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ORIGINAL INVESTIGATION

Clinical Presentation, Etiology, and Outcome
of Infective Endocarditis in the 21st Century
The International Collaboration on Endocarditis–Prospective Cohort Study

David R. Murdoch, MD, MSc; G. Ralph Corey, MD; Bruno Hoen, MD; José M. Miró, MD, PhD;
Vance G. Fowler Jr, MD, MHS; Arnold S. Bayer, MD; Adolf W. Karchmer, MD; Lars Olaison, MD, PhD;
Paul A. Pappas, MS; Philippe Moreillon, MD, PhD; Stephen T. Chambers, MD, MSc; Vivian H. Chu, MD, MHS;
Vicenç Falcó, MD; David J. Holland, MB, ChB, PhD; Philip Jones, MD; John L. Klein, MD; Nigel J. Raymond, MB, ChB;
Kerry M. Read, MB, ChB; Marie Francoise Tripodi, MD; Riccardo Utili, MD; Andrew Wang, MD;
Christopher W. Woods, MD, MPH; Christopher H. Cabell, MD, MHS;
for the International Collaboration on Endocarditis–Prospective Cohort Study (ICE-PCS) Investigators

Background: We sought to provide a contemporary pic-
ture of the presentation, etiology, and outcome of infec-
tive endocarditis (IE) in a large patient cohort from mul-
tiple locations worldwide.

Methods: Prospective cohort study of 2781 adults with
definite IE who were admitted to 58 hospitals in 25 coun-
tries from June 1, 2000, through September 1, 2005.

Results: The median age of the cohort was 57.9 (inter-
quartile range, 43.2-71.8) years, and 72.1% had native
valve IE. Most patients (77.0%) presented early in the
disease (!30 days) with few of the classic clinical hall-
marks of IE. Recent health care exposure was found in
one-quarter of patients. Staphylococcus aureus was the
most common pathogen (31.2%). The mitral (41.1%) and
aortic (37.6%) valves were infected most commonly. The
following complications were common: stroke (16.9%),
embolization other than stroke (22.6%), heart failure

(32.3%), and intracardiac abscess (14.4%). Surgical
therapy was common (48.2%), and in-hospital mortal-
ity remained high (17.7%). Prosthetic valve involve-
ment (odds ratio, 1.47; 95% confidence interval, 1.13-
1.90), increasing age (1.30; 1.17-1.46 per 10-year interval),
pulmonary edema (1.79; 1.39-2.30), S aureus infection
(1.54; 1.14-2.08), coagulase-negative staphylococcal in-
fection (1.50; 1.07-2.10), mitral valve vegetation (1.34;
1.06-1.68), and paravalvular complications (2.25; 1.64-
3.09) were associated with an increased risk of in-
hospital death, whereas viridans streptococcal infection
(0.52; 0.33-0.81) and surgery (0.61; 0.44-0.83) were as-
sociated with a decreased risk.

Conclusions: In the early 21st century, IE is more of-
ten an acute disease, characterized by a high rate of S au-
reus infection. Mortality remains relatively high.

Arch Intern Med. 2009;169(5):463-473

I NFECTIVE ENDOCARDITIS (IE) IS A
diseasecharacterizedbyhighmor-
bidityandmortality.Althoughfirst
describedinthemid-16thcentury,
theGulstonian lecturesbyOsler1-3

to the Royal College of Physicians in 1885
created the impetus for thesystematic study
of IE. Beginning in the early 1900s, investi-
gators have frequently reported on the

manifestations of this disease.4-11 However,
despite advances during the past century in
diagnosis,12 medical therapy,13 and surgical
treatment,14,15 mortality rates have not
changed substantially in the past 25
years.5,9,16-18 Thecurrent in-hospitalmortal-
ity rate forpatientswithIE is15%to20%,5,16

with1-yearmortalityapproaching40%.16,18,19

This is instarkcontrast tosustainedandon-
going improvements observed in other car-
diovascular diseases such as myocardial
infarction.20

Unfortunately, definitive studies of IE
have been limited by its relative infre-
quency, a problem compounded by the wide
range of causative organisms, at-risk popu-
lations, and underlying risk factors for in-
fection. Most studies have consisted of case
reports or single-center studies that limit the
scope and statistical power necessary for de-
finitive conclusions. Moreover, the lack of
multinational studies has prevented an un-
derstanding of how geographic differences
in patient characteristics and disease man-
agement affect outcome in patients with IE.

A prospective multicenter approach is es-
sential for addressing the limitations asso-
ciated with prior investigations of IE and,
importantly, for examining therapeutic
choices in a definitive way. Therefore, the

CME available online at
www.jamaarchivescme.com
and questions on page 427

Author Affiliations are listed at
the end of this article.
Group Information: The
ICE-PCS Investigators are listed
on pages 470-471.
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responding 95% Wald confidence intervals. The model was vali-
dated using the bootstrap procedure. Some 200 estimates were
obtained by fitting the generalized estimating equation model to
200 data sets obtained by randomly selecting 2781 observations
with replacement from the actual data. Bootstrap estimates were
computed by averaging the 200 parameter estimates, and boot-
strap confidence intervals were computed sorting the parameter
estimates in ascending order and selecting the 5th estimate for
the lower confidence limit and the 195th estimate for the upper
confidence limit.

Statistical analyses were performed using commercially avail-
able software (STATA, version 8.2; StataCorp, College Sta-
tion, Texas).

RESULTS

Patients were enrolled in ICE-PCS from the following re-
gions: North America (n=597 [21.5%]), South America
(n=254 [9.1%]), Europe (n=1213 [43.6%]), and other

(n=717 [25.8%]). Baseline characteristics and predis-
posing factors are shown in Table 2. The median age
of the cohort was 57.9 (mean, 56.5; interquartile range,
43.2-71.8) years. Most of the patients in the cohort
(72.1%) had native valve IE, and most patients (77.0%)
were admitted within 1 month of the initial signs of ill-
ness. The most common underlying condition was dia-
betes mellitus (16.2%), but 9.9% of the South American
patients had diabetes, compared with 26.7% of North
American patients. Similarly, less than 5% of patients from
outside North America were receiving hemodialysis, com-
pared with 20.8% of North American patients.

Predisposing conditions were common in patients with
definite IE (Table 2). Although intravenous drug use re-
mains important (9.8%), the most common predispos-
ing conditions were related to valvular heart disease. De-
generative valve disease (eg, significant mitral [43.3%]
and/or aortic [26.3%] valve regurgitation) was the most
frequent native valve predisposing factor. In contrast,
rheumatic heart disease was uncommon; only 92 pa-
tients (3.3%) had rheumatic mitral valve disease. Valvu-
lar predisposing conditions also included the presence
of a prosthetic valve in 618 patients (22.2%).

Chronic intravenous access was as common as intra-
venous drug use in the overall cohort; 148 of 244 pa-
tients (60.7%) in this study with chronic intravenous
access were from North America (Table 2).

Clinical and laboratory findings on admission are pre-
sented in Table 3. The classic signs that are often con-
sidered diagnostic for IE were infrequent.

In2756of the 2781patients (99.1%),blood sampleswere
cultured to determine the causative microorganism. Of the
310 patients (11.1%) with negative blood culture yields,
192 (61.9%) had received antibiotics within 7 days of the
blood culture. In addition to blood culture information, se-
rologic tests and valve cultures were performed in a mi-
nority of cases. Of the 2781 patients, 277 (10.0%) had cul-
tures and serologic tests that were negative for IE.

