GUIDANCE ON THE PROPHYLAXIS AND TREATMENT OF INFECT IVE
ENDOCARDITIS IN ADULTS

Advisory Group of the British Cardiac Society Clinical Practice Committee and
Royal College of Physicians Clinical Effectivenesand Evaluation Unit

2004
Lead author: David R Ramsdale
Advisory Group: SIGN Reviewers:
David R Ramsdale (Cardiology) Peter M Schofield@Cardiology)
Tom SJ Elliott (Microbiology) David H Roberts (Cardiology)
Paul Wright (Microbiology) Godfrey Smith (Microb iology)
Graham J Roberts (Dentistry) Mark D Pullen (Cardiac Surgery)

Peter Wallace (Cardiac Anaesthesia)

Brian Fabri (Cardiac Surgery)

Nicholas Palmer (Cardiology)

Petros Nihoyannopoulos (Echocardiography)

Michael Pearson (Clinical Effectiveness & Evaluatia Unit)
Chris Mutton (Cardiac Nursing)

Douglas Broadbent (Cardiac Patients Association)



CONTENTS

CONTENTS

RECOMMENDATIONS/GOOD PRACTICE AND AUDIT POINTS
Guideline Development Group

Literature Search

Strength of evidence & Grades of recommendation

Scope of Guideline

Editorial independence and conflicts of interest

INTRODUCTION

SYMPTOMS AND CLINICAL FINDINGS

INVESTIGATIONS

Optimal blood culture technique
Echocardiography

CARDIAC CATHETERISATION IN INFECTIVE ENDOCARDITIS
CRITERIA FOR DIAGNOSIS OF INFECTIVE ENDOCARDITIS
TREATMENT

1. PROPHYLAXIS
PATIENTS AT RISK

PROCEDURES REQUIRING ANTIBIOTIC PROPHYLAXIS

DENTAL AND ORAL PROCEDURES
OTHER PROCEDURES
C) ANTIBIOTIC PROPHYLAXIS REGIMENS

2. ANTIMICROBIAL THERAPY FOR INFECTIVE ENDOCARDITIS

GENERAL MANAGEMENT
Pharmacokinetic issues
Dosing regimens

Maximising effectiveness of antimicrobial treatment

SPECIFIC TREATMENT REGIMENS
Streptococci and Staphylococci
Nutritionally variant streptococci
Enterococci

Gram positive and Gram negative Bacilli
HACEK

Fungi

Blood culture negative endocarditis
IV drug-abuse

HIV

Pregnancy

Prosthetic valve endocarditis

3. PENICILLIN ALLERGY

14
15
16

17

18
19

19
20
21

22

24

25

26

27

28
29

30

31



4. ANTICOAGULANT THERAPY
5. MONITORING OF PLASMA DRUG LEVELS
6. RESPONSE TO TREATMENT
7. RELAPSE/NEW EPISODES
8. OUTPATIENT TREATMENT
9. INDICATIONS FOR SURGERY IN PATIENTS WITH ACTIVE
INFECTIVE ENDOCARDITIS
Timing of surgery
Results of surgery
PROGNOSIS
CONCLUSIONS
TABLES 1-17
REFERENCES
APPENDIX 1 : Strength of evidence and grades of recommendation

APPENDIX 2 : Antibiotics

APPENDIX 3 : Abbreviations
Figure 1. Endocarditis Warning Cards

Figure 2. Algorithm for management of infective endcarditis

32

33

35
36

38

40-60

61-104

105

106

108

109

110



GUIDANCE ON THE PROPHYLAXIS AND TREATMENT OF INFECT IVE

ENDOCARDITIS IN ADULTS

RECOMMENDATIONS

The grading A-D for each of the clinical recommatiohs has been applied

according to the definitions used by the Scottigkricollegiate Guidelines Network (see

Appendix 1). (* = no supportive evidence, but gpodctice point)

GOOD PRACTICE AND AUDIT POINTS

DIAGNQOSIS

1.

In unwell patients with known cardiac disease av eardiac murmurs, always
suspect the diagnosis of infective endocarditi3. (IE

When the diagnosis is suspected, admit the patdmbspital for full and careful
investigation, including blood cultures, recordofgemperatures, haematological
and biochemical investigation, ECG, chest X-ray adldocardiography. Three
sets of blood cultures at intervals of >1 hour watie first 24 hours will suffice
when clinical evidence suggests the diagnosisgiifilikely in a sick patient. If
the patient is not acutely sick or when the diagnssnot obvious clinically, 6
sets of blood cultures should be taken within tret 24-48 hours.C

If the diagnosis is confirmed by blood culture ferdhe patient to an experienced
cardiologist. D

Involve microbiologist from the outset. *

Consider transoesophageal echocardiography (TQEBns$thoracic
echocardiography is suboptimal, to obtain furtimorimation on the size, site or
mobility of vegetations, abscess or fistula forrator valve perforation etc. TOE
should be performed in all patients with prosthetitve endocarditis (PVE)B

PROPHYLAXIS

6.

Patients at moderate-risk or high-risk of endod¢erdhould be given antibiotic
prophylaxis with appropriate antibiotics based ugentype of dental or surgical
procedure being performedC

Patients should be informed of their risk of IE dne need for antibiotic
prophylaxis. They should be told to inform any dwoair dentist who is
responsible for providing care and they shouldierga card to carry reminding
them of the importance of the risk and how to aveid C



TREATMENT
8. Once the diagnosis is established, treatment stmubmmenced according to
the Guidelines or with alternative antibiotics ifanobiological tests suggest more
appropriate agents are suitable. D

9. In a sick patient, antibiotic treatment should benmenced immediately after
blood cultures have been collected and the regex@msted once the
microbiological data is available. D

10.Generally, prolonged IV antibiotic therapy is nesgy, administered via a large
central vein. Only the most penicillin-sensitiveegttococci should be considered
for treatment with shorter courses of penicillin. D

11.The Guidelines for treatment should be followedesalthe clinical state and
microbiological data suggest alternative treatniemore appropriate. D

12. Culture-negative endocarditis requires close stydtr unusual and slow-
growing microorganisms and fungi. Serological tést<Coxiella burnetij
Bartonellaspp andChlamydiaspp should be performed if the diagnosis is still
suspected and there is still no growth after 7 dslysroscopy and culture of any
excised tissue is essential. Molecular assay fecifip gene targets and universal
loci for bacteria and fungi and subsequent sequgnuiay be applied to blood
culture or excised material to help identify thegative organism. Treatment
should involve antibiotics which are appropriatetfee most likely organism for
the particular clinical scenario but should gerngrabver Gram-positive and
Gram-negative organisms. D

13.Be aware that the majority of native valve endottsrdnd of late prosthetic
valve endocarditis is caused by viridans streptoi¢60-70%),Staphylococcus
aureus(25%) and enterococci (10%). In early prosthesitve endocarditis,
Staphylococcus epidermidasmd Staphylococcus aurease the commonest
organisms. D

14. Patients with a history of penicillin-allergy or widevelop penicillin-allergy,
should be treated with (or changed to) vancomyciteicoplanin and gentamicin
or other appropriate antibiotics. D

SURGERY
15.1n haemodynamically-stable patients, early contioliawith a cardiac surgeon is
recommended in case surgery is suddenly requiDed.

16. Patients with life-threatening congestive heatufai left heart failure or
cardiogenic shock due to treatable valvular disshseld undergo emergency
cardiac surgery, if the patient has reasonableppuis of recovery and a
satisfactory quality of life after surgery. D



17.Surgery is indicated in patients with annular atia@bscess, in those with
infections resistant to antibiotics and in thosthviingal endocarditis. Large,
mobile vegetations and recurrent emboli after appate antibiotic therapy are
also indications for surgeryD

18. Patients with prosthetic valve endocarditis (PVH) generally require further
surgery. D

Guidance development group

These recommendations were developed by an adwgsoup nominated by the
Clinical Practice Committee of the British Card&aciety in collaboration with the
Clinical Effectiveness Unit of the Royal CollegeRtiysicians (London). Contributors to
the guidance document included representativaseoBtitish Cardiac Society (BCS), the
British Junior Cardiologist’s Association (BJCA)et Faculty of Dental Surgery of the
Royal College of Surgeons, the Society of Cardi@bie Surgeons (SCTS), the British
Society of Echocardiography (BSE), the Royal CadlefPathologists (Microbiology),
the Royal College of Anaesthetists (RCA), the BhtAssociation for Nursing in Cardiac
Care (BANCC) and the British Cardiac Patients’ Asatbon (BCPA).

Literature Search

The recommendations reflect an extensive reviethefiterature and the
personal knowledge and experience of the membetseaforking group. An electronic
search of Medline using the keywords, “infectivelecarditis”, revealed 12,697
publications between 1964 and 2002 - of which 8\8éde written in English. Only the

latter were considered for review.

Strength of evidence and grades of recommendation

The strength of evidence and the recommendati@awerdirom it were classified
according to the definitions used by the Scottrgkricollegiate Guidelines Network,
derived from the US Agency for Health Care Poliog &esearch (see Appendix 1). The
important clinical recommendations are accompahiethe SIGN gradings according to
the level of evidence in the literature as judggéib independent group of SIGN

reviewers.



Scope of the document

This review is intended to improve the care ofgds with IE and those at risk of
developing IE. It is directed at junior and serdardiologists, cardiac surgeons and
surgeons in other specialities, anaesthetistsrardsivists, gynaecologists, physicians in
all specialties, dental surgeons, microbiologig&eral practitioners and nurses who are
responsible for treating patients with cardiac asseand those patients at risk of
developing IE. It is particularly important for th® medical personnel who are likely to
be involved in the first presentation of an illnégsde aware that the diagnosis should
always be considered in patients with a pyrexiediaa murmurs and any of the possible
symptoms and signs associated with this potentiéythreatening condition.

The recommendations are aimed at aiding the éstatdnt of the clinical
diagnosis and recognition of the complicationsefthe use of blood cultures and other
investigations for confirming the diagnosis, and tise of transthoracic and
transoesophageal echocardiography for definingxitent of cardiac involvement and
guiding clinical management. It is also concernéith the prophylactic treatment to
prevent IE, in defining who is considered to bsighificant risk of developing IE as well
as the antibiotic regimens for the treatment ofgoéis with confirmed or probable IE.

The clinical scenarios that typically occur and wide variety of responsible organisms
responsible for IE are important issues that aadjaosis and prompt appropriate
management. The guidance aims to provide recomrtiendan the role of surgery in IE
and in particular the management of patients Witk P

The recommendations reflect the consensus of apioii the working group,
derived from the evidence in the literature, andpplicable to the majority of patients.
Recommendations for investigations and treatmewetsnade only where they can be
justified on the basis of evidence of clinical bineo not preclude the use of alternative
approaches in individual patients and should naidssl to override clinical judgement.
The document is consistent with recently publispeidielines from the European Society
of Cardiology

http://www.escardio.org/knowledge/quidelines/Guiide$ Infective Endocarditis.htm

Given that the evidence base for recommendatsofien based on case reports,
small differences do exist between this and the B&Timent. References are quoted



wherever possible to the sources of informatiomfiehich tha Advisory Group made its
recommendations.

Editorial independence and conflicts of interest

This document has been developed without extéunaling. None of the
members of the Advisory Group had any conflictetérest.



INTRODUCTION

Infective endocarditis (IE) is uncommon. The yeanlkgidence reported in developed
countries ranges between 1.8 and 6.2 per 100,00 qfopulatiort:®> Although it affects
neonates, infants, children, young adults and tegrmant woman, the incidence increases
after 30 years of age and exceeds 10 per 100,0@@éple aged over 50 yedr¥ It is a
life-threatening disease with a substantial motpidnd mortality (approximately 20%)
despite improved diagnostic techniques, modertitits and surgical therapi€s.
Prosthetic valve endocarditis (PVE), although unemm, carries an even higher

mortality rate**** Prevention of endocarditis is therefore extrenilyortant™>

IE predominantly affects individuals with underlgistructural cardiac defects who
develop bacteraemia with organisms likely to caars#ocarditis® The incidence and risk
of IE associated with various cardiac structuralamalities and following cardiac
surgical and interventional procedures has beerwed in the literaturé’'®
Experimental studies suggest that endothelial danteayls to platelet and fibrin
deposition and thus a non-bacterial thrombotic eadtial lesiort>?°If bacteraemia
occurs as a result of a surgical or dental pro@duinstrumentation involving mucosal
surfaces contaminated by organisms, bacteria sgttttamaged or abnormal heart valves
or on the endocardium close to anatomic defectdtieg in endocarditis or endarteritis.
Valvular and congenital abnormalities, especidilyse that result in abnormal high-
velocity jets, can damage the endothelial surfackpaedispose to the formation of a
potential site for an infective endocardial lesftiiand the pathologic hallmark of IE —
vegetation$® Vegetations are composed of masses of organismesred with fibrin,
platelets and variable inflammatory cell infiltrate

Currently, patients with prosthetic cardiac valwesers of illicit IV drugs and patients
with mitral valve prolapse or other non-rheumatati disease (eg: congenital heart
disease, bicuspid aortic valves), rather than tinagerheumatic heart disease account
for the majority of cases of IE;**?®although rheumatic heart disease is still respéasib
for approximately 40-50% of cases. Such patiergsaaiincreased risk when undergoing
invasive procedures. Elderly patierdhronic alcoholics, patients with chronic
inflammatory bowel disease, poor dental hygienegmic haemodialysis, those with
diabetes mellituand those on immunosuppressives are at increagedfriE >2°*°Left-
sided cardiac structures are most commonly affe@8% of cases) - isolated aortic
lesions in 55-60%, isolated mitral lesions in 28438nd mitral and aortic lesions in 15%
of cases. Right-sided IE accounts for 10-15% oésas

Although most cases of IE cannot be attributeaintanvasive procedure, antibiotic
prophylaxis forms a major role in attempting to miize the frequency of this

potentially lethal conditiod.able 1 shows the causes of bacteraemia that are respmnsib
for IE and the predominant pathogens.

SYMPTOMS AND CLINICAL FINDINGS

The clinical manifestations of IE will depend owrtiars such as the nature of any
predisposing condition, the type and virulenceheftesponsible organism and the portal



of entry** Patients with acute IE typically present with aoelerated iliness including
high remitting pyrexia, rigors and prostratitr It is usually caused by virulent
pathogens such & aureusand pre-existing valve disease can be minimatohtrast,
those with subacute IE present more insidioush artorexia, weight loss, fever, chills,
myalgia, arthralgia and fatigf&*°

It usually affects patients with major pre-existimgart valve defects and is caused by less
virulent pathogens such as the viridans streptocbcgque features occur in

childhood?® The clinical manifestations may be classified asliea and extracardiac,
although specific features may be found in patientis right-sided IE, PVE, fungal IE

and culture-negative IE.

Cardiac manifestationsusually dominate the clinical presentation witl gresence of
new or worsening cardiac murmurs or the developrokoardiac failure due to advanced
valvular infection and destructidfi?’**Eighty per cent of patients present with a
murmur whilst 15-20% develop one in hospftai’Pre-existing heart disease is found in
60-75% of cases of left-sided endocarditis buarsirin right-sided disease. The degree
of valvular destruction depends on the organismpaesible, the duration of infection and
its anatomic site. It may consist of ulceratiomytand rupture of mitral or tricuspid
chordae tendineae and perforation of the cuspsdlees resulting in moderate or severe
regurgitatiort”

Typically, vegetations occur on the atrial surfatéhe mitral valve, on the ventricular
surface of the aortic valve, distal to a coarctabbthe aorta, in the pulmonary artery in
association with a patent ductus and on the riglet sf a ventricular septal defect.
Occasionally all four valves are affected and meralocarditis occurg.Eustachian
valve endocarditis is well recognis&®

Abscesses of the heart are observed in 20-40%se&canainly in the aortic valve ring.
®.They can spread to surrounding structures sudheaadrta, the anterior mitral valve
leaflet and the interventricular septum and carseaufistula between the two ventricles,
between the aorta and left atrium, between theséitricle and the right atrium and even
into the pericardial cavity causing tampon&d®.These complications are associated
with a high mortality?® Septal abscesses can lead to progressive comldetects
evidenced by prolongation of the PR interval anthgiete heart blocR’ This is more
often associated with prosthetic (PVE) than natae endocarditis (NVE) and native
aortic than mitral valve endocarditis. Aortic raditscesses may produce a sinus of
Valsalva aneurysm or involve the coronary ostialange vegetations can cause valvular
obstruction’®**Subaortic aneurysm has been repoffed.

