88-100% specificity for vegetation diagnosis, while TTE sensitivity was only
36-69 % [12]. Bioprosthetic valve leaflets may become infected with secondary
destruction of leaflet tissue. The distinction between wear-and-tear degeneration of
tissue valves and endocarditis is often difficult. TOE also led to improved diagnostic
accuracy in the diagnosis of endocarditis on bioprosthetic valves [5].

Right-Sided Endocarditis and Pacemaker Lead Infections

TTE permits easy and correct diagnosis of tricuspid vegetations, probably because
the majority of patients with tricuspid endocarditis are young intravenous drug
abusers with large vegetations (Fig. 5.4, Video 5.4). The vegetations are located on
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Fig. 5.5 4-Chamber
apical view on TTE
revealing a large
vegetation (arrow) in the
pacemaker lead live (small
arrow). LV left ventricle,
RV right ventricle, LA left
atrial, RA right atrial

the atrial side of the tricuspid valve, in the trajectory of the regurgitant jet. San
Roman et al. [13] showed that TOE did not improve on the accuracy of TTE in the
detection of vegetations in tricuspid endocarditis. However, despite the low number
of cases described, TOE appears to be more sensitive than TTE in the diagnosis of
pulmonary valve endocarditis.

Infection or endocarditis on a pacemaker lead are difficult to diagnose by TTE
since pacemaker leads produce reverberations and artefacts that may mask or
render difficult the recognition of vegetations close to these structures. In addi-
tion, when vegetations were visualised, it was difficult to determine whether tri-
cuspid valve endocarditis, lead infection or both were present. TOE was clearly
superior to TTE in this clinical setting (sensitivity 23 % versus 94 %) (Fig. 5.5,
Video 5.5).

Negative Blood Culture Endocarditis

In those cases, echo is crucial in the diagnosis of infectious endocarditis. The two
main causes of negative blood culture endocarditis are: previous antibiotic treat-
ment or infection by fastidious microorganisms, with limited capability for growth
in conventional culture media (Fig 5.6, Video 5.6).

Abscess Formation and Paravalvular Extension of Infection

The second major echocardiographic criterion for endocarditis is the presence of
perivalvular abscesses. Perivalvular abscesses are considered to be present when a
definite region of reduced echo density, without colour flow detected inside, is
found on the echocardiogram (Fig. 5.7, Video 5.7). They are more frequently
observed in aortic valve IE and prosthetic valve IE. Sensitivity and specificity of
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Fig. 5.6 Mural vegetation
(arrows) located on the
anterior wall of the left
atrium visualised by TOE in
an Aspergillus endocarditis.
LA left atrial, RA right atrial,
Ao aortic valve

Fig. 5.7 Periannular aortic
abscess (arrows) visualised
by TOE extending throughout
the graft in ascending aorta.
LA left atrial, Ao ascending
aorta, LVOT left ventricle
outflow tract

TTE for abscess detection were 28 and 99 % respectively, compared to 87 and 95 %
of TOE. TOE was particularly useful in prosthetic endocarditis. The diagnosis of
aortic abscesses was easier than mitral abscesses, both with TTE (42 % vs 9 %) and
TOE (86 % vs 57 %). The additional value of TOE is significantly higher for the
diagnosis of abscesses than for the diagnosis of vegetations. For this reason, TOE
must be systematically performed in aortic valve IE and as soon as an abscess is
suspected.

Pseudoaneurysm is characterised anatomically by a perivalvular cavity commu-
nicating with the cardiovascular lesion. The echocardiographic hallmark of pseu-
doaneurysm is the presence of a pulsatile perivalvular echo-free space with colour
Doppler within. The echocardiographic appearance of partial systolic collapse
proves that the abscess communicates with the cardiovascular lumen (Fig. 5.8,
Video 5.8). Perivalvular cavities are formed when annular infections break through
and spread into contiguous tissue. In native aortic valve endocarditis, the generally
occur through the weakest portion of the annulus, which is near the membranous
septum.
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Fig. 5.8 Periannular aortic cavity with pulsatility and flow signal within (asterisk). Arrow shows
the communication through which the pseudoaneurysm fills and empties. LA left atrial, RA right
atrial, LVOT left ventricle outflow tract

Secondary involvement of the mitral-aortic intervalvular fibrosa and anterior mitral
leaflet occurs as a result of direct extension of the infection from the aortic valve or as
a result of an infected aortic regurgitant jet. The abscess can expand to form a pseu-
doaneurysm and can subsequently cause a perforation and communication between
the left ventricle and left atrium. An intervalvular pseudoaneurysm was defined as an
echo-free cavity located posteriorly in the intervalvular fibrosa region, just below the
aortic annulus, and bound by the base of the anterior mitral leaflet, the medial wall of
the left atrium and the posterior aortic root (Fig. 5.9, Video 5.9). Karalis et al. [3]
described 24 (44 %) complications involving 55 consecutive cases of aortic endocar-
ditis, including 8 abscesses and aneurysms in interfibrosa, 7 interfibrosa perforations
into the adjacent left atrium and 9 anterior mitral aneurysms and perforation. TTE
detected 43 % of these complications while TOE identified 90 % [14].

Both aortic root abscesses and pseudoaneurysms may rupture into adjacent cham-
bers and therefore create intracardiac fistulous tracts (Fig. 5.10, Video 5.10). These
fistulae may be single or multiple and generally extend from the aorta to the right
ventricle or the right or left atrium [15]. Using colour Doppler, the site of the com-
munication of the ruptured intervalvular pseudoaneurysms is usually well defined.
By continuous-wave Doppler, systolic high-velocity flow suggests an abnormal
communication between the aorta and either the left or right atria. Eccentric mitral
regurgitation-type systolic jets by colour flow Doppler should suggest the possibility
of interfibrosa perforation and should undergo further evaluation by TOE.
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Fig.5.9 Pseudoaneurysm located in the mitro-aortic interfibrosa (arrow) in a patient with a mitral
and aortic endocarditis. Note the small vegetation on the ventricular side of the native aortic valve.
LA left atrial, Ao ascending aorta, LV left ventricle, RV right ventricle

Fig. 5.10 Mitro-aortic
endocarditis with a fistulised
aortic periannular abscess
(arrows) causing a
communication between the
aorta and the left atrium. LA
left atrial, Ao ascending
aorta, LV left ventricle,

RV right ventricle

Prosthetic Valve Dehiscence

This represents the third main diagnostic criterion for IE. IE must be suspected in the
presence of a new perivalvular regurgitation, even in the absence of vegetation or
abscess. TOE has better sensitivity than TTE for the diagnosis, especially in mitral
prosthetic valve infective endocarditis. Dehiscence of a prosthetic valve due to IE is
a serious complication. Dehiscence is generally defined fluoroscopically as a rock-
ing motion of the prosthetic valve more than 15° in any one plane. This complication
may lead to a gross separation of the prosthetic annulus from the native tissue.
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Fig. 5.11 Severe mitral
periprosthetic leak
(arrows) in a patient with
suspected mitral prosthetic
endocarditis. LA left atrial,
Ao aortic valve, LV left
ventricle

Prosthetic valve dehiscence is invariably associated with significant paravalvular
regurgitation and is usually associated with haemodynamic compromise (Fig. 5.11,
Video 5.11). Significant dehiscence in acute IE represents an urgent indication for
surgical therapy.

Diagnosis of Other Complications

Valvular Complications

Regurgitation of the infected valve is almost constant and results from a variety of
mechanisms. The vegetations themselves may prevent proper leaflet or cusp coapta-
tion. Some degree of valvular destruction is commonly seen and may vary from a
small perforation in a cusp to a complete flail leaflet. Valvular perforation is a
frequent complication that may cause severe insufficiency with acute onset and pre-
cipitate heart failure (Fig. 5.12a, b, Video 5.12). In aortic endocarditis cusp perfora-
tion, flail or both may occur in up to 50 % of cases. Severe aortic insufficiency as
estimated by Doppler has been associated with poor prognosis. In this setting, early
diastolic closure of the mitral valve identifies patients with unstable haemodynamic
status. Perforation of the mitral leaflets is less common, occurring only in 15 % of
patients with mitral valve endocarditis (Fig. 5.13a, b, Video 5.13). Progressive
destruction of the mitral valve results initially in ruptured chordae tendinae and
ultimately flail leaflet.

TTE appears more useful in detecting mitral than aortic perforations. Colour
flow Doppler imaging permits the location of abnormal flows in the areas of ana-
tomic interruption and therefore aids the differentiation between mitral cusp perfo-
ration and true mitral regurgitation. TOE is recommended if a valve perforation is
suspected and TTE is negative or equivocal.

TOE colour-flow mapping is of particular value in patients with a mechanical
mitral prosthesis and paravalvular regurgitation. The presence of a new or increasing
paravalvular regurgitation or valve dehiscence is a major criterion for the diagnosis
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Fig. 5.12 (a) TOE showing the eversion of the non-coronary aortic sigmoid (arrow). (b) Colour
Doppler detected severe aortic regurgitation. LA left atrial, Ao ascending aorta, LV left ventricle

Fig. 5.13 (a) Anterior mitral valve perforation (arrow). (b) Colour Doppler shows 2 mitral regur-
gitant jets, one with flow through the perforation (arrow) in the anterior mitral valve. LA left atrial,
LV left ventricle

of endocarditis. Khanderia et al. [16] reported that the transoesophageal approach
had overall sensitivity of 96 % in the evaluation of mitral prostheses. The demonstra-
tion of aortic prosthetic paravalvular regurgitation is rather easy from the precor-
dium as the colour-encoded regurgitant jets may be visualised from both the apical
and parasternal views.

Echocardiography for Risk Stratification

Heart failure, perivalvular extension and embolic events represent the three most
frequent and severe complications of IE. Echocardiography plays a key role in the
management of these complications by aiding decision-making regarding valve sur-
gery and its optimal timing. See Table 5.2.

Heart failure represents the main indication for valve surgery in IE [17] and the
operation is usually indicated in an emergency (within 24 h) or urgent (within a few
days) setting. TOE allows identification of the mechanisms responsible for these
complications, such as acute valve regurgitation or intracardiac fistulae. TTE may
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Table 5.2 Echocardiography recommendations in IE
Diagnosis
TTE: recommended as a first technique in the suspicion of IE
TOE: recommended in high suspicion of IE and negative TTE

Repeat TTE/TOE at 7-10 days when after an initial negative echocardiography a high suspicion
of IE persists

TOE: in adult patients with positive TTE in order to improve the diagnosis of abscesses and the
size of vegetations in prosthesis, aortic endocarditis and atrio-ventricular block

Follow-up in patients with medical treatment

Repeat TTE/TOE whenever there is a suspicion of complication (new murmur, persistent fever,
AV block)

Intraoperative echocardiography

Intraoperative TOE is recommended in all patients who require surgical treatment
Follow-up at the end of treatment

TTE is recommended at the end of antibiotic treatment

provide criteria of poor haemodynamic tolerance, even in the absence of clinical
congestive signs and the presence of these echocardiographic signs suggests the
need for valve surgery since evolution to heart failure is inevitable.

Perivalvular extensions, discussed previously, are present in around 20% of
cases and indicate valve surgery owing to the risk of heart failure due to prosthetic
valve dehiscence, fistulae or persistence of infection [18].

The second most common cardiac complication of IE is embolization. Embolic
events are frequent and are symptomatic in around 20-25 % of cases and silent in
almost 50 %. The risk of embolization appears much greater for mitral than for aor-
tic valve endocarditis. The rate of embolic events declines rapidly after the initiation
of effective antibiotics, dropping from an initial 13 events per 1000 patients-days in
the first week to less than 1.2 events per 1000 patients-days after 2 weeks of therapy.
Echocardiography, especially TOE, is useful for the evaluation of embolic risk at
admission. The size and mobility of the vegetations are the best predictors of embo-
lism, although several factors have been associated with an increased risk of embo-
lism, including the location of the vegetation on the mitral valve. Careful
measurement of the maximum vegetation size at the time of diagnosis and during
follow-up is strongly recommended as part of the risk stratification, using both TTE
and TOE. A recent study demonstrated that early surgery in patient with large veg-
etations reduced the risk of death and embolic events compared with conventional
therapy. A vegetation size >10 mm following one or more embolic episode, or asso-
ciated with another complicated course should indicate earlier surgery. In cases with
a very large vegetation >15 mm, surgery may be indicated when valve repair seems
possible, particularly in mitral valve IE. However, that result was obtained in a pop-
ulation with a very low operative risk. Nevertheless, the prediction of embolism
remains challenging and should take into account other criteria such as the type of
microorganism and conditions associated with a prothrombotic state.

Intraoperative TOE is very useful in patients operated on for IE, since it provides
final anatomical evaluation of valvular and perivalvular damage, and for assessing
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the immediate result of conservative surgery. After hospital discharge, a clinical and
echocardiographic periodic close follow-up at 1, 3, 6 and 12 months is mandatory
during the first year post-discharge.

Conclusions

Echocardiography plays a key role not only in the diagnosis of IE but also in the
prognostic assessment and follow-up under therapy and during surgery. Any patient
suspected of having infective endocarditis by clinical criteria should be screened by
TTE. When the images are of good quality and the study is negative an alternative
diagnosis should be sought if the clinical suspicion is low. If the clinical suspicion
is high, TOE should be performed. TOE should also be performed if the results of
TTE are equivocal owing to underlying structural abnormalities or poor acoustic
windows.

If TOE is negative, observation or re-evaluation of the clinical data is warranted.
If the suspicion of endocarditis is high, TOE should be repeated after 7-10 days to
allow potential vegetations to become more apparent. A repeated negative study
should virtually rule out the diagnosis unless TOE images are of poor quality.

TOE should also be performed to provide a more detailed anatomical assessment
when perivalvular complications are suspected particularly in the setting of aortic or
prosthetic valve endocarditis or in infections caused by virulent microorganisms
such as S aureus.
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Chapter 6
Other Imaging Modalities in Infective
Endocarditis Diagnosis

Paola Anna Erba, Martina Sollini, Roberto Boni, and Elena Lazzeri

Introduction

The use of diagnostic imaging has increased significantly over the past decade in all
fields of medical science. For more than a century, X-rays technology was the only
available modality allowing doctors to observe the inner workings of the human
body. Today, a new generation of imaging devices is probing even deeper and trans-
forming medicine in the process. Indeed, recent advances in imaging technology —
such as CT scans, MRIs, SPECT and PET scans, and other techniques — have had a
major impact on the diagnosis and treatment of disease.

Infectious endocarditis (IE) represents an emblematic example where the use of
nuclear molecular techniques is evolving as an important supplementary method for
patients with suspected IE and diagnostic difficulties. The recent development of
hybrid molecular imaging equipment for both conventional nuclear medicine (e.g.,
SPECT/CT) and PET (e.g., PET/CT) has raised evidence of the impact of SPECT
and PET performed with suitable infection imaging agents and co-registered with
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CT in the diagnosis of IE. In fact, such technology allows the three-dimensional
reconstruction of small regions of interest and precise localization of the site(s) of
abnormal radiopharmaceutical accumulation, overcoming the long established par-
adigm of low diagnostic performance of nuclear medicine procedures that have
been rather limited their application in the daily clinical routine.

Metabolic and functional imaging techniques have been evaluated in cases of IE
with difficult clinical presentations [1]. Their unique whole-body exploring ability,
i.e., to detect multiple sites of disease with a single examination, has been proven
effective in guiding clinical management of patients in view of the selection of opti-
mal treatment strategy [2]. This new approach to the IE patient where imaging tech-
niques such as magnetic resonance imaging (MRI), multislice computed tomography
(CT), and nuclear imaging are getting more and more important is based on the
concept that IE is not a single disease but, rather, may present with very different
aspects, depending on the first organ involved, the underlying cardiac disease (if
any), the microorganism involved, the presence or absence of complications, and the
patient’s characteristics. Therefore, a very high level of expertise is needed, coming
from practitioners from several specialties, including microbiologists, imagers, clin-
ical expertees and surgeon. Including all these specialists into the patients’ manage-
ment is fundamental.

Despite IE and cardiovascular device (CIED) infection share a number of similar
clinical and diagnostic aspects that makes often common their discussion in the
same context, the different pathogenesis, clinical appearance and prognosis of CIED
infections require specific diagnostic and therapeutic management [3]. Therefore, in
this chapter we are not including CIED infections, limiting the discussion to IE.

Multislice Computed Tomography (MSCT) and Magnetic
Resonance Imaging (MRI)

Recent advances in MSCT scanners allow high-resolution cardiac imaging. A CT
scan of the heart can be performed with acquisition time of a single to a few heart
beats, and with high spatial and temporal resolution. A complete examination of
thorax takes a few minutes at the exposure of only 2-3 mSV of radiation.

MSCT is primarly deserved in IE patients to provide information about preop-
erative coronary assessment and silent embolic events. However it may also be used
to evaluate abscess, valvular and perivalvular damage [4].

A key use of CT in patients with IE is the non-invasive assessment of the coro-
nary arteries prior to surgery, particularly in patients at low risk of coronary artery
disease and in patients with extensive aortic valve IE where coronary angiography
is associated with risk of systemic embolism of vegetations and aortic wall perfora-
tion. In the same CT study, a cerebral or abdominal CT scan can be obtained in
order to detect silent embolism. In fact, MSCT is well suited also for monitoring
extra-cardiac manifestations/complications over time. All the patients with symp-
toms pointing towards a systemic dissemination should be carefully examined.
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However, despite asymptomatic neurological lesions can be detected using system-
atic CT in 5-10 % of patients [5], routine CT-screening is not yet recommended [6].

MSCT angiography allowed the complete visualization of the intracranial vascu-
lar tree. The lower contrast burden and risk of permanent neurological damage as
compared to conventional digital subtraction angiography, with a sensitivity of 90 %
and specificity of 86 % makes MSCT the first choice procedure in this clinical set-
ting [7]. However, in case of subarachnoid and/or intraparenchymal haemorrhage,
other vascular imaging, such as angiography, is required to diagnose/exclude a
mycotic aneurysm if not detected on MSCT. MRI has a clear advantage in term of
sensitivity for the detection of cerebral lesions as compared to MSCT, also in the
setting of IE [8]. However, for a critically ill patient, MSCT is more feasible and
practical, and is an acceptable alternative when MRI is not available.

For the diagnosis of splenic and other abscesses, contrast-enhanced MSCT has
high sensitivity and specificity [9]. However, the differentiation with infarction can
be challenging, and the use of multiplanar 3D contrast-enhanced angiographic
would allow vascular mapping with identification and characterization of peripheral
vascular complications of IE and their follow up [10].

In addition to these well-established clinical indications for MSCT, it can be also
used to assess the local extension of the disease. Indeed, the characteristic of valvu-
lar vegetations can be easily seen at MSCT as irregular masses protruding from the
valve leaflets [11]. In native (NVE) and prosthetic valve infective endocarditis
(PVE), MSCT provide comparable results in terms of detection of valvular abnor-
malities, abscesses and pseudoaneurysms to TEE [12]. MSCT seems to have an
advantage compared to TEE in patients with more extensive calcification of the
valves, in the assessment of the extent and consequences of any perivalvular exten-
sion, including the anatomy of pseudoaneurysms, abscesses and fistulae. In aortic
IE, CT may additionally be useful to define the size, anatomy and calcification of
the aortic valve, root and ascending aorta, which may be used to inform surgical
planning. In pulmonary/right-sided endocarditis, CT may reveal concomitant pul-
monary disease, including abscesses and infarct(s) [13]. In PVE where acoustic
shadowing can decrease the sensitivity of TEE MSCT may be an equivalent/supe-
rior technique to echocardiography for the demonstration of prostheses-related veg-
etations, abscess, and dehiscence, and may be superior for the detection of
pseudoaneurysm [14].

MSCT is limited by the use of iodine contrast, and the method is therefore not
applicable in patients with renal failure, in patients with unstable haemodynamics,
and with iodine allergy.

In some cases, the indications for a CT scan might be limited to the brain and its
arteries. Specific recommendations are needed to clearly define the appropriate situ-
ations in which this modality should be used [14].

MRI, a non-ionizing imaging technique, is essentially deserved to diagnose com-
plications of IE, particularly clinical and subclinical cerebral embolic events.

MRI allows an accurate diagnosis showing neurological involvement when it is
present [15]. By systematic use of MRI, cerebral lesions have been demonstrated in
as many as 82 % of IE patients [16], and subclinical cerebrovascular events have



54 P.A. Erba et al.

been found in 30—40 % of IE patients [17]. Cerebral MRI is in the majority of cases
abnormal in IE patients with neurological symptoms. It has higher sensitivity than
MSCT in the diagnosis of the culprit lesion, in particular with regard to stroke, tran-
sient ischaemic attack, and encephalopathy. MRI may also detect additional cere-
bral lesions that are not related to clinical symptoms. Cerebral MRI has no impact
on the diagnosis of IE in patients with neurological symptoms since they already
have one minor Duke criterion, but MRI impact therapeutic strategy, particularly
timing of surgery [18].

Systematic cerebral MRI has an impact on the diagnosis of IE since it adds one
minor Duke criterion [19] in patients who have cerebral lesions without neurologi-
cal symptoms. In one study, findings of cerebral MRI upgraded the diagnosis of IE
in 25 % of patients presenting initially with non-definite IE, thereby leading to ear-
lier diagnosis [16]. Also cerebral microbleeds (small areas of haemosiderin deposits
considered as an indicator of small vessel disease detected at gradient echo T2*
sequences) have been found in 50-60 % of IE patients, but they should not be con-
sidered as a minor criterion in Duke classification [19]. Although detection of cere-
bral complications in IE may influence the clinical decisions, routine MRI screening
is not recommended [14]. Vertebral osteomyelitis is another frequent complication
in IE where the use of MRI is mandatory [20]. Systematic abdominal MRI detects
lesions in 1 out 3 patients evaluated, most often affecting the spleen [21]. Ischaemic
lesions are the most frequent, followed by abscesses and haemorrhagic lesions.
However, abdominal MRI findings have no incremental impact on the diagnosis of
IE when taking into account the findings of cerebral MRI.

The identification of silent cerebral complications appears to be MRI main utility
although several reports demonstrate how MRI can identify valvular and perivalvu-
lar damage in IE [11]. Infection-related endothelial damage leads to cell death and
surface deterioration [22]. Damage and infarction may occur if endocarditis pro-
gresses into myocarditis or if vegetation causes coronary artery embolization. This
damage and infarction may be seen on cardiac MRI. Myocardial damage can be
demonstrated noninvasively by detecting gadolinium contrast enhancement in the
late phase [23]. These areas of late-phase contrast enhancement have been shown to
be consistent with irreversible myocardial damage and fibrosis [24]. However,
delayed contrast enhancement of the endothelial lining in IE has not extensively
studied [25, 26]. While most of the known complications of IE are observed far
from the source of infection due to distribution by blood flow, some complications
have been shown to occur in close proximity to the source. For instance, regurgitant
jet flows and intracardiac shunt may lead to development of lesions. Infections in
the right ventricle that form due to jet flows in ventricular septal defects (VSDs)
with left-to-right shunt can be attributed to the relative blood stasis in these areas.
Endocarditis of the tricuspid valve and the right ventricular wall has been reported
in such small high-flow VSDs [26]. However, direct endothelial damage can occur
in any high-pressure flow area [24, 27]. In the presence of VSD, delayed contrast
enhancement may be detected on the lateral wall of the right ventricle due to high-
pressure jet causing direct endothelial damage and on the right surface of the proxi-
mal interventricular septum adjacent to the VSD secondary to the stasis. Endocardial
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jet lesions can also be found in patients with aortic regurgitation. Regurgitant jets
may lead to infection, aneurysm, and perforation of the anterior mitral leaflet and
chordae tendinea [26]. Cardiac MRI can depict the retrograde or antegrade dissemi-
nation of the infection regardless of the presence of vegetation or embolization. It
was possible to detect the paravalvular extension of the infection by MRI, depicting
delayed contrast enhancement on the paravalvular tissues. MRI may also miss the
vegetations; however, the determination of delayed contrast enhancement of the
endothelial lining can reveal the diagnosis of endocarditis [26]. Differential diagno-
sis of vegetation includes myxomas, thrombi, lipomas, and papillary fibroelastomas
[28]. Myxomas usually demonstrate characteristic mobility on cine gradient-echo
images. They show early moderate heterogeneous enhancement and delayed high
heterogeneous enhancement after contrast administration. Contrast-enhanced car-
diac MRI reveals thrombi as low-signal-intensity, because they are avascular.
Lipomas demonstrate signal suppression on fat-saturated sequences. Papillary
fibroelastomas appear as hypointense mobile masses on cine gradient-echo images
which show high signal intensity after contrast administration [29, 30]. Metallic
artifacts due to prosthetic valves may limit the diagnostic value of MRI examina-
tion. Cardiac MRI can be a valuable examination method to detect vegetations in
patients with suspected IE. Furthermore, MRI can give valuable diagnostic and
prognostic information about the disease by depicting features such as the antegrade
and retrograde dissemination, paravalvular tissue extension, and subendocardial
and vascular endothelial involvement on delayed contrast-enhanced images [26].

As a final note, it should be underline that MRI is limited by availability and is
more time consuming compared with MSCT. Owing to magnetic field interference
MRI cannot be used in patients with certain cardiac implantable electronic devices
(CIEDs) [14].

Nuclear Molecular Imaging

Based on evidence in literature, radiolabeled leukocytes scintigraphy and ['8F]
FDG-PET/CT have been recently proposed as diagnostic tools in the diagnostic
flow chart of IE (see Chap. 7) [5]. In particular, molecular imaging techniques have
been proposed to confirm/exclude IE in case of “possible” or “rejected” IE (as for
FUO), and to asess the embolic burden in case of “definite” IE [5]. The main added
value of using these techniques are the reduction of the rate of misdiagnosed IE,
classified in the ‘Possible IE’ category by using the Duke criteria alone and the
detection of peripheral embolic and metastatic infectious events [31]. Evidence is
higher in case of and prosthetic valve IE (PVE) [32, 33]; however, data show
increased accuracy also in presence of native IE (NVE) and unconclusive clinical
findings [34].

Radiolabeled leucocyte scintigraphy is more specific for the detection of
infectious foci than ['*F]JFDG-PET/CT, and should be preferred in all situations
that require enhanced specificity [32, 34]. Disadvantages of scintigraphy with
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radiolabelled WBC are the requirement of blood handling for radiopharmaceuti-
cal preparation, duration of the procedure that is more time consuming as com-
pared to PET/CT, and a slightly lower spatial resolution and photon detection
efficiency compared with PET/CT. On the other hand, patients who have recently
undergone cardiac surgery might present post-operative inflammatory that results
in non-specific [®F]FDG uptake in the immediate post-operative period.
Furthermore, a number of pathological conditions can mimic the pattern of
focally increased ["®F]FDG uptake that is typically observed in IE, such as active
thrombi, soft atherosclerotic plaques, vasculitis, primary cardiac tumours, car-
diac metastasis from a non-cardiac tumour, post-surgical inflammation, and for-
eign body reactions [32]. Finally, due to the high physiological uptake of this
tracer in the brain cortex, and to the fact that at this site, metastatic infections are
generally <5 mm, the spatial resolution threshold of current PET/CT scanners
localization of septic emboli in the brain might be challenging.

Such limitation and pittfalls of each techniques have to be carefully considered
for the choice of the procedure and the final decision should be always be tailored
on patients clinical condition, specific clinical questions and local available
resources.

Scintigraphy

The identification of inflammatory cells early at the site of IE can prompt timely
medical and/or surgical intervention before the development of morphologic dam-
ages from the infectious process. The use of gallium-67 or radiolabeled (using '''In-
or #"Tc-) leukocytes (WBC) scintigraphy in infection is supported by the
pathogenesis of infection itself. In fact, the infectious process determines the
recruitment of inflammatory cells in the site of injury.

Gallium-67 scintigraphy has been used (Table 6.1) for the detection of NVE and
PVE with a quite low specificity [5] while discordant results have been reported
using radiolabeled WBC scintigraphy (Table 6.2). The main disadvantage of the use
of gallium-67 or radiolabeled WBC scintigraphy in IE was the relatively low spatial
resolution of 2D planar images, which translate in a low sensitivity and poor image
quality. The introduction of the hybrid scanners (SPECT/CT) and the improvement
of the equipment with high-performances CT component, overcame this drawback
allowing a three-dimensional re- construction of small regions of interest and pre-
cise localization of the site(s) as demonstrated [35]. However, no data are available
for ’Ga-SPECT/CT in IE, with the exception of a single case report [36]. On the
contrary, adding the SPECT/CT acquisition(s) to planar images the sensitivity of
PmTc-WBC scintigraphy for IE increased up to 90 % (with 100 % specificity) [32,
34]. Nonetheless, *™Tc-WBC scintigraphy offers the possibility in the same
examination to reveal the presence of septic embolism in up to 41 % of cases [34]
(with the exception of CNS and spondilodyscitis), impacting on patients’ manage-
ment [33].
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Fig. 6.1 Example of radiolabelled leukocyte scintigraphy in a patient with native valve endocar-
ditis: from left to right, superimposed coronal, sagittal and transaxial SPECT/CT

PmTc-WBC scintigraphy consists of sequential acquisition that include whole
body scan and spot planar imahes of the thorax and any additional region of interest
(ROI) at 30 min (early), 4-6 (late images) and 20-24 h (delayed images, if needed)
after the reinfusion of 370-555 MBq of *"Tc-HMPAO-WBC. SPECT/CT of the
chest-upper abdomen is generally obtained at 4-6 h and repeated at 24 h in case of
negative or doubtful imaging at 6 h. If necessary, additional SPECT/CT might be
acquired at the same time point [34].

The scintigraphic studies arew classified as negative when no sites of abnormal
uptake are observed, or positive for infection when at least one focus of abnormal
uptake characterized by time-dependent increase in radioactivity from early planar
to delayed images was observed [34]. This time-dependent pattern of uptake is
especially relevant for the cardiac region, considering that physiologic accumula-
tion of radiolabeled leukocytes in the bone marrow (as in the sternum, overlying the
heart) early after reinfusion can interfere with interpretation of the planar images.
To this issue, acquisition of images in time-mode, compensating for isotope decay
at each time point and their analysis using the same scale frame to identify any focal
area of activity that increases over time or shows a change in shape from early to
late images are recommended [34].

When present, focal uptake indicating infection is further classified as pertain-
ing to the heart (Fig. 6.1) and/or to extracardiac sites (Fig. 6.2) by SPECT/CT. To
this respect using *™Tc-WBC scintigraphy sites of embolism might appear as areas
of increased uptake as in the case of lung (hot spot) wherease for spleen and verte-
bral embolisms the typical finding at WBC scan is represented by a fotopenic area
(cold spot). However, the detection of cold spots is not itself indicative of septic
embolism since it might be present in a number of other clinical conditions (i.e.,
metastasis, angiomas, vertebral crushes); therefore, this needs further confirmation
using CT or MR. Analysis of the SPECT/CT images includes visual inspection to
exclude misregistration between the SPECT and the CT components and side by
side inspection of both attenuation-corrected and noncorrected CT images, to mini-
mize metal-related artifacts. SPECT/CT is mandatory to correctly interpret and
localize the site and extent of radiolabeled leukocyte uptake indicating infection
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Fig. 6.2 Examples of the use of radiolabelled WBC scan to detect septic embolisms and meta-
static sites of infection in patients with endocarditis: Lung (upper panel), spleen (middle panel),
vertebral (lower panel) embolisms as were detected as final results based on radiolabelled leuko-
cyte scan findings. Images demonstrate the focal area of increase uptake at basal right lung (left
column SPECT images, middle column CT images and right column SPECT/CT images) while for
spleen and vertebral embolisms the typical finding at WBC scan is represented by a fotopenic area

and to discriminate involvement of the heart valve or prosthesis from uptake around
the prosthesis [34].

The effective dose equivalent for *™"Tc-WBC scintigraphy is 0.011 mSv/MBq
[37] that for a standard examination correspond to about 4—6 mSv; the correspond-
ing effective dose equivalent for the CT is about 1.5-2 mSv.

Factors that may limit the sensitivity of radiolabeled WBC scan include the via-
bility of the WBC after in vitro labeling process and the migration rate of the cells
to the infection site. The latter becomes a particular concern in presence of micro-
organisms (i.e., Candida spp, Enterococcus spp, S.epidermis) able to escape the
host defence mechanisms [38, 39] or in patients who are on antibiotic treatment, in
whom cell chemotaxis may decrease. In addition, technical drawbacks or scintigra-
phy with WBC are due to the labeling process of cells that is time consuming, labor
intensive, and costly and that examination goes on up to 24 h after injection of the
radiolabeled WBC or longer [40].
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[BFIFDG-PET/CT

PET technology delivers high-resolution images by the use of biologically active
compounds labeled with positron emitters. PET associated with computed tomog-
raphy (CT), named PET/CT leads to many advantages in terms of optimal spatial
resolution and accurate anatomical localization of abnormalities. Recent PET/CT
scanner together with high spatial resolution can provide whole-body analysis in
a single exam session of about 15 min. Images acquisition starts about 45—60 min
after the radiopharmaceutical injection that is in case of IE, 2-deoxy-2-('*F)
fluoro-D-glucose (['®F]FDG), a radiolabeled glycogen analogue. ["*F]FDG accu-
mulated into cell that present with increased intracellular glucose metabolism,
such as malignant cells [41]. Membrane transport via glucose transport proteins
(GLUTs) and the intracellular phosphorylation by hexokinase have been identi-
fied as key steps for subsequent tissue accumulation in cells. Inflammatory cells
involved in host response to infectious agents present enhanced glucose metabo-
lism, too [42]. Therefore together with the well established role in the manage-
ment of patients with malignancies evidence is also increasing regarding the value
of PET/CT for assessing inflammatory and infectious conditions [1]. However,
kidneys, bladder, brain, and meninges have a high metabolism in normal condi-
tion and ['®F]JFDG-PET/CT results can therefore be difficult to interpret for those
tissues or organs.

The use of [*F]JFDG-PET/CT in patients with suspected IE has rapidly grown in
the last recent years (Table 6.3). In NVE, the use of ['"8F]JFDG-PET/CT is not yet
established. On the contrary, in PVE the introduction of the finding of increased
['®F]FDG uptake around the prosthetic valve (Figs. 6.3a—d and 6.4a—c) as new major
criterion, increased the sensitivity of the modified Duke criteria from 70 to 97 % by
reducing the number of patients classified as “possible” [31]. In addition the use of
['®F]JFDG-PET/CT in patients with fever or pyrexia of unknown origin may reveal
embolic infectious foci (Table 6.4), as reported in 24—57 % of cases [2, 43, 44] with
high diagnostic performances (87 % sensitivity, 97 % specificity and 52 % PPV)
[45], supporting the diagnosis of IE. In case of ['*FJFDG-PET/CT the pattern of
uptake at site of embolism is characterized by increased uptake of the radiopharma-
ceutical irrespective of the location (hot spot versus cold spot at **"Tc-WBC scintig-
raphy) (Figs. 6.3a—d through 6.5a—).

The low-dose CT routinely used for attenuation correction during ['*F]FDG-
PET/CT is neither electrocardiogram gated nor contrast enhanced, therefore often
unable to detect vegetations [46]. For this reason, the addition of electrocardiogram-
gated computed tomography angiography (CTA) as been evaluated as tool to detect
vegetations, anatomic aortic root abnormalities and coronary artery obstructions
[46]. We can also argue that performing at the same time ["*F]JFDG-PET/CT and
contrast-enhanced-CT (ceCT) might result in a one-stop-shop imaging modality
allowing the comprehensive evaluation of the whole body (including the CNS and
the kidney) at the same time.



63

6 Other Imaging Modalities in Infective Endocarditis Diagnosis

(panunuoo)

SUOTIBJAZIA

uoney3n3ar

[eNIW 9I9AJS + UONLIOSIA
uonea3oA

:1.D/1dd 1sod yeaday
(uonyeOyIO[Rd) 2ATIESON

uone)a3aA :A307019s
aanisod 19yje (W 1)
LI yeadar ‘oane3oN
wsAmoueopnasd

{LO/1dd 150d
AL yeedax
¢(STSOUQ)S) UOTILIATA ON

QATIRTON
SnQuIOIYJ,

uoTnRIAZoA
SSBUW JB[NAJRALIS]

Aydei3orpreooyog

wsTjoqud ua[dg ‘swsAIoue
KI91Te OLIQJUASIIA “QATBA

U99[ds ‘MOIIBW QUOQ “DATBA

wsIoquo ud9[dg ‘OATeA

(NL1) STSO[NONIAIP PIOWSTS

QATEA
wisijoquid uad[dg

J001 O1}IO€ Jeau SULI snoIqy
JBIPIED ‘Q[OINUAA 1JI[ JO seqg

QATRA

s3urpuy
1D/14d 10 13d OdAldg]

siprudpida snoo0o0Ayders

SUBPLIIA SN92000}dong

BSOUISNIE SLUOWOPNasd

(oeasuay
e[[ouolreq :sisougerp
[euy) 2IN)[NO JATIBTON

-dds
sn52050]Ayde;s +oezuanjur
snjiydowoeq

qezuonpurered
snjiydowory

(1) 2am)Nod 2ATIRTON

(1) 1100 eIyOLISYOSH

snaIne snadodo[Aydels
siprunzopida snooodo[Ayders

K30101qOIDTA

ddID +o1nI0y

[eDIN

TenIN

(QATRA
prdsnoiq) anioy

onIoy

eI
(0) TenIN

(1) prdsnouy,
(1) onioy

HIJO S

N “1edL 19

umouyun

ek /8

N ‘1834 $9

g ek 1

g aeds op

p=u

(s)uaned

[S6l T8 10 yoay,

[v6] T8 10 epnsey

[€6] T2 19 Yok

[c6]
‘[e 30 Sursjeyues

[16] T8 10 puIp

[06] Te 30 oOH

[68] Te 19 usg
HAN
OUAIJY

A1 ut Suigewt = 10/14d-OAd[dg] 10 13d-OAd[ds] €9 dIqEL



QAISN[OUOOU]

EINEING

P.A. Erba et al.

QATIEION

Suruayorny
jogee] onJoe ‘uonedimgax
O1JOE P[IW ‘UONEIOTIA ON

umouun)
$SQOSqQE Je[nuue [eNIuw
pUB SUONLIITA Je[nA[eA

umouyu)

§S00sqE
Te[nAreaered + uoneloSop

(1) 1oge9] Joudysod [ref
(9) uoneyaZoA
Aydei3orprecoyoq

64

QATBA
0B} MOINO JE[NOLIUSA JYSLI
JO 9IS [9SSQA POO[q [RIOYNIY

SU[ [RUT)SBIPIIAL

QATBA

wISIOqUId Jequun']

joen mopgino Areuouwrnd
/oSepuadde Terne 1391

pue [[em [BLNE [eId)R] IYSTY
wsrjoquie 3un|

QATBA

ayeidn oerpresenuy

oouy o]
QATBA

sopou ydwA| ‘OATeA

AAT)BION
s3urpuy
1D/1LAd 10 1dd Od4dlds ]

I[Nod 2AnESON

SUBPLIIA SN92050)dong
sipruapida snoooo0Ayderg
JUB)SISAI UI[I0BXQ)

SUBPLIIA SN90000}dons

‘dds snoooooroiuyg

(umouyyun
WISIUBSI0) 2INI[ND ANISOJ

snaIne snooodo[Aydelg

mouIng B[[aIX0)

(€) 2109 dAnEION

(1) dds snoonoorojug

(1) stum3uesered
snoo000)dong

(1) s1e10 snodooojdong
(1)snonAjowaey
snooodo[Ayders

(1) SI[B99BJ SN220201Ug

K3o[o1qoIdnN

[ed130]01q [ENIA
[edtuRyOW
Areuowryng

[eo130[01q IOy

[BOTUBYOW OO
umouwyun)
(umouyun) NI

[eo130[01q J1I0Y

onIoy

(1) o1enIN
(1) oNenIW + o110V

() onioy
HIJO MS

N “TedL €9
N “TedA ¢

N “Teaf 1L

N “1eaA T8
N “1edf £/
umouyu)

umowyu)

N ‘1834 6§

L=u
(spuaned

[+01] T8 19 queld

[€01] T2 19 eyezUay

[201] T8 30 98AnH

[101] T80
Bry-wepey3oN
loo1]

‘Te 30 Pprusua3urry]

[66] &30 9007

[86]
‘e 30 YeAe[yog

HAd

[L6] 'Te 10 Suepm

[96] ‘Te 10 1pIEIOOTy

QOURAIRJY

(PonuNuod) €79 AQEL



65

6 Other Imaging Modalities in Infective Endocarditis Diagnosis

(panunuoo)

(1 (73D
$S90SQE JB[NATRALId]

(1) (34.L) ssa0sqe
Te[nATeALIdd + uoneaSop
(1) (FAL) uoneiosop

(1) (ALL)

SONI[EWLIOU]E 001 J1I0Y
M

(391/d1LL) d1qerewaiun
(L) % Sy>ddAT

(€D

Q0u20sIYap [ened moN
(8)

suonedr[dwos JenuueLog
(LT) uoneiadon

(4H.L) SS99sqe pue
SuruayOIY} Je[NATRALID]
dsno

Sursdejord + uoneyndingar
[eDIA

BATES[BA JO

Snuis ATeUoIOodUOU Je BaIe
PauOIY) ‘SUOIIRIAZIA ON

QATIRTON

Jea[ Ie[nA[eARIeq
QATIESON

QATIESON

(1) ssaosqe

uQ9[ds + $S90sqR JB[NA[BALID]
(1) senIeAwoaso

90) + $S30SqR IR[NA[RALID]

(1) $S99sqe IB[NA[RALID]

(7) 2ATRA O1IOY

KoeINOJR [[BISAO 9 9/

ddN % L9

Add % S8
Apyroads 9 08
ANADISUSS 9 ¢/

(SurSewr 9je[) 2ANISO4

PeI[+9ATRA

QATEA
Kdexoyy onoiqnue
10)Je PASLAIIOP DATEA

AATRA
QATRA

jua)s sruownd

(1) oAnesoN

(1) seruownoud
snoo000)dong

(¢) snaine snoooo0[Ayders

(6) era108q IO

(%) s1a0q snoooooydang

(L) SI[B29B) SN220201)Ug
(91) snane sndood0[Aydelg

snod0o0ydong

SITe99J
SN2000019)uy + [TUBIIOW
B[[QUBSION

sum3ues snodoooydong
umouyun)

IMNO dATIBTON
sisoqisdered eprpue)
sezuanpurered
snjiydowoeq

() dAd
onJoe [es13o[org

(¥) AAd Tedrueyoaw
onIoe Jogea[Ig

(87) [eoURyOIN
(v¥) onoypsordorg

[eOTURYOAW ONIOY

A + [ed130[01q
sl A

[edIURYOAUW JIOY
[edIURYOAUW JIOY

[eoIURYOW IO
[ed130[01q OnIoY
[ed130[01q
Areuowrng

L=u

N “1eaf (L

g “1edf g

g “aeds o¢
N “1e3L 9

N “1edL b
AR LI

N 1834 pg

[9¥] 'Te 10 stur],

[1¢] Te 1o Aqes
1111
Te 39 B[[a1ep[ED)

[011] Te 30 19LmOD)

(6011 T& 30 suod
[801]

‘Te 32 yoyadrery]
[zo1]

“Te 30 JoUYoNd{

[901] Te 10 TouTTEA

[SO1] Te 30 eApipax



() wsKmoaueopnasq
(4))]

SUTUOYOTY} JB[NABALIS]
(L)

uone)IINGaI QA[BA MIN
() 20UQYSIOP JA[BA [eTIR]
(7) ssaasqy

(Z1) uoneyaop

SISOUQ)S J1}I0.

rented pue pauayor],
QAISN[OUOOU]

P.A. Erba et al.

(LD/Lad
I9)Je om ¢—g Kjanisod
9sed 7 UT) 9AnESoN

(8) 2anesoN

(1) $8995qy

(1) ermstg

(§) uoneasop
Aydei3orpresoyoyg

66

KoeInode 9, ()8

AdN %16

Add %89
Aoyroads 95 1/
AnAnnuas 9 ¢6

QATBA
[15u0) + ua9[ds +oATeA

(€) dATRA

() @anesoN
(1) $S99sqe Je[nA[RALID]

(81) 9ATeA
s3urpuy
1D/1Ad 10 1dd DAl ]

PIXIN

Qe[osUY B[[oUOMEY
snsourdue snod0o0jdong
M

sisuaup3n| snododojAyders
(1) sueorqqe eprpue)

(1) aSIN

(1) 2100 2ATIBION

(1) VSSIN

(1) vSIAYU

(1) smurwoy snododo[Ayders
)

siprutapida snooooo(Ayderg
(1) snrur snodod0ydons

(1) suenw snoooooydang
() SI[BI3B) SNO2020IUg
() stsoqisdered eprpue)
K3o[orqoIdnN

HAd

anioe [esrSoforg
onIoY

(2) dnuoe [esr3ojorg
(1) onIoe JIUBYIN

(2) oemiN
(1) orenIwW +oNI0Yy

(o1) onioy
HIJO MS

6E=U

N “1edA 96
N “1edaf 9/,

€I=u
(syuaned

[c€] ‘e 10 10zn0Y

[¥11] T2 19 191mon
[€11] T8 30 ofpHIyD

[T11] T8 10 mojorRg

[96] Te 3 1prE1OORY
souaIapy

(ponunuod) €9 AqeL,



67

Ioewaded g ‘snaine snddodo[Aydels aANISUIS-UI[[IDIYIRIA VSSH ‘Snaine
SN200207Ayde1§ IBIPIULIOIUT UTOAWIOOUBA URISISAIOINRY VSIAY ‘dAnisod as[e] J. ‘Uonoe1j uonoald 9[oImuaA 1Jof JTAT ‘Onfea aanorpaid aanisod A4 ‘onfea
aanoIpaId aAne3oU AJN ‘SHPIBOOPUD dATeA O1)AYISOId FAJ ‘STIPIBOOPUL dABA 9ANRU FAN ‘AyderSoyoe [eeSeydosesuen 777 ‘Aydei3oyos oroeroyjsuen 77 [

(1D/1Ad 193¢ Ananisod

(1) uagds +oATeA
(1) onssn Ie[nAea
-119d + [[em d119yIs01d

(1) s1aoq snoooooydang

(€]

6 Other Imaging Modalities in Infective Endocarditis Diagnosis

9Sed [ UI) 2ANBION (1) v1108 SUIPUIDSE + IATRA BSOUISNIOR SBUOWOPNAsd onIoy e=u| [gI1] Te1° mojoueyg
(1) 2100 2ATIRTON
(1) VSSIN
(¢) aAnje3oN (1) s1aoq snoodoooydang
(1) wsAmaue-opnasq (1) snonAjowaey
(1 snoo000[Aydels
WSAINOUE ONJIOR + JATBA (9]
oneyjsoid yeo] () 1TeIuag ‘OATeA BSOUISNIOR SBUOWOPNAs]
(7) uoneIxdon (S) 2AT_A (1) s1eO9LY SNO202013UY onIoy L=Uu [96] "Te 39 1pIeIOITyY
(1) Trerusg *oaTeA (1) sn[roeqounOy
(7) aA1snouoduf (1) aATRA (1) snamne snoooo0(Ayders onIoy 7=u [9%] "Te 30 stue],
1001 J13I08
Jo Suruadryy oyroads (1]
-UoU ‘SuoNeIaZoA ON 1JeI13 onIoy SIUTWOY WNLIOBqOIpIR)) omIoy A “1ed4 96 ‘Te 10 tellfey 194
(dH ‘seSueyd O11019[0S0IYIe)
©)IOR +)JeI3/[[em OnIOR/e)I0R
QATIRTON SuIpuadse Jo aseq +9A[BA snaine snd20d0[Ayders onioy g aeds 1y [16] Te 30 puIA
*dds ejouowres
QAISN[OUOOU] JOOI J1)I0B + JARA J1IOY -dds snoooooAyders onioy 7=u [68] ‘Te 10 uax

(31npadoad s [[BIudg) e)I0E SUIPUIISE PUE JOOI I[JIOR IA[BA IIJIOR JO SISIYISOIJ



68 P.A. Erba et al.

Fig. 6.3 (a—d) Examples of pattern of ['8F]FDG uptake at PET/CT in patients with IE and con-
comitant lung and brain embolism. (a) Mechanical aortic prosthesis with linear focal uptake in the
anteromedial portion. (b, ¢) examples of septic embolisms detection at right lung using [*F]FDG-
PET/CT appearing as area of focal increase of the radiofarmaceutical corresponding to micro-
nodular lesions at the CT component. (For a—c left column emission images, middle column CT
images and right column fused PET/CT images.) (d) ceCT of the brain showing recent ischemic
lesion at the left parahippocampal girus, occipito-basal and occipito-mesial cortex

Fig. 6.4 (a—c) Examples of pattern of ['*F]FDG uptake at PET/ceCT in patients with IE and con-
comitant spleen embolism. (a) Mechanical aortic prosthesis with linear focal uptake in the poste-
rior and lateral portion (left column emission images, middle column CT images and right column
fused PET/CT images). (b) Example of septic embolisms detection at the spleen ['*F]JFDG PET/
ceCT appearing as area of focal increase of the radiofarmaceutical corresponding to hypodens
lesions at the CT component (upper column fused transaxial PET/CT images, lower column trans-
axial ceCT). (¢) ceCT of the brain showing a normal pattern

An additional promising role of ['®*F]JFDG-PET/CT may be seen in patients with
established IE, in whom it could be used to monitor response to antimicrobial treat-
ment [47].

Also in the case of ['F]FDG for the diagnosis of IE pitfalls should be considered
when interpreting the scan to avoid potential sources of false-positive findings in
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PET studies. First, variable focal of diffuse physiological ['*F]FDG uptake is often
observed in the normal myocardium of fasting non-diabetic patients (6—12 h to
overnight) with normal glucose levels [48]. Accumulation of ["®F]FDG is most
notable in the left ventricular myocardium, which has a greater muscle mass than
other cardiac chambers. Uptake in the wall of the right ventricle is typically equal to
or less intense than that in the left ventricular myocardium; uptake in the wall of the
right and left atria is usually not detected. Factors possibly influencing myocardial
uptake of ["!F]FDG include patients’ age, fasting time, blood glucose levels, and a
low-carbohydrate diet. In particular, age and fasting time do not affect physiological
['®F]FDG uptake in the myocardium, whereas blood glucose levels may have a non-
linear effect on myocardial uptake [49]. Within physiologic Free Fatty Acid (FFA)
and insulin levels, FFA concentrations exert a major influence on myocardial
glucose uptake through an effect on the hexokinase reaction [5S0]. When serum insu-
lin concentrations exceed 100 pmol/L and FFA concentrations are suppressed, a
further increase of myocardial glucose uptake is achieved by a direct effect of insu-
lin at membrane level. At supraphysiologic insulin concentrations, phosphorylation
is increasingly rate limiting because insulin has little direct effect on hexokinase
activity or compartmentalized fractions of hexokinase [51].

Low-carbohydrate diet [52] and very high-fat, low-carbohydrate, protein-
permitted meal followed by fasting for 3—6 h [53] before ['F]FDG injection might
be adopted to decrease myocardial uptake. However, no specific protocol has yet
been standardized or recommended or both to reduce the nonspecific myocardial
uptake when assessing cardiac infection with [¥F]JFDG-PET/CT. Alternatively,
unfractionated heparin (50 IU/kg iv) could be administered before ['*F]FDG injec-
tion [54]. Heparin acts activating lipoprotein lipase and hepatic lipase, enhances
plasma lipolytic activity and elevates plasma levels of FFA [55].

Another potential confounding factor for ['®*F]JFDG-PET/CT is represented by
increased metabolic activity along the posterior aspect of the heart, where lipoma-
tous hypertrophy of the interatrial septum may appear as a fat-containing mass with
increased ["*F]FDG uptake [56]. A number of pathologic conditions can mimic the
pattern of focally increased ["®F]FDG uptake that is typically observed in IE: active
thrombi [48], soft atherosclerotic plaques [57], vasculitis [58], primary cardiac
tumors [59], cardiac metastasis from a noncardiac tumor [60], postsurgical inflam-
mation [61], and foreign body reactions (such as BioGlue, a surgical adhesive used
to repair the aortic root) [62]. All these clinical conditions should be considered in
the differential diagnosis and excluded before diagnosis IE. Results from studied in
literature are not jet able to indicate a time-line after surgery when the risk of false
positive results at ['"8F]JFDG PET/CT is minimized; therefore, at least 3 months from
surgical procedure are suggested [32]. Indeed, high specificity for IE using ['*F]
FDG can be achieved only by adopting accurate patients selection and inclusion
criteria. On the contrary, the use of ["*F]JFDG-PET/CT in patients with lower pretest
probability would rely on the high negative predictive value of this imaging
procedure.