Table 3. Clinical and Laboratory Findings
on Admission in 2781 Patients With Definite Endocarditis
and Historical Comparisons

Findings No. (%) of Patients

Fever, temperature !38°C 2322/2428 (96)
Splinter hemorrhages 213/2655 (8)
Osler nodes 77/2648 (3)
Janeway lesions 123/2650 (5)
Roth spots 50/2649 (2)
Vascular embolic event 456/2665 (17)
Conjunctival hemorrhage 122/2655 (5)
Splenomegaly 284/2662 (11)
New murmur 1068/2232 (48)
Worsening of old murmur 359/1787 (20)
Elevated ESR 1611/2645 (61)
Elevated C-reactive protein level 1632/2650 (62)
Elevated rheumatoid factor 138/2549 (5)
Hematuria 666/2587 (26)

Abbreviation: ESR, erythrocyte sedimentation rate.

Table 4. Microbiologic Etiology by Region in 2781 Patients With Definite Endocarditis

Cause of Endocarditis

No. (%) of Patientsa

P Value
for the Difference
Between Regions

Total Cohort
(N=2781)

Patients Admitted
Directly to Study

Sites Onlyb

(n=1558)

Region

North
America
(n=597)

South
America
(n=254)

Europe
(n=1213)

Other
(n=717)

Staphylococcus aureus 869 (31) 487 (31) 256 (43) 43 (17) 339 (28) 231 (32) ".001
Coagulase-negative

staphylococcus
304 (11) 161 (10) 69 (12) 18 (7) 156 (13) 61 (9) .005

Viridans group streptococci 483 (17) 288 (19) 54 (9) 66 (26) 198 (16) 165 (23) ".001
Streptococcus bovis 165 (6) 101 (7) 9 (2) 17 (7) 116 (10) 23 (3) ".001
Other streptococci 162 (6) 101 (7) 38 (6) 16 (6) 66 (5) 42 (6) .86
Enterococcus species 283 (10) 158 (10) 78 (13) 21 (8) 111 (9) 73 (10) .05
HACEK 44 (2) 26 (2) 2 (0.3) 6 (2) 19 (2) 17 (2) .02
Fungi/yeast 45 (2) 25 (2) 20 (3) 3 (1) 13 (1) 9 (1) .002
Polymicrobial 28 (1) 23 (2) 8 (1) 1 (0.4) 13 (1) 6 (0.8) .60
Negative culture findings 277 (10) 122 (8) 41 (7) 51 (20) 123 (10) 62 (9) ".001
Other 121 (4) 66 (4) 22 (4) 12 (5) 59 (5) 28 (4) .61

Abbreviation: HACEK, bacteria consisting of Haemophilus species, Aggregatibacter (formerly Actinobacillus) actinomycetemcomitans, Cardiobacterium hominis,
Eikenella corrodens, and Kingella species.

aOnly percentages less than 1% are carried to the first decimal place.
bExcludes patients transferred to study hospitals from other health care facilities.
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 Une Maladie Chronique ... ou Aigue ? 

AVC
30 %

Ins. Cardiaque
56 %

BAV
14 %

57% des patients (1725/2727)

responding 95% Wald confidence intervals. The model was vali-
dated using the bootstrap procedure. Some 200 estimates were
obtained by fitting the generalized estimating equation model to
200 data sets obtained by randomly selecting 2781 observations
with replacement from the actual data. Bootstrap estimates were
computed by averaging the 200 parameter estimates, and boot-
strap confidence intervals were computed sorting the parameter
estimates in ascending order and selecting the 5th estimate for
the lower confidence limit and the 195th estimate for the upper
confidence limit.

Statistical analyses were performed using commercially avail-
able software (STATA, version 8.2; StataCorp, College Sta-
tion, Texas).

RESULTS

Patients were enrolled in ICE-PCS from the following re-
gions: North America (n=597 [21.5%]), South America
(n=254 [9.1%]), Europe (n=1213 [43.6%]), and other

(n=717 [25.8%]). Baseline characteristics and predis-
posing factors are shown in Table 2. The median age
of the cohort was 57.9 (mean, 56.5; interquartile range,
43.2-71.8) years. Most of the patients in the cohort
(72.1%) had native valve IE, and most patients (77.0%)
were admitted within 1 month of the initial signs of ill-
ness. The most common underlying condition was dia-
betes mellitus (16.2%), but 9.9% of the South American
patients had diabetes, compared with 26.7% of North
American patients. Similarly, less than 5% of patients from
outside North America were receiving hemodialysis, com-
pared with 20.8% of North American patients.

Predisposing conditions were common in patients with
definite IE (Table 2). Although intravenous drug use re-
mains important (9.8%), the most common predispos-
ing conditions were related to valvular heart disease. De-
generative valve disease (eg, significant mitral [43.3%]
and/or aortic [26.3%] valve regurgitation) was the most
frequent native valve predisposing factor. In contrast,
rheumatic heart disease was uncommon; only 92 pa-
tients (3.3%) had rheumatic mitral valve disease. Valvu-
lar predisposing conditions also included the presence
of a prosthetic valve in 618 patients (22.2%).

Chronic intravenous access was as common as intra-
venous drug use in the overall cohort; 148 of 244 pa-
tients (60.7%) in this study with chronic intravenous
access were from North America (Table 2).

Clinical and laboratory findings on admission are pre-
sented in Table 3. The classic signs that are often con-
sidered diagnostic for IE were infrequent.

In2756of the 2781patients (99.1%),blood sampleswere
cultured to determine the causative microorganism. Of the
310 patients (11.1%) with negative blood culture yields,
192 (61.9%) had received antibiotics within 7 days of the
blood culture. In addition to blood culture information, se-
rologic tests and valve cultures were performed in a mi-
nority of cases. Of the 2781 patients, 277 (10.0%) had cul-
tures and serologic tests that were negative for IE.

Table 3. Clinical and Laboratory Findings
on Admission in 2781 Patients With Definite Endocarditis
and Historical Comparisons

Findings No. (%) of Patients

Fever, temperature !38°C 2322/2428 (96)
Splinter hemorrhages 213/2655 (8)
Osler nodes 77/2648 (3)
Janeway lesions 123/2650 (5)
Roth spots 50/2649 (2)
Vascular embolic event 456/2665 (17)
Conjunctival hemorrhage 122/2655 (5)
Splenomegaly 284/2662 (11)
New murmur 1068/2232 (48)
Worsening of old murmur 359/1787 (20)
Elevated ESR 1611/2645 (61)
Elevated C-reactive protein level 1632/2650 (62)
Elevated rheumatoid factor 138/2549 (5)
Hematuria 666/2587 (26)

Abbreviation: ESR, erythrocyte sedimentation rate.

Table 4. Microbiologic Etiology by Region in 2781 Patients With Definite Endocarditis

Cause of Endocarditis

No. (%) of Patientsa

P Value
for the Difference
Between Regions

Total Cohort
(N=2781)

Patients Admitted
Directly to Study

Sites Onlyb

(n=1558)

Region

North
America
(n=597)

South
America
(n=254)

Europe
(n=1213)

Other
(n=717)

Staphylococcus aureus 869 (31) 487 (31) 256 (43) 43 (17) 339 (28) 231 (32) ".001
Coagulase-negative

staphylococcus
304 (11) 161 (10) 69 (12) 18 (7) 156 (13) 61 (9) .005

Viridans group streptococci 483 (17) 288 (19) 54 (9) 66 (26) 198 (16) 165 (23) ".001
Streptococcus bovis 165 (6) 101 (7) 9 (2) 17 (7) 116 (10) 23 (3) ".001
Other streptococci 162 (6) 101 (7) 38 (6) 16 (6) 66 (5) 42 (6) .86
Enterococcus species 283 (10) 158 (10) 78 (13) 21 (8) 111 (9) 73 (10) .05
HACEK 44 (2) 26 (2) 2 (0.3) 6 (2) 19 (2) 17 (2) .02
Fungi/yeast 45 (2) 25 (2) 20 (3) 3 (1) 13 (1) 9 (1) .002
Polymicrobial 28 (1) 23 (2) 8 (1) 1 (0.4) 13 (1) 6 (0.8) .60
Negative culture findings 277 (10) 122 (8) 41 (7) 51 (20) 123 (10) 62 (9) ".001
Other 121 (4) 66 (4) 22 (4) 12 (5) 59 (5) 28 (4) .61

Abbreviation: HACEK, bacteria consisting of Haemophilus species, Aggregatibacter (formerly Actinobacillus) actinomycetemcomitans, Cardiobacterium hominis,
Eikenella corrodens, and Kingella species.

aOnly percentages less than 1% are carried to the first decimal place.
bExcludes patients transferred to study hospitals from other health care facilities.
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Des germes plus agressifs ... 