Occasionally, chest pain due to pleurisy, peri¢derdir myocardial infarction resulting
from coronary arterial emboli are presenting sympb'’* An inflammatory or septic
pericardial effusion mainly affects patients withrtéc valve endocarditis but pericardial
abscess may occur as a result of infection on itralnaalve>® Primary involvement of
the myocardium occurs with reduction in contraigtiind ST-T wave abnormalities and
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ventricular arrhythmias may result. Free wall mydéd abscesses may rupture and
cause sudden death’®

Extracardiac clinical manifestations consist of embolic (13-40%) as well as vasculitic
phenomenZ’""®— the latter due to immune-complex deposition. Biiokevents usually
occur early - 50% within the first 20 days, and 8@#tin the first 32 days of initial
presentation. Focal pain in the flanks or left upgpeadrant may be due to embolic
infarcts in the kidneys or spleen. Retinal andpdesral limb emboli may also occur.
Splenomegaly is found in 30-50%)’""°Splenic abscesses sometimes occur and splenic
rupture can be fatdP:®* Abdominal CT or MRI scans appear to be the besgjrdiatic

tests for a splenic abscess and urgent splenedtmgicated.

Neurological manifestations may be the presentaguire’® These may be headache or
any symptoms and signs associated with focal caréifarcts, cerebritis or abscess,
haemorrhage or mycotic aneurysm, including strokefusion and seizuré&®
Meningism/meningitis may occur and CSF cultures tmayositive’’ These are
particularly serious and life threatening featush a mortality rate of 40%.

Other vascular or immune-mediated phenomena may accluding petechiae (on
extremities, above clavicles, buccal and palatatesa or on palpebral conjunctiva),
splinter haemorrhages (5-15%), retinal haemorrhdgeth spots (5-10%), painful

Osler’'s nodes (5-10%), painless red Janeway lesinriee palms and soles and finger
clubbing — which occurs late in 10-20% of patieMgcotic aneurysms, which occur in
2-15% of patients who have IE, involve mainly tiruses of Valsalva, the cerebral and
carotid arteries, the branches of the abdominah&gtite mesenteric arteries, renal artery)
and more rarely limb and coronary arteté$®¥°®They occasionally rupture, causing
subarachnoid or intraventricular haemorrhage oertascular catastrophigs'®
Intracranial mycotic aneurysms (1.2-5% of casesglan overall mortality of 60%
increasing to 80% if rupture should océtit®1%1%Contrast-enhanced CT scanning and
3-D magnetic resonance imaging may provide adequagtenation but angiography
remains the diagnostic imaging test of chdfée?®

Deposits of immune complexes with complement akbregrenal glomerular basement
membrane may cause a focal or diffuse glomerulomiiphnd can be diagnosed by renal
biopsy with appropriate glomeruli stainifitf:*°° Arthritis and Osler’s nodes have also
been attributed to the local deposit of immune dengs:'°*!“Besides immune complex
glomerulonephritis and septic renal infarcts, hagynamic instability, antibiotic drug

and contrast medium toxicity can be responsibletute renal failure which often
indicates a poor prognosis.

Osteomyelitis is a rare complicatiof.
Emboli are more likely to occur with enterococtgmhylococci, Gram-negative aerobic
bacilli and fungi, with large mobile vegetationslaspecially when the mitral valve is

affected. They tend to occur early before hospithhission and within the first two
weeks of starting treatment. 50% of all emboli gaeithin 20 days and 80% within the
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first month after initial symptoms of IE. After @mbolic complication, recurrent
episodes are likely to follow especially if vegeias persist on echocardiography. In
>50% of cases, recurrence of a thromboembolic emesurs within 30days after the first
episode. It has been estimated that up to 65% bbkerevents involve the central
nervous system, that the majority lodge in the meiderebral artery territory and that the
associated mortality is higt®

In patients with right-sided endocarditis, the tricuspid valve is most frequently
involved (80%), pulmonary infarcts are often folledvby lung abscessasd pleural
effusions occut*’ **°Haemoptysis can be fataf Peripheral emboli and immunologic
vascular phenomena generally do not occur. The oaige is IV drug abuse but others
include pacemaker infection, central IV lines, skid gynaecological infections and
bacteraemia in patients who have congenital catdgions'?**#4n IV drug abuse, the
prognosis of right-sided IE is favorable (4-5% rabity). However, recurrences are
frequent (30%J%***When IE is associated with infection of pacemakeestral IV or
Hickman lines or other foreign bodies eg: septaluer devices, tube grafts etc, the
objects need to be removed in order to maximizeki@ace of successful treatment.
Antimicrobial therapy is required for 4-6 wee8S. aureus and S. epidermidise
responsible for 50% and 25% of pacemaker infectieapectively. Special techniques
have been reported for removal of infected matasabciated with large
vegetationg?®1?’

When mechanical valves are affecte(b-15% of all cases in developed countries),
abscesses are particularly frequent, extendingrzktfee prosthetic ring into the annulus
and periannular tissue. Conduction system distwdand even purulent pericarditis are
serious complications. The diagnosis requires h imdex of suspicion from the
clinician?® Ring or septal abscess, fistulous tracts and dehé of the prosthesis are
frequent autopsy findings. Vegetations can interfeith disc function causing
obstruction and/or regurgitation. In bioprosthetdve IE, the anatomic lesions vary
between limited leaflet infection and disseminatedction*

The microbiology okarly PVE (<60 days) (0.4-1.2% of cases) and of thoseming
within the first year of surgery is distinctivé*'S. aureusaindS. epidermidis
predominate (45-50%), followed by Gram-negativeober bacilli and fungi.
Streptococci and enterococci are less common, atiogufor <10% of cases.
Contamination occurs intraoperatively via the woondrom the extracorpoeal
circulation or postoperatively from 1V catheterggaal lines, urethral catheters and
endotracheal tubes. Of the staphylococci, coagulagative staphylococci predominate
particularlyS. epidermidis— an increasing number of which are methicillisiseant.S.
aureus PVE has a high mortality and surgery should besictered early>? In late PVE
(>60 days), the bacteriology more closely resemthiasof community-acquired
NVE>***although staphylococci are still important causativganismsThe incidence
may be higher in tissue than mechanical valvés.

Fungal endocarditisis frequently characterized by negative bloodurel and a paucity
of physical signs>***Candida or aspergillus infection are the commooasses. Fever,
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changing murmurs and the presence of peripherabkrmlcommonly of large vessels, in
the brain, gut, kidneys, coronary arteries andithks, are the most common signs.
Although blood cultures are generally negative 9836 are positive in those with
candida infection. Culture of a peripheral artegialbolus may provide the diagnosis and
the specimen should be examined microscopicaljhyphae. Routine serology has been
useful in deep-seated cryptococcosis and histoglsisnand although candida precipitins
and aspergillus antigens and antibodngght provide supportive diagnostic evidence of
fungal infection, their sensitivity and specificiye disappointing*®***Fungal
vegetations are frequently large (10-30mm diamgberdky and friable and valvular or
endocardial in positiof{:*

Echocardiography and TOE in particular are mostirtgnmt in establishing an
aetiological diagnosis, for defining the anatomiesient of the valvar disease and for
guiding the surgical strated§> Emboli are frequently large and multiple, cause
considerable functional and neurological damagel@ad to the associated high
mortality }*° Metastatic abscesses are another frequent coripticathe heart and
kidneys being involved most commorif:**’Medical treatment combined with early
surgery is the mainstay of treatment. Surgery shbalperformed as soon as the bulky
vegetations are identified in order to preventtilgh rate (68%) of embolisation. Fungal
endocarditis may complicate prolonged antibiogatment of PVE and prophylactic oral
nystatin may be valuabfé®

Blood culture-negative endocarditis]{CNE)(5-10%) is usually due to patients having
been treated with antibiotics prior to the bloottunes being taken. Other causes include
fungal infections, fastidious slow-growing organssey:Brucellaspp Neisseriaspp
Legionellaspp Nocardiaspp,Mycoplasmapp cell-dependent organisneg): Bartonella
spp,Chlamydiaspp Histoplasmaspp andCoxiella burnetii and “non-infectivé
endocarditis as seen in systemic lupus erythemsiarsd in terminal malignant disease
(“marlzéllntic endocarditis’}***° However, systemic lupus erythematosus and IE oan c
exist:

Some of the more unusual infections have clinieatdres which are suggestive. For
example, Q-fever endocarditis often occurs in pas$ién contact with farm animals,
frequently involving the aortic valve but also tinéral and prosthetic valves. Liver
involvement, thrombocytopaenia and purpura are comifif *°*Vegetations are usually
small. Brucella endocarditis is also found in patsan contact with cattle and goats,
usually farmers and veterinary surgeons. Agairatiréic valve is more frequently
affected. Aneurysms of the sinus of Valsalva witliamyocardial spread is common.
PVE has been reportétf.Serological tests (antibodies, precipitins) mayekpful in
these situations, particularly for rickettsia sasiCoxiellaand forChlamydia'®
Although Coxiella(a strict intracellular Gram negative microorgamisnay be found by
Giemsa staining of the excised valve, endocarditest diagnosed by IgG (>1/800) and
IgA (>1/100) titres to phase | antigen using themsimmunofluorescence (MIF) teSt;
157 ForBrucellaspp (a facultative intracellular Gram-negativeilhas), high titres of
specific IgG and IgM antibodies by tube agglutioatare diagnostic. Bacterial
polymerase chain reaction (PCR) analysis can baatim confirming the diagnosis in

13



CNE eg:Tropherema whipellor Bartonellaspp and such molecular analysis has been
recently implemented into the newest revision efffuke criterid®®° These additional
tests may not only improve the sensitivity of thegtosis, but may also improve the
outcome by increasing the specificity of the aatiioi treatment.

In unwell patients with known cardiac disease avmardiac murmurs, always suspect
the diagnosis of infective endocarditis.
Recommendation C
EVIDENCE LEVEL 3

INVESTIGATIONS

Mild to moderate anaemia is commonly present witloaochromic, normocytic
picture. Neutrophil leucocytosis is common andES$&R and CRP are

elevated in 90% of patients and the latter have Ipeeposed as additional minor criteria
to the Duke classification of IE®*"Intraleucocyte bacteria can be seen in buffy coat
preparations of blood in up to 50% of ca&és.

Microscopic haematuria and/or proteinuria occus@&o of cases. In those developing
immune complex glomerulonephritis, red blood caBts and heavy proteinuria may be
identified. Renal function should be repeatedly itwoed to detect dysfunction early. A
polyclonal increase in gammaglobulins is charastierof active endocarditis and an
elevated rheumatoid factor may be of diagnostip.Hal*"®

Blood cultures remain the definitive proceduredi@gnosing IE” At least three sets of
blood cultures (aerobic and anaerobic) drawn >X hpart should be taken and if
positive for the same organism (in the majorityhaf culture bottles), this confirms that
an endovascular infection is likely.

An ECG and chest X-ray are useful for assessingxtkent and severity of the infection,
its effects on cardiac size and function and faeeining whether surgery may need to
be considered early or whether prophylactic tempygracemaker implantation is
indicated. The presence of significant conductioncemalities demonstrated on the
ECG especially if known to be new or progressiveram@ts urgent temporary pacing and
this is classically seen in the presence of aootit abscesses complicating aortic valve
endocarditis due t8. aureusnfection. Arrhythmias may be due to myocarditigmr
ischaemia due to coronary emboli and should beettlda standard fashion.

A chest X-ray may show evidence of cardiomegaly laeatt failure but in tricuspid
valve endocarditis in intravenous drug abusers gatients with serious permanent
pacemaker infection may demonstrate infective palang emboli and pulmonary
abscesses.
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Infection-related antiphospholipid antibodies mayphin predicting risk of embolic
events and the application of PCR technology todkand tissue samples may be useful
for identifying more unusual pathogens causing’f&%

When valve replacement is undertaken, valvulauésshould be examined histologically
and cultured for the presence of organisms which atlaw postoperative antibiotics to
be tailored accordingly. Bacterial DNA probe anaysf explanted tissue and
amplification by PCR may be an alternative to anptement histology and culture.

The key tests, however, are blood cultures andcagdagraphy.
EVIDENCE LEVEL 3

OPTIMAL BLOOD CULTURE TECHNIQUE

Between 3 and 6 sets of blood cultures should betalmed at intervals >1 hour
within the first 24 hours from all patients suspectd of having IE before
commencing antibiotic treatment.

Three sets of blood cultures should be taken if thegpatis extremely unwell and the
clinical features suggest that IE is very likelydaix sets if the patient is not acutely sick
or when the diagnosis is not obvious clinically.ti®wl aseptic technique is essential to
avoid false positive cases due to contaminatingriggns from the skitf>'8* Eachset

of blood cultures should be taken via a separatepencture (10mls of blood into each
bottle).

The bacteraemia associated with IE is typicallyticmrous, with 10-200 colony-forming
units per ml of blood® However, this is not always the case and somemiatmay have
intermittent bacteraemia or less than one micrausga per ml of blood. In such cases,
the number of positive culture-results is directiated to the number of blood samples
drawn and the volume of blood in each individuahpke. Single samples should not be
drawn because the most common contaminants, caagagative staphylococci can be
responsible for IE and a positive culture will bfficult to interpret*®° Ideally, cultures
should be spaced at least 60 mins apart to pratéottteraemia is continuous. Blood
cultures should be stored in an incubator 4€3ahd not in a refrigerator. The possibility
of IE should be made clear on the request form.

Overall, about two-thirds of all samples drawn frpatients with IE are positive. Those
patients with untreated IE and continuous bacteia&rnil generally have positive
culture results in all samplé¥.90% will be diagnosed by the first sample and S8eér
three culture$®* 8 0Other patients will have a much lower incidencpasitive cultures.
These include patients who have already receivédiatic treatment, those with fungal
endocarditis or with “difficult-to-culture”microoanisms and those with CNE It has
been estimated that blood cultures may be negatiae many as 25% of patients who
received recent outpatient antibiotic therapg it may be prudent to delay treatment
(dependent on clinical status of patient) in otdemaximize the chance of obtaining
positive blood culture§®**3 Culturing arterial rather than venous blood araiding
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blood during spikes of temperature does not apielae of any additional valué?

When blood cultures are negative because of prewaatibiotic therapy, the period of
time required for the blood cultures to become fpasiagain varies from 24 hours to two
weeks depending on the activity of the antibiogeiast the organism and the duration of
prior treatment. If treatment has been receiveaifdy 2-3 days, cultures will probably
revert to positive quickly. It is important to imdite on the request form whether
antibiotics have been received by the patient abgpecial culture methods for unusual
microorganisms, lysis centrifugation techniquesemology may be considered.
Identification should be to species level.

The yield of positive cultures of “slow-growing”ganisms such as nutritionally variant
streptococci (approximately 5% of streptococcilh &nd the fastidious Gram-negative
aerobic bacilli such adaemophiluspp. oBartonellaspp., may be improved by
prolonged incubation (7-21 days) or by using optidiblood culture medfd>**The
microbiology laboratory should be informed whentsocganisms are suspected.

When the diagnosis is suspected, admit the patembspital for full and careful
investigation, including blood cultures, recordiofjtemperatures, haematological and
biochemical investigation, ECG, chest X-ray andoeeindiography. Three sets of blood
cultures at intervals of >1 hour within the firs# lours will suffice when clinical
evidence suggests the diagnosis is highly likebysick patient. If the patient is not
acutely sick or when the diagnosis is not obvidumsoally, 6 sets of blood cultures
should be taken within the first 24-48 hours.

If the diagnosis is confirmed by blood culture feréghe patient to an experienced
cardiologist. Involve microbiologist from the outse

Recommendation C
EVIDENCE LEVEL 3

ECHOCARDIOGRAPHY

Echocardiography is the most useful tool for coniing the anatomical diagnosis and for
demonstrating vegetations on valves or other strast’®?%’|t should be performed by
appropriately trained echocardiographers.

Transthoracic M-mode echocardiography (TTE) has lused for the detection of
vegetations associated with IE since 1973 and 2Ho@ardiography since 1977. Reports
suggest a specificity of 98% and a sensitivity @/ % and echocardiography should be
performed early in all patients clinically suspecté having IE, including those with
negative blood culture§®%?

Transoesophageal echocardiography (TOE) has prowestlvaluable in assessing
patients with suspected IE — being more sensifi8é&4) than transthoracic echo for
detecting and sizing vegetations, abscesses, paeedysms and valvular
perforation%%?'’ The absolute sensitivity depends upon the sitetfamdize of the
abnormalitieg?®218-220
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TOE using biplanar and multiplanar probes with oolibow, continuous and pulse-wave
Doppler is more sensitive than TTE for detectingcasses in patients with both NVE
and PVE (87% vs 28%f:?**TOE is the technique of choice in evaluating aguatwith
suspected PVE (since it is more likely to demonstaaperivalvular abscess, dehiscence
and fistulas), for those with NVE who have a prged course of infection, for those
with endocarditis at unusual sites eg. pacemaleisleand for those who do not respond
to adequate medical therafi{:**>%?*?#|t is perhaps more useful in tissue PVE rather
than mechanical PVE as it is often difficult to sketail on mechanical valves because of
intense interfering echoes from the metal struts\aive ring?>°

Echocardiography may not only demonstrate vegetatamd abscesses and predict
embolic risk in IE but it also provides information left ventricular function and an
estimate of severity of regurgitant fldit?**For example, premature mitral valve
closure in acute aortic regurgitation suggeststerl for urgent surgical intervention.
Moreover, repeat echocardiography is often useiuéarly detection of cardiac
complications requiring surgical intervention.

