
Infectious endocarditis (IE), an infection of internal structures
of the heart, has undergone many changes since the pre-antibiot-
ic era. Recent case reviews have shown the overall incidence of
IE to range from 1 to 6.2 cases per 100,000 per year1,2 and
accounts for ~10,000-20,000 new cases per year.2-4 This makes
IE the fourth leading life-threatening infectious disease following
urosepsis, pneumonia, and intra-abdominal sepsis.3

To acquire this infectious syndrome, the etiologic organism
can adhere to endocardial struc-
tures. This typically occurs
through an initial injury to the
endocardium. Historically,
rheumatic fever was the most
commonly noted initiating event
worldwide. Although this contin-
ues to be a problem in underde-
veloped countries, in industrial-
ized nations the predisposing
factors are much more varied.
Patients with congenital or
acquired heart diseases are liv-
ing longer. The geriatric and
immunosuppressed populations
are growing due to improved
medical and surgical management. Each year an increasing
number of prosthetic heart valves are being placed with improved
patient survival. Such medical interventions have resulted in an
increase in the mean age of patients affected by IE from younger
than 30 years of age in the pre-antibiotic era to approximately 50
years in the present era.5 Not all patients with new onset IE are

found to have predisposing endocardial lesions. Many are seen to
have a cause for repeat episodes of bacteremia. These include the
intravenous drug user (IVDU), burn victims, and patients with
intravascular devices such as indwelling catheters and vascular
shunts.

Organisms responsible for IE have also changed consider-
ably since the pre-antibiotic era. Historically, the most common-
ly noted was Streptococcus viridans. Changes in the patient pop-

ulations infected are also
reflected in changes in the
microbiologic spectrum. Most
notable is the emergence of
staphylococcal species as a
major etiologic organism. In
addition, causative organisms
have shifted from predominant-
ly community acquired to
include gram-positive and -neg-
ative nosocomial infections. To
complicate matters, many etio-
logic organisms are now resis-
tant to conventional antibiotic
therapy. This has resulted in the
advent of new antibiotic thera-

pies and combined drug regimens to treat infection adequately.
In this review, the authors summarize the evolution of IE, clin-

ical presentation, treatment, and diagnosis. Focus is primarily
directed at IE in the emergency department setting. As the patient
populations affected have changed, so has the disease. Numerous
articles have been published in the last five years discussing these
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dial lesions, a history of previous IE, and cause for repeat
episodes of bacteremia). Unfortunately, most presentations for
IE range from vague findings with one or two risk factors to
variable or non-specific symptoms. Since definitive diagnoses
often require serial blood cultures and echocardiographic find-
ings, confirming IE rarely occurs in the emergency department.
Consequently, patients suspected of IE are routinely admitted
until blood cultures and echocardiography exclude endocardial
infection. Of these cases, the majority will be ruled out and dis-
charged with an alternate diagnosis. 

The current tactic of admission for “rule out” reflects a conser-
vative approach that reflects the high mortality rate associated
with a missed diagnosis. Hence, the diagnostic stratification rules
described in this paper were developed with high sensitivity in
mind. Improved specificity, although less important from a con-
servative standpoint, is also beneficial to avoid the high costs of
numerous false-positive admissions that hospitals must endure to
capture those with IE.

Epidemiology
IE has undergone considerable epidemiological changes in the

last three decades, especially in patient populations at risk for
developing IE. Although the incidence has only slightly increased,
modern medicine has resulted in a more varied spectrum of
patients susceptible to this disease. In the pre-antibiotic era,
rheumatic heart disease was the primary culprit for IE, but now this
condition rarely occurs in industrialized nations. Today, predispos-
ing lesions are much more varied. Patients with congenital or
acquired heart diseases and immunocompromised patients are liv-
ing longer due to medical and surgical advancements. Other, high-
er risk patient groups that have emerged include the intravenous
drug user (IVDU), burn victims, and patients with intravascular
devices such as indwelling catheters and vascular shunts. 

In two separate reviews of IE cases, native valve IE accounted
for 59-70%, IVDU related cases for 11-16%, and prosthetic valve
recipients for 14-30%.1,6 The incidence between reports varies
based on the degree of predisposition and the patient population
studied. For example, inner city hospitals may see as many as 40%
IVDU-related IE patients.7 The incidence of endocarditis among
IVDUs without a previous cardiac lesion is as high as 5% annually
and is estimated to be considerably higher in the presence of a pre-
vious cardiac lesion.8 For prosthetic valve recipients, it has been esti-
mated that, per year, 3-6% of these patients are likely to develop IE.9

For pediatric patients, IE accounts for 1-2 hospital admissions
per 1000.10 Of these, 59% are associated with previous congenital
heart disease, and 69% with indwelling central vascular catheters.11

Neonates are even more frequently infected with IE than older chil-
dren. The incidence of IE in neonates born at less than 34 weeks
gestation has been shown to be 4.3%. In addition, the incidence of
combined infectious and non-infectious endocarditis in hospitalized
neonates may exceed 5%.12 Such a high rate in these patients is
thought to be due to either surgical interventions or the universal
use of intravascular prosthetic devices. Such interventions result in
either episodes of bacteremia or endocardial trauma. 

Recurrence rates among those with IE also vary. For exam-
ple, reports show a recurrence rate of 41% for IVDUs compared
to 2.5% for non-IVDUs.13,14 This is most likely due to the con-
tinuation of high-risk behavior and the nature of the residual
endocardial lesion. 

new patient groups. The authors discuss these myriad clinical
presentations. Another active issue regards the clinical diagnosis
of IE. This has been stimulated by proposals of the Duke criteria
in 1994, which emphasize clinical findings and echocardiograph-
ic techniques. In 1998, the American Heart Association endorsed
the Duke Criteria for the Diagnosis of IE. Comparisons between
the Duke criteria and the older Beth Israel Criteria for the Diag-
nosis of IE are outlined, with a focus on their implementation in
the emergency department. Treatment strategies for prophylaxis
and the eradication of vegetative infections are also highlighted. 

— The Editor

Introduction
IE, although relatively rare, presents a challenge to the emer-

gency department clinician. A definitive diagnosis can be
straightforward when pathologic or histologic evidence is com-
bined with a history of risk factors for IE (preexisting endocar-

Emergency Medicine Reports™ (ISSN 0746-2506) is
published biweekly by American Health Consultants,
3525 Piedmont Road, N.E., Six Piedmont Center, Suite
400, Atlanta, GA 30305. Telephone: (800) 688-2421 or
(404) 262-7436. 

Publisher: Brenda Mooney
Executive Editor: Park Morgan
Managing Editor: Valerie Loner
Associate Managing Editor: Suzanne Zunic
Marketing Manager: Schandale Kornegay

GST Registration No.: R128870672

Periodical postage paid at Atlanta, GA. POSTMASTER:
Send address changes to Emergency Medicine
Reports , P.O. Box 740059, Atlanta, GA 30374. 

Copyright © 1999 by American Health Consultants,
Atlanta, GA. All rights reserved. Reproduction, distribu-
tion, or translation without express written permission is
strictly prohibited.

Back issues: $21. Missing issues will be fulfilled by 
customer service free of charge when contacted within
one month of the missing issue’s date. 

Multiple copy prices: One to nine additional copies,
$287 each; 10 or more additional copies, $255 each. 

Accreditation
Emergency Medicine Reports’™ continuing education
materials are sponsored and supervised by American
Health Consultants. American Health Consultants desig-
nates this continuing education activity for up to 52 hours
in Category 1 credit toward the AMA Physician’s Recog-
nition Award. Each physician should claim only those
hours of credit that he/she actually spent in the educa-
tional activity.  

This CME activity was planned and produced in accor-
dance with the ACCME Essentials. 

Emergency Medicine Reports™ also is approved by
the American College of Emergency Physicians for 52
hours of ACEP Category 1 credit and has been approved
for 52 Category 2B credit hours by the American Osteo-
pathic Association. This program has been reviewed and
is acceptable for up to 52 prescribed credit hours by the
American Academy of Family Physicians. Term of
approval is for one year from beginning distribution date
of 1/99 with option to request yearly renewal.