The causative microorganisms isolated from blood cul-
tures are shown in Table 4. Gram-positive organisms
were predominant (81.5%), with Staphylococcus aureus
accounting for 31.2% of all infections. Staphylococcus au-
reus was also the most common organism in each major
risk group, including intravenous drug users and those
with intracardiac devices (Table 5). Positive serologic
tests for Coxiella burnetii were reported for 27 patients
(17 from Europe, 2 from North America, 1 from South
America, and 7 from other regions), but only 9 were re-
ported to have reciprocal antibody titers of more than 800.
Similarly, 22 patients had positive serologic tests for Bar-
tonella species (18 from Europe, 1 from South America,
and 3 from other regions), but only 3 were reported to
have reciprocal antibody titers of more than 800. One case
of infection was due to Tropheryma whippelii.

Staphylococcus aureus was the most common organ-
ism in 3 of 4 regions, whereas viridans group strepto-
cocci were the most common organisms isolated from
patients in South America. The frequency of Streptococ-
cus bovis–associated IE was much higher in Europe and
South America compared with the other regions, and IE
due to the group of bacteria consisting of Haemophilus
species, Aggregatibacter (formerly Actinobacillus) actino-
mycetemcomitans, Cardiobacterium hominis, Eikenella cor-
rodens, and Kingella species (HACEK bacteria) was rela-
tively uncommon in North America. Most of the C burnetii
and Bartonella infections were from Europe.

The location of acquisition was determined in 94.5%
of patients; community acquisition (71.5%) was more
common than nosocomial (13.7%) or nonnosocomial
(9.3%) health care–associated IE in the total cohort
(Figure). North America had a much higher propor-
tion of health care–associated infections (38.1%) com-
pared with other regions, mainly owing to a larger pro-
portion with nonnosocomial health care–associated IE.

The microbial causes of IE varied with location of acqui-
sition, with a higher proportion who had staphylococ-
cal IE and a lower proportion who had viridans strepto-
coccal IE among those with health care–associated IE.
Among patients with community-acquired infection,
34.3% had staphylococcal IE and 22.7% had viridans
streptococcal IE, whereas the corresponding figures for
nosocomial infection were 69.8% and 0.8%, respec-
tively, and for nonnosocomial health care–associated in-
fection were 67.4% and 4.3%, respectively.

Echocardiography was used in most patients (99.2%).
More than one-half (59.0%) of the patients had undergone
transthoracicandtransesophagealechocardiography.Ofthe
2781patients,87.1%hadechocardiographicevidenceofveg-
etation,whereasnew,significantvalvular regurgitationwas
discovered in63.8%ofpatients.Abscesswas themostcom-
monparavalvularcomplication(14.4%ofpatients),whereas

Table 5. Microbiologic Etiology by IE Type in 2781 Patients With Definite Endocarditis

Cause of Endocarditis

No. (%) of Patientsa

Native Valve IE Intracardiac Device IE

Drug Abusers
(n=237)

Not Drug Abusers
(n=1644)

PVIE
(n=563)

Other Devices
(n=172)b

Staphylococcus aureus 160 (68) 457 (28) 129 (23) 60 (35)
Coagulase-negative staphylococcus 7 (3) 148 (9) 95 (17) 45 (26)
Viridans group streptococci 24 (10) 345 (21) 70 (12) 14 (8)
Streptococcus bovis 3 (1) 119 (7) 29 (5) 5 (3)
Other streptococci 5 (2) 118 (7) 26 (5) 7 (4)
Enterococcus species 11 (5) 179 (11) 70 (12) 10 (6)
HACEK 0 (0) 30 (2) 13 (2) 1 (0.5)
Fungi/yeast 3 (1) 16 (1) 23 (4) 2 (1)
Polymicrobial 6 (3) 16 (1) 5 (0.8) 0 (0)
Negative culture findings 12 (5) 154 (9) 65 (12) 18 (11)
Other 6 (3) 62 (4) 38 (7) 10 (6)
Surgical therapy 89/234 (38)c 784/1639 (48) 274/561 (49) 104/172 (61)
In-hospital mortality 23/236 (10)c 281/1643 (17) 131/561 (23) 17/172 (10)

Abbreviations: HACEK, bacteria consisting of Haemophilus species, Aggregatibacter (formerly Actinobacillus) actinomycetemcomitans, Cardiobacterium
hominis, Eikenella corrodens, and Kingella species; IE, infective endocarditis; PVIE, prosthetic valve IE.

aOnly percentages less than 1% are carried to the first decimal place.
b Including pacemakers and implantable cardioverter defibrillators.
cFor pure right-sided IE only, 23 of 107 patients (21.5%) underwent surgical therapy and 6 of 108 (5.6%) died in the hospital.
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Figure. Geographic comparison of location of acquisition in 2781 patients
with definite endocarditis.
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 Strepto Viridans 16% (453/2781)

 Staphylocoques 40 % (1101/2781)
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 (...) IE is no longer a subacute or chronic disease occuring in 

younger patients (...) most patients presented early and 

demonstrated few of  the traditional clinical signs
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Cohorte USIC Hopital 
Cardiologique du Haut Leveque 
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Criteres d’inclusions

• EI prouvée selon les critères de Duke

• Novembre 2011-Fevrier 2013

• Atteinte du coeur gauche 

• Indication à un séjour aux USIC 

• «Potentielle» indication chirurgicale 
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Critères d’exclusion 

• Pas de critères d’hospitalisation aux USIC 
( séjour SAU ou UHCD)

• Pas d’EI du coeur gauche ( EI sur sondes de 
PM ou coeur droit uniquement ) 

86 patients (2/3 externe CHU ) 
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Critères principaux  
• Mortalité hospitalière 

• Mortalité au follow up 
( contact téléphonique 
patient ou MT aout 2013 )

• Mediane de suivi de 20 
mois 

• Score de rankins modifié à 
6 mois pour les patients 
avec AVC 
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Hopital cardiologique 

• Centre médico-chirurgical tertiaire 

•  USIC couplée à un SAU Cardio-thoracique 
et service d’hémodynamique invasive 

• 24 lits dont 12 lits «Réanimations»
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Caractéristiques générales (1)
• Age moyen 60 +/- 16 ans 

• Sexe masculin  75 % (51/86)

• Care acquired 28 % (24/86)

• Cancer (non en rémission ) 
8% ( 6/86)

• Dialysé 5% (4/86)

• Toxicomane IV 14% (12/86)

• «Redux» 25% (21/86)

• Antécédents EI 12% ( 11/86)

Communautaire
69 %

Healthcare non nosoc
12 %

Healthcare nosocomial
19 %

valve native
62 %

valve Biologique
21 %

valve mécanique
7 %

Sondes PM
10 %
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Hémoc Neg
15 %

SASM
23 %

SARM
8 %

SCNMS
5 %

SCNMR
5 %

S. oraux
15 %

S. groupe D
7 %

Entérocoque
8 %

BGN
9 %

Autres
5 %

Microbiologie 

20% (17/86) patients BMR ( mais aucun 
communautaire ...) 
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Indeterminé
15 %

Cutané
26 %

Oro-dentaire
16 %

Digestif
13 %

Urinaire
8 %

PM
7 %

Catheter
3 %

Toxicomanie
12 %

Porte d’entrée 
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valve
aortique 

Macro valve
mitrale

Macro cœur droit Macro

Localisation Endocardite 

Macrovégétation >10mm coeur gauche 

Macrovégétation >15mm coeur droit  

   ➣ IA de haut grade et petite végétation ...
➣ IM de bas grade et grosse végétation ...  
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Killip 1
24 %

Killip 2
25 %

Killip 3
37 %

Killip 4
14 %

• Complication la plus 
fréquente 

• Installation parfois 
insidieuse 
( pneumopathie ... ) 

• Préciser le mécanisme : 
usage “ libéral” de 
l’imagerie  dont ETO 

• La résolution sous 
diurétiques ne préjuge 
pas du mécanisme et de 
sa gravité. 