For suspected NVE, a TTE should be the initial estiaoly. If the TTE is technically
inadequate, then a TOE should be performed. ITiHe is clearly positive or clearly
negative, no further echo is necessary. HowevéQa should be performed if the TTE
is abnormal but non-diagnostic.

Consider TOE if TTE is suboptimal, to obtain furthdormation on the size, site or
mobility of vegetations, abscess or fistula forimator valve perforation etc. TOE should
be performed in all patients with PVE.

Recommendation B
EVIDENCE LEVEL 2+

CARDIAC CATHETERISATION IN INFECTIVE ENDOCARDITIS

Doppler echocardiography allows accurate assessohéme haemodynamic and
pathological consequences of infection in mostsablke use of invasive techniques is
usually limited to coronary arteriography in thagéh a history of angina or risk factors
for coronary artery disease and to the identifazabf fistulous connections between
chambers if echocardiography is inconclusive. Havethere is a risk of systemic
embolisation if contact is made with loose or flgabegetations and crossing potentially

infected aortic valves should be avoidéd.
EVIDENCE LEVEL 4

CRITERIA FOR DIAGNOSIS OF INFECTIVE ENDOCARDITIS

Criteria for the diagnosis of IE were proposed mn\Reyn and colleagu@ddepending
upon the results of symptoms, clinical signs amsbdlcultures and subsequently refined
by Durack et al’” They took into account information obtained by@rdiography and
introducedthe concept of major and minor diagnostic criteffable 2) The value and
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limitations of the Duke criteria for the diagnoeislE have been discussed in the
literatureand the quality of management of patients hastmsn appraised® 2%

The individual value of each of the Duke criteiwa the diagnosis of IE has been studied
and modifiedout echo data, serology and culture of excisedeisgppear to improve the
specificity and sensitivity of the diagnostic crigg!?2*"231-2332352% omparison has
been made between the Duke and other criteria (Bedkl) for the diagnosis of &hd
although the modified Duke criteria appear to bgesior, confirmatory studies are few
and smalf*"?*®Larger studies are needed.

More recently, it has been proposed that PCR arogtibn of specific gene targets and
universal loci for bacteria and fungi and subsegiseguencing to identify the possible
causative organisms in blood culture and excissiié should be considered as a major
Duke criterion?*® Such molecular methods have been validated iditimnosis of CNE
and recently included into the newest revisiorhef Duke criterig®®#>°

Diagnosis of “definite” IE requires the presenc@ahajor or 1 major plus 3 minor
criteria or 5 minor criteria and has a specifi@fyaround 99% and sensitivity of
>80%.177'251

EVIDENCE LEVEL 3

PREVENTION AND TREATMENT

Despite medical treatment, IE continues to caugpafgant morbidity and mortality
(20%). Prevention therefore is a priority as idyedragnosis and adequate treatment
based on appropriate antibiotic therapy and in nta$gs cardiac surgery. Antimicrobial
prophylaxis before selected procedures in pat@ntisk has become routine in most
countries, despite the fact that no prospectivéyshas been performed that proves that
such therapy is definitely beneficfaf?>* Animal experiments and some human studies
have however suggested benefit from prophylactiibimtics >>>Even if prophylaxis is
effective, it can only prevent a minority of casé¢sE and it is not cost-effective as a
general strategy. Nevertheless, current “best jgelatontinues to favour the use of
antibiotic prophylaxis of selected patients at n$kE who are undergoing procedures
that can cause bacteraemia. Guidelines have bddishprd by expert groups both in
Europé®*®and USA>" and the differences in recommendations are miiowever, the
guidelines represent concensus recommendationd bzsaly on data from animal
models, case-control studies and case series.

1. PROPHYLAXIS?%6:258

Although doubts have been expressed about the vhlatibiotic prophylaxis, the fact
that clinical experience documents IE following temaemia, that bacteraemia occurs
after various dental and instrumental procedurestlaat antibiotics are available that can
kill potential causative organisms, means it isdent to offer prophylactic antibiotic
therapy to individuals who are at higher risk ofthan the general populatidr.?" It is
particularly important for those in whom IE is asisbed with high morbidity and
mortality and it is necessary to inform those sk and provide them with written
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instructions such as the British Heart Foundatiéndocarditis Dental Warning Card”
(Figure 1). However, it would be more useful if the card sated the type of cardiac
lesion, the risk and how to avoid IE. Patients $&hde told to show the card to their
doctor or dentist and there should be written compation between these
professional§’?%"

PATIENTS AT RISK

Subgroups of patients with preexisting cardiacmiscs may be classified at high,
moderate or low risk of developing IE in the evehsignificant bacteraemia occurring
following an interventional procedure. In thesegralips, the severity of the disease and
the resulting morbidity is more sevéréTable 3 stratifies these cardiac conditions into
risk groups based on the outcome should IE dewahojpthe increased susceptibility to IE
compared to those in the general popul &>

Low risk patients are those patients with cardigeakse in whom the risk is no higher
than in the general population and include someipat with grown-up congenital heart
(GUCH) disease. Those with innocent heart murmaodssaructurally normal hearts do
not require antibiotic prophylaxis.

EVIDENCE LEVEL 3

PROCEDURES REQUIRING ANTIBIOTIC PROPHYLAXIS

Although bacteraemia commonly occurs during aéigsisuch as chewing and tooth
brushingsignificant bacteraemia causing IE seems to ocast wften after certain
invasive proceduresS*?*These mainly include dental procedures and instnsatien of
the oral/respiratory tract, gastrointestinal origeminary tracts, although limited
evidence exists for many other procedurég®’ 32

The risk of developing IE is probably directly riedd to the frequency and severity of
bacteraemia that occurs with each individual prace@nd its duration, and the
procedure/portal of entry is a determinant of thgaaism involved and the type of
prophylaxis regimen that should be appropriaté*“What constitutes a “significant”
degree of bacteraemia has been a matter of muctedabd research, and in the area of
dentistry, such work has proved helpful in definimgich procedures are associated with
the greatest bacteraemia and hence especially ywofémtibiotic prophylaxi§*>3'"For
example, bleeding after dental treatment is nasglf associated with an increased
frequency of bacteraemia and this has changedadbicut antibiotic prophylaxis for
certain dental procedures.

DENTAL AND ORAL PROCEDURES (Table 4)

Poor dental hygiene, periodontal or periapicalatitms may produce bacteraemia even
in the absence of dental procedures and so thosk atf IE should establish and
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maintain the best possible oral hygiene to minintieerisk?*®*'831°Thjs can be aided by
regular dental follow-up and daily techniques tmimize plaque build-up eg:
toothbrushing, dental floss, plaque remo¥8However, even these simple procedures
may not be without risk* Chlorhexidine mouthwash (0.2%), preferably norehftic,
may help patients who find a high standard of péagontrol difficult. Although recent
work has questioned its effectiveness, fifteenahishlorhexidine hydrochloride (0.2%)
should be given as an oral rinse to all patientsskt5 minutes prior to dental treatment
to reduce the incidence and magnitude of odontodeaiteraemid'®322324

Antibiotic prophylaxis for at-risk patients is renmended for dental and oral procedures
likely to cause bacteraemfi&;***3*>32Pprophylaxis against IE in orthodontics has been
discussed in the literatur&?"3?®4owever, this is a specially difficult problem same
procedures cause significant bacteraemia (eg: seyhration) but others such as
banding and debanding cause only a small non-gignifincrease in
bacteraemid?®>?***t is possible that the deterioration in gingiteklth as a
consequence of the appliances placed in the mewthisk factor that needs to be
considered more carefully. If patients are unablmaintain good oral hygiene when
appliances are in the mouth, it may be helpfulge a chlorhexidine mouthwash for the
period of the appliance therapi}:>*

Antibiotics administered up to 1 hour before a déptocedure will effect a reduction in
odontogenic bacteraemia and a most important elisdvance was the demonstration
that oral administration of amoxicillin proved afteve in significantly reducing dental
bacteraemid® This has become the mainstay of outpatient dearal. Regimens for
IVor IM administration have proved effective foruis and childref>*3°

Data from experimental animal models suggest thinécrobial prophylaxis
administered within 2 hours following the procedusi# also provide protectiofi*®
However, antibiotics given > 4 hours after the pire probably have no prophylactic
benefit. Intraligamental injections of local andesic should be avoided if possible as
severe bacteraemia occurs in a large proportigaténts>’

For patients undergoing cardiac surgery, a capgbperative dental evaluation is
recommended so that necessary dental treatmetecaompleted before cardiac surgery

in an attempt to reduce the incidence of late pesttive IE.
EVIDENCE LEVEL 2-

OTHER PROCEDURES

Antibiotic prophylaxis is recommended in patientsigh or moderate risk of IE who are
undergoing various gastrointestinal, genitourinaggpiratory or cardiac procedures and
some subspecialty societies have published thairgwidelines****' Relevant
procedures are listed Trable 5. The evidence for significant bacteraemia aftenynaf
these procedures has not been proven, but sines o&tE have been reported to follow
them, prophylactic antibiotics are recommended. &pmcedures do not require
antibiotic prophylaxis.
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Patients at moderate-risk or high-risk of IE shobklgiven antibiotic prophylaxis with
appropriate antibiotics based upon the type of deat surgical procedure being
performed.

Recommendation C
Patients should be informed of their risk of IE @hd need for antibiotic
prophylaxis. They should be told to inform any doctr dentist who is responsible for
providing care and they should be given a cardawycreminding them of the cardiac
lesion, the importance of the risk and how to av&id

Recommendation C
EVIDENCE LEVEL 4

ANTIBIOTIC PROPHYLAXIS REGIMENS

Antibiotic prophylaxis varies according to the typeprocedure being performed and the
type of organism likely to cause infection. Theinegns are shown iables 6-7and the
relationships between procedure and likely caugmmism are shown ihable 1 In
patients with prosthetic valves, the antibioticeldtd be given 1 hour before and 6 hours
after the proceduré&?>*

Prior to (and after) permanent pacemaker implamtdfiable 8) or cardiac surgery
(Table 9), prophylactic antibiotics are given to prevent sesi wound infection,
mediastinitis and endocarditis due to staphylogatogptococci and enterocoétch:**
Institution- or surgeon-specific selection of aiutirs is appropriaté®34’Some
examples of regimens can be found on the weli3@ta suggests that a 1-day course of
IV antimicrobials is as efficacious as the tradiib48-hour (or longer) regimef& 3>
There are insufficient data to suggest that amyumgides add substantial benefit to the

prophylactic regimef*® EVIDENCE LEVEL 4

2. ANTIMICROBIAL THERAPY FOR INFECTIVE ENDOCARDITIS _ (Tables 8-
145354

GENERAL MANAGEMENT

An algorithm as a guide to the management of pitieith IE is shown ifFigure 2.

IE requires prompt treatment with appropriate aitiobial drugs, administered
parenterally in doses sufficient to eradicate tlganism from the blood, from
vegetations and from local or metastatic foci ééation. Parenteral administration
ensures complete bioavailability, high serum cotregions and good penetration into the
vegetations. Treatment should begin immediatelrdfiood cultures have been taken —
especially in patients with severe sepsis, sevarailar dysfunction, conduction
disturbance or embolic events and adjusted onceit®organism has been identified
and the antibiotic sensitivities known.
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The type and duration of antimicrobial treatmeriiased on the organism responsible, its
sensitivity, a history of penicillin allergy and efer the valve involved is a native or a
prosthetic valvé>>**®Advice from the microbiologist should be soughtgé&nisms exist

at very high densities inside vegetations’(10'° per gram) protected from host
defences, and cure requires sterilization of vegets.with bactericidal agents in high
concentrations for long enoudH:**®Generally, bactericidal therapy requires a
combination of antimicrobials with synergistic adff such as a cell-wall-active agent
(B-lactams and glycopeptides) and an aminoglycogdébiotics that may be used for
the treatment of IE are presented in Appendix 2.

PHARMACOKINETIC ISSUES

For antimicrobials with time-dependent bactericiaetivity (B-lactams and
glycopeptides), it is necessary to attain concéntra persistently above the minimum
inhibitory concentration (MIC) (see below), in batdrum and vegetations. This justifies
the use of high doses, despite their time-deperatdivity, especially for teicoplanin in
staphylococcal endocarditis, or ceftriaxone in eaaditis due to Gram-negative aerobic
bacilli.

For antimicrobials with concentration-dependent®acidal activity, high peak
concentrations must be obtained. A post-antibietiect (PAE) observed in Gram-
negative endocarditis allows an increased intdvelveen doses, but this does not apply
for Gram-positive and enterococcal endocarditisywich no PAE has been shown in
Vivo.

DOSING REGIMENS

For B-lactams and glycopeptides with time-dependetivity and no PAE, serum levels
must be maintained throughout the dosing intexwvg@révent regrowth of bacteria
between doses. This interval is determined by dke of drug elimination and the serum
half-life. Benzylpenicillin and anti-staphylococganicillins should be administered
every 3-4 hours. Ceftriaxone, which has a longrednalf-life (8hrs) can be administered
once a day in the case of highly susceptible oggasisuch as viridans streptococci
Vancomycin and teicoplanin are administered ev@rprl24 hours respectively after a
loading dose for teicoplanin because of its loniflifa. Aminoglycosides can be
administered twice a day for Gram-negative baeililocarditis, but are needed three
times daily for Gram-positive and enterococcal exaadditis

MAXIMISING EFFECTIVENESS OF ANTIMICROBIAL TREATMENT

In evaluating the potential efficacy of an antiiipthe MIC must be consideré®. The
MIC is the minimum concentration that inhibits kel growth in vitro. With most
streptococci or staphylococci, the MIC and minimibactericidal concentration (MBC)
of cell-wall active antibiotics (penicillins, cegbaporins and vancomycin) do not differ
significantly**° However, the MBC's of these antibiotics are muighér than the MIC’s
for a minority of strains of streptococci and stgphocci and for many strains of
enterococci. When the difference is 10-fold or morevhen the MBC/MIC ratio is >32
- the strains are said to t@erant which indicates a slower rate of Kift: Tolerance can
be overcome by addition of an aminoglycoside —Itiegpin a more rapid bactericidal
activity 362364

22



In treatment of enterococcal endocarditis, an aglyumside must be added to
amoxicillin or ampicillin to obtain adequate baatatal effect and cure although this is
probably not essential in tolerant streptococcaitaphylococcal infectiotf>**®Serum
drug level monitoring during aminoglycoside theragyecommended. Gentamicin peak
serum concentration (1 hour post IV dose) shoul@-k@mg/L but the trough level
should be < 2.0mg/L to avoid renal or ototoxic effe Optimum vancomycin effects are
achieved if serum concentrations are kept at 2dstimes above the MIC of the
causative organism. Trough levels should be 10-16mg

The necessary frequency of dosing varies, deperadirte organism and the
antimicrobial(s) being used and whether or notstjaatibiotic effect exists.
Intravenous antibiotics should be commenced as so@as the diagnosis is made and
after appropriate blood culture samples have beenatlected and sent to the
microbiology laboratory. Initially, IV benzylpenicillin and gentamicin in the same
dosage as for treatment of IE caused by penicillisensitive viridans streptococci
sould be used. If there is a strong possibility aftaphylococcal infection, eg: IV drug
abuse, infected haemodialysis lines or pacemakerfection, IV flucloxacillin and/or
vancomycin should be used instead of benzylpeniail Once the blood culture
results are known, the treatment can be modified asha decision made about its
duration. An exception to this might be in patients recenglgeiving antibiotics, when
delaying treatment for a few days can increasehla@ce of isolating the responsible
organism on subsequent blood cultures. Such dglagly reasonable in closely
monitored patients with subacute illness who havewdence of severe or progressive
valve dysfunction, heart failure or embolic comations.

Isolation of the infecting organism is extremelypiontant, so that an appropriate
antimicrobial agent can be chosen and the antitniarsusceptibility of the organism be
established. Both MIC and MBC may both be usefilaigh no data suggests that MBC
is any better than the more simple and reproduditi@ test. Therefore, routine
determination of MBC or serum bactericidal level isnot recommended®®

A peak serum bactericidal titre (the highest tiuitof the patient’s serum whilst

receiving antibiotics that kills a standard inogulof the patient’s microorganism in vitro
and measured by back-titration) of 1:8 or greaserally indicates an adequate
therapeutic effect. A peak bactericidal titre @d4LAnd a trough of 1/32 has been reported
to represent optimal therap$. Determination of the titre is valuable only when

response to treatment with the recommended regimens suboptimal, when IE is

due to an unusual microorganism or when an unconvéional treatment regimen is
used>®® However, caution should be used when using tita,dn order to avoid false
reassurance of microbiological efficacy despitel#o& of evidence of clinical
improvement.