American Health Consultants (AHC) is accredited by the
Accreditation Council for Continuing Medical Education
(ACCME) to provide continuing medical education for
physicians. AHC takes responsibility for the content,
quality, and scientific integrity of this CME activity.

This is an educational publication designed to present
scientific information and opinion to health profession-
als, to stimulate thought, and further investigation. It
does not provide advice regarding medical diagnosis or
treatment for any individual case. It is not intended for
use by the layman. Opinions expressed are not neces-
sarily those of this publication. Mention of products or
services does not constitute endorsement. Clinical,
legal, tax, and other comments are offered for general
guidance only; professional counsel should be sought
for specific situations.

Subscriber Information
Customer Service: 1-800-688-2421

Customer Service E-Mail: customerservice@ahcpub.com

Editorial E-Mail: valerie.loner@medec.com

World Wide Web page: http://www.ahcpub.com

Subscription Prices
1 year with 52 ACEP/AMA/52 AAFP 

Category 1/Prescribed credits 

(52 AOA Category 2B credits): $429

1 year without credit: $319

2 years with 104 ACEP/AMA/104 AAFP 

Category 1/Prescribed credits 

(104 AOA Category 2B credits):$815.10

2 years without credit:$606.10

3 years with 156 ACEP/AMA/156 AAFP 

Category 1/Prescribed credits 

(156 AOA Category 2B credits): $1158.30

3 years without credit: $861.30

Resident’s rate $160

All prices U.S. only. 
U.S. possessions and Canada, add $30 plus applicable

GST. Other international orders, add $30. 

For Customer Service
and CME questions,

Please call our customer service depart-
ment at (800) 688-2421. For editorial
questions or comments, please contact
Valerie Loner, Managing Editor, 
at valerie.loner@medec.com 
or (404) 262-5475. 

Statement of Financial Disclosure
American Health Consultants does not receive material commercial support for any of its continuing medical education
publications. In order to reveal any potential bias in this publication, and in accordance with Accreditation Council for
Continuing Medical Education guidelines, we disclose that Drs. Robinson, Woolridge (authors), and Tilden (peer review-
er) report no consultant, stockholder, speaker’s bureau, research, or other financial relationships with companies having ties
to this field of study. Dr. Bosker (editor) is on the speaker’s bureau for Pfizer, Rhone-Poulenc Rorer, and Parke-Davis. 

Now Available Online! Go to www.ahcpub.com/online.html



December 20, 1999/Emergency Medicine Reports 263

Mortality 
The overall mortality rate associated with IE approaches 40%15

but varies among patient groups. Variation is based on underlying
medical illnesses, which structures of the heart are infected, and
what organism(s) is responsible. Mortality ranges from 16% to 27%
in native valve disease where the best predictor of a poor prognosis
is accompanying congestive heart failure (CHF).6 In prosthetic
valve recipients, mortality rates vary from 30% to 80% for the early
form of the disease (< 60 days following surgery) to 20-40% for the
late form (> 60 days post surgery).9 Mortality in IVDU is lower
than that of native valve in part due to a lower mortality rate of
right-sided disease (8%) compared to left-sided disease (18%).7 For
IVDUs, HIV seropositivity does not appear to be a predictor of a
poor outcome. However, a clear negative correlation is seen with
patients who have CD4 counts less than 200. The mortality rate of
of IVDUs with CD4 counts of less than 200 was 56%, whereas
those with a count higher than 200 had a mortality rate of 6-9%.7

Another contributing factor to mortality is the specific organ-
ism(s) involved, although the degree of contribution is hard to
gauge in light of the various comorbid conditions in each patient.
Often, patients will succumb secondarily to associated morbidity,
such as cardiac dysfunction and/or cerebral vascular events. It
has been shown that the rate of peripheral embolization is related
to the etiologic organism.16 What is certain is that the more viru-
lent organisms, such as S. aureus, mixed floral infections, and
pseudomonal species, result in more rapid and extensive structur-
al damage to the endocardial structures, which is associated with
an increased mortality in the patients affected.

Pathophysiology
IE is an infection of the internal structures of the heart. Any

structure can be affected but more common sites include the valvu-
lar leaflets, papillary muscles, membranous septum, and the valvu-
lar rings. IE can be divided into those arising from native valves
(native valve endocarditis [NVE]) or those arising from prosthetic

valves (prosthetic valve endocarditis [PVE]). The endothelial lining
of native structures naturally resists the adhesion of microorgan-
isms. Infections typically begin when an initial insult to the
endothelium results in the formation and adhesion of a sterile
thrombus-platelet vegetation. Subsequent septic events lead to seed-
ing of the thrombus by microorganisms. As the vegetation evolves,
microorganisms become embedded in the fibrin clot and thereby
evade both cellular and humoral host defenses. Predisposing condi-
tions to the development of IE are summarized in Table 1.

Prosthetic valves are much more susceptible to infection since
the foreign materials used are less resistant to the adhesion of
microorganisms. Risks of developing endocarditis have been shown
to be similar for both mechanical and bioprosthetic valves.9 Sites of
microbial adhesion include graft surfaces, suture lines, and support-
ing structures disrupted during the operative procedure. Graft infec-
tions are considered to be more progressive since infection occurs at
the valvular annulus as opposed to the valvular leaflets, therefore it
is more likely to progress to abscess.17 A previous endocardial
lesion need not be present for PVE. Extremely virulent organisms
such as S. aureus, S. pneumoniae, and pseudomonal species have
the ability to invade uninjured valvular grafts.18

NVE usually results from two predisposing conditions: a previ-
ous endocardial lesion and/or episodes of bacteremia. Contrary to
classical belief, a previous lesion is not absolutely necessary. One
study of 80 cases of NVE showed 55% have a previous endocardial
lesion and 45% to have no previous lesion. Likewise, only 46%
were shown to have predisposing conditions for bacteremia.6

Causes of endothelial injury that predispose to IE can be either
congenital or acquired. In either case, endothelial damage results
from high-pressure gradients and turbulent flow. Common pre-
disposing lesions include congenital heart disease, mitral valve
prolapse, rheumatic valvular disease, degenerative disease,
mechanical injury, and a history of endocarditis. Case analysis of
pediatric IE showed that the most common predisposing lesions
were congenital in nature. These included ventricular septal
defects (19%), pulmonary atresia (11%), transposition of the
great arteries (9%), coarctation of the aorta (8%), tetralogy of
Fallot (8%), and pulmonary valve stenosis (8%).19 Rheumatic
heart disease was noted in only 2% of these cases.19

Acquired heart disease predisposing to IE is often degenerative
in nature and is seen more commonly in the elderly. Commonly
reported predisposing lesions in adult cases of NVE include calcif-
ic aortic stenosis stemming from a bicuspic valve (15%), mitral
valve prolapse (13%), rheumatic heart disease (11%), and congeni-
tal heart disease (9%).6 Other immunologically mediated and
degenerative changes that result in endothelial damage and predis-
pose to IE include systemic lupus erythematosus, hypertrophic car-
diomyopathy, and Marfan’s syndrome. Endocardial damage result-
ing in IE may also be procedure related, which is most often seen
in neonatal IE. One study noted that 7 out of 11 reviewed neonatal
IE cases had venous catheters with radiographic evidence of endo-
cardial contact.12 Vascular prosthesis, hemodialysis shunts, and
any intravascular prosthetic device or conduits, such as a central
line catheter, will predispose a patient to IE. In addition, severe
burns, distant soft tissue infections, dental infections, and surgical
procedures involving mucosal membranes are also considered sig-
nificant predisposing factors for the development of IE. 

IVDUs, with the exception of those having a previous case of
IE, rarely have a history of predisposing endocardial lesions.