The effective dose equivalent for ['®)F]FDG-PET is 0.02 mSv/MBq that corre-
spond to about 3—4 mSv for an administered activity of 185 MBq [63]. In this case
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Fig. 6.5 (a—c) Examples of septic embolisms detection using ['*F]JFDG PET/CT. ['*F]FDG PET/
CT uptake in a micro-nodular lesion at the right lung (a), in a splenic abscess appearing as rim of
increase radiopharmaceutical accumulation around a cold area (b), and at spine where uptake
involve the inferior portion of the vertebral body of L3 and the superior portion of the vertebral
body of L4 identifying spondylodiscitis (¢). Left column emission transaxial images, middle col-
umn CT transaxial images, right column transaxial superimposed PET/CT images

is more difficult to estimate the corresponding effective dose equivalent for the CT
component since it could range from 1 to 20 mSv and may be even higher for a high
resolution diagnostic CT scan. Given the variety of CT systems and protocols the
radiation exposure for a PET/CT examination should be estimated specific to the
system and protocol being used.
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Future Directions

Multimodality imaging may be further improved by the combination of PET or
SPECT imaging with MRI. Such combination might take advantages of the superb
ability of MRI to differentiate soft-tissue bound-aries [64] and of the addition of a
molecular MRI agent to trace two biological targets simultaneously [65]. Particularly,
the combination of PET radiopharmaceuticals (not only ['*F]FDG) to MRI imaging
could significantly improve the sensitivity and specificity of the diagnosis and fol-
low-up treatment of infectious and inflammatory diseases. Preliminary results in
cardiac PET/MRI imaging, despite limited to few centers and only to specific clini-
cal applications (i.e. perfusion, viability, atherosclerosis, myocarditis, sarcoidosis
and amyloidosis), support the advantages of PET/MRI as compared to other hybrid
techniques [66] not only in terms of more accurate assessment and better anatomi-
cal localization of lesions in soft tissues. In fact, MRI offers the opportunity to
gather functional MRI (fMRI), which includes diffusion-weighted imaging (DWI),
magnetic resonance spectroscopy (MRS) and perfusion imaging. Recent improve-
ments in MRI contrast agents, in particular new trends in designing dual probe
“RARE, RAdioREsonance molecular probes,” which can be used simultaneously
for PET/MRI imaging may lead to even more insights into the dynamics and char-
acteristics of the inflammatory process. A third interesting feature of PET/MRI is
motion correction based on MRI, which would allow more accurate quantification
of PET data, leading to better treatment monitoring and the possibility of earlier
response evaluation.

In the field of IE combining the strengths of PET and MRI modalities combined
in a simultaneous PET/MRI study could be of significant relevance in the evaluation
of local extension of infection at heart site as well as for the detection of IE compli-
cations such as CNS septic embolism and spondylodiscitis [67].
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Chapter 7
Diagnostic Criteria for Infective Endocarditis

Franck Thuny

In cases where the suspicion of IE is high, the appropriate antibiotics must be used
as soon as possible because a delay in antibiotic therapy has negative effects on
clinical outcomes in acute bacterial infectious diseases. Thus, efforts should be
made to rapidly identify patients with a definite or highly probable diagnosis of IE
and the causative pathogen to ensure that the appropriate antibiotic therapy begins
promptly. See Tables 7.1 and 7.2, respectively, for the definition of infective endo-
carditis according to the modified Duke criteria and the definition of the terms used
in the ESC 2015 modified criteria for the diagnosis of IE, which can help with this
diagnostic process.

A diagnosis of IE usually relies on the association of an infectious syndrome and
a recent endocardial involvement. This association is the cornerstone of the succes-
sive classifications and scores proposed to facilitate the difficult diagnosis of the
disease. During the past decades, these classifications have been modified with the
progress of the microbiological testing and the cardiac imaging techniques (Fig. 7.1).
Thus, the first clinical diagnostic criteria of Von Reyn and colleagues only used the
results of blood cultures to define the bacterial infection and the presence of a new
regurgitant murmur or a predisposing heart disease to define the endocardial
involvement [1]. With the emergence of echocardiography, the subsequent pub-
lished criteria of the Duke University included the echo detection of the typical
endocardial lesions (vegetations, abscess, new prosthetic dehiscence) as a major
criterion of the diagnosis [2]. In 2002, these criteria were modified, especially to
include the results of the Coxiella burnetii serology as a new major criterion [3].
This latter classification has a sensitivity of approximately 80 % overall when the
criteria are evaluated at the end of patient follow-up in epidemiological studies [4].
However, in clinical practice, the modified Duke criteria show a lower diagnostic
accuracy for early diagnosis, especially in the case of prosthetic valve endocarditis
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Table 7.1 Definition of infective endocarditis according to the modified Duke criteria

Definite IE
Pathological criteria

Microorganisms demonstrated by culture or histological examination of a vegetation, a
vegetation that has embolized, or an intracardiac abscess specimen; or

Pathological lesions; vegetation or intracardiac abscess confirmed by histological examination
showing active endocarditis

Clinical criteria
2 major criteria; or
1 major criterion and 3 minor criteria; or
5 minor criteria
Possible IE
1 major criterion and 1 minor criterion; or
3 minor criteria
Rejected IE
Firm alternate diagnosis; or
Resolution of IE syndrome with antibiotic therapy for <4 days; or
No pathological evidence of IE at surgery or autopsy, with antibiotic therapy for <4 days; or
Does not meet criteria for possible IE, as above

IE infective endocarditis
From Li et al. [3]. With permission of Oxford University Press

(PVE) and pacemaker/defibrillator leads IE, for which echocardiography is normal
or inconclusive in up to 30 % of cases [5, 6]. Recent advances in imaging techniques
have resulted in an improvement in identification of endocardial involvements and
extracardiac complications of IE [7-9]. Thus, recent works have demonstrated that
cardiac/whole body CT scan, cerebral MRI, ®F-FDG PET/CT, and radiolabelled
leukocytes SPECT/CT improve the detection of silent vascular phenomena (embolic
events or infectious aneurysms) as well as endocardial lesions, especially in cases of
prosthetic valves or pacemaker/defibrillator [10-22]. Given the recent published
data, the 2015 ESC Guidelines propose the implementation of three additional
points in the diagnostic criteria:

1. The identification of paravalvular lesions by cardiac CT is now considered as a
major criterion;

2. In the setting of suspicion of endocarditis on a prosthetic valve, an abnormal
activity around the site of implantation detected by '8F-FDG PET/CT (only if the
prosthesis was implanted for more than 3 months) or radiolabelled leukocytes
SPECT/CT is now considered as a major criterion;

3. The identification of recent embolic events or infectious aneurysms (IAs) only
by imaging (silent events) is now considered as a minor criterion.

See Fig. 7.2 for the ESC diagnostic algorithm including the ESC 2015 modified
diagnostic criteria.
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Table 7.2 Definition of the terms used in the ESC 2015 modified criteria for diagnosis of IE

Major criteria
1. Blood cultures positive for IE
(a) Typical microorganisms consistent with IE from 2 separate blood cultures:
Viridans streptococci, Streptococcus gallolyticus (S bovis), HACEK group, S. aureus; or
Community-acquired enterococci, in the absence of a primary focus; or
(b) Microorganisms consistent with IE from persistently positive blood cultures:
>2 positive blood cultures of blood samples drawn >12 h apart; or
All of 3 or a majority of >4 separate cultures of blood (with first and last samples drawn >1 h
apart); or
(c) Single positive blood culture for Coxiella burnetii or phase I IgG antibody titre >1:800
2. Imaging positive for IE
(a) Echocardiogram positive for IE:
Vegetation;
Abscess, pseudoaneurysm, intracardiac fistula;
Valvular perforation or aneurysm;
New partial dehiscence of prosthetic valve
(b) Abnormal activity around the site of prosthetic valve implantation detected by *F-FDG

PET/CT (only if the prosthesis was implanted for >3 months) or radiolabelled leukocytes
SPECT/CT

(c) Definite paravalvular lesions by cardiac CT

Minor criteria

1. Predisposition such as predisposing heart condition, or injection drug use

2. Fever defined as temperature >38 °C

3. Vascular phenomena (including those detected only by imaging): major arterial emboli,
septic pulmonary infarcts, infectious (mycotic) aneurysm, intracranial haemorrhage,
conjunctival haemorrhages, and Janeway’s lesions

4. Immunological phenomena: glomerulonephritis, Osler’s nodes, Roth’s spots, and rheumatoid
factor

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

The three-implemented criteria over the modified Duke criteria (Li) are shown in boldface

From Li et al. [3]. With permission of Oxford University Press

CT computed tomography, ESC European Society of Cardiology, FDG fluorodeoxyglucose;
HACEK Haemophilus parainfluenzae, H. aphrophilus, H. paraphrophilus, H. influenzae,
Actinobacillus actinomycetemcomitans, Cardiobacterium hominis, Eikenella corrodens, Kingella
kingae, and K. denitrificans, Ig immunoglobulin, PET positron emission tomography, SPECT

single photon emission computerized tomography
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Evidence of endocardial lesions

- Histology
- New regurgitant murmur T TOE CardiacCT  MRI PET-CT and
- Predisposing heart disease SPECT-CT
19705—1990s 1990s—2000s 20005-2010s
Years
: - PCR Mass
- Valve culture Serologies

- Immunohistochemistry spectromet
- Blood cultures LR )

Evidence of infection

Fig. 7.1 Evolution of the diagnostic methods used to diagnose infective endocarditis during the
last decades. TTE transthoracic echocardiography, TOE trans-oesophageal echocardiography, CT
computed tomography, PET positron emission tomography

Clinical suspicion of IE

Y

Modified Duke criteria (Li)

v v v v

Definite IE Possible/rejected IE but high suspicion Rejected IE
* ‘l’ Low suspicion
Native valve Prosthetic valve

!

1 — Repeat echo (TTE + TOE)/ microbiology
2 —Imaging for embolic events*
3 — Cardiac CT

1 — Repeat echo (TTE + TOE)/ microbiology

2 —'8F-FDG PET/CT or Leucocytes labeled SPECT/CT
3 — Cardiac CT

4 — Imaging for embolic events*

Y

ESC 2015 modified diagnostic criteria**

v v v

Definite IE Possible IE Rejected |IE

Fig.7.2 ESC diagnostic algorithm including the ESC 2015 modified diagnostic criteria. The diag-
nosis of IE is still based upon classical Duke criteria, with a major role of echocardiography and
blood cultures. When the diagnosis remains possible or even rejected but with a persisting high
level of clinical suspicion, echocardiography and blood culture should be repeated, and other
imaging techniques should be used, either for diagnosis of cardiac involvement (cardiac CT, '*F-
FDG PET/CT or leukocytes-labelled SPECT/CT) or for imaging embolic events (cerebral MRI,
whole body CT, and/or PET/CT). *May include Cerebral MRI, Whole Body CT, and/or PET/CT.
** gee Table 7.2. CT computed tomography, ESC European Society of Cardiology, FDG fluorode-
oxyglucose, /E infective endocarditis, PET positron emission tomography, SPECT single photon
emission computerized tomography, TOE transoesophageal echocardiography, 7TE transthoracic
echocardiography (From Habib et al. [23]. Used with permission of Oxford University Press)
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Part IV
Prognostic Assessment



Chapter 8
Prognosis in Infective Endocarditis

Isidre Vilacosta, Carmen Olmos Blanco, Cristina Sarria Cepeda,
Javier Lopez Diaz, Carlos Ferrera Duran, David Vivas Balcones,
Luis Maroto Castellanos, and José Alberto San Roman Calvar

Introduction

Infective endocarditis (IE) still is a very serious and challenging disease. Despite
diagnostic and therapeutic improvements, IE remains associated with high mortal-
ity and severe complications. The in-hospital mortality rate of patients with IE var-
ies from 15 to 30% [1]. Being such a complex disease, it is difficult to establish a
clear-cut prognosis for a given patient. However, at present we have enough data to

approximately predict the outcome of most patients with this disease.

When assessing the prognosis of patients with IE, three different clinical periods
should be distinguished (Fig. 8.1): prognostic assessment at admission, early risk
reassessment during the first week of antibiotics, and short and long-term prognosis
after discharge [1]. In addition, for those patients facing surgery in the active phase

of the disease, an accurate surgical risk score would be desirable.

In this chapter, we will focus on the prognosis of patients with left-sided IE;

right-sided IE is being addressed in Chap. 15.
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Fig. 8.1 Diagram representing the three clinical periods on which prognosis assessment during
hospitalization for active endocarditis should be performed

Prognostic Assessment at Admission

In-hospital prognosis in IE is influenced by four main factors: patients’ characteris-
tics, the presence or absence of cardiac and non-cardiac complications, the infecting
microorganism, and the echocardiographic findings (Table 8.1) [1].

The risk of patients with left-sided IE has been assessed according to these fac-
tors [2—4]. In each case, in-hospital outcome may be advanced by the association of
several prognostic markers present at the time of diagnosis. Quick identification of
patients at highest risk of death or severe complications (septic shock, embolism)
may offer the opportunity to change the course of the disease (emergent or urgent
surgery) and thereby, improve prognosis [2].

Several groups have attempted to find out predictors of poor in-hospital prognosis
and identified three available within 72 h after admission: heart failure, periannular
complications (Fig. 8.2), and S. aureus infection [4-7]. In one study, combining these
factors to stratify the patients’ risk, the authors found that, when all three are present,
the risk of death or need for surgery reaches 79 % [4]. It is noteworthy that these three
cornerstones in the diagnosis of IE are also pivotal regarding prognosis (Fig. 8.3).

Several attempts have been done in order to identify laboratory parameters useful
for risk stratification. Among others, thrombocytopenia is a well known risk factor
for death in sepsis [8] that has been included in several sepsis severity scores, such
as the sequential organ failure assessment (SOFA) and the multiple organ dysfunc-
tion score [9, 10]. Thrombocytopenia is common in IE although rarely very severe
[11]. Thrombocytopenic patients have higher mortality rate compared with patients
without thrombocytopenia [11, 12]. Patients with thrombocytopenia presented more
frequently with a severe clinical picture: acute onset of symptoms, acute renal fail-
ure, septic shock, confusional syndrome, and coma. In addition, higher mortality
was associated with the degree of thrombocytopenia [11]. Apparently, thrombocy-
topenia could be a manifestation of the severity of the underlying septic condition.
Serial measurements of the platelet count are better predictors of outcome than a
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Table 8.1 Predictors of poor Patient characteristics
outcome present at the time Older age
of diagnosis

Prosthetic valve endocarditis
Diabetes mellitus

Comorbidities (e.g., frailty, immunosuppression, renal or
pulmonary disease)

Clinical complications of infective endocarditis
Heart failure

Renal failure

Large area of ischemic stroke

Brain haemorrhage

Septic shock

Thrombocytopenia
Microorganisms

Staphylococcus aureus

Fungi

Non-HACEK gram-negative bacilli
Echocardiographic findings
Periannular complications

Severe left-sided valve regurgitation
Low left ventricular ejection fraction
Pulmonary hypertension

Very large vegetations

Severe prosthetic dysfunction
Premature mitral valve closure

From Habib et al. [1]. Used with permission of Oxford University
Press

single measurement [12]. Why other laboratory parameters such as C-reactive pro-
tein and neutrophilia have not been found to predict poor outcome is not clear [11].

Thus, thrombocytopenia could be added to the triad of clinical, microbiological,
and echocardiographic parameters that rapidly, at admission, permits a prediction of
patients’ outcome in IE: the more variables present, the higher the risk. Naturally,
these patients should be closely followed and referred to tertiary care centers with
surgical facilities.

A number of studies have shown that older age, diabetes, septic shock, large
ischaemic stroke, brain haemorrhage, the need for haemodialysis, or a high degree
of co-morbidity are also predictors of poor in-hospital outcome [2, 3, 13—19]. Some
of these prognostic factors are discussed in more detail below.

Older Age

The influence of age in a large cohort of patients with left-sided IE has been assessed
[20]. As expected, older patients have a higher percentage of prosthetic and degen-
erative valves, higher rates of nosocomial endocarditis and predisposing diseases
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such as diabetes and cancer, and an increase in S. bovis and enterococci infections.
An increase in mortality is observed with increasing age [20]. This is probably
related to an increased mortality among older patients who undergo urgent and elec-
tive surgery. Importantly, the percentage of patients with surgical indications who
are rejected for surgery increases significantly with age [20].

Diabetes

It is well known that individuals with diabetes have a greater frequency and severity
of infections and that infection is one of the leading causes of death in hospitalized
patients with diabetes [21, 22]. Among the reasons for this susceptibility to severe
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infections are abnormalities in cell-mediated immunity and phagocyte function,
diminished vascularization, and increased rate of colonization of S. aureus [21, 22].
It has been well documented that patients with type 2 diabetes mellitus have a sig-
nificantly higher prevalence of IE [23, 24]. In addition, diabetes has been identified
as an independent risk factor of mortality in different bacterial infections including
IE [17, 25-27]. It has been found that the cause of death among diabetics with IE
was mostly related to infection [25, 28]. Therefore, the prognostic relevance of dia-
betes in patients with IE may be due to the relationship of diabetes with septic shock
[28].

Septic Shock

One of the factors more tightly related to mortality in IE is the development of sep-
tic shock [16, 18, 28, 29]. Diabetes, acute renal insufficiency, S. aureus infection,
large vegetation size, and especially signs of persistent infection have been associ-
ated with the development of septic shock [14]. These patients undergo surgery
much less frequently and have a higher mortality than those without [14]. In addi-
tion, patients with septic shock who undergo surgery have a mortality rate lower
than that of those who receive medical therapy alone [14]. It is not fully established
if surgery improves prognosis in these patients, since surgery under this circum-
stances is associated with high mortality rate.

Neurological Complications

In a recent and large series [15], 25 % of patients with left-sided IE suffered neuro-
logical complications. Independent risk factors found to be associated with all neu-
rological complications include very large vegetation size (>3 cm), S. aureus
infection, mitral valve involvement, and anticoagulant therapy. As expected, this
latter variable is particularly related to hemorrhagic events. Overall mortality was
30 %, and neurological complications had a negative impact on outcome [15]. The
outcome of these patients appears to depend on the type of neurological event [30],
and, when graded, only moderate to severe ischemic strokes and brain hemorrhages
are significantly associated with a worse prognosis [15].

Dialysis

Infection is, after cardiovascular disease, the leading cause of death in patients with
end-stage renal disease [31]. The incidence of IE in dialysis patients is higher than
in the general population [28, 32, 33]. Frequent episodes of bacteraemia related to
dialysis access, and a higher rate of valvular heart disease predisposing the valves to
bacterial seeding may explain the higher incidence of IE in dialysis patients [34,
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35]. In addition, it has been well documented that those patients in dialysis who
develop IE have a poorer prognosis. In fact, survival rates have barely changed in
the last decades [31, 36]. Recently, Chou et al. analyzed 502 patients with IE from
a total incident dialysis population of 68,426 adult subjects over 9 years. The inci-
dence rate of IE was 201.4/100.000 person-years, and increased over the study
period [31]. Being older, diabetic, and having baseline cardiovascular diseases,
including heart failure, coronary artery disease, cerebrovascular accident, and val-
vular heart disease were independent risk factors for IE [31]. In this study, the
authors found that patients on haemodialysis had a 42 % higher risk for IE than did
those on peritoneal dialysis [31]. Other groups had similar experiences [37, 38].
Fernandez-Cean et al. evaluated the relationship between dialysis modality and the
outcome of IE. In-hospital mortality in patients switched to peritoneal dialysis was
lower [8.3 %] than in those who stayed on haemodialysis [55.5 %]. The authors sug-
gested that the high mortality of IE in chronic haemodialysis may be associated with
the vascular access necessary for procedure [38].

In another very large series, 11,156 dialysis patients hospitalized for IE from 2004
to 2007 were analyzed [39]. During the study period, 11.4% underwent valve
replacement surgery (tissue valve, 44.3 %; non-tissue valve, 55.7 %). Other predic-
tors of mortality in patients undergoing valve replacement included older age, diabe-
tes mellitus, two valve replacement, S. aureus, and surgery during index hospitalization.
Survival did not differ between tissue or non-tissue prosthesis [39, 40].

S. aureus (including methicillin-resistant strains) is the most common microor-
ganism in dialysis patients with IE; Enterococcus faecalis and culture-negative IE
are also frequently present [31, 36, 37].

Comorbidities

Charlson comorbidity scale score of 2 or greater, and abnormal mental status
increase the probability of death [5]. However, few studies have investigated this
relationship.

Systemic and Local Infection Response During the First Week
of Treatment

Reassessment of Patient Risk

After a few days of medical treatment, basically antibiotics and diuretics when
needed, it is very important to evaluate the systemic and local response of the infec-
tion, and the presence of hemodynamic deterioration. This should be done
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clinically, echocardiographically, and by the taking blood cultures. The appearance
of signs of heart failure or lack of infection control worsen patient prognosis and
exposes patients to a high risk of death from heart failure, embolism, severe sepsis,
or complete atrioventricular block [14, 41].

Uncontrolled infection is one of the most feared complications of IE and is the
second most frequent cause for surgery. It is suspected to be present when there are
persisting signs of infection or when ongoing and progressive valvular or perivalvu-
lar echocardiographic signs of infection are present. Perivalvular extension of IE is
the most common cause of uncontrolled infection and is associated with poor prog-
nosis and a high likelihood of the need for surgery [4].

Persisting fever is a frequent problem observed during treatment of
IE. Management of persisting fever includes replacement of intravenous lines,
repeat laboratory measurements, blood cultures, echocardiography (intracardiac
focus of infection), and searching for extracardiac foci of infection [1]. Increasing
vegetation size is also a sign of locally uncontrolled infection that has been associ-
ated with an increased risk for embolism [42].

When treating patients with IE, an early negativization of blood cultures should
be expected implying that the infection is under control. On the contrary, if they
remain positive, a lack of control of the infection should be suspected. Persistently
positive blood cultures 48—72 h after initiation of adequate antibiotic treatment is an
independent risk factor for in-hospital mortality [43]. Besides, it has also been
shown that surgical mortality in IE strongly depends on its indication [44]. Patients
urgently operated on with IE and persistent infection have a four times higher risk
of death after surgery than those who do not have persistent infection. These results
suggest that surgery must be considered when blood cultures remain positive after
3 days of antibiotic therapy and other causes for persistently positive blood cultures
(inadequate antibiotic regimen, metastatic foci, etc.) have been excluded. Thus,
from a practical point of view, persisting positive blood cultures 2-3 days from the
initiation of antibiotics should be taken into account when stratifying the risk of
patients with IE.

Role of Risk Scoring Systems in Predicting Operative
Mortality in Active Endocarditis

During the active phase of IE, when patients are on intravenous antibiotics, clinicians
rely on a set of surgical indications that include heart failure or haemodynamic insta-
bility, lack of infection control, and a high risk of embolism [1]. Basically, surgery is
being performed in patients in whom medical therapy has failed. However, it is diffi-
cult to establish the real impact of surgical treatment on the patient’s prognosis, since
surgery itself carries significant risks. In fact, surgical mortality in this situation is the
highest of all surgeries performed in patients with valvular heart disease [45, 46].
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Prognostic scoring systems, if accurate, could be of help in this scenario.
Nonetheless, in most cases the scoring system will confirm what an experienced
clinician suspects, that is, that the patient is at high risk. So the key clinical question
is how to know, in a given patient with a surgical indication, that surgery is not a
good choice. In other words, risk score systems should be able to recognize which
patients should not be sent to surgery.

The ideal risk score model in this scenario should have at least three main char-
acteristics: (1) it should be constructed from cardiac operations of patients with
active IE exclusively; (2) many of the already existing parameters of cardiac surgery
risk scores (impaired renal function, diabetes, etc.) are important risk factors and
should be retained; and (3) variables unique to IE, such as type of microorganism,
sepsis, perivalvular destruction, etc., should be well represented.

The performance of additive and logistic EuroSCORE I have been previously
assessed in patients with IE with contradictory results [47-49]. EuroSCORE 1,
based on cardiac surgery undertaken in 1995, is nowadays outdated. Since the rep-
resentation of cases with active IE in EuroSCORE II is minimal, it should be used
with caution in these patients. In addition, for detecting operative mortality,
EuroSCORE 1II was no better than EuroSCORE I [49].

Given that the Society of Thoracic Surgeons (STS) score [50] cannot be used
either, Gaca et al. developed a risk score specific to IE using 19,543 patients from
the STS database [51]. In this series, the overall mortality was 8.2 %, much lower
than expected. The authors described a model with 14 variables to help in clinical
decision-making. Unfortunately, there are a number of issues that prevent their daily
applicability to our patients: only half of the patients had active IE, in fact 43 % of
operations were elective, microbiologic information was not provided, and ana-
tomic factors such as extensive periannular complications with abscesses and pseu-
doaneurysms were not considered. All these issues could be relevant when
considering surgical outcome.

De Feo et al. also developed a risk score in their single center pilot study of 440
native valve IE patients undergoing surgery [52]. Six mortality predictors were
identified, including age, renal failure, NYHA class IV, critical preoperative state,
lack of preoperative attainment of blood culture negativity, and perivalvular involve-
ment. Four risk classes were drawn ranging from very low risk (<5 points, mean
predicted mortality 1 %) to very high risk (>20 points, 43 % mortality) [52]. This
score has the advantage of being relatively simple with only six parameters, and it
seems to be not inferior to the STS score [49]. However, it was derived exclusively
from native infected valves, so it is not applicable to prosthetic valve IE; 17 % of
cases were not on antibiotics, and right-sided infections were included.

PALSUSE is a recent risk score for in-hospital mortality developed from a mul-
ticenter cohort of 1000 consecutive patients with IE [53]. The score was developed
using seven prognostic variables with a similar predictive value (OR between 1.7
and 2.3): prosthetic valve, age >70, large intracardiac destruction, Staphylococcus
infection, urgent surgery, sex (female), and EuroSCORE >10. In-hospital mortality
ranged from 0% in patients with a PALSUSE score of 0—45.4 % in those with a
score >3 [53]. Of note, although surgery was initially indicated in 630 patients



8 Prognosis in Infective Endocarditis 97

(63 %), it was finally performed in 437 (43.7 %), so 193 patients were considered
inoperable or died before surgery. Surprisingly, although surgery was performed in
the acute phase of IE, the mean period of time from diagnosis to surgery was very
long (17.4+20.5 days). In a recent multicenter study, the median time from admis-
sion to surgery was 7 days [54]. In addition, this series included patients with pos-
sible IE (n=148), and patients with right-sided IE (pacemakers, etc.), which have a
much better prognosis and should be studied separately [1, 55].

The SHARPEN clinical risk score is based on clinical and laboratory parameters
from a small cohort of 233 patients with IE [56]. This 11-year study found that in-
hospital mortality in IE remains high [23 %]. Patients who underwent valvular sur-
gery had a low mortality rate (7.8 %). The main limitation of this study is that only
27% of patients with surgical indications underwent surgery [56]. Nowadays,
40-57 % of patients with IE undergo cardiac surgery during hospitalization [13-16,
18, 28, 53, 54]. Obviously, this and other series have an insurmountable handicap,
ie, higher risk cases have already been dismissed from surgery.

To summarize: all these studies have many limitations and pitfalls, and, in addi-
tion, all of them are limited by “survivor bias,” where patients who are well enough
to undergo surgery are more likely to survive than those who are too fragile or are
complicated cases. Predictably, patients with an indication for surgery who cannot
proceed due to prohibitive surgical risk have the worst prognosis [54, 57]. Therefore,
the above-mentioned scores are far from being ideal, and they are probably not very
useful for clinical decision making.

Short-Term Follow-Up After Discharge

Following in-hospital treatment, the main complications of patients with IE are
recurrence of infection, heart failure, need for valve surgery, and death [1].

Patients should be aware of the risk of having a new episode of IE, and they
need to be educated in recognizing the signs and symptoms of IE. The appear-
ance of fever of unknown origin, chills, or other signs of infection requires imme-
diate clinical evaluation and drawing blood cultures before using empirical
antibiotics. The Task Force also recommends taking blood samples (white cell
count, ESR, C-reactive protein, etc.) and blood cultures systematically at the ini-
tial follow-up visit for an early detection of recurrences [1]. The actual risk of
recurrence amongst survivors of IE is low and varies from 2 to 11.7 % [1, 58, 59].
Two main types of recurrence should be distinguished: relapse and reinfection.
Although not systematically differentiated in the literature, the term relapse
refers to a repeat episode of IE caused by the same microorganism, whilst rein-
fection corresponds to an infection caused by a different agent [1]. Relapses are
most often due to inadequate antibiotic treatment, resistance to conventional
antibiotic regimens, periannular extension of the infection, and a persistent focus
of infection. Factors associated with an increased rate of relapse are listed in
Table 8.2.
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Table 8.2 Conditions associated with increased risk of relapse

Inadequate antibiotic treatment (agent, dose, duration)

Microorganisms difficult to treat with antibiotics alone, (i.e. Coxiella burnetii, fungi, Bartonella
spp, Brucella)

Polymicrobial infection in intravenous drug users
Prosthetic valve endocarditis

Persistent metastatic foci of infection (abscesses)
Resistance to conventional antibiotic regimens
Positive valve cultures

Chronic dialysis

From Habib et al. [1]. Used with permission of Oxford University Press

As patients with previous IE are at risk of reinfection [58, 60], prophylactic mea-
sures should be followed as advised by the ESC guidelines [1]. Reinfection is more
frequent in intravenous drug users [58, 60, 61], prosthetic valve IE [58, 62], in
patients undergoing chronic dialysis [60, 63], and in those cases with large perian-
nular extension of the infection [64]. Patients with reinfection are at higher risk of
death and need for valve replacement [60]. Likewise, perivalvular destruction is
associated with a higher rate of recurrence and a higher surgical mortality [64].
Importantly, the type of valve implanted has no clear effect on the risk of recurrent
IE [65].

Once the patient has been discharged and during the firsts months of follow-up,
residual severe valve regurgitation or progressive valve deterioration may decom-
pensate left ventricular function leading to heart failure. To monitor ventricular
function, clinical and echocardiographic evaluations should be serially repeated
during the first year of follow-up for an early recognition of signs of heart failure or
poor haemodynamic tolerance [1].

At this stage, after completion of antibiotic treatment, recommendations for
valve surgery in these patients follow conventional guidelines [66, 67]. The need for
late valve replacement is low, ranging from 3 to 8 % in recent series [63, 68, 69].

Long-Term Prognosis

In recent series, the crude long-term survival rates after discharge were estimated to
be 80-90 % at 1 year, 70-80 % at 2 years, and 60-70 % at 5 years [60, 62, 64, 68—
73]. The main predictors of long-term mortality are age, comorbidities, recurrences,
and heart failure, especially when cardiac surgery cannot be performed [60, 68, 71].
So, at this point in time, mortality will be more patient-related (ie, related to the
underlying patients condition) than disease-related (direct consequence of IE). In
any case, compared with an age and sex-matched general population, patients sur-
viving a first episode of IE, even those who underwent valve replacement, have a
significantly worse survival [58, 70]. This excess mortality is especially high within
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the first few years after hospital discharge, and can be explained by late complica-
tions such as heart failure, sudden death, ventricular arrhythmias, and a new stroke
[70, 72, 74].

Conclusion

In summary, a patient’s prognosis should be assessed at three different time periods
during hospitalization: at admission, during the first week after a few days of anti-
biotic treatment, and before discharge. Considering patients’ prognosis will force
clinicians to ponder the possible complications that a patient may face and this,
ultimately, implies that we are thinking ahead and prepared.

References

10.

11.

12.

. Habib G, Hoen B, Tornos P, Thuny F, Prendergast B, Vilacosta I, et al. Guidelines on the pre-

vention, diagnosis, and treatment of infective endocarditis (new version 2009): the task force
on the prevention, diagnosis, and treatment of infective endocarditis of the European Society
of Cardiology (ESC). Endorsed by the European Society of Clinical Microbiology and
Infectious Diseases (ESCMID) and by the International Society of Chemotherapy (ISC) for
Infection and Cancer. Eur Heart J. 2009;30(19):2369-413.

. Thuny F, Beurtheret S, Mancini J, Gariboldi V, Casalta JP, Riberi A, et al. The timing of sur-

gery influences mortality and morbidity in adults with severe complicated infective endocardi-
tis: a propensity analysis. Eur Heart J. 2011;32(16):2027-33.

. Chu VH, Cabell CH, Benjamin Jr DK, Kuniholm EF, Fowler Jr VG, Engemann J, et al. Early

predictors of in-hospital death in infective endocarditis. Circulation. 2004;109(14):1745-9.

. San Romén JA, Lépez J, Vilacosta I, Luaces M, Sarrid C, Revilla A, et al. Prognostic stratifica-

tion of patients with left-sided endocarditis determined at admission. Am J Med. 2007,
120(4):369.e1-7.

. Hasbun R, Vikram HR, Barakat LA, Buenconsejo J, Quagliarello VJ. Complicated left-sided

native valve endocarditis. Risk classification for mortality. JAMA. 2003;289(15):1933-40.

. Granowitz E, Longworth DL. Risk stratification and bedside prognostication in infective endo-

carditis. JAMA. 2003;289(15):1991-3.

. Mansur AJ, Grinberg M, Cardoso HA, da Luz PL, Bellotti G, Pileggi F. Determinants of prog-

nosis in 300 episodes of infective endocarditis. Thorac Cardiovasc Surg. 1996;44(1):2-10.

. Levy MM, Fink MP, Marshall JC, Abraham E, Angus D, CooK D, et al. 2001 SCCM/ESICM/

ACCP/ATS/SIS international sepsis definitions conference. Crit Care Med. 2003;31(4):1250-6.

. Ferreira FL, Bota DP, Bross A, Mélot C, Vincent JL. Serial evaluation of the SOFA score to

predict outcome in critically ill patients. JAMA. 2001;286(14):1754-8.

Marshall JC, Cook DJ, Christou NV, Bernard GR, Sprung CL, Sibbald WJ. Multiple organ
dysfunction score: a reliable descriptor of a complex clinical outcome. Crit Care Med.
1995;23(10):1638-52.

Ferrera C, Vilacosta I, Fernandez C, Lépez J, Sarria C, Olmos C, et al. Usefulness of thrombo-
cytopenia at admission as a prognostic marker in native valve left-sided infective endocarditis.
Am J Cardiol. 2015;115(7):950-5.

Sy RW, Chawantanpipat C, Richmond D, Kritharides L. Thrombocytopenia and mortality in
infective endocarditis. J Am Coll Cardiol. 2008;51(18):1824-5.



100

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

1. Vilacosta et al.

Nadji G, Rusinaru D, Remadi JP, Jeu A, Sorel C, Tribouilloy C. Heart failure in left-sided
native valve infective endocarditis: characteristics, prognosis, and results of surgical treatment.
Eur J Heart Fail. 2009;11(7):668-75.

Olmos C, Vilacosta I, Ferndndez C, Lépez J, Sarrid C, Ferrera C, et al. Contemporary epide-
miology and prognosis of septic shock in infective endocarditis. Eur Heart J. 2013;34(26):
1999-2006.

Garcia-Cabrera E, Fernandez-Hidalgo N, Almirante B, Ivanova-Georgieva R, Noureddine M,
Plata A, et al. Neurological complications of infective endocarditis. Risk factors, outcome, and
impact of cardiac surgery: a multicenter observational study. Circulation. 2013;127(23):
2272-84.

Delahaye F, Alla F, Beguinot I, Bruneval P, Doco-Lecompte T, Lacassin F, et al. In-hospital
mortality of infective endocarditis: prognostic factors and evolution over an 8-year period.
Scand J Infect Dis. 2007;39(10):849-57.

Duval X, Alla F, Doco-Lecompte T, Le Moing V, Delahaye F, Mainardi JL, et al. Diabetes
mellitus and infective endocarditis: the insulin factor in patient morbidity and mortality. Eur
Heart J. 2007;28(1):59-64.

Gelsomino S, Maessen JG, van der Veen F, Livi U, Renzulli A, Luca F, et al. Emergency sur-
gery for native mitral valve endocarditis: the impact of septic and cardiogenic shock. Ann
Thorac Surg. 2012;93(5):1469-76.

Olmos C, Vilacosta I, Pozo E, Fernandez C, Sarria C, Lépez J, et al. Prognostic implications
of diabetes in patients with left-sided endocarditis: findings from a large cohort study. Medicine
(Baltimore). 2014;93(2):114-9.

Lépez J, Revilla A, Vilacosta I, Sevilla T, Villacorta E, Sarria C, et al. Age-dependent profile
of left-sided infective endocarditis. A 3-center experience. Circulation. 2010;121(7):892-7.
Calvet HM, Yoshikawa TT. Infections in diabetes. Infect Dis Clin North Am. 2001;15(2):
407-21.

Joshi N, Caputo GM, Weitekamp MR, Karchmer AW. Infections in patients with diabetes mel-
litus. N Engl J Med. 1999;341(25):1906-12.

Movahed MR, Hashemzadeh M, Jamal MM. Increased prevalence of infectious endocarditis
in patients with type II diabetes mellitus. J Diabetes Complications. 2007;21(6):403—6.

Strom BL, Abrutyn E, Berlin JA, Kinman JL, Feldman RS, Stolley PD, et al. Risk factors for
infective endocarditis: oral hygiene and nondental exposures. Circulation. 2000;102(23):
2842-8.

Chirillo F, Bacchion F, Pedrocco A, Scotton P, De Leo A, Rocco F, et al. Infective endocarditis
in patients with diabetes mellitus. J Heart Valve Dis. 2010;19(3):312-20.

Kourany WM, Miro JM, Moreno A, Corey GR, Pappas PA, Abrutyn E, et al. Influence of
diabetes mellitus on the clinical manifestations and prognosis of infective endocarditis: a
report from the International Collaboration on Endocarditis-Merged Database. Scand J Infect
Dis. 2006;38(8):613-9.

Bertoni AG, Saydah S, Brancati FL. Diabetes and the risk of infection-related mortality in the
U.S. Diabetes Care. 2001;24(6):1044-9.

Murdoch DR, Corey GR, Hoen B, Miré JM, Fowler Jr VG, Bayer AS, et al. Clinical presenta-
tion, etiology, and outcome of infective endocarditis in the 21st century. Arch Intern Med.
2009;169(5):463-73.

Mourviller B, Trouillet JL, Timsit JF, Baudot J, Chastre J, Regnier B, et al. Infective endocar-
ditis in the intensive care unit: clinical spectrum and prognostic factors in 228 consecutive
patients. Intensive Care Med. 2004;30(11):2046-52.

Parrino PE, Kron IL, Ross SD, Shockey KS, Kron AM, Towler MA, et al. Does a focal neuro-
logic deficit contraindicate operation in a patient with endocarditis? Ann Thorac Surg.
1999;67(1):59-64.

Chou M-T, Wang J-J, Wu W-S, Weng S-F, Ho C-H, Lin Z-Z, et al. Epidemiologic features and
long-term outcome of dialysis patients with infective endocarditis in Taiwan. Int J Cardiol.
2015;179:465-9.



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

Prognosis in Infective Endocarditis 101

Maraj S, Jacobs LE, Maraj R, Kotler MN. Bacteremia and infective endocarditis in patients on
hemodialysis. Am J Med Sci. 2004;327(5):242-9.

Hoen B. Infective endocarditis: a frequent disease in dialysis patients. Nephrol Dial Transplant.
2004;19(6):1360-2.

Powe NR, Jaar B, Furth SL, Hermann J, Briggs W. Septicemia in dialysis patients: incidence,
risk factors, and prognosis. Kidney Int. 1999;55(3):1081-90.

Umana E, Ahmed W, Alpert MA. Valvular and perivalvular abnormalities in end-stage renal
disease. Am J Med Sci. 2003;325(4):237-42.

Shroff GR, Herzog CA, Ma JZ, Collins AJ. Long-term survival of dialysis patients with bacte-
rial endocarditis in the United States. Am J Kidney Dis. 2004;44(6):1077-82.

Jones DA, McGill LA, Rathod KS, Matthews K, Gallagher S, Uppal R, et al. Characteristics
and outcomes of dialysis patients with infective endocarditis. Nephron Clin Pract. 2013;
123(3-4):151-6.

Fernandez-Cean J, Alvarez A, Burguez S, Baldovinos G, Larre-Borges P, Cha M. Infective
endocarditis in chronic hemodialysis: two treatment strategies. Nephrol Dial Transplant.
2002;17(12):2226-30.

Leither MD, Shroff GR, Ding S, Gilbertson DT, Herzog CA. Long-term survival of dialysis
patients with bacterial endocarditis undergoing valvular replacement surgery in the United
States. Circulation. 2013;128(4):344-51.

Herzog CA, Ma JZ, Collins AJ. Long-term survival of dialysis patients in the United States
with prosthetic heart valves: should ACC/AHA practice guidelines on valve selection be modi-
fied? Circulation. 2002;105(11):1336-41.

Thuny F, Habib G. When should we operate on patients with acute infective endocarditis?
Heart. 2010;96(11):892-7.

Vilacosta I, Graupner C, San Roman JA, Sarrid C, Ronderos R, Fernandez C, et al. Risk of
embolization after institution of antibiotic therapy for infective endocarditis. J Am Coll
Cardiol. 2002;39(9):1489-95.

Lépez J, Sevilla T, Vilacosta I, Sarrid C, Revilla A, Ortiz C, et al. Prognostic role of persistent
positive blood cultures after initiation of antibiotic therapy in left-sided infective endocarditis.
Eur Heart J. 2013;34(23):1749-54.

Revilla A, Lépez J, Vilacosta I, Villacorta E, Rollan MJ, Echevarria JR, et al. Clinical and
prognostic profile of patients with infective endocarditis who need urgent surgery. Eur Heart
J.2007;28(1):65-71.

Vikram HR, Buenconsejo J, Hasbun R, Quagliarello VJ. Impact of valve surgery on 6-month
mortality in adults with complicated, left-sided native valve endocarditis: a propensity analy-
sis. JAMA. 2003;290(24):3207-14.

Aksoy O, Sexton DJ, Wang A, Pappas PA, Kourany W, Chu V, et al. Early surgery in patients
with infective endocarditis: a propensity score analysis. Clin Infect Dis. 2007;44(3):364-72.
Mestres CA, Castro MA, Bernabeu E, Josa M, Cartand R, Pomar JL, et al. Preoperative risk
stratification in infective endocarditis. Does the EuroSCORE model work? Preliminary results.
Eur J Cardiothorac Surg. 2007;32(2):281-5.

Rasmussen RV, Bruun LE, Lund J, Larsen CT, Hassager C, Bruun NE. The impact of cardiac
surgery in native valve infective endocarditis: can EuroSCORE guide patient selection? Int
J Cardiol. 2011;149(3):304-9.

Wang TKM, Oh T, Voss J, Gamble G, Kang N, Pemberton J. Comparison of contemporary risk
scores for predicting outcomes after surgery for infective endocarditis. Heart Vessels.
2014;30(2):227-34.

Shahian DM, O’Brien SM, Filardo G, Ferraris VA, Haan CK, Rich JB, et al. The Society of
thoracic surgeons 2008 cardiac surgery risk models: part 1-coronary artery bypass grafting
surgery. Ann Thorac Surg. 2009;88(1 Suppl):S2-22.

Gaca JG, Sheng S, Daneshmand MA, O’Brien S, Scott Rankin J, Matthew Brennan J, et al.
Outcomes for endocarditis surgery in North America: A simplified risk scoring system.
J Thorac Cardiovasc Surg. 2011;141(1):98-106.



102

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

1. Vilacosta et al.

De Feo M, Cotrufo M, Carozza A, De Santo LS, Amendolara F, Giordano S, et al. The need
for a specific risk prediction system in native valve infective endocarditis surgery. Sci World
J.2012;2012:307571.

Martinez-Sellés M, Muiioz P, Arndiz A, Moreno M, Galvez J, Rodriguez-Roda J, et al. Valve
surgery in active infective endocarditis: a simple score to predict in-hospital prognosis. Int
J Cardiol. 2014;175(1):133-7.

Chu VH, Park LP, Athan E, Delahaye F, Freiberger T, Lamas C, et al. Association between
surgical indications, operative risk, and clinical outcome in infective endocarditis. A prospec-
tive study from the International Collaboration on Endocarditis. Circulation. 2015;131(2):
131-40.

Olmos C, Vilacosta I, Sarrid C, Fernandez C, Lépez J, Ferrera C, et al. Characterization and
clinical outcome of patients with possible infective endocarditis. Int J Cardiol. 2015;178:
31-3.

Chee Q-Z, Tan Y-QB, Ngiam JN, Win MTM, Shen X, Choo J-NJ, et al. The SHARPEN clini-
cal risk score predicts mortality in patients with infective endocarditis: An 11-year study. Int
J Cardiol. 2015;191:273-6.

Mirabel M, Sonneville R, Hajage D, Novy E, Tubach F, Vignon P, et al. Long-term outcomes
and cardiac surgery in critically ill patients with infective endocarditis. Eur Heart J. 2014;
35(18):1195-204.

Shih C-J, Chu H, Chao P-W, Lee Y-J, Kuo S-C, Li S-Y, et al. Long-term clinical outcome of
major adverse cardiac events in survivors of infective endocarditis: a nationwide population-
based study. Circulation. 2014;130(19):1684-91.

Galvez-Acebal J, Almendro-Delia M, Ruiz J, de Alarcén A, Martinez-Marcos FJ, Reguera JM,
et al. Influence of early surgical treatment on the prognosis of left-sided infective endocarditis:
a multicenter cohort study. Mayo Clin Proc. 2014;89(10):1397—405.

Alagna L, Park LP, Nicholson BP, Keiger AJ, Strahilevitz J, Morris A, et al. Repeat endocar-
ditis: analysis of risk factors based on the International Collaboration on Endocarditis-
Prospective Cohort Study. Clin Microbiol Infect. 2014;20(6):566-75.

Kaiser SP, Melby SJ, Zierer A, Schuessler RB, Moon MR, Moazami N, et al. Long-term out-
comes in valve replacement surgery for infective endocarditis. Ann Thorac Surg. 2007;83(1):
30-5.

Heiro M, Helenius H, Makila S, Hohenthal U, Savunen T, Engblom E, et al. Infective endocar-
ditis in a finnish teaching hospital: a study on 326 episodes treated during 1980-2004. Heart.
2006;92(10):1457-62.

Heiro M, Helenius H, Hurme S, Savunen T, Metsirinne K, Engblom E, et al. Long-term out-
come of infective endocarditis: a study on patients surviving over one year after the initial
episode treated in a Finnish teaching hospital during 25 years. BMC Infect Dis. 2008;8:49.
Fedoruk LM, Jamieson WR, Ling H, MacNab JS, Germann E, Karim SS, et al. Predictors of
recurrence and reoperation for prosthetic valve endocarditis after valve replacement surgery
for native valve endocarditis. J Thorac Cardiovasc Surg. 2009;137(2):326-33.

David TE, Gavra G, Feindel CM, Regesta T, Armstrong S, Maganti MD. Surgical treatment of
active infective endocarditis: a continued challenge. J Thorac Cardiovasc Surg. 2007;133(1):
144-9.

Nishimura RA, Otto CM, Bonow RO, Carabello BA, Erwin 3rd JP, Guyton RA, et al. 2014
AHA/ACC guideline for the management of patients with valvular heart disease: a report of
the American College of Cardiology/American Heart Association Task Force on Practice
Guidelines. J Thorac Cardiovasc Surg. 2014;148(1):e1-132.

Vahanian A, Alfieri O, Andreotti F, Antunes MJ, Barén-Esquivias G, Baumgartner H, et al.
Guidelines on the management of valvular heart disease (version 2012). Eur Heart J. 2012;
33(19):2451-96.

Martinez-Sellés M, Muiioz P, Estevez A, del Castillo R, Garcia-Ferndndez MA, Rodriguez-
Creixems M, et al. Long-term outcome of infective endocarditis in non-intravenous drug users.
Mayo Clin Proc. 2008;83(11):1213-7.



69.

70.

71.

72.

73.

74.

Prognosis in Infective Endocarditis 103

Fernandez-Hidalgo N, Almirante B, Tornos P, Gonzélez-Alujas MT, Planes AM, Galifianes M,
et al. Immediate and long-term outcome of left-sided infective endocarditis. A 12-year pro-
spective study from a contemporary cohort in a referral hospital. Clin Microbiol Infect.
2012;18(12):E522-30.

Thuny F, Giorgi R, Habachi R, Ansaldi S, Le Dolley Y, Casalta JP, et al. Excess mortality and
morbidity in patients surviving infective endocarditis. Am Heart J. 2012;164(1):94-101.
Mokhles MM, Ciampichetti I, Head SJ, Takkenberg JJ, Bogers AJ. Survival of surgically
treated infective endocarditis: a comparison with the general Dutch population. Ann Thorac
Surg. 2011;91(5):1407-12.

Ternhag A, Cederstrom A, Torner A, Westling K. A nationwide cohort study of mortality risk
and long-term prognosis in infective endocarditis in Sweden. PLoS One. 2013;8(7):e67519.
Bannay A, Hoen B, Duval X, Obadia JF, Selton-Suty C, Le Moing V, et al. The impact of valve
surgery on short- and long-term mortality in left-sided infective endocarditis: do differences in
methodological approaches explain previous conflicting results? Eur Heart J. 2011;32(16):
2003-15.

Fedeli U, Schievano E, Buonfrate D, Pellizzer G, Spolaore P. Increasing incidence and mortal-
ity of infective endocarditis: a population-based study through a record-linkage system. BMC
Infect Dis. 2011;11:48.



PartV
Complications



Chapter 9
Hemodynamic Complications in Infective
Endocarditis

Bernard Iung

Abbreviations

AR Aortic regurgitation

BNP B-type natriuretic peptide

ICE International collaboration on infective endocarditis
1IE Infective endocarditis

NYHA New York Heart Association

MR Mitral regurgitation

Introduction

Hemodynamic complications are frequent and particularly severe consequences of
infective endocarditis (IE). Heart failure occurring during the acute phase of IE
most often presents as acute heart failure due to valve destruction. Pathophysiologic
features account for particularities in clinical or echocardiographic presentation
which are important to consider in order to avoid any delay in diagnosis.
Hemodynamic complications of IE may provide an indication for valvular surgery
during acute IE, often according to an emergency or urgent timing.
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Fig. 9.1 (a, b). Endocarditis on a native mitral valve. Transesophageal echocardiography. (a)
Perforation of the anterior leaflet with two adjacent vegetations. (b) Severe mitral regurgitation.
See also Video 9.1

Pathophysiology

Valvular Lesions

The main mechanism involved in heart failure occurring during IE is acute regurgi-
tation secondary to the direct consequences of infection of valvular tissue. The main
structural lesions directly due to the infective process which cause regurgitation are
leaflet perforation, leaflet tear, and chordal rupture on the mitral valve (Fig. 9.1a, b,
Video 9.1). Similar leaflet lesions occur on the cusps of a bioprosthesis. Perivalvular
lesions may also contribute to hemodynamic impairment when abscesses are fistu-
lised in both upstream and downstream cardiac chambers, causing perivalvular
regurgitations (Fig. 9.2a—c, Videos 9.2 and 9.3). Perivalvular lesions seldom result
in severe regurgitations on native valves but are the main cause of severe regurgita-
tions in prosthetic valve IE, in particular in the aortic position, and the only mecha-
nism of regurgitation in IE on a mechanical prosthesis. Less frequently, fistulae may
contribute to hemodynamic impairment through left-to-right shunts, for example
between the aorta and right atrium.

Direct infection of valvular and/or perivalvular tissue explains the rapid develop-
ment of regurgitation which is a specificity of IE and is a major difference with most
other aetiologies of valvular regurgitations, which result in a slow process of chronic
regurgitation.
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Fig. 9.2 (a—c) Mycotic
endocarditis (candida) on
an aortic bioprosthesis. (a)
Transthoracic
echocardiography,
parasternal short-axis view.
Large and circumferential
periprosthetic abscess. (b)
Transthoracic
echocardiography,
parasternal short-axis view.
Severe periprosthetic aortic
regurgitation. (c)
Transesophageal
echocardiography: severe
periprosthetic aortic
regurgitation along the
anterior leaflet of the mitral
valve. See also Videos 9.2
and 9.3

Hemodynamic Consequences

Despite differences between aortic regurgitation (AR) and mitral regurgitation
(MR), the main hemodynamic features are common for acute AR and MR. They
both result in left ventricular volume overload. However, acute regurgitations mark-
edly differ from chronic regurgitations by the response of the left ventricle to vol-
ume overload.



110 B. Iung

In chronic regurgitation, progressive enlargement of the left ventricle allows for
an increase in stroke volume which compensates for regurgitant volume, thereby
enabling peripheral cardiac output to be preserved. In addition, despite left ventricu-
lar volume overload, the increase in end-diastolic left ventricular pressure is limited
by compliance changes inherent to the enlargement of the left ventricular cavity.
Limited impairment of cardiac output and filling pressures accounts for the good
functional tolerance of chronic regurgitation, even when regurgitation is severe, pro-
vided left ventricular function is preserved.

In acute regurgitation, conversely, there is not enough time for the left ventricle
to progressively enlarge in response to sudden volume overload [1]. Therefore, the
absence of increase in forward stroke volume does not compensate for the regurgi-
tant volume and peripheral cardiac output is decreased. Moreover, the non-dilated
left ventricle cannot accommodate volume overload, which leads to a shift towards
the steep part of the pressure-volume curve [1]. The sharp increase in left ventricu-
lar end-diastolic pressure largely offsets the positive hemodynamic effect of
increased preload on stroke volume. Therefore, the two main components of hemo-
dynamics, i.e. cardiac output and filling pressures, are rapidly and markedly
impaired in acute regurgitation. In the absence of structural changes of the left ven-
tricle, compensatory mechanisms are limited to the increase in sympathetic tone
and the activation of the renin-angiotensin system [1]. This results in particular in
tachycardia, which has a limited effect, and an increase in systemic vascular resis-
tance increasing left ventricular afterload.