Insuffisance Cardiaque 
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Spondylodiscite
Rate
Rein
oeuil

Complications emboliques fréquentes à l’admission  

   ➣ Majorité des complications emboliques précoces avant antibiotiques
➣  Quelques Complications emboliques à J+ 3-4 ATB ... ( n=8)

➣48 % des patients (41/86)
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Localisations secondaires AVC Ischémie Hémmoragie

Localisations secondaires cérébrales  fréquentes  à 
l’admission 

28% ( 24/86) 

Body scan «systématique» à l’admission  

 Fréquemment asymptomatique Quel impact 
pronostique ?  
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Quels motifs d’admission aux 
USIC ?

Insuffisance Cardiaque
Killip >2

Troubles conductifs de haut degré

Ins. Rénale aiguee avec E.E.R 

Choc septique 

32% ( 27/86) 

20 % ( 17/86) 

28% ( 24/86)  

53 % (44/86) 

Choc cardiogenique  
12% ( 10/86)  
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Endocardites «critiques»
• Choc septique 28% 

(24/86)

• Score de killip> 2  53% 
( 44/86)

• EER sur IRA ( HFVVC ) 
32% (27/86)

• VM 25% ( 24/86 )

• Score de SOFA moyen à 
l’admission : 5,2 +/- 3,7

0-4
50 %5-9

35 %

10-14
14 %

15-19
1 %

SOFA score 

jeudi 14 novembre 13



Intra Hospital mortality was 24/86 patients (28%). In multivariate analysis, septic shock was 

associated with mortality  ( OR 5,01 CI 95% (1,65 ; 15,14) p 0,04 ) and surgical treatment with 

survival (OR 0,228 CI 95% (0,072-0,726) p0,012). Results are presented in table 2.

         table 2 : Factor associated with intra-hospital survival 

Long term

The median follow up was 20 months ( mean 18 +/- 13 months  ). There were no patient lost at 

follow up. 29 patients were dead at follow up ( 33,7 % ) .

 In multivariate analysis characteristics significantly related to mortality were septic shock ( OR 

2,78  95% CI 1,27-5,78 p 0,01)  and SOFA score superior to 9 (OR 4,6  95% CI 1,08-19,3 p 0,039 ).

Surgery independently of its timing was associated with better survival (OR 0,228 CI 0,072-0,726    

p 0,012 ) 

Results are presented in table 3, Figure 2 and 3 

Non Survivor Survivor 

(24) (62)

n µ, % n µ, % p OR 95%CI Multivariate (OR) 95%CI p

age 24 62,7+/-16 62 60,6+/-16 0,581

Age>60 14 58,3% 37 59,7% 0,909 0,95 (0,36;2,46)

Sex male 17 70,8% 47 77,0% 0,550 0,72 (0,25;2,1)

Mitral valve  7 29,2% 18 29,0% 0,990 1,01 (0,36;2,84)

2 8,3% 8 12,9% 0,553 0,61 (0,12;3,12)

Aortic valve 20 83,3% 51 82,3% 0,906 1,08 (0,31;3,79)

11 45,8% 23 37,1% 0,457 1,43 (0,55;3,73)

Previous IE 3 12,5% 7 11,3% 0,875 1,12 (0,27;4,75)

Previous surg. 6 25,0% 15 24,2% 0,938 1,04 (0,35;3,11)

Right Heart valve 2 8,3% 4 6,5% 0,759 1,32 (0,23;7,72)

PM Leads 2 8,3% 0 0,0% 0,021

IV drug abuse 3 12,5% 9 14,5% 0,809 0,84 (0,21;3,41)

Chronic dyalisis 0 0,0% 4 6,5% 0,203

Health care acquired 5 20,8% 19 30,6% 0,363 0,60 (0,19;1,83)

Diabetis 11 45,8% 19 30,6% 0,185 1,91 (0,73;5,04)

Infections 24 62

S. Aureus                      5 20,8% 19 30,6% 0,363 0,60 (0,19;1,83)

     S. Aureus Methi-S   3 12,5% 15 24,2% 0,232 0,45 (0,12;1,71)

S Aureus Methi-R    2 8,3% 4 6,5% 0,759 1,32 (0,23;7,72)

Drug multi resistant 6 25,0% 11 17,7% 0,448 1,55 (0,5;4,79)

SOFA ( admission day ) 7,3+/-4,2 4,4+/-3,1 0,435

0-4 5 20,8% 38 61,3% <0,001 0,17 (0,05;0,5)

5-9 12 50,0% 18 29,0% 0,067 2,44 (0,93;6,45)

10-14 6 25,0% 6 9,7% 0,066 3,11 (0,89;10,86)

15-19 1 4,2% 0 0,0% 0,106

Stroke 8 33,3% 23 37,1% 0,744 0,85 (0,31;2,29)

Killip score on admission 

I 0 0,0% 16 26,7%

II 6 26,1% 17 28,3%

III 13 56,5% 18 30,0%

IV 4 17,4% 9 15,0%

>II 17 73,9% 27 45,0% 0,018 3,46 (1,2;10)

Cardiogenic shock 3 12,5% 7 11,3% 0,875 1,12 (0,27;4,75)

Septic shock 13 54,2% 11 18,0% <0,001 5,37 (1,91;15,12) 5,01 0,04

Mechanical Ventilation 10 41,7% 11 18,0% 0,023 3,25 (1,15;9,2)

Day on MV 23 11+/-20 61 6,2+/-16 0,309

Hemofiltration 12 50,0% 15 24,6% 0,024 3,07 (1,14;8,25)

Surg. day from admission 19 3,2+/-5.4 55 11,8+/-13 <0,001

Surgery 12 50,0% 53 85,5% <0,001 0,17 (0,06;0,49) 0,228 (0,072;0,726) 0,012

Non Surgery 13 54,2% 6 10,3% <0,001 10,24 (3,19;32,86)

veget size>1cm  

veget size>1cm  

(1,65 ;15,14)

Choc septique  OR 5,0  P 0,04

Chirurgie  OR 0,23 p 0,012

Quels facteurs pronostiques à court 
terme ?
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Table  3 : factor associated with long term follow up survival 

Discussion :

Main result : critical IE long term outcomes 

In modern cohort  , IE with surgical treatment have a relatively good prognosis with  intra hospital 

mortality rate from 8% to 12%.   It seems that  parallely to the large international cohort studies 

population  exists a small , poorly described population of IE with special critical conditions ( ie 

severe acute heart failure, septic shock and multi- organ failure ). Recent datas suggest that these 

critical IE  population express a particularly poor prognosis with long term mortality up to 69 % at 

five year follow up and those despite aggressive treatments and notably a liberal use of emergent 

valve surgery. 