A. CARDIAC CONDITIONS

• High risk
Prosthetic cardiac valves
Previous bacterial endocarditis
Complex cyanotic congenital disease
Prosthetic shunts or conduits

• Moderate risk
Other congenital cardiac malformations*
Acquired valvular dysfunction
Hypertrophic cardiomyopathy
Mitral valve prolapse (High risk with cardiac dysfunction)

B. RECURRENT BACTEREMIC STATES

Intravenous drug use
Intravascular prosthesis
Hemodialysis shunts
Infected central line catheters
Extensive burn injury
Significant dental infection

* Low risk lesions are not listed here. For a thorough 
description, refer to Dajani et al. 1997.60

Table 1. Predisposing Conditions 
to the Development of IE



264 December 20, 1999/Emergency Medicine Reports

Rather, the cause of endothelial injury is thought to be either the
result of adjunctive compounds (e.g., talc and other particulates that
are injected along with the elicit drug)20 or direct invasion by highly
virulent organisms. The major source of organisms is skin flora that
inoculates the blood stream during injection. Other sources include
pseudomonal species from washing needles in contaminated
water21 and Neisseria sicca from licking needles prior to their use.22

Regions of the heart affected vary based on the initiating
events. Acquired and congenital lesions typically affect the left
side of the heart. This is the result of high turbulent left-sided flow
that results in endocardial damage. The aortic valve is the most
common valve affected in NVE (39%), followed by mitral valve
infection (29%).6 Aortic valve involvement in the elderly is often
the result of degenerative changes. Mitral valve involvement can
be seen secondary to an existing mitral valve prolapse or rheumat-
ic heart disease. 

Right-sided lesions are almost invariably the result of intra-
venous drug use, but may occur in right heart catheterization and
urosepsis. Here, the tricuspid valve is most commonly affected

(60%) and often is accompanied by left-
sided involvement (13%).6,23 The struc-
tures involved in prosthetic valve recipi-
ents are defined by site of the graft but
may extend to involve adjacent structures.  

Etiologic Organisms 
Organisms responsible for IE have

changed considerably over the past several
decades. The organism responsible for IE
was once predominantly Streptococcus
viridans, but now commonly includes non-
viridans streptococci, a variety of coagu-
lase positive and negative staphylococci,
and nosocomial organisms including fungi.
Other commonly seen organisms are ente-
rococci, the HACEK group (Haemophilus
parainfluenzae, Haemophilus aphrophilus,
Actinobacillus actinomycetemcomitans,
Cardiobacterium hominis, Eikenella
species, and Kingella species),
pseudomonas, and enteric organisms.
Table 2 summarizes commonly seen
organisms responsible for IE separated by
patient groups.

The most common organisms reported
in NVE were non-viridans streptococci
(42%, collectively), S. aureus (30%), viri-
dans streptococci (16%), and enterococcus
(7%). Of the streptococcal species S. viri-
dans was reported as the most common
(16%), followed by S. bovis (6%), S.
pneumoniae (1%), and Groups A, B, and
others (each  < 1%).6,24

Recent reports on the etiologic organisms
in IVDU-associated IE by Sandre et al (15
cases), Pulvirenti et al (102 cases), and Math-
ew et al (122 cases) are also summarized in
Table 2.6,7,23 Staphylococcus aureus remains
the most common organism (50-80%)

responsible for IE in IVDUs, followed by streptococcal species such
as S. viridans (12%), non-viridans streptococci (9%, collectively), S.
pneumoniae (4%), S. pyogens (1%), and β-hemolytic Streptococcus
(< 1%). Other organisms include enterococcus (2%) and various
gram-negative organisms, including pseudomonas (1%), fungal
(1%), and polymicrobial (2%) organisms. 

The etiologic organisms responsible for PVE vary significantly
between the early and late forms of the disease. Early infection (< 60
days post surgery) tends to be hospital acquired and caused by com-
mon nosocomial pathogens specific to the institution. Table 2 sum-
marizes causative organisms in early (7 cases and 2 cases) and late
(27 cases and 33 cases) PVE as reported by Sandre et al and
Watanakunakorn et al, respectively.6,1 Organisms reported in the late
form of the disease were more varied. In early onset PVE, coagu-
lase-negative staphylococci were responsible for six of the nine cases
and the remainder were culture negative. The etiology of late onset
PVE tends to reflect that of NVE as is also seen in Table 2.25

The causative organisms in 167 pediatric cases of IE were
reported by Stockheim et al (129 cases) and Del Pont et al (38

Organisms Patient groups (% involvement)
Native Prosthetic IVDU Pediatrics Neonates

early late
Staphylococcus aureus 30 20 63 24 9
Coagulase (-) 
Staphylococcus 3 67 20 11 18
Streptococcus viridans 16 2 12 27
Streptococcus bovis 6 3
Pneumococcus 2 4 5
Non-viridans 
Streptococcus 42 32 9 10 
Enterococci 7 8 2 3
Serratia species < 1 1 9
Pseudomonas 1 1
HACEK* 4 2 4
Fungi** 1 1 4 9
Polymicrobial 2 2 2 9 18
E. coli 1 2
Klebsiella < 1 < 1 3 27
Culture negative 6 33 8 5 3 0
¶ The causative organisms in previously reported cases of infectious endocarditis are 
shown. Determinations were based on culture results. Percentages were obtained by
compiling published reports. 

* HACEK = Haemophilus parainfluenzae, Haemophilus aphrophilus, Actinobacillus actino-
mycetemcomitans, Cardiobacterium hominis, Eikenella species, and Kingella species
** Fungi = Candida, Histoplasma, and an unidentified fungi 
Data for NVE was obtained from Sandre et al (80 cases), and Gagliardi et al (108 cases).
IVDU-IE: Sandre et al (15 cases), Pulvirenti et al (102 cases), and Mathew et al (122
cases).
Pediatric IE: Stockheim et al (129 cases) and Del Pont et al (38 cases).
Early and  late PVE: Watanakunakorn et al (2 and 7 cases, respectively), and Sandre et
al (27 and 33 cases, respectively).1,6,7,19,11,23,24

Organisms not included above were Serratia, Bacillus, Salmonella, Enterobacter,
diptheroids, and Corynebacterium. They all entailed < 1% involvement. 

Table 2. Causative Organisms in Separate Patient Groups¶



better thought of as a spectrum between these two extremes. Find-
ings consistent with IE are summarized in Table 3.

Symptoms
Because of the vascular and embolic nature of IE, multiple

organ systems are often affected, which, in turn, leads to a varied
clinical presentation. Classic Oslerian findings, such as an active
endocardial process, vascular embolic phenomena, and persistent
bacteremia, are seen more often in subacute than acute presenta-
tions, but are usually absent in the majority of cases. Often,
patients will present with rather vague, non-specific and other-
wise misleading complaints. (See Table 3.) Common non-specif-
ic complaints often include fever/chills, arthralgia/myalgia, nau-
sea/vomiting, weight loss, cough, pleuritic chest pain, headache,
and low back pain. Subjective fever is the most common of these
complaints but this may be absent in certain patient subgroups
such as those with renal disease, CHF, prior antibiotics, and in
patients presenting with a ruptured mycotic aneurysm.26

Pulmonary symptoms such as pleuritic chest pain are most com-
monly reported in IVDU-IE (33%) as compared to NVE (13%).6

Arthralgias and myalgias are more often seen in PVE (61-71%)
than in NVE (25%), IVDU-IE (20%),6 or pediatric patients (13%).11

The most common constitutional complaint in pediatric patients are
malaise and weight loss (39%).11 Cardiovascular symptoms stem
directly from the invading organism and valvular dysfunction.
Patients may present with angina or symptoms suggestive of new or
worsening CHF. Vascular embolic events may affect any organ sys-
tem giving rise to headache, mental status changes, stroke, myocar-
dial ischemia secondary to coronary embolization, hemoptysis, back
pain, abdominal pain, or hematuria. 

Physical Examination
Physical findings associated with IE are highly variable.