The rapid pressure increase in the upstream cavity (left ventricle for AR and left
atrium for MR) and the simultaneous rapid pressure decrease in the downstream
cavity (aorta for AR and left ventricle for MR) limits the pressure gradient driving
regurgitation. This has important implications in patient presentation, accounting
for frequent low-intensity and brief murmurs even in severe regurgitation [2, 3].
Rapid equalization of pressures also decreases orifice velocity and jet area, which
may be misleading in the echocardiographic quantitation of regurgitation [2].

Additional consequences are specific to the location of valve regurgitation. They
play a less important role in general hemodynamic impairment but account for par-
ticular features in clinical presentation. In acute AR, pulse pressure is not increased
due to reduced forward stroke volume. The sharp increase in left ventricular end-
diastolic pressure may cause premature closure of the mitral valve contributing to
impaired left ventricular filling. Aortic regurgitant flow also accounts for a decrease
in diastolic coronary perfusion and may cause myocardial ischaemia, in conjunction
with increased myocardial oxygen consumption secondary to increased left
ventricular filling pressures and tachycardia. In acute MR, regurgitation occurs in a
non-dilated, non-compliant, left atrium. The increase in left atrium and pulmonary
wedge pressures is therefore particularly pronounced [1].

Hemodynamic changes due to acute regurgitations may be influenced by pre-
existing heart disease. Prior chronic valvular regurgitation associated with enlarge-
ment of the left ventricle tends to attenuate the consequences of superimposed acute
regurgitation. Conversely, impairment of left ventricular compliance, for example in
patients with hypertension or aortic stenosis, further worsens the tolerance of acute
regurgitation.
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Diagnosis

The diagnosis of hemodynamic complications of IE relies on two concomitant
issues which are the diagnosis of IE and the diagnosis of heart failure. The attribu-
tion of a primary presentation of heart failure to IE may be difficult because of the
highly polymorphic presentation of IE, in particular when signs of infection are not
obvious. On the other hand, the diagnosis of heart failure may be missed or, more
frequently, delayed in a patient primarily managed for IE, due to specificities of the
presentation of heart failure in patients with acute IE.

Clinical Presentation

Clinical features of heart failure during IE are not specific and include the usual signs
of left and/or right congestive heart failure. Dyspnea may be difficult to interpret in
patients with severe sepsis. It is therefore necessary to systematically search for clini-
cal and radiologic signs of congestion; biomarkers may also be useful in this setting.

Classically, cardiac murmur draws attention on the diagnosis of IE in patients
presenting with sepsis and/or heart failure. Because of the specific pathophysiologi-
cal features of acute regurgitation, cardiac murmurs are often of low-intensity and
may be brief, occurring in early diastole for AR and in early systole for MR, which
should not be misinterpreted as a marker of mild regurgitation. In a patient managed
for IE, even mild and brief murmurs should raise the possibility of severe valvular
dysfunction [1]. This highlights the need for careful daily clinical examination, in
particular cardiac auscultation. This is particularly required in patients in whom
rapid worsening of valvular regurgitation is a risk, such as those with staphylococ-
cal IE. The awareness of mild changes in clinical cardiac examination during acute
IE should prompt rapid investigation to avoid a delayed diagnosis at the stage of
severe heart failure.

In acute AR, the reduced forward stroke volume accounts for a narrow pulse
pressure and the lack of increased peripheral arterial pulsatility [1].

Cardiogenic shock is a less frequent presentation with hypotension and cutaneous
signs reflecting vasoconstriction, which are the consequences of decreased cardiac
output in acute valvular regurgitation. Differential diagnosis with septic shock may
be difficult but is paramount given the different implications on patient management
and outcome, in particular with regards to indications for early surgery [4, 5].

Electrocardiogram and Chest X-Ray

Electrocardiogram does not add a relevant contribution to the diagnosis of hemody-
namic complications of IE in most cases. Sinus tachycardia is frequent but non-
specific. Signs of left ventricular overload are often missing due to the rapid onset
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of left ventricular volume overload. However, repeated electrocardiograms are
needed during IE to diagnose other complications, in particular conduction distur-
bances in aortic IE.

As in other heart failure settings, the main value of chest X-ray is to contribute to
an early diagnosis by showing interstitial edema, which is generally not associated
with pulmonary auscultation abnormalities. More severe heart failure is associated
with alveolar edema. Signs of pulmonary congestion may be present even in patients
with few or no symptoms in whom the diagnosis of heart failure may be missed other-
wise [6]. Heart size is often normal, except in the case of pre-existing heart disease.

Echocardiography

When IE is revealed by acute heart failure, echocardiography plays a key role in the
diagnosis of IE by showing specific lesions such as vegetations or abscesses which
are major criteria in the Duke classification [7]. This is of particular importance
when blood cultures are negative.

In a patient with known IE, the evaluation of valvular regurgitation and its hemo-
dynamic consequences should take into account the pathophysiology of acute
regurgitation. Spatial extension of the regurgitant jet, as assessed by colour Doppler,
often tends to overestimate the degree of chronic regurgitation. Conversely, small
areas of regurgitant jet may be observed in severe acute MR and eccentric jets may
be difficult to quantitate (Fig. 9.3a, b, Videos 9.4 and 9.5) [8]. Quantitative measure-
ments of effective regurgitant area and regurgitant volume may be influenced by
loading conditions and the thresholds of severity used in chronic regurgitation have
not been validated in acute regurgitation. In addition, even a “moderate” regurgitant
volume may reflect severe regurgitation when it occurs in a non-dilated, non-
compliant upstream cardiac chamber [8]. Semi-quantitative indices seem to be reli-
able in the setting of acute regurgitation [1, 2, 8]:

— vena contracta width >6 mm, holodiastolic flow reversal and short pressure half-
time for AR (Fig. 9.4a—d, Videos 9.6 and 9.7),
— vena contracta width>7 mm and systolic pulmonary vein flow reversal for MR.

Potential difficulties in quantitating the severity of acute regurgitations highlight
the need for an integrative approach combining different criteria for quantitation
and an accurate assessment of the mechanisms of regurgitation. Transesophageal
echocardiography should be widely considered in the assessment of patients pre-
senting with acute regurgitation and/or acute IE [7].

The consequences of regurgitation should not be assessed from the size of car-
diac chambers or left ventricular ejection fraction, which are often normal. Decreased
cardiac output and, more importantly, increased systolic pulmonary pressure are
reliable indices of poor hemodynamic tolerance of acute regurgitation. Premature
mitral valve closure, as assessed by M-mode, is due to a marked increase in left
ventricular diastolic pressure and is a marker of poor tolerance of acute AR [7].
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Fig. 9.3 (a, b) Endocarditis on a native mitral valve. Transesophageal echocardiography. (a)
Paracommissural prolapse of the anterior leaflet (A3). (b) Eccentric regurgitant jet swirling in left
atrium. See also Videos 9.4 and 9.5

Fig. 9.4 (a—d) Endocarditis on a bicuspid aortic valve with severe regurgitation. (a) Transthoracic
echocardiography, parasternal long-axis view. Vegetation on the posterior aortic cusp and prolapse
of the anterior aortic cusp. (b) Transesophageal echocardiography: presence of two aortic vegeta-
tions on the anterior and posterior aortic cups. (c¢) Transesophageal echocardiography: severe
regurgitation (vena contracta width 8 mm). (d) Doppler signal of the aortic jet with a short pressure
half-time (164 ms). See also Videos 9.6 and 9.7

Biomarkers

Studies on B-type natriuretic peptide (BNP) in IE focused on their prognostic value
[9]. BNP serum levels are particularly useful for the diagnosis of heart failure when
symptoms may be difficult to interpret, for example in a context of severe sepsis or
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shock. Repeated assessments may contribute to an early diagnosis of hemodynamic
decompensation.

Frequency of Heart Failure in Infective Endocarditis

The frequency of heart failure during IE is difficult to assess for different reasons.
Firstly, the figures differ depending on whether the definition of heart failure is
based on clinical signs of left or right congestive heart failure or New York Heart
Association (NYHA) class. Secondly, referral bias is likely to occur in series from
tertiary centres where patients are often referred because of complications. In a
Spanish series, heart failure was diagnosed in 39 % of patients managed from the
beginning of IE in a tertiary centre whereas its frequency was 68 % in patients who
were transferred from another hospital [10].

Population-based series are theoretically the most suitable to estimate an unbi-
ased frequency of heart failure but the few series available do not always report heart
failure. Large multicentre registries are also informative. However, the lack of stan-
dardization of the definition of heart failure may account for discrepancies between
series (Table 9.1) [6, 11-14]. Signs of congestive heart failure are reported in
15-36 % of patients, most often 30-35%. NYHA class III-IV was reported in
22-52 % of patients. Discrepancies in rates of NYHA class may be due to difficulties
in differentiating between NYHA class II and III dyspnea in patients hospitalized for
IE, whose functional capacity is often limited by other factors than heart failure.

Prognostic Impact of Heart Failure

The overall relationship between heart failure and early, 1-year and long-term mor-
tality has been shown in a number of series [13, 15-17]. Two specific analyses of

Table 9.1 Frequency of heart failure during acute infective endocarditis in population-based and
multicentre series

Heart
failure | NYHA
n= Country Years (%) M-IV (%)
Population-based series
Hoen et al. [11] 390 France 1999 34 -
Sy et al. [12] 1536 | Australia 2000-2006 15 -
Selton-Suty et al. [13] 497 France 2008 34 22
Multicentre series/registries
Kiefer et al. [6] 4075 | International (ICE) | 2000-2006 |33 22
Tornos et al. [14] 159 Europe (Euro Heart | 2001 36 52

Survey) (4 months)
NYHA New York Heart Association
ICE international collaboration on infective endocarditis
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heart failure in IE have been issued from a tertiary centre on 259 patients and from
the International Collaboration on Endocarditis (ICE) prospective cohort in 4075
patients [6, 18]. Of these 108 (42 %) and 1359 (34 %) patients were classified as
having heart failure during index hospitalization, respectively. The strong relation-
ship between heart failure and severe regurgitation, in contrast with the absence of
significant difference in left ventricular ejection fraction, further highlights the key
role of acute valvular regurgitation [18]. Both series reported consistent findings
with in-hospital mortality rates of 24 % vs. 13 % and 30 % vs. 13 % in patients with
and without heart failure, respectively. 1-year mortality was 37 % vs. 25 % [18].

The relationship between heart failure and outcome should take into account
confounding factors since patients with heart failure also differ by other prognostic
factors: older age, more frequent comorbidities, healthcare-associated IE and peri-
valvular complications, from those without heart failure [6, 18]. The prognosis of
patients with heart failure is also dramatically influenced by the performance of
early surgery. The relationship between heart failure and in-hospital and 1-year mor-
tality remains, however, significant in multivariate analysis adjusting for patient
characteristics, other complications of IE and the performance of early surgery [18].

The prognostic impact of heart failure is also attested in multivariate models aim-
ing at predicting survival or adverse events in IE. Beyond the identification of pre-
dictive factors, their combination in multivariate models, which are then applied to
other samples, validates the robustness of the predictive factors identified. Three
multivariate scoring systems have been described in IE and validated on indepen-
dent samples. Two models identified heart failure as an independent predictive fac-
tor of 6-month mortality [19, 20] with consistent adjusted hazard ratios between 2.1
and 2.6. Hazard ratio was higher (9.0) for patients presenting with heart failure at
day 15, illustrating the particularly poor prognosis of persistent heart failure in IE
[20]. In another externally validated model, heart failure at admission was a strong
independent predictive factor of death or surgery during in-hospital stay, with an
adjusted odds-ratio of 2.3 [21, 22].

A recent study suggested that serum BNP levels on admission have an incremen-
tal predictive value of in-hospital death over usual clinical, microbiological and
echocardiographic variables, but these findings need to be confirmed in larger popu-
lations [9].

Impact of Early Surgery in Patients with Heart Failure

Early surgery was associated with a survival benefit in the two series analyzing
patients with IE and heart failure [6, 18]. In the single-centre series of 259 patients,
of whom 108 had heart failure, early surgery was associated with improved 1-year
survival in multivariate analysis (adjusted hazard ratio 0.45, 95 % CI [0.22-0.93])
[18]. In the 1359 patients with heart failure in the ICE cohort, 1-year survival was
29 % in patients undergoing early surgery vs. 58 % in those who did not. In a pro-
pensity score-adjusted analysis, early surgery remained associated with a borderline
reduction of in-hospital mortality (adjusted hazard-ratio 0.76, 95 % CI [0.58-0.99])
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and a more pronounced reduction of 1-year mortality (adjusted hazard-ratio 0.44,
95 % C1 [0.34-0.56]) [6].

Unlike for the prevention of embolism, no randomized trial has assessed the benefit
of early surgery in patients with IE and heart failure. The assessment of the benefit of
early surgery in IE from observational series is subject to a number of biases [23]. The
long-term benefit of early surgery may be offset by operative mortality when analyz-
ing only in-hospital outcome. At least 6-month follow-up is required to evaluate the
benefit of early surgery [24]. The consistent benefit of early surgery on mid-term
survival in patients with heart failure is a strong argument supporting wide indications
for surgery in this context. A propensity-matched analysis accounting for differences
in patient characteristics showed that the benefit of early surgery on 6-month survival
was particularly pronounced in patients with moderate to severe heart failure [25].

Patients with cardiogenic shock have a particularly poor prognosis and derive
benefit from early surgery, whereas surgery is associated with poor outcome in
patients with septic shock [4]. This highlights the importance of an accurate early
diagnosis of the respective contribution of complications of IE in critically ill patients.

Indications for Surgery in Patients with Heart Failure

Indications for early surgery in IE are detailed in Chap. 8. With regards to heart
failure, European and American guidelines are fairly consistent in providing strong
recommendations (class I) to operate on patients with symptoms of heart failure or
cardiogenic shock caused by severe regurgitation or fistulae [3, 26]. In case of
refractory pulmonary edema or cardiogenic shock, ESC guidelines advise emer-
gency surgery, i.e., within 24 h [26]. Indications are debated in patients with severe
AR or MR without heart failure. The poor hemodynamic tolerance of severe acute
regurgitations is an incentive to consider early surgery before heart failure onset, in
particular for severe AR and when the predicted operative risk is low.

Among patients operated during the acute phase of IE, heart failure represents
the most frequent indication for surgery [13—15, 27]. This is in accordance with the
high percentage of patients with heart failure, over 40 % in most series comparing
the characteristics of operated and non-operated patients (Table 9.2) [14, 24, 25,
28-35]. This is also consistent with the high frequency of new-onset or severe val-
vular regurgitation in operated patients. However, heart failure is present in 10-30 %
of non-operated patients, thereby raising concerns about the appropriateness of the
management of patients with IE in practice.

A French Survey showed that certain patients with IE complicated by heart fail-
ure were inappropriately denied surgery [36]. In a recent study from the ICE cohort,
74 % of patients had a theoretical indication for surgery during the acute phase of IE
[35]. The presence of new heart failure in NYHA class III or IV was associated with
more frequent performance of surgery. Nevertheless, surgery was not performed in
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24 % of patients who had an indication. This may be due to comorbidities, which
were more frequent in non-operated than in operated patients and to the fact that the
most frequent reason for not performing surgery was a poor prognosis regardless of
treatment, in 34 % of patients. However, hemodynamic instability was given as the
reason for not performing surgery in 20 % of patients [35]. Hemodynamic instabil-
ity increases operative risk but these patients also have a particularly poor spontane-
ous prognosis. Risk-benefit analysis favours indications for early surgery when
hemodynamics is compromised by the consequences of valvular lesions [4].
Decision-making is difficult in acute IE due to the number of variables which may
influence spontaneous prognosis and operative mortality. The use of a specific risk
score contributes to improve the evaluation of operative mortality [37]. However,
patients should not be denied surgery on the basis of a high operative risk alone.
Patients with complicated IE often have both high operative risk and high mortality
in the absence of surgery. In the ICE cohort, patients who did not undergo surgery
despite a theoretical indication and who had a high predicted mortality were those
who had the worst outcomes [35]. The poor prognosis of non-operated patients
despite theoretical indications is also attested in critically ill patients [38].

Hemodynamic Complications During Follow-Up

Valvular lesions due to IE may be well-tolerated during the acute phase when regur-
gitation is not severe. Residual valvular lesions require close follow-up to allow for
timely elective surgery. Indications are the same as for other chronic valvular dis-
eases and are mainly based on the quantitation of regurgitation severity, symptoms
and consequences on the left ventricle [3, 39].

A large population-based Asian study showed that patients still experience
higher rates of cardiovascular events during long-term follow-up after IE, as com-
pared with a propensity-matched control cohort [40]. The risk of readmission for
heart failure was doubled (hazard ratio 2.2, 95 % CI 2.0-2.4) in survivors of IE [40].
The excess risk was mainly observed during the first year following hospital dis-
charge, underlining the need for a close follow-up after the acute phase of IE. In a
single-centre study on 226 patients who survived more than 1 year after initial IE,
heart failure and sudden death due to arrhythmias accounted for 19 % of all deaths
occurring during long-term follow-up, up to 20 years [16].

In conclusion, the frequency and prognostic impact of heart failure complica-
tions in IE highlight the need for prompt diagnosis and management, in particular
the consideration of early surgery. Frequent difficulties in the diagnosis of heart
failure and in risk-benefit analysis of early surgery highlight the need for multidis-
ciplinary management in an endocarditis team before the occurrence of refractory
heart failure or cardiogenic shock.
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Table 9.2 Frequency of heart failure and valvular regurgitation during acute infective endocarditis
in non-operated and operated patients

Non-operated Operated
patients patients
Vikram et al.[25] n= 283 230
Congestive heart failure (%) 35 53
New regurgitation (%) 53 74
Tornos et al. [14] n= 77 82
NYHA HI-1V (%) 44 59
Congestive heart failure (%) 31 41
Wang et al. [28] n= 207 148
Congestive heart failure (%) 28 53
Aksoy et al. [29] n= 255 78
NYHA HI-1V (%) 10 37
New AR (%) 15 36
New MR (%) 38 45
Tleyjeh et al. [30] n= 417 129
NYHA HI-1V (%) 20 39
Severe regurgitation (%) 15 43
Sy etal. [31] n= 161 62
NYHA II-1V (%) 24 44
Severe regurgitation (%) 40 73
Lalani et al. [32] n= 832 720
Congestive heart failure (%) 25 45
Pulmonary edema (%) 15 28
New regurgitation (%) 60 86
Bannay et al. [24] n= 209 240
Heart failure (%) 26 43
Valvular regurgitation (%) 85 90
Galvez-Acebal n= 602 417
etal. [33] NYHA II-1V (%) 23 66
Moderate-severe AR (%) 28 59
Moderate-severe MR (%) 38 44
Martinez-Selles n= 563 437
etal. [34] Heart failure (%) 32 52
Chu et al. [35] n= 552 733
NYHA II-1V (%) 11 35
New/worsening heart failure (%) |17 49
Severe AR (%) 7 33
Severe MR (%) 18 31

NYHA New York Heart Association
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Chapter 10
Infectious Complications in Infective
Endocarditis

Bradley Hayley and Kwan Leung Chan

Introduction

Infective endocarditis (IE) has intrigued the medical profession for many years
because it mimics many diseases and a prompt diagnosis remains a challenge even
in the present day. It is a serious medical condition with high in-hospital morbidity
and mortality. In addition, the short term outcome is compromised after discharge
from hospital [1]. Traditionally, the disease has been categorized into acute and
subacute endocarditis based on the acuity of presentation and disease progression
which are a result of the virulence of the infecting organism and the presence of
pre-existing co-morbidities in the patient [2]. With advancement in the diagnosis
and effective treatment, this categorization has become less clinically important and
a greater focus should be on the early and comprehensive assessment of the destruc-
tive process of IE which will be crucial to the management such as the appropriate-
ness and timing of early surgery. In this chapter our aims are to examine the myriad
intracardiac complications due to endocarditis, and to discuss the risk factors and
management issues in dealing with these complications.

Infective endocarditis can cause both acute and chronic impairment. Despite suc-
cessful treatment with appropriate antimicrobial therapy, significant sequelae, both
cardiac and non-cardiac, can develop. The major non-cardiac complications are
listed in Table 10.1 and are discussed in other chapters of the book. The cardiac
complications, in particular the valvular and perivalvular complications, are listed
in Table 10.2. The acute complications tend to occur during the early days of the
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Table 10.1 Systemic sequelae of infective endocarditis

B. Hayley and K. Leung Chan

Neurological Brain abscess, encephalitis, meningitis, embolic infarct, infective
intracranial aneurysm, intracranial hemorrhage

Pulmonary Diffuse alveolar damage, infarct, abscess, emphysema

Gastrointestinal Hepatic or splenic infarct or abscess, hemorrhage, bowel ischemia from
embolism or hypoperfusion, cholestasis

Renal Glomerulonephritis, infarct, abscess

Others Sepsis, vasculitis, osteomyelitis, immune complex pneumonia

Table 10.2 Valvular and perivalvular complications of infectious endocarditis

Valvular Perivalvular
Acute Vegetations Annular abscess
Leaflet erosion or restriction Myocardial abscess
Leaflet or chordal tear Conduction block
Leaflet diverticulum or aneurysm Erosion or compression of
coronary arteries
Perforation Perivalvular regurgitation
Pericarditis
Hemopericardium
Chronic Fibrosis Perivalvular regurgitation
Nodular calcification Pseudoaneurysm
Leaflet diverticulum or aneurysm Fistula

Perforation

disease, while the chronic complications develop after the infection has been
ongoing for some time, usually days to weeks, but can occur weeks to months after
the infection has been treated or even after surgical intervention [3, 4]. Cardiac sur-
gery in these patients not only has the up-front risks of a surgical procedure, but also
carries potential long term complications such as reinfection, need for anticoagula-
tion, recurrent regurgitation, and prosthetic device failure [4].

Valvular Complications

Anatomically normal cardiac structures are generally resistant to infectious coloni-
zation and do not allow microorganisms to adhere to their endothelium [5]. Pre-
existent structural abnormalities may predispose to formation of sterile vegetations
composed of fibrin and platelets that may be colonized by circulating microbes
further compromising cardiac structures through release of inflammatory media-
tors. Bacteria such as Streptococci and Staphylocci are innately capable of adhering
to vegetations and in some cases even to normal endothelium [5]. Approximately
75 % of patients diagnosed with bacterial endocarditis have a pre-existing cardiac
abnormality [6]. Rheumatic heart disease is the most common anatomical condition
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Fig. 10.1 A large vegetation (arrow) on the aortic valve in a patient with bicuspid aortic valve is
demonstrated in both the transthoracic long-axis (a) and short-axis (b) views. LA left atrium, LV
left ventricle, RA right atrium

in nonindustrial countries but only accounts for 10% of cases in industrialized
countries in which degenerative lesions predominate [1]. A vast array of structural
complications may ensue and can result in significant hemodynamic consequences
to the patient.

Vegetation

Vegetation is the hallmark of IE and should be recognized as the nidus of a destruc-
tive process that needs to be treated with prompt and appropriate antibiotic therapy
(Fig. 10.1a, b). This process is dynamic and inflammatory responses are intimately
involved. The valve leaflets are usually affected, but the other structures can also be
involved including the chords, myocardium, perivalvular tissue and implanted leads
or conduits. In the acute settings, vegetations lead to leaflet erosion or chordal rup-
ture due to their predilection to the leaflet closure region resulting in valvular regur-
gitation. With proper medical treatment, vegetations generally regress with time and
become more echodense, in tandem with a dramatic decrease in the embolic risk
[3]. Nonetheless <10 % of the affected valves retains normal morphology and func-
tion, and the vast majority develop regurgitation due to the development of fibrosis,
leaflet retraction and nodular calcification [7]. Valvular stenosis is uncommon, but
can be present in patients with large vegetations usually caused by Staphylococcus
aureus or fungi [8].
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Fig. 10.2 The aneurysm
(arrow) at the posterior
mitral leaflet is demonstrated
from the left atrial perspec-
tive by 3-D transesophageal
echocardiography. There is a
perforation at the belly of the
aneurysm. AML anterior
mitral leaflet, AV aortic
valve, PML posterior mitral
leaflet

Leaflet Aneurysm and Perforation

Leaflet perforation is an important complication to recognize since it is frequently
associated with significant regurgitation and heart failure [9]. Regurgitation in this
setting is usually eccentric with the origin of the regurgitation jet away from the site
of leaflet coaptation. Leaflet perforation particularly with the mitral valve occurs in
the setting of valvular aneurysm or diverticulum (Figs. 10.2 and 10.3). Thus, if a
leaflet aneurysm or diverticulum is present, perforation within the structure should
be sought. Perforation of the anterior mitral leaflet should also raise the alert that
aortic valve IE may be present with the aortic regurgitant jet impinging onto the
anterior mitral leaflet resulting in aneurismal formation and perforation [9, 10]. In
patients in whom the infection has responded to medical treatment, valvular perfo-
ration may be amenable to patch repair.

Valvular Regurgitation

Valvular regurgitation is a frequent complication of IE and when a new regurgitant
murmur is recognized as a diagnostic criterion in the modified Duke criteria [11].
Left sided regurgitant lesion may result in signs of left heart failure and pulmonary
congestion, which are negative prognosticators in patients with endocarditis [12, 13].
Regurgitation from IE is more likely to occur in the aortic valve than the mitral valve,
perhaps due to its higher rate of infection [13]. Clinically, aortic regurgitation is more
likely to result in findings of congestive failure than patients with mitral regurgitation
due to IE [13]. Acute valvular insufficiency may present with signs of cardiogenic
shock without a prominent murmur due to rapid equalization of pressure between the
aorta and left ventricle in the case of aortic regurgitation and left ventricle and the left
atrium in the case of mitral regurgitation.



10 Infectious Complications in Infective Endocarditis 127

Fig. 10.3 Photography of
excised mitral leaflet with
aneurysm formation and
multiple perforations
involving the anterior
mitral leaflet

Right sided valve lesions often present more indolently even when acute severe
regurgitation occurs. Tricuspid regurgitation is the most frequent right-sided valve
lesion but rarely causes significant hemodynamic consequences by itself [14, 15].
Long standing severe tricuspid regurgitation may result in signs of right heart failure
such as peripheral edema, pleural effusion and ascites. The pulmonic valve is rela-
tively spared from infection with the exception of predisposing factors such as the
tetralogy of Fallot or rheumatic heart disease [16].

Multiple mechanisms can be responsible for valvular regurgitation and often
depend on the site of infection. Damage to supporting structures, such as chords,
can result in chordal rupture with flail leaflet. Direct infection of the leaflet surface
can result in the formation of diverticula that may predispose to leaflet perforation
while damage to the leaflet tips may result in malcoaptation that can create a regur-
gitant orifice [12]. Although the mechanisms may differ, the clinical consequence is
similar.

Valvular Stenosis

Endocarditis causing valvular stenosis is less frequently encountered than valvular
regurgitation. In native valves, it occurs at <9 % of cases [8]. Prosthetic valves may
become stenotic if large vegetations impact opening of the valve poppets and result
in mechanical failure. Acute valve stenosis can result in heart failure or shock and
could be accompanied by a systolic or diastolic murmur depending on the valve
involved. Subacute stenosis may present with more gradual onset of symptoms with
similar auscultatory findings.
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Perivalvular Complications

Abscess

Perivalvular extension is a common complication in patients with IE and occurs in
10—40 % of patients with native valve IE, and the prevalence of perivalvular abscess
is higher up to 56-100 % in prosthetic valve IE [17]. Baseline clinical characteris-
tics such as sex, age, symptom duration and hemodynamic stability are similar in IE
patients with and without perivalvular abscess. As well, IE patients with an abscess
are not more likely to embolize once on antibiotic treatment [17]. However, severe
valvular dysfunction and heart failure are more common in IE patients with perival-
vular involvement. The risk factors associated with the development of perivalvular
abscess are listed in Table 10.3 [17-19]. Abscess is more commonly seen in the
aortic position and in intravenous drug users with left sided IE. The association with
coagulase negative Staphyloccoci is mediated by the association with prosthetic
valve IE, and the association with the presence of conduction block is a result of
extension of the abscess to involve the conducting tissue.

Similar to vegetations, abscess is also a dynamic process. The periannular infec-
tion leads to necrosis and weakening of the adjacent tissue. Serial echocardiographic
studies have demonstrated liquefaction and expansion of the perivalvular abscess,
followed by cavitation and/or fistula communications or even drainage into the peri-
cardial space [20, 21] (Fig. 10.4a—d).

We have reported on 43 consecutive patients with perivalvular abscess (native
valve IE in 17 patients and prosthetic valve IE in 26 patients), 31 of whom underwent
cardiac surgery and 12 received medical treatment alone due to prohibitive surgical
risks. Transesophageal echocardiography was used to diagnose abscess and to fol-
low-up the subsequent evolution of the perivalvular complications. Both groups had
a high mortality in excess of 50 % at a mean follow-up of 4.8 years. Perivalvular
complications such as pseudoaneurysms and fistulae developed in all the medically
treated patients and in 10 of the 24 surgically treated patients [20]. Perivalvular
complications were a predictor of reduced survival (hazard ratio 2.16) in spite of
early surgery in the study by Aksoy et al. [22].

In summary, perivalvular abscess predicts a poor prognosis in patients with
IE. These patients have a high incidence of perivalvular complication despite early

Tablg 10.3 Bisk factors Risk factor Relative risk P value
associated with development “p i alve 1.88 <0.01
of perivalvular abscess - —
Aortic position 1.81 <0.01
Coagular negative 1.77 <0.05
staphylococci
Intravenous drug use 2.50 0.01
Heart block 2.66 <0.01

Data from [17-19]
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surgical intervention. They need to be closely monitored for evolution of the
perivalvular infection process, even after surgical intervention. Furthermore, many
of these patients would develop severe valvular regurgitation.

The microbiology of perivalvular abscess formation is diverse but largely
similar to that for IE in general [17-19]. Many reports suggest that Staphylococcus

Fig. 10.4 An echolucent density (arrows) posterior to the aortic root consistent with a large
abscess in the transesophageal echocardiogram long-axis (a) and short-axis (b) views. Two weeks
later the long-axis (¢) and short-axis (d) views show cavitation of the abscess to become a pseudoa-
neurysm (arrow) which communicates with the left ventricular outflow tract. Ao aorta, LA left
atrium, LV left ventricle, RA right atrium
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aureus is the most common organism in native valve IE complicated by
perivalvular abscess, and coagulase negative staphylococci is a common patho-
gen in prosthetic valve IE with perivalvular abscess. Less frequent organisms
include streptococci, enterococci and culture negative species such as the
HACEK organisms. The diagnosis of fungi and less common microorganisms
depends on astute clinical judgement and the result of serial blood cultures on
specific media, although diagnostic imaging may occasionally gives clues to the
etiologic agent.

Pseudoaneurysm

When an abscess begins to cavitate and expand, the weakened tissue may rupture
and drain into the surrounding structures, resulting in the formation of pseudoaneu-
rysm or fistula [20, 21] (Fig. 10.4a—d). In the case of periaortic abscess, communi-
cation with the aortic root is more likely than with the left ventricular outflow tract
[20]. Fistula communication between the aorta and any of the four cardiac chambers
can occur dependent on which of the aortic sinuses is involved by the abscess. We
have observed that a perivalvular abscess can cavitate within 2 weeks and evolve
into a pseudoaneurysm as early as 4 weeks following diagnosis [20]. Pseudoaneurysm
is a pulsatile structure with an echolucent cavity that may contain debris associated
with ongoing infection. It expands in systole and collapse in diastole when it com-
municates with the left ventricular outflow tract via the mitral-aortic intervalvular
fibrosa (MAIVF), which is a relatively avascular structure situated between the aor-
tic and mitral valves and is roofed by pericardium [22, 23]. In addition to direct
extension of infection, MAIVF may be secondary traumatized and infected due to
the impingement of an aortic regurgitant jet in the setting of aortic valve IE [4].
Pseudoaneurysm at MAIVF can also occur due to injury from valve implantation.
Patients with bicuspid aortic valves may be more susceptible to develop pseudoan-
eurysm formation in the MAIVF because of intrinsic abnormalities of the connec-
tive tissue [24, 25].

Fistula

Fistula defines a communication between two cardiac chambers and is a serious
complication of IE that can occur at multiple anatomic sites resulting in various
hemodynamic effects [18, 26]. In patients with periaortic abscess, the central posi-
tion of the aortic root enables fistula communication with any of the four cardiac
chambers (Fig. 10.5a, b). Fistula formation is an indication of extensive tissue dam-
age and not surprisingly half of the patients with aortic fistula would also have
moderate or severe aortic regurgitation [26]. Patients with fistula have a higher inci-
dence of congestive heart failure and a reduced survival, necessitating a greater need
for surgical intervention [26, 27].
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Fig. 10.5 (a) Transesophageal echocardiogram at the level of the aortic annulus in a patients with
prosthetic aortic valve endocarditis. (b) Colour flow image shows a fistula (arrow) communicating
the left ventricular outflow tract with the right atrium. Ao aorta, LA left atrium, RA right atrium

Valve Dehiscence

Valve dehiscence is a serious complication in patients with prosthetic valve
IE. Destruction of the sewing ring may compromise the attachment of the prosthesis
to the surrounding annulus. Perivalvular fistula may form in such situations and the
patient’s condition may range from clinically stable to cardiogenic shock from acute
severe perivalvular insufficiency [28]. Dehiscence may also occur following valve
implantation in IE patients with perivalvular complications. Reinfection is always a
concern in this situation but non-infectious valve dehiscence is not uncommon in
this clinical setting due to the friability of the annular tissue which does not allow
secure anchoring of the sutures [29-32]. Although trivial or mild perivalvular regur-
gitation immediately post implant tends not to affect long term prognosis, signifi-
cant leak may result in heart failure and the need for reoperation [29, 31].

Related Complications

Other serious complications may occur due to the perivalvular complications. The
development of heart block is an indication of a periaortic abscess invading into
the adjacent conduction system. Erosion and compression of the coronary arteries
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by a periaortic abscess can occur [33]. Extension or rupture into the pericardial
space leading to cardiac tamponade is another rare but life threatening complica-
tion [34].

Imaging
Echocardiography

Echocardiography is a powerful tool for diagnosing perivalvular complications and
3-dimensional echocardiography has emerged as a promising imaging modality.
Echocardiography is portable, relatively inexpensive and does not involve the use of
ionizing radiation. Temporal and spatial resolution of ultrasound is high allowing
visualization of small highly mobile vegetations. Transesophageal echocardiogra-
phy (TEE) is superior to transthoracic echocardiography (TTE) in the detection of
vegetation and abscess, but TEE is semi-invasive and has a small but definite risk
(Table 10.3) [27, 30, 35-41].

Diagnosis of valvular vegetations by echocardiography relies on several impor-
tant characteristics. Generally, vegetations are independently mobile echolucent
masses located on valve surface adjacent to the closure region. The appearance may
vary from serpiginous to sessile, making diagnosis challenging particular in the set-
ting of suboptimal image quality, significant pre-existing valvular disease or artifi-
cial valves [35, 42]. Vegetations are small early in the disease course and can be
missed on initial investigations [36, 37]. A high clinical suspicion of IE warrants
repeat imaging in 7-10 days as progression of disease will become more evident
over time [38].

A perivalvular abscess can often be detected by TTE or TEE based upon multiple
imaging characteristics, many of which may be subtle. Annular thickening alone
may be a clue to the presence of aortic root abscess with a value of 10 mm being
reported as a specific but insensitive cut off. Echolucent areas adjacent to the valvu-
lar apparatus may signify abscess cavitation and increase the likelihood of the diag-
nosis [43] (Fig. 10.4a—d). TEE provides superior imaging of the perivalvular regions
especially when prosthetic valves are implanted, although shielding from a pros-
thetic aortic valve may obscure the anterior aortic root which may be better visual-
ized on TTE.

Pseudoaneurysm formation can often be visualized as an echo-lucent cavity
communicating with the aorta or a cardiac chamber. Pulsatility of a cavity posterior
to the aortic root adds to the diagnosis, as expansion during systole is indicative of
connection with the left ventricular outflow tract and expansion in diastole is indica-
tive of connection with the aortic root. Colour flow Doppler with the velocity scale
reduced to detect low velocity flow can detect the communication even when it can-
not be readily seen on 2D imaging [44] (Fig. 10.6a, b). An intracardiac fistula may
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Fig. 10.6 (a) Aortic valve endocarditis with a large vegetation (arrow) and an echolucent cavity
(star) anterior to the aortic root in the transesophageal long axis view. (b) Colour flow image shows
severe perivalvular aortic regurgitation and communication between the aortic root and the aortic
pseudoaneurysm. Ao aorta, LA left atrium, LV left ventricle

have similar appearance as a pseudoaneurysm which is now connecting two adjacent
cardiac chambers [16]. Colour flow Doppler imaging will document a continuous
flow from the high pressure chamber such as the left ventricle to a low pressure
chamber such as the right atrium (Fig. 10.5a, b). A rocking motion of a prosthetic
valve indicates valvular dehiscence [28]. Again, TEE imaging is superior to TTE in
detecting the presence of a pseudoaneurysm and fistula (Table 10.4).

Computed Tomography (CT)

The spatial resolution of CT is excellent and thus CT may provide more detailed
anatomical information regarding the structure of pseudoaneurysms, abscess cavi-
ties and fistulae [45]. Despite the advent of ultrafast scanners, CT still has limited
temporal resolution compared to echocardiography, and has limited ability to detect
valvular perforations and small intracardiac communications that are detectable by
colour flow Doppler Imaging [45]. Other limitations of CT include the lack of por-
tability, ionizing radiation and imaging artefacts from intracardiac devices and pros-
thetic valves.
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Table 10.4 Sensitivities of TTE TEE
transthoracic and

Native valve vegetation 44-63% | 87-100
transesophageal - -
echocardiography in the Prosthetic valve vegetation 36-69% | 86-94 %
detection of valvular and Fistula 53% 97%
perivalvular involvement in Abscess 28-36% | 80-87 %
infective endocarditis Pseudoaneurysm 43 % 90%
TEE transesophageal echocardiogram, TTE transthoracic
echocardiogram

Data from [27, 30, 35-40]

Treatment

The extent of tissue destruction and associated dysfunction has a crucial impact on the
treatment of IE. Damage limited to valve leaflets with mild to moderate dysfunction
can be treated medically provided the infecting microorganism is not resistant to the
antibiotic therapy. Severe damage to the valve leaflet or the perivalvular structure usu-
ally leads to severe hemodynamic compromise requiring urgent surgical intervention
[46]. In some situations, valve repair may be offered when the anatomy is favourable
or the risk of re-infecting prosthetic material is high, such as in injection drug users.
Prosthetic valve IEs are less likely to respond to antibiotic therapy alone and surgical
intervention is frequently necessary, especially if valve dehiscence is present.

Most patients with severe perivalvular complications would require surgical
intervention because of the aggressive nature of the infecting microorganism, the
frequently associated hemodynamic derangement and the potential risk of rupture
in the case of pseudoaneurysm and fistulae. Medical treatment alone may be effec-
tive in some of these patients, but they are likely the exception and no differentiating
clinical features have been identified [20, 21].

The presence of perivalvular infection increases the complexity of any surgical
treatment required to treat these patients. In addition to valve replacement, surgical
drainage of perivalvular abscess, closure of fistula tracts and reconstruction using the
pericardial patch may be necessary. Infection involving the origins of the coronary
arteries may necessitate reimplantation or in some situations concurrent bypass surgery
in conjunction with a root replacement procedure if debridement alone is not sufficient.
The use of cryopreserved homografts with the accompanying aortomitral curtain and
stentless valve conduits has been done when the tissue destruction is extensive [4].
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Chapter 11
Embolic Complications in Infective
Endocarditits

Duk-Hyun Kang

Introduction

Embolic complications are caused by migration and embolization of vegetations.
Systemic embolism is a frequent and life-threatening complication of infective
endocarditis (IE) and most commonly involves the brain [1-5]. Cerebral embolism
is the most serious complication with neurologic sequelae and the second most
common cause of death after congestive heart failure in this patient population [2,
5]. Echocardiography plays a key role in assessing embolic risk as well as diagnos-
ing IE and its complications, and patients with large vegetations have a higher risk
of embolism [3, 6]. Early diagnosis of IE and prompt institution of antibiotic ther-
apy is important in preventing embolic complications because the incidence of
embolism is significantly reduced after initiation of antibiotic therapy [7-10]. Early
surgical removal of vegetation during the first week of antibiotic therapy is also
effective for decreasing embolic events [11, 12], but the decision to perform surgery
in patients with IE has been a clinical dilemma. This chapter discusses clinical and
echocardiographic factors related to risk of embolism, advances in medical and sur-
gical treatment to decrease embolic events and the role of early surgery in prevent-
ing embolism in IE.

Risk of Embolism

Systemic embolization occurs in 22—-50 % of patients with IE and involves the cen-
tral nervous system in up to 65 % (Fig. 11.1a—d) [1-5]. Neurologic complications
have a negative impact on outcome; overall mortality was 45 % in patients with
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Fig. 11.1 Cerebral embolism in a patient with infective endocarditis. Transthoracic (a) and trans-
esophageal (b) echocardiography showed multiple, large vegetations (arrows) on a native aortic
valve, and acute cerebral embolic infarction in right temporal lobe was observed on magnetic reso-
nance imaging (c). The cerebral computed tomography scan, performed 1 day later, demonstrated
the development of intracerebral and intraventricular hemorrhage (d). AV aortic valve, LA left
atrium, LV left ventricle

these complications and 24 % in those without [9]. Embolism also involve the coro-
nary arteries, spleen, liver, kidney, bowel and peripheral vasculature in left-sided IE
[13], while pulmonary embolism is frequent in right-sided and pacemaker IE [14].
Embolic complications may also be asymptomatic in about 20 % of patients and
only be detected by systematic imaging [5].

Echocardiography plays a major role in predicting embolic risk. Several studies
evaluated the value of echocardiography for predicting embolic events (Table 11.1).
Di Salvo et al. [6] reported that Staphylococcus infection, right-side valve endocar-
ditis and vegetation length and mobility were significantly associated with embolic
events on univariate analysis, and vegetation length and mobility were the only
predictors of embolism on multivariate analysis. Vilacosta et al. [15] investigated
new embolic events occurring after institution of antibiotic therapy and concluded
that an increase in vegetation size at echocardiographic follow-up might predict
new embolic events. In a multicenter prospective study [3], vegetation length
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>10 mm and mobility of vegetation were predictors of new embolic events, and
vegetation length >15 mm was a predictor of mortality in multivariable analysis. A
recent multicenter cohort study also confirmed that vegetation length >10 mm was
the most potent independent predictor of new embolic events [10].

Other factors associated with increased risk of embolism include previous embo-
lism [15], infection with particular microorganism [3, 8, 9] and involvement of the
mitral valve [8, 16] (Table 11.1). Hubert et al. [10] recently developed and validated
anew prediction system for systemic embolism: the Embolic Risk French Calculator.
Six variables associated with embolic risk were used to create the calculator: age,
diabetes, atrial fibrillation, previous embolism, vegetation length >10 mm and
Staphylococcus aureus infection. This risk calculator may be useful for assessing
risk of embolism and facilitating management decisions in individual patients with
IE.

Prevention of Embolism

Embolic events can occur before the diagnosis of IE and during antibiotic therapy
after the diagnosis of IE. Delays in diagnosis have been related to increases of
embolic events occurring before the diagnosis of IE, and echocardiography must be
done rapidly for earlier diagnosis of IE as soon as IE is suspected. Rapid initiation
of antibiotic therapy is also effective in preventing embolism [7-10], and several
studies evaluated the effects of medical and surgical treatment on embolic compli-
cations (Table 11.2). In a multicenter cohort study [10], embolic events were 44.9
per 1000 patient-weeks in the first week and 21.3 in the second week after initiation
of antibiotic therapy and then decreased rapidly to 2.4 in the sixth week (Fig. 11.2).
In another multicenter cohort study [9], 86 % of neurologic complications were
observed before or during the first week of antibiotic therapy, with the incidence of
neurologic complications markedly decreasing after appropriate antimicrobial ther-
apy. An analysis from the International Collaboration on Endocarditis Prospective
Cohort Study (ICE-PCS) [8] also showed that the incidence of stroke was 4.82 per
1000 patient-days in the first week of appropriate antimicrobial therapy and fell to
1.71 per 1000 patient-days in the second week, with further decreases thereafter.
Because embolic risk decreases rapidly before vegetation size is significantly
reduced, it is quite possible that the salutary effects of antibiotics on embolization
may be related to their early effects on molecular and cellular milieu of the vegeta-
tion [8]. The diagnosis of IE must be made as soon as possible and empirical antibi-
otic therapy should be quickly introduced after blood cultures are obtained and
modified based on antibiotic sensitivity data [17, 18]. Routine use of anticoagulant
or antiplatelet agents is not recommended in patients with IE, and there is no evi-
dence that use of aspirin or warfarin reduces the risk of embolism [19, 20].
Embolic events occurring during antibiotic therapy may be prevented by surgical
removal of vegetation [10], but the decision to perform surgery on patients with IE
has been a clinical dilemma. Early surgery is strongly indicated for patients with IE
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Fig. 11.2 Incidence of 504
embolic events after
initiation of antibiotic
therapy. The incidence of
embolic events was highest
during the first 2 weeks
after the initiation of
antibiotic therapy (44.9 and
21.3 embolic events per
1000 patient-weeks in the
first and second week)
(From Hubert et al. [10].
With permission from
Elsevier Limited)
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and congestive heart failure [13, 14, 18, 20], but indications for surgical intervention
to prevent systemic embolism remain to be defined [14, 18]. Early identification of
patients at high risk of embolism [3, 6], increased experience with complete exci-
sion of infected tissue and valve repair, and low operative mortality have raised
arguments for early surgery [13, 21], but there have been concerns that such surgery
may be more difficult to perform in the presence of active infection and inflamma-
tion, which leads to a high operative mortality and a high risk of postoperative valve
dysfunction [22]. Consensus guidelines for performance of early surgery on the
basis of vegetation were different (Fig. 11.3), and the 2006 American College of
Cardiology/American Heart Association (ACC/AHA) guidelines recommended
early surgery as a class Ila indication only in patients with recurrent emboli and
persistent vegetation despite appropriate antibiotic therapy [23], and the 2009
European Society of Cardiology (ESC) guidelines recommend urgent surgery as a
class I indication in patients with one or more embolic episodes and large vegeta-
tions (>10 mm in length) despite appropriate antibiotic therapy and urgent surgery
as a class IIb indication in patients with isolated, very large vegetations (>15 mm)
[14]. The recently revised 2014 AHA/ACC guidelines have added a class IIb indica-
tion for early surgery in patients with mobile, large vegetations (>10 mm) [18].

Early Surgery for Prevention of Systemic Embolism

As the risk of embolism is highest during the first few days after initiation of antibi-
otic therapy, the ESC guidelines clearly recommend that surgery to prevent embo-
lism be performed very early on urgent (within a few days) basis [14]. By contrast,
the 2014 AHA/ACC guidelines have not established the optimal timing of surgery
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Fig. 11.3 Embolic indications and timing of surgery for patients with left-sided native valve infec-
tive endocarditis. Urgent surgery*: surgery performed within a few days; Early surgery+: surgery
performed during initial hospitalization before completion of a full therapeutic course of antibiot-
ics; IE infective endocarditis. AHA/ACC guidelines 2014 American Heart Association/American
College of Cardiology guidelines, ESC guidelines 2009 European Society of Cardiology guide-
lines (Adapted from Habib et al. [14] and from Nishimura et al. [18])

for embolic indication and vaguely defined early surgery as surgery performed dur-
ing initial hospitalization before completion of a full therapeutic course of antibiot-
ics [18]. Since the benefits of surgery to prevent embolism are greatest during the
first week of the diagnosis, deferring surgery after 1 to 2 weeks is of little value [8,
13]. With regard to the optimal timing of surgery, Thuny et al. [24] reported that the
effect of early surgery (within 1 week) on mortality was not uniform, and surgery
might be beneficial in patients with the most severe forms of IE including
Staphylococcus aureus infection, heart failure, and larger vegetations, whereas early
surgery was associated with increased risks of relapse and prosthetic valve dysfunc-
tion. In a multicenter observational study [11], clinical outcomes of early surgery
were compared with conventional treatment in IE patients with embolic indications
only. Patients in the early surgery group underwent surgery within 7 days of diagno-
sis (median interval, 2.5 days) because the benefits of surgery might be greatest if
surgery was performed within that time, and patients in the conventional treatment
group were referred for surgery only if they developed a surgical indication based
on current guidelines. Mortality rates were similar in the two groups, but embolic
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events were significantly lower in the early surgery group without increase in recur-
rence of IE or prosthetic valve dysfunction. Previous observational studies compar-
ing outcomes between surgery versus medical therapy were subject to the limitations
of baseline differences, treatment selection and survivor biases [11, 24-28] and
recent studies using propensity scoring models yielded conflicting results on the
benefits of surgery [11, 24-27]. Although prospective, randomized trials may reduce
differences in patient characteristics and these biases between treatment groups,
ethical, logistical and financial constraints have deterred us from conducting a ran-
domized trial.

Recently a randomized trial was conducted to compare clinical outcomes of
early surgery with those of a conventional treatment strategy based on current
guidelines in left-sided IE patients with high embolic risks [12]. The major hypoth-
esis of this trial was that early surgery would decrease the rate of death or embolic
events, as compared with conventional treatment.

Patients were eligible for enrollment if they were diagnosed as definite IE and
had both severe mitral or aortic valve disease and maximal length of vegetation
>10 mm, and were randomly assigned to early surgery (37 patients) or to conven-
tional treatment (39 patients). All patients in the early surgery group underwent
valve surgery within 48 h after randomization. Of the 39 patients in the conventional
treatment group, 30 (77 %) patients underwent surgery during initial hospitalization
(n=27) or during follow-up (n=3). The primary end point of in-hospital death and
embolic events at 6 weeks occurred in 1 (3 %) patient in the early surgery group as
compared with 9 (23 %) patients in the conventional treatment group (hazard ratio
[HR], 0.10; 95 % confidence interval [CI], 0.01-0.82; P=0.03). There was no sig-
nificant difference in all-cause mortality rate at 6 months (3% vs 5%; HR, 0.51;
95 % CI, 0.05-5.66; P=0.59) (Fig. 11.4a). The rate of the composite of death from
any cause, embolic events, recurrence of IE, or repeat hospitalizations due to devel-
opment of congestive heart failure at 6 months was 3 % in the early surgery group
as compared with 28 % in the conventional management group (HR, 0.08; 95 % CI,
0.01-0.65; P=0.02) (Fig. 11.4b).

This randomized trial demonstrated that early surgery performed within 48 h
after diagnosis reduced the primary endpoint (composite of in-hospital death and
embolic events) by effectively decreasing systemic embolisms in patients with
IE. Moreover, these improvements in clinical outcomes could be achieved without
increases in operative mortality or recurrence of IE. Rapid diagnosis of IE, inclusion
of patients with low operative risk and aggressive surgical approach may explain the
substantially lower mortalities in both groups than that reported previously.
However, this trial was limited in scope and excluded patients with major stroke,
prosthetic valve endocarditis or aortic abscess and the incidence of S. aureus IE was
lower than that in previous studies [2, 29]. Because IE is a highly variable disease
and the risk-benefit ratio of early surgery over conventional treatment may differ
according to the type of high risk situation and causative microorganism, additional
randomized trials will be necessary to evaluate the efficacy and safety of early sur-
gery in patients with complicated IE.
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Fig. 11.4 Kaplan-Meier curve for the cumulative probabilities of death (a) and of the composite
end point (b), according to treatment group. There was no significant between-group difference in
all-cause mortality at 6 months (a). The rate of the composite of death from any cause, embolic
events, recurrence of infective endocarditis, or repeat hospitalizations due to development of con-
gestive heart failure at 6 months was 3 % in the early surgery group versus 28 % in the conventional
management group (HR, 0.08; 95% CI, 0.01-0.65; P=0.02) (b) (From Kang et al. [12]. With
permission from NEJM)
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Table 11.3 Characteristics favoring early surgery or watchful observation

Characteristics Early surgery Watchful observation
Embolic risk High Low

Vegetation size Large Small

Previous embolism +)

Microorganism S aureus

Duration of antibiotic therapy <1 week >2 weeks
Operative risk Low High
EuroSCORE II, STS risk estimate <4 % >8 %

Valvular dysfunction Severe Mild or moderate
Likelihood of valve repair High Low

Other complications

Heart failure (+)

Persistent infection +)

Abscess (+)

Cerebral hemorrhage (+)

EuroSCORE European system for cardiac operative risk evaluation, STS Society of Thoracic
Surgeon

Multidisciplinary collaborations among the cardiologists, cardiac surgeons and
infectious disease specialists are required for appropriate decisions about indication
and timing of surgical intervention [13, 18], and these decisions should be based on
individual risk-benefit analysis (Table 11.3). The potential benefits of surgery need
to be weighed against its operative risks and long-term consequences. Operative
mortality can be estimated from different scoring systems including the Society of
Thoracic Surgeon (STS) risk estimate [30] or European system for cardiac operative
risk evaluation (EuroSCORE) [31, 32]. Surgical option to prevent embolism is indi-
cated when embolic risk exceeds operative risk of the individual patient and the
benefit of surgery would be greater if conservative procedure preserving the native
valve is likely or severe valvular regurgitation is associated.