Once the diagnosis is established, treatment shoelldommenced according to the

Guidelines or with alternative antibiotics if midrnwlogical tests suggest more
appropriate agents are suitable. Recommendation D
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In a sick patient, antibiotic treatment should lmeenenced immediately after blood
cultures have been collected and the regimen asfjusihce the microbiological data is
available. Recommendation D

Generally, prolonged IV antibiotic therapy is nes&y, administered via a large central
vein. Only the most penicillin-sensitive streptai@hould be considered for treatment
with shorter courses of penicillin. Recommendation D

The Guidelines for treatment should be followecdsslithe clinical state and
microbiological data suggest alternative treatmesntnore appropriate.
Recommendation D

EVIDENCE LEVEL 3

SPECIFIC TREATMENT REGIMENS

STREPTOCOCCI and STAPHYLOCOCCI

The majority (80%) of NVE is caused by viridangptococci (50-70%)5. aureus

(25%) and enterococci (109%)*3*43"13"Certain organisms are more frequently
associated with particular clinical situations @mdcedureg¢Table 1) For exampleS.
aureusis the most frequent cause of endocarditis infidydabusers (60%), in insulin-
dependent diabetes mellitus and in infection ofttieeispid valve. This microorganism is
particularly destructivé®>*”>S. epidermidisnore often causes indolent infection on
previously damaged valvé&="® Regimens for treatment of streptococci are shown in

Tables 10-11 for staphylococci iTables 12-13and for enterococci imable
14.366,373,377-380

Treatment oftreptococcal endocarditisdepends on the clinical complexity of the
infection in the individual patient and on the aidtic susceptibility of the organism. For
example, in uncomplicated IE caused by fully pélmegensitive viridans streptococer
Streptococcus bovi®IC <0.1mg/L) on a native valve, treatment fow@eks with IV
benzylpenicillin + gentamicin is generally suffiotedo cure the infection. Whereas, if
there is any evidence of cardiac or embolic comagilbms or if the organism is less
sensitive to penicillin (MIC >0.1mg/L - <0.5mg/lenzylpenicillin should be continued
for 6 weeks with gentamicin for the first 2 weeksr more resistant streptococci (MIC
>0.5mg/L), treatment with gentamicin for longer rhayhecessary, although the risk of
ototoxicity increases.

Frequent dosing of penicillin is necessary astiteal high peak concentration rapidly
decreases due to glomerular filtration, tubularettn in the kidney and inactivation of
penicillin (half-life 20-30 minutes) in blood. Alttugh prolonged courses of antibiotics
probably produce more effective outcomes — on theley there is limited evidence that
4 weeks is better than 3, or that 6 weeks is bttter 5 weeks. It is thought that
combining penicillin or flucloxacillin with gentamin results in a more rapid
defervescence and clearance of bacteraemia. Tthisrisfore recommended, although
superiority over penicillin alone has not been destiated in a clinical trial. Teicoplanin
is an alternative to penicillin in streptococcatlecarditis when the starting dose should
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be at least 10mg/kg and the serum levels checkerter to ensure appropriate blood
concentrations. Vancomycin is also an effectiveraktive to penicillin and the drug of
choice in patients allergic to penicillfi>**!Ceftriaxone has an excellent
pharmacokinetic profile for treating streptocodé&bnd may be useful in patients over
65 years or with renal or auditory nerve impairn&fit®®

Staphylococcal IEis a particularly severe and life-threatening atifen responsible for
about one third of all cases. Early treatmentéskiy to improving overall prognosis.
Ninety per cent are due & aureusnd 10% due to coagulase-negative staphyloc8cci.
aureusis the only common cause of acute endocarditiscancattack normal hearts in
staphylococcal septicaemia. The organism predortliinafiects left-sided valves except
in IV drug abusers. Less than 10%Sofaureusstrains are susceptible to penicillin
although community-acquired strains are frequemgghicillin-sensitive. Methicillin-
resistantS. aureugMRSA) account for approximately 50% of caseSoéureus
endocarditis in drug abusers and endocarditis aedjim hospitals eg: IV access site
infection or transvenous pacemaker infectith?>°Methicillin-resistantS.epidermidiss
responsible for most cases@fepidermidigndocarditis on prosthetic valves but
uncommonly cause NVE?3%When it does, it usually presents a subacute ggictu
Treatment of suspected methicillin-resistant stagtgccal endocarditis in these
situations or of proven infection must include vamgycin. Rifampicin has been used as a
supplement to therapy with a penicillin, cephalagpor vancomycin with or without
aminoglycosides in patients responding poorly &sthagents>***Rifampicin is

actively taken up by granulocytes and becomes @feeagainst intracellular
staphylococci and staphylococci within absces9#ser agents such as Linezolid and
Synerci® may be alternative choices for infection with MRS%&e emergence of
vancomycin-intermediate resistar8eaureugVISA) among MRSA isolates is of great
concern and many of these organisms are alsoaeststteicoplanin as well and called
glycopeptide-intermediate resistareaureugGISA) 3%

Although coagulase-negative staphylococci are tbstrmommon cause of PVE, they
also affect patients with mitral valve prolapseréithe course is typically indolent with a
good response to medical or surgical treatment.é¥ewS. lugdunensis particularly
virulent and causes high rates of perivalvular msiten of infection and metastatic
seeding to distant orgaf$:**®Such patients require careful observation for the
development of such complications.

The routineuse of back titrations of the patient’s serum asgfathe organism is
not recommended for monitoring antibiotic treatment

EVIDENCE LEVEL 3

NUTRITIONALLY VARIANT STREPTOCOCCI

These bacteria account for 5-6% of streptococadbearditis and an important cause of
CNE 3 Streptococcus adjaceamdStreptococcus defectivappear to be the
predominant species. These organisms are residethis oral cavity, genitourinary and
intestinal mucosae. |IE occurs in the setting afipvalvular disease and is characterized
by a slow indolent cours&®*®°Morbidity and mortality exceed those of other déms
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streptococci and even enterocot€iBacteriological diagnosis may require special
technique$® More than 30% of strains are relatively resistargenicillin and either a
penicillinfaminoglycoside combination or vancomyoémimen is usually necessdfy.

ENTEROCOCCI %2

E. faecalisaccount for 10% of cases of endocarditis and 9D&tl enterococcal
endocarditi$®® Other species that may be responsible incEidfaeciumand E.durans

E. faecalisendocarditis is most often found in elderly patseand usually associated with
malignancy or manipulation of the gastrointestmragjenitourinary tract. It often
produces a subacute rather than an acute endasartiése organisms are usually more
resistant to penicillin than viridans streptoccoaed relatively resistant to
aminoglycoside§’*“*°’Some enterococci are multiresistant to antibidgticiuding

vancomycin (VREf?®“*®°Regimens for treatment are showable 143°6-368410-411

First-line treatment is with a synergistic bactielat combination of IV amoxicillin +
gentamicin. Gentamicin highly-resistant (MIC >500h)genterococci may not respond
to this combination but some strains may resportdghb-dose amoxicillin for 6 weeks or
to a combination of amoxicillin + streptomycin. Aricillin-resistant strains could be
treated with a combination of vancomycin (or telemn) and gentamicin. This regimen
may be suitable for patients who are allergic toig#in. For VRE, linezolid may be

useful, while Synercflimay be used in vancomycin-resistBnfaecium
EVIDENCE LEVEL 3

GRAM-POSITIVE and GRAM-NEGATIVE BACILLI

Gram-positive (egListeria monocytogenemdProprionibacterium acngsand gram-
negative bacilli (egk. coli, Klebsiellaspp Serratiaspp P. aeruginosp are uncommon
but serious causes of endocarditis*?*°Regimens for treatment are showrTable
15421433 A5 susceptibility of these organisms is often udjw@ble, treatment should be
based on susceptibility testing.

Anaerobic Gram-negative bacilli (egusobacteriunspp Bacteroidespp) require
specific treatment which includes high-dose IV pélm, imipenem and the addition of

metronidazole 500mg 8 hourly for 6-8 wedks?*°
EVIDENCE LEVEL 3

HACEK GROUP

In recent years, the HACEK group of organistiagémophilus, Actinobacillus,
Cardiobacterium, EikenellandKingellaspecies) have become important causes of IE,
causing large vegetations (>1cm), large vessel &namml congestive cardiac failuf&

4> This group of organisms will often require 7-2yslaf incubation in 10% Co

allow growth. The treatment is shownTiable 16:°**°
EVIDENCE LEVEL 3
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FUNGI

Fungi, especiallAspergillusspp. andCandidaspp., are also important causes (2-10%)
of endocarditis particularly in patients with ptostic valves, suppressed immunity or IV
drug abusé®¥14*4*145patients receiving prolonged, intense antibidterapy and
hyperalimentation, those with long-term 1V cathster-situ and those with bacterial
endocarditis are also at increased risk of fungedbearditis.

Fungal endocarditis demands intensive treatmett patentially toxic agentSable

16). 75% are due t€andidaspecies and they should be formally identified and
sensitivity-tested. Patients require careful obsgon with frequent monitoring of their
haematology and biochemistry. Surgery should biopaed early after commencing
treatment especially in patients with large vegetat evidence of emboli, poor response
to treatmentAspergillusendocarditis and in those with prosthetic vale@s;e mortality

is unacceptably high with treatment with antimycatgents alon&>4%34%4

However, fungal valvar infection is aggressive difticult to treat surgically. There is a
high risk of embolisation and serious perioperabileeding may occur when infected
tissue is resectél® Usually surgery is complicated by the need foiaaddebridement
and aortic root reconstruction. Prosthetic valveghl endocarditis is particularly serious
— the first episode is usually a result of noso@mandidaemia, and recurrent episodes
are frequent>*“*54*"n this situation, urgent surgical interventiomésommended and
antifungal drug treatment should be continuedifer |

Amphotericin B has been the single most effectyerd but it requires prolonged
infusion periods and has unpleasant side-effectsaduerse effects. Liposomal
amphoteracin B may be particularly effectiveAispergillusendocarditis. 5-
fluorocytosine (5-FC) is less-well defined althoughbst authors recommend a
combination of the two agents. 5-FC is toxic t@tiand bone marrow and frequent
monitoring of blood and liver function tests arendatory. Voriconazole is a new

antifungal agent which may be useful for serioysesgillus infections.
EVIDENCE LEVEL 3

BLOOD CULTURE-NEGATIVE ENDOCARDITIS

Treatment should include antibiotics — appropriatehe most likely organism but
should generally cover Gram-positive and Gram-negairganismgTable 16).Early
surgical intervention is often necess&f/**°Patients withCoxiellaandChlamydia
infection need valve replacement and prolongedrtreat since reinfection commonly
occurs.

For Q-fever endocarditis, treatment with doxycyel({dG/day) is indicated for at least 3
years (possibly for life) plus either cotrimoxaz{le92G/day), rifampicin (300mg/day)
or ciprofloxacin (1.5G/day) since the liver is ubpahronically infected. Other agents
eg: ofloxacin, hydroxychloroquine are being evaddanh combination therapy for Q-
fever infection'®® During treatment, serological testing should bégumed monthly for
6 months, and every 3 months thereafter. Antibedglk fall slowly. The IgM antibodies
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disappear first, then the IgA but the IgG antibediemain positive for years. It has been
suggested that after 3 years, treatment can bpesddpthe level of IgG against phase-I
antigens is still below 400 and IgA against phaaesino longer detectabi®.

ForBrucellaendocarditis, consultation with a microbiologsessential and culture
bottles may need to be kept for up to 6 weeks.cimebination of doxycycline (100mg
twice daily) and IV gentamicin for 4 weeks followbd the combination of doxycycline
and rifampicin (600mg twice daily) for 4-8 weekstie most effective regimefi* Most
require valve replacement in combination with agmged period of antimicrobial
agents.

In CNE, all material excised during cardiac surgerpatients with active IE should be
cultured and examine§®

CNE requires close scrutiny for unusual and slowvgng microorganisms and fungi.
Serological tests for Coxiella burnetii, Bartoneipp and Chlamydia spp should be
performed if the diagnosis is still suspected drete is still no growth after 7 days.

Microscopy and culture of any excised tissue isms.

Molecular assay for specific gene targets and usiaidoci for bacteria and fungi and
subsequent sequencing may be applied to bloodrewdtuexcised material to help
identify the causative organism.

Treatment should involve antibiotics which are aggprate for the most likely organism
for the particular clinical scenario but should gaally cover Gram-positive and Gram-
negative organisms.

Recommendation D
EVIDENCE LEVEL 3

IV DRUG ABUSE

IE is one of the most severe complications in IMgdabusers and 1V drug addiction one
of the most important causes of IE in some urbadicaépractice$®*4%°

Methicillin-sensitiveS. aureuss the causative organism in 60-70% of casesptsitecci
and enterococci in 15-209%, aeruginosa, Serratia marcesaamsd other Gram-negative
bacilli in <10%,Candidaspp. in <2%, polymicrobial in 5% and culture-négain 5-

10% of cases. The tricuspid valve is most freqyeaffiected (>70%), followed by left-
sided valves. Pulmonary valve infection is rare%31The type of antimicrobial therapy
and mode of administration necessary is dependetiteoorganism(s) responsible which
may be suggested by the type of drug and solvet g the addict>®#®

The prognosis of right-sided IE is favourable amthiose with uncomplicated native

valve IE caused by methicillin-sensitie aureus2 weeks treatment with 1V
flucloxacillin plus IV gentamicin may cure the icfeon*®® However, once the causative
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organism has been isolated, therapy has to betadjus standard 4-6 weeks treatment
regimen should be used where there is a slow alimicmicrobiological response to
antibiotic therapy, right-sided endocarditis coroaled by right heart failure, large
(>20mm) valve vegetations, acute respiratory failgeptic metastatic foci outside the
lungs or extracardiac complications such as a@urtelfailure, associated severe
immunosuppression with or without AIDS and therapth antibiotics other than
penicillinase-resistant penicillins. It has beetinested that the prevalence of HIV-1
infection in 1V drug abusers with IE ranges from@@% - an important consideration for
nursing, medical, surgical and technical staff.

Surgery is necessary in <2% of cases and deathorre5%. The indications for
surgery and the perioperative treatment is the sme non-addicts but should be more
conservative because of the higher incidence afrrent IE due to continued IV drug
abuse. The indication and type of surgery shouldavefully considered to avoid PVE if
drug abuse continues. The three main surgical atidics are IE due to organisms that
are difficult to eradicate eg: fungi, persistingtemaemia (> 1 week) despite adequate
antimicrobial therapy and large tricuspid valve etagions (> 20mm) associated with

recurrent pulmonary emboli with or without concaemit right heart failure.
EVIDENCE LEVEL 3

ENDOCARDITIS in HIV-POSITIVE PATIENTS

Endocarditis in HIV-positive patients usually ocs@as a result of IV drug abuselong-
term indwelling catheter¥? Estimates of IE occurrence vary from 6.3% - 344&.
aureusis the most frequent causative organism and fag-ébusers, the tricuspid valve
is most commonly affected and short courses obantits have been reported to be
successfut’? Fungal endocarditis is not uncommon and there isereased risk of
Salmonellanfection?"*The outcome is worst in patients with AIDS and pngjed 1V
antibiotics are probably indicatéé:*®

EVIDENCE LEVEL 3

ENDOCARDITIS IN PREGNANCY

Most of the first choice antibiotics are safe affdaive in pregnancy. Penicillins do not
appear to cause maternal or foetal complicaftéh&minoglycosides should be used
only in special situations because of the poteftiabto- and nephro-toxicity in the
foetus?’® No teratogenic effects have so far been reportédimipenem or rifampicin.
Quinolones are contraindicated in pregnatifyAmphotericin B does not appear to be
associated with teratogenic effects unlike flucah@avhere there appears to be a dose-
dependent effeéf® For IE in pregnancy, advice of an expert micramiist is strongly
advised.

Cardiac surgery for IE in pregnancy is difficdihere is a risk of foetal distress,
growth retardation and foetal death and wherevssipée, surgical intervention should
be postponed until the foetus is viable and heagesy and caesarean section can be
performed as a concomitant procedure. Close cotperdaetween cardiologist, cardiac
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surgeon and obstetrician is essential. There ibs@date indication for pregnancy
termination in active IE since in patients with tidailure due to valve insufficiency,

haemodynamic improvement cannot be expected byrtation of pregnancy alone.
EVIDENCE LEVEL 3

PROSTHETIC VALVE ENDOCARDITIS

In early PVE, S. epidermidiendS. aureusare the most frequent organisms responsible.
Vegetations are generally larger than those fourddME and prosthetic material protects
organisms against antimicrobial treatment — botkingasterilization with antibiotics
extremely difficult?*®*3*Consequently, antibiotics have to be used in dosatich result

in maximum but non-toxic serum concentrations itkeorto penetrate the vegetations and
the duration of treatment must also be longer.Aotic sterilization of large vegetations
is unlikely with organisms which have a high MICrinimum of 2 months IV therapy
may cure some cases but most will require furtlaéressurgery and another month’s IV
treatment. Beyond 6 months, the organisms causatg’“PVE are not dissimilar to

those responsible for NVE2When PVE is clinically apparent and blood cultuaes not
yet positive, empiric treatment should be initiatgth IV vancomycin and gentamicin.