Multi-organ failure mainly linked to septic shock at presentation was a possible explanation for 

such poor outcomes. 

In our cohort of critical IE with potential surgical indications, mortality was also high at 33,7 % at 

follow up. A major factor for mortality was septic shock and severe multi organ failure ( SOFA 

score > 9 ). This is also the results of previous IE series in ICU. Nonetheless our patients had less 

Non survivor at follow up Survivor at follow up

(29) (57)

n µ, % n µ, % p  UnivariateOR 95%CI Multivariate OR 95%CI p

Age 62,2+/-15 60,3+/-14 0,522

Male sex 22 75,9% 42 75,0% 0,930 1,05 (0,37;2,97)

Age>60 18 62,1% 33 57,9% 0,710 1,19 (0,48;2,97)

SOFA score on admission 29 7,2 57 4,1 0,691

0-4 7 24,1% 36 63,2% <0,001 0,19 (0,07;0,51)

5-9 13 44,8% 17 29,8% 0,168 1,91 (0,76;4,83)

10-14 8 27,6% 4 7,0% 0,009 5,05 (1,37;18,56)

15-19 1 3,4% 0 0,0% 0,158

>=10 9 31,0% 4 7,0% 0,003 5,96 (1,65;21,56) 4,6 (1,077;19,31) 0,039

Previous Surgery 7 24,1% 14 24,6% 0,966 0,98 (0,34;2,77)

Previous IE 3 10,3% 7 12,3% 0,791 0,82 (0,2;3,45)

Diabetis 13 44,8% 17 29,8% 0,168 1,91 (0,76;4,83)

IV drug abuse 5 17,2% 7 12,3% 0,530 1,49 (0,43;5,18)

Chonic dialysis 2 6,9% 2 3,5% 0,481 2,04 (0,27;15,25)

Mitral valve 8 27,6% 17 29,8% 0,829 0,90 (0,33;2,42)

>1cm vegetation 3 10,3% 7 12,3% 0,791 0,82 (0,2;3,45)

Aortic valve 23 79,3% 48 84,2% 0,571 0,72 (0,23;2,26)

>1cm vegetation 11 37,9% 23 40,4% 0,828 0,90 (0,36;2,26)

Right heart valve 3 10,3% 3 5,3% 0,382 2,08 (0,39;11)

PM leads 2 6,9% 0 0,0% 0,045

S. Aureus                                 6 20,7% 18 31,6% 0,287 0,57 (0,2;1,63)

                                                 S. aureus meti S  4 13,8% 14 24,6% 0,246 0,49 (0,15;1,66)

                                             S.aureus meti R   2 6,9% 4 7,0% 0,983 0,98 (0,17;5,7)

Drug Multi resistant 7 24,1% 10 17,5% 0,468 1,50 (0,5;4,45)

Health care acquired 9 31,0% 15 26,3% 0,645 1,26 (0,47;3,37)

Stroke 10 34,5% 21 36,8% 0,829 0,90 (0,35;2,3)

Surgery 16 55,2% 49 86,0% 0,002 0,20 (0,07;0,57) 0,46 (,021-0,98) 0,043

  Elective  2 6,9% 19 33,3% 0,007 0,15 (0,03;0,69)

  Urgent 10 34,5% 22 38,6% 0,709 0,84 (0,33;2,13)

  Emergency 4 13,8% 8 14,0% 0,976 0,98 (0,27;3,57)

Cardiogenic shock 4 13,8% 6 10,5% 0,655 1,36 (0,35;5,26)

Killip score on admission 

I 2 7,1% 14 25,5%

II 7 25,0% 16 29,1%

III 14 50,0% 17 30,9%

IV 5 17,9% 8 14,5%

>II 19 67,9% 25 45,5% 0,053 2,53 (0,98;6,58)

Septic shock 15 51,7% 9 16,1% <0,001 5,60 (2,02;15,51) 2,78 (1,27-5,78) 0,01

Mechanical ventilation 12 41,4% 9 16,1% 0,010 3,69 (1,32;10,29)

Day with MV 8,25+/-11 27+/-30 0,102

Hemofiltration 13 44,8% 14 25,0% 0,063 2,44 (0,94;6,3)

Surgical day from admission 16 4,7+/-5,4 48 13+/-14 0,001

SOFA score ≧10 OR 4,6  P 0,039
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Figure 3 : Survival according to the SOFA score group. 

Choc septique et défaillance d’organes sont les 
principaux facteurs pronostiques à court et moyen 

terme 
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• Score de killip > 2   
44/86 - 53%

• Facteur de risque 
(OR 3,6 p 0,018) en 
analyse univariée mais 
pas multivariée 

• Relatif «bon 
pronostic»des choc 
cardiogeniques vs 
choc septique

• Lié  plus souvent à 
dégats valvulaires 
( IAO +++) qu’à des 
dysfonctions VG

• Curable par une 
chirurgie

Insuffisance cardiaque grave 
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• Décision chirurgicale 
souvent difficile car co-
existent souvent 
indications et contre 
indications chez les 
memes patients 

• Délai médian chir 4j 

• Délai moyen 11 j 

Quelle prise en charge chirurgicale ? 

chirurgie 
76 %

médical 
24 %

emergency
18 %

urgent
49 %

elective
32 %
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• population grave mais 
très selectionnée 

• Mortalité hospitalière  
14/65 21%

• Mortalité au follow up 
16/65 26 % 

• Date de chirurgie non 
associée en univariée et 
multivariée à la survie 

• «Bon pronostic» des 
patients avec indication 
«elective» 

• Mais biais de 
traitement ...

Quel pronostic apres chirurgie ? 
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•  21/86 - 25 % 

• Patients avec indication 
chirurgicale ....

• Récusés sur 

• fragilité avec grand 
age ( 8/21-38%)

• SDMV  (7/21-33%)

• AVC grave ( coma ) 
(3/21 14%)

• Multi redux (3/21 
14% )

• Décision collégiale 

•  Anesth -Réa - 
Cardio -Chir

• Role de la Heart 
team 

Les patients non opérés  

jeudi 14 novembre 13



• Récusés sur 

• fragilité avec grand 
age ( 8/21-38%)

• SDMV  (7/21-33%)

• AVC grave ( coma ) 
(3/21 14%)

• Multi redux (3/21 
14% )

• Décision collégiale 

•  Anesth -Réa - 
Cardio -Chir

• Role de la Heart 
team 
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Pronostic catastrophique ...  

Mortalité hospitalière 10/21 47%

Mortalité au FU 13/21 62%
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• Parfois évident ... • Découverte souvent 
fortuite ( body Scan)

• Collabaration avec 
neuro-radiologue

• Preciser le risque 
hémmoragique 

• Rappeler les 
recommendations ...

Les patients avec complication 
neurologique -Quel impact sur le 

pronostique ? 

avc comateux = CI chirurgicale 

Délai moyen de chirurgie 18 j
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• Pas de surmortalité 

• Pas d’aggravation 
neurologique par la CEC

• Score de rankins modifié   
idem  (NS)  à 6 mois 
après chirurgie 

• Délai chir moyen 18 j

• Question du délai ....

• Justifié car pas de 
surmortalité ? 

• Ou non justifié  car 
chirurgie n’a pas 
entrainé d’aggravation 
neurologique

• Petite série ... 

• Cf recommendation 
ESC 2008 

Les patients avec complication neurologique -
Quel impact sur le pronostique ? 