Individual presentations depend upon the duration of symp-
toms, the endocardial structures affected, underlying conditions,
and the etiologic agent. These signs are summarized in Table 3.
The most commonly reported sign in IE, although non-specific,
is fever greater than 38°C which occurs in 63-77% of NVE,1,6

42-78% of IVDU-related IE,1,6,23 50-71% of early onset PVE,
70-71% of late onset PVE,1,6 and 78-97% of pediatric IE.11,19

Cardiac findings, although less consistent, are just as common.
These include a new or evolving murmur that may or may not be
regurgitant in nature. The predominance of a murmur, irrespective
of its nature, varies from 24% to 95% in recent reports.1,6,11,19,23

Damage to the endocardial structures with resultant valvular dys-
function can produce signs of CHF such as dependent edema, pul-
monary edema, and hypoxia. Reports have shown a slightly lower
rate of CHF for IVDU-related IE (21%) compared to other patient
groups (32-52%).1,11 This is most likely due to the higher incidence
of right-sided heart disease in IVDU-related IE. Mural involvement
can also result in arrhythmia, fistula formation, and pericardial effu-
sions that in turn can lead to cardiogenic shock or sudden death. 

Vascular phenomena specific to endocarditis, if present, can
be very helpful in formulating a diagnosis. Vascular findings
with IE are more often seen in subacute disease and late onset
PVE where there has been a longer duration of symptoms, and
are less common in acute onset disease, early onset PVE, and
disease isolated to the right side of the heart. In addition, the rate
of peripheral embolization is dependent on the etiologic organ-
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cases).11,19 These are also summarized in Table 2 and include
most commonly S. viridans (27%) and S. aureus (24%). In addi-
tion, 11 cases of neonatal IE were reported by Pearlman et al.12

The most common organisms seen were Klebsiella, S. aureus,
and polymicrobial infection. (See Table 2.)

Clinical Presentation: Overview
Patients with IE have been traditionally categorized as either

subacute or acute based on their initial presentation and clinical
course. Subacute IE is more consistent with the classical Oslerian
description of vascular and embolic phenomena and is typical of
disease caused by Streptococcus viridans. This form of the disease
has an insidious onset and may mimic other systemic illnesses with
low-grade fever, night sweats, fatigue, malaise, weight loss, and
symptoms of cardiac dysfunction. Acute IE is more characteristic
of rapidly progressing symptoms, which causes patients to present
for care prior to manifestation of vascular or immunologic phenom-
ena. These individuals may appear rather toxic, with fulminant
symptoms including hypotension, widespread metastatic infections,
high fever, and sudden valvular insufficiency. Organisms known to
be associated with acute IE are S. aureus, Streptococcus pneumoni-
ae, Neisseria gonorrhoeae, and enterococcal species. Unfortunate-
ly, the presentation of IE as a syndrome is highly varied and may be

SYMPTOMS

Fever
Chills
Arthralgia/myalgia
Back pain
Pleuritic chest pain
Malaise/weight loss
Mental confusion
Symptoms of CHF

SIGNS

Temperature > 38°C
New or changing murmur
Pneumonia
Vascular phenomena:

Janeway lesions
conjunctival hemorrhage

Immunologic phenomena:
Osler's nodes
Roth’s spots

Petechiae
Hepatomegaly
Splenomegaly
Clubbing
Splinter hemorrhages
CNS manifestations

LABORATORY FINDINGS*

Persistently positive blood 
cultures

Positive serologic studies 
(organisms typical of IE)

Anemia (Hb ≤ 10 g/dL*)
Elevated ESR (> 30 mm/hr*)
Elevated WBC (> 10,000 

cells/mm3*)
Positive rheumatoid factor
Hematuria (gross or 

microscopic)
Pyuria
Proteinuria
Renal insufficiency
Chest x-ray:

congestive heart failure
septic emboli
pneumonia

ECHOCARDIOGRAPHY

Vegetation
Valvular thickening
Endocardial abscess
Valvular dehiscence
Cardiac dysfunction

CNS ABNORMALITIES

Intracranial hemorrhage
Arterial embolism
Aseptic meningitis
Mycotic aneurysm

Table 3. Clinical Features of IE

* Specific laboratory thresholds were derived from prior case
studies that carried significant differences between IE and non-
IE cases.
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specific symptoms. Early recognition of IE is crucial; one must
keep a high clinical suspicion when dealing with any patient who
may be at increased risk for the development of IE. Consequently,
high-risk patients are admitted for intravenous antibiotics until cul-
ture results and echocardiography can exclude IE as the diagno-
sis.32,33 This has led to a number of trials attempting to develop a
predictive score for IE, with limiting success.17,28,34,35 Each of these
studies was unable to establish a set of clinical rules to consistently
diagnose IE on the basis of clinical signs and symptoms alone.
Diagnosis still depends on culture results and echocardiographic
findings, with the gold standard being tissue biopsy.3,6

Echocardiography. Echocardiography is a primary diagnostic
modality in IE and is second only to histologic findings. Direct
imaging of the internal structures of the heart yields valuable infor-
mation about the underlying cardiac lesion and its severity. These
findings help the clinician develop management strategies and, in
some cases, provide prognosis. For this reason, an echocardiogram
should be performed in all patients suspected of having IE.30

Observed lesions that are considered specific for IE include an
oscillating intracardiac mass located at sites where vegetation typi-
cally occurs, findings consistent with intracardiac abscess, and a
new partial dehiscence of a prosthetic valve.30 Other associated
findings helpful in management include locating areas of turbu-
lence, valvular regurgitation, papillary muscle dysfunction, and
wall motion abnormalities.36

Two modalities are utilized for the diagnosis of IE: transthoracic
echocardiography (TTE) and transesophageal echocardiography
(TEE). TEE has been shown in a number of comparison studies to
be superior to TTE, with sensitivities of 90-100% compared to 28-
63%, respectively.37,38,39,40 TEE is also more effective in detecting
abscesses and valve perforation as complications of IE.41,42 One
exception might be in cases of right-sided IE where TTE has been
shown to be as effective as TEE in identifying valvular vegetations,
but it remains less precise than TEE.43 The benefit of TEE is most
dramatic in patients with prosthetic valves where the sensitivity of
TTE drops considerably due to shadowing effects imparted by the
prosthetic devices. TEE is more costly, time-consuming, and more
invasive, and therefore it is not the primary method utilized in most
institutions. Generally speaking, current practice is to perform TTE
first because it is less costly and easier to perform.3,32 

In December of 1998, the AHA reported recommendations for
the approach to the diagnostic use of echocardiography in IE.3 Ini-
tial TTE is recommended for low risk patients. TEE would then
follow in those cases with a negative and/or technically inade-
quate TTE study in which there is a high clinical suspicion of IE.
In those patients where TTE reveals high-risk features, TEE
should follow to determine and characterize associated complica-
tions. High-risk patients or those which are predicted to be diffi-
cult imaging candidates should undergo TEE as the initial study. 

Diagnostic Classification Schemes
The classic Oslerian manifestations of IE (the presence of

persistent bacteremia or fungemia, the presence of active
valvulitis, the occurrence of large-vessel embolic events, and the
presence of immunologic vascular phenomena) remain specific
predictors of the disease. Historically, these signs have remained
the crux of the clinical diagnosis; however, 20-30 years ago an
increasing number of atypical presentations began to appear in
the literature. This has been attributed to increasing mean age of

ism.16 Vascular phenomena specific to IE include Janeway
lesions, conjunctival hemorrhages, major arterial emboli, septic
pulmonary infarcts, and mycotic aneurysm. Each of these is
found in less than 10% of patients. Generally speaking, left-sided
disease results in systemic vascular involvement and right-sided
disease results in pulmonary vascular involvement. Septic pul-
monary emboli is a hallmark of right-sided IE and, as evidenced
by radiography, is present in 28% of IVDU-related IE.23 One
should keep in mind that up to one in five of the cases of right-
sided IE has accompanying left-sided disease and may therefore
have concurrent systemic embolic phenomena. 

Other non-specific vascular phenomena that are seen in IE
include intracranial hemorrhage, splinter hemorrhages, and a
petechial rash. Late findings include splenomegaly resulting
from emboli or abscess, hepatomegaly, and clubbing. Immuno-
logic phenomena are also shown in Table 3. These include
immune complex glomerulonephritis presenting with proteinuria
and/or microscopic hematuria. 