PVE has a poor prognosis and demands prompt aetlitassessment of the need for
early surgical interventio**®TOE is essential in order to recognise the presehc
vegetations on the prosthesis and for diagnosinignoesthetic abscess formation, fistulas
and prosthetic valve dysfunction not seen on asthamacic study. In patients with PVE
due to aggressive organisms suclsaaureusthose who fail to respond immediately to
antibiotics, those with large periprosthetic leaksibscesses, fistula formation and false
aneurysms, vegetations on the prosthesis, new-oasdtction disturbance, heart failure
due to prosthetic valve dysfunction and fungalétiten require surgery urgentfy®“**°1t

is a forlorn hope that these situations will beeclby medical treatment alone as surgical
mortality is probably related to the amount of angital destruction that has already
occurred.

Although, superior results have been shown witlgeyr compared with antibiotics
alone, occasionally medical treatment alone magpmeopriaté'®*°©>"patients in

whom the diagnosis is made early, those with stigaical infection, a prompt antibiotic
response, favourable TOE findings such as smalbsent vegetations, no periprosthetic
abscesses or prosthetic dysfunction may be marauyesrvatively. However, they
require careful clinical monitoring and should keansidered for surgery if
complications arise — as happens not infrequéttty° Patients in whom surgery is
contraindicated or who refuse to consent for syrgeay also be managed medically, but

mortality is significant (26-70%>°%

The majority of NVE and of late PVE is caused bigans streptococci(50-70%), S.
aureus (25%) and enterococci (10%). In early PVEg@dermidis and S. aureus are the
commonest organisms.

Recommendation D
EVIDENCE LEVEL 3
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3.PENICILLIN ALLERGY

Patients with a convinciniistory of immediate-type (IgE-mediated) hypers@anty
reaction to penicillin including urticarial rash angioneurotic oedema should not receive
penicillin, cephalosporin or other B-lactam anttime. Vancomycin or teicoplanin should
be substituted and given with gentamicin, althotighrisk of nephrotoxicity increases
and requires careful monitoring.

Patients with a history of penicillin-allergy or widevelop penicillin-allergy, should be
treated with (or changed to) vancomycin or teicojieand gentamicin or other
appropriate antibiotics.

Recommendation D
EVIDENCE LEVEL 4

4. ANTICOAGULANT THERAPY

For patients on long-term oral anticoagulants fegmechanical valve prosthesis),
coumarin therapy should be discontinued and reglageneparin immediately after the
diagnosis of IE is confirmed.

5. MONITORING OF PLASMA DRUG LEVELS

Most treatment regimens require regular monitoghglasma antimicrobial
concentrations. Peak and trough levels should beked twice weekly, but more
frequently in the elderly and in those with renahepatic impairment. This will
minimize the risk of toxicity (eg: with aminoglyddgs or glycopeptides) and ensure that
bactericidal concentrations are maintaifed > Monitoring of drug levels will generally
require close liason with the microbiologist. Faneomycin, trough levels generally
between 10-15mg/L would be considered efficient.tE@oplanin (generally not
recommended for treatment of IE dueStcaureuy a peak level > 20mg/L may be
optimum in Gram-positive endocarditis and a troleytel >20mg/L may be as effective
as vancomycin in the treatment®faureugndocarditis?®>°’In those patients with
impaired renal function, the starting dose of nasgtbiotics should be modified and
thereafter serum levels should be monitored clogetythe dose and/or frequency of
administration adjusted accordingly. This appleepénicillin, ampicillin and amoxicillin

as well as teicoplanin, gentamicin and vancomycin.
EVIDENCE LEVEL 4

6. RESPONSE TO TREATMENT

Patients should be monitored frequently to as$essssponse to treatment, to detect
complications promptly and to reappraise the needdrgical intervention. Assessment
should include clinical examination, measuremeriiarfy temperature, ECG, blood
count, ESR and CRP, renal and liver function tastsrepeat echocardiograms.
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Most patients improve during the first week of effee antimicrobial therapy and the
temperature should normalize within 5-10 days. @RBes usually decrease rapidly
during the first or second week but may remainhghgelevated for 4-6 weeks. A
persistently elevated CRP suggests inadequatetyatiea infection with cardiac or
septic complications. ESR is less useful for reiterthe therapeutic response, since high
values may persist over several weeks despitecalimhprovement. Persistence or
recurrence of fever may not only be due to inadegtierapy but to myocardial or
metastatic abscesses, recurrent emboli, venousitlosis extending from the site of
venous cannulation, superinfection or febrile neacto the antibiotics (commonly
recurrence of feverf® Persisting bacteraemia indicates persisting iitfects does
persisting leucocytosis.

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

Weight gain, improvement of appetite and a riseaamoglobin may not occur for weeks
after treatment and splenomegaly takes monthsstuve. New or changing heart
murmurs due to valvular destruction may occur duonafter therapy and must be
sought by regular physical examination during teequ of treatment. Heart failure may
develop and is the principal cause of death eskheaiaaortic valve endocarditis. The
natural history of vegetations during successfulliced treatment of IE has been
described by Vuille et af° Echocardiography should be performed at any tiorend

the course of treatment if the symptoms or physicals change and at the end of
treatment. This will document the site and exténtatvular damage and be a baseline
for long-term follow-up.

Mycotic aneurysms may regress on antimicrobialapgror rupture weeks or years later.
Central nervous system symptoms/physical signsesiggrebral aneurysm formation
with leakage or enlargement. These demand urgeestigation (by CT/MRI scanning)
and treatment.

Renal insufficiency from glomerulonephritis usuahyproves with treatment but not
always and a specialist opinion should be sougty.eather causes include
haemodynamic instability, antibiotic drug toxicitgnal infarction and systemic
embolisation, contrast media toxicity or be a ppstative phenomenon.

EVIDENCE LEVEL 3

7. RELAPSE/NEW EPISODES*?

If a primary focus responsible for IE is identifjedshould be eliminated prior to an
elective cardiac surgical procedure in an attempirévent relapse. Following medical or
surgical treatment of IE, all patients require &arfollow-up for signs of clinical relapse
or haemodynamic deterioration. Most relapses oaftiin 2 months of stopping
treatment and most within 4 weeks. The reportegprad rate is <2% for streptococcal IE
in native valves, but is considerably higher faulent organisms such as staphylococci
and enterococci (8-20%) and for PVE (10-15%). Diffi-to-treat organisms such as
Brucella, ChlamydiandBartonellaand polymicrobial IE seen in IV drug abusers are
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associated with an increased relapse rate assat@optimal choice of antibiotic therapy
or insufficient duration of treatment. Blood cuktsr2-4 weeks after completion of
treatment detect most relapses. Delayed relapsg®ccar with fungal and Q-fever
endocarditis. When relapse occurs in patients RME after a course of medical therapy,
a perivalvar infection is usually present and fartburgery is usually required.

New episodes may occur in 6% of patients with NMtRaugh IV drug abusers are more
susceptiblé’®
EVIDENCE LEVEL 3

8. OUT-PATIENT TREATMENT

Because of the high morbidity and mortality asseciavith IE, the need for continued
clinical observation and investigations to monfioogress and response to treatment, in-
patient management is essential and only in exmegltcircumstances would out-patient
treatment be considered acceptable. This would lmmkfter an initial period of

hospitalization and stabilisatiGh>*2
EVIDENCE LEVEL 4

9. INDICATIONS FOR SURGERY IN PATIENTS WITH ACTIVE INFECTIVE
ENDOCARDITIS, TIMING AND RESULTS (Table 17)

In many patients with IE, the infection can be curéth medical treatment aloi&’
However, in 25-30% medical treatment alone is ifisight and must be combined with
surgery. The purpose of surgery is to control iiéecby debridement and removal of
necrotic tissue and restoration of cardiac morpilay surgical repair and/or valve
replacement.

Surgery is indicated in patients with life-threarencongestive heart failut¥ or
cardiogenic shock due to surgically treatable Valvbeart disease such as severe aortic
or mitral regurgitation. This applies to cases vaittwithout proven IE if the patient has
reasonable prospects of recovery and a satisfagt@ty of life after surgery.
Development of cardiac failure carries a mortadity>50% in patients with IE managed
with only medical treatmenit? Many studies have indicated that surgical intetioen
improves the prognosis of IE over medical therdpyp@and a high early surgery rate is
associated with good long-term results and no as®én-hospital mortalit}?>>1>°%
However, randomized trials of medical versus saigi@atment do not exist and the
conclusions that have emerged, although often sugdported by case studies can only be
rated D. Surgery should be postponed or avoidseribus complications make the
prospect of recovery unlikely.

The indications for surgery for IE in patients witfable haemodynamics are less clear.
They depend also whether native or prosthetic wadwe involved. Early consultation
with a cardiac surgeon is advisable in case surgesyddenly required. Surgery is
indicated in patients with annular or aortic absesspseudoaneurysms, fistulous
communications, those with fungal IE, those withBPAhd those with infections resistant
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to antibiotics. Indeed persisting fever often représ abscess of the valve ring and
surrounding structures or widespread tissue ddgirudt generally necessitates surgical
intervention including radical debridement and estee reconstruction if necessafy.

>23 periannular extension occurs in 10-40% of allveatialve IE and complicates aortic
IE more commonly than mitral or tricuspid 1&:°°It occurs in 56-100% of patients in
PVE.

In haemodynamically-stable patients, early congidtawith a cardiac surgeon is
recommended in case surgery is suddenly required.

Patients with life-threatening congestive hearluig, left heart failure or cardiogenic
shock due to treatable valvular disease should tgulemergency cardiac surgery, if the
patient has reasonable prospects of recovery asatiafactory quality of life after
surgery.

Surgery is indicated in patients with annular ormabscess, in those with infections
resistant to antibiotics and in those with fungatlecarditis. Large, mobile vegetations
and recurrent emboli after appropriate antibiotlerapy are also indications for
surgery.

Patients with PVE will generally require furtherrgery.

Recommendation D
EVIDENCE LEVEL 3

However, it should be remembered that penicillipdngensitivity is a common cause of
recurrent fever, with rash and eosinophilia beinchsindications. Neutropenia and
impaired renal function may suggest toxic overdgsin this case the fever usually
promptly disappears after drug withdrawal. The emaece of antibiotic resistance in the
infecting organism is seldom a cause. If the b&cteave been cultured and the patient
given appropriate bactericidal antibiotics, thea thmptation to change the treatment
should be resisted.

Patients with a vegetation of diameter >10mm hasigmificantly higher incidence of
embolisation than those with smaller vegetafigtend the risk is higher in mitral (25%)
compared to aortic (10%) endocarditis and espgaidilen the anterior leaflet of the
mitral valve is involved. However, surgery on thasis of vegetation size alone is
controversial. Valvular vegetations can be ideatifand sized by echocardiography and
especially TOE. Early surgery should be considévedortic/mitral kissing vegetations,
markedly mobile vegetations and vegetations thpeapto be rapidly increasing in size.

Prior systemic embolisation, recurrent emboli, {geest vegetation after a major
systemic embolus and association with a perivabacess are usually indications for
surgery. This is especially in patients who havdoearditis caused bfy. aureusfungi or
Haemophiluspp.
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Many of the important issues concerning the sutgmamagement of PVE have been the
subject of discussions and review artictes>’ Acute valvular regurgitation with
pulmonary oedema, dehiscence of a prosthetic \&aildeabscess formation are absolute
indications for surgery. Patients with PVE shoudé their warfarin replaced by heparin
in case urgent surgery is necessary. Anticoagtitenapy is potentially hazardous in
patients with IE%®

Abdominal and splenic abscesses should be oparptadbefore cardiac surgery is
performed.

In intravenous drug addicts with tricuspid valvelecarditis and tricuspid regurgitation,
large vegetations can be treated by tricuspid viapair, tricuspid valvectonyr
vegetectomy>2>#?

Infection with certain organisms (eg: fun@ioxiella burneti) for which there is no
synergistic bactericidal combination) rarely resg@ito medical treatment alone and
usually requires surgery. Intraoperative TOE mayviole useful information on the exact

location and extent of the infection and in thenplag of surgery.
EVIDENCE LEVEL 3

TIMING OF SURGERY*

If there is an adequate indication for early soydge the course of active IE such as
severe aortic regurgitation and progressive pulmooadema, there is little evidence
that there is anything to be gained by delayingeiy for prolonged periods of
antibiotics>**>*The frequency of early relapse and/or infectiothef prosthesis after
surgery is low***’|f heart failure regresses, the optimal timing aéms controversial,
although two weeks of antibiotic therapy is gerlgrednsidered ideaf*

Early surgery for PVE may reduce mortalityeven wtienperiod of preoperative
antibiotic treatment has been briét>*°Although 10 days of antibiotic therapy prior to
surgery is desirable, surgery should not be delaggabst-operative endocarditis is
surprisingly uncommort°

The optimal timing of surgery after a cerebral efi#mo is often unclear because
heparinization during bypass may exacerbate thnéalicourse of a recent cerebral
infarction>®*>**|deally, 10 days should be allowed to elapse tiepss who have
sustained a cerebral infarct although surgicalltsue good within the first 72 houts:
*%8 Such emergency surgery may be required if IE ispgizated by severe prosthetic
valve dysfunction, paravalvar leaks, persistenttpresblood cultures, abscesses, large
vegetations or conduction defects. At least 3 wabkslld be allowed to elapse in those
who have had an intracranial haemorrhage. CAT aRdl $danning should be performed
prior to any possible surgery in order to excludeebral haemorrhage?>®°
Contemporary approaches to the management of negroal complications of IE have
been recently presented in the literatiife’®®
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The indications for surgery for NVE and PVE and skrength of evidence are shown in
Table 15°°*°*®Whether antibiotic-impregnation of heart valve seyrings prevents IE
or is useful in the surgical treatment of |E rensaimclear at preserit

EVIDENCE LEVEL 4

RESULTS OF SURGERY

Operative mortality varies from 4%-30%. The high&sit and poorest outcome appears
to be in patients witls. aureusnfection, heart failure, perivalvular abscessortic root
abscess as well as those due to certain Gram-aegagrobic bacilli. coli, Serratia

spp, P. aeruginosp fungi andS. epidermidisvhich are resistant to penicillin and
sometimes methicillii’®*"*Early surgical intervention is required in manyesbut the
mortality may still be >2098’> Among patients who have NVE, survival ranges from
70%-80% at 5 years although it is less optimistithiose with PVE, where surgical
treatment is generally better than medical theadpge>"°A relapse rate of |E of 5%-
10% occurs when surgery is performed in the achiés of the disease and paravalvular
regurgitation occurs in 5-15% of cases. Long-tegsults of surgical treatment of active
infective aortic valve endocarditis with associgbediannular abscess has been recently
presented’*°"

Surgical intervention for IE in infancy and childigand in intravenous drug-abusers has
been described in the literatuf&>"’

Whether surgery using homograft or mechanical pessts is best in the short or long-
term remains debatable. Randomized trials woulddmessary to settle this issi&>’®
9% A perforation in a valve cusp or leaflet can beaiggd with a pericardial patch and
kissing vegetations may be removed and the vaiadasly repaired. Subannular,
annular and supra-annular defects may be repayreditelogous pericardium but all
abscesses must be drained and the cavity debAdledraft aortic root replacement is a
valuable technigue in the complex setting of PVEwWivolvement of the periannular
region*°%

After surgery, antibiotics should be continued e dluration depends on the length of
treatment preoperatively, the susceptibility of thieroorganism to antibiotics, the
presence of paravalvular lesions and the cultateistof vegetations or valve removed.

Generally, treatment should be continued for 2 wqmlstoperatively.
EVIDENCE LEVEL 3

PROGNOSIS
The determinants of early and late survival ingrets with IE have been identifiédf,

Several factors worsen the prognosis of IE and/esangical intervention may be
necessary®’
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Clinical factors include old age, the presenceazrhfailure, renal failure, neurological
symptoms, systemic emboli and delay in diagnosssiBtent fever beyond the first week
of treatment often indicates the development of glarations such as progressive valve
destruction, extension of infection to the valvasulus, development of perivalvular
abscess or the presence of septic emboli.

Bacteriological factors include the causative orgianwith a worse prognosis with
aureus certain Gram-negative aerobic bacilli and fufigiese often present an acute IE
and produce severe intracardiac destruction andrreajpbolic complications. Early
surgical intervention is frequently required ane thortality rate is >209%

Echocardiographic factors include aortic valve exaaditis, PVE and ring abscesses
when persisting infection is more likely and suggeften inevitablé?’ The presence of
recent, large (>10mm), very mobile, pedunculategktations increase the risk of
systemic embolisation which may significantly affpoognosis.

The cure rate for NVE is >90% for streptococci, 9% for enterococci and 60-75% for
S. aureus®3083935%ha ysual causes of death are heart failure, eptbpliure of
mycotic aneurysms, post-op complications, renflif@aiand overwhelming infection.
The prognosis is worse in PVE than in NVE, andare occasions only heart
transplantation can resolve intractable infectiopmsthetic valve®® Late PVE has a
better prognosis than early PVE with mortality sabé 19-50% and 41-80%
respectively*#2486-48939/a|yylar dysfunction, dehiscence and intracardiascesses are
commoner in early infection. The antibiotic-resmteicroorganisms associated with
early disease contribute to the higher mortality.