La chirurgie ne semble pas modifier 
l’histoire naturelle des AVC 
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EI «critiques»
• L’insuffisance cardiaque 

grave lié à des dégats 
valvulaires aigues est 
curable par la chirurgie 

• Les chocs septiques ont le 
plus mauvais pronostic  ce 
d’autant que se rajoutent 
des défaillances d’organes

• Les patients avec AVC n’ont  
pas eu leur etat 
neurologique aggravé par la 
chirurgie 

• Les patients non opérés 
ont un pronostic 
catastrophique 
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En conclusion 

“ Les endocardites ne sont pas une maladie uniforme tant dans leur 
présentation clinique que leur prise en charge” Ph Le Metayer

Les végétations valvulaires…

Quelles complications?

Complications rares souvent liées à des végétations volumineuses:
- obstruction valvulaire (mitrale++)
- capotage valvulaire (aortique++)
- obstruction d‛un ostium coronaire (aortique)

Habib G et al. Eur J Echocardiogr 2010;11:202-219

“...the optimal therapeutic strategy is still to be defined and may vary in the 
individual patient ” G Habib Heart 2008
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v. Cardiac or vascular surgery. In patients undergoing implantation of
a prosthetic valve or intravascular prosthetic or other foreign
material, peri-operative antibiotic prophylaxis should be con-
sidered due to the increased risk and adverse outcome of an infec-
tion. The most frequent microorganisms underlying early (,1 year
after surgery) prosthetic valve infections are CNS and S. aureus.
Prophylaxis should be started immediately before the procedure,
repeated if the procedure is prolonged, and terminated 48 h after-
wards. It is strongly recommended that potential sources of dental
sepsis are eliminated at least 2 weeks before implantation of a
prosthetic valve or other intracardiac or intravascular foreign
material, unless the latter procedure is urgent.

vi. Procedures causing health care-associated IE. They represent up to
30% of all cases of IE and are characterized by an increasing inci-
dence and a severe prognosis, thus representing an important
health problem.64 Although routine antimicrobial prophylaxis
administered before most invasive procedures is not rec-
ommended, aseptic measures during the insertion and manipu-
lation of venous catheters and during any invasive procedures
are mandatory to reduce the rate of this infection.

Limitations and consequences of the new
ESC Guidelines
The Task Force understands that these updated recommendations
dramatically change long-established practice for physicians, cardi-
ologists, dentists, and their patients. Ethically, these practitioners
need to discuss the potential benefit and harm of antibiotic pro-
phylaxis with their patients before a final decision is made. Follow-
ing informed review and discussion, many may wish to continue
with routine prophylaxis, and these views should be respected.
Practitioners may also have a reasonable fear of litigation should
prophylaxis be withdrawn,65 though unnecessarily so since adher-
ence to recognized guidelines affords robust legal protection.66

Finally, the current recommendations are not based on appro-
priate evidence, but reflect an expert consensus of opinion. As

neither the previous guidelines nor the current proposed modifi-
cations are based on strong evidence, the Task Force strongly rec-
ommends prospective evaluation in the wake of these new
guidelines to evaluate whether reduced use of prophylaxis is
associated with a change in the incidence of IE.

In summary, the Task Force proposes limitation of anti-
biotic prophylaxis to patients with the highest risk of IE
undergoing the highest risk dental procedures. Good
oral hygiene and regular dental review have a very impor-
tant role in reducing the risk of IE. Aseptic measures are
mandatory during venous catheters manipulation and
during any invasive procedures in order to reduce the
rate of health care-associated IE

F. Diagnosis

Clinical features
The diverse nature and evolving epidemiological profile of IE
ensure it remains a diagnostic challenge.67 The clinical history of
IE is highly variable according to the causative microorganism,
the presence or absence of pre-existing cardiac disease, and the
mode of presentation. Thus, IE should be suspected in a variety
of very different clinical situations (Table 7). It may present as an
acute, rapidly progressive infection, but also as a subacute or
chronic disease with low grade fever and non-specific symptoms
which may thwart or confuse initial assessment. Patients may
therefore present to a variety of specialists who may consider a
range of alternative diagnoses including chronic infection, rheuma-
tological and autoimmune disease, or malignancy. The early invol-
vement of a cardiologist and an infectious disease specialist to
guide management is highly recommended.

Up to 90% of patients present with fever, often associated with
systemic symptoms of chills, poor appetite, and weight loss. Heart

Table 7 Clinical presentation of infective endocarditis

*NB: Fever may be absent in the elderly, after antibiotic pre-treatment, in the immunocompromised patient and in IE involving less virulent or atypical organisms.

ESC Guidelines2378

Diagnostic parfois difficile, 
source de retard diagnostic 

murmurs are found in up to 85% of patients. Classic textbook signs
may still be seen in the developing world, although peripheral stig-
mata of IE are increasingly uncommon elsewhere, as patients gen-
erally present at an early stage of the disease. However, vascular
and immunological phenomena such as splinter haemorrhages,
Roth spots, and glomerulonephritis remain common, and emboli
to the brain, lung or spleen occur in 30% of patients and are
often the presenting feature.68 In a febrile patient, the diagnostic
suspicion may be strengthened by laboratory signs of infection,
such as elevated C-reactive protein or sedimentation rate, leukocy-
tosis, anaemia, and microscopic haematuria.3 However, these lack
specificity and have not been integrated into current diagnostic
criteria.7

Atypical presentation is common in elderly or immunocompro-
mised patients,69 in whom fever is less frequent than in younger
individuals. A high index of suspicion and low threshold for inves-
tigation to exclude IE are therefore essential in these and other
high-risk groups.

Echocardiography
Transthoracic and transoesophageal echocardiography (TTE/TEE)
are now ubiquitous and their fundamental importance in diagnosis,
management, and follow-up (Table 8) of IE is clearly recognized.70

Echocardiography must be performed rapidly, as soon as IE is
suspected. The utility of both modes of investigation is diminished
when applied indiscriminately, however, and appropriate appli-
cation in the context of simple clinical criteria improves diagnostic
yield71 (Figure 1). An exception is the patient with S. aureus

Table 8 Role of echocardiography in infective endocarditis

aClass of recommendation.
bLevel of evidence.
TEE ¼ transoesophageal echocardiography; TTE ¼ transthoracic echocardiography.

Figure 1 Indications for echocardiography in suspected
infective endocarditis. IE ¼ infective endocarditis; TEE ¼
transoesophageal echocardiography; TTE ¼ transthoracic echo-
cardiography. *TEE is not mandatory in isolated right-sided
native valve IE with good quality TTE examination and unequivo-
cal echocardiographic findings.

ESC Guidelines 2379

Piliers du diagnostic 
Echo & Hémoc

Population à risque ++ 
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• Patients “graves”

✓ 31 % avec choc 
septique à l’arrivée 
(31/100)

✓ 14 % en choc 
cardiogénique 
(14/100)

• Recours fréquent aux 
thérapeutiques de 
Réa.

✓ 36 % sous amines 
pressives 

✓ 25 % I/V -DM 7,5j

✓ 38% d’ hémofiltration 
avant chirurgie
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USIC Hopital cardiologique

• USIC couplée à un SAU cardio-thoracique 

• Centre médico-chirurgical tertiaire 

• Recrutement sur la région Aquitaine et les 
départements limitrophes 

• EI avec complications ( IC +++) et/ou 
valvulopathie de haut grade 

Les végétations valvulaires…

Quelles complications?

Complications rares souvent liées à des végétations volumineuses:
- obstruction valvulaire (mitrale++)
- capotage valvulaire (aortique++)
- obstruction d‛un ostium coronaire (aortique)

Habib G et al. Eur J Echocardiogr 2010;11:202-219
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 Troubles conductifs  - traquer  les 
complications périvalvulaires 

• Complications mécaniques ou 
conductives

• Peu fréquent sur valve native  
4/100 soit 4%  

• Mode de révélation fréquent 
sur les prothèses 8/28 soit 28% 
(désinsertion ++ )

• Diagnostic parfois difficile en 
ETT

as prophylactic therapy against potential
embolic complications. Such prophylaxis
is ineffective and likely associated with an
increased risk for bleeding (55, 56). In
general however, anticoagulation re-
quired for other proven indications such
as valve prostheses should be continued
unless neurologic complications occur,
in which case the anticoagulation should
be immediately reversed. Continuation
of anticoagulation should be with hep-
arin, and warfarin anticoagulation dis-
continued.