The cornerstone of the laboratory evaluation of IE continues to
be the demonstration of a persistent bacteremia. Culture results
permit identification of the etiologic organism and determination
of the antibiotic susceptibility profile. IE is characterized by a con-
tinuous bacteremia with a high frequency of positive blood cul-
tures. Early reports have shown that 95% of blood samples drawn
from culture positive cases of IE yielded the causative organism
and that all cultures were positive in 91% of these cases.27 How-
ever, the incidence of culture negative IE has been increasing.28

Causes of culture negative IE include infection with non-bacterial
or highly fastidious bacterial organisms, poor technique, and
recent antimicrobial therapy. Because early signs of IE are often
vague and non-specific, many patients are treated with antimicro-
bials for presumed minor upper respiratory or urinary tract infec-
tions. Prior antimicrobial therapy has been shown to decrease the
yield of blood cultures by up to 40%.28,29 For this reason, past and
present diagnostic criteria have suggested that three sets of blood
cultures (with a set including an aerobic and anaerobic bottle) be
drawn prior to the administration of antibiotics, with at least one
hour of time spanning the first and last sample.30,31

Specific blood culture criteria for the diagnosis of IE is out-
lined in the section on diagnostic criteria. For continued culture
negative results, the AHA recommends that serologic or poly-
merase chain reaction (PCR) studies for the detection of fastidi-
ous organisms known to cause IE (Coxiella burnetii, Brucella,
Bartonella, chlamydia, or Tropherema whipelli) be considered.3

Other common laboratory findings include anemia, an elevated
white blood cell count, an elevated erythrocyte sedimentation rate,
and an elevated serum rheumatoid factor. Routine laboratory
screening can also reveal evidence of renal involvement. This
stems from either embolic events or immune complex glomeru-
lonephritis resulting in laboratory findings of azotemia, elevated
blood creatinine levels, proteinuria, and either gross or microscop-
ic hematuria. 

Diagnostic Challenges
Most cases of IE cannot be definitively diagnosed in the ED set-

ting. A definitive diagnosis requires serial blood cultures and posi-
tive echocardiographic findings.32 The classic Oslerian presentation
is rare. The diagnostic dilemma exists with patients who have a pre-
disposition to the development of IE and present with vague, non-
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fication process. Cases were divided into “definite,” “possible,” and
“rejected.” The “definite” category was broadened to not only
include the pathologic confirmation of the Beth Israel criteria but
also to include specific clinical parameters. Thus, the Duke criteria
allowed for the categorization of cases as “definite” based on clini-
cal criteria alone. Those classified as clinically “definite” were
required to meet a number of major or minor criteria. Here, specific
echocardiographic findings were listed as major criteria, along with
the important diagnostic parameters used in the Beth Israel criteria,
namely persistent bacteremia or fungemia, new cardiac murmurs,
and vascular phenomena. “Possible” IE was listed simply as those
falling short of “definite” but not “rejected.” “Rejected” cases were
defined as those that either had been excluded by biopsy, to which a
firm alternate diagnosis existed, or in which the symptoms resolved
after a short course of antibiotics (< 4 days). (See Tables 4 and 5.)

Since the proposal of the Duke criteria, multiple separate
studies (~1700 total cases) have been conducted to directly com-
pare these two criteria.11,19,24,28,30,44-48 Cases analyzed included a
variety of patient groups ranging from pediatrics to the elderly to
IVDUs. Each of these studies suggested that the Duke criteria
had higher sensitivity with a greater number of “definite” cases
and fewer “rejected” cases. In addition, the Duke criteria were
shown to be in close agreement (71-99%) to infectious disease
experts who were blinded to underlying infectious endocarditis
risk factors.49 The negative predicted value was estimated to be
at least 92 by prospectively following 52 consecutive “rejected”
cases.45 Evaluating specificity of the Duke criteria has received
less attention. One retrospective study conducted on 100 patients
at low risk for IE showed a specificity of 99%.50 This has yet to
be evaluated in high risk patients. 

Modifications have also been suggested for the Duke
“minor” criteria. This suggested adding diagnostic findings of
elevated erythrocyte sedimentation rate, C-reactive protein,

patients with IE, a shifting in the microbiologic spectra from
predominantly streptococcal to staphylococcal species, and an
increasing population of new predisposing conditions such as
intravenous drug use and those with prosthetic valve placement. 

This wide range of presentations has led to the proposal of diag-
nostic strategies to characterize IE. The high mortality of IE man-
dates a sensitive means of diagnosis. The first of these criteria was
proposed in 1981 by von Reyn (the Beth Israel criteria), which cate-
gorized IE into “definite,” “probable,” “possible,” and “rejected.”31

(See Figure 1.) Inclusion into the definite category requires the “gold
standard” of either tissue histology or microbiologic evidence
acquired from autopsy or surgery. The probable and possible cate-
gories required fulfillment of various criteria that consisted of classic
manifestations specific to IE. At the time of its proposal, the Beth
Israel criteria effectively standardized the diagnostic criteria for IE. 

During the last three decades, both the organisms and etiolo-
gies responsible for IE, as well as the technologies available to
identify IE have changed. These resulted in a number of prob-
lems when applying the Beth Israel criteria.30 First, echocardio-
graphic imaging was not utilized in the stratification process and
has since become a very effective tool for the diagnosis of IE.
Second, there have been an increasing number of cases of acute
IE that do not manifest vascular phenomenon. Third, medical
management has improved, resulting in less than one of three
patients undergoing surgery in the acute phase. These patients
would therefore not meet criteria for “definite” IE. Lastly, intra-
venous drug use, an increasing problem in infectious endocardi-
tis, was not recognized as a significant predisposing condition.
These patients have a higher proportion of atypical presentations
and would therefore fail to meet Oslerian-based criteria for IE. 

In 1994, Durack et al proposed a new diagnostic criteria (the
Duke criteria).30 The Duke criteria included intravenous drug use as
a predisposing factor for IE and used echocardiography in the strati-

Figure 1. Diagnostic Evaluation Criteria for Infective Endocarditis
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newly diagnosed clubbing, splenomegaly, and microscopic
hematuria. Including these minor criteria in the analysis of 118
consecutive cases of endocarditis resulted in an increase in the
number of confirmed cases in the “definite” category by 10%
without a loss in specificity.51

Critics suggest that the Duke criteria overemphasize sensi-
tivity in a disease that is difficult to prove clinically. Misdiag-
nosing patients as “definite IE” would require long-term imme-
diate management and once diagnosed would require life-long
prophylactic measures. Another criticism that merits review is
the undefined nature of the Duke “possible” IE. This category
is defined simply as “cases consistent with IE that fall short of
‘definite’ but not ‘rejected’ and that require at least four days of
antibiotic therapy.” One suggestion states that “possible” IE
would require a minimum of one major or three minor criteria.3

This may serve to clarify the distinction between “possible”
and “rejected” and to reduce the number of cases assigned to
the former. On the other hand, narrowing the focus of the “pos-
sible” category would increase the number of true positives
falsely rejected. A potential solution may be to add a fourth cat-
egory of equivocal cases as in the Beth Israel criteria. The
fourth category may prove worthwhile, especially with the
increasing incidence of culture negative IE, in which the
offending organism is not readily cultivated on routine culture
media (Coxiella burnetii, Brucella, Bartonella quintana,
chlamydia, or Tropherema whipelli.)1,5,6 Combining specific
serologic tests with culture results in the minor criteria would
serve to better define these cases. 

Management
Hemodynamic stability is always the first priority. Presenting

symptoms such as sepsis, shock, CHF, and embolic events
should be dealt with promptly. Additionally, attention must be
directed toward antibiotic coverage and other diagnostic studies
helpful in determining long-term care needs. Cardiac surgery
may be necessary for patients with destructive lesions or symp-
toms of cardiac dysfunction. Indications for surgical interven-
tion include symptoms of CHF, arrhythmia, repeat infection,
myocardial abscess, or continued embolic events.