Conclusion

Echocardiography plays a key role in assessing embolic risk and patients with large
vegetations are at higher risk of embolism. Early diagnosis of IE and prompt initia-
tion of antibiotic therapy is essential for preventing embolic complications of IE and
early surgical removal of vegetation may reduce embolic events in patients at high
embolic risk. The decision for surgery should be based on individual risk-benefit
analysis, and early surgery is strongly indicated if embolic risk exceeds operative
risk.
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Chapter 12
Neurological Complications in Infective
Endocarditis

Ulrika Snygg-Martin

Introduction

Neurological complications in infective endocarditis (IE) are common but diverse
in presentation and prognostic significance. The majority of these complications are
established before IE is diagnosed [1-5] and the rate of new neurological events,
mainly studied as incidence of ischaemic embolic episodes, has been shown to
decrease rapidly after the initiation of effective antibiotic therapy [6, 7]. Several fac-
tors associated with higher risk of embolism or neurological complications have
been identified including presence, size and mobility of vegetations on echocardiog-
raphy, S. aureus aetiology, previous embolic event, mitral valve involvement, higher
CRP levels, a procoagulant status and comorbid factors [8§—16]. Most studies also
reveal higher case fatality rates in IE episodes complicated by neurological events
(Table 12.1).

Central nervous system (CNS) symptoms in IE are commonly divided into isch-
aemic lesions (infarction, transient ischaemic attack), haemorrhagic complications
(intracerebral bleeding due to septic vasculitis, secondary bleeding into primary isch-
aemic infarctions, ruptured infectious aneurysms causing subarachoidal or intracere-
bral bleeding) or infectious manifestations (meningitis, brain abscess). More
unspecific neurological symptoms described in IE are encephalopathy, seizures,
headache and psychiatric manifestations [1, 2, 8] but the incidence of such events is
not reported in studies based on diagnostic cerebral CT scans [3]. In modern studies
with systematically performed MRI or careful clinical description of neurological
symptomatology the clinical entity of encephalopathy has re-emerged [5, 17].

Cerebral involvement in IE is often multiple including ischaemic lesions in different
vascular territories or concomitant ischaemic and haemorrhagic or infectious lesions.
The clinical picture, however, is often is characterised by one type of neurological sign
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or even the absence of neurological symptoms, i.e. as a silent neurological complica-
tion [18-21]. In a carefully described material of 17 patients dying from IE in the
1930s, the fundamental pathological change in the brain was a diffuse embolic menin-
goencephalitis, from which various clinical manifestations arose [22]. Encephalopathy
with impaired consciousness and meningism has also been argued to be of septic
embolic origin [8, 19].

Incidence

Symptomatic neurological complications occur in 13-39 % of IE patients as sum-
marized in Table 12.1, showing studies on cerebral complications in IE identified by
clinical neurological symptoms during the last 50 years. The varying incidence
reflects study population characteristics, diagnostic methods and used definitions,
but a relatively stable incidence is seen despite mayor changes in IE epidemiology
during this period [23]. Factors firmly correlated to an increased incidence of CNS
complications, such as a high proportion of IE caused by S. aureus in a study popu-
lation, are counteracted by a shorter delay to diagnosis in modern studies and a
higher surgical rate. Embolic risk is reported to be age dependent by some authors
[24], but results are conflicting and different risk estimates can be explained in a
time-dependent manor with lower risk of embolic events in older patients in the pre-
diagnostic and early treatment phase counteracted by higher risk in the late treat-
ment and follow up period, relative to an age-dependent and comorbid related risk
of stroke [13].

Studies not primarily focusing on neurological complications [25, 26] or with a
narrow definition of neurological complications as strictly of embolic cerebrovascu-
lar origin, e.g. only regarding stroke with neurological deficit that lasts >24 h veri-
fied by cerebral imaging, have lower reported incidence of neurological
complications, estimating 12—15% [6, 27]. Higher numbers are reported in criti-
cally ill patients requiring intensive care admission [28]. Silent cerebral complica-
tions are even more common as shown by several studies using systematic CNS
imaging [20, 29, 30].

However, it is important to stress that in the attempt to define true incidence or
proportions of neurological complications in IE, the influence of referral and selec-
tion bias must be taken into account, apart from the patient, disease and diagnosis
related characteristics discussed above.

Time Dependent Incidence

The majority of neurological complications are established before IE is diagnosed
or even suspected and hence before the initiation of antibiotic treatment. Central
nervous system symptoms are not infrequently what bring the IE patient to medical
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attention and in three out of four patients suffering neurological symptoms, these
are evident at the time of presentation [5, 20, 31]. Lower numbers of pre-treatment
neurological symptoms were reported in a large multicentre study from the ICE
cohort [6] but by viewing stroke reported on the day of antibiotic initiation as pre-
treatment events, the proportion is more in accord. In studies involving early neuro-
imaging of the brain as an important diagnostic tool, giving a large proportion of
silent and minor CNS complications found, a precise timing of cerebral lesions is
not possible since neurological symptoms are missing or discrete.

What is repeatedly shown, however, is that the number of symptomatic neuro-
logical complications rapidly decreases after initiation of antibiotic therapy [6, 7],
thus making early diagnosis and treatment start the utmost important act to reduce
number of neurological complications in IE patients. In the study by Dickerman
et al. [6], the stroke rate during the first week of therapy was 4.8 per 1000 patient-
days (not including strokes diagnosed on the first day of antibiotic treatment) and
this rate fell in the second week of therapy to 1.7 of 1000 patient days (P<0.001), a
65 % reduction.

Although neurological complications with clinical symptoms are pre-treatment
manifestations in most patients, new neurological symptoms, first time or recurrent,
during antibiotic therapy occur in a substantial proportion of patients. Any type of
clinically evident embolic manifestation is an important risk factor for a subsequent
neurological complication, thus warranting close follow up with antibiotic optimi-
sation if possible, new echocardiographic investigation and a surgical re-evaluation.
Growing evidence also supports the predictive value of silent cerebral lesions to
predict embolic risk [32]. The cerebral embolic risk beyond the first week is low,
affecting less 1-3 % of the total IE population [6], but embolic events are overrep-
resented in IE patients during many months [13].

Clinical Manifestations

Ischemic Infarctions

Ischemic infarction is the most common symptomatic and asymptomatic neurologi-
cal complication in IE. Neurological symptoms caused by ischaemic lesions are
seen in 7-28 % of all IE episodes, with a median incidence of 13.6 % in a systematic
review by the Global Burden of Disease (GOD) study group published in 2014 [27].
Regardless of type of neurological symptoms most abnormalities are small isch-
aemic lesions being more frequent than large infarctions [29]. When asymptomatic
lesions are regarded, a much higher proportion of IE episodes exhibit ischaemic
complications, reaching 60—80 % of all IE patients [20]. Ischaemic strokes account
for approximately half of the symptomatic neurological complications in studies
focusing on total neurological presentation in IE, but in many retrospective studies
not involving a detailed symptom description or systematic MRI the proportion of
ischaemic events of all neurological events is even higher.
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Emboli from vegetations preferably involve the middle cerebral artery territory
as a result of the high percentage of blood volume in these territories, resulting in
hemiparetic syndrome of different degrees. Other symptoms described from isch-
aemic lesions in IE are hemianopsia, transient visual impairment, ataxia, aphasia,
diplopia and minor motor impairment. Multifocal infarctions are also common and
frequently involve the end arterial territories of cerebral vessels [2, 33, 34]. It is,
however, surprisingly uncommon that these infected emboli give rise to intracerebral
infections such as meningitis, infectious aneurysms or brain abscesses, possibly
related to the effective protection the blood-brain barrier exhibits to haematogenous
bacterial seeding. The clinical syndromes seen with punctuate cerebral infarctions
are variable and often referred to as an altered level of consciousness or embolic
encephalopathy without reported incidence of concomitant focal or multifocal neu-
rological signs [35]. In one study describing 30 patients with neurological symp-
toms, 12 were characterized as having a clinical cerebrovascular event while 25
patients were showing ischaemic lesions on MRI [17]. About 20-40 % of IE epi-
sodes with cerebral embolism are described as having concomitant peripheral
emboli, but numbers vary or is not reported [1, 36]. In studies describing embolic
events overall the proportion of CNS embolic events account for approximately half
but depends on mode of detection of embolic events i.e. the proportion of silent
events included.

Transitory Ischaemic Attacks

Transitory ischaemic attacks (TIA) in IE patients are seen either as an isolated neu-
rological event with good prognosis [2, 3] or as part of a more complex neurological
symptomatology with concomitant MRI findings despite symptom remission [17].
Incidence of TIA is difficult to estimate due to the inherent transitory and often
discrete nature of these complications, but TIA are reported in 2—6 % of IE episodes
[2-4]. TIA more frequently is reported after initiation of antibiotic therapy com-
pared to other neurological complications.

Intracranial Haemorrhage

Intracranial haemorrhage with neurological symptoms occurs in 2—7 % of patients
with IE [1-3, 5, 18, 37] but the incidence is substantially higher in IE patients
admitted to intensive care [28]. The three underlying mechanisms of haemorrhage
are pyogenic arteritis and erosion of the arterial wall causing intracerebral bleed-
ing, haemorrhagic transformation of an initially purely ischaemic infarction and
rupture of infectious (mycotic) aneurysm with subarachnoidal and/or intracere-
bral bleeding [38, 39]. In studies detecting silent cerebral complications, the inci-
dence of haemorrhagic complications is higher [21] and also in neurologically
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symptomatic patients with detected haemorrhage on CT or MRI the grade of
symptoms may be discrete.

In several retrospective studies anticoagulant therapy has been associated with a
higher risk of haemorrhagic complications in IE patients, especially in IE caused by
S. aureus [5, 40-42], while other studies have failed to show this association [43].
Two cohort studies detected no increase in cerebral bleeding and a relative protec-
tive role of on-going well controlled anticoagulation against ischaemic infarctions
in both staphylococcal IE [44] and in NVE patients on anticoagulation [45], but this
has not been verified by others. However, when cerebral bleeding occurs in antico-
agulated patients, the prognosis is poor also in contemporary studies [5, 42].
Intracranial haemorrhage can also rarely complicate bacterial meningitis with poor
outcome and this is more often seen in anticoagulated patients [46].

Cerebral microbleeds, i.e., small perivascular intraparenchymal haemosidirin
deposits only detectable by gradient echo T2-weighted MRI sequences, are increas-
ingly acknowledged in IE as silent complications with potential as an additional
diagnostic criterion for IE [30], and to predict intracerebral haemorrhage [47], but
this requires further verification. Cerebral microbleeds are associated with small
vessel disease in numerous cerebral and cerebrovascular conditions such as
Alzheimer’s disease, TIA/infarction and hypertension, the underlying mechanism
being microvasculopathy rather than haemorrhage [48].

Intracranial Infectious Aneurysms

Infectious aneurysm, also termed mycotic aneurysms, are rare complications of IE
reported in 2—4 % of patients in studies based on detection in IE patients with neu-
rological symptoms [49, 50]. Higher numbers are seen in MRI-based studies
including angiographic sequences [30]. Out of all intracranial aneurysms, infec-
tious aneurysms represent 0.7-6 %, and 80 % of intracranial infectious aneurysms
are seen in the context of IE [51]. Intracranial infectious aneurysms are most com-
monly located in the distal branch points of the middle cerebral artery, while con-
genital aneurysms tend to be central [51, 52]. Infectious aneurysms arise from
either septic microemboli to the vasa vasorum or bacterial escape from a septic
embolus to the intraluminal arterial space, resulting in destruction of the vessel
wall. Infectious aneurysms are actually pseudo-aneurysms in a pathological defini-
tion due to the involvement of the muscular arterial wall layer. Infectious aneu-
rysms are thin-walled and friable, typically fusiform with a wide or absent neck,
and are feared to exhibit a high tendency to rupture and haemorrhage. On the other
hand, it is well known that these aneurysms may resolve with antibiotic therapy as
documented in several case series [50, 53]. Consequently, when silent aneurysms
are taken into account, the risk profile for rupture is less evident but probably
smaller than when only symptomatic aneurysms are studied. The risk of late rup-
ture after a completed full course of antibiotics for IE is low but still exists [54].
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Diagnosis of intracranial infectious aneurysms is based on imaging by CT and/or
MRI including angiographic sequences but conventional angiography can some-
times be needed and is always performed in endovascular treatment. Further tech-
nical development as well as availability and local expertise will influence the
diagnostic algorithm in different centres.

Additional to rupture, which is the main risk and consequence of intracranial
infectious aneurysms, these can cause minor focal deficits in combination with
systemic infection related symptoms [1]. Severe headache in an IE patient can
indicate the presence of an infectious aneurysm, and local expansion from an
infectious aneurysm can cause cranial nerve palsy such as ophthalmoparesis, but
these symptoms are unspecific, and an uncontrolled comparison showed no signifi-
cant differences in neurological symptoms to distinguish patents who developed
aneurysms [54]. However, the clinical presentation of an infectious aneurysm is
related to rupture in 80 % of patients [51, 52]. Symptoms constitutes severe head-
aches with sudden onset, visual loss, seizures, impaired consciousness, hemipare-
sis or other focal neurological deficits related to subarachnoidal or intraparenchymal
haemorrhage. Intraparenchymal haemorrhage is relatively more common after
rupture of infectious aneurysms compared to after rupture of congenital intracra-
nial aneurysm. Intracranial infectious aneurysms can also cause intraventricular
haemorrhage.

The size of the infectious aneurysm does not reliably predict potential to rupture
but can be used to guide treatment in unruptured aneurysms as described in one
recent review, suggesting the use of antibiotics and serial imaging for stable, small
(<10 mm) unruptured aneurysms and endovascular treatment for large, enlarging,
or symptomatic unruptured aneurysms [50]. This recommendation has also been
adopted in international endocarditis guidelines [55], but controversy remains and
physicians will increasingly encounter this problem as improved imaging tech-
niques visualize more asymptomatic unruptured aneurysms. If early cardiac sur-
gery is required in patients with known intracranial aneurysms, preoperative
endovascular intervention must be considered and is preferred to surgical intracra-
nial intervention. Treatment of ruptured intracranial aneurysms requires immediate
surgical or endovascular intervention, the choice of which depending on a large
variation of factors not possible to cover algorithmically. Ruptured intracranial
aneurysms with large intraparenchymal hematomas or those requiring occlusion of
an artery supplying an eloquent territory should be treated with open microsurgery,
the former to allow concomitant clot evacuation [51]. Surgical clipping can also be
preferred in young, symptomatic patients without significant comorbidity who
exhibit large and accessible aneurysms. In contemporary reviews endovascular
techniques are favoured in a majority of patients but no specified endovascular
approach (balloon occlusion, embolization, stent therapy) is shown to be superior
[51]. The risks of procedure related complications and postoperative intracranial
infections seem to be low. Given the heterogeneity of published studies, mostly
case series or reviews [50-53], these conclusions are based low level evidence
(Fig. 12.1a, b).
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Fig. 12.1 Intracerebral haemorrhage and infectious aneurysm. 70-year-old man presenting with
high fever and confusion but no focal signs or murmur. Initial CT scan shows ischaemic infarction
that on day 6 has developed a haemorrhagic component. MRI shows a temporal infection with
blood and a suspicion of infectious aneurysm (a) though the concomitant MRI angiography does
not include the specific area. A conventional angiography verifies an intracranial infectious aneu-
rysm on the left arteria cerebri media (b). The aneurysm is embolised in the same section

Meningitis

The incidence of meningitis in IE varies from 1 to 16 % in different studies and is,
when it occurs, an early clinical manifestation of IE [19]. The detected rate of men-
ingitis in different studies depends on the frequency of lumbar punctures performed
in the specific study setting. The availability of non-invasive brain imaging methods
have reduced this proportion, since meningism seldom is the only neurological
symptom presented [19, 56]. This is illustrated by two studies including patients
from different time periods by Pruitt et al., the first with IE patients from 1964 to
1973 when 85% of the patients with neurological symptoms underwent lumbar
puncture, the second with patients from 1988 to 1992, where the corresponding
figure was 43 %. In the first study, the incidence of CSF anomalies indicative of
meningitis was 16 % of all IE cases, in the second it was 4 % [1, 57].

Different types of IE associated meningitis are recognized, the most prevailing
characterized by negative cerebrospinal fluid (CSF) culture and a relatively mild
pleocytosis, thought to be caused by emboli to the brain or meninges from a primary
cardiac focus without establishing bacterial growth in the CNS [2, 19, 28]. Culture-
positive meningitis is more seldom seen in IE patients but has worse prognostic
significance. Bacterial meningitis was caused (or complicated) by underlying IE in
2% (24 patients) of 1025 meningitis identified from a nationwide cohort study of
adults with community-acquired bacterial meningitis in the Netherlands performed
from 2006 to 2012 [58]. Pneumococci and S. aureus were the most prevalent bacteria
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and the Osler triad (meningism endocarditis, pneumonia caused by pneumococci)
was seen in five patients. While underlying endocarditis is uncommon in pneumo-
coccal meningitis, the growth of S. aureus from CSF warrants a prompt and thor-
ough diagnostic work up for IE, repeatedly performed if initial echocardiography is
negative [5]. IE patients with meningitis as a concomitant finding with ischaemic
cerebral lesions or with IE related meningitis carry a worse prognosis compared to
patients without meningitis respectively compared to patients with meningitis with-
out underlying IE [34, 58].

Brain Abscess

Bacterial brain abscesses are rare complications of endocarditis affecting 0.5-7 %
of IE patients with the higher figure seen in IE patients admitted to intensive care [1,
5, 28], but in most studies regarding neurological or embolic complications in IE no
brain abscesses at all are reported. Small multiple abscesses are more commonly
detected than a single large abscess, which only occasionally is caused by underly-
ing endocarditis. Silent brain microabscesses have also been found in studies where
systematic MRI of the brain was performed, but in none of the patients as a single
finding [21, 59]. Brain abscesses are defined as focal infection within the paren-
chyma starting in a localized area of cerebritis subsequently transformed to an
encapsulated collection of pus. Presenting symptoms depend on stage, localization
and size of the lesion. Brain abscesses can be detected by contrast enhanced CT
scan with the typical finding of a hypodense lesion with a contrast-enhancing ring.
MRI is a more sensitive modality for small lesions and to differentiate abscesses
from necrotic neoplasms [60]. Treatment for brain abscesses in IE patients is usu-
ally conservative with antibiotics, the multifocal nature making surgical resection
less feasible although it may be necessary in individual cases.

Silent Cerebral Embolism

Silent cerebral embolism is reported in 71 % of neurologically asymptomatic IE
patients systematically investigated by brain MRI [21] and concomitant asymptom-
atic and symptomatic lesions are common [20, 29, 30]. Acute ischaemic lesions and
cerebral microbleeds (if gradient echo T2-weighted MRI sequences are included in
the study protocol) are most frequent but subarachnoidal and intracerebral bleeding,
microabscesses and intracranial infectious aneurysm also appear. When systematic
lumbar puncture is performed in IE patients, a high degree of CSF abnormalities
indicating aseptic meningitis as well as parenchymal brain damage detected by spe-
cific markers are seen in both asymptomatic and neurologically symptomatic IE
patients. Studies including IE patients with isolated MRI findings do not include
a systematically investigated control group and only in one study a follow up MRI
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was performed [20] thus making over-diagnosis of IE related cerebral lesions a pos-
sibility. However, the commonly accepted principle of silent cerebral complications
occurring in IE is substantiated as well as the additive information this provides in
clinical decision making [61]. Evidence that detection of silent complications
improve patient outcome is, however, still lacking.

Risk Factors for Neurological Complications

Several factors associated with a higher occurrence of neurological complications
have been identified but the most consistent finding is that S. aureus IE carry a
higher risk than IE from other aetiology, both correlating to overall incidence of
neurological complications before and during IE therapy [14] and as an indicator of
persistent embolic risk after insertion of antibiotic therapy [13]. Reservations must
be made for less common IE pathogens such as candida and non-viridians strepto-
cocci [12], where case reports and clinical experience also indicate high embolic
risk but incidence not is reported separately in larger studies. The presence and size
of valvular vegetations is also associated to risk of CNS complications and embolic
events to other organs and plays a key role in predicating new embolic events [6, 9,
62]. Vegetation mobility is investigator dependent but has been shown to be an inde-
pendent indicator of embolic risk in several setting [9, 12, 31]. Vegetation on the
mitral valve also carries a higher tendency to embolize in some studies although this
is a less uniform finding [63]. A previous embolic event is a risk factor for a new
embolic event and is used in surgical algorithms as a factor favouring early surgery.
High CRP levels as well as younger age may correlate to embolic risk but is prob-
ably a surrogate marker of the high embolic risk in S. aureus IE [10]. Other labora-
tory findings may be associated with enhanced embolic tendency in IE patients but
play little or no role in the practical IE management today.

While a prospective randomised study has ruled out the role of initiating anti-
platelet therapy to reduce the risk of embolic events in IE [64], the effect of on-
going antiplatelet therapy on incidence of embolic and neurological events in IE
patients is debated. Some retrospective studies indicate a lower embolic occurrence
of embolic events in patients already on aspirin when IE is diagnosed or a lower
likelihood of vegetation formation in patients with cardiovascular implantable elec-
tronic device infections [65, 66]. Other relatively large studies with a prospective
inclusion of patients but a retrospective analysis of antiplatelet effect on embolic
tendency cannot reproduce these findings [4, 67]. From what we know today, anti-
platelet therapy does not play a role in the development and management of IE but
a more specific interaction between S. aureus and aspirin is plausible based on clini-
cal and experimental studies [68, 69]. Regarding on-going oral anticoagulants of
warfarin-type when IE is diagnosed, two cohort studies have found a lower risk of
ischaemic infarctions in anticoagulated patients compared to non-anticoagulated
patients [44, 45] but this has not been reproduced and the main concern is still the
increased individual risk of cerebral haemorrhage seen in warfarin-treated patients
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with S. aureus IE in other studies [5, 41, 42]. Oral anticoagulation in septic patients
is difficult to manage and supratherapeutic levels of International Normalized Ratio
(INR) risks increasing serious cerebral bleeding, even though this has been difficult
to verify in specific studies [42]. No experience of novel direct acting anticoagulants
in IE patients with neurological complications has been published so far.

Reflecting optimal patient management, an important distinction is between
variables associated with a high number of neurological complications in IE patients
and risk factors that are possible to influence. The two areas where individual patient
care is paramount is the time to institution of adequate antibiotic therapy, i.e. diag-
nostic delay, since neurological risk decrease rapidly after antibiotics are started,
and a judicious decision regarding surgical removal of vegetations. This has to be
balanced to operative risk in the individual patient also taking previous embolic
events and coexisting cerebral lesions, vegetation characteristics, duration of antibi-
otic therapy and additional surgical indications or likelihood of progressive struc-
tural damage in the heart with predicted later need for surgery into account. A
prospective randomized trial from South Korea has influenced the level of evidence
but areas of controversy remain. In this study, 76 patients with large (>10 mm) veg-
etations and severe valvular regurgitation on the mitral or aortic valve but without
urgent indication for valve surgery were randomised to early (<48 h) surgery to
prevent embolism or treatment according to international guidelines [70]. The risk
of embolic events was reduced significantly from 21 % (all within 6 weeks of ran-
domisation) in the conventional treatment group (half including the CNS) to no
embolic events after randomization in the early surgery group. In-hospital and 6
month mortality was not influenced and the surgical rate in the conventional treat-
ment group was also high (77 %). Limitations of study applicability in other IE
populations include low surgical risk among study patients, few S. aureus IE, and
inclusion exclusively of patients with severe mitral or aortic valve regurgitation,
thus making extrapolation to patients with large vegetations as sole surgical indica-
tion hypothetical

Prognosis in IE with Neurological Complications

The occurrence of symptomatic neurological complications is associated with a
higher case fatality rate in most studies (Table 12.1) while asymptomatic lesions are
considered not to influence prognosis based on a prospective studies although not
uniformly found [3, 29, 71]. Conclusions regarding prognostic importance of neu-
rological events are biased by several factors influencing outcome in IE, such as S.
aureus aetiology, age, comorbidity and referral bias, but in spite of these reserva-
tions an increased mortality in IE patients suffering symptomatic neurological com-
plications is credible. In one study where 44 patients with native valve IE had a
symptomatic ischaemic infarctions verified by CT or MRI, 9 patients (20 %) died
during index hospitalization, 8 (18 %) had major sequelae (hemiparesis, aphasia)
and 11 (25 %) minor sequelae (minor weakness, dysphasia, cognitive impairment)
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at hospital discharge [45]. Studies on neurological recovery in IE patients are scarce
but in surgically treated IE patients, 30 % having neurological complications prior
to cardiac surgery, in-hospital mortality was 17 % in patients with preoperative cere-
bral while 54 % of patients achieved full neurological recovery. A worse prognosis
was seen in patients with large cerebral infarctions and patients with multiple types
of neurological complications. Stroke in IE patients is considered to have a favour-
able prognosis as compared with stroke resulting from other causes [34].

Management

Several aspects on the management of IE patients with symptomatic and asymptom-
atic neurological complications are not studied, or even possible to study, in a unob-
jectionable way and recommendations are in general based on low level evidence
though some prospective randomised studies have been performed in this area [64,
72]. The main issues are how to reduce the risk of neurological complications, how
to diagnose and handle established complications and how to manage associated
medical and surgical questions such as the need for cardiac surgery and on-going
anticoagulant therapy. The question regarding how to minimize the risk of neuro-
logical complications is addressed above in the risk factor section and is shortly
summarized as early detection and institution of antibiotic therapy and cardiac sur-
gery in selected patients, the latter based on assumed risk for new embolic events,
surgical risk and presence of concomitant surgical indications. The diagnostic pos-
sibilities include clinical neurological examination, radiological investigation by
CT, MRI and occasionally conventional angiography and lumbar puncture to detect
pleocytosis, positive culture and the presence of brain damage markers in CSF. The
remaining issues regarding handling are addressed below.

Management of Established Neurological Complications

In ischaemic lesions no specific medical or endovascular intervention is indicated
apart from initiation or optimisation of antibiotic therapy. A prospective randomised
study has ruled out the role of initiating antiplatelet therapy in patients after IE diag-
nosis to reduce the risk of future embolic events [64]. On-going antiplatelet therapy
should only be interrupted in the presence of major bleeding but is elsewise contin-
ued. Though not shown in a prospective randomised study, IE per se is not an indi-
cation to start anticoagulation. The effectiveness of anticoagulation to prevent
cerebral embolism is documented in patients with mechanical valve prosthesis and
atrial fibrillation but not in the initial IE phase when embolic risk is high but quickly
reduced by antibiotic induced infection control. Anticoagulation in IE patients have
the same indications as in other patients but regarding on-going anticoagulation in
IE patients with neurological complications special considerations must be made.
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In ischaemic stroke without haemorrhage, replacement of oral anticoagulant ther-
apy by unfractionated or low-molecular heparin for 1-2 weeks should be considered
to get a more controllable situation. In the absence of stroke, replacement of oral
anticoagulant therapy should also be considered in S. aureus IE [55]. Only single
reports regarding IE in patients using the new direct acting oral anticoagulants have
been published [73] and so far nothing is known about specific risks related to neu-
rological complications in these patients.

Thrombolysis is contraindicated in IE patients due to increased intracranial
haemorrhage risk but since large trials of thrombolytic therapy of acute ischemic
stroke excluded patients with septic embolization this is based on risk assumption.
Published systematic reviews do not address the role of thrombolytic therapy in the
setting of septic embolization to the brain such as in infective endocarditis [74]. The
haemorrhagic risk is documented in published case reports [75-78] although throm-
bolysis has been effective and safe in individual patients [78, 79]. However, since IE
diagnosis is not always obvious or considered at initial patient presentation [80] and
the standard of care in acute ischaemic stroke has become treatment with throm-
bolysis within 3-6 h of symptom onset, a subset of IE patients with ischaemic
infarctions will probably be treated with thrombolysis in the future despite the exist-
ing contraindication and thus more information will become available. An alterna-
tive to thrombolysis is mechanical thrombectomy with lower risk of complicating
intracerebral bleeding in a few published successful cases [81-84]. Although an
interventional approach for treatment of acute ischaemic stroke related to IE is a
promising option, it is controversial and a cautious clinical decision should be made
on a case-by-case basis (Fig. 12.2a—d).

Intracerebral haemorrhages of all types, possibly with the exception of small
silent haemorrhages found on MRI screening and ruptured intracranial infectious
aneurysms treated with endovascular methods and without large intraparenchymal
bleeding, contraindicate cardiac surgery for at least 4 weeks [33, 85, 86]. However,
shorter delay and successful outcome has been reported in one study when cerebral
hematoma is small (<1-2 cm) [86]. Underlying intracranial infectious aneurysms
should be looked for in IE patients with neurological symptoms and verified intra-
cerebral bleeding by use of non-invasive techniques such as CT or MRI angiogra-
phy, but if these investigations are negative and suspicion remains high conventional
four-vessel angiography should be considered. The handling of intracranial infec-
tious aneurysms is outlined in the section above. Ongoing anticoagulation must be
stopped and reversed in all cases of significant intracerebral bleeding regardless of
indication for anticoagulation, but the demand and tempo of reinstitution differ
according to anticoagulation indication. Some authors favour 10-14 days without
anticoagulation [87] but the decision is preferably made on an individual basis fol-
lowing a multidisciplinary discussion. Reinitiation of anticoagulation should be
started with unfractionated or low-molecular weight heparin.

Meningitis and cerebral abscesses in IE are treated with antibiotics according to
guidelines for both IE and CNS infections implicating the use of antibiotics with
good CNS penetration as well as documented IE effect, such as cephalosporins
or penicillins with good CNS penetration. Isoxazolyl-penicillins, i.e., cloxacillin,
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Fig. 12.2 Thrombectomy. 16 year old boy presenting with fever, headache, no initial murmur.
Sudden onset of right-sided hemiparesis. Acute CT shows early signs of lower left temporal isch-
aemic infarction (a). Four-vessel angiography shows proximal occlusion in the left arteria cerebri
media (b). Thrombectomy is performed (c). Follow up CT shows infarction without haemorrhagic
transformation (d). Underlying S. aureus mitral valve endocarditis is confirmed by TEE
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should not be used as long as significant intracerebral infections remain, due to high
serum albumin binding and low CNS penetration [88]. In large cerebral abscesses,
drainage may be necessary and oedema surrounding an abscess frequently moti-
vates the addition of steroids. Surgical decisions can typically be taken regardless of
coexisting meningitis or small abscesses while large abscesses needing neurosurgi-
cal intervention may influence surgical timing on an individual basis.

Surgical Considerations

Successful management of IE requires a combined medical and surgical approach
in 30-60 % of patients. The safety of cardiac surgery and cardiopulmonary bypass
in patients with acute CNS complications is, however, unclear and highly individu-
alized due to type of IE and neurological complication, comorbidity, timing and
local expertise among other factors. Neurological deficits can exacerbate due to
heparinization and subsequent haemorrhagic conversion, while hypotension during
surgery and anaesthesia might worsen cerebral ischemia and increase parenchymal
damage. No large prospective studies have directly assessed whether and when to
undertake valve repair in IE patients, though one prospective study has addressed
the question of early surgery with vegectomy within 48 h to prevent embolism in IE
patients with large vegetations and severe mitral or aortic valve regurgitation [72].
Propensity score analyses and other statistical modifications have been used to com-
pensate for methodological flaws in different study populations, and a relatively
uniform approach to surgical indications is seen in international guidelines [55, 70],
but issues regarding timing in the setting of preoperative cerebral complications add
a further angle to the problem.

The risk of neurological deterioration when cardiac surgery is performed after a
silent cerebral emboli without haemorrhagic components or a TIA is considered low
although not uniformly so [3, 29, 71] and surgery should proceed without delay if
indication remains. After a clinically relevant ischaemic stroke, recent guidelines
based recommendation is not to postpone urgently indicated cardiac surgery for heart
failure, uncontrolled infection, abscess or persistent high embolic risk unless neuro-
logical symptoms are severe (i.e., coma) as long as cerebral haemorrhage has been
excluded by cranial CT or MRI. If urgent surgery is not necessary praxis is to wait 1
week or more after an ischemic stroke, since several studies indicate worse in-hospital
outcome in patients with preceding ischaemic lesions undergoing cardiac surgery for
IE, which must be balanced to short- and long-term beneficial effects from early sur-
gery seen in many, but not all, patients [33, 89]. Some authors have suggested correlat-
ing the size of the cerebral infarction to timing of surgery but this has not been done
in most studies [90]. Following intracranial haemorrhage surgery should in general be
delayed for 1 month or more as outlined above. Recommendations are not based on
high level evidence but are balanced conclusions drawn from observational studies
and meta-analyses [34, 86, 89-91] and will probably be subject to modifications as
more information and advanced treatment options become available.
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Chapter 13
Prosthetic Valve Endocarditis

Sylvestre Marechaux and Christophe Tribouilloy

Introduction

Although relatively rare (1-6 % of patients with valve prosthesis), infective endo-
carditis (IE) is a severe complication of valve replacement [1]. All types of valve
prostheses can be involved, including bioprosthesis, mechanical prosthesis, homo-
grafts and xenografts or transcatheter aortic valve replacement (TAVR). The diag-
nosis and management of prosthetic valve infective endocarditis (PVE) are more
challenging than in the case of native valve IE. The prognosis of PVE remains
poorer than that of native valve IE despite improvements in surgical and medical
management [1].

Epidemiology

Prosthetic valve endocarditis has been reported to occur with an incidence of 0.3—
1.2 % per patient-year [2, 3]. It accounts for around 20 % of all cases of IE in recent
reports [4, 5]. The early PVE (<2 months) rate was 14 % in the multicentre ICE
study [5] and 22% (<1 year) in a French report [4]. Risk factors for PVE are
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advanced age, multivalvular interventions, and a history of IE responsible for pros-
thetic valve replacement [6].

Both mechanical and bioprosthetic valves can be involved by the infection, with
similar 5-year infection rates (5.7 %). However, mechanical prosthetic valves seem
to be at higher risk of infection during the first 3 months [7]. The risk of IE seems to
be slightly higher for aortic valves compared to mitral valves. The IE rate after
TAVR was 1.5 % at 2-year follow-up in the PARTNER registry and has been reported
to be 3.4% at 1 year [8]. In a recent multicentre registry, IE occurred in 29 out of
2579 patients (1.13 %) after TAVR [9]. The incidence of TAVR-related PVE was
1.1% (23 out of 2133 patients), 1.98 % (6 out of 303 patents) after transfemoral and
transapical TAVR, respectively, and 1.93 % (23 out of 1191 patients) and 0.45 % (6
out of 1343 patients) after balloon-expandable and self-expandable TAVR implanta-
tion, respectively. TAVR-PVE was diagnosed as early-onset in 28 % of cases, inter-
mediate-onset in 52 % of cases and late-onset in 20 % of cases, resulting in a higher
incidence within the first 12 months after TAVR (80 %) and lower rates of late-onset
PVE (20 %) in contrast with surgical prosthetic valve endocarditis [9, 10]. In another
multicentre registry, the incidence of IE 1 year after TAVR was 0.50 % and orotra-
cheal intubation (hazard ratio: 3.9; P=0.004) and the self-expandable CoreValve
system (hazard ratio: 3.12; P=0.007) were independently associated with IE [11].

The Bentall procedure seems to be at higher risk of IE compared to conservative
procedures such as the David procedure [12, 13]. IE after mitral valve repair is rare
(1.5% at 20-year follow-up) [14]. IE after Mitraclip procedure also seems to be
uncommon [15, 16].

Microbiology

Classically, the interval between the diagnosis of PVE and cardiac surgery is used
to differentiate early PVE (<2 months), intermediate PVE between 2 months and 1
year, and late PVE (>1 year). Because of significant differences between the micro-
biology of PVE observed within 1 year of operation and later, the cut-off between
early/intermediate and late PVE could be 1 year [17].

Staphylococcal infection is the most common form of PVE; Staphylococcus
aureus is the most common causative microorganism, closely followed by coagulase-
negative staphylococci, especially in the context of healthcare-related infection.
Staphylococci (frequently methicillin-resistant), fungi, and gram-negative bacilli
are the main causes of early/intermediate PVE, suggesting perioperative nosoco-
mial infection or infection related to greater exposure to healthcare contact during a
period when the prosthetic valve is not completely endothelialized [5]. One half of
all cases of coagulase-negative staphylococcal IE (16 % of all cases of PVE) occurs
during the 2 months to one year postoperative period and are associated with a high
rate of intracardiac abscess and mortality [18, 19]. Culture results can remain nega-
tive during the first 2 months in almost 17 % of cases [5]. Blood culture-negative
early PVE is due to specific aetiologies, as fungi are the most common pathogens
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identified in blood culture-negative early PVE (16 %) [20], while Candida spp. and
Histoplasma capsulatum are the species most frequently isolated. The microbiology
of late PVE more closely resembles that of native valve IE. Staphylococci, oral
streptococci, Streptococcus bovis, and enterococci are the most common organisms
most likely related to community-acquired infections. Enterococcus-PVE is associ-
ated with a high risk of recurrence when managed conservatively [21]. Culture
results are negative in approximately 10 % of cases of late PVE.

According to a recent multicentre study, the most common causes of PVE after
TAVR were staphylococci (31 %), enterococci (21 %) and streptococci (14 %) [9].
Staphylococcus aureus and coagulase-negative staphylococci were the most preva-
lent organisms (50 %) in the early-onset group. Staphylococcal, enterococcal, and
nonviridans streptococcal species each accounted for 20 % of intermediate-onset
IE. Staphylococci (33 %) and enterococci (33 %) were the most common causes of
late PVE.

Pathophysiology

Circulating microorganisms responsible for PVE colonise thrombotic material
encountered on or around the prosthesis. Because microorganisms cannot adhere to
the leaflets of mechanical prosthetic valves provided they are free of thrombotic
material [2], the pathogenesis of mechanical PVE involved a periannular site with
frequent abscess formation. Conversely, infection is more frequently located on the
leaflets in bioprosthetic PVE, leading to cusp rupture, perforation, and vegetations.
In early PVE, the infection usually involves the junction between the sewing ring
and the annulus, leading to perivalvular abscess, dehiscence, pseudoaneurysms, and
fistula regardless of the type of prosthesis (bioprosthesis or mechanical prosthesis)
[2,7,22]. Early PVE (< postoperative 6 months) and aortic valve involvement were
both associated with an increased risk of periannular complications, with a 17 %
risk of LV-aorta fistula in the case of aortic PVE in the retrospective ICE cohort
[23]. The risk of fistula is twofold higher in patients with PVE compared to patients
with native valve IE (1.8 % vs 3.5 %). Perivalvular abscess was diagnosed by either
echocardiography or surgery in 35 % of patients with PVE [4].

Diagnosis
Clinical Presentation

Early PVE often presents clinically with fever or inflammatory syndrome, which
are nonspecific during the early postoperative period. Similarly, fever is the main
clinical sign in late PVE. Unexplained fever in a patient with a cardiac device
should raise the suspicion of infective endocarditis. Heart failure may be present in
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30 % of patients with PVE, similar to the rate observed in native valve IE [4, 5].
However, despite a similar frequency of embolic events, the frequency of cerebro-
vascular haemorrhage is higher in patients with PVE compared to patients with
native valve IE, probably due to the need for anticoagulation with mechanical
prostheses.

Echocardiography

As for native valve IE, echocardiography remains the cornerstone of (1) the positive
diagnosis of PVE and its complication; (2) the decision—-making process; and (3)
the follow-up of patients with PVE. The diagnosis of endocarditis is more difficult
in the presence of a prosthetic valve compared to a native valve due to reverbera-
tions and high reflectance leading to shadowing behind the prosthesis.
Transoesophageal echocardiography is mandatory for the assessment of PVE,
because of its better sensitivity and specificity for the detection of vegetations and
abscesses. Perivalvular lesions are more frequent than vegetations in patients with
PVE. Perivalvular abscesses are frequently observed at the aortic annulus with ini-
tially echo-free parietal thickening with no circulating flow on colour Doppler
imaging (Fig. 13.1a, b, Video 13.1) then usually progressing to pseudoaneurysms
with circulating flow on colour Doppler imaging (Fig. 13.2a—c, Video 13.2) or into
fistula (Fig. 13.3, Video 13.3). In addition, these abnormalities are frequently
responsible for de novo regurgitation which is a major Duke criterion of IE. It is
frequently difficult to assess the site of these regurgitations compared with the post-
operative echocardiogram. These regurgitations may be either intraprosthetic or
periprosthetic. Quantification of regurgitation must be based on a multiparametric
approach, as recommended by current guidelines. The combination of TTE and
TEE provides the most complete assessment of the prosthesis, by using all available
windows to establish the diagnosis, as vegetations can be easily obscured in the case
of PVE. TEE allows better visualization of the atrial surface of mitral valve prosthe-
ses; TTE allows better visualization of the anterior surface, while TEE allows better
visualization of the posterior portion of the aortic annulus and the aorta. Three
dimensional real-time TEE combined with Doppler colour imaging (Fig. 13.4a—f,
Video 13.4) allows assessment of the entire circumference of mitral valve prosthe-
ses to facilitate the detection of periprosthetic regurgitation or lesions. In addition,
small vegetations can be missed even with TEE. Suture material can be confused
with small vegetations and may be responsible for false-positive findings. In addi-
tion, the distinction between vegetations and thrombus is nearly impossible using
echocardiography. Abscess may be difficult to diagnose by echocardiography in the
presence of PVE with small abscesses, at the early phase of aortic abscesses pre-
senting only thickening of the aortic root, and after a Bentall procedure.
Consequently, although TEE provides more reliable imaging than TTE in both PVE
and native valve IE, the combined value of TTE and TEE is lower in PVE than in
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Fig. 13.1 Posterior perivalvular abscess of the aortic annulus (aortic bioprosthesis) without circu-
lating flow using colour Doppler imaging (transoesophageal orthogonal short and long axis views
(a) and Video 13.1) and colour Doppler imaging (b))

native valve IE [24]. TTE and TEE may initially give false-negative results in the
presence of true PVE and must be repeated in the case of a high level of clinical
suspicion. In a recent multicentre registry of TAVR-related PVE, vegetations were
present in 77 % of patients (transcatheter valve leaflets: 39 %; stent frame: 17 %;
mitral valve: 21 %) [11]. The Duke criteria have been shown to be less helpful in
prosthetic valve endocarditis because of their lower sensitivity in this setting
[25-27].
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Fig. 13.2 Circumferential perivalvular (aortic bioprosthesis) circulating abcess of the aortic annu-
lus (a, apical long axis view, short axis view with (b and Video 13.2) and without (¢) Doppler
colour flow mapping)

Fig. 13.3 Circumferential
perivalvular (aortic
bioprosthesis) circulating
abcess of the aortic
annulus with aorto-
pulmonary fistula (Video
13.3)
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Fig. 13.4 Paraprosthetic severe mitral regurgitation with prosthetic dehiscence in a patient with
staphylococcal endocarditis 10 months after mitral valve replacement. Real time TEE with and
without Doppler colour flow mapping allows the accurate identification of perivalvular lesions.
(a): 70° long mid-oesophageal view, (b): continuous Doppler waveform of the regurgitant jet, (c):
Saint Jude prosthesis in diastole and (d): systole, (e) and (f): extent of the regurgitant jet by 3D
Doppler colour flow mapping (Video 13.4)

Other Imaging Modalities

The use of ®F-fluorodeoxyglucose (*F-FDG) PET-CT allows the detection of
enhanced glucose metabolism within organs. Although classically used for diagnosis
and staging of cancer, '®F-FDG PET-CT has been shown to be useful for the diagnosis
and monitoring of inflammatory and infectious conditions. Several reports, mostly
concerning PVE, have shown important results of 8F-FDG PET-CT imaging in IE
[28-30]. Abnormal FDG uptake around a prosthetic valve constitutes a new major
criterion in the 2015 version of ESC guidelines that increases the sensitivity of modi-
fied Duke criteria at admission from 70 to 97 % [31-33]. In addition, whole-body
imaging is also useful to detect emboli, metastatic infections and primary tumours.
However, ¥F-FDG PET-CT presents a number of limitations. Issues such as the limit
of detection of small oscillating vegetations in the presence of high glucose metabo-
lism and heart muscle movements, timing of '®F-FDG PET-CT in relation to the start
of antibiotic therapy, and the reliability of '8F-FDG PET-CT in slowly evolving infec-
tions and poorly controlled diabetic patients have not been clarified. Due to the high
glucose metabolism in brain tissue, 8F-FDG PET-CT is less suitable for detection of
infectious embolic events in the brain. Lastly, caution must be exercised when inter-
preting 8F-FDG PET-CT in patients who have recently undergone cardiac surgery, as
false-positive results may be observed during the postoperative period. Consequently,
patients in whom cardiac surgery had been performed during the previous 1 month
were not included in the major reports on the value of 8F-FDG PET-CT in PVE [31].
Figure 13.5 illustrates the case of a patient with intermittent fever and skin lesions of
vasculitis 6 months after bioprosthetic aortic valve replacement. Despite 3 normal
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Fig. 13.5 18F-FDG PET-CT in a patient with suspected PVE 6 months after aortic valve replace-
ment by a bioprosthesis. An abnormal FDG uptake around a prosthetic valve was found (SUV max
11.2). Blood cultures were positive at Propionebacterium acnes and the final diagnosis of endocar-
ditis was retained despite normal TEE

TEE examinations performed at 10-day intervals, blood cultures revealed the pres-
ence of Propionibacterium acnes, leading to a diagnosis of infective endocarditis.
Early ®F-FDG PET-CT was positive (Fig. 13.5).

Fagman et al. recently investigated the role of ECG-gated 64-slice CT in the
diagnosis of aortic prosthetic valve IE [33]. Low-dose CT performed in the context
of BF-FDG PET is neither electrocardiogram-gated nor contrast-enhanced, and
therefore unable to detect vegetations. In a series of 27 patients, these authors
showed that the strength of agreement between ECG-gated CT and TEE was good
for abscess and dehiscence, and moderate for vegetations. In comparison with intra-
operative findings, CT detected three additional valvular pseudoaneurysms that
were not detected by TEE. In two of these cases, the pseudoaneurysm was located
close to the right coronary cusp, a location that is difficult to investigate by TEE. In
a recent report, CT resulted in a major diagnostic change in 21 % of patients with
suspected PVE compared with TTE and TEE, also mainly driven by the novel
detection of valvular pseudoaneurysms by CT [34]. Importantly, CT offers the pos-
sibility to rapidly image not only the heart and other organs but also to identify both
cardiac lesions and extracardiac complications, such as embolic events, infectious
aneurysms, haemorrhages and septic metastases. In addition, CT can allow preop-
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ESC 2015 modified diagnostic criteria
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Fig. 13.6 Algorithm of evaluation of patients with suspected prosthetic valve endocarditis (PVE)
using PET/CT or leucocytes labeled SPECT/CT (From Authors/Task Force [32]. With permission
of Oxford University Press)

erative anatomical assessment of the coronary bed [35]. The main limitation of
widespread use of this technique in comparison with '8F-FDG PET-CT is that con-
trast agents may be harmful in frail patients with renal failure or haemodynamic
instability because of the risk of worsening renal impairment in combination with
antibiotic nephrotoxicity. In some cases, the indications for CT scan may be limited
to the brain and its arteries. Specific guidelines are needed to clearly define the
appropriate situations in which this modality should be used. Interestingly, it has
been suggested that fusion of CT angiography and "®F-FDG-PET may refine the
diagnostic value of each of these diagnostic tools in the setting of PVE [36].

The results of leukocyte SPECT/CT in IE patients are discordant, but few case
reports have shown SPECT/CT to be helpful in patients with PVE [37]. Leukocyte
SPECT/CT is more specific for the detection of infectious foci than F-FDG
PET-CT, but also much more time-consuming. Moreover, *F-FDG PET-CT seems
to have a better spatial resolution and photon detection efficiency.

Figure 13.6 presents the algorithm for assessment of patients with suspected
PVE, taking into account both classical modified Duke criteria and "F-FDG
PET-CT/leucocytes labeled SPECT/CT and CT findings [32].

Prognosis

The prognosis of PVE remains poor with an in-hospital mortality of 20-25 %, and a
higher mortality than in case of native valve IE [4, 5]. Early PVE is classically associ-
ated with a very high mortality rate (40 to 75 %). However, in the recent ICE study,
in-hospital mortality was higher during the intermediate period (>2 months) than at
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the early period (<2 months, 23 vs 47 %) [5]. A major factor associated with in-hos-
pital mortality is Staphylococcus aureus infection [38], as the in-hospital mortality
rate was particularly high (36 %) in the case of Staphylococcus aureus, followed by
coagulase-negative Staphylococcus spp. (24 %) and oral streptococci (9 %) [18]. In a
series of 122 cases of PVE, the 4-month mortality rate was 34 %, and S. aureus was
identified as the main predictor of death (75 % vs 15 % with other pathogens) [39].

Complications of PVE are clearly associated with a higher mortality rate [40,
41]. In the landmark report by Calderwood et al. [40], a 23 % mortality rate was
reported in the presence of PVE. Patients with complicated prosthetic valve endo-
carditis (new or changing heart murmur, new or worsening heart failure, new or
progressive cardiac conduction abnormalities, or prolonged fever during therapy)
had a higher mortality than patients with uncomplicated infection (Odds Ratio: 6.4,
p=0.0009) [40]. In 104 patients with PVE, severe heart failure (Odds Ratio 5.5) and
S. aureus infection (Odds Ratio: 6.1) were the only independent predictors of in-
hospital death, which occurred in 22 (21 %) patients [42]. In the ICE report, factors
associated with in-hospital mortality were advanced age, healthcare—associated
infection, severe comorbidity, persistent bacteraemia, septic shock, intravascular
device source, congestive heart failure, renal failure, mediastinitis and intracardiac
abscess [5]. These results therefore suggest that a subset of patients with PVE, i.e.
patients with staphylococcal PVE and patients with complicated PVE, should be
managed more aggressively.

Few studies have reported the medium-term and long-term outcome of patients
with PVE [43]. The 32-month mortality of patients who survived the in-hospital
period is high, around 25 %, and is associated with early PVE, comorbidities, severe
heart failure, Staphylococcus infection, and new prosthetic valve dehiscence [42].
However, four-year event-free survival in survivors to the active phase was not dif-
ferent between patients with early and late PVE in another report (74 % and 82 %,
respectively) [44]. Ten-year survival has been reported at 28 % in medically man-
aged patients compared with 58 % in surgically managed patients (p=0.04) [43]. It
is noteworthy that redo surgery for PVE is associated with an increased risk of mor-
tality compared to redo surgery for another cause (5-year survival 37 vs 63 % and
10-year survival 31 vs 56 %) [45]. Freedom from re-operation due to recurrent endo-
carditis at 10 years has been reported to be 86 % for early PVE compared to 92 % for
late PVE patients (p=0.17) [46]. A 5-year survival rate of 75% was reported in
complex prosthetic valve endocarditis (PVE) involving the aortic root in patients
undergoing root replacement based on the Cabrol or Bentall procedures [47].

PVE after TAVR appears to be associated with very high mortality, with a 62 %
mortality rate with a median follow-up of 393 days in a multicentre registry of IE
after TAVR. The only predictor of all-cause mortality in this report was the presence
of chronic kidney disease (hazard ratio: 3.7; 95% CI: 1.2-11.2; p=0.023) [9].
Complications of IE are frequent in these patients, the most frequent being heart
failure. However, most patients do not undergo valve intervention, resulting in high
in-hospital and 1-year follow-up mortality rates [11]. However, the results of a
another recent pooled analysis of data from the literature suggest that this condition
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is not inevitably fatal in these fragile patients and that aggressive treatment may be
justified by a 6-month survival of 60 % [48].

Treatment
Surgery

The indication for valve surgery in the case of PVE remains a subject of debate in
the absence of randomized controlled trials conducted in patients with PVE. In clin-
ical practice, surgery is performed more frequently in the case of PVE in younger
patients with intracardiac abscess, coagulase-negative Staphylococcus PVE, and
congestive heart failure [38]. After adjustment for these determinants, in-hospital
mortality was associated with brain embolization (OR: 11.12, 95 % CI: 4.16-29.73)
and Staphylococcus aureus infection (OR: 3.67, 95 % CI: 1.29-9.74), with a trend
toward a benefit of surgery (OR: 0.56, 95 % CI: 0.23—-1.36) in Wang’s report [38].