Indications for Cardiac Surgery

The cornerstone of management is to
sterilize the infected cardiac tissue with
antimicrobial therapy targeted to the in-
fectious etiology. A detailed account of
the antimicrobial treatment of organisms
commonly associated with endocarditis is
beyond the scope of this review. Often ap-
propriate antimicrobial therapy is all that is
needed; however, in some instances surgi-
cal management is required too.

In general, the presence of severe con-
gestive heart failure resulting from valvu-
lar heart disease that is amenable to sur-
gery is an indication for immediate
surgical therapy (class 1, level of evidence
B) (57). This is a general recommenda-
tion, independent of the etiology of the
valve dysfunction. The presence of endo-
carditis should not result in a delay of
surgical therapy, because the risk of re-
infection of a newly implanted valve is far
less (! 3%) than the quoted morbidity
and mortality (50%) associated with sur-
gical neglect (58, 59). Certainly these
comments are tempered when comor-
bidities preclude a reasonable chance for
recovery.

When the microbiological etiology of
the infection is either fungal or one
highly resistant to antibiotic therapy,
surgical intervention is indicated (class 1,
level of evidence B) (57). Periannular ex-
tensions of the infection (abscess, fistula,
dehiscence of valve prostheses) are indi-
cations for surgery (class 1, level of evi-
dence B) (57). Progressively more austere
valve dysfunction—whether regurgita-
tion or obstruction, the latter more com-
monly seen with valve prostheses—
resulting in hemodynamic evidence for
elevated left-ventricular end-diastolic or
left-atrial pressure generally indicates
surgical disease (class 1, level of evidence
B) (57). However, if the cardiac function
is well compensated, surgery may be de-
layed until the completion of antimicro-

Figure 4. Top, aortic-valve vegetation causing complete disruption of the valve leaflet; bottom left,
short-axis image of the vegetation; bottom right, periannular extension with abscess formation.

Figure 5. Long-axis section of a necropsy heart showing the relations of the aortic valve (AV), annulus,
and root (AO) to the subaortic structures, which include the mitral-aortic intervalvular fibrosa
(MAIVF), anterior mitral leaflet (aml), chordae tendineae, and the left atrium (LA). The anterior leaflet
becomes contiguous with the posterior aortic root behind the left and posterior aortic cusps through
the zone of MAIVF. LV, left ventricle; pml, posterior mitral leaflet; RV, right ventricle.

S389Crit Care Med 2007 Vol. 35, No. 8 (Suppl.)

➣ ETO +++
         ➣ TDM cardiaque 

jeudi 14 novembre 13



• EI mitro aortique  à SASM

• ETO initiale puis ETT 
itératives

• Transéat à J+10 

• TDM corps entier avec 
coroscanner 

• Abcès paroi latérale VG 
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AVC
• 34 patients avec AVC 

• 32 AVC isch.

• 12 AVC hém.

• Mode de révélation 
fréquent  

• Retard à la chirurgie 
(délais moyen 32 j ) 

• Surmortalité  (13/34 
soit 38 %)

Continuing Continuing Changing Profile of Infective Endocarditis (IE)Changing Profile of Infective Endocarditis (IE)K-2166

Results of a Results of a Repeat 1Repeat 1--Year PopulationYear Population--Based Survey in Based Survey in France in 2008France in 2008
B. Hoen, M. Celard, F. Alla, V. Le Moing, T. Doco-Lecompte, P. Tattevin, C. Strady, E. Cambau, A. Bouvet, C. Poyart, 

C. Selton-Suty, X. Duval, and the AEPEI  French study group

Study objectives Methods
e-mail: bruno.hoen@univ-fcomte.fr

Primary objective Primary objective 

• Update the description of epidemiologic, clinical, microbiologic and outcome characteristics of 

IE in France 

• Population-based prospective observational study conducted in 2008 in 7 French regions (total adult population: 15 million, 32 

% of the French adult population)

• Study publicized and recalled by mail to all hospital physicians likely to take care of patients with IE
Secondary objectives Secondary objectives 

• Study the impact of source of acquisition of infection on IE characteristics

• Compare current data with those obtained from similar surveys performed in 1991 and 1999

• Assess the impact of the 2002 changes in French IE prophylaxis guidelines on IE incidence

• Study publicized and recalled by mail to all hospital physicians likely to take care of patients with IE

• Only Duke-Li definite cases of IE were kept in the study 

• Comparison of community-acquired and healthcare-associated IE (intravenous drug users excluded)

• Analysis of  changes in  age- and sex- standardized IE incidence among the 3 French surveys according to underlying heart 
• Assess the impact of the 2002 changes in French IE prophylaxis guidelines on IE incidence disease and causative micro-organisms

Standardized, 

per million
1991 1999 2008

Source of acquisition

Wh l l i C i H l h l d

Source of acquisitionPatients' flow chart Results Incidence

1003 notifications

Von Reyn classification (definite, probable, possible) 35.2 33.5 32.1 

[31.5-39.2] [30.0-37.4] [28.8-35.7]

Duke classification (definite) 31.2 31.4

[27.9-34.9] [28.1-35]

Oral streptococci 8.1 6.3 6.3 

Whole population Community Healthcare related

497 335 (73.3%) 122 (26.7%)

N % N % N % p

Whole population Community Healthcare related

497 335 (73.3%) 122 (26.7%)

N % N % N % p

910 patients

278 excluded:

p

[6.4–10.1] [4.8-8.1] [4.9-8.0]
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treat basis. Differences between the treatment 
groups were evaluated with the use of the Mann–
Whitney U test for continuous variables and 
Fisher’s exact test for categorical variables. Be-
cause randomization was stratified according to 
involved valve, we performed stratified Cox pro-
portional-hazards regression analyses for the out-
comes. A likelihood ratio test for homogeneity was 
performed, indicating that the assumption of 
homogeneity was not violated (P = 0.99 for both 
outcomes). Estimates of cumulative event rates 
were calculated by means of the Kaplan–Meier 
method and were compared with the use of the 
log-rank test. For the Kaplan–Meier analysis, we 
analyzed all clinical events according to the time 
to the first event. Hazard ratios with 95% confi-
dence intervals were derived with the use of the 
stratified Cox proportional-hazards model. All re-
ported P values are two-sided; a P value of 0.05 
was considered to indicate statistical significance. 
SAS software, version 9.1 (SAS Institute), was used 
for statistical analyses.

R ESULT S

CHARACTERISTICS OF THE PATIENTS
From September 2006 through March 2011, a to-
tal of 76 patients with infective endocarditis who 
were candidates for early preemptive surgery were 
enrolled at the Asan Medical Center (71 patients) 
and Seoul National University Hospital (5) in Ko-
rea. We randomly assigned these patients to ear-
ly surgery (37 patients) or conventional treatment 
(39). The enrollment profile is shown in Figure 1.