In 1995, Delahaye et al. reported on the long-terognosis of IE%In their series
(1970-1986), global survival was 75% at 6 months Bro at 5 years with an annual
instantaneous risk of death being 0.55 at 6 moMtAs, at 1 year then 0.03. After 1 year,
the only factor influencing prognosis was age. Tiklke of recurrence appears to be 0.3-
2.5/100 patient/yeaf§®®® Castillo et al (1987-1997) reported a 5 year saivof

71%>'° In NVE, 5 year survival has been reported to b®8% in contrast to PVE
where 5 year survival rate is between 60-82%6°2°°%_ate PVE may have 5 year
survival rates of between 80-8298:°%*

The long-term results of multivalvular surgery fBrhave been recently report&a.

EVIDENCE LEVEL 3
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CONCLUSIONS

IE is a life-threatening disease with substantiathidity and mortality (20% or more)
despite improved techniques to aid diagnosis andienmoantibiotics and surgical
therapies.

In unwell patients with known cardiac disease av gardiac murmurs, the diagnosis of
IE should always be suspected. When the diagn®sisspected, the patient should be
admitted to hospital for full and careful investiga, including blood cultures, recording
of temperatures, haematological and biochemicastgation, ECG, chest X-ray and
echocardiography. Three sets of blood culturesldhmicollected at intervals of >1 hour
within the first 24 hours when clinical evidencggasts the diagnosis is highly likely in
a sick patient. If the patient is not acutely sickf the diagnosis is not obvious clinically,
6 sets of blood cultures should be taken withinfifs¢ 24-48 hours. If the diagnosis is
confirmed by blood culture, the patient should éfemred to an experienced cardiologist
and the microbiologist should be involved from thugset.

If TTE is suboptimal, TOE should be consideredlitam further information on the size,
site or mobility of vegetations, abscess or fisfolanation or valve perforation. TOE
should be performed in all patient with PVE.

The majority of NVE and of late PVE is caused bydans streptococci (50-70%8,
aureus(25%) and enterococci (10%). In early P\&E epidermidigndS. aureusre the
commonest organisms.

Once the diagnosis is established, treatment shmimbmmenced according to the
guidance or with alternative antibiotics if microlagical tests suggest more appropriate
agents are suitable. In a sick patient, antibitngatment should be commenced
immediately after blood cultures have been colkketed the regimen adjusted once the
microbiological data is available. Generally, prajed IV antibiotic therapy is necessary,
administered via a large central vein. Only the inpesiicillin-sensitive streptococci
should be considered for treatment with shortersssiof penicillin.

CNE requires close scrutiny for unusual and sloawgng organisms and fungi.
Serological tests faCoxiella burnetij Bartonellaspp andChlamydiaspp should be
performed if the diagnosis is still suspected dede is still no growth after 7 days.
Microscopy and culture of any excised tissue igm$al. Molecular assay for specific
gene targets and universal loci for bacteria angifand subsequent sequencing may be
applied to blood culture or excised material tghdentify the causative organism.
Treatment should involve antibiotics which are appiate for the most likely organism
for the particular clinical scenario but should geaily cover Gram-positive and Gram-
negative organisms. Patients with a history of @#im-allergy or who develop
penicillin-allergy, should be treated with (or chgad to) vancomycin, teicoplanin and
gentamicin or other appropriate antibiotics.
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With regard to prophylaxis, patients should beimfed of their risk of IE and the need
for antibiotic prophylaxis. They should be toldindorm any doctor or dentist who is
responsible for providing care and they shouldikerga card to carry reminding them of
the importance of the risk and how to avoid IEidtds at moderate-risk or high-risk of

IE should be given antibiotic prophylaxis with appriate antibiotics based upon the type
of dental or surgical procedure being performed.

In haemodynamically-stable patients, early consahawith a cardiac surgeon is
recommended in case surgery is suddenly requisgeeres with life-threatening
congestive heart failure, left heart failure ordiagenic shock due to treatable valvular
disease should undergo emergency cardiac surdéng, patient has reasonable
prospects of recovery and a satisfactory qualityffefafter surgery. Surgery is indicated
in patients with annular or aortic abscess, in¢hegh infections resistant to antibiotics
and in those with fungal endocarditis. Large motégetations and recurrent emboli
after appropriate antibiotic therapy are also iatlans for surgery and patients with PVE
will generally require repeat operative interventio

The findings and recommendations are consistehttividse of the Task Force on

Infective Endocarditis of the European Society afdiology (ESC), except for the
additional recommendations for antibiotic prophysashown in Table 5.
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TABLE 1. CAUSES OF BACTERAEMIA RESPONSIBLE FOR INF ECTIVE ENDOCARDITIS °%

Cause

Dental procedures

Respiratory tract infection
Oropharyngeal surgery
Respiratory tract surgery

Gastrointestinal infectious diseases
Gastrointestinal tumout¥
Gastrointestinal tract therapeutic
Intervention§?%%2

Gall bladder disea&€

Inflammatory bowel disea®&°*

Urosepsi¥®

Urologic interventions

Gynaecological infections
Gynaecological interventions

Pacemaker implantation/infectitf®®’
(TV)

Valvular heart surgery
- early

- late

Other
Dermatological conditiofi& ¢+
Wound infections
Skin injuries/burn¥?
Osteomyeliti§*®*
Intravascular catheters*##©-648
Chronic haemodialysis
Portosystemic stent shifit
IV drug abuse***#550-652
Cardiac surgery
Ventriculo-atrial shurff®

20

<5

% of cases

10-15

5-10

1-5

10-15

10

Predominant pathogen

Penicillin-sensitive viridans
streptococcf?’ 610
S. pneumoniae °*°1°
Haemophiluspp

enterococci
S. bovi§' ®%
Gram-negative aeraloidib
staphylococci

enterococtf62%631
S. bovi&®?%%

Gram-negative aerobic bacilli
S. aureus

streptococci
enterococci

S. epidermidis/S. aureus

S. aureus

S. epidermidis

S. aureus, S.epidermidis
viridans streptococci
Any organism

S. aureus

S. epidermidis
Gram-negative aerobic bacilli
Fung}35,139

# for further references relevant to this section see teabaiw.bcs.com
* viridans streptococci (alpha hemolytic) compri§&dovis; S. mutar(80%); S. mitis(25%) — includesS.
sanguis; S. anginosy5%) — formerlyS. millerigroup — includes. intermediuy§>*°°°

** S pneumoniais infrequerf®”®*8

*** |V lines in patients after valve replacement are imporfawsiential causes of IE

*rrk S, aureug60%o)

streptococci and enterococci (20%)
Gram-negative aerobic bacilli (10%)

Fungi (5%)
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A wide variety of other microorganisms have been repodeatse IE including:
Neisseria gonorrhoeg®&®®**

Neisseria meningitidf§>°¢3

HACEK Gram-negative bacilfi**¢%°

Pseudomonas aeruging&2®"* mendocin&’®

Listeria ®"3®7°

Diptheroids**?

Spirochaete$§®

Brucella®>

Mycoplasma pneumonigde?¢°

Coxiella burnetii>®
Chlamydiag->>81-68
Bartonell&®*

Salmonell§8°87
Pasteurell§%%°%°

Yersinig®

Nocardig

Tropheryma whippefi??°%
Lactobacillu§®®%%’
Clostridiunf?¢°%°
Legionelld®7%?
Mycobacterium tuberculosi
Rothia dentocarios&*
Erysipelothrix rhusiopathiaé™
Gemelld®’

Histoplasma®®

Serratigd®®
Moraxella’
Actinomycosis!
Streptomycée$?

Group B Streptococt?®

10

41



TABLE 2. DUKE CRITERIA FOR DIAGNOSIS OF INFECTIVE E _NDOCARDITIS AND
TERMINOLOGY USED IN THE MODIFIED DIAGNOSTIC CRITERI A

Definite infective endocarditis

Pathological criteria

Micro-organisms: demonstrated by culture or histology wegetation that has embolized, or in a
intracardiac abscess, or pathologic lesions: vegetation or irdiacabscess present, confirmed by
histology showing active endocarditis

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

Possible infective endocarditis
Findings consistent with IE that fall short of “definité&ut not “rejected”

Rejected

Firm alternate diagnosis for manifestations of endocarditis, o

Resolution of manifestations of endocarditis, with antibititerapy for 4 days or less, or

No pathological evidence of IE at surgery or autopsy, aftésiatic therapy for 4 days or less

DEFINITIONS
Major criteria

1. Positive blood culture for IE
Isolation of microorganism known to cause IE from 2 safgalood cultures eg: viridans streptocogci,
bovis S. aureus, S. epidermidisnterococciHaemophiluspp Actinobacillusspp. etc

Persistently positive blood culture — defined as recoveaymicro-organism consistent with endocarditis
from:
0] at least 2 blood cultures drawn more than 12 hrs apart, or
(i) all of three or a majority of 4 or more separate blootleces, with first and last
drawn at least 1 hr apart

2. Evidence of endocardial involvement
Positive echo for IE:
0] mobile intracardiac mass on valve or supporting structures or
in path of regurgitant jet, or on implanted material witheny alternative
anatomical explanation, or
(i) abscess, or
(iii) new partial dehiscence of prosthetic valve, or new valve gégtion

3. Clinical evidence of new valvular regurgitation

4. Positive serologyor Q-fever or other causes of culture-negative enddissatdich aBartonellaspp and
Chlamydia psittaci

5. Positive identification of a microorganismfrom blood culture or excised tissue using molecular
biology methods
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Minor criteria

Predisposition: predisposing heart condition or 1V dabgse

Fever: >38.6C

Vascular phenomena: major arterial emboli, septic pulmonaayciist mycotic aneurysm, intracranial
haemorrhage, conjunctival haemorrhages, Janeway lesieny diagnosed clubbing, splinter

haemorrhages, splenomegaly*

Immunologic phenomena: glomerulonephritis, Osler's nodeth spots, +ve rheumatoid factbigh ESR
(>1.5times upper limit of normal), high C-reactive protégmel(>100mg/l)*

Microbiologic evidence: positive blood culture, but not timeemajor criteria as defined above

* additional modifications to the Duke criteria appear tpriove diagnostic sensitivity whilst retaining
specificity
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TABLE 3. ANTIBIOTIC PROPHYLAXIS FOR HIGH, MODERAT E AND LOW RISK CASES

HIGH RISK

Previous infective endocardftis

Complex cyanotic congenital heart disease, transpositioreaf grteries, Fallot’'s tetralogy, Gerbode’s
defect’®?"®

Surgically constructed systemic pulmonary shunts or caaduit

Mitral valve prolapse with mitral regurgitation or thickenealve leaflet
Prosthetic heart valves (5x more than those with nativesgi?®®

ol 279281

MODERATE RISK

Acquired valvular heart disease eg: rheumatic heart diseasdie #tenosis, aortic regurgitation, mitral
regurgitation

Non-cyanotic congenital cardiac defects eg: bicuspid aortic vafiraum atrial septal defect, patent ductus
arteriosu$®“coarctation of aort¥‘atrial septal aneurysm/patent foramen o¥&leentricular septal

defect?®®

Other structural cardiac defects eg: aortic root replaceffiénypertrophic obstructive cardiomyopatfy,
P1sybaortic membraid®

LOW RISK CASES NOT REQUIRING ANTIBIOTIC PROPHYLAXIS

Isolated secundum atrial septal defett pulmonary stenosis

Surgically-repaired atrial septal defect, ventricular septal defguatent ductus arteriosus, post Fontan or
Mustard procedure without residual defect/murmur

Previous coronary artery bypass surgery

Mitral valve prolapse without regurgitation

Innocent heart murmufs

Cardiac pacemakers/defibrillatofs*

Coronary artery stent implantation*

Heart / Heart and Lung Transplant**

I Mitral regurgitation should be obvious clinically or deehto be more than physiological on Doppler
echocardiography

~ Antibiotic prophylaxis is recommended for up to 12nths after ASD/PFO catheter-based closure
procedures

* Unless being performed in patients at moderate or higtofisndocarditis when antibiotic prophylaxis
is advisable

$ Pre and post procedure antibiotics are generally usédelyuor surgical prophylaxis
@ |f unsure as to the exact nature of the murmur and thefoepetbphylaxis, an opinion should be sought
from a cardiologist. In an emergency or when it is diffibm obtain specific advice then antibiotic

prophylaxis should be given prior to dental or surgiesdtiment

**\Within the first 6 months after heart/heart-lung tsalantation, patients should receive antibiotic
prophylaxis

44



TABLE 4. DENTAL PROCEDURES AND ENDOCARDITIS ANTIB 10TIC PROPHYLAXIS FOR

HIGH AND MODERATE AT-RISK CASES "*7*

PROPHYLAXIS REQUIRED

Examination Procedures
Periodontal probing?®

Investigative Procedures
Sialography*’

Preventive procedures
Nil

Professional Cleaning Procedures
Polishing teeth with a Rubber Cip™°
Oral irrigation with water jét® "
Light scalind®*"®

Deep scalinG*"?

Scaling teeth with hand instrumé&tit’*
Scaling with ultrasonic instrument

Anaesthetic Procedures
Intraligamental local anaesthetic
Injections®’

Comprehensive Dental Treatment under
General Anaesthesi&®
Extractions and Fillingg*"?

Conservative (Restorative) Procedures**
Rubber dam placemént®

Matrix band and wedge placemEft*
Gingival retraction cord placemértt

Periodontal Procedures

Root planing (similar to scaling)

Antibiotic fibres or strips placed subgingivally***
Gingivectomy?
Periodontal Surgefy’

Endodontic Procedures$

Root canal instrumentation beyond the dfeX’
Avulsed tooth reimplantation*****

Non-vital pulpotomy of primary molar
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PROPHYLAXIS NOT REQUIRED

Examination procedures
Dental examination with mirror and prébe

Investigative Procedures
Intra-oral radiographs
Extra-oral radiographs

Preventive procedures
Fissure Sealants
Fluoride treatments

Professional Cleaning Procedures
Air polishing®®

Anaesthetic Procedures
Infiltration local anaesthgjgctiong*’
Nerve block local anaesthesia
Oral airway for GA>7%
Nasal airway for GA>7
Laryngeal mask airway for GR?°

Comprehensive Dentareatment under
General Anaesthesia

Conservative (Restora&) Procedures
Slow and fast drilling of teeth (without
rubber danp* 7%

Periodontal Procedures

Endodontic Procedures
Root canal instrumentation within the root
candf’

Vital Pulpotomy pfimary mola
Pulpotomy of permanent tooth****
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Orthodontic Procedures*
Tooth separatiof®
Expose or expose and bond tooth/té&th

Surgical Procedures
Extraction of single too
Extraction of multiple teet§? /4744747

Incision and drainage of an abscess with extraction
Mucoperiosteal flap to gain access to tooth or I&8tdff
Dental implants (as for mucoperiosteal flap)

17ﬁ2,730,741,744,745

Post Surgical Procedures

Daily or physiological events

Orthodontic Procedures*® "

Alginate impressiof¥

Placement of removable appliances
Band placement and cementafigri>® "4
Band removaf®

Adjustment of fixed applianc&s’

Surgical Procedures
Incision and drainage of an abscess without
extractiod*®

Diempddints — transmucosal fixture

Post Surgical Procedures
Suture removaf® "
Removal of surgical packs

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

* there is a paradox inherent in endocarditis prophglaxthat many cleaning procedures
ie:toothbrushing,dental flossing, interdental wooden gowal irrigation all cause a significant
bacteraemia. There is no justification for using antibiotiphylaxis for these self-care procedures carried

out at home on a daily or twice daily basis

** it is common for a course of dental treatment to tadeesal visits to the dentist. For patients at high or
moderate risk of developing infective endocarditis, as muetirhent as possible should be carried out at
each visit. The antibiotic should be changed at alternate ggsitdmoxycillin — Clindamycin —

Amoxycillin etc. but no more than 2 doses of penicilliowd be given within a month. For patients who
are allergic to penicillin, then a period of 1 month musalb®mved between visits.

*** no data but the procedure is very similar to gingiketiaction cord placement

**** no data but the procedure is similar to pulpotomypoimary molar

**xx% the avulsed tooth can be quickly washed and reimpainimmediately and the antibiotic prophylaxis
administered when the child attends the dental surgerydaavhis is within 2 hour of the reimplantation.
This is because antibiotic prophylaxis is still successadministered after the bacteraemic epistife.