Some studies, limited by their small sample size and their single-centre design,
have reported a benefit of surgery in PVE. In addition, a selection bias in favour of
surgery is frequently observed, as some patients are denied surgery despite a surgi-
cal indication due to their comorbidities or the presence of septic shock [49]. In a
recent large multicentre study involving 1025 patients with PVE [50], which tried to
adjust for survival bias and timing of surgery, early valve replacement was not asso-
ciated with lower in-hospital and 1-year mortality compared with medical therapy
[50]. Similarly, in a prospective, multinational cohort of patients with Staphylococcal
aureus PVE, early valve surgery, defined as replacement of the infected prosthetic
valve within the first 60 days after admission for PVE, was not associated with
reduced 1-year mortality [S1]. In addition, a minimal follow-up of 188 days is
required to find an overall survival advantage of early surgery [52]. However, both
in-hospital and long-term mortality appeared to be reduced by a surgical approach
in high-risk subgroups of patients with staphylococcal PVE and complicated PVE
[42]. In contrast, a subset of medically treated patients characterized by age less
than 50 years, ASA score III, and without cardiac, central nervous system, or sys-
temic complications, could be cured without surgical intervention [32, 53]. It is
noteworthy that the decision to operate should be based on a consensus from a heart
team involving cardiologists, infectiologists and surgeons. In the absence of ran-
domized controlled trials, this decision depends on the presence of poor prognosis
factors described in PVE, including staphylococcal PVE and complicated PVE
(haemodynamic and embolic complications). Indications for surgery in cases of
PVE proposed by the 2015 ESC guidelines on prevention, diagnosis and treatment
of infective endocarditis are detailed in Table 13.1 [32] and more extensively in
Chap. 22 [32]. In summary, complicated PVE, staphylococcal PVE, and early PVE
are associated with a poorer prognosis, if treated without surgery, and must be man-
aged aggressively. Patients with non-complicated, non-staphylococcal late PVE can
be managed conservatively with close follow-up.
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Table 13.1 Indications and timing of surgery in PVE according to the 2015 ESC guidelines on
prevention, diagnosis and treatment of infective endocarditis

Indications for surgery Timing Class Level

1. Heart failure

Aortic or mitral PVE with severe acute regurgitation, | Emergency I B
obstruction or fistula causing refractory pulmonary

oedema or cardiogenic shock

Aortic or mitral PVE with severe acute regurgitation, | Urgent I B
obstruction or fistula causing symptoms of heart

failure or echocardiographic signs of poor

haemodynamic tolerance

2. Uncontrolled infection

Locally uncontrolled infection (abscess, false Urgent 1 B
aneurysm, fistula, enlarging vegetation)

Infection caused by fungi or multiresistant organisms | Urgent/Elective I C
Persisting positive blood cultures despite appropriate | Urgent ITa B

antibiotic therapy and adequate control of septic
metastatic foci

PVE caused by staphylococci or non-HACK Urgent/Elective Ila C
gram-negative bacteria (most cases of early PVE)

3. Prevention of embolism

Aortic or mitral PVE with persistant vegetations Urgent I B
>10 mm after one or more embolic episode despite
appropriate antibiotic therapy

Aortic or mitral PVE with isolated very large Urgent IIa B
vegetations (>30 mm)

Aortic or mitral PVE with isolated large vegetations | Urgent 1Ib C
(>15 mm) and no other indication for surgery

From Authors/Task Force et al. [32]. With permission of Oxford University Press

The surgical treatment of PVE remains a challenge [54] because of the complex-
ity of the operation, and because PVE is frequently associated with perivalvular
abscess [23]. The main objectives of surgery are to control infection by debride-
ment with removal of infected and necrotic tissue and reconstruction of cardiac
morphology including replacement of the prosthesis. The choice of the optimal
substitute after PVE remains controversial in this setting. In mitral PVE, prosthetic
valve replacement using either mechanical or biological prosthesis is usually per-
formed. In aortic PVE, homografts have been believed to be the best substitute,
particularly in the presence of aortic abscess [55-57]. However, some authors con-
sider that the benefit of homograft surgery is related more to the surgeon’s ability to
extirpate all infected tissues than to the type of valve used for replacement [54], as
Avierinos et al found that in-hospital mortality, ten-year survival and risk of recur-
rence were not influenced by the type of prosthesis implanted (homograft vs con-
ventional prosthesis) [58]. However, an advantage of homograft tissue is that it can
be potentially extended into the distal ascending and transverse aortic arch when
necessary [59].
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Ross procedure is usually not considered in the particular setting of PVE, although
it has already been used for the treatment of active endocarditis with extensive
involvement of the aortic root with encouraging results [60].

Medical Treatment

Recommendations for antimicrobial therapy do not differ from those of native IE
except for Staphylococcus aureus infections [32]. An oxacillin/cloxacillin, gentami-
cin and rifampin triple combination is commonly used, with more prolonged antibi-
otic therapy (particularly including gentamicin) than in native valve IE [32].
Vancomycin should be used in addition to rifampin and gentamicine methicillin-
resistant Staphylococcus aureus PVE. Daptomycin is used only in the presence of a
contraindication to vancomycin. This vancomycin — gentamicin — rifampin triple
combination should be used empirically in the case of negative blood cultures or
while waiting for blood culture results for “first year” PVE, because of the high
likelihood of methicillin-resistant Staphylococcus aureus. The treatment of fungal
endocarditis consists of valve replacement associated with intravenous amphoteri-
cin B and azole. In a very recent ICE report involving Candida IE patients, 46 % of
whom had PVE (32/70 patients), echinocandin-based therapy seemed to be as effec-
tive as amphotericin B-based therapy, although this preliminary report needs to be
confirmed [61]. For mechanical prostheses, vitamin K antagonists should be stopped
and replaced by heparin until the need for invasive procedures and neurological
complications appears unlikely [62].
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Chapter 14
Cardiac Device Related Endocarditis

Sana Arif, Larry M. Baddour, and M. Rizwan Sohail

Introduction

Indications for cardiac implantable electronic device (CIED) therapy have gradually
expanded [1], and consequently we are witnessing an increase in rate of cardiac
device implantation [2, 3]. However, epidemiologic studies suggest that the increase
in the rate of CIED related infections has outpaced the increase in implantation rate.
Data from the National Hospital Discharge Survey [4] show that between 1996 and
2003, there was a 49 % rise in the number of new cardiac devices being implanted in
the United States. While patient demographics remain unchanged, the number of
hospitalizations from CIED infections increased by 3.1-fold [4]. Similar findings
were noted in a study by Cabell et al. [5] on Medicare beneficiaries between 1990
and 1999. Trend analysis revealed that while the rate of CIED implantation increased
by 42 %, during the same time period the rate of device infections increased by 124 %
(from 0.94 to 2.11 cases per 1000 beneficiaries). It was also noted that the rate of
device infections was two-fold higher in the African American population in com-
parison to Caucasians [5]. The reasons for the rising rate of CIED infection, dispro-
portionate to implantation rate, are not completely understood. It may be partly due
to aging population and frequent comorbid conditions in the device recipients [6].
Moreover, as patients receiving device therapy are living longer, they are more likely
to undergo device exchanges or develop infections. Greater physician awareness and
increased availability of better imaging techniques to detect the underlying lead
infection may also contribute to higher rate of CIED infection diagnosis.
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Table 14.1 Risk factors for Host factors
cardiac implantable
electronic device (CIED)
infections

Oral anticoagulation use
Long term corticosteroid therapy
Fever within 24 h of implantation
Presence of a permanent central venous catheter (example
dialysis catheter)
Renal insufficiency or hemodialysis
Diabetes mellitus
Congestive heart failure
Malignancy or immunocompromised host status
Longer duration of CIED therapy
Male gender
History of prior CIED infection
Device factors
Presence of more than two electrode leads
Temporary pacing before permanent device placement
Recent device manipulation
History of multiple device-related procedures
Procedure related factors
No antibiotic prophylaxis before device implantation
Operator inexperience
Placement of device generator
Replacement or revision procedure

The estimated incidence rate of CIED infections varies from is~1-7 % [7-10].
Infections are more common during revision procedures than primary device
implantation [10]. CIED related infective endocarditis (CIED-IE) accounts for
approximately 10-23 % of all device infections [11, 12]. This wide variation in
estimates is primarily due to varying definitions used for CIED-IE in published lit-
erature and different rates of transesophageal echocardiography (TEE) to detect
CIED lead vegetation in various studies.

Risk Factors

Risk factors for device infection and CIED-IE can be broadly categorized into host-
related, device-related and procedure-related factors (Table 14.1). Several investiga-
tions have explored risk factors for CIED infection with varying results. The
Prospective Evaluation of Pacemaker Lead Endocarditis (PEOPLE) study was a
nationwide, multicenter prospective survey of the incidence and risks factors of
cardiac device-related infections in France. Overall, 6319 patients were enrolled at
44 medical centers and followed for a year. Forty-two patients developed device-
related infectious complications during the 12-month follow-up period. Early re-
intervention, for instance to evacuate a pocket hematoma or lead revision, was
found to be a leading risk factor for infection. The presence of fever 24 h prior to
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implantation was also associated with an increased risk for subsequent device infec-
tion. No significant difference was seen in the infection rate between single versus
dual chamber devices. Interestingly, patients who had a temporary pacing wire prior
to insertion of a permanent device were twice as likely to develop device infection
when compared to those who did not have a temporary pacing system. Pre-operative
antibiotics were shown to have a preventive role [8].

A review of Danish registry of 46,299 patients who underwent pacemaker implan-
tation reported 596 cases of infection. In this analysis, patients who underwent device
replacement procedures were at a higher risk for infection as compared to patients
with their initial pacemaker implantation. Additional risk factors, which were found
to be significant in multivariable analysis, were male sex, younger age of patient at
time of implantation (longer time living with a device), and absence of perioperative
antimicrobial prophylaxis. Dual chamber pacing mode, though significant in the uni-
variate analysis, was not statistically significant in the multivariate model [13].

A retrospective study which compared 93 patients with CIED-IE to 323 patients
with CIED pocket infection showed that patients with CIED-IE were more likely to
have been on chronic corticosteroid therapy, receiving chronic immunomodulator
therapy, were on hemodialysis or had a history of a remote infection [14]. In another
retrospective case—control study from Mayo Clinic, prolonged corticosteroid ther-
apy, presence of >2 pacing leads (>2 leads versus 2 leads) and lack of pre-operative
antibiotic prophylaxis were independent predictors of CIED infection in multivari-
able analysis [15].

Association of comorbid conditions with higher rate of CIED infection has been
demonstrated in multiple studies. In a retrospective, single center case—control
study, patients with device infections were more likely to be diabetic, had conges-
tive heart failure, were on oral anticoagulation therapy and had prior device manipu-
lation. Renal insufficiency was associated with much higher rate of infection (42 %
among infected patients compared to 13% in control patients) [16]. Similarly,
increased risk of infection in patients with moderate to severe chronic kidney dis-
ease (CKD) was also observed in a study by Tompkin et al. [17].

Procedure related factors also influence the risk of subsequent CIED infection.
Operator inexperience was linked to a higher rate of CIED infection in an analysis
of Medicare Provider database by Al-Khatib et al. [18]. A retrospective review of
ICD infections from 1983 to 1999 from Massachusetts General Hospital revealed
that patients who received a pectoral device were less likely to have infectious com-
plications when compared to placement of an abdominal device [19].

Pathogenesis

Patients can develop CIED-IE via two potential mechanisms:

1. Device generator pocket infection with microorganism tracking along the trans-
venous leads to involve intra-cardiac portion of the electrode.

2. Hematogenous seeding of the transvenous leads or device generator pocket from
bloodstream infection from a remote focus.
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Infection of the generator pocket could occur at the time of device implantation
or during device manipulation (generator exchange/upgrade or lead revision/manip-
ulation). Device pocket can also get contaminated and infected if the generator or
leads erode through the skin. Occasionally it may not be possible to distinguish
whether indolent device infection is the cause of skin erosion or the result of genera-
tor or lead erosion. Possibility of bacterial contamination of the device generator at
the time of implantation was studied in an investigation by Da Costa et al. where
serial skin and pocket samples were taken on 103 patients, before and after device
insertion. The patients were followed for a mean duration of 16.5 months, during
which four patients developed infection. In 2 of the cases Staphylococcus schleiferi
was isolated, which was molecularly identical to the strain initially found in the
pacemaker pocket, suggesting that pocket contamination occurred at the time of
implantation [20].

Risk of hematogenous seeding of the device lead and subsequent CIED-IE
depends on the type of organism and the duration of bloodstream infection. In a
recent study from Mayo Clinic [21], investigators reviewed 131 patients with CIED
who presented with S. aureus bacteremia (SAB) and had no clinical signs of device
pocket infection. Forty-five (34 %) of these patients were found to have underlying
CIED infection based on clinical or echocardiographic criteria. The presence of a
pacemaker rather than an ICD, history of >1 device-related procedure, and longer
duration of SAB were independently associated with an increased risk of CIED
infection in multivariable model analysis. Based on the risk scores, authors pro-
posed a prediction model that suggests that patients who had none of these high-
risk features had a very low risk of underlying CIED infection and could be
monitored closely without immediate device extraction. In another investigation
from the same institution [22], investigators studied the rate, risk factors, and out-
comes of CIED infection in 74 consecutive patients with bacteremia caused by
Gram-positive cocci (GPC) other than S. aureus. Twenty-two (30 %) of 74 patients
with non—S. aureus GPC bacteremia had underlying CIED infections. Coagulase-
negative staphylococci (CoNS) accounted for 73 % of CIED infections. The num-
ber of leads, the presence of abandoned leads, and prior generator replacement
were associated with CIED infection. Based on these data, gram positive cocci
have a high propensity for hematogenous seeding of CIED leads and TEE should
be performed in all of these cases to evaluate for any evidence of underlying CIED
infection.

Unlike staphylococci, gram-negative bloodstream infections typically do not
result in hematogenous seeding of the device leads. In a retrospective cohort study
by Uslan et al. [23] of 49 patients who underwent CIED placement and subse-
quently developed gram negative bacteremia, only three patients (two definite and
one probable case) had evidence of CIED infection. Both the confirmed cases had
a generator site infection, suggesting that device was the source of bloodstream
infection. There were no cases of hematogenous seeding of leads by gram-negative
bacteremia from a distant focus.
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Pathogen Related Factors

These are the most important factors that influence the risk of device infection and
are the least modifiable. Various bacteria have different virulence factors that enable
them to attach to a foreign device. S. epidermidis initially attaches to foreign sur-
faces using non-specific factors such as surface tension, hydrophobicity and adhes-
ins. The organisms then attach to one another using polysaccharide intracellular
adhesins (PIA) and form a biofilm [24, 25]. S. aureus on the other hand relies more
on interaction with host-tissue ligands (fibronectin, collagen, fibrinogen which are
part of the extracellular matrix) instead of adhesins. It attaches to these ligands with
the help of surface proteins that are termed MSCRAMM (microbial surface compo-
nents recognizing adhesive matrix molecules) [24, 26].

Once bound to prosthesis surfaces, staphylococci establish a biofilm (slime
layer) which is a surface-associated community of one or more microbial species
that are firmly attached to each other and the solid surface. They are encased in an
extracellular polymeric matrix that holds the biofilm together [25]. Organisms in a
biofilm are more resistant to antimicrobial therapy possibly due to the physical pro-
tection from the layer of matrix which encases them [27]. Moreover, low metabolic
activity and slower rate of replication of bacteria encased in the biofilm makes them
more resistant to killing by cell-wall active agents (beta-lactams and glyclopep-
tides) that primarily target rapidly replicating bacteria. Consequently, it is almost
impossible to cure these device infections by anti-microbial therapy alone and CIED
removal is recommended for all cases of proven device infection.

Device Related Factors

Physical and biochemical properties of the polymer used to make the device genera-
tor shell, lead insulation material and electrode tips can play a vital role in allowing
or inhibiting bacterial adhesion. One of the main parameters that predict bacterial
adhesion is the degree of hydrophobicity of the device surface. The higher the
hydrophobicity of surface material, the greater the bacterial adhesion [25, 28]. An
irregular surface or the shapes of the surface can affect adhesion as well. The impact
of choice of device materials on the risk of infection is not well characterized and
should be explored.

Microbiology

Staphylococci are the most common cause of CIED infections and CIED related
endocarditis. A retrospective review of 189 cases of CIED infections, between 1991



192 S. Arif et al.

and 2003, showed that 29 % of the cases were caused by S. aureus and 42 % of the
infections were caused by coagulase negative staphylococci (CoNS). Only 9 % of
the cases were due to gram-negative bacilli. Polymicrobial infection was identified
in 7% of the cases [29]. Up to 7% of the cultures were negative, primarily due to
prior exposure to antibiotics. Other commensal pathogens such as streptococci,
corynebacterium sp. and propionibacterium sp. are less common causes. Cases of
coxiella, candida species and non-tuberculous mycobacteria causing CIED infec-
tions are rare and are usually the subject of case reports [30].

Microbiology of CIED infection varies based on the timing of onset of infection
after device implantation (Fig. 14.1) [31]. In the first few weeks after implantation,
device infections are predominantly due to S. aureus [30]. Non-staphylococcal
infections tend to occur much later after implantation of CIED [32]. The prevalence
of methicillin resistance among the staphylococci species causing device infections
varies based on the geographical location and various studies have shown different
rates [30, 33]. S. aureus bloodstream infections seen early (<3 months after
implantation) are usually associated with the implantation procedure. However, S.
aureus related CIED infections which occur later in the course (>1 year after inser-
tion of device) are usually due to hematogenous seeding from a secondary source of
infection [30]. While a temporal relationship has been described in S. aureus infec-
tions, with generator pocket infections occurring in the first year and endovascular

Culture negative

Fungal 7%
2%
Polymicrobial
7%

Gram negative Coagulase-negative
bacilli staphylococci
9% 42%
Other gram
positive cocci
4%

Methicillin-resistant
S. aureus
4%

/

Methicillin-sensitive
S. aureus
25%

Fig. 14.1 Microbiology of CIED infections (From Sohail et al. [29]. Reprinted with permission
from Elsevier Limited)
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infections presenting much later, no similar association has been reported for CoNS
infections [34].

Clinical Manifestations

Generator pocket infection is the most common manifestation of CIED infection.
Patients with pocket site infections typically present with pain, erythema, drainage,
swelling, tenderness or dehiscence at the site of the generator. Patients with CIED
lead infections typically present with systemic signs like fever, chills, rigors, mal-
aise, or signs of severe sepsis. As device leads are in close proximity to tricuspid
valve, right-sided endocarditis can develop with septic emboli to lungs. However,
valvular infection in CIED infections is not limited to right-side and aortic and
mitral infection may occur with systemic embolization to brain, bones, joints, liver,
spleen or kidneys. Other manifestations of CIED-IE vary based on the causative
pathogen and may include cutaneous lesions, heart failure or immunologic phenom-
enon such as glomerulonephritis. Occasionally, cases of CIED-IE may present as a
fever of unknown origin with few to no other symptoms.

A multi-center study that used data from the International Collaboration on
Endocarditis (ICE) registry, which span 61 centers across 28 countries, reported
clinical manifestation and outcome of 177 patients with CIED-IE [35]. Majority
(81 %) of the patients presented with fever and 149 (84 %) had positive blood cul-
tures. Overall, 159 patients that were classified as having CIED-IE had vegetations
on echocardiography and 76 % of these had a vegetation on the intra-cardiac portion
of the device lead. Concomitant heart valve involvement was seen in 63 patients.
The tricuspid valve was most frequently involved (43 cases) and the pulmonic valve
being the least affected (one case only).

In a retrospectively study that included 60 patients with CIED-IE, more than
30 % of the cases occurred within 1 year of the implantation procedure. An elevated
C-reactive protein (CRP) or sedimentation rate (ESR) was present in 58 cases
(96.6 %) but leukocytosis (>10,000/mm?*) was observed in only 29 cases (48 %). A
positive culture (either blood or lead culture) was obtained in 53 out of 60 cases
(88 %). Pulmonary embolism was diagnosed in 16 cases (27 %). CIED lead infec-
tion was complicated by upper extremity deep vein thrombosis at the side of the
device leads in five cases [36].

Symptoms of CIED-IE can be very non-specific. In a retrospective study from
Sweden that included 44 episodes of pacemaker endocarditis, 38 patients presented
with fever without any other focal signs of device infection. Signs of pacemaker
pocket infection were only seen in six cases. Fourteen percent of the cases had
systemic embolic phenomenon, with lungs being the most common site [22]. In one
study that compared 323 cases of CIED infection to 93 cases of CIED-IE, presence
of fever and leukocytosis in patients with suspected device infection were indepen-
dent predictors of device-related endocarditis in multivariable analysis [14]. Patients
undergoing hemodialysis were more likely to have CIED-IE compared to those in
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the non-HD group (41 % versus 21 %) in a report from Mayo Clinic [37]. All the
patients undergoing routine hemodialysis presented with bloodstream infections in
this series and 77 % of the patients had fever and leukocytosis on presentation.

Diagnosis

CIED infections can present with very diverse manifestations. While patients with
pocket infection tend to have local signs at the generator site, fever may be the only
manifestation of CIED-IE. Therefore, any patient receiving CIED therapy who
presents with fever should have at least two sets of Blood cultures drawn prior to
starting antimicrobial therapy [33]. If the patient is found to have a bloodstream
infection, particularly with staphylococcal species, a TEE should be performed to
evaluate for underlying endocarditis [33]. While transthoracic echocardiography
(TTE) is very good at defining ventricular dysfunction and pulmonary vascular
pressures, it is not very sensitive in picking up vegetations for endocarditis. In a
prospective study done by Victor et al. [38] on 23 patients with pacemaker lead
infection, only seven patients (30%) were found to have vegetations by
TTE. However, vegetations were seen in 21 cases on TEE (91 %). It was felt that on
TTE it is difficult to differentiate between the valve, the lead and possible lesion,
partly because echoes induced by the leads interfere with the imaging of small sized
structures.

A prospective study by Narducci et al. [39] showed that intra-cardiac echocar-
diography (ICE) was more sensitive in comparison to TEE in picking up IE in
patients with cardiac devices. TEE frequently failed to detect lesions on leads in the
right ventricle, close to the tricuspid valve, possibly due to the TEE transducer being
further away from the right ventricle. ICE provided better visualization of the right-
sided structures. However, the sensitivity of ICE was only 82.8 % as it is difficult to
differentiate thrombi, myxomatous changes and true infective endocarditis on the
basis of echocardiographic findings alone [39]. Additionally ICE is a much more
invasive procedure as compared to TEE.

Differentiating a lead thrombus from “true” vegetation on the basis of echocar-
diography can be very difficult. Thrombi often develop on intra-cardiac portion of
device leads. For instance, lead thrombi were found in up to 33 % of ventricular
leads and 48 % of atrial leads on autopsy of patients with CIEDs irrespective of
cause of death [40]. In another investigation by Supple et al. [41], 86 patients who
presented for ablation procedures were examined with ICE. Twenty six (30 %) of
the patients were found to have lead thrombi on ICE. The thrombi were mobile and
more commonly in the right atrium. Clinically these patients did not have any signs
of embolism or infection. Anti-coagulation with warfarin was not associated with
absence of lead thrombi. Similarly, in a retrospective study from Tufts Medical
Center [42], 177 TEEs were performed in patients with a pre-existing cardiac
devices, 25 of them were positive for a mass or stranding on the device leads.
However, only eight of these patients were adjudicated to have CIED-IE and 72 %
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of the patients with a lead associated mass did not have any other evidence sugges-
tive of endocarditis. Therefore, while TEE is a very sensitive test for CIED-IE, it is
not very specific and correlation with the patient’s overall clinical presentation is
critical for appropriate diagnosis.

WBC Scintigraphy, when employing SPECT CT imaging, could be helpful in
differentiating cases of bacteremia alone from infections where the CIED is
involved as well. In one study [43], 63 patients with suspected CIED infection
underwent WBC Scintigraphy with SPECT imaging. Thirty-two of these patients
were found to have CIED infection confirmed by positive cultures of extracted
device or by clinical follow up. Thirty of these 32 patients (94 %) had positive
results by WBC Scintigraphy and there were two only false negatives and no false
positive results. The scan also helped in outlining the extent of infection by show-
ing if the infected area involved only the generator pocket or affected the leads as
well. It was found to have a sensitivity of 94 % and a negative predictive value of
94 % [43].

There are some data suggesting that 18F-fluorodeoxyglucose Positron emission
tomography—computed tomography (8F-FDG PET/CT) may be useful in diagnos-
ing CIED-IE [44-46]. In a larger study designed to look at the role of *F-FDG PET/
CT in CIED infection diagnosis, patients were divided into three groups [47]. Group
A consisted of 42 patients with suspected CIED infection, Group B had 12 control
patients without signs of infection who had recently undergone device implantation,
and Group C comprised of 12 patients who had undergone placement of a CIED
more than 6 months ago and did not have any signs of infection. All patients under-
went '8F-FDG PET/CT scans. No activity was seen in patients in Group C and mini-
mum activity was seen in Group B patients. Among the patients in Group A, 35
were found to have true CIED infection and 31 of them had positive '*F-FDG PET/
CT scans. Six patients were found to have superficial infection and were treated
with antibiotics only. Excellent correlation was seen between sites of *F-FDG
uptake and the localization of infection at the time of the extraction in the 24 patients
who underwent complete device removal. Only one false positive was seen, in a
patient who had a Dacron pouch in place around the generator [47]. Hence the reli-
ability of this approach in patients with an antibiotic mesh or envelope is not known.
It is also unclear how prolonged use of antibiotics would affect the results of this
particular imaging modality.

Identification of the causative microorganisms is critical for choosing optimal
antimicrobial therapy. Therefore, once the decision has been made to remove the
device, cultures of the pocket tissue, deep pocket swab, and device surface swab
should be obtained at the time of extraction. Also, lead tips should be sent for culture
as well. In the case of pocket site infections, culture of tissue from the pocket has a
higher yield than swabs from the pocket site [48]. Also, lead tip cultures are not
always reliable in the presence of a pocket infection as lead tips can potentially get
contaminated during extraction through an infected pocket environment [49].
Sonication of the extracted device to disrupt biofilm on the device surfaces can
improve the microbiological diagnosis of infection. In a study done by Oliva et al.
[50], 20 patients underwent extraction of CIED due to infection. The sonicate fluid
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cultures were more sensitive than traditional culture (67 % versus 50 %) and bacterial
counts were found to be higher in sonicate fluid cultures as compared to the conven-
tional culture [50]. In a more recent study, Nagpal et al. [51] studies the effectiveness
of sonication technique in a prospective study of 42 subjects with clinically non-
infected devices and 35 patients with infected CIEDs enrolled over 12 months. In the
infected group, significant bacterial growth was observed in 54 % of sonicate fluids,
significantly greater than the sensitivities of pocket swab (20 %), device swab (9 %),
or tissue (9 %) culture. Of note, majority of patients had received antibiotics prior to
device removal in this study. In cases of CIED-IE, sonicate fluid culture yield was
42 %, compared to 11% for pocket swabs and 5% for pocket tissue cultures.
Therefore, sonication may be the only way to confirm lead infection in patients who
have positive blood cultures but no signs of pocket infection and no lead vegetations
noted on echocardiography.

Management

No randomized clinical trials have been conducted to compare medical manage-
ment only versus device removal along with antimicrobial therapy. However, based
on high relapse rates seen in patients treated with device retention [33, 52, 53],
removal of the infected CIED is considered the mainstay of treatment [25, 53]. The
role of antimicrobial therapy is adjuvant [33]. In one study [54] of CIED infections
associated with S. aureus bacteremia (SAB), mortality rate was up to 47 % if device
was not removed versus 16 % in patients with complete extraction. Overall treat-
ment failure (death, infection recurrence) was more common in cases with device
retention (52 %) versus complete device removal (25 %). In two separate investiga-
tions addressing specifically CIED-IE cases, patients in whom the device was
retained had a mortality rate ranging from 31 to 66 %, in comparison to those who
underwent complete device removal and the mortality rate was as low as 13% [12,
55]. In another study from Mayo Clinic, conservative management of CIED infec-
tion was associated with a seven-fold increase in 30-day mortality in multivariate
analysis [56].

Infected device removal should be done if the patient is hemodynamically stable
to tolerate lead extraction procedure. It should not be delayed due to the presence of
abloodstream infection. In afore cited study by Le et al. [56], delayed CIED removal
(4 days versus 15.8 days) was associated with a three-fold increase in 1 year mortal-
ity. In general, patients in whom TEE reveals evidence of valvular endocarditis
(right or left sided) alone, without any vegetation on the CIED leads, it should be
assumed that the cardiac device is infected and should be extracted. If the patient is
scheduled to undergo heart valve repair or replacement, the removal of the CIED
leads can be done at the same time. However, a plan on how the patient will be
“bridged” prior to re-implantation should be in place.
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Because the majority of CIED infections are caused by gram-positive organisms
(primarily staphylococci), vancomycin should be given empirically [33, 53].
Empiric gram-negative coverage with an anti-pseudomonas agent may also be
considered in patients who present with severe sepsis or shock. A antimicrobial
therapy can then be modified on the basis of culture and in-vitro susceptibility
data as they become available. If the cultured organism is oxacillin susceptible
and the patient does not have a beta lactam allergy, then vancomycin can be dis-
continued and cefazolin or nafcillin inititated. For gram negative and other organ-
isms the therapy needs to be modified accordingly. In patients with prosthetic
valve involvement, gentamicin for first 2 weeks of therapy and rifampin for the
entire duration of therapy should be added to the regimen if infection is caused
by staphylococci.

There are limited data looking at the optimal duration of antibiotic therapy in this
patient population. It is generally recommended that the patient should be treated
for at least 2 weeks after removal of the infected cardiac device. However, if the
patient continues to have positive blood cultures more than 24 h after removal of the
CIED while on appropriate antimicrobial therapy, he should be given a 4-week
course of parenteral antibiotic therapy [33]. The antimicrobial therapy should also
be prolonged if the patient has evidence of valvular endocarditis, osteomyelitis or
septic emboli. In general, patients with CIED-IE should be treated with a parenteral
agent for the entire duration of therapy [33].

See Fig. 14.2 for an algorithm for the management of cardiac device infections.
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| Blood and Generator Pocket cultures l
|
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Fig. 14.2 Approach to the management of cardiac device infections (From Sohail et al. [29].
Reprinted with permission from Elsevier Limited)
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Lead Extraction

Extraction of infected leads is a procedure that electrophysiologists and cardiac
surgeons are encountering with a higher frequency in their practice today. This is
largely due to the overall increase in the number of CIED being implanted and the
disproportionate increase in the number of CIED infections [25, 58].

CIED leads, which are less than 1 year old, can usually be explanted using a stylus
and manual traction to free the lead of its attachment and adhesions. However, leads
that have been in place for longer periods of time tend to develop a fibrotic encase-
ment and their removal is more complex. Attempts to remove these leads using stylus
and manual traction alone can result in lead breakage, leftover lead fragments and
potential damage to the heart. These older leads are now removed using extraction
dilators and power sheaths [30]. These power sheaths employ a radio-frequency
probe or laser, attached to the tip of the sheath that is threaded transvenously over the
lead. This helps in breaking scar tissue and enables subsequent removal of the lead
[59, 60]. Regardless of equipment used, lead extraction is an intricate procedure that
can be associated with serious complications such as bleeding, stroke, pulmonary
embolism and even death [59, 60]. Complicated device removal is associated with an
increase in 30-day patient mortality [52, 56]. However, the benefit of device removal
outweighs the risks associated with retention of device in most circumstances.

Size of CIED lead vegetation is another concern during percutaneous extraction
for CIED-IE. As power sheaths are advanced over the leads, vegetations attached to
lead break off and embolize to the pulmonary vasculature. In our experience, most
infected leads can be safely removed percutaneously even if the vegetation size is
up to 2 cm [12]. Few patients may experience transient hypotension during the pro-
cedure or post-operatively but clinically significant pulmonary embolism is rare.
However, for lead vegetation size >2 cm, cardiac surgery consultation should be
sought when planning lead extraction.

Open Heart Surgery

If the patient needs to undergo open-heart surgery for another reason such as valve
replacement or perivalvular abscess, then the CIED leads should be removed during the
same procedure. Otherwise open-heart surgery is reserved for cases where percutane-
ous lead extraction is unsuccessful or not an option due to presence of very large veg-
etations (>2 cm) [30, 33, 53] due to concern for potential pulmonary embolism [33].

Conservative Management

Patients with infected CIEDs who refuse to undergo extraction or are not candidates
for complete device removal due to clinical issues, such as advanced age, limited
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life-span, or co-morbid conditions are typically managed with long-term suppres-
sive antibiotic therapy [30, 33, 53]. This should be considered as a palliative
approach and not a preferred option. The choice of suppressive antimicrobial ther-
apy should be guided by susceptibility testing. This also highlights the importance
of isolating causative pathogens for CIED infection. In cases of multi-drug resistant
organisms, options for long-term oral antimicrobials can be limited and infectious
diseases physician should be consulted to guide therapy. There is a paucity of data
regarding the optimal duration or dosage of therapy in this population. Additionally
placing patients on long-term suppressive therapy raises the risk of selection of
more resistant organisms and C. difficile infection. Data regarding relapse of infec-
tion in these patients while on long term antibiotic therapy are also not available.

Re-implantation of Cardiac Device

Prior to reimplantation, all patients should be assessed for the need of ongoing CIED
therapy. Published data suggest that up to 30 % of the patients no longer need a new
cardiac device after removal of an infected device [53]. This is largely due to improve-
ment in the clinical condition of the patient that served as an original indication for
CIED therapy, hence obviating the need for a replacement device. Occasionally, it
may be due to lack of an appropriate indication at the time of initial device place-
ment. There are no prospective trial data on the ideal time for re-implantation. It is
typically recommended that the patients should not undergo the replacement proce-
dure until their blood cultures (drawn after removal of the device), have been nega-
tive for a minimum of 72 h [33, 53]. However, for a patient who has evidence of
valvular endocarditis on echocardiography, it is recommended that a new device
should not be implanted for at least 2 weeks [33, 53]. New CIED generator and leads
should be placed on the side contralateral to the prior CIED pocket if possible. If the
new device has to be implanted on the same side as the current infection, then a tun-
neled lead should be placed in the abdomen subcutaneously. Another alternative is
placement of epicardial leads, especially if delaying CIED placement for 2 weeks (in
cases of CIED-IE) is not feasible, in cases of septic venous thrombosis involving the
superior vena cava or other vascular access complications.

See Fig. 14.3 for recommendations for reimplantation of CIED in patients with
cardiac device infection.

Outcomes

CIED infections are associated with significant morbidity and mortality in device
recipients. Device infection resulted in two-fold higher in-hospital mortality in one
investigation [4]. However, device infection may also impact long-term survival. In
a cohort of Medicare beneficiaries, the increased risk for mortality in patients with
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Fig. 14.3 Recommendations for reimplantation of CIED in patients with cardiac device infection
(From Sohail et al. [29]. Reprinted with permission from Elsevier Limited)

CIED infection persisted for up to 3 years after the initial hospitalization for device
infection [61]. Women with CIED infection had a significantly reduced long-term
survival as compared to men (67.3 % versus 72.9 %) in a sub-group analysis of the
Medicare beneficiary cohort [62]. Mortality associated with CIED infection varies
based on clinical presentation, ranging from 3.7 % in-hospital mortality in patients
without endocarditis and up to 14 % in patients with CIED-IE [29].

In a retrospective study of 415 patients with CIED infections, chronic corticoste-
roid therapy, heart failure and presence of CIED-IE on presentation were associated
with increased short-term (<30 days) mortality [63]. Patients receiving chronic cor-
ticosteroid therapy had a four-fold increase and those with CIED-IE had a 5.6-fold
increase in short-term mortality. Predictors of long-term mortality (>30 days)
included renal dysfunction, system revision, malignancy, older age, and all factors
affecting short-term mortality. Every 10-year increase in age was also associated
with a 20 % increase in risk of death [63]. Other studies have reported associated
between mortality and presence of renal dysfunction, older age, presence of throm-
bocytopenia and cultures being positive for MRSA [4, 7, 30, 64, 65].

Prevention

The use of preventive strategies to reduce the rate of CIED infections is essential
due to its significant morbidity and mortality. Moreover, these infections are associ-
ated with significant financial burden for patients and payers. In one study, the stan-
dardized adjusted incremental and total admission costs for infection were $14
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360-$16 498 and $28 676-$53 349 for pacemakers and implantable cardioverter-
defibrillators respectively [66]. Also, in 2012 the Center for Medicare and Medicaid
services (CMS) added surgical site infection after CIED implantation as a hospital
acquired infection; hence, hospitals are no longer eligible to seek payment for man-
aging these infections [67].

Achieving a good hemostasis at the time of implantation and using aseptic
technique is the key to prevention of CIED infections [30]. The administration of
pre-operative antibiotics has been shown to significantly reduce the risk of surgi-
cal site infections in CIED recipients [15, 68, 69]. There is no evidence to suggest
that use of postoperative antibiotics has any utility in prevention of infection. The
use of prophylactic antibiotics to prevent secondary seeding of cardiac devices
from invasive dental, gastrointestinal or genitourinary procedures is also not rec-
ommended [25].

Use of an antimicrobial pouch or envelope, impregnated with minocycline and
rifampin, that elutes antibiotics locally at the generator site was associated with
reduced risk of pocket infections in a retrospective study where the infection rate
within the first 6 months was significantly lower in patients who received the enve-
lope (1.1 %) as compared to that in patients without pouch placement (3.6 %) [67].
However, prospective, randomized trial data are needed before any specific recom-
mendations can be made about the pouch’s use in routine practice.
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Chapter 15
Right-Heart Endocarditis

Isidre Vilacosta, Carmen Olmos Blanco, Cristina Sarria Cepeda,
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and José Alberto San Roman Calvar

Introduction

Right-heart endocarditis is characterized by the presence of infective lesions in the
endocardium of right-heart structures or in any sort of catheter, lead, or prosthetic
material housed within the right-heart. Right-heart endocarditis accounts for 5-12 %
of cases of infective endocarditis (IE) [1, 2]. According to the type of patient who
hosts the infective process, we can distinguish four different types of right-heart
endocarditis: IE in intravenous drug users (IVDU); IE in patients with pacemakers,
implantable cardiac defibrillators, or central venous catheters; IE in patients with
right-heart congenital abnormalities; and IE in patients who are not IVDU, who
have no implanted cardiac devices or other catheters, and who have no left-sided
endocarditis, the so called “three noes” IE group. In this chapter, we will focus on
IE in IVDU and in those patients with no predisposing condition for a right-heart
infection, the “three noes” group. IE in patients with implantable cardiac devices
and in those with congenital heart disease is covered in other chapters.
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Epidemiology, Microbiology, and Pathophysiology

Intravenous drug use is a well recognized predisposing condition for IE. In fact, this
condition represents a minor diagnostic Duke criterion for IE [1]. The exact inci-
dence of IE in IVDU is unknown and differs between countries. The incidence of
right-heart IE among IVDU may vary from 0.7 to 13/1000 patient-years [3]. Several
years ago, Cooper et al. noticed an increase in the number of hospitalizations of
IVDU with IE [4]. However, in the last decade, the incidence of IE in IVDU have
decreased, being nowadays responsible for one third of all right-heart IE and less
than 5 % of all IE episodes [5, 6]. Right-heart IE in IVDU is more frequent in young
immunodeficiency virus seropositive and immunosuppressed patients, mainly
males [7, 8].

Most infections are community-acquired, and S. aureus is the predominant
microorganism, with methicillin-resistant strains becoming more prevalent [9].
Nasal colonization, use of contaminated drugs, drug-use paraphernalia, and drug-
use environment are risk factors for S. aureus infection in this patient population
[10]. Pseudomonas aeruginosa, C. albicans and other fungi are less frequent.
Normal oropharyngeal flora microorganisms (viridans group streptococci, Eikenella
corrodens, Haemophilus aphrophilus, etc.) are also common pathogens. Possibly
due to the habit of cleaning their needles with saliva and using it to dissolve the
drug, polymicrobial infection is frequent in this scenario [11]. In fact, the main risk
factor of polymicrobial IE is intravenous drug use [12]. Remarkably, recurrent IE is
more common in IVDU, and the median time interval between episodes is shorter
in addicts than in non-addicts [13]. This fact can be at least partly explained by the
continuation of drug use in many of these patients. Curiously, alcohol consumption
seems to confer protection against IE in IVDU, perhaps by inducing an inhibitory
effect on platelet function [14].

The source of bacteremia in IVDU is the autoinoculation of microorganisms by
the intravenous injection. In most cases these microorganisms are part of the
patient’s own flora, although contaminated needle, contaminated drug, drug adulter-
ants or drug diluents (saliva, lemon juice, water, etc.) may be implicated. IVDU may
also acquire viral infections (HIV, and B or C hepatitis) and infections due to any
other type of circulating microorganism as the result of sharing syringes contami-
nated by the infected blood of other IVDU.

In addition to contaminated drug solutions and reduced injection hygiene,
abnormalities on the immune system may also play a role in the pathophysiology
of IE in IVDU [14-16]. There is an overwhelming preponderance for tricuspid
valve involvement in this clinical context, but the reason is still unknown [11, 17,
18]. One of the hypotheses is that the physical discharge of particulate matter con-
tained in injected drugs or adulterants might lead to endothelial injury [11]. An
attempt to reproduce the disease using the experimental model in rabbits was not
successful [19]. Vasospasm caused by injected diluents or illicit drugs, and drug-
induced thrombus formation and subsequent bacterial aggregation are just some of
many other potential explanations [20]. The affected valve, usually the tricuspid, is
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almost always previously normal [21]. Whilst the tricuspid valve is the usual site of
infection in IVDU, pulmonary and Eustachian valve infection may also be observed,
and should not be forgotten that left-sided IE is not uncommon in this group of
patients.

The “three noes” group represents about 15 % of all patients with isolated right-
heart IE [5, 6]. They are usually middle-age men, older than IVDU, and whereas in
IVDU the infection is mainly community acquired, in the “three noes” group, 50 %
of episodes are nosocomial [5]. Comorbidities (chronic renal failure, diabetes mel-
litus, chronic obstructive pulmonary disease, chronic anemia, and cancer) are more
frequently present in this group [5, 22, 23]. Some of these patients had the presence
of an intravascular catheter, which is most probably the source of bacteremia. In
many others there is no apparent source of infection [5, 22-27].

Diagnosis and Complications

History, clinical examination, blood cultures, and echocardiography remain the cor-
nerstones of diagnosis. The usual clinical presentation of right-heart IE is persistent
fever, chills, and multiple septic pulmonary emboli, which may manifest with dys-
pnea, chest pain, cough or hemoptysis [1]. Chest pain is often pleuritic, and cough,
when present, may be nonproductive or associated with blood-streaked sputum
[20]. Pulmonary septic emboli may be complicated by pulmonary infarction,
abscess formation, pneumothorax, and pleural effusion. Since right-heart murmurs
often go undetected and IE peripheral stigmata are absent, diagnosis can be delayed,
so high-suspicion index is of paramount importance. This is even more important in
the “three noes” group of patients. In a series of isolated native tricuspid valve IE,
in non-addicted patients, and in the absence of intracardiac catheters or cardiac
anomalies, Nandakumar and Raju suggested that right-sided IE must be considered
in any patient with the “tricuspid syndrome” consisting of recurrent pulmonary
events, anemia, and microscopic hematuria [23]. In our series, this syndrome was
present in 28 % of patients from the “three noes” group [5]. Likewise, fever, multi-
ple pulmonary emboli, and sustained bacteremia by S. aureus are signs of clinical
alert for right-heart IE [28].

Chest X-ray may reveal findings consistent with pulmonary embolism due to
septic emboli from the right heart [15]. Chest computed tomography and 18F-FDG-
PET/CT scanning will demonstrate multiple infiltrates with cavities in both lung
fields (Fig. 15.1a—d), suggesting the presence of multiple pulmonary embolisms and
lung abscesses [29]. When systemic emboli occur, paradoxical embolism or associ-
ated left-sided IE should be considered [1].

In right-heart IE, heart failure is much less common than in patients with left-
sided IE [6, 30]. Right-heart failure can be caused by severe right-sided valvular
regurgitation (Fig. 15.2) or obstruction [1]. The existence of pulmonary hyperten-
sion will contribute to right-heart failure.
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Fig. 15.1 Sagittal 18-F-FDG-PET/CT image (b) demonstrating FDG accumulation at the level of
C5/C6 (arrow) (spondylodiscitis) in a patient with S. aureus tricuspid valve endocarditis from the
“three noes” group, with no risk factors. In addition, a septic pulmonary embolus (¢, arrow), and a
focus of myositis (a, arrow) are well documented. Transthoracic echocardiogram, four-chamber
view (d), showing a vegetation (arrow) attached to the tricuspid valve

Blood Cultures

As in left-sided IE, positive blood cultures, in combination with clinical and echo-
cardiographic findings, establishes the diagnosis. Therefore, even in patients that
are acutely ill, three or more blood cultures should be obtained before antibiotic
therapy is initiated. Those cases that are clinically stable and not very ill can be
safely observed without antibiotics while the results of blood cultures are awaited.
The volume and number of blood cultures is critical because bacteremia in IE is
often of low level. Three or more blood cultures (8—12 ml each) should be drawn
with careful antiseptic conditions [31]. The modified Duke criteria will effectively
classify most of these patients in either definite or possible IE [32]. However, diag-
nosis of IE in the emergency department remains challenging and is current stan-
dard practice to admit IVDU with fever of unclear etiology for blood cultures and
echocardiography. A prediction rule for IE in febrile injection drug users has been
developed [33]. According to these authors, if patients have no murmur, no tachy-
cardia, and a clear-cut skin infection, they have a low likelihood of IE and may be
considered “ruled out” for this disease. On the other hand, any febrile IVDU who
have any of these three criteria (murmur, tachycardia, and no identifiable skin infec-
tion) should undergo further evaluation for IE [33].
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Fig. 15.2 Anatomic
image of the heart of an
IVDU. Four-chamber
view. Two vegetations,
one in the atrial side of the
mitral valve (arrow), and
the other in the atrial side
of the tricuspid valve
(arrow) are well seen

In our series, causative microorganisms more often isolated in [IVDU with right-
heart IE were S. aureus, followed by coagulase-negative staphylococci, most of
them methicillin-sensitive [5]. In other series, methicillin-resistant strains are becom-
ing more prevalent [9]. In contrast to previous series of right-sided IE in IVDU,
where viridans streptococci were responsible of 25 % of the episodes, we did not
found any case as the only microorganism responsible for the infection. Streptococci
were isolated in combination with other microorganisms (polymicrobial IE). In any
case, the isolated microorganisms in [IVDU with IE will depend on the country stud-
ied, the type of illicit drug, and the type of solvent used, among other factors [12].

With regards to the microbiology of the “three noes” group, staphylococci were
the most common pathogens, but the frequency was much lower than in IVDU, and
the number of streptococci much higher. In addition, methicillin-resistant staphylo-
cocci were frequent (33 %), suggesting a health care related source of infection [5].

Echocardiography

With blood cultures, echocardiography is the other mainstay in the diagnosis of
right-heart IE. Transthoracic echocardiography (TTE) has a high sensitivity for the
detection of right-heart vegetations (approximately 90 %) [7, 34]. TTE is at least
equivalent to transesophageal echocardiography (TEE) for detecting right-sided
vegetations in patients with a high pre-test probability [18]. In the patients herein
studied, right-sided vegetations are usually attached to normal structures (tricuspid,
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Fig. 15.3 Transthoracic (a) and transesophageal (b) images of an IVDU with tricuspid valve
endocarditis. A giant vegetation attached to the septal leaflet of the tricuspid valve is well seen in
both echo modalities. In transesophageal echocardiography, the vegetation is seen prolapsing into
the right ventricle in diastole and back into the right atrium in systole. The asterisk shows the
vegetation. AD right atrium, A/ left atrium, VI left ventricle, VD right ventricle

Fig. 15.4 Transesophageal echocardiographic image showing a huge tricuspid valve vegetation
with a papillary muscle head (small arrows) attached to it (a). Transesophageal echocardiographic
image with color flow Doppler (b) demonstrating a broad jet of reverse and turbulent flow across
the tricuspid valve in systole consistent with severe tricuspid regurgitation. AD right atrium, A7 left
atrium, VI left ventricle, VD right ventricle

Eustachian, pulmonary or Thebesian valves; Figs. 15.3a, b and 15.4a, b) [5, 35-38].
Even the right atrial or ventricular endocardium can be a site for a vegetation to
settle [6]. Similar to vegetations on the left-sided valves, they tend to be localized
on the atrial side of the tricuspid valve and the ventricular side of the pulmonary
valve, in the path of the regurgitant jet [39]. Vegetations are usually larger than those
found in left-sided IE, which is probably related to the lower right chamber pres-
sures enabling the rapid growth of vegetations [6, 7, 39].

Periannular complications are very rarely encountered in right-heart endocarditis
[18]. Most series do not report the rate of periannular complications in IVDU with
IE. However, these complications have been found in patients with the “three noes”
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IE group [5]. Mobile normal right-sided structures (as the Chiari network) may
mimic vegetations, and operators must be aware of their locations and appearance
so as to not confound them with vegetations.

As in left-sided IE, older or healed right-sided vegetations tend to be more echo-
genic, but there are no means to confidently distinguish between new and old veg-
etations [39]. Therefore, we have to be aware that the finding of vegetations on an
IVDU is not sufficient to make the diagnosis of active IE, and that these findings
must always be interpreted in the clinical context. In a recent well conducted study
with a large population of active, asymptomatic IVDU from Denmark, the authors
showed that valvular abnormalities (leaflet thickening or moderate to severe valvu-
lar regurgitation) assessed by TTE were very prevalent (20 %) in IVDU without a
medical history of IE, and vegetations were seen in 5 % of subjects [3]. Interestingly,
the high prevalence of vegetations in this group of asymptomatic subjects without a
history of IE, but exposed repeatedly to bacteremia, might suggest that as pulmo-
nary symptoms are so common in right-heart IE and its prognosis as favorable, it is
likely that sometimes IE in IVDU may go unnoticed or misdiagnosed as a pulmo-
nary infection and either treated effectively with a short-course of antibiotics or
even show spontaneous healing [3].

As already mentioned, the additional value of TEE in this setting has been ques-
tioned [18]. Nonetheless, vegetations and some complications can be more pre-
cisely characterized by TEE (Figs. 15.3a, b and 15.4a, b). The reasons why TEE is
not superior to TTE in this context are the following: (1) IVDU are young and thin
patients with good transthoracic acoustic windows; (2) right-heart vegetations are
larger than those from the left-side heart and thus can be easily seen with TTE [6],
and (3) right-heart valves are anterior structures that are closer to the transthoracic
probe than to the transesophageal probe [7, 18].

According to some authors, pulmonary vegetations are better detected by TEE,
and some cases of Eustachian valve IE have also been better visualized by TEE than
by TTE [40, 41]. On the basis of the previous background, in IVDU suspected of
having IE, we recommend performing TEE in the situations listed in Table 15.1.
According to the European guidelines, TEE is not mandatory in right-heart IE when
TTE findings are clear-cut [1, 39].

The role of TTE and TEE in patients from the “three noes” group has not been
assessed [5]. As long as no information on this topic is available, our current diag-
nostic workup in this group of patients is being guided by a Bayesian-based
decision-making approach: patients with moderate to high probability of having IE
and negative results on TTE should undergo TEE. When vegetations are well seen
on TTE and the clinical course is uncomplicated, it may not be worth proceeding
with TEE [7].

Sungur et al. compared findings from intraoperative live/real time three-
dimensional transesophageal echocardiography (3D-TEE) with conventional TEE
in ten patients who underwent surgery for native tricuspid valve IE [35]. Unlike
conventional TEE, 3D-TEE allowed en face visualization of the three tricuspid
valve leaflets from both, atrial and ventricular aspects. This permitted a better detec-
tion of the number of vegetations, their attachment site, and their dimensions [35].
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Table 15.1 Indications of Poor acoustic transthoracic window
transesophageal

echocardiography in IVDU
suspected of having infective
endocarditis Right-heart prosthetic valves

Suspicion of left-sided valve infection
Suspicion of pulmonary valve infection

Abscesses or other complications

Negative results on transthoracic echocardiogram and:
Moderate to high clinical suspicion
Central intravenous catheters

According to the results of this small preliminary series, 3D-TEE might have a role
when planning for a surgical intervention.

Antimicrobial Therapy

On admission, the initial selection of empiric antimicrobial therapy in IVDU should
rely upon the suspected microorganism, type of drug and solvent used by the addict,
and the infection location. Importantly, antibiotics should only be initiated after
blood cultures have been obtained [1]. S. aureus must always be covered with
penicillinase-resistant penicillins, vancomycin or daptomycin, depending on the
local prevalence of methicillin-resistant S. aureus (MRSA).

In pentazocine addict patients, an anti-Pseudomonas agent should be added
because infection with P. aeruginosa is frequently found due to contamination dur-
ing drug manipulation [42]. If the IVDU is addicted to brown heroin dissolved in
lemon juice, Candida spp. should be considered and antifungal treatment added
[43]. Contamination from non-skin flora and polymicrobial infection should be sus-
pected in IVDU with non-sterile injection drug use practices [12, 44, 45]. It should
be pointed out that the bacteria implicated in many IVDU with polymicrobial infec-
tions are anaerobes primarily found in the oral cavity [12]. Thus, in these cases,
adding an antistreptococcal agent is correct.

Once the infecting microorganism and sensitivity results are known, antibiotic
therapy has to be appropriately adjusted.

In IVDU with methicillin-susceptible S. aureus infection, the standard therapy
for IE due to this microorganism is adequate. Penicillinase-resistant penicillin
(cloxacillin) regimens are superior to glycopeptide (vancomycin) containing regi-
mens [1]. There are consistent data showing that a 2-week antibiotic treatment may
be sufficient, and that the addition of an aminoglycoside may not always be neces-
sary. Two-week treatment with oxacillin or cloxacillin without gentamicin is effec-
tive for most patients with right-heart IE when there are no complications and the
risk of recurrences is low [46, 47]. See Table 15.2 [1].

The standard 4-week regimen therapy should be used in the situations listed in
Table 15.3 [1].
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Table 15.2 IVDU with Methicillin-susceptible S. aureus
right-heart IE candidates to a

2-week antibiotic treatment

should fulfill the following Good response to treatment
items Vegetations <20 mm

Native right-heart valve infection

Absence of metastatic foci of infection or empyema
Absence of cardiac and extracardiac complications
Absence of left-sided valve infection

Absence of severe immunosuppression (<200 CD4 cells/
mm?®) with or without AIDS.