Blood cultures should always be drawn prior to the initiation
of antibiotic therapy. Thereafter, the goal of antibiotic therapy is
to eradicate microorganisms from endocardial structures. This
requires long courses of antibiotics and these patients may even-
tually require to cardiac surgery and valvular replacement.
Antibiotic coverage should be directed at the most likely
causative organism until culture results are known. Recom-
mended antibiotic regimens adapted from the American Heart
Association Guidelines are summarized in Table 5.52

For patients who present with a suspicion of community-
acquired subacute IE, are non-toxic appearing and have no risk
factors, initiation of immediate antibiotic coverage may not be
necessary. However, if the diagnosis is evident and all cultures
have been obtained, therapy can be initiated with treatment
directed toward streptococcal species. Since most of these
organisms are exquisitely sensitive to penicillin, recommended
treatment includes penicillin (12-18 million units IV per day
divided q4), and gentamicin (1.0 mg/kg IV q8h). 

For patients presenting with acute IE, immediate treatment
should be directed toward S. aureus using an anti-staphylococ-

MAJOR CRITERIA

• Positive blood culture for Infective endocarditis
Typical microorganism for IE from two separate blood cultures 
in the absence of a primary focus.*
Persistently positive blood culture defined as recovery of a 
microorganism consistent with IE from: 

Blood cultures drawn more than 12 hours apart, or, 
all of three or a majority of four or more separate blood 
cultures, with first and last drawn at least 1 hour apart

• Positive echocardiogram for IE 
1)Oscillating intracardiac mass, on valve or supporting struc-

tures, or in the path of regurgitant jets, or on implanted graft 
in the absence of an alternative anatomic explanation, or 

2)abscess, or 
3)new partial dehiscence of prosthetic valve, or new valvular 

regurgitation (increase or change in preexisting murmur not 
sufficient).

MINOR CRITERIA

• Predisposing heart condition or intravenous drug use
• Fever: > 38.0°C (100.4°F)
• Vascular phenomena: major arterial emboli, septic pulmonary 

infarcts, mycotic aneurysm, intracranial hemorrhage, conjuncti-
val hemorrhages, Janeway lesions

• Immunologic phenomena: glomerulonephritis, Osler’s nodes, 
Roth spots, rheumatoid factor

• Positive blood culture but not meeting major criterion† or sero
logic evidence of active infection with organism consistent with 
IE 

• Echocardiogram: consistent with infective endocarditis but not 
meeting major criterion 

ADDITIONAL MINOR CRITERIA¶

• Newly diagnosed splenomegaly
• Newly diagnosed clubbing
• Splinter hemorrhages
• Petechiae
• Elevated ESR‡

• Elevated C-reactive protein level (> 100 mg/L)
• Microscopic hematuria§

• Central nonfeeding venous lines
• Peripheral venous lines

* Viridans and nutritional variant streptococci, Streptococcus bovis, 
HACEK group (Haemophilus parainfluenzae, Haemophilus aphrophilus, 
Actinobacillus actinomycetemcomitans, Cardiobacterium hominis, 
Eikenella species, and Kingella species), community-acquired Staphlo-
coccus aureus, enterococci, in the absence of a primary focus. 

† Excluding single positive cultures for coagulase-negative staphylococci 
and organisms that do not cause endocarditis. 

‡ ESR > 30 mm/h for patients < 60 years of age; > 50 mm/h for patients 
> 60 years of age. 

§ Hematuria disregarded for patients with other likely causes of the finding.
¶ Suggested modifications (Adapted from Lamas, et al, 1997).51

The Duke Criteria are reprinted with permission from Excerpta 
Medica Inc.: Durack, et al. New criteria for diagnosis of infective
endocarditis: Utilization of specific echocardiographic findings. 
Am J Med 1994;96:200-209. 

Table 4. Criteria for the Diagnosis of IE: 
Duke Criteria
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The duration of treatment needed for complete eradication of
organisms from endocardial structures continues to be an area of
debate. Conventional therapy dictates continued intravenous
antibiotic coverage for 4-6 weeks. Treatment protocols continue
to be refined including outpatient management recommenda-
tions.57 One recent study demonstrated that once daily adminis-
tration of ceftriaxone (2 g IV) alone or in combination with once
daily gentamicin (3 mg/kg IV) was as equally effective as long-
term therapy for patients with streptococcal IE.58 For IVDUs
with disease isolated to the tricuspid valve, a two week course of
cloxacillin alone or in combination with gentamicin was as
effective as the standard treatment.59

Prophylaxis
The currently accepted practice is to use antimicrobial med-

ications during known episodes of bacteremia to prevent the
development of IE. These prophylactic measures are reserved for
significant episodes of bacteremia and for those patients known
to be at a higher risk than the general population for the develop-
ment of IE. Causes of bacteremia are numerous and often sponta-
neous. Any infection can lead to bacteremic episodes, but those
involving mucosal surfaces are much more likely to do so. Some
of the more obvious causes include focal infections, pneumonia,
cellulitis, and urinary tract infections. In addition, procedures

cal beta-lactam (nafcillin 2 gm IV q4) and an aminoglycoside
(gentamicin 1.0 mg/kg IV q8h). Addition of an aminoglycoside
has been shown to shorten the bacteremic episode and may also
shorten the coarse of therapy.53 For patients allergic to penicillin,
vancomycin may be used as a substitution. 

Additional considerations are required for patients who may be
infected with resistant organisms such as nosocomial organisms,
enterococcus, methicillin-resistant Staphylococcus aureus
(MRSA), and coagulase-negative staphylococcus. Patients who are
more likely to have this infection are those with recent antimicro-
bial therapy, recent hospitalization, valvular prosthesis, and intra-
venous drug users. For these patients, vancomycin should be used
along with gentamicin. (See Table 5.) In addition, some authors
have advocated the addition of rifampin to the treatment regi-
ment.52,54,55 Of concern is the emergence of vancomycin resistance
such as that seen in vancomycin resistant enterococcus (VRE).
One regimen that has shown success against VRE is treatment
with the now approved quinupristin/dalfopristin combination along
with doxycycline, and rifampin.56 Additional blood cultures should
be obtained 48-72 hours after initiation of antimicrobial therapy.
Embolic events are more likely to occur early in the course of ther-
apy. Therefore, patients should be monitored for an adequate clini-
cal response.  Persistently positive blood cultures after three days
of therapy are an indication for valve replacement.52

Organism Antibiotic Alternate Antibiotics
Streptococci PCN G 12-18 million U/24 h × 4-6 weeks Vancomycin 30 mg/kg/24 h × 4 weeks

and or
Gentamicin 1 mg/kg q8 h × 2 weeks† Ceftriaxone 2g qd × 4 weeks

Enterococci PCN G 18-30 million U/24 h × 4-6 weeks Ampicillin 12 g/24 h × 4-6 weeks
and or

Gentamicin 1 mg/kg q8 h × 4-6 weeks Vancomycin 30 mg/kg/24 h × 4-6 weeks
and

Gentamicin 1 mg/kg q8 h × 4-6 weeks
Staphylococci 
(Methicillin-susceptible) Nafcillin 2 g q4 h × 4-6 weeks Cefazolin 2 g q8 h × 4-6 weeks 

and and
Gentamicin 1 mg/kg q8 h × 3-5 days† Gentamicin 1 mg/kg q8 h × 3-5 days†

or
Vancomycin 30 mg/kg/24 h × 4-6 weeks

(Methicillin-resistant) Vancomycin 30 mg/kg/24 h × 4-6 weeks
In the presence of prosthetic material
(Methicillin-susceptible)‡ Nafcillin 2 g q4 h × ≥ 6 weeks

and
Gentamicin 1 mg/kg q8 h × 2 weeks

and
Rifampin 300 mg PO q8 h × ≥ 6 weeks

HACEK § Ceftriaxone 2 g qd × 4 weeks Other third-generation cephalosporins
or

Ampicillin 12 g/24 h × 4 weeks
and

Gentamicin 1 mg/kg q8 h × 4 weeks
§ HACEK = Haemophilus parainfluenzae, Haemophilus aphrophilus, Actinobacillus actinomycetemcomitans, Cardiobacterium hominis,
Eikenella species, and Kingella species.
* Adapted from Wilson et al.52 

† Gentamicin may be excluded for highly susceptible streptococci and susceptible staphylococci.
‡ Vancomycin should be substituted for nafcillin in cases of resistant organisms in the presence of prosthetic material.