$ Dental treatment confined to the root canal does noiresgptibiotic prophylaxis. However, if a rubber
dam is used, antibiotic prophylaxis should be used sigoéisant bacteraemia often results in these

circumstances.
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TABLE 5. OTHER PROCEDURES REQUIRING ENDOCARDITIS P ROPHYLAXIS IN _HIGH
AND MODERATE AT-RISK CASES
PROPHYLAXIS REQUIRED
Gastrointestinal tract
- Oesophageal proceduf&s>?
- Surgical operations on stomach, small or large bowel
- Endoscopic retrograde cholangiography/biliary obstruétfon
- Endoscopy with/without biop&3f 340755759
- Endoscopic variceal sclerother&fy>°
- Percutaneous endoscopic gastrost§my
- Biliary tract surgery
- Lithotripsy of gall stone§*
Genitourinary tract
- Circumcisiod®
- Prostatic surgery, transrectal biopSy
- Vasectomy?*'®®
- Lithotripsy’®®
- Cystoscopy
- Urethral catheterization in presence of bacteriuria
- Urethral dilatation
- Gynaecological operations eg: hysterectomy, caesarean seafjimahdelivery
Therapeutic abortioff”’"* uterine dilatation and curettage, sterilization procedurssrtion of
intrauterine device®?
Removal of infected intrauterine devices*
Smears*’®
Respiratory tract
- Tonsillectomy/adenoidectomy
- Surgical procedures on respiratory tract
- Bronchoscopy — particularly rigid bronchoscofy’®
- Nasal packing¥®
Cardiac
- Implantation of cardiac pacemakers/defibrillat6¥$"
- Cardiac surgical operations
- Implantation of occlusive devices eg:ductal occlud&septal occludef&’®2
- Transoesophageal echocardiograghfy*
- Balloon valvuloplast{?*"®’
- Balloon dilatation of coarctation of aorfa®
- PTCA/PCI/Stent implantatior® 7%
Opthalmological
- Lacrimal duct probing®*
Dermatological
Surgery*27%

%67,768

Other
- Thermal injury/burng®*7%°
- Acupuncture®®9’
- Body piercing®®®®
- Tattooing®*

PROPHYLAXIS NOT REQUIRED

Gastrointestinal tract - Barium examinations

Genitourinary tract - Urethral catheterization — unless bactemwident
Respiratory tract - Endotracheal intubation

Cardiac - Diagnostic cardiac catheterization
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*Although not considered “high-risk” procedurescteraemia and/or IE have been
reported after these procedures and antibiotichylegis should be considered for those
patients considered at high or moderate risk fTi&ble 2). The ESC did not recognise
these to be indications for antibiotic prophylaxisheir Task Force Repadtt?%

48



TABLE 6. PROPHYLACTIC ANTIBIOTIC REGIMENS FOR DENT AL, ORAL, RESPIRATORY
TRACT OR OESOPHAGEAL PROCEDURES IN ADULTS

Clinical situation Drug Regimen
High risk and moderate Amoxicillin 3G oral 1hr pregrdure
risk patients including or 2G IV <30min preprocediur

patients with prosthetic
heart valves

If allergic to penicillir? Clindamycifi® 600mg oral 1hr preprocedure
or 300mg IV <30min preprocedure
then oral or IV clindamycin 150mg 6 hours

later
or Azithromyci{ 500mg oral 1hr preprocedure
or Vancomycin 1G IV over 2 hours, 1-2hrs preprocedure
+ gentamicin 1.5mg/kg IV <30min preprocedure
or Teicoplanin 400mg IV < 30 min preprocedure
+ gentamicin 1.5mg/kg <30 min preprocedure
Patients with previous Amoxicillin 2G IV <30min prepseaure
infective endocarditfs + 1G IV or orally 6hrs post
+ gentamicin 1.5mg/kg IV <30min preprocedure
If allergic to penicillir? Vancomycin 1G IV over 2 hrs, 1-2hrs preprocedure
+ gentamicin 1.5mg/kg IV <30min preprocedure
or
Clindamycin 300mg IV <30min preprocedtire

then IV clindamycin 150mg 6 hours later

* Particular care should be taken to ensure that patients nogthptic heart valves are protected by
prophylactic antibiotics, since the consequences of IE arieyarty serious. It is essential that they
receive prophylactic antibiotics at least 1 hour before the puoeet not, they should be given IV
antibiotics immediately before the procedure or the procquhsgoned.

2 for those undergoing GAV antibiotics should be given either on inductiomdthin 30mins prior to
starting the procedure; oral amoxicillin (3G) should hegi4 hrs before induction and again as soon as
possible after the procedure.

Where oral antibiotics are not ideal and in whom IV accesiffisult or impossible eg: IV drug
abusers, IM clindamycin 600mg 1hr preop or IM teicopld@mg/kg) 1hr preop may be alternative
treatments.

Por having received a penicillin within last 4 weeks
¢ Clindamycin to be infused over 10-15 minutes

4 Azithromycin 500mg as an oral suspension, given t hefore the procedure may be an alternative if
dysphagia is a problem

© these patients are considered to be at particularly higlfrigkwith the consequences being particularly
serious for patients with prosthetic valve endocarditis
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TABLE 7. PROPHYLACTIC ANTIBIOTIC REGIMENS FOR GENI TOURINARY OR
GASTROINTESTINAL PROCEDURES IN ADULTS

Clinical situation Drug Regimen

High-risk and Ampicillin or amoxicillin 2G IV <30min preprocedufe

moderate risk and 1G IV or orally 6hr post

patients + gentamicin 1.5mg/kg IV <30min preprocedire

If allergic to penicillir? Vancomycin 1G IV over 2hrs, 1-2hrs preprocedure
+ gentamicin 1.5mg/kg IV <30min preprocedure

& for those undergoing GAV antibiotics should be given either on inductiodthin 30mins prior to
starting the procedure; oral amoxicillin (3G) should begi4 hrs before induction and again as soon as
possible after the procedure.

Where oral antibiotics are not ideal and in whom IV accesiffisult or impossible eg: IV drug
abusers, IM clindamycin 600mg 1hr preop or IM teicoplgd@mg/kg) 1hr preop may be alternative
treatments.

®or having received a penicillin within last 4 weeks
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TABLE 8. PROPHYLACTIC ANTIBIOTIC REGIMENS FOR PERM ANENT PACEMAKER
IMPLANTATION*

Clinical situation Drug Regimen

High-risk and moderate Flucloxacillin** 1G IV <30nmpmeprocedure

risk patients + 500mg orally gds for 2 days

If allergic Vancomycin 1G IV over 2hrs, 1-2 hrs magedure

to penicillin + erythromycin 500mg orally gds fbdays

* Probably should be followed in high/moderate riskqrets having defibrillator, stent or other
intravascular device implantation

** Patients infected or colonized withRSA should be given vancomycin rather than flucloxacillin
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TABLE 9. PROPHYLACTIC ANTIBIOTIC REGIMENS FOR CARD IAC SURGERY *

Procedure Drug Regimen
CABG surgery Flucloxacillin 1G IV 3 doses - firstseagiven on induction
+ then 8 hourly

Gentamicin 1.5mg/kg IV 3 doses — first dose givemdnction
then 8 hourly

or Cefuroxime 1.5G IV 6 doses — first dose givennaiuiction
second after CPB
then 8 hourly

Valvular or other Flucloxacillin 1G IV 3 doses - fidgise given on induction
cardiac surgery if any + then 8 hourly
prosthetic device/ Gentamicin 1.5mg/kg IV 3 doses —diose given on induction
material is used then 8 hourly
or Cefuroxime 1.5G IV 3 doses - first dose given @uation
+ then 8 hourly
Vancomycin 1G IV 3 doses — first dose given on atidn
(infused over 2 hrs) then 8 hourly
If allergic Vancomycin 1G IV First dose 30-60min pkansincision
to penicillin (infused over 2 hrs) 2 further doses @ 12 and 24 hrs

* Prophylactic antibiotics at the time of cardiac surgery are gie¢ionly to prevent endocarditis and
prosthetic infection but to prevent other serious infegtisuch as mediastinitis and major wound
infection®%®

The dose and type of antibiotics varies according to thatsgty patterns of microorganisms in the
cardiac surgical environment and in the individual patiennés@ardiac Surgical Units use a combination
of antibiotics, others use monotherapy.

The timing of antibiotics is important. They shobklgiven prior to surgery and for at least 24-48 hours
post-operatively.

INMRSA carriers or in units where there is a high prevalence ettiaih byMRSA, vancomycin
should_alwayseplace flucloxacillin.
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TABLE 10. TREATMENT OF INFECTIVE ENDOCARDITIS DUE TO PENICILLIN-
SENSITIVE VIRIDANS STREPTOCOCCIAND S. BOVIS (MIC <0.1mg/L) IN ADULTS

Antibiotic Dose/route Duration
Benzylpenicillin 7.2G-12G IV daily in 4-6 divided doses 4-6weeks**
+ Gentamicin* 3-5mg/kg IV daily in 2-3 divided doses  w@ek$
(max 240mg)
Benzylpenicillin 7.2G-12G IV daily in 4-6 divided doses 2 week$
+ Gentamicin* 3-5mg/kg IV daily in 2-3 divided doses ~ we&eks
(max 240mg)
Teicoplanii®® 400mg IV bolus 12hrly for first 3 doses
then 400mg 1V daily 4 weeks
Ceftriaxone 2G/day IV 4 weeks
For those patients allergic to penicillin
Vancomycin 30mg/kg IV in 24hrs in 2 divided doses 4 weeks
(infused over 2hrs)
+ Gentamicin* 3-5mg/kg IV daily in 2-3 divided doses ~ weeks

(max 240mg)

*loading dose and maintenance dose of gentamicin may be caloofatied basis of the patient’s age,
weight and renal function using a nomogram, with appat@radjustments in dose being made according
to serum-gentamicin concentrations
With renal impairment, dose may be reduced according to mireatilearance using Mawer

nomogram or to blood urea levels eg:

7-17mmol/| 80mg 12hrly

17-33 mmol/l  80mg daily

>33mmol/l 80mg alternate days.
Serum gentamicin levels should be checked twice per weekiihsaeatinine normal and more often if
elevated.
Ideally:

Pre(Trough) leveftaken just prior to dose) < 2mg/L
If > 2mg/L — drug interval must be increased or dosaced

Peak leve(taken 1 hour after IV dose) < 10mg/L Preferably 3-3mg/
If level exceeds this — reduce dose

A 4 weeks of benzylpenicillin alone for sensitive streptat may be a useful option for the elderly
or those with existing hearing impairment of poor renatfion
** Duration adjusted according to clinical response and afhacemicrobiologist

#Conditions to be met for a 2 week treatment regimen fadass streptococci ar8l bovisendocarditis:
Penicillin-sensitive viridans streptococci includi@gbovigpenicillin MIC <0.1mg/L)
No cardiovascular risk factors eg:heart failure, aortic orainitrgurgitation, conduction
abnormalities
No evidence of thromboembolism
Native valve infection
No vegetations > 5mm diameter demonstrated on echocardiggraph
Clinical response within 7 days including abolition ofgx¥ia

~ serum teicoplanin levels should be checked to ensure ajgedplood concentrations
$ serum trough level of vancomycin should be maintaineddsetvi0-15mg/L to ensure optimal efficacy
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TABLE 11. TREATMENT OF INFECTIVE ENDOCARDITIS DUE TO PENICILLIN-
RELATIVE RESISTANT VIRIDANS STREPTOCOCCIAND S. BOVIS (MIC >0.1mg/L) IN
ADULTS

Antibiotic Dose/route Duration
Benzylpenicillin 12G-14G IV daily in 4-6 divided doses -6 4veeks**
+ Gentamicin* 3-5mg/kg IV daily in 2-3 divided doses ~ we@eks**
(max 240mg)
or
Teicoplanin 400mg 1V bolus 12hrly for 3 doses
then 400mg IV daily 4 weeks**
+ Gentamicin* 3-5mg/kg IV daily in 2-3 divided doses ~ weeks**

(max 240mg)

For those patients allergic to penicillin

Vancomycirf 30mg/kg IV per 24hrs in 2 divided doses 4 weeks**
(infused over 2 hrs)

+ Gentamicin* 3-5mg/kg IV daily in 2-3 divided doses ~ we@eks**
(max 240mgq)

*See Table 10

# As a guide the dose may be adjusted to achieve 1 hourfpseiin serum concentrations of about 30mg/I
and trough concentrations of 10-15mg/L although the adroel between peak and trough levels with
toxicity and efficacy is not high.

S. pneumoniae treat as penicillin-sensitive viridans streptococci betk sensitivity as penicillin
resistant pneumococci are now being isolated.

S. pyogene&Group A Strep.), Group B,C & G streptococci — tregbaspenicillin-sensitive viridans
streptococct®’

S. adjacenaindS. defectivefnutritionally variant streptococci) — treat with either
benzylpenicillin/gentamicin combination or vancomycin andg@icin regimen. Advice from
microbiologist should be sought.

** Duration adjusted according to clinical response and adioe fiticrobiologist

~ serum teicoplanin levels should be checked to ensure ajgbedplood concentrations
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TABLE 12. TREATMENT OF ENDOCARDITIS DUE TO STAPHY LOCOCCI ON NATIVE
VALVE

Antibiotic Dose/route Duration

Penicillin-sensitive (non-B-lactamase producers)

Benzylpenicillin 12G-14G IV daily in 4-6 divided dase 6 weeks
+ Gentamicin* 3-5mg/kg IV daily in 2-3 divided doses 3-5 days
Methicillin-sensitive staphylococci (B-lactamase producer)

Flucloxacillin 8G-12G IV daily in 4 divided doses weeks
+ Gentamicin* 3-5mg/kg IV daily in 2-3 divided doses 3-5 days

For those patients allergic to penicillin

Vancomycin 30mg/kg IV in 24 hours in 2 divided doséswveeks
(infused over 2 hrs)
+ Gentamicin* 3-5mg/kg IV daily in 2-3 divided doses 3-5 days

Methicillin-resistant staphylococci**

Vancomycin 30mg/kg IV in 24 hours in 2 divided dosésveeks
(infused over 2 hrs)
+ Gentamicin®*® 3-5mg/kg IV daily in 2-3 divided doses 3-5 days

* Gentamicin blood levels must be checked 2-3 times in thik peeod.
See Table 10Peak levels 5-10mg/L.

Oral Fusidic acid may be considered as an alternative to gentamicin for catigrirtreatment for fusidic
acid-sensitive straifi¥ %!

Rifampicin may be added to the penicillin, gentamicin or vancomycimegs for poor responders

In some patients with uncomplicated tricuspid valve endodaudiie to IV drug abuse — 2 weeks of IV
flucloxacillin and gentamicin for methicillin-sensitive Stgfococcal infection is often effective (see text).

**Linezolid or Synerci® may be used in MRSA.

Vancomycin — 1 hour post infusion serum concentraticappfoximately 30mg/L and trough
concentration of 10-15mg/L should ensure optimal effica¢yoaljh the correlation between peak and
trough levels with toxicity and efficacy is not high
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TABLE 13. TREATMENT OF ENDOCARDITIS DUE TO STAPHY LOCOCCI ON

PROSTHETIC VALVE OR OTHER PROSTHETIC MATERIAL

Antibiotic

Methicillin-sensitive staphylococci
Flucloxacillin

+ Rifampicin*

+ Gentamicin**

Methicillin-resistant staphylococci***
Vancomycin

+ Rifampicin*
+ Gentamicin**

Dose/route Duration
8G-12G IV daily in 4 divided doses weeks
300mg orally 8hrly 6 weeks

3-5mg/kg IV daily in 2-3 divided doses 2 weeks

30mg/kg IV in 24hrs in 2 divided doses  wegks
(infused over 2 hrs)

300mg orally 8hrly 6 weeks
3-5mg/kg IV daily in 2-3 divided doses 2 weeks

* Resistance to rifampicin develops rapidly and therestiauild never be given alone.
Fluoroquinolones are an alternative to rifampicithé microorganism is resistant to rifampicin

** See Table 10Peak levels 5-10mg/L.

***This regimen may be used if patient is allergic to pdhici

56



TABLE 14. TREATMENT OF INFECTIVE ENDOCARDITIS DUE TO ENTEROCOCCI IN
ADULTS

Gentamicin-sensitive or low-level resistant organism (MIC <80mg/L)

Antibiotic Dose/route Duration
Benzylpenicillin 10G-12G IV daily in 4-6 divided doses -6 4veeks#
or Ampicillin or Amoxicillin 12G IV daily in 4 divideddoses 4-6 weeks#
+ Gentamicin* 3-5mg/kg IV daily in 2-3 divided doses -6 dveeks#

(max 240mg/day)

For those patients allergic to penicillin

Vancomycin** 30mg/kg IV per 24hrs in 2 divided doses4-6 weeks#
(infused over 2 hrs)
+ Gentamicin* 3-5mg/kg IV daily in 2-3 divided doses -6 dveeks#

# 6 weeks therapy recommended for patients with symptodnsmionths

*Monitor drug serum levels and renal function
See Table 10

** Teicoplanin 10mg/kg IV bolus 12hrly for first @oses then 10mg/kg IV daily may be an alternative to
vancomycin. Levels should be measured.

For Gentamicin-highly resistant strains(MIC >500mg/L), ampicillin or amoxicillin 12G IV perayin 6
divided doses or as a continuous infusion for 6 weetdvgsable. If the organism is sensitive to
streptomycin this could also be added but dose momgtéginecessary to avoid ototoxicity.

A microbiologist’s opinion should be sought and surgemysidered early for antibiotic-treatment failure.