Data from: Habib et al. [1]

Table 15.3 Clinical Slow clinical (>72 h) response to initial antibiotic therapy
situations in which the

standard 4-week antibiotic
regimen should be used

Persistent positive blood cultures (>48 h)

Right-heart failure

Methicillin-resistant S. aureus (MRSA) polymicrobial
infection

Acute respiratory failure

Systemic septic metastatic foci

Multiple pulmonary embolisms

Extracardiac complications (e.g. acute renal failure, arthritis,
empyema, discytis...)

Therapy with antibiotic other than penicillinase-resistant
penicillins

Associated left-sided endocarditis

Severe immunosuppression (CD4 count <200 cells/mm?)

Data from Habib et al. [1]

Vancomycin has long been recommended as the treatment of choice for MRSA
isolates [48], but this drug is far from being a “perfect” antibiotic. It does have lim-
ited tissue penetration, is slowly bactericidal, and has an increased drug clearance in
IVDU. Therefore, it should not be used for short course treatment in patients with
S. aureus IE. Different studies have demonstrated that mortality associated with
MRSA bacteremia is significantly higher when vancomycin is used for treatment of
infection with strains with a vancomycin MIC>1 mcg/ml [49]. Thus, vancomycin
should be considered a second-choice drug in patients with infecting MRSA strains
having MIC >1 mcg/ml. In these cases, daptomycin is probably the drug of choice.

One randomized controlled study has demonstrated non-inferiority of daptomy-
cin when compared with standard therapy in the treatment of S. aureus infections,
including right-sided IE [50]. Nowadays, when using daptomycin, most authors
recommend using high doses (10 mg/kg/24 h) and combining it with cloxacillin or
fosfomycin to avoid the development of drug resistance [51].

When intravenous route therapy is not possible, right-heart IE in IVDU may
be treated with oral ciprofloxacin (750 mg b.i.d.) plus rifampicin (300 mg b.i.d.)
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Table 15.4 Surgical indications in right-heart endocarditis

Right heart failure secondary to severe tricuspid regurgitation with poor response to diuretics.
Recurrent septic pulmonary emboli with persisting right-sided, large (>20 mm), vegetations.

IE caused by microorganisms difficult to eradicate (fungi, P. aeruginosa, etc.) with persisting

signs of infection despite adequate antimicrobial therapy

From Habib et al. [1]. With permission of Oxford University Press

provided that the strain is fully susceptible to both drugs, it is a non-complicated
case, and patient adherence is monitored carefully [52].

For organisms other than S. aureus, antibiotic therapy in IVDU with IE does not
differ from that in non-addicts.

Little evidence is available regarding antibiotics in the three “noes” group.
Initially, staphylococci, methicillin-susceptible and methicillin-resistant, and strep-
tococci should be covered. Once the microorganism has been identified a standard
4-week course of susceptible antibiotics should be provided.

Surgery

Right-heart IE should be resolved conservatively in most cases. Indications for sur-
gery in IVDU are practically the same as for the “three noes” group but in the for-
mer we are even more conservative since IVDU have a much higher incidence of
recurrences due to continued drug use. Surgical indications are listed in Table 15.4
[1, 17, 53]. The main surgical principles are: (1) debridement of vegetations and
infected tissue; (2) valve repair whenever possible, avoiding prosthetic material; (3)
elimination of valve regurgitation [54].

When valve repair is not technically feasible, tricuspid valve replacement should
be performed [29]. It is worth mentioning that residual mild to moderate tricuspid
regurgitation will be well tolerated by the right ventricle in most patients, and that
in the tricuspid position, prosthetic valve complications such as thrombus and pan-
nus formation are more frequent than in mitroaortic position, while structural valve
degeneration is less extensive [55]. In the case of IVDU, more bioprosthetic valves
are implanted because of anticipated noncompliance with the anticoagulation
regimen.

Tricuspid valve excision (valvectomy) can be considered in IVDU when valve
repair is not possible due to extensive valvular damage, and provided that pulmo-
nary pressure is normal or mildly elevated. Some of these patients will develop
post-operative right-heart failure, especially if pulmonary pressure is markedly
elevated (e.g., after multiple pulmonary emboli). In these cases, after infection erad-
ication, a second-stage operation with tricuspid valve replacement can be performed
several years later after patient rehabilitation and drug use discontinuation [56].

Gaca et al. retrospectively analyzed the current techniques and outcomes for iso-
lated tricuspid valve IE in 910 patients using the Society of Thoracic Surgeons adult
cardiac database [57]. In 286 patients the infection was cured, whereas in 624 was
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still active (patients were receiving antibiotics) at the time of operation. The median
age was 40 years; moderate to severe tricuspid insufficiency was present in 78 % of
patients, but information on how many were IVDU is missing. There were 490 tri-
cuspid valve replacements, 354 repairs, and 66 valvectomy procedures during the
study period [57]. Most patients undergoing valve replacement received a biopros-
thetic valve (91.8 %). In the group with valve repair, 34 % of patients received only
an annuloplasty ring, and 60 % had no device implanted. The operative mortality in
this series was 7.3 % with no significant differences in mortality among valvectomy
(12 %), repair (7.6 %), and replacement (6.3 %) [57]. As documented in this series,
tricuspid valvectomy is nowadays an infrequent operation, with only 66 cases dur-
ing the 5-year study period. Compared to the active group, healed patients experi-
enced a trend toward lower operative mortality and lower complication rates.

Tricuspid valve replacement by a cryopreserved mitral homograft is another
choice following valvectomy [58]. Its main drawbacks are low availability, and that
is technically challenging. Finally, implantation of a stentless aortic bioprosthesis in
an upside-down orientation in the tricuspid position is another alternative [59].

As in tricuspid valve IE, in the infrequent case of pulmonary valve IE, pulmonary
valve replacement should be avoided, but if necessary, use of a pulmonary homo-
graft is preferred [1].

As expected, reoperation rates for recurrent IE seem to be higher in IVDU (17 %)
than in non-IVDU (5 %) [60]. Recently, Dawood et al. analyzed 56 patients who
underwent surgery for tricuspid valve IE. Overall operative mortality was low
(7.1%) [61]. Recurrent tricuspid valve IE occurred in 21 % of patients with valve
replacement, and in 0 % of patients who underwent valve repair. Thus, in this series,
use of valve repair was strongly protective against recurrent tricuspid valve IE [61].

Prognosis

The prognosis of patients with right-heart IE will mainly depend on the sort of
patient studied [1]. In a retrospective study with a large cohort of IVDU (220 cases)
with native valve IE, 14 patients died (6 %); vegetation size was available in 50 % of
cases. In a multivariable analysis restricted to right-sided IE, the variables associ-
ated with in-hospital mortality that achieved statistical significance were vegetation
size>2 cm and fungal etiology [62]. De Rosa et al. retrospectively analyzed 263
IVDU in a multicenter study from Italy, including 100 cases of HIV positive
patients. One hundred and fifteen cases (43 %) had also left-sided involvement. On
multivariate analysis, only left-sided IE and age greater than 35 years were indepen-
dently associated with mortality [63]. HIV infection did not have a significant effect
on mortality. Other studies are in agreement with the results of this multicenter
study pointing out that mortality seems to depend more on the side of the heart
involved than on the HIV status, even in those cases who have undergone surgery
[64-67]. However, those patients with severe immunosuppression (CD4 count <200
cells/mm?) have a worse prognosis [8].
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Musci et al. reviewed the 20-year experience of surgical treatment of right-sided
IE in their institution. There was a highly significant difference between the survival
rates of patients operated on due to right-sided IE alone compared to right and left-
sided IE. The 30 day, 1, 5, 10, and 20-year survival rate after right-sided IE opera-
tion was 96.2%, 88.4%, 73.5%, 70.4 %, and 70.4 %, respectively, compared to
72 %, 67.8%, 50.8%, 35.6 %, and 35.6 % after operation for right and left-sided
IE. In this series, risk factors for early mortality were priority of surgery, age over
40 years, and left heart involvement [66].

We found significant differences in in-hospital mortality among the different
groups of patients with right-heart IE, 17 % in IVDU, 3 % in device carriers (pace-
makers and defibrillators), and 30 % in the “three noes “group. So in-hospital mor-
tality in this last group is high and similar to that of left-sided IE [5]. Interestingly,
in a retrospective review of 133 cases of definite S. aureus IE, Ferndndez Guerrero
et al. found that while in-hospital mortality of right-sided IE in IVDU was 3.7 %,
mortality in patients with right-sided IE associated with intravenous infected cath-
eters was 82 %, much higher than that of left-sided IE [65]. This high mortality rate
in non-IVDU (“three noes” group) might be related to the following factors: diag-
nosis delay, frequent and severe comorbidities, worse clinical condition at admis-
sion (septic shock), high prevalence of methicillin-resistant staphylococci, and high
rate of persistent infection [5].

Conclusions

In summary, right-heart IE remains common among IVDU. A new group of patients
with right-heart IE, the “three noes,” has been recently documented. Diagnostic
clinical features of right-heart IE include respiratory symptoms, S. aureus bactere-
mia, and fever of unclear origin. TTE is especially valuable in this scenario. Many
IVDU with right-heart IE have a relatively benign clinical course, and most of them
may be conservatively managed. Nonetheless, 5-10 % of cases will still need sur-
gery, and, in them, a conservative approach is recommended. Recurrences are high
in IVDU. Patients from the “three noes” group have more comorbidities, health care
related infections, and higher mortality.

Just as in left-sided IE, a multidisciplinary approach including cardiologists, car-
diac surgeons, cardiac imaging specialists, microbiologists, and infectious disease
specialists is recommendable in right-heart IE.
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Chapter 16
Non-bacterial Thrombotic Endocarditis

Patrizio Lancellotti

Introduction

Non-bacterial thrombotic endocarditis (NBTE) was first described in 1888 by
Zeigler [1], who introduced the word “thromboendocarditis” to describe deposition
of fibrin on cardiac valves. It was Gross and Friedberg [2] in 1936 who coined the
term “nonbacterial thrombotic endocarditis.” Under the same entity, NBTE com-
prises several denominations, namely marantic endocarditis, Libman-Sacks endo-
carditis, or verrucous endocarditis [3]. NBTE is characterised by the presence of
sterile vegetations, which consist of fibrin and platelet aggregates, on cardiac valves.
These vegetations are associated neither with bacteraemia nor with destructive
changes of the underlying valve [3]. The aetiology and the pathogenesis of NBTE
are not fully elucidated; several mechanisms play a role. The common factor is
endothelial damage and subsequent exposure of the subendothelial connective tissue
to the circulating platelets [4]. Factors implicated in the initiation are: (a) immune
complexes, (b) hypoxia, (c) hypercoagulability, and (d) carcinomatosis [4].

Epidemiology

NBTE is a rare condition representing <2 % of all endocarditis. NBTE was most
often found post-mortem with rates in autopsy series ranging from 0.9 to 1.6 % [5,
6]. However, pathologic studies may underestimate the prevalence of NBTE because
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Table 16.1 Diseases associated with NBTE

Malignancies Solid tumours (pancreas, lung)

Haematological malignancies (lymphoma)
Chronic diseases Tuberculosis

Acquired immune deficiency syndrome (AIDS)

Uraemia

Connective tissue disorders Systemic lupus erythematosis
Antiphospholipids antibodies syndrome

Hypercoagulation states Trauma from indwelling catheters
Advanced age

Hypercoagulation states, Septicaemia

Immunes complex Severe burns

of inadequate evaluation of specimens. Its prevalence is likely underestimated. With
the advent of imaging, and especially of echocardiography, NBTE has also been
detected during life. It has been reported in every age group, most commonly affect-
ing patients between the fourth and eighth decades of life with no sex predilection
[7]. NBTE is a condition associated with numerous diseases such as cancer, connec-
tive tissue disorders (i.e., systemic lupus erythematosus patients possessing antiphos-
pholipid antibodies and named Libman-Sacks endocarditis), autoimmune disorders,
hypercoagulable states, septicaemia, severe burns, and chronic diseases such as
tuberculosis, uraemia or acquired immune deficiency syndrome [8] (Table 16.1). In
patients with systemic lupus erythematosus, observational studies using transtho-
racic echocardiography have reported prevalence rates of 6-11 %, with higher rates
(43 %) observed when transesophageal echocardiography was performed [9].

Symptoms and Signs

Vegetations themselves do not cause symptoms. Lesions are thus usually clinically
silent, without significant valvular dysfunction. When such dysfunction does occur,
however, valvular regurgitation and, rarely, stenosis may result in heart failure and
arrhythmias, such as atrial fibrillation. Fever and a heart murmur are sometimes
present. Symptoms often result from the underlying disease or from embolization
and depend on the organ affected (e.g., brain, kidneys, spleen). Secondary infective
endocarditis, although uncommon, can also complicate valvular abnormalities and
can cause neurologic and systemic complications. The risk of systemic emboli is
increased substantially in the presence of mitral stenosis, atrial fibrillation, or both.

Diagnosis

It is essential to differentiate NBTE from infective endocarditis and other causes of
valvular morphological changes. See Table 16.2 for the differential diagnoses for
NBTE. However, differentiation from culture-negative infective endocarditis may be
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Table 16.2 Differential diagnosis for non-bacterial thrombotic endocarditis

Infective endocarditis
Degenerative valvular disease
Fibroelastoma

Rheumatic valvular disease
Loffler’s endocarditis

Lambl excrescences (normal variant) (filiform strands that originate at valve closure sites; they
are thought to be normal variants, but some reports have proposed embolic potential)

difficult but is important. The same initial diagnostic work-up as for infective endo-
carditis is recommended. NBTE should be suspected when chronically ill patients
develop symptoms suggesting arterial embolism. The presence of a new murmur or
a change in a pre-existing murmur, although infrequent, in the setting of a predispos-
ing disease should alert the clinician to consider NBTE. Serial blood cultures and
echocardiography should be done. Negative blood cultures and valvular vegetations
suggest the diagnosis [10]. However, the condition is not always easily recognized on
echocardiographic images. Post-mortem studies described mulberry like clusters of
verrucae on the ventricular surface of the posterior mitral leaflet, often with adher-
ence of the mitral leaflet and chordae to the mural endocardium. The lesions typically
consist of accumulations of immune complexes and mononuclear cells. Examination
of embolic fragments after embolectomy can also help make the diagnosis.

In practice, the diagnosis of NBTE is difficult and relies on strong clinical suspi-
cion in the context of (a) a disease process known to be associated with NBTE, (b)
the presence of a heart murmur, (c) negative blood culture, (d) the presence of veg-
etations not responding to antibiotic treatment, and (e) evidence of multiple sys-
temic emboli [11].

Laboratory Findings

Comprehensive haematological and coagulation studies (full blood count, pro-
thrombin time, partial thromboplastin time, fibrinogen, thrombin time, D-dimers
and cross-linked fibrin degradation products) should be performed to search for a
potential causes. CRP is rarely increased and often there is no leucocytosis. Multiple
blood cultures should be undertaken to rule out infective endocarditis, although
negative blood cultures can be observed in infective endocarditis (e.g., prior antibi-
otic therapy, HACEK group, fungi, etc.). Polymerase chain reaction (PCR) using
nucleic acid target or signal amplification along with sequence analysis of the blood
and tissue targeting common microorganism (Tropheryma whippelii, Coxiella bur-
netti, and species of Bartonella, Chlamydia, Brucella, Legionella, Mycobacteria and
Mycoplasma) should be performed. They can facilitate detection of culture negative
endocarditis [12]. Immunological assays for antiphospholipid syndrome (lupus
anticoagulant, anticardiolipin antibodies, and anti-f2-glycoprotein 1 antibodies
with at least one must be positive for the diagnosis of antiphospholipid syndrome
on>2 occasions 12 weeks apart) should be undertaken in patients presenting with
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Fig. 16.1 Example of NBTE in a patient with lung cancer. Transesophageal echocardiogram,
4-chamber 0° view. There is a small mobile mass (white arrow) seen at the tip of the anterior mitral
valve leaflet leading to moderate mitral regurgitation (yellow arrow)

recurrent systemic emboli or known systemic lupus erythematous [13]. Other fea-
tures such as rheumatoid factor, antinuclear antibody and a comprehensive workup
for systemic lupus erythematosus or malignancies can be indicated.

Echocardiography

Valvular vegetations in NBTE are usually small (0.1-2 cm in diameter), broad
based, and irregularly shaped [14, 15] (Fig. 16.1). They have little inflammatory
reaction at the site of attachment, which make them more friable and detachable
(Table 16.3). Following embolization, small remnants on affected valves (<3 mm)
may result in false negative echocardiography results. Transthoracic echocardiogra-
phy is the first line imaging but transoesophageal echocardiography should be
ordered in case of high suspicion of NTBE [16]. 3D transoesophageal echocardiog-
raphy can provide clinically relevant additive information that complements 2D
imaging for the detection and characterization of NBTE [17]. Left-sided (mitral
more than aortic) and bilateral vegetations are more consistent with NTBE than
with infective endocarditis [18] (Fig. 16.2, Video 16.1). Valvular regurgitation is
noted most commonly in patients with leaflet thickening, which is thought to
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Table 16.3 Anatomical — echocardiographic — histologic findings

Vegetation’s

General features | characteristics Histologic findings

Left heart valves | Usually small Active verrucae — Consist of clumps of fibrin on
only vegetations and within the valvular leaflet tissue, which is
Vegetation-like Non destructive focally necrotic, with plasma cells and lymphocytes
lesions Changing from one | Combined active and healed lesions — Contain
Diffuse valve day to another vascularized, fibrous tissue adjacent to fibrinous and
thickening Sessile or necrotic areas

No abscess pediculated Healed lesions — Consist of dense, vascularized,
formation fibrous tissue

Fig. 16.2 Example of NBTE in a patient with systemic lupus erythematosis with cerebral embo-
lism. 3D transesophageal echocardiogram showing a small mass (white arrow) attached to the
aortic cusp without significant regurgitation (Video 16.1)

represent the chronic healed phase of disease. Pure mitral regurgitation is the most
common valvular abnormality, followed by aortic regurgitation, combined mitral
stenosis and regurgitation, and combined aortic stenosis and regurgitation [19].

Prognosis

The prognosis is generally poor, more because of the seriousness of predisposing
disorders and associated comorbidities (e.g., renal failure, myocardial dysfunction)
than the cardiac lesion. However, longitudinal data of valvular abnormalities are
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limited. Very few series reported no progression of mild or moderate regurgitation
to severe regurgitation over a 2-3-year period and reported only isolated cases of
mildly progressive stenosis [20]. The likely prevalence of secondary infective endo-
carditis is low, but it has not been widely reported. Potential contributing factors to
infective endocarditis are connective tissue disorders connective tissue disorders
such systemic lupus erythematosus, medications prescribed for these diseases, and
underlying valvular abnormalities.

Treatment

NTBE is first managed by treating the underlying pathology. For instance, with the
introduction of steroid therapy for systemic lupus erythematosus, improved longev-
ity of patients appears to have changed the spectrum of valvular disease. Conversely,
in patients with advanced and non-curable cancers, surgery is unlikely to influence
the final outcome and also not prevent recurrent embolization. If there is no contra-
indication, these patients should be anticoagulated with heparin/warfarin, although
there is little evidence to support this strategy [21]. In NTBE, the use of direct
thrombin or factor Xa inhibitors has not been evaluated. In antiphospholipid syn-
drome, life-long anticoagulation is indicated. A trial comparing rivaroxaban (an
inhibitor of factor Xa) and warfarin in patients with thrombotic antiphospholipid
syndrome is currently in progress [22]. However, the risk of anticoagulation is
haemorrhagic conversion of embolic events. Computed tomography or magnetic
resonance imaging of the brain should be performed in patients with NBTE and
cerebral attack before anticoagulation to rule out intracranial haemorrhage. There
are no guidelines for surgical intervention in patients with NBTE. Surgical interven-
tion, valve debridement and/or reconstruction, is often not recommended unless the
patient present recurrent thromboembolism despite well-conducted anticoagulation
[23]. Other indications for valve surgery are the same as for infective endocarditis
(i.e. congestive cardiac failure due to valvular dysfunction). In the context of cancer,
a multidisciplinary approach is recommended [24].
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Chapter 17
Infective Endocarditis in Congenital Heart
Disease

Joey Mike Kuijpers, Berto J. Bouma, and Barbara J.M. Mulder

Introduction

The population of children and adults with congenital heart disease (CHD) is
expanding, largely due to improved surgical and medical management and conse-
quent prolonged survival of these patients [1, 2]. With longer survival and more
complex surgical management, often involving prosthetics, CHD has become an
important substrate for infective endocarditis (IE), especially in younger patients.
This has contributed greatly to the evolving epidemiology of IE in the population
overall. Despite recommendations for prophylaxis in the highest risk patients, IE
remains a feared and serious complication in CHD patients [3-5]. Systematic stud-
ies of IE in the setting of CHD are scarce, and current knowledge stems mainly from
retrospective studies and case series. On the background of this limitation, the clini-
cal entity of CHD-related IE will be reviewed in this chapter.

Epidemiology

The incidence of IE in children and adults with CHD is greater than that in the gen-
eral population, but varies significantly between different types of CHD (see section
in this chapter on “Predisposing Defects and Risk Factors”). In paediatric CHD, the
overall incidence rate of IE is an estimated 4.1 episodes per 10,000 person-years
(versus 3.9-6.4 episodes per 1000,000 person-years in general) [6, 7]. The inci-
dence rate in adult CHD (ACHD) is estimated at 11 episodes per 10,000 person-
years (versus 17-62 episodes per 1000,000 person-years in general) [8, 9]. Asin [E
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in general, male ACHD patients are affected approximately twice as often as
females, while the incidence is equal between the sexes in children [6, 8, 9].

As the population of CHD patients at risk for IE is growing [1], the contribution
of CHD-associated IE to overall incidence is proportionately large and likely to
increase [10]. Underlying CHD is found in 30-80 % of children and in 25 % of
adults admitted for IE [7, 10-12]. In paediatric patients, the age distribution of IE
occurrence peaks in infancy and late adolescence. In ACHD, median age at IE
occurrence is in the early thirties, while this is around age 50 for adult IE patients in
general [8, 9, 12].

Predisposing Defects and Risk Factors

As in other structural heart disease, the predisposition for IE in CHD is dependent
on the presence of a substrate for valvular or mural endothelial damage and that of
susceptible foreign surfaces. This is mainly determined by an interplay between the
type of defect, its repair status, and the presence of prosthetic material used for
repair or palliation. Recent cardiac surgery is a risk factor of particular importance
to CHD patients, while other general risk factors, namely previous IE, early infancy
and male sex among adults also apply to CHD patients.

Type of Defect, Repair Status, and Prosthetic Material

Defect types that cause turbulent blood flow are a major determinant of IE risk.
Specifically, unrepaired defects associated with high risk for IE are complex cya-
notic CHD, ventricular septal defect (VSD) and left ventricular outflow tract (LVOT)
obstructions [6, 9, 13].

The effect of repair status on IE risk in patients with CHD is dependent on
whether or not the repair was complete and, strongly, on the use of prosthetic mate-
rial. Specifically, implantation of prosthetic conduits, shunts or valves is of major
influence on IE risk, as these prosthetics themselves cause turbulent flow and pro-
vide susceptible surfaces. Complete repair without the implantation of prosthetic
conduits, shunts or valves, either surgical or interventional, eliminates abnormal
blood flow and consequently decreases or eliminates risk for IE. However, the risk
is high in the first months after repair, due to remaining endothelial damage and the
presence of foreign surfaces such as patches or closure devices that are in direct
contact with blood. When the endothelium has recovered, and these foreign surfaces
have become endothelialized, generally within six months, the risk for IE is assumed
to be low [14, 15]. Relatively new but increasingly performed transcatheter device
closures of atrial septal defects (ASDs) and ventricular septal defects (VSDs) are
likely to confer the same short-term risk as surgical repairs. Despite some reported
late occurrences of IE after such interventions, long-term risk is probably low [14,
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16]. If residual defects remain, so will the potential for endocardial infection, as
associated turbulent flow patterns will cause continued endothelial damage or ham-
per endothelialization of foreign surfaces. Repair or palliation with implantation of
prosthetic conduits, shunts or valves does not reduce, and may even increase IE risk.
As management of complex cyanotic CHD often involves such procedures, associ-
ated survival benefits are offset by a high lifetime risk for IE [9, 13]. The effect on
IE risk may vary with type of material and mode of implantation. Specifically for
prosthetic pulmonary valves, percutaneous implantation and bovine jugular vein
material are particularly associated with high risk [17].

From the above it can be deduced that the emphasis for risk assessment in the
current era of widely accessible surgical and interventional reparative and palliative
procedures is on the presence of prosthetics or residual defects, while defect type
and location are of importance in unrepaired CHD. From this viewpoint, the con-
temporary risk-profile of patients with specific defects is discussed below.

Complex Cyanotic Defects

Complex cyanotic CHD, either unrepaired, repaired or palliated, is associated with
a contemporary IE risk of up to 21 and 58 cases per 10,000 person-years for paedi-
atric and adult patients, respectively [6, 9]. As reparative strategies differ between
defects, the risk differs strongly between types of repaired cyanotic defects. An
illustrative example is the risk difference between tetralogy of Fallot (ToF) and the
somewhat similar lesion pulmonary atresia (PA) with a VSD. Unrepaired, both
carry a high risk for IE. After correction of ToF, involving a prosthetic patch but
generally no shunts or conduits, IE occurs practically only in those with residual
defects and those who did require palliative shunts [13, 18]. Contrastingly, after
repair of PA with a VSD, involving a right ventricle to pulmonary artery conduit,
risk is an estimated 115 cases per 10,000 patient-years [9, 13]. Patients with func-
tionally univentricular hearts often undergo palliative procedures that frequently
involve the use of prosthetics. Thus, patients with palliated univentricular physiolo-
gies are at high lifetime risk for IE [19, 20].

Ventricular Septal Defect

Estimates of IE risk in patients with an open VSD vary from 19 to 38 cases per
10,000 person-years. Importantly, risk is independent of defect size, and small
asymptomatic VSDs should not be underestimated in their infective potential.
Complete repair almost fully eliminates risk, with IE occurrence mostly restricted
to patients in the first six months after patch closure and those with residual defects
[13, 18, 21]. In adults, but not in children, VSD is associated with increased IE risk.
This might be explained by greater frequency of complex lesions in adults. Indeed,
the risk for IE is reportedly twice as high if there is coexisting aortic regurgitation
[6,9, 21].
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Left Ventricular Outflow Tract Obstruction

Both repaired and unrepaired, congenital LVOT obstruction, specifically aortic
valve stenosis, is a high-risk lesion. The risk for IE may be higher in those treated
surgically (41-72 cases per 10,000 person-years) than in those treated medically (16
cases per 10,000 person-years), a difference probably partially explained by the
implantation of a prosthetic valve. However, surgical intervention is associated with
greater defect severity. Indeed, greater severity is a stronger predictor of IE risk than
is surgical management [13, 21]. Coarctation of the aorta is a low-risk lesion,
although IE does occur after surgical repair or on a coexisting abnormal aortic valve
[9, 13]. Bicuspid aortic valve (BAV), a morphological abnormality present in
0.5-2 % of the population [22], is a frequently found condition underlying IE [12].
IE was reported to occur in 10-30 % of patients in early case series [23]. However,
these early studies included mainly symptomatic patients, and their high risk reflects
valvular dysfunction rather than the valve deformation itself. Indeed, in later studies
including asymptomatic and uncomplicated patients, incidence was only 0.3 % per
year [24]. Of note, in a large clinical ACHD cohort, IE incidence was approximately
21 cases per 10,000 person-years in BAV patients. This underlines that once it has
become clinically overt due to valve degeneration or insufficiency, BAV should be
regarded a high-risk lesion [9].

Other Defects

Both repaired and unrepaired isolated right-sided lesions are associated with a rela-
tively low IE risk in both children and adults. In patients with pulmonary stenosis,
risk is increased after implantation of a prosthetic pulmonary valve, with greater
risk after percutaneous than after surgical implantation [17]. Regardless of repair
status, isolated secundum ASD is a low-risk lesion, although risk is greater than in
the population in general. This may be attributable to coexistent (valvular) lesions.
PDA frequently underlies IE in young children, but rarely in older patients, as clo-
sure practically eliminates risk [6, 9, 13].

Risk Factors

Naturally, the risk for IE is associated with medical conditions, procedures and life-
style habits that induce bacteraemia. A potential event of transient bacteraemia can
be identified in only a minority of cases. Dental procedures or infection, cardiac
surgery, cardiac catheterisation and non-cardiac invasive procedures are frequent
causes in CHD-related cases of IE. Cutaneous infections may be an underestimated
source of bacteraemia [19, 25, 26]. As is found in general, previous IE is an impor-
tant predisposing factor for recurrent episodes of IE in CHD patients, and male gen-
der is associated with greater risk among adults [4, 9]. In paediatric CHD patients,



17 Infective Endocarditis in Congenital Heart Disease 235

the risk for IE is highest in early childhood. This is probably due to multiple age-
related risk factors, such as frequent use of central venous catheters in the young.
Moreover, many CHD patients have reparative surgery early in life, increasing risk
in the immediate postoperative period, while often decreasing long-term risk. During
infancy, IE affects particularly those with complex cyanotic defects, often after sur-
gery. In older children, simple defects are more frequent [6, 11, 27].

Microbiology

In CHD-related IE, Streptococcus spp. are isolated in 40-50 %, Staphylococcus spp.
in approximately 20-30 % and Gram-negative bacteria, miscellaneous other bacte-
ria and fungi together in 10-20% of cases, although the relative frequencies of
causative organisms differ strongly between reported case series. Incidence of
culture-negative IE is about 15 % (see section in this chapter on “Microbiological
Diagnosis”) [19, 25, 28]. This microbiological pattern may differ marginally from
that found in general IE, where Staphylococcal species show a slight predominance
and Gram-negative bacteria and fungi are isolated in under 10 % of cases [28, 29].
Staphylococcus spp. are relatively frequent in device-related IE and in IE associated
with cyanotic CHD [30, 31]. Gram-negative and fungal infections are associated
with post-operative and nosocomial IE [25, 32]. With a large proportion of CHD
patients undergoing surgery, such organisms can be expected to be increasingly
found in cases of CHD-related IE. Moreover, children with CHD may be more sus-
ceptible to colonization by certain Gram-negative bacteria [33].

Clinical Course and Complications

Time from the potential or assumed event of transient bacteraemia, if identified, to
onset of symptoms is approximately two weeks. This so-called incubation period is
rather variable, however, and ranges from less than one to several weeks. Mean time
from onset of symptoms to diagnosis and start of appropriate treatment is approxi-
mately five weeks over available reports, although this delay may still be up to
several months in very indolent cases [18, 26].

Signs and Symptoms

The clinical presentation of CHD-associated IE, often with prolonged low-grade
fever accompanied by a variety of (non)specific complaints and findings, is similar
to that of IE in general [28]. Cardiac examination may reveal a new or changed
murmur. However, especially in the patient with repaired complex CHD, it may not
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be straightforward to determine whether a murmur is new or changed since prior
examination. Graft infection and resultant dysfunction may be reflected in reduced
systemic oxygen saturation and functional capacity in such patients [34].

Complications

The general principles regarding risk for complications are likely to apply to CHD
patients, although this has never been formally evaluated. Importantly, the presence
of prosthetic valves, a systemic-to-pulmonary shunt and cyanotic CHD are associ-
ated with greater risk for complications [25, 34, 35].

Congestive heart failure (CHF) is the most common complication of CHD-
associated IE, occurring in up to 30-50 % of cases, although its incidence seems to
have decreased over the past decades. It is more common in patients with pros-
thetic valves, and those who have previously undergone cardiac surgery [19, 25,
28, 36]. Perivalvular extension of the infection occurs in about 5% of CHD-
associated IE cases [20, 26, 31], far lower than the 10-40% reported for IE in
general [37]. This may be due to a lower relative frequency of aortic valve involve-
ment, associated with greater risk for perivalvular abscess formation [38].
Alternatively, lower sensitivity of echocardiography in CHD patients may lead to
underdiagnosis of this complication (see section in this chapter on “Diagnosis”).
Of note, in native aortic valve IE, BAV is associated with increased risk for perian-
nular extension (64 % versus 17 % in tricuspid aortic valves) [39]. Risk for perival-
vular extension is very high in prosthetic valve IE (56—100%) [40]. Clinically
overt septic embolization, to either the pulmonary or systemic circulation, occurs
in 10-35% of cases, similar to general incidence and equal between native and
prosthetic valve IE. General risk factors for embolization probably apply to CHD-
related cases [19, 28, 31, 35].

Diagnosis

The threshold for suspecting IE in patients with CHD should be low, as any delay in
diagnosis can adversely affect prognosis. In the febrile patient with a high-risk CHD
lesion or intracardiac prosthetics, including valves, conduits and shunts, IE is to be
considered.

The sensitivity of the modified Duke criteria may be reduced in the setting of
CHD [41-43], as echocardiography is more frequently false-negative in patients
with prosthetic material or complex cardiac anatomy and blood cultures are more
frequently negative in prosthetic material IE [4, 44]. Thus, the diagnosis often relies
more heavily on symptomatology and laboratory findings. The presence of periph-
eral IE stigmata and, although lacking specificity, that of splenomegaly, elevated
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C-reactive protein and microscopic haematuria could be a valuable addition to the
current diagnostic criteria, particularly in those with complex lesions and those with
surgical prosthetics [42].

Microbiological Diagnosis

The overall 10-15 % incidence of culture negativity in CHD-associated IE is within
the range of 2.5-31 % reported for IE in general. In contemporary studies, employ-
ing newer techniques for microbiological diagnosis, it is under 10 % [19, 28, 42,
44]. Although culture-negative IE is frequently due to prior antibiotic treatment,
infection by uncommon or fastidious micro-organisms increasingly underlays neg-
ative blood cultures. This may be of particular importance to CHD patients, as
these organisms are relatively common in postoperative and prosthetic material IE
[25, 42, 44]. Especially in culture-negative cases with high clinical suspicion, other
strategies for identification of uncommon pathogens (e.g., serologic testing,
[immuno]histology) should be considered to strengthen diagnosis and target ther-
apy [42, 44].

Imaging

Sensitivity of echocardiography in CHD-associated IE is approximately 70 % over-
all, but varies greatly with defect complexity and presence of prosthetics. Although
lower than in patients with normal anatomy, sensitivity is relatively high in patients
with isolated defects [28, 34]. Contrastingly, it may be under 50 % in postoperative
cases and in patients with complex lesions or prosthetics [19, 36]. Vegetations on
prosthetics outside the heart are particularly difficult to visualize. Especially in
adults with complex cardiac anatomy or prosthetics, transoesophageal echocardiog-
raphy (TOE) may have diagnostic advantages over transthoracic echocardiography
(TTE), although this has not been systematically studied (Fig. 17.1a, b). A negative
TOE study does not rule out a diagnosis of IE [4, 25, 45].

While the role of alternative modes of imaging (magnetic resonance imaging,
MRI; computed tomography, CT; positron emission tomography, PET and radionu-
clide scanning) for the diagnosis of IE has not been exactly determined to date, they
may prove particularly useful in CHD patients, when the diagnostic capacity of
echocardiography is compromised due to interference by prosthetics. Indeed, cases
of IE in patients with prosthetic valves or shunts in whom the diagnosis could be
made by PET/CT after negative or inconclusive TOE have been reported. Moreover,
this modality can demonstrate or exclude local extension of the infection, septic
embolisms and metastatic infection, and be used for assessment of treatment effi-
cacy during follow-up (Fig. 17.2a, b) [46].
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Fig. 17.1 (a, b) TEE images of a 19-year-old man with a history of unicuspid aortic valve repair
one year earlier, who presented with chest pain. Blood cultures are positive for Staphylococcus
warneri. (a) A mobile structure, suggestive of a vegetation, is visible on the right coronary cusp
(RCC,; thin white arrow). Also seen are an anomalous coronary artery pathway (thick white arrow)
and pseudoaneurysm involving the RCC (open arrow). There are no signs of periannular exten-
sion. (b) The Doppler image shows aortic regurgitation, with three distinct regurgitant jets: one
through the insufficient aortic valve (middle arrow) and the aortic commissure (upper arrow) and
one at the base of the RCC, originating from the pseudoaneurysm (lower arrow), indicating valve
destruction. Abbreviations: LA left atrium, LV left ventricle, Ao aorta, RVOT right-ventricular out-
flow tract

Fig. 17.2 (a, b) PET/CT images of a 40-year-old woman, born with pulmonic atresia and a VSD
and history of pulmonary homograft implantation, tricuspid reconstruction and a Bentall-procedure
after developing aortic dilation and associated aortic insufficiency later in life. She presented with
fever, malaise and fatigue. Blood cultures were positive for Staphylococcus aureus. Both TTE and
TEE did not demonstrate any findings indicative of IE. (a) Coronal images. (b) Transaxial images,
both showing PET (a: left, b: top) and PET/CT fused images (a: right, b: bottom). The picture
shows a focal area of increased FDG uptake at the site of the prosthetic aortic valve and in the wall
of the aortic root, very suggestive of an infection
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Site of Infection

In CHD-associated IE, the affected structure is more frequently right-sided than in
IE in general. Although reports vary considerably regarding distribution of IE loca-
tion, over one third of CHD-related cases are generally right-sided and about 50 %
are left-sided. The remainder are either located outside the heart (approximately
20 %; e.g., at the site of a PDA, aortic coarctation, implanted conduits) involve both
left- and right-sided structures, or are not classified with respect to location. As in
general IE, left-sided disease generally involves the valves. Of the right heart struc-
tures, the tricuspid valve is the most commonly affected, followed by the pulmonary
valve. In contrast to left-sided disease, mural RV structures are also frequently
affected, generally the rim or closure patch of a VSD or the RV free wall opposite
such a defect. The detail of available reports is insufficient to determine whether
affected valves are native or prosthetic, or if differences herein exist between
affected sites [4, 19, 25, 28].

Treatment

Treatment of IE in the setting of CHD follows the general principals of targeted
antimicrobial therapy and indications for surgery, set out in detail in international
guidelines [4, 47].

The rate of surgery during the active phase of CHD-associated IE varies from 10
to 60 % across reports [19, 25, 26, 32]. The most frequently reported indications for
early surgery are heart failure, (high estimated risk for) embolization, persistent
fever, locally uncontrolled infection and removal of infected prosthetics [4, 47].
Development of IE on a conduit or shunt is usually not manageable with antibiotic
treatment alone. Generally required surgical explantation of contaminated material
is associated with high mortality (see section “Outcome” below) [20, 25, 34].
Elective surgery after completed antibiotic treatment is indicated in a proportion of
patients, to repair or replace damaged valves, replace degenerated grafts or to treat
congenital defects not diagnosed prior to IE occurrence. These late operations are
generally safe [20, 25, 26].

Outcome

Overall mortality of CHD-associated IE is under 10 %, which is lower than that
reported for IE in patients with acquired heart disease [19, 20, 28]. This may be due
to the higher proportion of right-sided IE, known to have a better prognosis [4].
Mortality rates in CHD-associated IE have decreased over the past decades, likely
due to earlier and more effective surgical therapy for IE in the setting of CHD, along
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with general improvements in diagnosis and antimicrobial therapy [19, 32, 34].
Mortality differs between types of CHD, however, and is up to 50 % in those with
complex defects. This is probably, at least in part, related to the presence of pros-
thetics and associated need for surgical intervention [4, 25]. Indeed, surgical mortal-
ity remains as high as 40 %, and is greatest in patients with prosthetic-valve IE [19,
20, 25]. Apart from involvement of prosthetic material and need for surgical inter-
vention (indicative of more severe and uncontrolled IE), other factors associated
with greater mortality are those also found in general IE: early infancy, nosocomial
acquisition, infection by uncommon pathogens, large vegetation size (>20 mm) and
the development of complications, particularly heart failure [25, 31, 32, 36]. The
main causes of death are also similar to those in IE in general (heart failure, refrac-
tory infection, infectious or surgical complications) [19, 20, 26, 36].

Prevention

The focus of the most recent guidelines for the prevention of IE is on the highest risk
patients, undergoing the highest risk procedures. The highest risk patients are those
at greatest risk for either adverse IE outcome (North-American guidelines) or devel-
oping procedure-related IE (European guidelines) [3—5]. Both definitions selected
the same CHD patients eligible for prophylaxis: those with valves replaced or
repaired using prosthetics and those with cyanotic CHD, either unrepaired or
repaired with residual defects or palliative shunts or conduits. After CHD repair
with prosthetic material, prophylaxis is recommended for six months. In case of
residual defects at the site of foreign material, prophylaxis is recommended beyond
this period.

As the impact of bacteraemia resulting from daily activities and poor hygiene is
an important determinant of IE risk, maintenance of optimal oral health and regular
dental review are of great importance for prevention of IE. Awareness of IE risk and
its association with daily oral and skin hygiene is often lacking in CHD patients,
while greater awareness is associated with better maintenance of oral health and
more frequent dental review. Thus, these issues should be profoundly addressed in
education of patients and their caregivers [48, 49].

While the risk of IE is largely determined by the presence of high-velocity and
turbulent blood flow patterns, the guidelines do not appreciate assessment of such
haemodynamics in determining IE risk. Particularly concerning VSD and LVOT
obstructions, this could leave patients at risk [13, 19, 21], which may be of concern
to clinicians. Indeed, over a quarter of clinicians caring for CHD patients were
found to feel that recent guidelines leave some patients at risk. However, up to 80 %
were found to have discontinued prophylaxis for small unrepaired VSDs and native
aortic valvar stenoses following publication of the 2007 AHA guidelines.
Remarkably, rates of prophylaxis for scenarios that do warrant prophylaxis accord-
ing to the guidelines decreased: prophylaxis in VSD patients during the first six
months after patch closure or with a residual shunt was practiced in only 54 % and
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69 % (versus 75% and 100 % before, respectively) [50]. Although it cannot be
deduced whether it is due to unfamiliarity with guidelines, unclear recommenda-
tions, individual interpretation of literature or other reasons, this noncompliance
does underline that adherence to guidelines could be improved.

Summary

CHD is an important substrate for IE, especially in younger patients, and the
expanding population of paediatric and adult CHD patients contributes greatly to
overall IE incidence. Simple lesions, such as ASD and isolated right-sided lesions
carry a low IE risk. Lesions associated with high-velocity and turbulent blood flow,
particularly complex CHD, LVOT obstructions and VSD are associated with high
risk. Moreover, the implantation of prosthetic valves, conduits and shunts for repair
or palliation is associated with high long-term risk, while risk is practically elimi-
nated after complete repair without such prosthetics. Although right-sided infection
is relatively more frequent, the clinical presentation and basis for diagnosis and
treatment of CHD-associated IE do not differ from IE in general. However, espe-
cially in patients with complex CHD or prosthetics, sensitivity of echocardiography
may be reduced and alternative modes of imaging may proof useful tools. Mortality
is low (<10 %) in CHD-associated IE, relative to mortality in IE in general, but it
remains high in those with complex defects or prosthetics and in cases requiring
surgery. While antibiotic prophylaxis is indicated in patients at highest risk, the
importance of good oral and skin hygiene for the prevention of IE has to be empha-
sized. Education of patients and caregivers is vital in this respect, as awareness of
risk is often lacking.
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Chapter 18
Blood Culture-Negative Endocarditis

Pierre-Edouard Fournier, George Watt, Paul N. Newton, Cristiane C. Lamas,
Pierre Tattevin, and Didier Raoult

Introduction

Infective endocarditis (IE) is a severe disease whose incidence has increased over
time despite different prevention strategies and a changing epidemiology, with an
increase in Staphylococcus aureus IE and in IE occurring in intravenous drug users,
in older patients, and in those with nosocomial bacteremias or intracardiac devices
[1,2]. Heart surgery is required in 25-50 % of cases [3], and mortality remains high,
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with more than 30 % of patients dying within a year of diagnosis [3, 4]. In 5-69.7 %
of cases, depending on the case series, blood cultures (i.e., > three aerobic and
anaerobic blood cultures collected over 48 h), the first line microbiological tool for
the diagnosis of IE, remain negative, despite more than 1 week of incubation [5].
The importance attributed to culture in the diagnosis of IE is demonstrated by its
weight in the Duke criteria [6]. In most cases, the negativity of blood cultures is
explained by the empirical administration of antibiotics prior to blood cultures.
Fastidious microorganisms are the second cause of BCNE and account for ~5 % of
all IE. These include microorganisms that require prolonged incubation and/or spe-
cific media, including Brucella sp., defective streptococci (Abiotrophia sp., Gemella
sp., Granulicatella sp.), Finegoldia magna, HACEK bacteria (Haemophilus sp.,
Actinobacillus sp., Cardiobacterium sp., Eikenella sp., Kingella sp.), Legionella sp.,
Listeria sp., mycobacteria, Mycoplasma sp., Propionibacterium acnes, and fungi
(Candida sp., Aspergillus sp.), as well as strictly (Coxiella burnetii, Tropheryma
whipplei) or facultative (Bartonella sp.) intracellular bacteria [7]. In addition to IE,
endocarditis can also occur as a complication of non-infective diseases such as auto-
immune diseases (rheumatoid arthritis, systemic lupus erythematosus), neoplasia
(marantic endocarditis) [7, 8], Loeffler’s endocarditis and allergic phenomena [8].

Due to the delayed diagnosis, in-hospital complications are more frequent [9—
11]. To reduce the diagnostic delay and improve the prognosis, patients should ide-
ally be managed by a multi-disciplinary team involving specialists in cardiology,
cardiac imaging, infectious diseases and microbiology [12, 13].

Epidemiology of Blood Culture-Negative IE Worldwide

The incidence of BCNE, as well as that of its causative agents, varies greatly accord-
ing to countries [7, 10, 14-21]. Globally, the incidence of BCNE follows a North-
to-South increase [22]. In Europe, the incidence of BCNE has been reported to be
9% in France [23], 13 % in the United Kingdom [19], 14 % in Spain [21], 20 % in
Japan [20], 24 % in Sweden [24] and 25 % in Italy [25]. By comparison, BCNE
accounted for 23 % in Brazil [26], 31 % in India [27], 48 % in Pakistan [17], 50 % in
Turkey [28], 54 % in Tunisia [29], 55 % in South Africa [16], 56 % in Algeria [15],
58 % in Morocco [30], 61 % in the Lao PDR [31], 69 % in Thailand [32] and 69.7 %
in Egypt [33].

In addition to differences in frequency of BCNE according to countries, differ-
ences are also observed in the distribution of identified causative agents of BCNE,
notably that of zoonotic microorganisms (in particular Coxiella burnetii, Bartonella
sp. and Brucella sp.) [34]. However, these differences may also reflect differences
in antibiotic use or study design (microbiological techniques used or studied popu-
lations), as shown in the following studies. The proportion of BCNE cases caused
by zoonotic agents was 0 in South Africa [16], 6.7 % in the Lao PDR (two cases of
B. henselae 1E) [35], 12.5% in Italy (3 cases of brucellosis) [36], 9 % in Turkey
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(Brucella sp. only but neither Q fever nor Bartonella sp. were investigated) [28],
10.3 % in Brazil (2 Bartonella and 1 C. burnetii IE) [37], 11.9 % in Egypt (Q fever,
Bartonella sp. and Brucella sp.) [33], 13% in southern France (Q fever and
Bartonella sp. but no Brucella sp.) [7], 17 % in Thailand (Q fever, Bartonella sp.,
Streptococcus suis, Erysipelothrix rusiopathiae, Campylobacter fetus) [32], 20 % in
the UK (mainly Q fever and Bartonella sp. but broad range PCR from valves was
not performed) [19].

Main Etiologies of Blood-Culture Negative IE

Infectious Etiologies

Antibiotic administration prior to blood sampling remains the most common cause
of BCNE (especially when caused by staphylococci or streptococci). However, as
detailed above, a substantial number of cases are caused by intracellular bacteria,
including Coxiella burnetii, the agent of Q fever, Bartonella sp., Brucella sp.,
Legionella sp., Mycoplasma sp., Tropheryma whipplei, the agent of Whipple’s dis-
ease, other fastidious bacteria such as Abiotrophia sp. and Propionibacterium acnes,
or fungi (mainly Candida sp. and Aspergillus sp.) [7]. Table 18.1 lists the main risk
factors for BCNE caused by fastidious microorganisms.

Table 18.1 Risk factors for BCNE caused by fastidious microorganisms

Pathogen Risk factors

Aspergillus sp. Contamination through aerosols in patients with intracardiac devices or
prostheses, and/or immunodeficiency

Bartonella sp. Contact with kittens (B. henselae), contact with human body lice
(B. quintana)

Brucella sp. Contact with, or occupational exposure to farm animals, especially cattle,
sheep and goats, through direct contact or ingestion of unpasteurized and
contaminated milk products or insufficiently cooked meat

Candida sp. Intravenous drug users, parenteral nutrition, multiple complex digestive
surgeries, active cancer, and prolonged broad-spectrum antibiotic treatment

Coxiella burnetii | Contamination through aerosols of placental or parturient fluids from
infected mammals (sheep, goats), or ingestion of contaminated raw milk
products. May be an occupational disease in workers exposed to farm
animals

Legionella sp. Infection through inhalation of aerosols of infected water. Mainly in
patients with prosthetic valves

Mpycoplasma sp. Mostly M. hominis, within a year following valvular surgery. Suspected
nosocomial transmission

Tropheryma Males with as yet undetermined specific immunodeficiency, inter-human

whipplei transmission
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Non-infectious Etiologies

Although endocarditis mostly results from infectious causes, this disease may also
complicate non-infectious diseases such as autoimmune diseases and neoplasia [7,
8]. The most common form of autoimmune endocarditis is Libman-Sacks endocar-
ditis. This manifestation of systemic lupus erythematous is observed in young adults
with a severe lupus and the valvular lesions are mostly mitral [38]. It is associated
with primary or secondary antiphospholipid syndrome [39], as antiphospholipid
antibodies, notably the anticardiolipin and lupus anticoagulant, favour the forma-
tion of non-bacterial thrombotic vegetations. Endocarditis has also been described
in other autoimmune conditions such as rheumatoid arthritis or Behget’s disease. In
the latter condition, endocarditis, in most cases aortic, is rare but has a poor progno-
sis [40]. In addition, during rheumatic fever, antibody cross-reactivity following
Streptococcus pyogenes infection results in damage to endocardium, myocardium
and pericardium.

Neoplasia, especially involving lung, pancreas, and colon, can be complicated by
the development of thrombotic sterile vegetations (marantic endocarditis) due to
hypercoagulable states and, sometimes, with antiphospholipid antibodies. Marantic
endocarditis mostly involves the mitral and aortic valves.

Loeffler’s endocarditis is a form of restrictive cardiomyopathy with eosinophilic
proliferation in endocardial and myocardial tissue, which may be caused by para-
sites, drug reaction, eosinophilic leukemia or lymphomas. Finally, foreign material
rejection or allergic phenomena may be a cause of non-infectious endocarditis in
patients with porcine bioprosthetic valves [8].

Diagnostic Strategy

The diagnosis of IE usually relies on the association of an infectious syndrome and
evidence of recent endocardial involvement, which is the basis of the various scores
developed to date. Currently, the most widely used diagnostic criteria are the Duke
University criteria that were notably amended to include Q fever serology as a new
major criterion [6, 41]. However, the sensitivity of these modified criteria is limited,
especially in the early stages of the disease, in cases of negative blood culture and
in the presence of prosthetic valve or pacemaker/defibrillator leads. Therefore, other
scoring systems, in particular using a combination of non-specific clinical signs and
biological results, have been proposed to improve the early diagnosis of IE [19, 42].

In addition, special attention should be paid to the medical history of the patient
that may point towards a specific diagnosis. In particular, the following epidemio-
clinical clues may facilitate the diagnosis. Bartonella quintana should be suspected
in homeless, alcoholic and/or patients coming from Maghreb; Tropheryma whipplei
in patients >50 y-o with chronic arthralgias; Coxiella burnetii in patients >40 y-o
with bicuspid aortic valve; Brucella sp. in patients coming from South America and
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Turkey; allergy to pork in patients with a relapsing BCNE and a porcine bioprosthe-
sis; lupus erythematosus in young women; rheumatoid arthritis in older women with
arthralgias; marantic endocarditis in patients >40 y-o with embolic phenomena.

However, despite the progresses made in identifying the agents of BCNE permit-
ted by the use of improved scoring systems, the increased use of cardiac surgery in
the acute phase of endocarditis and the diversification of the diagnostic techniques
used, such as polymerase chain reaction (PCR) techniques, immunohistochemistry,
systematic serologies, magnetic resonance imaging and molecular imaging, the
ratio of BCNE without any etiological diagnosis remains elevated [3].

Nevertheless, the precise microbiological diagnosis being mandatory in order to
guide therapy and improve patient management, the timing and type of tests may be
standardized in a diagnostic kit designed to contain all vials and tubes required for
blood culture, serological screening of the most common agents of BCNE, PCR
from blood, and detection of auto-antibodies or anti-pork IgE (Table 18.1) [5, 8].

See Fig. 18.1 for an algorithm for a polyphasic diagnostic strategy for the identi-
fication of the causative agents of blood culture-negative endocarditis.