Table 5. Suggested Antibiotic Regiments for the Treatment of IE due to Specific Organisms
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a second dose six hours later. For patients allergic to ampicillin,
vancomycin can be used as the alternative. 

High- and moderate-risk patients presenting with soft tissue
infections such as cellulitis or abscess should receive appropriate
antibiotic coverage prior to manipulations, debridement, or inci-
sion and drainage. Dosing should be administered 30-60 minutes
prior to the procedure.62 Coverage here should be directed
toward staphylococcal and streptococcal species for which a
first-generation cephalosporin is an appropriate choice. 

Generally, the most common organisms associated with post
cardiac surgery IE are Staphylococcus aureus, coagulase nega-
tive staphylococcus, and diptheriods. No single antibiotic covers
these three organisms. Most hospitals have instituted treatment
protocols for patients undergoing cardiac surgery and is based
on the organisms typically involved in that institution. 

Antibiotics for patients with either previous antibiotic therapy
or those with previously isolated drug-resistant organisms should
be selected on a case-to-case basis. For serial dental or other pro-
cedures, it is generally recommended to allow an interval of 9-14
days to avoid the emergence of resistant organisms and to allow
the mucosal surface to repopulate with antibiotic susceptible
organisms.63 If a procedure is performed within a shorter interval,
it is generally suggested to chose a different class of antibiotics.
For culture-resistant organisms, antibiotics should be directed
based on the known susceptibilities of that organism or likely
organisms. The use of antibiotic prophylaxis for high risk behav-
ior such as intravenous drug use is controversial and is not recom-
mended. Additionally, physicians with extensive experience man-
aging the IVDU population recognize that many “street-wise”

such as surgical, dental, or any instrumentation of mucosal sur-
faces are also likely causes of bacteremia. (See Table 6.)

The AHA, in conjunction with the American Dental Associa-
tion, Infectious Disease Society of America, American Academy
of Pediatrics, and the American Society for Gastrointestinal
Endoscopy released suggested guidelines for prophylactic treat-
ment for the prevention of bacterial IE.60 These guidelines take into
consideration the degree to which the patient’s underlying condi-
tion creates a risk of endocarditis, the apparent risk of bacteremia
with the procedure, adverse reactions to the particular prophylactic
regimen, and cost-benefit aspects. Specific cardiac lesions were
stratified into high, moderate, and low risk. High and moderate risk
lesion are shown in Table 1. Low-risk lesions are numerous and in
general are those where no significant valvular dysfunction exists.
Please refer to the AHA report for a more detailed discussion.60

General considerations in choosing a specific antimicrobial for
prophylaxis include the most likely organism associated with the
expected procedure, recent antimicrobial therapy, and the likeli-
hood of resistant organisms. Suggested regimens are outlined in
Table 6. For dental procedures, prophylaxis with amoxicillin or
ampicillin directed at viridans streptococci is recommended. The
dose should be given one hour before the procedure. Clin-
damycin, first-generation cephalosporins, or macrolides are alter-
nates for patients who are allergic to penicillin. The most common
organism involved in IE associated with gastrointestinal or geni-
tourinary procedures is enterococcus faecalis.60,61 Prophylaxis
entails dosing 30 minutes before the procedure with ampicillin
and gentamycin for high-risk patients and amoxicillin or ampi-
cillin for moderate-risk patients. High-risk patients should receive

PROCEDURE SITE RELEVANT ORGANISMS* PROPHYLACTIC RECOMMENDATIONS**
(DIRECTED AT THE MOST COMMON ORGANISM)

Dental, oral, esophageal Alpha hemolytic Streptococcus (viridans) Amoxicillin 2.0 g PO (children 50 mg/kg) 
1 hour before procedure, or

Respiratory Tract Streptococcal species Clindamycin 600 mg PO (children 20 mg/kg, or
First-generation Cephalosporin, or macrolides

Infected tissues
genitourinary gram (-) bacilli Third-generation cephalosporin, aminoglycosides

skin (abscess/cellulitis) Staphylococcal species First-generation cephalosporin
Streptococcal species

Gastrointestinal Tract and enterococcus High risk: Ampicillin + gentamycin IV or, 
Genitourinary Tract gram (-) bacilli Vancomycin + gentamycin

Moderate risk: Amoxicillin or vancomycin
Cardiac and Specific S. aureus Perioperative only—directed toward Staphylococcus spp.
Vascular surgery § Coagulase (-) Staphylococcus and institutional specific nosocomial organisms

Diptheroids
Streptococcus spp.
gram (-)
fungi

Cardiovascular procedures similar to cardiac surgery, also Procedure specific, generally not recommended.**
consider nosocomial organisms

* Suggested prophylactic regiments are directed at known procedure-related organisms. Specific treatment choices should always be 
dealt with on an individual basis.

** Exceptions to listed recommendations include drug allergy, previous abx use, intolerance of oral medications, and high risk 
conditions.

§ Noncoronary vascular graft may merit antibiotic prophylaxis for the first six months postoperatively. 

Table 6. Prophylaxis of Procedure-Related Infective Endocarditis
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addicts routinely self administer antibiotics, thus contributing to
an increasing incidence of antimicrobial resistance.

Summary
The syndromes associated with IE have changed considerably

over the last 30 years. Today, IE presents an increasing challenge
to physicians. Patients at risk are living longer. Cardiac prosthetic
devices and intravenous drug users are encountered more frequent-
ly. The classic Oslerian findings remain specific but do not always
apply to these new patient subgroups. Many of these patients pre-
sent acutely or with non-specific and misleading complaints. 

The specific challenge for the emergency physician is ensuring
initial recognition. Most often, a definitive diagnosis is obtained
after the patient leaves the emergency department and undergoes
further work-up. The delayed definitive diagnosis combined with a
highly variable clinical presentation makes IE an ideal disease for
the application of diagnostic criteria. Of the two proposed criteria
discussed in this review, the Duke criteria have been shown to be
the most sensitive and their use has been advocated by the AHA.3 It
allows for the clinical diagnosis of IE based on physical and labora-
tory findings. Criticism of the Duke criteria focuses on its emphasis
of sensitivity with a loss of specificity. Further refinement may be
directed at improving specificity while maintaining high sensitivity. 

New treatment regimens may allow some patients home therapy
instead of the traditional month-long inpatient stay. Regardless,
infectious endocarditis remains a difficult clinical entity to recognize,
a diagnostic challenge to confirm, and a difficult disease to cure.

References
1. Watanakunakorn C, Burkert T. IE at a large community teaching hospital,

1980-1990: A review of 210 episodes. Medicine 1993;72:90-102.

2. Hogevik H, Olaison L, Andersson R, et al. Epidemiologic aspects of infec-

tive endocarditis in an urban population: A 5-year prospective study. Medi-

cine 1995;74:324-339.

3. Bayer AS, Bolger AF, Taubert KA, et al. Diagnosis and management of

infective endocarditis and its complications. Circulation 1998;98:2936-2948.

4. Durack DT. Prevention of IE. N Engl J Med 1995;332:38-44.

5. Hoesley CJ, Cobbs CG. 1999, Endocarditis at the Millennium. J Infect Dis

1999;179 (suppl 2):S360-S365.

6. Sandre RM, Shafran SD. IE: Review of 135 cases over 9 years. Clin Infect

Dis 1996;22:276-286.

7. Pulvirenti J, Kerns E, Benson C, et al. IE in injection drug users: Impor-

tance of human immunodeficiency virus serostatus and degree of immuno-

suppression. Clin Infect Dis 1996;22:40-45.