For Ampicillin-resistant strains, the vancomycin + gentamicin regimen may be effective.
Vancomycin-resistant enterococc{VRE) may respond to 1V linezolid 600mg infused ové-120min
every 12 hrs.

Vancomycin-resistantE. faecium may respond to Syner&id

For multiresistant strains, expert advice should be sdugtthe microbiologist.
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TABLE 15. TREATMENT OF ENDOCARDITIS DUE TO GRAM-POS ITIVE AND GRAM-
NEGATIVE BACILLI*

Organism Antibiotic Dose/route Duration
Listeria Amoxicillin 12G IV daily in 4 divided doses 6 weeks
monocytogenés + gentamicin**  3-5mg/kg IV daily in 2-3 divided des 4-6 weeks
P. aeruginosa Tazocirf? 18G IV daily in 6 divided doses 6 weeks
or ceftazidime  6G IV daily in 3 divided doses 6 weeks
or Imipenem 2-4G IV daily in 4 divided doses 6 weeks
or aztreonam 8GIV daily in 4 divided doses 6 weeks

+ gentamicin**  3-5mg/kg IV daily in 2-3 divided doses  -64veeks
or tobramycin  8mg/kg IV daily in 4 divided doses 4-6 weeks

Enterobacteracea®*  Amoxicillin 12G IV daily in 4 divided doses 6 weeks
or Cefotaxime  8G IV daily in 4 divided doses 6 weeks
or Imipenem 2-4G IV daily in 4 divided doses 6 weeks
or Aztreonam  8G IV daily in 4 divided doses 6 weeks

+ gentamicin**  3-5mg/kg IV daily in 2-3 divided doses  -64veeks

* treatment is usually specific and based on results ofautéhial sensitivity testirfef

** See Table 10Peak levels 5-10mg/L.

*** E_coli/ Klebsiella/Enterobacter/Serratia/Protedgirug regimen often depends on individual
organism, sensitivity testing and advice from microbigbg

~ Tazociff (piperacillin + beta-lactamase inhibitor, tazobactam) is gisybbetter than piperacillin alone.
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TABLE 16. TREATMENT OF HACEK GROUP, FUNGAL AND CU LTURE-NEGATIVE
ENDOCARDITIS

HACEK GROUP

Antibiotic Dose/route Duration
Ampicillin or Amoxicillin® 12G IV daily in 4 divided doses 4-6 weeks*
+ Gentamicin** 3-5mg/kg IV daily in 2-3 divided doses 2 weeks

$ If amoxicillin-resistant, a third generation cephalospstich as IV ceftriaxone 2G/day in a single dose is
given for 3-4 weeks in NVE and 6 weeks in PVE. It &dsng half-life.

* 6 weeks for patients with PVE

** See Table 10Peak levels 5-10mg/L.

Ofloxacin may be useful iActinobacillusendocarditi®

FUNGI®

Antifungal Dose/route Duration
Amphotericin BA 1mg/kg IV every 24hrs (total dose 3&) 6 weeks
+/- Flucytosine* 150-200mg/kg oral per day in 4 dedddoses 6 weeks

A Amphotericin B as a lipid complex or encapsulated in lipte® have been shown to have reduced
toxicity enabling much higher doses to be given withsmiltstantial side effect&’ Advice from
microbiologist should be sought.

* marrow depression and hepatic necrosis are side effects gptasiwentrations for optimal response are
25-50mg/L and should not be allowed to exceed 80mg/L.

® current antifungal agents will not cure fungal endoitiarexcept in rare cases and combined medical
treatment and surgical treatment should be employed

CULTURE-NEGATIVE*

Antibiotic Dose/route Duration
Vancomycin 15mg/kg IV every 12hrs 6 weeks
+ Gentamicin** 3-5mg/kg IV daily in 2-3 divided des 2 weeks

* When serology for atypical organisms suctCésamydia CoxiellaandBartonellaare negative
** See Table 10.Peak levels 5-10mgl/l.
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TABLE 17. INDICATIONS FOR SURGERY FOR NATIVE AND PROSTHETIC VALVE

ENDOCARDITIS

NATIVE

Acute AR or MR with heart failuf&®4954

Acute AR with tachycardia and early closure of the mitral valve
Fungal endocarditt§*81>%°

Annular or aortic abscess, true aneurysm of the sinus aflvals
true or false aneurysm of the adrtd®

Evidence of valvular dysfunction and persistent infectider &t
prolonged period (7-10 days) of appropriate antibiotiss, a

indicated by presence fdver, leukocytosis, bacteraemiaassuming that
there are no non-cardiac causes for infeéifii*

Recurrent emboli after appropriate antibiotic thefapi*

Mobile vegetations >10mm diameter

Early infection of the mitral valve — that can be repaired

S490,491

Persistent pyrexia and leukocytosis with negative bladtdie

Relapse after an adequate course of antibiotics

PROSTHETIC

Early prosthetic valve endocarditis (<2 montf}***%

Heart failure with prosthetic valve dysfunction

Fungal endocarditf&*4%

Staphylococcal endocarditis unresponsive to antibfStiés 4%
Paravalvar leak, annular or aortic root abstes¥’

Infection with Gram-ve organisms or organisms with arpesponse
to antibiotic§%04914%

Sinus or aortic true/false aneurysm, fistula formation
Persistent bacteraemia after 7-10 days of antibiotics
Recurrent peripheral embolus

Vegetation on prosthesis

New-onset conduction disturbance

Relapse after an adequate course of antibiotics
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APPENDIX

APPENDIX 1

SIGN Levels of Evidence and Grades of Recommendatio

The strength of evidence and the recommendations ifrwere classified according to
the definitions used by the Scottish Intercollegji@uidelines Network derived from the
US Agency for Health Care Policy and Rese&féh.

Levels of evidence

1++ High quality meta-analyses, systematic reviewsaatlomized controlled trials
(RCTSs) or RCTs with very low risk of bias.

1+ Well conducted meta analyses, systematic revedRCTs or RCTs with a low risk
of bias.

1- Meta analyses, systematic reviews of RCTs of R@itrh a high risk of bias.

2++ High quality systematic reviews of case-controtohort studies. High quality case-
control or cohort studies with a very low risk @infounding, bias or chance and a high
probability that the relationship is causal.

2+ Well conducted case-control or cohort studies waitbw risk of confounding, bias or
chance and a moderate probability that the relshignis causal

2- Case-control or cohort studies with a high riskaffounding, bias or chance and a
significant risk that the relationship is not cdusa

3 Non-analytic studies eg: case reports, casesser

4 Expert opinion

Grades of recommendations:

A At least one meta analysis, systematic revieROT rated as 1++, and directly
applicable to the target population; or a systeorrawiew of RCTs or a body of evidence
consisting principally of studies as 1+, directhphcable to the target population and
demonstrating overall consistency of results.

B A body of evidence including studies rated as,aiirectly applicable to th target
population and demonstrating overall consistenagesiilts; or extrapolated evidence
from studies rated as 1++ or 1+.

C A body of evidence including studies rated asdirgctly applicable to the target
population and demonstrating overall consistenagesiilts; or extrapolated evidence
from studies rated as 2++.

D Evidence level 3 or 4; or extrapolated evideinom studies rated as 2+
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APPENDIX 2 ANTIBIOTICS

ANTIBIOTICS

Benzylpenicillin remains an important and useful antibiotic bub&ctivated by
bacterial beta-lactamases.

Penicillinase-resistant penicillinssuch adlucloxacillin are not inactivated by
the enzyme and may be used in the treatment ofiiemresistant staphylococci.

Broad-spectrum penicillinsincludingampicillin andamoxicillin are active
against certain Gram-positive and Gram-negativarggns but are inactivated by
penicillinases produced I8taph. aureuand by common Gram-negative bacilli such as
Escherichia coliCo-amoxiclavconsists of amoxycillin with the beta-lactamasabitbr
clavulanic acid and can be of use in beta-lactampesg#ucing bacteria that are resistant to
amoxyecillin.

Antipseudomonal penicillinsinclude the carboxypenicilliicarcillin and are
principally indicated for infection witPseudomonas aeruginosad certain other Gram-
negative bacilli includindProteusspp. Ticarcillin is available in combination with
clavulanic acid Timentin ) which is active against beta-lactamase produbamjeria
resistant to ticarcillin. The ureidopenicillpiperacillin is more active than ticarcillin
againstP.aeruginosaTazocin® (piperacillin with the beta-lactamase inhibitor
tazobactan) is active against bet-lactamase-producing bactesistant to the
ureidopenicillins. Its spectrum of activity is coarpble to the carbapenems, imipenem
and meropenem. These agents should be given walmaroglycoside since they have
synergistic effects.

“Third-generation” cephalosporins such asefotaxime, ceftazidimeand
ceftriaxone have greater activity than the “second generatafiroxime and
cefamandoleagainst certain Gram-negative bacteria but lesgeaagainsStaph.
aureus Ceftazidime has good activity againBt aeruginosand other Gram-negative
bacteria ancCeftriaxone has a longer half-life and only needs once dallyiaistration.
Cefoxitin, a cephamycin antibiotic, is active agaiBatteroides fragilis

Beta-lactam antibioticsincludeaztreonam, imipenemandmeropenem.
Aztreonam is a monocyclic beta-lactam (monobactam) antibiatitive against Gram-
negative aerobic bacteria includiRgaeruginosa, Neisseria meningiticsasd
Haemophilus influenzadt is inactive against Gram-positive organisinsipenam, a
carbapenem, has a broad spectrum of activity algaiasy aerobic and anaerobic Gram-
positive and Gram-negative bacteria. Since it rtigdéy inactivated in the kidney by
enzymatic activity, it is administered in combimatiwith cilastin, a specific enzyme
inhibitor which blocks its renal metabolisMeropenem is similar to imipenem but is
stable to the renal enzyme which inactivates imgpeand therefore can be used without
cilastin.

Aminoglycosidesincludeamikacin, gentamicin, streptomycinand
tobramycin. All are bactericidal and active against some Gpasitive and many Gram-
negative organism#&mikacin, gentamicin andtobramycin are also active againBt
aeruginosa Serum concentrastion monitoring avoids both esteesand subtherapeutic
concentrations thus preventing toxicity and enguefiicacy. In patients with normal
renal function, aminoglycoside concentrations stidid measured after 3 or 4 doses but
earlier and more frequent in those with renal impant. Blood samples should be taken
1 hour after IV administration (peak) and just efthe next dose (trough®.entamicin
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has a broad spectrum but is inactive against ahasrand has poor activity against
haemolytic streptococci and pneumococci. It shbedised in combination with another
antibiotic such as penicillin. The dose is up tagdag daily in divided doses every 8
hours. Loading doses and maintenance may be cadwa the basis of the patient’s
weight, using a nomogram. Adjustments are then raaderding to serum-gentamicin
concentrations. In staphylococcal endocarditistayarcin is given in conventional doses
to achieve a “peak” concentration of 5-10mg/L arftt@ugh” level of <2mg/L.

Amikacin is more stable than gentamicin to enzyme inactivadéind may be used for
serious infections caused by gentamicin-resistaatr=negative bacilliTobramycin is
similar to gentamicin but is slightly more activgaanstP. aeruginosa

Macrolide antibiotics includeerythromycin andclarithromycin . Erythromycin
has an antibacterial spectrum that is similar t@q@kin and is an alternative in
penicillin-allergic patientsAzithromycin is a macrolide with slightly less activity
against Gram-positive bacteria but enhanced agtaghinst some Gram-negative
bacteria such ad. influenzaelt has a long tissue half-life and once dailyalgesis
recommendedClarithromycin is an erythromycin derivative with greater aciniban
erythromycin. Tissue concentrations are higher thiim erythromycin and is given twice
daily.

Clindamycin is active against Gram-positive cocci, includingipélin-resistant
staphylococci and also against many anaerobic haespeciallyBacteroides fragilis

Fusidic acidmay be used for staphylococci, especially penmcilésistant
staphylococci, although a second antistaphylocamatibiotic is required to prevent
emergence of resistance.

The glycopeptide antibiotics,vancomycinandteicoplanin have bactericidal
activity against aerobic and anaerobic Gram-pasit@cteriaVancomycinis used for
treating Gram-positive cocci including multi-resist staphylococci. There are increasing
reports of vancomycin-resistant enterococci (VRE)as a long duration of action and
can be given 12 hourlyl.eicoplanin is similar but has a longer duration of action aad
be given once daily.

Linezolid, an oxazolidinone antibacterial, is active againstrspositive bacteria
including methicillin-resistanbtaph. aureufMRSA)and VRE. It should be reserved for
treating organisms resistant to other antibactedalwhen they are poorly tolerated. It is
inactive against Gram-negative organisms.

Synercid® - a combination of the streptogramin antibioticénupristin and
dalfopristin may be useful for Gram-positive bacterial endoiardith MRSA or for
patients who cannot be treated with other agenis nlot active againgnterococcus
faecalis

107



APPENDIX 3 ABBREVIATIONS

Abbreviation

AIDS Acquired immuno-deficiency syndrome
AS Aortic stenosis

AR Aortic regurgitation

CNE Culture negative endocarditis

CO, Carbon dioxide

CRP C-reactive protein

CSF Cerebrospinal fluid

ECG Electrocardiogram

ECHO Echocardiography

ESC European Society of Cardiology

ESR Erythrocyte sedimentation rate

5-FC 5-flucytosine

G gram

GA General anaesthesia

GISA Glycopeptide intermediate resistaigeureus
hr hour

IE Infective endocarditis

IM Intramuscular

v Intravenous

kg kilogram

MBC Minimal bactericidal concentration
MIC Minimal inhibitory concentration

MIF Microimmunofluorescence

min minute

mis milliliters

mg milligram

MR Mitral regurgitation

MRSA Methicillin-resistans. aureus

NVE Native valve endocarditis

PAE Post antibiotic effect

PCR Polymerase chain reaction

PDA Patent ductus arteriosus

PVE Prosthetic valve endocarditis

spp species

TOE Transoesophageal Echocardiography
TTE Transthoracic Echocardiography

TV Tricuspid valve

VISA Vancomycin intermediate resistar8eaureus
VRE Vancomycin Resistant Enterococci
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This patient is allergic to penicillins
(including amoxyecillin) and may be allergic to

cephalosporins and related antibiotics
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FIGURE 1. British Heart Foundation “Endocarditis Dental Warning Cards” for patients requiring
dental prophylaxis with antibiotics

Show this card
dawa fo your dentist
Ll ateach visit
Before extractions or scaling or

periodontal surgery under local or no
anaesthesia, the following is recommended:

Adult single dose clindamycin 600mg by
maouth 1 hour befare procedure
Child under 5 years, quarter adult dose;
5 - 10years, half adult dose,

If clindamycin is given, periodontal or other
multistage procedures should not be
repeated at intervals of less than two weeks.

Ifa general anaesthetic is to be given, see
DPF 1994-6 or BNF no. 28 (and subsequent
editions)

This patient is allergic to penicilli
(including am illin) and may be allergic

to cephalo: s and related antibiotics
For further information call the BHF on

02079350185

Registered Charity, Number 225971

Show this card
vssess 10 JOUF dentist
T ateach visit

Before extractions or scaling or
periodontal surgery under local orno
anaesthesia, the following is recommended:

Aduit single dose amoxyellin 3g by mouth
1 hour before procedure

Child under 5 years, quarter adult dose;
5 - 10 vears, half adult dose.

if a penicillin has been taken more than ance
in the previous month or if a general
anaestheticisto be given, see DPF 1994-6 or
BNF no. 28 (and subsequent editions)

For further information call the BHF on

02079350185
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FIGURE 2. ALGORITHM FOR MANAGEMENT OF PATIENTS WITH
INFECTIVE ENDOCARDITIS

CLINICALLY SUSPECTED INFECTIVE

ENDOCARDITIS
Echo
Blood Cultures
Commence Strong Weak Await Blood
Antibiotics Likelihood Likelihood Culture Results
| —]
l* _____________________________________________________________________________ BC+ve
v
Antibiotics according to: BC-ve
-microorganism BC-ve
-clinical scenario (Table 16)
-sensitivities <
(Table 1 '
Serology Atypical BC's:
l l -consider other causes of
BC-ve pyrexia
STREP —Tables 10 & 11 -consider withdrawing
STAPH — Table 12 & 13

AB'’s (if given) &

ENTEROCOCCI — Tables 14 observe with more BC’s.

G+ve/-ve Bacilli— Table 15
HACEK — Table 16
Fungi — Table 16

v :

Symptoms/Signs of IE diminish Symptoms/Signs of infection persist after one
+ week
No indication for surgery or
Features develop to indicate surgery (Table 17

*Complete antibiotic course & observe for l

evidence of: , Ensure good TEE/TOE obtained

(1) control of infection l

(i) cardiac/extracardiac complications

l Refer to Cardiac Surgeons for

Surgical Intervention
Observe for one week after

. ; *Observation should include:
cessation of AB’s N
()clinical, ECG, Echo
l (ilHaemetological & biochemical markers

Dischara: (i)Blood Cultures