Blood Cultures

Significant improvements have been made in blood culture over the past decades
[43], notably permitted by enhanced automated systems (that enable cultivating
most pathogens including Candida sp., deficient streptococci and HACEK group
bacteria) [44]. These include the recommendations that three sets of blood cultures
consisting of >10 mL of blood per vial should be collected prior to antibiotic admin-
istration [45] and that extended incubation of vials should only be performed when
cultures remain sterile after 48—72 h [46].

Serology

In cases of BCNE caused by fastidious organisms, the diagnosis may be obtained by
serology for C. burnetii, Bartonella sp., Brucella melitensis, Legionella pneumoph-
ila, and Aspergillus sp. [7]. The former two agents being the most common world-
wide [7], these assays should be prioritized. An IgG titer to phase I >1:800 was
demonstrated to have a 98 % positive predictive value (PPV) for Q fever endocardi-
tis and this value is currently considered as a major Duke criterion [6, 47]. Similarly,
an IgG titer >1:800 to Bartonella henselae or B. quintana has a PPV >95% for
endocarditis caused by these microorganisms [48]. Assays for the other agents
should be used according to the local epidemiology (see above). Regarding IE
caused by Mycoplasma species, less than ten cases have been published to date, all
but one caused by M. hominis, and none of which have been diagnosed by serology
[49]. The usefulness of testing patients for antibodies to Chlamydia species appears
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Fig. 18.1 Polyphasic diagnostic strategy for the identification of the causative agents of blood
culture-negative endocarditis

even more limited. Indeed, due to serological cross-reactivity between Chlamydia
and Bartonella species, most published cases of serologically-diagnosed Chlamydia
IE were probably Bartonella infections [7]. Therefore, serology assays for these
microorganisms do not appear to be useful.
The role of mannan:anti-mannan antibodies and (1,3)-p-d-glucans in the diagno-
sis of Candida sp. endocarditis seems promising but remains to be defined [50].
Table 18.2 lists diagnostic assays available for fastidious microorganisms [49].

Valve Culture

When valvular surgery is necessary, it is essential to obtain valve samples for histol-
ogy, culture, and molecular detection assays. Valvular biopsies may remain culture-
positive longer than blood in the case of early antibiotic therapy.
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Table 18.2 Diagnostic procedures for BCNE caused by fastidious microorganisms

Pathogen Diagnostic procedure
Aspergillus sp. Serum galactomannan, 1,3 f-D glucan

Culture, immunohistology and PCR from valvular biopsies
Bartonella sp. Blood cultures

Serology: IgG >1:800 or positive western blot

Culture, immunohistology and PCR from valvular biopsies

Brucella sp. Blood cultures
Serology
Culture, immunohistology and PCR from valvular biopsies
Candida sp. Serum 1,3 B-D glucan
Culture, immunohistology and PCR from valvular biopsies
Coxiella burnetii Serology: IgG to phase I>1:800
(agent of Q fever) Tissue culture, immunohistology and PCR from valvular
biopsies or blood
Legionella sp. Blood cultures
Serology

Urinary antigen
Culture, immunohistology and PCR from valvular biopsies
Mpycoplasma sp. Culture, immunohistology and PCR from valvular biopsies

Tropheryma whipplei (agent Histology and PCR from valvular biopsies
of Whipple’s disease)

Polymerase Chain Reactions

Polymerase chain reaction (PCR) and sequencing, especially when targeting broad
range genomic targets such as 16S rRNA for bacteria or ITS for fungi, may enable
the identification of any bacterium or fungi, respectively [51]. Such systems have
demonstrated excellent sensitivity and specificity [52, 53]. In cases when a specific
microorganism is suspected, dedicated real-time PCR (RT-PCR) assays may be
used [37, 54]. Alternatively, multiplexed RT-PCR assays such as the LightCycler
SeptiFast system that enables detection of 25 bacteria or fungi may be used when all
other assays are negative [55]. It should be reminded that a positive PCR from a
valvular specimen may not systematically be synonym of infection, as bacterial
DNA, notably from streptococci or enterococci, may persist for months to years in
cardiac valves following an efficiently treated IE episode [56]. PCR may also be
performed from EDTA blood, although its sensitivity is lower compared to amplifi-
cation form valvular biopsies [7, 57].

Histology

A number of special stains may help guide the etiologic diagnosis. As examples, the
periodic acid—Schiff (PAS), Giemsa and Warthin—Starry, Ziehl-Neelsen and Gimenez
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stains enable detecting 7. whipplei, Bartonella sp., mycobacteria and C. burnetii or
Legionella sp., respectively. When histologic lesions are consistent with IE but other
assays are negative, auto-immunohistochemistry using the patient’s serum may
detect otherwise unidentified bacteria [58].

Other Laboratory Assays

Antinuclear and antiphospholipid antibodies and rheumatoid factor may be searched
in patients with a history of chronic athro-myalgias [7]. In patients with porcine
valvular bioprosthesis who develop relapsing IE without any identified causative
microorganism, the presence of anti-pork antibodies should be investigated [8].

PET-CT

Positron emission tomography-computed tomography (PET-CT) exhibiting a higher
sensitivity than CT alone for the detection and evaluation of infections, it was dem-
onstrated to be a valuable tool for the diagnosis of IE [59]. Saby et al. even proposed
that PET-CT might be considered as a major diagnostic criterion [60]. It may espe-
cially be useful in pauci-symptomatic patients, as may be the case in Bartonella or
T. whipplei infections [61, 62], or in suspected marantic endocarditis when it may
detect the primitive tumor [63].

Treatment

Empirical Treatment

The empirical treatment of BCNE is similar to that of culture positive IE. The most
common causative agents of IE (staphylococci, streptococci, and enterococci) being
also common agents of BCNE, an antibiotic therapy active on these agents should
be administered immediately after blood cultures. The European or American
guidelines recommend an association of amoxicillin-clavulanic acid (or amoxicillin-
sulbactam) + gentamicin for native valve IE, vancomycin + gentamicin + rifampin in
patients with a valve prosthesis implanted in the past year, or oxacillin or (flu)cloxa-
cillin+ gentamicin in intravenous drug users [43, 64].

Specific Treatments

As in cases of blood culture-positive IE, the antibiotic therapy should systematically
be tailored to the identified agent. This is especially important for fastidious micro-
organisms, many of which are not susceptible to the empirical therapy (Table 18.3).
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Table 18.3 Treatment of BCNE caused by fastidious microorganisms

Pathogen Proposed therapy References

Aspergillus sp.* Voriconazole i.v. (12 mg/day for 24 h, then 8 mg/kg/day) | [78]
or liposomal amphotericin B i.v. (3-5 mg/kg/day) for
>12 weeks (valvular surgery is mandatory for cure)

Bartonella sp.* Ceftriaxone (2 g/day) or ampicillin (or amoxicillin, 12 g/ | [68]
day) i.v. or doxycycline (200 mg/day) p.o. for 6
weeks + gentamicin (3 mg/kg/day) i.v. for 2-3 weeks

Brucella sp. Doxycycline (200 mg/day) + cotrimoxazole (960 x 2/ [79]
day) +rifampin (300-600 mg/day) p.o. for >3 months
Candida sp.* Echinocandin or liposomal amphotericin B i.v. (3-5 mg/ | [50]

kg/day) +/— 5-fluorocytosine (200-600 mg/kg/day).
Lifelong fluconazole when surgery is contraindicated
Coxiella burnetii Doxycycline (200 mg/day, to be adapted to serum [65]
(agent of Q fever) level) + hydroxychloroquine (200-600 mg/day, to be
adapted to serum level) p.o. or doxycycline (200 mg/day,
to be adapted to serum level) + plus ofloxacin (400 mg/
day) p.o. for >18 months
Legionella sp.® Erythromycin (3 g/day) i.v. for 2 weeks, then p.o. for 4 [49]
weeks +rifampin (300-1200 mg/day) or ciprofloxacin
(1.5 g/day) p.o. for 6 weeks or levofloxacin (1.5 g/day)
i.v. for 2 weeks, then p.o. for 4 weeks

Mpycoplasma sp. Doxycycline (200 mg/day) for 6 weeks [70-73]
Tropheryma whipplei | Doxycycline (200 mg/day, to be adapted to serum [54]
(agent of Whipple’s | level) + hydroxychloroquine (200-600 mg/day, to be

disease) adapted to serum level) p.o. for >18 months

i.v. intravenous, p.o. per os
*Valvular surgery is often required

"Newer fluoroquinolones are more potent than ciprofloxacin against Legionella sp.

IE due to C. burnetii should be treated with a combination of oral doxycycline
and hydroxychloroquine for a minimum of 18 months [65]. Hydroxychloroquine
increases the phagolysosome pH (from 4.7 to 5.8) and improves tetracycline-
induced bacterial killing. The plasma levels of both drugs should be monitored
throughout the treatment (objective: 0.8—1.2 mg/L for hydroxychloroquine, and
>5 mg/L for doxycycline). It should be noted that the same therapy, prescribed for
1 year, was demonstrated to efficiently prevent the development of endocarditis in
patients with a valvular defect who develop acute Q fever [66, 67].

IE due to Bartonella sp. should be treated with a combination of a f-lactam
(amoxicillin, ceftriaxone) and an aminoglycosides (gentamicin) for at least 2 weeks,
and then the pB-lactam alone for an additional 4 weeks [68]. Up to 90 % of patients
may undergo surgical valve replacement.

IE due to T. whipplei should be treated with a combination of oral doxycycline
and hydroxychloroquine for 18 months [54]. The rationale for using this combined
therapy and for monitoring plasma levels of both drugs is similar to that for C. bur-
netii endocarditis. Trimethoprim-sulfamethoxazole, once considered as the reference
antibiotic for Whipple’s disease, should no longer be used as T whipplei is naturally
resistant to trimethoprim, and the bacterium develops resistance to sulfamethoxazole
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during treatment, resulting in relapses [69]. Surgical valve replacement may be
required for successful therapy.

The European guidelines for the management of IE recommend the use of newer
fluoroquinolones for 6 months as antibiotic regiment for Mycoplasma endocarditis
[43]. However, among the published cases of Mycoplasma endocarditis, the three
patients treated with doxycycline recovered [70-73] vs only one of four patients
who received other antibiotics [74—77]. Therefore, doxycycline, rather than fluoro-
quinolones, should be used for these infections.

Conclusion

Blood culture-negative endocarditis is a severe disease that remains a diagnostic
challenge. As several fastidious agents of endocarditis require a specific antibiotic
therapy, diagnostic assays should be diversified and adapted to local epidemiology
and to the patient’s medical and exposure history.
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Chapter 19
Infective Endocarditis in Special Populations:
Patients Under Dialysis

Christine Selton-Suty, Olivier Huttin, Francois Goehringer, and Luc Frimat

Abbreviations

CKD Chronic kidney disease

CcvcC Central venous catheter

ESRD End-stage renal disease

HD Haemodialysis

ICD Implantable Cardioverter Defibrillator
IE Infective endocarditis

PD Peritoneal dialysis

S.aureus  Staphylococcus aureus

Introduction

Incidence of infective endocarditis (IE) is well known to vary among different sub-
populations of hosts, being estimated around 100 times higher among patients with
valvular prostheses than in the general population. Between those two extreme lev-
els of incidence, some specific populations are at intermediate risk and need to be
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recognized because of particular features linked to specific hosts. This chapter will
focus on IE in patients under dialysis.

More than 1.5 million patients with established end-stage renal disease (ESRD)
are treated with haemodialysis (HD) over the world with approximately 425,000
patients in Europe and 380,000 in the US [1-3]. IE is the result of a complex inter-
action between host, exposure, and pathogen, and patients with ESRD have all the
ingredients to develop this pathology. Old age, malnutrition, comorbidities favour-
ing development of infection (diabetes mellitus, immunosuppression, etc.) and
degenerative heart valve disease are frequent in dialysis patients. Furthermore, vas-
cular access for HD is a perfect gateway for frequent exposures to various patho-
gens, the most frequent of them being Staphylococcus aureus (S. aureus), which has
a special affinity to adhere on valve lesions.

Epidemiology

First description of IE in a dialysis patient dates back to the 1970s by Blagg et al.
who reported a case of death following cerebral embolism in a patient with subacute
bacterial IE [4].

IE in dialysis patients is a typical form of health-care associated disease. The
frequency of this mode of acquisition of IE has been highlighted since the end of the
twentieth century in the US [5]. From the Duke Medical Center files, Cabell et al.
showed a progressive increase of HD dependence, immunosuppression and S.
aureus infection over a 6-year period (1992-1998). HD was independently associ-
ated with S. aureus infection (OR 3.1 [1.6-5.9]) and accounted for 7 % of the cases
of IE in 1992, a proportion that increased to around 20 % in 1998 [6].

In the 2008 French epidemiological survey, health-care associated IE represented
27 % of the whole population and dialysis patients accounted only for 2.2 % of the
total series of IE patients [7]. An extrapolation based on the French population of
patients dependent on HD allowed an estimation of the incidence around 1700—
2000 cases of IE/10° HD patients [8]. This estimated incidence is 70 times higher
than that of IE in the general population (around 30 cases/10° inhabitants) but only
0.7 times lower than that of patients with valvular prostheses (around 3000 cases/10°
patients).

Analysis of the US Renal Data system (1992-97) [9] revealed 2075 new cases of
IE among 327,993 new HD patients (0.6 %) and estimated the cumulative incidence
at 2670 cases of IE/10° HD patients. HD patients had an age-adjusted incidence
ratio for IE of 18 and peritoneal dialysis (PD) patients of 11 compared to the general
population. The incidence ratio for primary hospitalizations for IE was also around
70 times higher in HD patients than in the general population.

The frequency of HD patients in series of IE varies in the literature and is higher
in the US than in the European countries. A monocentric US study estimated the
incidence of IE to be 129-174 times higher than in non HD patients, and reported
a very high percentage of 35 % of HD patients among 160 IE between 2001 and
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2006 [10]. Another European study reported lower frequency of 6 % of HD patients
among 241 IE [11]. Many factors can explain this higher frequency of IE among
US HD patients, such as old age, high rate of comorbidities (obesity, diabetes mel-
litus, etc.) and frequent use of central venous catheter as vascular access in the US
[12, 13].

In a series of 210 HD patients with S. aureus bacteremia, the frequency of
patients who developed IE was 17 % [14]. In the French registry VIRSTA which
gathered 2008 patients with S. aureus bacteremia, 211 patients were HD patients
(10.5%) and 26 (12.3 %) developed IE (versus 11 % in non HD patients, ns) [15].

Predisposing Factors for IE in HD Patients

Factors Linked to the Host

Many characteristics of dialysis patients are well-known to increase the risk of
infection: old age, malnutrition with low serum albumin, anaemia, impaired immune
defences and comorbidities. Among them, diabetes mellitus is one of the leading
causes of HD, reported in 30-50% of the patients, and is a major risk factor for
infection [16-18].

Degenerative valvular disease with valvular and annular calcifications is fre-
quent among ESRD patients, affecting both mitral and aortic valves. The
Framingham study analysed a subgroup of 3047 participants who all had echocar-
diography. Among participants with valvular/annular calcification (9 %), 20 % had
chronic kidney disease (CKD) defined as GFR <60 ml/mn/1.73 m?, compared with
7% in patients without valvular calcification. After adjustment, participants with
CKD had a 60 % increased odds of mitral annular calcification. So, in the commu-
nity, CKD is associated with presence of valvular calcification even before the
onset of dialysis [19].

Among dialysis patients, the percentage of either mitral and/or aortic calcifica-
tions varies in the literature from 30 to 75 %, partly depending on the duration on
maintenance dialysis (Table 19.1) [20-25]. Interestingly, during the first decade of
the millennium, a new paradigm on mineral homeostasis emerged. Due vitamin D
and parathyroid hormone disturbances influencing calcium-phosphate metabolism
expose CKD patients, in particular HD ones, concurrently to bone and cardio-
vascular diseases [26].

Other cardiovascular diseases are also frequent in HD patients. Chang [27] com-
pared HD patients who developed IE with HD patients seen at the same center dur-
ing the same period and showed that IE patients more often had a pacemaker implant
(15 vs. 1.1 %, p < 0.01), previous heart surgery (15 vs. 0.4 %, p < 0.01) and conges-
tive heart failure (CHF) (50 vs. 10.4 %, p < 0.05). Furthermore, the duration on
maintenance HD (12.9+19.1 vs. 57.9+42.3 months, p < 0.001) and serum albumin
at the time of admission (2.91+0.40 vs. 3.96+0.52 g/dL, p < 0.001) were lower in
IE patients than in others.
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Table 19.1 Frequency of valvular calcifications among patients under dialysis

Mitral Aortic Any valvular
Author Period N calcifications % | calcifications % | calcifications %
Choi [20] Onset of dialysis | 258 30
Tkee [21] On dialysis 112 |75 52
Leskinen [22] | Before dialysis 58 31
On dialysis 36 50
Transplanted 41 29
patients
Controls 58 12
Sharma [23] | Before 140 |40
transplantation
Raggi [24] On dialysis 200 |46 33
Ribeiro [25] | On dialysis 92 44 52
Controls 92 10 4

Factors Linked to Exposures

Disruption of dermal barrier to gain access for dialysis results in frequent exposures
to infection in dialysis patients. Vascular access is the usual portal of entry of infec-
tion in HD patients. In peritoneal dialysis (PD), infection may occur from the cath-
eter entrance through the skin or from digestive translocation directly into the
peritoneal cavity. Bacteremia is therefore a common event for both HD and PD
patients, occurring in more than 10 % of incident patients over a 7 year period in the
series of Powe [17]. The pathogenesis of catheter-related bloodstream infection
(CRBS]I) includes micro-organisms entry into the bloodstream through the vascular
access followed by adherence to catheter, colonization and biofilm formation -which
makes them very resistant to antibiotic action- and bacteremia.

There are three main types of vascular access for HD: native arteriovenous fistula
(AVF), arteriovenous graft (AVG) and central venous catheter (CVC). CVCs for HD
are of two types: acute (non-cuffed non-tunnelled) catheters and chronic (cuffed
tunnelled) catheters. AVF use is strongly recommended by guidelines because of
lower rates of infectious and thrombotic complications [28].

The incidence of HD-related bacteremia is more than tenfold higher in AVGs
than AVFs: 2.5 episodes per 1000 dialysis procedures versus 0.2 [29]. However, the
rate of infection is the highest through CVCs. In the late 1990s, the incidence of S.
aureus bacteremia among patients with tunnelled, cuffed HD catheters was reported
to range from 0.6 to 3.9 per 1000 catheter-days [16, 30]. In the United States in
2007-2008, the rate of pooled access-related bloodstream infection in HD patients
with a central line was 1.05 cases per 1000 catheter days [28, 31]. In the
EPIBACDIAL study, catheters, especially long-term implanted ones, were found
to be the leading risk factor of bacteremia among 988 HD patients, with a risk ratio
of 7.6 [95 % CI 3.7-15.6] versus fistula [16]. In the study of Chang comparing 20
HD pts with IE to 268 control HD patients, there were more patients dialyzed via
non-cuffed dual-lumen catheters in IE patients (55 vs. 0%, p < 0.001), and fewer
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patients dialyzed via arteriovenous fistula (AVF) (25 vs. 88 %, p < 0.001) than in
non-IE HD patients [27]. A Brazilian series of 156 patients with CVC reported 94
infectious episodes (60 %) over a period of 1 year: 39 (25 %) had positive blood
cultures at the CVC insertion location of whom 35 were also positive on peripheral
blood culture and 27 (17 %) developed IE [32].

Factors Linked to the Pathogens

Episodes of bacteremia are quite frequent among HD patients. The source of micro-
organisms is mostly endogen, related to the cutaneous, but also to the nasal or peri-
neal flora of the patient, and rarely exogenous. The pathogens which are mainly
responsible for bloodstream infections are Staphylococci, Enterococci, Gram-
negative enteric bacilli, Pseudomonas aeruginosa, and Candida spp [28].

S. aureus is the main cause of bacteremia among patients receiving HD (up to
75 % of cases) [33]. The annual incidence of S. aureus bacteremia among ESRD
patients is very high, reported in the Danish registry to be around 35 per 1000
person-years compared to a rate of 0.5 per 1000 person-years in the general popula-
tion [34]. The incidence is the highest among HD patients (46 per 1000 person-
years) compared to PD patients (22 per 1000 person-years). Strains of S. aureus that
infect HD intravascular devices are indeed particularly virulent and usually resistant
to thrombin-induced platelet microbicidal protein [35] thus favouring the adherence
on valves. One third of HD patients with S. aureus bacteremia will suffer a distant
septic complication (IE, osteomyelitis, epiduritis, arthritis, etc.) [14] or a local one
such as septic thrombophlebitis of the vascular access.

The proportion of methicillin-resistant S. aureus isolated in ESRD patients has been
increasing with time, with various frequencies reported according to the local bacterial
epidemiology of health-care associated infections. This proportion was as high as
20-30% of all S. aureus strains in the late 1990s [36, 37] but now tends to decrease in
the US [38], representing even less than 1 % of S. aureus strains in the Danish registry
[34]. Most of the cases of methicillin-resistant S. aureus infections are nosocomial and
occur in patients who have been hospitalized in the year prior to infection [38].

Furthermore, HD patients are particularly exposed not only to staphylococcal
infections but also to all other nosocomial infections with increased prevalence of
multi-resistant micro-organisms in that population. However, these other micro-
organisms more rarely cause IE.

Diagnosis

The main clinical and microbiological features of IE in HD patients as described in
the literature are summarized in Table 19.2. The diagnosis of IE in an HD patient
presenting with a bacteremia is often difficult. Fever is not always present, reported in
40-75% of the series. Biological markers such as anaemia or positive inflammatory
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Table 19.3 Arguments raising a high suspicion of IE in an HD patient with bacteremia and
implying the performance of an early echocardiography
Host-related CVC as vascular access
Presence of a pacemaker or Implantable Cardioverter Defibrillator
Presence of a valvular prosthesis
Previous episode of IE
Pathogen- S. aureus bacteremia

related Bacteremia with other micro-organisms potentially responsible of IE (other
staphylococci, enterococci, streptococci, candida)

Recurrent or relapsing bacteremia, whatever the micro-organism
IE-related Heart failure, new murmur, conduction abnormalities on ECG
Stroke

Presence of other clinical signs: cutaneous, spondylodiscitis, pulmonary or
other embolism

Dialysis-related | Hypotension during dialysis in a usually hypertensive patient

markers may be related to the bacteremia or to the underlying chronic kidney disease
and are not specific. Haematuria is not a valid criterion in patients on dialysis. So the
pertinence of Duke criteria is questioned in that specific population.

Even the major microbiological criteria that requires positive blood cultures in
the absence of a primary focus is challenged in HD patients where vascular access
is often the primary focus of infection. Of note, blood cultures must be drawn not
only from the vascular access but also from peripheral veins when possible, in order
to reduce the inevitable uncertainty in the interpretation of blood culture results that
arises when an organism is recovered that could represent either colonization of the
catheter or true infection [39].

As in the general population, echocardiography is the main diagnostic tool in
dialysis patients. In order to make an early diagnosis before any hemodynamic and/
or embolic complications occur, echocardiography must be performed as soon as
possible, especially if arguments raising a high suspicion of IE (summarized in
Table 19.3) are present. However, transthoracic echocardiography only may not
always be sufficient for the diagnosis, as annular and valvular calcifications may
mask vegetations and abscesses. So, transesophageal echocardiography must be
discussed in all HD patients with positive blood cultures, and systematically per-
formed in all cases of S. aureus bacteremia and in patients with intracardiac devices
(pace maker, valvular prostheses). In case of a negative TEE with a remaining high
clinical suspicion of IE, echocardiography should be repeated in the next 7-10 days
[40]. Left heart valves are the most commonly affected, and multivalvular location
is not infrequent, reported in 10-23 % of the series.

Treatment of IE in HD Patients

Therapeutic management of these patients follows several key aspects discussed in
the sections below.
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Systemic Antibiotic Therapy

Systemic antibiotic therapy usually follows the standard guidelines on IE [40] and
on Intravascular Catheter-Related Infection [41]. As HD patients are difficult-to-
treat and frail patients, it is recommended that, when feasible, nephrologists col-
laborate with infectious disease staff to determine optimal antibiotic selection and
dosing.

The antibiotic regimen used and duration are the same as for other IEs. Only the
dose should be adjusted according to each molecule specific recommendations
depending on metabolism of renal elimination. On dialysis days, antibiotics should
follow the dialysis session. As for all the IE, antibiotics must be administered intra-
venously, which can cause venous access problems in these patients with limited
venous capital. For empiric antibiotic regimen, in case of Gram positive cocci bac-
teremia, anti MRSA drugs must be considered such as IV vancomycine or daptomy-
cine [28].

Cardiac Surgery

In a general manner, patients with end stage renal disease (ESRD) undergoing car-
diac surgery have very high in-hospital mortality rates (13-36 %) and limited life
expectancy (15-42 months) [42] and IE may potentially further aggravate this surgi-
cal prognosis. Quite recent data from the US Renal Data System report a low rate of
only 11 % of surgery among more than 11,000 dialysis patients hospitalized for IE
over the period 2004-2007 [43]. In the literature, the frequency of surgery is usually
around 20-25%, far lower than that of the general IE population. In a small study on
69 HD patients with definite IE, valve surgery was the only independent predictive
factor of survival [44]. No studies have specifically addressed the issue of whether
surgery must follow the same recommendations in HD patients than in non HD
patients. So, the decision of valvular surgery in HD patients should be specifically
discussed by a multidisciplinary team including cardiologist, nephrologist, cardiac
surgeon and infectious diseases specialist.

Regarding the type of valvular prosthesis to be used, recommendations have
changed over time. Although initially thought to have accelerated degeneration in
HD patients, bioprosthesis seems to be now the substitute of choice. This shift is
mainly due to frequent haemorrhagic complications of mechanical prostheses.
Observational data showed no significant differences in survival between biologi-
cal and mechanical prostheses. Estimated survival at 1 and 3 years was 60 and
50% for biological and 37 and 30 % for mechanical prostheses in the US Renal
Data System (ns) [43]. Thus, mechanical prostheses should only be considered in
young and otherwise healthy HD patients while biological ones should be used in
other patients [2].



19 Infective Endocarditis in Special Populations: Patients Under Dialysis 267
Treatment of Portal of Entry

Vascular access is the portal of entry of infection in most of the cases. In case of HD
through CVC, the removal and replacement of vascular access must be discussed.
However, given the limited options for vascular access in many patients receiving
chronic HD, loss of vascular access is often not acceptable [14]. Other management
options include use of antibiotic lock solution (high concentrations of antibiotic
combined with anticoagulant instilled into the catheter lumen) or guidewire exchange
of the catheter which are both superior to systemic antibiotics alone [3]. In a small
study, Fernandez-Cean suggested that a temporary switch to peritoneal dialysis (PD)
could improve the prognosis of patients as compared to the persistent use of the ini-
tial vascular access [45]; however, this has not been confirmed in larger series.

Prophylaxis of IE in HD Patients

Usual rules of IE prophylaxis apply to HD patients as most of them have valvular
underlying disease [40]. Good oral hygiene and regular dental review must be
explained to HD patients. Aseptic measures during venous catheters manipulation
and during any invasive procedures are of particular importance in HD patients, in
order to reduce the rate of bacteremia and health care-associated IE.

As a general rule, CVCs should be avoided when possible. The choice of one
type of CVC must be discussed when used, as there is a large number of available
catheters, with very different costs but also characteristics aiming at the reduction of
infection and thrombosis [46]. Best practices for catheter care must be applied [47].
The interest of systematic prophylactic antimicrobial lock therapy in HD CVCs is
still debated [48, 49]. Some authors reported that HD catheter-care procedure
including exit-site disinfection with chlorhexidine gluconate could result in a sus-
tained reduction in bacteraemia rates as compared with standard care [50].

A special attention should be paid to patients with pacemakers and defibrillators:
CVC should be avoided and the access site should be on the opposite side to where
the implanted device lies wherever possible [28].

Prophylactic vaccination to prevent S. aureus infections has been evaluated in
patients undergoing HD. However, although the vaccine induced a robust immune
response and had an acceptable safety profile, it did not show any protective effect
against S. aureus bacteremia and further research is needed in that field [51-53].

Prognosis

Estimated mortality in a general population of dialysis patients at 5 years after the
onset of dialysis is 50-60% in patients under 60 years of age and 70-75% in
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patients older than 60, around one-third of the expected remaining lifetime of the
general population [1].

Infection is the second leading cause of death among ESRD patients and use of
CVCs as access is a predictor of all-cause and infection-specific mortality [16].
Among HD patients with IE, initial mortality ranges from 14 to 60 % and 1-year
mortality is impressive, varying from 45 to 75 % (Table 19.2). IE patients undergo-
ing HD have a far higher early and late mortality than other IE patients (early: 43
versus 16 %, p=0.03 and late 22 versus 9%, p < 0.05) in the series of Ruiz [11].
Furthermore, mortality of patients operated on for IE is also higher among HD
patients than in other IE patients, reported to be as high as 73 % in the series of Spies
[36]. The US Renal Data System reports survival rates of only 50-60 % at 6 months
after surgery for IE among 1267 patients operated on for IE and independent predic-
tors of mortality include older age, diabetes mellitus as the cause of ESRD, surgery
during index hospitalization, Staphylococcus as the causative organism, and dys-
rhythmias as a comorbid condition [42]. So, IE in HD patients has really an impres-
sively dreadful prognosis.

Conclusion

Bacteremia, especially due to S. aureus, occurs frequently in patients under dialysis
and is complicated with IE in a relatively small number of cases. However, as IE in
HD patients is devastating and associated with a dramatically poor prognosis, an early
diagnosis is of crucial importance to avoid hemodynamic and embolic complications
that are associated with lethality and difficult therapeutic (mainly surgical) decisions.
Echocardiography is the cornerstone of the diagnosis and must be performed very
early, especially if arguments raising a high suspicion of IE are present.

Due to the very peculiar features of patients under dialysis with high rate of
comorbidities and general frailty, therapeutic decisions should always be discussed
by a multidisciplinary team including cardiologist, nephrologist, infectious disease
specialists and cardiac surgeons. However, careful clinical monitoring, strict mea-
sures of asepsis during dialysis, limitation of CVC use, improvement of nutritional
and mineral status, correction of anaemia and successful management of diabetes
mellitus are of utmost importance to reduce the incidence of BSI and prevent the
development of IE in dialysis patients.
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Chapter 20
Antimicrobial Therapy in Infective
Endocarditis

Jean-Paul Casalta, Frederique Gouriet, Gilbert Habib, and Didier Raoult

Principles and Methods

Successful treatment of infective endocarditis (IE) relies on microbial eradication
by antimicrobial drugs. Surgery plays a major role in the treatment of IE [1], by
removing infected material and draining abscesses. Bacteria are present in vegeta-
tions and biofilms, e.g., in prosthetic valve endocarditis (PVE), and justify the need
for prolonged therapy (6 weeks) to fully sterilize infected heart valves.

In both native valve endocarditis (NVE) and PVE, the duration of treatment is
based on the first day of effective antibiotic therapy, not on the day of surgery. A
new full course of treatment should only start if valve cultures are positive, the
choice of antibiotic being based on the susceptibility of the latest recovered bacte-
rial isolate.

One of the most persistent problems in the failure of antibiotic therapy is the low
compliance in the implementation of protocols, often related to their complexity.
The goal is to implement protocols that are simple and easy to use [2].

Conflicting recommendations have been published concerning the optimal anti-
biotic therapy in IE.
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In this chapter, we present the antibiotic protocols used by our team (La Timone
Hospital, Marseille, France), based on a more than 20-year endocarditis team expe-
rience. Although slightly different from current international guidelines, they are
based on the simplest way to obtain maximal adherence to treatment, both from
doctors and patients [2—4]

Protocols

Empirical Antimicrobial Therapy

Treatment of IE should be started promptly. Three sets of blood cultures should be
drawn at 30 min intervals before initiation of antibiotics. The initial choice of
empirical treatment depends on these considerations:

(1) whether the patient has received prior antibiotic therapy or not;
(i) whether the infection affects a native valve or a prosthesis (and, if so, when
surgery was performed [early vs late PVE]);

In some centers, empiric therapy and blood culture negative infective endocardi-
tis (BCNIE) treatments are different depending on whether they are community or
nosocomial acquired (increased risk of staphylococcus and Fungi).

Protocol
(a) Community-acquired NVE and late PVE (>1 year):
Amoxicillin 12 g/day + Gentamicin 3 mg/kg/day (one shot)
(b) Early PVE (<I year), Device-related IE :
Vancomycin 30 mg/kg/j + Gentamicin 3 mg/kg/day (one shot)

Streptococci, Escherichia Coli, HACEK, Bartonella

These microorganisms are usually susceptible to ceftriaxone. The other advantage
of ceftriaxone is its use in one single injection. The patients should be treated with
ceftriaxone combined with aminoglycosides.

Protocol
Ceftriaxone 2 g/day (one shot) + Gentamicin 3 mg/kg/day (one shot)
Duration: 4 weeks of ceftriaxone IV with 2 weeks of gentamicine I'V.
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Enterococci

Enterococci pose two major problems. First, enterococci are highly tolerant to
antibiotic-induced killing, and eradication requires prolonged administration (up to
6 weeks) of synergistic bactericidal combinations of two cell wall-inhibitors (ampi-
cillin plus ceftriaxone, which synergise by inhibiting complementary PBPs) or one
cell wall-inhibitor with aminoglycosides. The eradication on PVE requires surgery.
If it is not possible, we use a treatment by amoxicillin 3 g/day orally for 1 year to
decrease the incidence of recurrence [5].

Protocol
Amoxicillin 12 g/day + Ceftriaxone 2 g/day (one shot)
Duration: 6 weeks of bitherapy IV

Coagulase Negative Staphylococci (CNS), Enterococci
(Amoxicillin R)

Coagulase negative staphylococci are much less aggressive but are commonly resis-
tant and may include different clones of different sensitivities. Some authors rely on
antibiotic susceptibilities of isolated strains but this may neglect slower clones resis-
tant betalactamines.

Some authors treated all cases with a combination of vancomycin + gentami-
cin [2]. There is no current evidence that alternative therapies are safer or more
efficient.

Protocol
Vancomycin 30 mg/kg/day + Gentamicin 3 mg/kg/day (one shot)
Duration: CNS: 6 weeks IV with 7 days of gentamicin IV.

Staphylococcus Aureus

Staphylococcus aureus is a major killer in endocarditis, with a fatality rate greater
than 20 % in most series. Patients may die from septic shock, multiple organ failure,
or cardiac failure. Oxacillin has been used for years as the mainstream S. aureus
treatment. Recently, we reported a dramatic reduction of the fatality rate from S.
aureus IE by using a combination of a high dose of cotrimoxazole intravenously for
7 days, then oral +clindamycin for 7 days. Failures with this protocol were associ-
ated with positive blood cultures after 24 h of treatment and the presence of intracar-
diac abscesses. There is no cotrimoxazole resistance to S. aureus in most places [6].
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S. aureus PVE carries a very high risk of mortality (>45 %) and often requires
early valve replacement.

The addition of rifampin must be take place when the blood cultures are positive
after 24 h of treatment and in cardiac abscesses.

Adding the gentamicin aims to quickly sterilize blood culture in the case of posi-
tive persistence.

Protocol

Clindamycin: 1.8 g IV + trimethoprim/sulfamethoxazole: 12A IV (5 g/day of
sulfamethoxazole)

3 systematic blood cultures after 24 hours.

If positive, add: Rifampin IV 1800 mg/day + gentamycin IV 3 mg/kg/day
Duration: 1 week

Blood culture control at 24 h

Duration: Clindamycin 7 days, trimethoprim/sulfamethoxazole 6 weeks
(1 week IV and 5 weeks orally)

Fungi (Candida, Aspergillus)

Fungi are most frequently observed in PVE and in IE affecting IVDA and immuno-
compromised patients and in postoperative IE [7].

Protocol
Amphothericin B: 3 mg/kg/day IV
Duration: 2 months

Coxiella Burnetii

Protocol
Doxycycline (200 mg/day) plus Hydroxychloroquine (200400 mg/day)
orally for anti-phase 1 IgG <200 and IgA and IgM <50 [8]

Trophyrema Whipplei

Protocol
Doxycycline (200 mg/day) plus Hydroxychloroquine (200400 mg/day)
orally orally for >18 months [9]
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Bartonella Spp

Protocol
Doxycycline: 100 mg/12 h orally for 4 weeks and gentamycin 3 mg/kg/day IV
2 weeks [10]
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Chapter 21
Surgical Techniques in Infective Endocarditis

Alberto Riberi and Fréderic Collart

Introduction

Initially always lethal [1], the prognosis of IE has been revolutionized by the intro-
duction of antibacterial therapy and by the development of valve surgery [2].
Nevertheless, this pathology remains a severe disease, with more than 30% of
patients dying within the first year after diagnosis [3, 4]. During the last decade, a
trend to be surgically more aggressive and precocious has developed, with promis-
ing results [5].

Lesions and Background

The valve’s infection produces inflammation of tissues, resulting initially in oede-
matous thickening of the valve. The persistence of infection leads to necrosis of
valve tissues, which results in valve dysfunction. The tissues infection can also pro-
duce fibrin deposits at the surface of the valve, called vegetation, which can migrate,
producing embolism or obstruct the valve orifice. Vegetation may be isolated but
more frequently are associates with others valve involvement. The ring involvement
(paravalvular infection) results in abscess. Indeed, the annular destruction produces
the formation of cavities due to destruction of annular tissues and the edges of adja-
cent structures, the arterial or ventricular wall, depending on localisation of the
lesion (Figs. 21.1 and 21.2). Under the influence of blood pressure, the weakened
tissue may rupture causing a contained extravasations with formation of a false
aneurysm or a fistula if the annular rupture produces a communication with another
cardiac chamber or vessel (Figs. 21.3 and 21.4).
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Fig. 21.1 Aortic

IE. Surgical view of the
aortic root after
debridement of lesions.
Resection of the aortic
valve and root.
Detachment of coronary
arteries. Straight dashed:
intertrigonal space; Curve
dashed: aortic ring; I:
Left main trunk; 2:
Kissing lesion (anterior
mitral leaflet); 3: Right
main trunk; 4:
Intertrigonal abscess and
involvement of the base of
the anterior mitral leaflet

Fig. 21.2 Surgical view
of the aortic root. The
intertrigonal space and the
mitral lesion were
reconstructed with a
tanned pericardial patch.
Dashed line: aortic ring;
I: Left main trunk; 2:
Right main trunk; 3:
Pericardial patch in the
intertrigonal space; 4:
“Kissing lesion” of the
mitral valve repaired. The
aortic root was replaced
by an aortic allograft

Fig. 21.3 Surgical view
of the aortic valve.
Aortic-atrial fistulae.
Aortic valve IE with
destruction of the
intertrigonal space, the
aortic wall of the
non-coronary sinus of
Valsalva and the adjacent
wall of the left atrium. AV
aortic valve, AML anterior
mitral leaflet, LA left
atrium
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Fig. 21.4 Surgical view
of the aortic root. After
debridement of lesions,
resection of the aortic
valve, root and detachment
of coronaries arteries, the
reconstruction of the aortic
ring is carried out with a
pericardial patch, sutured
at the base of the anterior
mitral leaflet and the left
atrium wall. The aortic
root was replaced with an
aortic allograft. Dashed
line: aortic ring; AML
anterior mitral leaflet, LCA
left coronary artery, RCA
right coronary artery

Fifty percent of patients affected by IE need surgical treatment because infection
can produce valve lesions leading to valve dysfunction resulting in cardiac failure
[6-8]. The cardiac insufficiency is frequently due to aortic or mitral regurgitation [8,
9]. Seldom is cardiac insufficiency secondary to valve obstruction by vegetations [10].

Infection can occur on healthy, pathological valves or prosthesis (Fig. 21.5). The
aortic valve is involved in 40% and the mitral valve in 45%. The aortic valve
required a surgical treatment more frequently, giving the false impression of being
more often affected [11]. In 25 % of cases, there is a multivalvular involvement [6].
The aortic insufficiency may produce a mitral regurgitation by perforation of the
anterior mitral leaflet secondary to the aortic regurgitation’s flow (kissing lesion)
[12] (Fig. 21.1).

In patients with valve prostheses, the regurgitation is secondary to the weakness
of the valve ring by the infection and a leakage in the interface between the pros-
thetic and native ring that results in regurgitation.

Ring involvements are more frequently present in prosthetic IE, resulting in a
higher rate of annular destruction (abscess). Sometimes the aortic or mitral insuf-
ficiency is due to the rupture of a cusp of a bioprostheses without paravalvular
leakage [12].

A persistent sepsis in spite of an appropriate antibiotic treatment is due to an
extravalvular extension of the infection and represents a mandatory indication for
early surgery in infective endocarditis [8]. Indeed, excepting iatrogenic problems,
such as inadequate antimicrobial treatment or a catheter’s infection, persistent sep-
sis is the result of formation of an abscess, a false aneurysm, or a fistula [13, 14].

Abscess and false aneurysm are more frequently associated in aortic valve endo-
carditis and are often localised in the inter-trigonal space (10—40 %) [14].

Mitral abscess rarely presents in native mitral valve endocarditis, and it is local-
ised in the inferior part of the valve ring [15, 16].
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Fig. 21.5 Aortic
prosthetic IE. Surgical
view of the aortic valve.
Infective involvement
(arrow) of an aortic
prosthesis

Surgical Procedures

The goals of surgical treatment in IE are to eradicate infected and necrotic tissues as
well as to exclude neocavities (false aneurysm, abscess) and to restore the anatomy
to preserve the valve function or to allow a prosthetic valve replacement.

Aortic Valve Endocarditis
Aortic Valve Repair

Aortic valve sparing or reconstruction is rarely possible, mostly in early surgery for
IE. Patients in whom early surgery is necessary in order to avoid embolism may
have had a removal of vegetation and reconstruction of the aortic cusp. Even if aor-
tic valve repair with glutaraldhayde fixed pericardium for aortic regurgitation has
been used for many decades, reported results are suboptimal [17, 18].

Aortic valve repair has been shown to be an alternative to aortic valve replace-
ment in selected patients [19, 20]. Best results are obtained in the tricuspid aortic
valve, when the free margin of the cusp is devoid of infection, and when the
defect after resection can be corrected with a patch less than 10 mm. in diameter
[21, 22].

Aortic Valve Replacement

When lesions are circumscribed to the native aortic valve, the aortic valve replace-
ment is the standard treatment. In cases with ring involvement, radical debridement
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must be done in order to obtain healthy borders that can be directly sutured, for
larger defects autologous or bovine glutaraldheyde fixed pericardium patch are
needed to reinforce the ring reconstruction. The reconstruction is carried out by the
suture of the aortic wall to the ventricular muscle or the intertrigonal space depend-
ing of the localisation of annular lesion. This kind of repair excludes abscess and
false aneurysm of circulation and provides a strong fixation point to anchor
prosthesis.

This approach of aortic IE with isolated valve involvement or with limited annu-
lar lesion provides immediately and long terms good results [11, 23].

The choice of valve prosthesis in native valve IE and prosthetic valve IE (PVE)
remains controversial [16, 24-26]. Owing to the nature of the disease, it has not
been possible to conduct randomized trials. Several authors have shown that the
type of prosthesis used is not an important factor in achieving good early and long-
term results if adequate debridement of infected tissue can be achieved and appro-
priate antibiotic treatment is administered. The choice of valve prosthesis
(mechanical versus tissue) should be based on age, patient compliance with antico-
agulation, life expectancy, and the presence of comorbidities. A bioprosthetic valve
may be implanted at age more than 60 years if no other comorbidities are present
[16, 24, 25, 27].

In patients in whom the risk of reinfection is high, such as in drug addict patients
[28], the aortic valve replacement with aortic allograft yields better results than
prosthesis [29]. Some studies have shown that the rate of reinfection is lower in
patients who have undergone an aortic valve replacement with an allograft, suggest-
ing that allograft is more resistant to infection than prosthesis [30-32]. Indeed, the
risk for reinfection after an aortic valve replacement with prosthesis is higher in the
first months following the surgical procedure (initial phenomenon), whereas the risk
is low when allograft is utilised [30-32]. Although the reasons are not elucidated,
the whole biological surface, the viability of allograft tissue, and low gradient
obtained after aortic valve replacement by allograft, avoiding turbulence, seem to be
the main reasons for the greater resistance to infection. In contrast, longevity (par-
ticularly in young patients), availability (mostly when surgical procedures are car-
ried out in an emergency setting), and technical problems during a re-operation
must temper the use of allograft.

Prosthetic Aortic Valve Endocarditis

When infectious involvement is limited to the aortic prosthesis with no major
lesion concerning the aortic ring, the annular debridement and reconstruction
should be done as described previously, followed of an aortic valve replacement.
Replacement done with tissue or mechanical prosthesis yields the same immediate
and long-term results [16, 25, 26, 29]. However, the STS database (Society of
Thoracic Surgeons) shows a reversed trend concerning prosthetic aortic valve
replacement for aortic IE, with a mechanical/biological prostheses ratio 1/2 in 2007
whereas it was 2/1 in 1994 [11].
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Native or Prosthetic Aortic Valve Endocarditis with Extended
Lesions of the Aortic Ring

An early surgical treatment is more frequently mandatory in patients with an aortic
abscess than in isolated aortic valve involvement (87 versus 50 %) [33]. In circular
destruction of the aortic ring as well as in lesions near to the coronaries ostia, in
which repair can compromise the coronary circulation, is difficult to restore a strong
structure in order to anchor a valve prosthesis. The aortic root replacement is the
best option.

Under these conditions, the aortic root replacement is a technical challenge. The
use of cryopreserved aortic allograft has some advantages. The flexibility of allograft
tissue allows the achievement of suture without tension, which is important in the
manipulation of weakened tissues. The allograft tissue (anterior mitral leaflet, aortic
wall) can be used to reconstruct or reinforce left ventricular outflow. Moreover,
allograft is more resistant to infection, as the majority of homograft series report a
recurrent endocarditis rate less than 8 % [30-32]. The longevity of allograft is the
same as that of bioprosthesis in aortic position.

The rate of reintervention’s mortality after allograft valve or root replacement has
been reported to be similar to that of bioprosthesis by some authors [34, 35]. In con-
trast, a significantly increased mortality has been observed in others studies [36].

Stentless bioprosthesis is an alternative to allograft in patients with aortic IE:
they have the same flexibility, allowing safe suture. Moreover, large sizes are avail-
able, which is an advantage mostly for aortic rings larger than 25. In contrast, their
resistance to infections is similar to bioprosthesis, and reinterventions can be as
difficult [37, 38].

A recent study comparing allograft to composite tubes in IE reports similar
immediate and long term results [39]. The Ross procedure may be useful in young
patients where the degeneration and calcification of aortic allograft will expose the
patients to a reoperative aortic root procedure [11].

In summary, when early surgery is mandatory in aortic IE, the aortic valve
replacement is the standard treatment. In cases with limited annular involvement,
reconstruction of the aortic ring and aortic valve replacement are safe treatments
and get good immediate and long-term results. When a huge annular lesion exists
aortic root replacement is the best option.

The utilisation of allograft and stentless bioprosthesis has been reported to offer
advantages when compared with stented prosthesis [11].

Mitral Valve Endocarditis

The mitral valve is affected in 45 % of infective endocarditis, but only in 35 % is
surgical treatment necessary [33]. The mitral valve IE is associated with an aortic
valve involvement in 21 % of patients [40].
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The surgical treatment of mitral valve endocarditis is primarily determined by
disease severity and valvular and annular destruction. Advanced valvular and annu-
lar disease requires complete excision and mitral valve replacement (MVR) [16,
25-27, 41]. If the disease is limited to the valvular tissue, mitral valve repair is the
preferred surgical option [42-44].

Mitral Valve Repair

Mitral valve repair is the optimal treatment for mitral IE. The rate for mitral recon-
struction in mitral IE is reported as between 40 and 90 %, depending upon surgical
experience and the rate of acute versus healed lesions [44, 45].

A North American survey including 2654 patients reported 16 % of mitral repair
in patients treated in the acute phase of mitral IE and 41 % for healed lesions [41].
The STS database shows a significant increase in mitral repair for mitral IE, which
went from 25 % in 1994 to 40 % in 2006 [11].

In a meta-analysis including 24 studies concerning 724 MVR and 470 mitral valve
repairs, the authors reported superior event-free survival and lower in-hospital mortal-
ity for mitral valve repair compared with MVR [45]. In a French study concerning 37
patients undergoing a mitral repair in acute phase mitral IE, operative mortality was
3% [43]. Kerchove reported an operative mortality of 4.8 % when patients were in
stage I or I NYHA. The overall mortality was 17.5 %. The rate for freedom from re-
intervention at 5 and 10 years was 89 % and 72 % respectively [46].

However, patients undergoing a MVR are thought to have more serious involve-
ment of the mitral valve and mitral ring and to be more seriously ill than those
undergoing a mitral repair, resulting in an increasing mortality and morbidity.

Lesions

Mitral IE may occur in previous abnormal valves with pre-existent dysfunction or
in normal valves.

Anterior Mitral Leaflet

Isolated lesions of the body of the anterior mitral leaflet are prone to be repaired.
Indeed, if lesions respect the free border of the leaflet, debridement and resection of
the margin of the lesion followed by suture of a tanned autologous or bovine peri-
cardial patch meet with good results. This type of lesion may be associated with an
aortic regurgitation (kissing lesion) (Figs. 21.1 and 21.2) and repair can be done
through the aortic orifice.

When there is no aortic dysfunction associated or when other involvements of
the mitral valve--such lesion of chordae, posterior leaflet or mitral ring—exist, the
atriotomy is the standard approach.
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When the free margin of the anterior leaflet is involved with chordae rupture,
repair is more challenging. A transfer of chordae from the posterior leaflet can be
done. Repair is difficult when chordae rupture is associated with a huge destruction
of the free edge of the anterior leaflet, especially on A2; under these conditions,
mitral valve replacement should be considered.

Commissural Lesions

In commissural lesions of the mitral valve, debridement and resection of infected
tissues followed by reconstruction by sliding plasty, or annular plicature are fre-
quently feasible.

Sliding plasty is preferred in the anterior commisure, since annular plication may
produce an obstruction of the circumflex artery.

Posterior Mitral Leaflet

When IE involves the posterior leaflet, repair can be frequently achieved. In circum-
scribed lesions without involvement of the free margin of the valve, repair with a
patch of tanned pericardium is a safe solution. When the free margin and chordae
are involved, a classical quadrangular resection with sliding plasty or annular plica-
tion can be done (Fig. 21.6). In cases of extensive destruction of the posterior mitral
leaflet with huge loss of substance, reconstruction is more difficult, and large peri-
cardial patch and neochordae are necessary. Even if immediate results are satisfac-
tory, mid-term results are suboptimal; therefore, mitral valve replacement must be
considered.

When IE involvement arises in a previously compromised mitral valve, recon-
struction may be very laborious, particularly in rheumatic diseases or in advanced
degenerative mitral valve disease in which mitral valve replacement is the best solu-
tion (Figs. 21.7 and 21.8).

A prosthetic annuloplasty ring may be necessary to achieve satisfactory repair
during complex reconstruction [43, 47] and is well tolerated, with a low reinfection
rate [43]. As an alternative, some authors have proposed using a strip of bovine or
autologous glutaraldehyde- treated pericardium [46].

Mitral Valve Replacement (MVR)

Extensive involvement of the mitral valve and ring can require a mitral valve
replacement; see previous discussion in this chapter.

Annular, abscesses are infrequent in native valve IE, but when they exist they are
situated in the posterior part of the mitral ring. Abscesses in the intertrigonal space
are almost always associated with the involvement of the aortic valve; see previous
discussion in this chapter. Mitral valve replacement is carried out in the usual way.
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Fig. 21.6 Surgical view
of the mitral valve.
Infective involvement of
P2.P1, P2, P3: posterior
mitral leaflet. Mitral valve
reconstruction: resection
of infective lesion (P2)
and sliding plasty

Fig. 21.7 Rheumatic
mitral valve with infective
lesion of the internal
commissure. AL anterior
mitral leaflet, PL posterior
mitral leaflet, /: infective
lesion

The mitral ring abscess is difficult because, even repaired, it represents a weak zone
prone to desertion of the prosthesis. In mitral prosthetic IE, annular involvement is
more frequently encountered and can be situated everywhere (anterior or posterior
part of the mitral ring). The repair of an annular abscess is done by debridement of
the lesion and reconstruction by suturing the atria to the ventricular wall. Both
mechanical and bioprosthetic valves have been used in mitral valve replacement
[16, 25, 41]. Although a few authors use mechanical valves almost exclusively [26,
48], the majority use both bioprosthetic and mechanical valves, with similar sur-
vival rates and freedom from reinfection [16, 25]. The risk of reoperation, however,
appears to be higher among patients with tissue valve replacement [16, 24, 25]. The
5-year survival after MVR for native valve endocarditis ranges between 66 and 87 %
[25, 43, 47]. Overall, valve choice should be individualized according to age, life
expectancy, and presence of comorbidities.
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Fig. 21.8 Surgical view of
the mitral valve. Infective
endocarditis of the mitral
valve with degenerative
disease. Extended
infectious lesion of the
anterior and posterior
mitral leaflet. AV anterior
mitral leaflet, PV posterior
mitral leaflet

Right Sided Infective Endocarditis

Tricuspid valve IE and, rarely, pulmonary valve IE are observed in IV drug-
addicts and in patients with pacemakers. The incidence varies between 5 and
10 % according to the literature [49, 50]. Surgical treatment is mandatory in
patients with right cardiac failure in spite of diuretics treatment, in patients under
antimicrobial treatment with persistent large vegetations (>20 mm.), and in patients
with sepsis. Surgical treatment of tricuspid IE must spare the valve because a
prosthetic replacement predisposes to re-infection, especially in IV drug-addict
patients.