8. De Witt DE, Paauw DS. Endocarditis in injection drug users. Am Fam Phys

1996;53:2045-2049.

9. Vongpatanasin W, Hillis L, Lange R. Prosthetic heart valves. N Engl J Med

1996;335:407-416.

10. Baltimore RS. Endocarditis and Intravascular Infections. In: Long, SS,

Pickering LK, Prober CG, eds. Principles and Practice of Pediatric Infec-

tious Diseases, Vol. 1. New York: Churchill Livingstone; 1997:289-298.

11. Del Pont JM, De Cicco LT, Vartalitis C, et al. IE in children: Clinical analysis

and evaluation of two diagnostic criteria. Pediatr Inf Dis J 1995;14:1079-1086.

12. Pearlman SA, Higgins S, Eppes S, et al. IE in the premature neonate. Clin

Pediatr 1998;37:741-746.

13. Brandenburg RO, Giuliani ER, Wilson WR, et al. Infective endocarditis: A 25-

year overview of diagnosis and therapy. J Am Coll Cardiol 1983;1:280-291.

14. Baddour LM. Twelve-year review of recurrent native-valve infective endo-

carditis: A disease of the modern antibiotic era. Rev Infect Dis

1988;10:1163-1170.

15. Dwyer DE, Chen SCA, Wright EJ, et al. Hospital practices influence the

pattern of IE. Med J Aust 1994;160:709-718. 



272 December 20, 1999/Emergency Medicine Reports

98. The most common causative organism of infectious endocarditis in
intravenous drug users is: 
A. pseudomonal species.
B. Staphylococcus epidermidis.
C. Streptococcus viridans.
D. Staphylococcus aureus.
.

99. Which comorbid condition is the best predictor of poor patient
outcome?
A. HIV serostatus
B. Prosthetic valve placement one year prior to presentation
C. CD4 lymphocyte count  higher than 200.
D. Intravenous drug use
E. Congestive heart failure (CHF)

100. Which statement is true regarding the pathogenesis of IE?
A. Intravascular prosthetic devices predispose to infection 

irrespective of a previous endocardial lesion.
B. Lesions are more likely to form in low-flow, static areas of the

heart.
C. Mechanical valves are more susceptible than bioprosthetic valves.
D. Left-sided heart disease is more common than right-sided dis-

ease in IVDU.

101. In adults, the most common predisposing condition to the 
development of IE is:
A. surgical procedures.
B. congenital heart disease.
C. acquired heart disease.
D. prosthetic cardiac valves.

102. The most common organism involved in gastrointestinal or 
genitourinary procedure related IE and of which prior antibiotic
prophylaxis is directed toward is:
A. Escherichia coli.
B. Pseudomonal species.
C. Bacillus.
D. Enterococcus faecalis.

103. Which statement is true when comparing the Duke criteria to the
Beth Israel Criteria for the diagnosis of IE?
A. The Beth Israel criteria do not utilize echocardiography in the

stratification process.
B. The Beth Israel criteria are more sensitive but less specific than

the Duke criteria.
C. The Duke criteria fail to allow definite diagnosis of IE by 

clinical criteria.
D. Neither criteria consider IVDU as a predisposing condition to

the development of IE.

104. The most common finding in patients who present with IE is:
A. signs of congestive heart failure (CHF).
B. hematuria/proteinuria.
C. CNS changes.
D. Rash.
E. Fever higher than 38°C.

44. Bayer AS, Ward JI, Ginzton LE, et al. Evaluation of new clinical criteria for

the diagnosis of infective endocarditis. Am J Med 1994;96:211-219.

45. Dodds GA, Sexton DJ, Durack DT, et al. Negative predictive value of the

Duke criteria for IE. Am J Card 1996;77:403-407.

46. Nettles RE, McCarty DE, Corey GR, et al. An evaluation of the Duke crite-

ria in 25 pathologically confirmed cases of prosthetic valve endocarditis.

Clin Infec Dis 1997;25:1401-1403.

47. Heiro M, Nikoskelainen J, Hartiala JJ, et al. Diagnosis of infective endocarditis:

Sensitivity of the Duke vs von Reyn criteria. Arch Intern Med 1998;158:18-24.

48. Habib G, Derumeaux G, Avierinos JF, et al. Value and limitations of the

Duke criteria for the diagnosis of infective endocarditis. J Am Coll Cardiol

1999;33:2023-2029.

49. Sekeres MA, Abrutyn E, Berlin J, et al. An assessment of the usefulness of

the Duke Criteria for diagnosing active IE. Clin Inf Dis 1997;24:1185-1190.

50. Hoen B, Beguinot I, Rabaud C, et al. The Duke Criteria for diagnosing IE

are specific: Analysis of 100 patients with acute fever or fever of unknown

origin. Clin Inf Dis 1996;23:298-302.

51. Lamas CC, Eykyn. Suggested modifications to the Duke Criteria for the

clinical diagnosis of native valve and prosthetic valve endocarditis: Analy-

sis of 118 pathologically proven cases. Clin Infect Dis 1997;25:713-719.

52. Wilson WR, Karchmer AW, Dajani AS, et al. Antibiotic treatment of adults

with infective endocarditis due to streptococci, enterococci, staphylococci,

and HACEK microorganisms. JAMA 1995;274:1706-1713.

53. Chambers HF, Miller RT, Newman MD. Right-sided Staphylococcus

aureus endocarditis in intravenous drug abusers: Two-week combination

therapy. Ann Intern Med 1988;109:619-624.

54. Small PM, Chambers HF. Vancomycin for Staphylococcus aureus endocarditis

in intravenous drug users. Antimicrob Agents Chemother 1990;34:1227-1231.

55. Dworkin RJ, Lee BL, Sande MA, et al. Treatment of right-sided Staphylo-

coccus aureus endocarditis in intravenous drug users with ciprofloxacin and

rifampicin. Lancet 1989;2:1071-1073.

56. Matsumura S, Simor AE. Treatment of endocarditis due to vancomycin-resis-

tant enterococcus faecium with quinupristin/dalfopristin, doxycycline, and

rifampin: A synergistic drug combination. Clin Inf Dis 1998;27:1554-1556.

57. Rehm SJ. Outpatient intravenous antibiotic therapy for endocarditis. Inf Dis

Clin N Am 1998;12:879-901.

58. Sexton DJ, Tenenbaum M, Wilson W, et al. Ceftriaxone once daily for four

weeks compared with ceftriaxone plus gentamicin once daily for two weeks

for treatment of endocarditis due to penicillin-susceptible streptococci. Endo-

carditis Treatment Consortium Group. Clin Infect Dis 1998;27:1470-1474.

59. Risera E, Gomez-Jimenez J, Cortes E, et al. Effectiveness of cloxacillin

with and without gentamicin in short-term therapy for right-sided Staphylo-

coccus aureus endocarditis: A randomized clinical trial. Ann Intern Med

1996;125:969-974.

60. Dajani AS, Taubert KA, Wilson W, et al. Prevention of bacterial endocarditis:

Recommendations by the American Heart Association. JAMA

1997;277:1794--1801.

61. Durack D. Management of serious infections. Part II: Amenable infections

and models for delivery. Endocarditis. Hosp Practice 1993;28(suppl 2):6-9.

62. Dajani AS, Bisno AL, Chung KJ, et al. Prevention of bacterial endocarditis.

JAMA 1990;264:2919-2922.

63. Leviner E, Tzukert AA, Benoliel R, et al. Development of resistant oral

viridans streptococci after administration of prophylactic antibiotics: Time

management in the dental treatment of patients susceptible to infective

endocarditis. Oral Med Oral Pathol 1987;64:417-420.

Physician CME Questions

97. The most common predisposing condition to the development of IE
in pediatric patients is:
A. surgical procedures.
B. congenital heart disease.
C. acquired heart disease.
D. prosthetic cardiac valves. In Future Issues: Thoracic Abdominal

Aneurysm