The surgical removal of the tricuspid valve [51] (Arbalu procedure) without
replacement has been advocated but may be associated with severe post-operative
right heart failure, particularly in patients with elevated pulmonary arterial pressure,
which is often the case after multiple pulmonary emboli. It may be performed in
extreme cases, but the valve should be subsequently replaced once the infection has
been cured [51]. Mitral allograft has been reported as a useful alternative for tricus-
pid valve replacement with encouraging results [52]. Pulmonary valve IE is very
infrequent. When pulmonary valve replacement is necessary, the use of pulmonary
allograft is the best choice [31].

Operative mortality after treatment of right sided IE is less than 5% [25],
except in patients with uncontrolled sepsis and septic shock, in whom mortality
is higher [53]. Mild and long term results are closely correlated with patient
background.
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Multiple Valve Endocarditis

Between 10 and 25 % of patients with infective endocarditis need repair and/or
replacement of two or three valves [11]. The more frequent association is the mitro-
aortic involvement. The approach in case of multiple valve involvement is the same
as described previously. In case of mitro-aortic native IE, repairing the mitral valve
with an aortic valve replacement whenever possible is an optimal treatment, just as
in tricuspid and mitral involvement the repair of two valves must be done whenever
possible. In patients with mitro-aortic prosthetic valve IE, a double valve replace-
ment is the standard treatment. The patient’s background must be considered when
considering tissue or mechanical prosthesis [11]. When the mitro-aortic curtain is
involved, reconstruction followed by mitro-aortic valve replacement is a difficult
procedure resulting in to high morbidity and mortality [36, 54]. As an alternative to
this challenging situation, reconstruction and replacement with an “in bloc mitro-
aortic allograft” has been reported with promising results; however, this approach
must be reserved for extreme patients [55].

Conclusion

The progress made in clinical diagnosis, imaging, antimicrobial treatment, and
post- operative care has enabled the surgical treatment of patients who are more
seriously ill. At present, adapted solutions can be realised in each situation.
Conservative surgical treatment should take place when possible, especially for the
atrioventricular valves. When a prosthetic valve replacement is necessary, the type
of prosthesis (tissue or mechanical) has no influence on results and must be adapted
depending on a patient’s background. Despite advances, the morbidity and mortal-
ity of IE remains high, and improvements need to occur in order to optimise results.

References

. Osler W. The gulstonian lectures, on malignant endocarditis. Br Med J. 1885;1:467-70.

. Thuny F, Grisoli D, Collart F, Habib G, Raoult D. Management of infective endocarditis: chal-

lenges and perspectives. Lancet. 2012;379:965-75.

3. Cabell CH, Jollis JG, Peterson GE, Corey GR, et al. Changing patient characteristics and the
effect on mortality in endocarditis. Arch Intern Med. 2002;162:90-4.

4. Thuny F, Di Salvo G, Belliard O, Avierinos JF, et al. Risk of embolism and death in infective
endocarditis: prognostic value of echocardiography: a prospective multicenter study.
Circulation. 2005;112:69-75.

5. Kang DH, Kim YJ, Kim SH, Sun BJ, et al. Early surgery versus conventional treatment for
infective endocarditis. N Engl J Med. 2012;366:2466-73.

6. Revilla A, Lopez J, Vilacosta I, Villacorta E, et al. Clinical and prognostic profile of patients

with infective endocarditis who need urgent surgery. Eur Heart J. 2007;28:65-71.

N =



292 A. Riberi and F. Collart

7. Thuny F, Beurtheret S, Mancini J, Gariboldi V, et al. The timing of surgery influences mortality
and morbidity in adults with severe complicated infective endocarditis: a propensity analysis.
Eur Heart J. 2011;32(16):2027-33.

8. Tornos P, Iung B, Permanyer-Miralda G, Baron G, et al. Infective endocarditis in Europe: les-
sons from the Euro heart survey. Heart. 2005;91:571-5.

9. Durack DT, Lukes AS, Bright DK. New criteria for diagnosis of infective endo- carditis: utili-
zation of specific echocardiographic findings. Duke endocarditis service. Am J Med. 1994;
96:200-9.

10. Baddour LM, Wilson WR, Bayer AS, Fowler Jr VG, et al. Infective endocarditis: diagnosis,
antimicrobial therapy, and management of complications: a statement for healthcare profes-
sionals from the Committee on Rheumatic Fever, Endocarditis, and Kawasaki Disease, Council
on Cardiovascular Disease in the Young, and the Councils on Clinical Cardiology, Stroke, and
Cardiovascular Surgery and Anesthesia, American Heart Association: endorsed by the
Infectious Diseases Society of America. Circulation. 2005;111:394-434.

11. Byrne JG, Rezai K, Sanchez JA, Bernstein RA, et al. MSHA surgical management of endocar-
ditis: the society of thoracic surgeons clinical practice guideline. Ann Thorac Surg. 2011;
91:2012-9.

12. Piper C, Hetzer R, Korfer R, Bergemann R, Horstkotte D. The importance of secondary mitral
valve involvement in primary aortic valve endocarditis; the mitral kissing vegetation. Eur
Heart J. 2002;23:79-86.

13. Anguera I, Miro JM, Evangelista A, Cabell CH, et al. Peri- annular complications in infective
endocarditis involving native aortic valves. Am J Cardiol. 2006;98:1254—-60.

14. Anguera I, Miro JM, San Roman JA, de Alarcon A, et al. Periannular complications in infec-
tive endocarditis involving prosthe- tic aortic valves. Am J Cardiol. 2006;98:1261-8.

15. Anguera I, Miro JM, Vilacosta I, Almirante B, et al. Aorto-cavitary fistulous tract formation in
infective endocarditis: clinical and echocardiographic features of 76 cases and risk factors for
mortality. Eur Heart J. 2005;26:288-97.

16. David TE, Gavra G, Feindel CM, Regesta T, Armstrong S, Maganti MD. Surgical treatment of
active infective endocar- ditis: a continued challenge. J Thorac Cardiovasc Surg. 2007;133:
144-9.

17. Duran CM, Alonso J, Gaite L, Alonso C, Cagigas JC, Marce L, et al. Long-term results of
conservative repair of rheumatic aortic valve insufficiency. Eur J Cardiothorac Surg. 1988;
2:217-23.

18. El Halees Z, Al Shahid M, Al Sanei A, Sallehuddin A, Duran C. Up to 16 years follow-up of
aortic valve reconstruction with pericardium: a stent- less readily available cheap valve? Eur
J Cardiothorac Surg. 2005;28:200-5.

19. Aicher D, Kunihara T, Abou Issa O, Brittner B, Griber S, Schifers HJ. Valve configuration
determines long-term results after repair of the bi- cuspid aortic valve. Circulation. 2011;123:
178-85.

20. Boodhwani M, de Kerchove L, Glineur D, Poncelet A, Rubay J, Astarci P, et al. Repair-
oriented classification of aortic insufficiency: impact on sur- gical techniques and clinical out-
comes. J Thorac Cardiovasc Surg. 2009;137:286-94.

21. Chen X, Gu F, Xie D. An alternative surgical approach for aortic infective endocarditis: veg-
etectomy. Eur J Cardiothorac Surg. 2009;35:1096-8.

22. Mayer K, Aircher D, Feldner S, Kunihara T, Schifers HJ. Repair versus replacement of the
aortic valve in active infective endocarditis. Eur J Cardiothorac Surg. 2012;42:122-7.

23. Avierinos J, Thuny F, Chalvignac V, Giorgi R, et al. Surgical treatment of active aortic endo-
carditis: homografts are not the cornerstone of outcome. Ann Thorac Surg. 2007;84:1935-42.

24. Moon MR, Miller DC, Moore KA, et al. Treatment of endocarditis with valve replacement: the
question of tissue versus mechanical prosthesis. Ann Thorac Surg. 2001;71:1164-71.

25. Alexiou C, Langley SM, Stafford H, Haw MP, Livesey SA, Monro JL. Surgical treatment of
infective mitral valve endocarditis: predictors of early and late outcome. J Heart Valve Dis.
2000;9:327-34.



21

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Surgical Techniques in Infective Endocarditis 293

Guerra JM, Tornos MP, Permanyer-Miralda G, Almirante B, Murtra M, Soler-Soler J. Long-
term results of mechanical prostheses for treatment of active infective endocarditis. Heart.
2001;86:63-8.

Delay D, Pellerin M, Carrier M, et al. Inmediate and long-term results of valve replacement
for native and prosthetic valve endocarditis. Ann Thorac Surg. 2000;70:1219-23.

Kaiser SP, Melby SJ, Zierer A, et al. Long-term outcomes in valve replacement surgery for
infective endocarditis. Ann Thorac Surg. 2007;83:30-5.

Gulbins H, Kilian E, Roth S, Uhlig A, Kreuzer E, Reichart B. Is there an advantage in using
homografts in patients with acute infective endocarditis of the aortic valve? J Heart Valve Dis.
2002;11:492-7.

Grinda JM, Mainardi JL, D’ Attellis N, et al. Cryopreserved aortic viable homograft for active
aortic endocarditis. Ann Thorac Surg. 2005;79:767-71.

Metras D, Angell W, Goffin Y, Gonzalez-Lanvin L, Habib G, et al. Allogreffes et autogreffes
valvulaires cardiaques. Paris/Milan/Barcelona: Edition Masson; 1995.

Yankah AC, Klose H, Petzina R, Musci M, Siniawski H, Hetzer R. Surgical management of
acute aortic root endocarditis with viable homograft: 13-year experience. Eur J Cardiothorac
Surg. 2002;21:260-7.

Habib G, Hoen B, Tornos P, Thuny F, et al. Guidelines on the prevention, diagnosis, and treat-
ment of infective endocarditis (new version 2009): the task force on the prevention, diagnosis,
and treatment of infective endocarditis of the european society of cardiology (esc). Endorsed by
the european society of clinical microbiology and infectious diseases (escmid) and the interna-
tional society of chemotherapy (isc) for infection and cancer. Eur Heart J. 2009;30:2369-413.
Kowert A, Vogt F, Beiras-Fernandez A, Reichart B, Kilian E. Outcome after homograft redo
operation in aortic position. Eur J Cardio Thoracic Surg. 2012;41(2):404-8.

Nowicki ER, Pettersson GB, Smedira NG, Roselli EE, Blackstone EH, Lytle BW. Aortic
allograft valve reoperation: surgical challenges and patient risks. Ann Thorac Surg. 2008;
86:761-8.

Kaya A, Schepens MA, Morshuis WJ, Heijmen RH, De La Riviere AB, Dossche
KM. Cardiovascular valve-related events after aortic root replacement with cryopreserved aor-
tic homografts. Ann Thorac Surg. 2005;79:1491-5.

Heinz A, Dumfarth J, Ruttmann-Ulmer E, Grimm M, Miiller LC. Freestyle root replacement
for complex destructive aortic valve endocarditis. J Thorac Cardiovasc Surg. 2014;147(4):
1265-70.

Muller LC, Chevtchik O, Bonatti JO, Muller S, Fille M, Laufer G. Treatment of destructive
aortic valve endocarditis with the freestyle aortic root bioprosthesis. Ann Thorac Surg.
2003;75:453-6.

Singh Jassar A, Bavaria JE, Szeto WY, Moeller PJ, et al. Graft selection for aortic root replace-
ment in complex active endocarditis: does it matter? Ann Thorac Surg. 2012;93:480-8.
Horstkotte D, Follath F, Gutschik E, Lengyel M, et al. Guidelines on prevention, diagnosis and
treatment of infective endocarditis executive summary; the task force on infective endocarditis
of the European society of cardiology. Eur Heart J. 2004;25:267-76.

Gammie JS, O’Brien SM, Griffith BP, Peterson ED. Surgical treatment of mitral valve endo-
carditis in North America. Ann Thorac Surg. 2005;80:2199-204.

Iung B, Rousseau-Paziaud J, Cormier B, et al. Contemporary results of mitral valve repair for
infective endocarditis. J Am Coll Cardiol. 2004;43:386-92.

Zegdi R, Debieche M, Latremouille C, et al. Long-term results of mitral valve repair in active
endocarditis. Circulation. 2005;111:2532-6.

Mihaljevic T, Paul S, Leacche M, et al. Tailored surgical therapy for acute native mitral valve
endocarditis. J Heart Valve Dis. 2004;13:210-6.

Feringa HH, Shaw LJ, Poldermans D, et al. Mitral valve repair and replacement in endocardi-
tis: a systematic review of literature. Ann Thorac Surg. 2007;83:564-70.

Kerchove L, Vanoverschelde JL, Poncelet A, et al. Reconstructive surgery in active mitral
valve endocarditis: feasibility, safety and durability. Eur J Cardiothorac Surg. 2007;31:592-9.



294 A. Riberi and F. Collart

47. Ruttmann E, Legit C, Poelzl G, et al. Mitral valve repair provides improved outcome over
replacement in active infective endocarditis. J Thorac Cardiovasc Surg. 2005;130:765-71.

48. Murashita T, Sugiki H, Kamikubo Y, Yasuda K. Surgical results for active endocarditis with
prosthetic valve replacement: impact of culture-negative endocarditis on early and late out-
comes. Eur J Cardiothorac Surg. 2004;26:1104-11.

49. Frontera JA, Gradon JD. Right-side endocarditis in injection drug users: review of proposed
mechanisms of pathogenesis. Clin Infect Dis. 2000;30:374-9.

50. Wilson LE, Thomas DL, Astemborski J, Freedman TL, Vlahov D. Prospective study of infec-
tive endocarditis among injection drug users. J Infect Dis. 2002;185:1761-6.

51. Arbulu A, Holmes RJ, Asfaw I. Surgical treatment of intractable right-sided infec- tive endo-
carditis in drug addicts: 25 years experience. J Heart Valve Dis. 1993;2:129-37; discussion
138-139.

52. Mestres CA, Miro JM, Pare JC, Pomar JL. Six-year experience with cryopreserved mitral
homografts in the treatment of tricuspid valve endocarditis in HIV-infected drug addicts.
J Heart Valve Dis. 1999;8:575-7.

53. Gelsomino S, Maessen JG, van der Veen F, Livi U, et al. Emergency surgery for native mitral
valve endocarditis: the impact of septic and cardiogenic shock. Ann Thorac Surg. 2012;
93:1469-76.

54. Davierwalaa PM, Binnera C, Subramaniana S, Luehra M, et al. Double valve replacement and
reconstruction of the intervalvular fibrous body in patients with active infective endocarditis.
Eur J Cardiothorac Surg. 2014;45(1):146-52.

55. Obadia JF, Raisky O, Sebbag L, Chocron S, Saroul C, Chassignolle JF. Monobloc aorto-mitral
homograft as a treatment of complex cases of endocarditis. J Thorac Cardiovasc Surg.
2001;121:584-6.



Chapter 22
Guidelines for When to Operate in Infective
Endocarditis

Gilbert Habib

Surgical treatment is used in approximately half of patients with IE because of
severe complications [1]. Early surgery, i.e., performed while the patient is still
receiving antibiotic treatment, aims to avoid progressive HF and irreversible struc-
tural damage caused by severe infection and to prevent systemic embolism [1-6].
The risk of early surgery is the potential risk of postoperative deterioration in unsta-
ble patients and of relapse or recurrence if surgery is performed too early, before
complete action of antibiotic therapy.

For the first time, the ESC guidelines published in 2009 introduced the notion of
optimal timing of surgery [7]. Recently published, the 2015 version confirmed the
crucial importance of the correct selection of the optimal timing for surgery [8]. In
some cases, surgery needs to be performed on an emergency (within 24 h) or urgent
(within a few days) basis, irrespective of the duration of antibiotic treatment. In
other cases, surgery can be postponed to allow 1 or 2 weeks of antibiotic treatment
under careful clinical and echocardiographic observation before an elective surgical
procedure is performed [6-9].

The three main indications for early surgery in IE are HF, uncontrolled infection,
and prevention of embolic events (Table 22.1).

Heart Failure

Hemodynamic complications have been extensively described in Chap. 9. HF is the
most frequent complication of IE and represents the most common indication for
surgery in IE [1]. HF is observed in 42—60 % of cases of NVE and is more often
present when IE affects the aortic rather than the mitral valve [3, 9, 10]. Moderate-
to-severe HF is the most important predictor of in-hospital, 6-month, and 1 year
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Table 22.1 Indications and timing of surgery in left-sided valve infective endocarditis (native
valve endocarditis and prosthetic valve endocarditis)

Indications for surgery Timing Class Level
1. Heart Failure

Aortic or mitral NVE or PVE with severe acute Emergency I B
regurgitation, obstruction or fistula causing refractory

pulmonary oedema or cardiogenic shock

Aortic or mitral NVE or PVE with severe regurgitation Urgent I B

or obstruction causing symptoms of HF or

echocardiographic signs of poor haemodynamic

tolerance

2. Uncontrolled infection

Locally uncontrolled infection (abscess, false aneurysm, | Urgent I B
fistula, enlarging vegetation)

Infection caused by fungi or multiresistant organisms Urgent/elective I C
Persisting positive blood cultures despite appropriate Urgent IIa B

antibiotic therapy and adequate control of septic

metastatic foci

PVE caused by staphylococci or non-HACEK Gram Urgent/elective Ila C
negative bacteria

3. Prevention of embolism

Aortic or mitral NVE or PVE with persistent vegetations | Urgent 1 B
>10 mm after one or more embolic episode despite

appropriate antibiotic therapy

Aortic or mitral NVE with vegetations >10 mm, Urgent IIa B
associated with severe valve stenosis or regurgitation,

and low operative risk

Aortic or mitral NVE or PVE with isolated very large Urgent IIa B
vegetations (>30 mm)

Aortic or mitral NVE or PVE with isolated large Urgent IIb C
vegetations (>15 mm) and no other indication for

surgery

From Habib et al. [8]. Used with permission of Oxford University Press

Emergency surgery: surgery performed within 24 h; urgent surgery: within a few days; elective
surgery: after at least 1-2 weeks of antibiotic therapy

HACEK Haemophilus parainfluenzae, Haemophilus aphrophilus, Haemophilus paraphrophilus,
Haemophilus influenzae, Actinobacillus actinomycetemcomitans, Cardiobacterium hominis,
Eikenella corrodens, Kingella kingae and Kingella denitrificans, HF heart failure, IE infective
endocarditis, NVE native valve endocarditis, PVE prosthetic valve endocarditis

mortality [3, 10-15]. Identification of surgical candidates and timing of surgery
should be made by the infective endocarditis team [8]. Urgent surgery should be
performed as soon as any sign of HF occurs in the setting of IE, and if there is no
clear contraindication to surgery.

Surgery must be performed on an emergency basis, irrespective of the status of
infection, when patients are in persistent pulmonary oedema or cardiogenic shock
despite medical therapy [8]. It should be performed on an urgent basis when HF is
less severe. Urgent surgery may be recommended in patients with severe aortic or



22 Guidelines for When to Operate in Infective Endocarditis 297

mitral insufficiency without HF and large vegetations [16]. In patients with well
tolerated severe valvular insufficiency and no other reasons for surgery, medical
management with antibiotics under strict clinical and echocardiographic observa-
tion is a good option. Elective surgery should be considered depending on tolerance
of the valve lesion and according to the recommendations of the ESC Guidelines on
the Management of Valvular Heart Disease [17].

In summary, HF is the most frequent and severe complication of IE. Unless
severe co-morbidity exists, the presence of HF indicates early surgery in NVE, even
in patients with cardiogenic shock.

Uncontrolled Infection

Uncontrolled infection is one of the most severe complications of IE and is the
second most frequent cause for surgery [1]. Uncontrolled infection is considered to
be present when there is persisting infection and when there are signs of locally
uncontrolled infection. Infection due to resistant or very virulent organisms often
results in uncontrolled infection. The main infectious complications are described
in Chap. 10.

Surgery has been indicated when fever and positive blood cultures persist for
several days (7-10 days) despite an appropriate antibiotic therapy, while shorter
delays (48—72 h) have been recently proposed [18].

Locally uncontrolled infection includes increasing vegetation size, abscess for-
mation, false aneurysms or fistulae [8]. Rarely, when there are no other reasons for
surgery and fever is easily controlled with antibiotics, small abscesses or false aneu-
rysms can be treated conservatively under close clinical and echocardiographic
follow-up.

Surgery is also indicated in fungal and in IE due to multiresistant organisms, e.g.,
MRSA or vancomycin resistant enterococci and also in the rare infections caused by
Gram negative bacteria.

In summary, unless severe comorbidity exists, the presence of locally uncon-
trolled infection indicates early surgery in patients with IE.

Systemic Embolism

Embolic events are a frequent and life-threatening complication of IE related to the
migration of cardiac vegetations. They are described in Chap. 11. The best method
to reduce the risk of embolic event is the prompt institution of appropriate antibiotic
therapy [19, 20]. Whilst promising [21], the addition of antiplatelet therapy did not
reduce the risk of embolism in the only published randomised study [22].

The exact role of early surgery in preventing embolic events remains controver-
sial. In the Euro Heart Survey, vegetation size was one of the reasons for surgery in
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54 % of patients with NVE and in 25 % of PVE [1], but was rarely the only reason.
The value of early surgery in isolated large vegetation is controversial. A recent
randomized trial demonstrated that early surgery in patients with large vegetations
significantly reduced the risk of death and embolic events as compared with conven-
tional therapy [16]. However, the patients studied were at low-risk, and there was no
significant difference in all-cause mortality at 6 months in the early-surgery and
conventional-treatment groups.

Finally, the decision to operate early for prevention of embolism must take into
account the presence of previous embolic events, other complications of IE, the size
and mobility of the vegetation, the likelihood of conservative surgery, and the dura-
tion of antibiotic therapy [6]. The overall benefits of surgery should be weighed
against the operative risk and must consider the clinical status and comorbidity of
the patient.

The main indications and timing of surgery to prevent embolism are given in
Table 22.1. The ESC guidelines [8] recommend surgical therapy in case of large
(>10 mm) vegetation following one or more embolic episodes, and when the large
vegetation is associated with other predictors of complicated course (heart failure,
persistent infection under therapy, abscess, and prosthetic endocarditis), indicating
an earlier surgical decision. The decision to operate early in isolated very large veg-
etation (>15 mm) is more difficult. Surgery may be preferred when a valve repair
seems possible, particularly in mitral valve IE. But the most important point is that
the surgery, if needed, must be performed on an urgent basis, during the first few
days following initiation of antibiotic therapy, since the risk of embolism is highest
at this time.

In summary, the decision to operate early to prevent embolism is always difficult
and specific for the individual patient. Governing factors include size and mobility
of the vegetation, previous embolism, type of microorganism, and duration of anti-
biotic therapy.
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Chapter 23
Infective Endocarditis Prophylaxis
and Prevention

Xavier Duval

History of Infective Endocarditis Prophylaxis

Infective endocarditis (IE) is a rare yet severe infectious disease with an in-hospital
mortality rate of around 20 % despite improvements in diagnosis and treatment
[1-3]. Its overall annual incidence has not changed significantly over the last few
decades. The profile of IE has recently changed. IE occurs now more frequently than
before in patients without previously identified at-risk cardiac condition (PCC); IE
involves prosthetic valve in 20 % of cases and intracardiac devices (pacemaker or
intracardiac defibrillator) in 10 %. One patient out of two has a comorbidity, diabetes
mellitus being the most frequent. Staphylococcus aureus is reported as the primary
micro-organism in many series of IE follows by oral streptococci and enterococci.
Healthcare-associated IE accounts for a quarter of IE cases [4]. Due to its high rate
of mortality and morbidity, every effort should be made to reduce IE incidence.
Although its efficacy has not been demonstrated in humans, antibiotic prophylaxis
of IE had been recommended since 1954 for subjects with IE predisposing condi-
tions undergoing at-risk procedures; this recommendation was maintained regularly
from that date up to 2002 [5, 6]. This was based in part on the results of animal
models which showed the effectiveness of antibiotics in preventing the development
of IE after experimental inoculation of bacteria, and in part on force of habit.
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Fig. 23.1 Incidence of infective endocarditis according to different populations with predisposing
underlying heart diseases and in the general population. (Note: Highlighted predisposing cardiac
conditions are those with the highest incidences and the poorest prognosis)

Identification of IE Predisposing Conditions

The IE incidence is between three and nine cases per 100,000 individuals per year
in the global population in industrialized countries [7, 8]. Some authors based on
population-based studies report a stable incidence [8, 9] while others, based on
inpatient databases, reported a slight but significant increase [10, 11]. This IE inci-
dence varies markedly according to the patients’ characteristics (i.e., infective endo-
carditis predisposing conditions) with 100-fold higher rates in certain categories of
individuals, due to the existence of cardiac IE at-risk predispositions on which bac-
teria are grafting and/or increased incidence of bacteremia. Patients with intracar-
diac devices (prosthetic valves, pacemaker and defibrillator), unrepaired cyanotic
congenital diseases, and history of IE, are at highest incidence of IE; HIV-infected
patients, intravenous drug users, diabetic patients, individuals on hemodialysis and
to a lesser extent any patients with native valve diseases, including degenerative
ones are also at higher incidence than the general population (Fig. 23.1). The clus-
tering of several of these conditions in the elderly population probably explains the
higher incidence of IE in individuals older than 65 years with a rate reaching 20
cases per 100,000 males over 65 [4]. IE incidence in a given population is the com-
plex result of the prevalence of IE predisposing cardiac conditions in this popula-
tion, the susceptibility of such cardiac conditions to microorganism graft, the
frequency of invasive situations (related or not to healthcare), and the prevalence of
natural microorganism portals of entry (for example, the relationship between
colonic tumours and group D streptococci IE in the elderly population).
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Modification of the Prevalence of IE Risk Factors in the IE
Population

While the overall incidence of IE has been globally stable or increasing slightly in
industrialized countries, the prevalence of IE predisposing factors in the IE popula-
tion has changed markedly. The number of patients with rheumatic heart disease,
which represented up to 50 % in the 1950’ series, has decreased regularly [12] con-
comitantly with the decrease of rheumatic heart diseases in the general population
[13], currently representing 5—12 % of the IE population in industrialized countries;
the prevalence of IE patients with intracardiac device infections has increased, in
proportions which surpass the increase of intracardiac device use in the general
population reaching a rate of 30 % of the IE in recent studies [14]. The general aging
of the population in industrialized countries leads to an increase of IE cases on
degenerative valvulopathies. These valvulopathies are previously generally unde-
tected explaining the progressive increase in the rate of IE occurring in patients
without previously known at-risk cardiac conditions (50 % of IE cases). Modifications
also concern the proportion of haemodialysis patients and diabetic patients in IE
series, with both proportions surpassing now 20 % of IE cases in centers in North
America [14] a proportion that is much higher than in the rest of the world including
other industrialized countries. This could be explained by a more frequent use of
central catheter for haemodialysis in the USA (a well-identified risk factor for
staphylococci bacteremia) instead of arterio venous fistula, and a higher prevalence
of diabetes mellitus. Considering all IE cases (on native valve and on prosthetic
valve IE), the proportion of patients with previously identified heart disease has
significantly decreased from 80 % of IE cases in the 1970s to around 50 % currently
[8, 9, 15], IE must thus be evoked and prevented also in patients without known at-
risk cardiac conditions.

Arguments That Led to the Modifications of IE
Antibioprophylaxis Guidelines

In the context of habitual application of weakly supported guidelines, several issues
had been raised before 2002 which challenged the principles underlying prophy-
laxis recommendations.

First, three retrospective case-control studies in three different countries were
conducted in an attempt to implicate and identify dental procedures in the genesis
of IE, but their findings were not homogeneous: the studies by Van der Meer et al.
and by Strom et al. provided evidence that dental treatment was unlikely to be a risk
factor, whereas the study by Lacassin et al. found a relationship between dental scal-
ing and viridans streptococcal IE [16-18].

Second, the identification of procedures at risk for IE (presumptive situations of
increased risk) is not based on the observation of a causal relationship but on
pathophysiological considerations. Neither the number of identified IE-inducing
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pathogens (inoculum), colonizing the area which could enter the bloodstream in
case of an invasive procedure, nor the amount of bleeding induced by the procedure,
nor the rate of blood cultures isolating bacteria after a given procedure, nor the
magnitude of the bacteremia following the procedure, nor the duration of the bacte-
remia, nor the reported cases of IE following a given procedure make possible the
identification of procedures at risk for IE. Furthermore, there is wide variation in
reported frequencies of these characteristics following procedures. For example,
bacteremia is noted in 10-95 % of patients after tooth extraction, which probably
reflects the heterogeneity of these procedures, of the host and of the experimental
methodologies used [19]. Meanwhile, the rate of bacteremia following at-risk pro-
cedure has been used as a surrogate measure of the risk of IE and, as well as to
identify procedures requiring antibiotic prophylaxis. However, bacteremia does not
respond to the prerequisite of a pertinent (appropriate) surrogate measure. There is
no evidenced-based method to decide which procedure should require prophylaxis
because there are no data which show that the incidence, or the magnitude, the dura-
tion of bacteremia following a procedure increase the risk of IE. Thus any attempt
at identifying procedures needing prophylaxis is artificial.

Third, transient repeated bacteremia from everyday life activities (tooth brush-
ing, chewing, etc.) was identified as being more often responsible for bacteremia
than intermittent bacteremia following occasional procedures [20, 21]. A theoretical
study of cumulative bacteremia over 1 year postulated that everyday bacteremia is
six million times greater than bacteremia from a single extraction [21]. These data
have led, since 2002, to a drastic reduction in antibiotic indications in patients with
predisposing cardiac conditions undergoing at-risk procedures [22].

Finally, the estimated risk of IE after an unprotected procedure is very low, at
most 1 per 45,000 procedures [23].

Recent Modifications of IE Antibioprophylaxis Guidelines

In 2002, the French guidelines were the first to call a halt to the systematic use of
antibioprophylaxis and to restrict the use of prophylaxis to patients at risk of death
from IE, that is, patients with high-risk cardiac predisposing factors (in most cases:
history of IE, prosthetic valves) and who had invasive dental, respiratory, gastro-
intestinal and/or genitourinary procedures [24]. In 2007, the American Heart
Association (AHA) established new guidelines which represented a radical change
from those previously published in the USA in 1997: prophylaxis was no longer
recommended before dental procedures except for patients with the highest risk of
adverse outcome resulting from IE and who had undergone “any dental procedure
that involved manipulation of the oral mucosa” [6, 25]. The AHA advised against
using prophylaxis in gastrointestinal and urogenital interventions. In 2008, the guid-
ance from the National Institute for Health and Clinical Excellence (NICE) in the
United Kingdom recommended that IE prophylaxis should be stopped for all
patients and before all procedures, dental and non-dental [26]. In 2009, the European
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Society of Cardiology guidelines did not follow along with this radical change but
recommended, as had the 2007 US ones, the pursuit of antibiotic prophylaxis for
dental procedures solely in patients at highest risk (prosthetic heart valves, congeni-
tal heart disease and history of IE). Prophylaxis was no longer recommended for
patients at moderate risk or those deemed at low risk (pacemakers and/or defibrilla-
tors or who had had previous coronary artery bypass graft surgery) [27].

IE antibiotic prophylaxis had thus been then drastically modified, not because its
ineffectiveness had been proven, but because the pathophysiology supporting its use
was no longer convincing. There are currently two distinct IE prophylaxis positions:
the radical British position based on the lack of evidence of IE efficacy and which
abandoned all antibiotic prophylaxis; and the more mitigated one, adopted by the
“remaining world”: considering that the lack of evidence is not evidence of inef-
fectiveness, recommending antibiotic prophylaxis only for a limited patient popula-
tion, those at very high risk of death in case of IE.

These positions have generated considerable and dramatically opposed reac-
tions: those in favor of maintaining the antibiotic prophylaxis because there is no
tangible evidence for a change; and those in favor of an abandon or a limitation
because there is no tangible evidence for its continuation [28].

Current Prophylaxis Guidelines

Nowadays, antibiotic prophylaxis is restricted in most of countries to patients with
prosthetic valves, history of IE, and uncorrected cyanotic diseases (patients with the
highest risks of IE occurrence and of adverse outcome from IE) who will experience
dental procedures that involve manipulation of gingival tissue or the periapical
region of teeth or perforation of the oral mucosa (Table 23.1). The most frequent
recommended regimens in adults are 2 g amoxicillin, within the hour preceding the
procedure or 600 mg clindamycin in B lactams allergic individuals [25, 27]. All
other cases (respiratory tract, gastro-intestinal, urogenital, skin and soft tissues pro-
cedures) no longer represent an indication for antibioprophylaxis. British guidelines
adopted a more drastic attitude recommending discontinuing IE antibiotic prophy-
laxis altogether [26]. Prophylaxis must also focus on healthcare associated IE
including early and late prosthetic valve IE and pacemaker related infection but also
those occurring in cases with no previously identified heart valve diseases; this can
only be conceived in a global strategy of reducing all cases of staphylococcal bacte-
remia and especially those secondary to all types of catheter related infections, in
particular in the very elderly population.

Global oral and skin hygiene measures for everybody, including healthcare
patients, to minimize the risk of community-acquired and healthcare facility-
acquired bacteremia must target patients both with and without predisposing car-
diac conditions [25, 27].

See Table 23.2 for an overview of recommended prophylaxis guidelines from
various societies and associations for dental procedures in adults.
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Table 23.1 Cardiac conditions (high risk) for which antibiotic prophylaxis is recommended in
case of invasive oro-dental procedures

1. Patients with a prosthetic valve (biological, mechanical, transcatheter valves, or a prosthetic
material used for cardiac valve repair)

2. Patients with previous IE

3. Patients with congenital heart disease
(a) Cyanotic congenital heart disease without surgical repair

(b) Congenital heart disease repaired with prosthetic material whether placed surgically or by
percutaneous techniques, up to 6 months after the procedure

(c) Congenital heart disease with residual shunt or residual valvular regurgitation
From Habib et al. [27] (With permission of Oxford University Press)
Note: No antibiotic prophylaxis in NICE guidelines

Risk of Antibiotic Prophylaxis

Antibiotic administration carries a small risk of anaphylaxis. Considering a wide-
spread use of prophylaxis (number of indications and of concerned individuals), this
may become significant. The lethal risk of anaphylaxis is very low when using oral
amoxicillin [29]. Antibiotic prophylaxis use may result in the emergence of resis-
tant microorganisms, including oral streptococci [19]. However, to the best of our
knowledge, this emergence has not been studied after a single dose of amoxicillin.

The Concept of Cumulative Exposure to Low-Grade
Bacteremia

One major argument which rocked the founding principle of antibiotic prophylaxis
was the concept of transient repeated bacteremia of low grade and short duration
from routine daily activities (e.g., tooth- brushing, chewing, flossing, use of water
irrigation devices, etc.). In fact, this repeated bacteremia might pose a greater risk
for IE than intermittent bacteremia after occasional procedures [30].

The findings of two studies are very much along these lines. The first one, a
double-blind, placebo-controlled study conducted by Lockhart et al., compared the
incidence, duration, nature and magnitude of [E-related bacteremia from single-tooth
extraction with the same information on IE-related bacteremia from tooth brushing
[31]. All of the 290 individuals randomized in one of the three groups (tooth brush-
ing, single-tooth extraction plus amoxicillin prophylaxis, and single-tooth extrac-
tion plus placebo) had had blood cultures before, during, and after the procedure.
Cumulative incidence of bacteremia due to IE-related species was significantly dif-
ferent in the three groups: 23 % in the tooth brushing group, 33 % in the single tooth
extraction +amoxicillin group, and 60% in the extraction+placebo group. The
authors concluded that, although amoxicillin has a positive impact on bacteremia
after a single tooth extraction, tooth brushing may yet pose a greater risk because it
is done much more often.
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Table 23.2 Recommended prophylaxis guidelines for dental procedures in adults

Dental prophylaxis Predisposing cardiac conditions
Recommended regimen
B lactam

Procedures No allergy allergic
Society | listed to B lactam | patients High risk Moderate risk
BSAC* | All dental Amoxicillin | Clindamycin | Recommended | Prophylaxis not
(2006) | procedures p.o.ori.v 600 mg prophylaxis recommended

involving 3 g ingle p.o. ori.v

dento- dose

gengival 1 h before

manipulation | procedure

or endodontics
AHA® | Any dental Amoxicillin | Clindamycin | Recommended | Prophylaxis not
(2007) | procedure that | p.o.ori.v 600 mg prophylaxis recommended

involves 2 gingle p.o.ori.v

manipulation | dose

of the oral 1 h before

mucosa procedure
NICE All NA NA Prophylaxis not recommended
(2008, | procedures
2015)
ESCe Dental Amoxicillin | Clindamycin | Recommended | Prophylaxis not
(2009, | procedures p.o.ori.v 600 mg prophylaxis recommended
2015) requiring 2 gingle p.o.ori.v

manipulation | dose

of the gingival | 1 h before
or periapical procedure
region of the

teeth or

perforation of

the oral

mucosa

Definition of High risk predisposing cardiac conditions: see Table 23.1
*BSAC British society for antimicrobial chemotherapy

"AHA American heart association

¢ESC European society of cardiology

The second one, reported by Veloso et al., tried to demonstrate in animal model
that IE could be caused by cumulative exposure to low-grade bacteremia occurring
during daily activities [32]. This study compared the infectivity in rats of continu-
ous low-grade bacteremia (continuous infusion of 10°~10% UFC delivered at a pace
of 0.0017 mL/min over 10 h) with the infectivity in rats of brief high-grade bacte-
remia (1 mL bolus of 10°~10° UFC in 1 min). In this experiment, the number of IE
induced by low-grade continuous bacteremia was not significantly different from
that of IE induced by high-grade bolus bacteremia. The authors suggested that the
most predictive factor of IE was the duration of the bacteremia rather than its mag-
nitude, and that the smallest inoculum was enough to achieve a comparable infec-
tion rate.
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Relationship Between Oro-Dental Status and the Risk
of Endocarditis

The concept of everyday life bacteremia probably raises more questions than it
answers. In fact, considering the high number of patients with cardiac conditions at
risk of IE (1.7 % of the global French population and 7 % of the population 60 years
old and above) and the daily repeated bacteremia capable of inducing IE, it appears
surprising that IE is so rare [23]. Development of IE following everyday life bacte-
remia may be determined by its characteristics. It can be hypothesized that oro-
dental status may interfere with the propensity to induce oral bacteremia and that
poor dental condition may favor dental bacteremia originating from chewing or
tooth brushing. This oro-dental status reflects the combined long-term impacts of
patients’ oral hygiene and of dental practitioner care, when the latter is solicited.
There have been conflicting results in the literature concerning the relationship
between gingival or periodontal disease and an increased risk of bacteria after tooth
extraction or oral hygiene [33-35].

In the afore mentioned study conducted in “healthy” individuals by Lockhart
et al. visiting a hospital-based dental service [31], the authors also looked at the
association between dental status and the risk of bacteremia using a thorough clini-
cal and radiographic examination of teeth and peridontia conducted by trained prac-
titioners [35]. After tooth brushing, they reported a higher risk of Streptococcal
viridans bacteremia in those individuals with high dental plaque and high calculus
scores [35]; only one among five gingival inflammation measurements (generalized
bleeding with tooth brushing) was also associated with viridans Streptococci
bacteremia.

In a case-control study including IE patients, we compared oral status of patients
with IE responsible microorganisms originating in the oral cavity to that of patients
with IE responsible microorganisms of originating in the skin or the digestive tract.
We did not find any differences concerning either calculus score or gingival inflam-
mation between patients with oral streptococcal definite IE and patients with extra
oral definite IE (mainly staphylococcal and bovis Streptococcus 1E), signifying that
the increased risk of IE-associated bacteremia noted by Lockhart et al. in patients
with poor oral hygiene may not be sufficient to induce IE. Pulpal necrosis, a rare
condition, was more frequently noted in case-patients, albeit only statistically sig-
nificant in the bivariate analysis.

The role of dental hygiene is equally confusing. Brushing one’s teeth many
times a day may increase the risk of oral streptococcal IE on a short-term basis but
decrease this risk on a long-term basis. In a case-control study conducted by Strom
at al, which compared 287 IE patients whatever their microorganism (33.1 % of
the total cohort has viridans Streptococci 1E), authors did not find any statistical
differences in the practice of scaling as compared to a control population of
healthy US individuals. Case-control studies are needed to determine the risk-
benefit ratio of dental hygiene and to support the current recommendations on
dental hygiene.
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Impact of Prophylaxis Guidelines Modification
on the Epidemiology of IE

The evaluation of the impact of the drastic change in IE prophylaxis strategy on
clinical and epidemiological characteristics may offer the opportunity to evaluate its
efficacy a posteriori. In fact, a significant increase in the incidence of IE after scal-
ing down prophylaxis use would be an indication of its efficacy, whereas a stable or
a decreased incidence of IE would tend to support the appropriateness of prophy-
laxis guideline modifications. Conflicting results have been reported in the literature
concerning the impact of guideline modifications in different countries.

In the USA, since 2007, a number of studies have been published that have
examined the impact of the American Heart Association guidelines. Five studies did
not find any impact: Rogers et al., reporting on their experience in a San Francisco
medical center in 2008 [36], demonstrated no increase in the number of admissions
9 months after the guideline change. A study by Bor et al., which used National
Inpatient Sample Data to assess a broad sample of patients from 1998-2009, did not
show any inflection in the rise of infective endocarditis after the guideline change,
nor an increase in the number of cases secondary to streptococcal infections [37].
DeSimone et al., looking at data from the start of 1999 to the end of 2010 [38], used
very detailed data from the Rochester Epidemiology Project. They concluded that
there was no increase in the incidence of viridans group streptococci (VGS) in their
sample, but the small sample size must be considered; there were only three docu-
mented cases of VGS-IE in their sample between 2007 and 2010. Pasquali et al.,
looking specifically at IE in children across 37 hospitals between 2003 and 2010,
found no significant change in the absolute numbers of cases before and after the
guideline change [39]. Bikdeli et al. looked at admissions in patients over the age of
65 using the Medicare Inpatient Standard Analytic Files [40]. They recorded a
reduction in the absolute numbers. The latest study to look at the impact of the 2007
guidelines was published in 2015; the data have been extracted from the National
Inpatient Sample, as in the Bor et al. study. The authors have looked at the data
between 2000 and 2011, extending the follow-up time after the change in AHA
guidelines to 4 years. They have found an increase in the number of IE but there has
been no acceleration of the rise since guideline modifications [41].

In the United Kingdom, the same group of authors published two successive
evaluations of the UK guideline modifications (NICE), using the same methodol-
ogy, the first one with a follow-up period of 2 years, the second with one of 5 years.
Of note, these UK guidelines are the sole not to recommend antibiotic prophylaxis,
whether or not individuals have IE predisposing cardiac conditions. Thornhill et al.
used the national data on inpatient hospital activity from January 2000 to April 2010
[42]. These data were drawn from Dr Foster Intelligence, a private-public partner-
ship health service information and intelligence organization. Before the guidelines
changed, between January 2000 and March 2008, there was a trend toward an
increasing number of cases of IE and deaths from IE. After the guidelines changed
in March 2008, prescribing antibiotic prophylaxis (amoxicillin or clindamycin)
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decreased by 78.6 %, especially with dentists. There was little evidence for the
upward trend in cases of IE, and in particular of oral streptococci IE, and in cases of
death from IE. Using a non-inferiority test, an increase in the number of cases of IE
of 9.3 % or more could be ruled out and in the same way, an increase in the number
of deaths of 2.3 % or more could also be ruled out. The authors concluded that the
considerable and rapid decrease in prescriptions did not induce a large increase of
IE incidence in the 2 years after the publication of the NICE guideline. When
extending the follow-up period to 5 years after the modification of guidelines, the
authors found contradictory results, with a small but statistically significant increase
in the incidence of IE in the UK since 2008, which would account for an excess of
35 IE cases each month [43]. This increase was observed in high-risk individuals,
but also in lower-risk individuals who include patients at moderate and at low risk
of IE as defined in the AHA and ESC guidelines. Concomitantly, the authors
observed a decrease of antibiotic prophylaxis use of almost 90 %. The temporal link
between these two phenomena raises the question of a causal relationship.

In France, the AEPEI study group conducted three population-based surveys
over almost 20 years (the first in 1991, the second in 1999 and the last in 2008) on
a population pool of 11 million inhabitants. All IE cases were validated by a central-
ized expert team using different case definitions (von Reyn modified by echocardio-
graphic results, Duke classification and modified-Duke classification). Overall, IE
incidence had not increased in France as of 2008, 6 years after the modification of
prophylaxis guidelines. When considering IE incidence, taking into account the
type of microorganisms and the IE predisposing cardiac conditions, streptococcal
IE incidence, with or without a pre-existing valvulopathy, did not increase between
1999 and 2008 [44].

Even if these studies have brought us important insights into prophylaxis modi-
fication and its consequences, their results must be interpreted with caution, as all
studies suffer from limitations. First, studies based on retrospective analysis of data
from hospital discharge coding, did not have the IE cases validated by an expert
adjudication committee. Second, in some studies, the hospital coding did not include
the precise identification of the streptococcal strains in all patients, one of the major
microorganisms responsible for IE originating in the mouth. Third, except for the
British study which reported data on antibiotic prescription, the implementation of
guidelines modification was not assessed. Fourth, in a temporal comparison analy-
sis, multiple confounders could explain an increased IE incidence irrespective of
any antibiotic prophylaxis guideline change. Finally, correlation between phenom-
ena does not equal causation.

Should We Modify IE Prophylaxis to Target a Broader
Population?

For several years, IE prophylaxis, including (or not) antibiotic prophylaxis, was
targeted specifically at patients with previously identified IE predisposing cardiac
conditions and focused on possible bucco dental and digestive portals of entry.
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The changes in IE patient characteristics reported in the recent population-based
epidemiological studies may have an impact on the population targeted by prophy-
laxis policy.

First, older male individuals are at the highest risk of developing IE, the annual
incidence being tenfold higher in the 75-79 age range. Second, one patient out of
two who develops IE is not identified as having an IE predisposing cardiac condi-
tion when he is treated by the practitioner for IE. This is concordant with the
decrease in the incidence of IE reported in the French epidemiological studies in
patients with previously known native heart valve disease (18.8 cases per million in
1991 to 11.4 cases per million in 1999 and 7.1 cases per million in 2008 (p=0.007)).
This applies to both the oral streptococci and Staphylococcus aureus 1E. Third, the
incidence of Staphylococcus aureus IE has increased since 1991, moving from 5.2
cases per million to 8.2 cases per million. It increased in patients without previously
known underlying heart disease. In the 2008 French survey, Staphylococcus aureus
is the primary micro-organism responsible for IE [4]. This could result from the
increase number of patients with conditions associated with staphylococcal bactere-
mia, such as intracardiac implants (prosthetic valve, pacemaker), chronic hemodi-
alysis and diabetes mellitus. Finally, and consistent with the third point, the survey
conducted in France in 2008 shows that healthcare-associated IE is an emerging
facet of the disease. Healthcare-associated IE were due to both Staphylococcus
aureus and coagulase-negative staphylococci, and developed more often in older
patients suffering from major debilitating conditions (hypertension, diabetes melli-
tus, and chronic hemodialysis) or implanted with intravascular devices. These epi-
demiological changes are arguments for a different approach to prophylaxis of IE
not only focusing on patients with IE predisposing cardiac conditions. Many ques-
tions still remain unanswered concerning the bacterial characteristics that enable the
bacteria to infect a cardiac valve, and the host factors that would enable the host to
defend itself against bacterial action. To date, there is no published study that looks
into the role of the factors related to the virulence of Staphylococcus aureus or into
the role of genetic factors in host predisposition.

Benefit of Antibioprophylaxis at Cardiovascular Implantable
Electronic Device Implantation

The annual pacemaker IE incidence has been estimated at 400 for 10° individuals
with a pacemaker [45]. In most of the cases, the pacemaker is contaminated at the
time of implantation. The prescription of an antibioprophylaxis when implanting a
cardiovascular implantable electronic device (CIED) is now recommended. Until
recently, the existing data for the use of antibioprophylaxis in this situation yielded
contradictory results [46, 47]. In 1998, the meta-analysis of antibioprophylaxis for
permanent pacemaker implantation by Da Costa et al found a significant reduction in
the incidence of infection [32, 46]. However, the first major study which really dem-
onstrated the benefit of antibioprophylaxis in the prevention of device implant infec-
tions is the trial by de Oliviera et al., a randomized, double-blind placebo-controlled
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trial conducted in 2009 in North America and Brazil [33, 47]. A 1000 consecutive
patients who underwent the first device implantation or generator replacement were
randomized in a 1:1 fashion to prophylactic antibiotics (intravenous cefazolin) or
placebo. Follow-up was performed until 6 months after the procedure and the end-
point was any evidence of infection (surgical site infection or systemic infection). The
trial was interrupted prematurely because there was significantly less infection in the
cefazolin-group versus the placebo-group (0.64 % vs. 3.28 %, RR=0.19, p=0.016).
One year later, thanks to these results, the American Heart Association published a
scientific statement, thus updating its 2003 statement about the prevention and the
management of CIED [48, 49]. The AHA recommended, as antibioprophylaxis before
CIED implantation, an antibiotic that has demonstrated in vitro effectiveness against
staphylococci, that is, either a first-generation cephalosporin like cefazolin or vanco-
mycin (particularly if the oxacillin resistance among staphylococci is high or if the
patient is allergic to cephalosporins). Antibiotic prophylaxis is also recommended if
subsequent invasive procedure of CIED is required. This antibioprophylaxis only
concerns CIED implantations; the AHA does not recommend antibioprophylaxis to
prevent CIED infections in patients implanted with CIED in dental or other invasive
procedure which would not be directly related to a device manipulation.

Conclusion

IE co-evolved with socioeconomic changes and medical progress leading to an
increase of onset age, comorbidities, intracardiac devices, and of staphylococcal
IE. IE antibiotic prophylaxis has been drastically modified during the 10 last years,
with currently two opposite strategies, both of them leading to a major reduction of
antibiotic prophylaxis indications [50, 51]. To date, this change has not given rise to
an increase in oral streptococci IE which supports a posteriori the reduction of its
use. A better understanding of the physiopathology of IE and the characterization of
the new valvulopathies should help better target patients not previously considered
at risk of IE. Nevertheless, epidemiological surveillance is vital in order to observe
rapid changes in the profile of the disease and to modity, if necessary, recommenda-
tions for a better prevention.
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Chapter 24
Infective Endocarditis in 2016: Main
Achievements and Future Directions

Gilbert Habib

Infective endocarditis (IE) is a severe form of valve disease still associated with an
unacceptably high mortality (10-30 % in-hospital mortality). The epidemiological
profile of IE has changed over the last few years, with newer predisposing factors —
valve prostheses, degenerative valve sclerosis, and intravenous drug abuse, associ-
ated with the increased use of invasive procedures at risk for bacteraemia. Health
care-associated IE represents up to 30 % cases of IE, justifying aseptic measures
during venous catheters manipulation and during any invasive procedures.

Several achievements have been accomplished in the management of infective
endocarditis, but several problems are still unsolved:

1. In the field of diagnosis, the value of new imaging techniques, such as PET CT,
is now clear, and these have been included in new diagnostic criteria as well as
in a new diagnostic algorithm. Further investigations are needed to assess the
real value of these new techniques in clinical practice.

2. The emerging role of the “endocarditis team”: A multidisciplinary approach is
mandatory for the treatment of patients with infective endocarditis, including
cardiologists, cardiac surgeons, and specialists of infectious diseases. They must
be treated in highly specialized centers with surgical facilities, and decisions
should be made by the endocarditis team

3. Antibiotic prophylaxis: One of the main changes in both American and European
guidelines is the reduction of antibiotic prophylaxis, because there is no real
scientific proof of its efficacy and because it may be potentially dangerous.

Despite recent publications suggesting an increasing risk of IE suspected to
be in relation with the reduced antibiotic prophylaxis, prophylaxis is only recom-
mended for patients with the highest risk of IE undergoing the highest risk dental
procedures. Focus on prevention rather on prophylaxis is of utmost importance,
since cases of nosocomial endocarditis are more and more frequent. However,
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prospective randomized studies are the unique way of solving the problem of
prophylaxis but are still difficult to perform.

4. Antibiotic therapy: Several discrepancies still exist around the world about the
optimal therapy according to the microorganism involved. New studies are
needed to assess the real efficiency of several new antibiotic regimens. Simple
and standardized protocols are probably better than innovative but sometimes
difficult to perform new strategies. Conversely, targeted antibiotic therapy dura-
tion based on the results of imaging techniques is an interesting future objective,
since giving the same duration antibiotic therapy to all patients is certainly not
logical.

5. Treatment and management: The management of IE by an endocarditis team in
a reference center is probably one of the most important new recommendations.
The second one is the combination of early diagnosis, early antibiotic therapy,
and early surgery. Endocarditis is a deadly disease if treated too late. We should
think about reducing the delay in diagnosis, introducing antibiotics early, and
sending the patient very early to the surgeon.

Finally, in the future, physicians should:

1. Focus on prevention rather than on prophylaxis to reduce the incidence of IE,
particularly in the field of nosocomial endocarditis;

2. Understand the need for management of these patients with IE in close relation-
ship with “endocarditis centers”;

3. Send patients for an early surgical assessment as soon as possible.
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