The treatment groups were generally well bal-
anced with regard to baseline clinical character-
istics (Table 1). The mean age of the patients was 
47 years, and 67% were men. The mitral valve 
was involved in 45 patients, the aortic valve in 
22, and both valves in 9. Severe mitral regurgita-
tion was observed in 45 patients, severe aortic re-
gurgitation in 23, severe aortic stenosis in 3, se-
vere mitral regurgitation and stenosis in 1, and 
both severe mitral regurgitation and aortic re-
gurgitation in 4. The median diameter of vegeta-
tion was 12 mm (interquartile range, 11 to 17). 
All patients met the Duke criteria for definite 
endocarditis; the most common pathogens in 
both groups were viridans streptococci (in 30% 
of all patients), other streptococci (in 30%), and 
Staphylococcus aureus (in 11%). The adequacy of 
antibiotic therapy was compared between treat-

Table 1. Clinical and Echocardiographic Characteristics of the Patients 
at Baseline, According to Treatment Group.*

Characteristic

Conventional 
Treatment

(N = 39)

Early  
Surgery
(N = 37)

Age — yr 47.8±17.5 45.5±14.9

Male sex — no. (%) 27 (69) 24 (65)

Diabetes — no. (%) 4 (10) 8 (22)

Hypertension — no. (%) 7 (18) 11 (30)

Coronary artery disease — no. (%) 1 (3) 3 (8)

Immunocompromised state — no. (%)† 1 (3) 2 (5)

Underlying valve disease — no. (%) 39 (100) 35 (95)

Serum creatinine — mg/dl 0.90±0.67 1.28±1.85

EuroSCORE value‡ 6.7±1.7 6.4±1.6

Embolism on admission — no. (%) 17 (44) 19 (51)

Cerebral 11 (28) 11 (30)

Renal 7 (18) 6 (16)

Splenic 9 (23) 14 (38)

Left ventricular ejection fraction — % 60.7±7.2 61.7±5.1

Valve involved — no. (%)

Mitral 23 (59) 22 (59)

Aortic 11 (28) 11 (30)

Aortic and mitral 5 (13) 4 (11)

Vegetation diameter 14.1±3.5 13.5±3.2

>10–15 mm — no. (%) 26 (67) 26 (70)

>15 mm — no. (%) 13 (33) 11 (30)

Valvular disease — no. (%)

Severe stenosis 3 (8) 1 (3)

Severe regurgitation 36 (92) 36 (97)

Blood microorganism — no. (%)

Viridans streptococci 13 (33) 10 (27)

Other streptococci 12 (31) 11 (30)

Staphylococcus aureus 5 (13) 3 (8)

Enterococcus 1 (3) 2 (5)

Other§ 1 (3) 1 (3)

Negative culture¶ 7 (18) 10 (27)

* Plus–minus values are means ±SD. There were no significant differences be-
tween the groups.

† Patients with an immunocompromised state were those with a solid-organ 
transplant or a diagnosis of end-stage renal disease.

‡ Scores on the European System for Cardiac Operative Risk Evaluation  
(euroSCORE), a clinical model for assessing operative risk, range from 0 to 
39, with higher scores indicating greater risk.

§ Lactobacillus acidophilus was present in 1 patient with end-stage renal disease 
in the conventional-treatment group, and Haemophilus parainfluenzae was 
present in 1 patient in the early-surgery group.

¶ Of the 17 patients with negative cultures, 5 of 7 patients (71%) in the conven-
tional-treatment group and 8 of 10 (80%) in the early-surgery group had a his-
tory of antibiotic use.
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docarditis, results of blood cultures, use of antibi-
otic therapy, results of echocardiography, results 
of radiologic imaging studies, and operative risk. 
At baseline, all patients underwent transesopha-
geal echocardiography and computed tomography 
of the brain and abdomen with the administra-
tion of a contrast agent in order to detect any si-
lent embolism. Patients were randomly assigned 
in a 1:1 ratio to the early-surgery group or the 
conventional-treatment group with the use of a 
Web-based interactive response system. The treat-
ment assignments were computer-generated and 

stratified according to the involved valve and par-
ticipating center by means of a permuted-block 
sequence with variable block size. The protocol 
specified that patients who were assigned to the 
early-surgery group should undergo surgery with-
in 48 hours after randomization. Patients as-
signed to the conventional-treatment group were 
treated according to the AHA guidelines,2 and 
surgery was performed only if complications re-
quiring urgent surgery developed during medical 
treatment or if symptoms persisted after the com-
pletion of antibiotic therapy. Details of the study 
procedures are provided in the Supplementary 
Appendix, available at NEJM.org.

All patients were followed during hospitaliza-
tion; at 4 weeks, 6 weeks, 3 months, 6 months, 
and 1 year; and at 6-month intervals thereafter 
until September 2011.

STUDY END POINTS
The primary end point was a composite of in-
hospital death or clinical embolic events that oc-
curred within 6 weeks after randomization. An 
embolic event was defined as a systemic embolism 
fulfilling both prespecified criteria: the acute on-
set of clinical symptoms or signs of embolism 
and the occurrence of new lesions, as confirmed 
by follow-up imaging studies. Cutaneous mani-
festations or metastatic abscesses were not con-
sidered to be embolic events. A specific diagnosis 
of cerebral embolism was confirmed by an expe-
rienced neurologist on the basis of additional 
magnetic resonance imaging of the brain. We did 
not perform follow-up imaging studies system-
atically to detect subclinical embolic events. Pre-
specified secondary end points, at 6 months of 
follow-up, included death from any cause, em-
bolic events, recurrence of infective endocarditis, 
and repeat hospitalization due to the development 
of congestive heart failure.

STATISTICAL ANALYSIS
We estimated that a sample of 74 patients would 
provide 80% power to detect a significant differ-
ence with respect to the primary end point at a 
two-sided significance level of 0.05, assuming 
that the in-hospital event rate would be 23% in 
the conventional-treatment group and 3% in the 
early-surgery group. These rates were based on 
outcome data in the early prospective trial11 and 
our previous study.12

Analyses were performed on an intention-to-

76 Underwent randomization

90 Were assessed for eligibility

14 Were excluded
5 Had major stroke
5 Were in poor medical

condition
4 Declined to participate

44 Were excluded
26 Underwent urgent surgery
18 Did not have severe

valve disease or vegetation
>10 mm and underwent
medical treatment

37 Were assigned to early-surgery group 39 Were assigned to conventional-
treatment group

134 Patients received a diagnosis
of endocarditis

37 Underwent early surgery
3 Died

39 Underwent conventional treatment
3 Died

37 Were included in the analysis 39 Were included in the analysis

Figure 1. Study Enrollment.

Of the 134 patients who received a definite diagnosis of infective endocar-
ditis, 26 required urgent surgery and 18 did not have large vegetations or 
severe valve disease; 90 patients were assessed for eligibility, 14 of whom 
were excluded. Of the 76 patients who underwent randomization, 37 were 
assigned to the early-surgery group and 39 to the conventional-treatment 
group; all these patients were included in the intention-to-treat analysis.
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BACKGROUND
The timing and indications for surgical intervention to prevent systemic embolism in 
infective endocarditis remain controversial. We conducted a trial to compare clinical 
outcomes of early surgery and conventional treatment in patients with infective 
endocarditis.

METHODS
We randomly assigned patients with left-sided infective endocarditis, severe valve 
disease, and large vegetations to early surgery (37 patients) or conventional treatment 
(39). The primary end point was a composite of in-hospital death and embolic 
events that occurred within 6 weeks after randomization.

RESULTS
All the patients assigned to the early-surgery group underwent valve surgery within 
48 hours after randomization, whereas 30 patients (77%) in the conventional-treat-
ment group underwent surgery during the initial hospitalization (27 patients) or 
during follow-up (3). The primary end point occurred in 1 patient (3%) in the early-
surgery group as compared with 9 (23%) in the conventional-treatment group (haz-
ard ratio, 0.10; 95% confidence interval [CI], 0.01 to 0.82; P = 0.03). There was no 
significant difference in all-cause mortality at 6 months in the early-surgery and 
conventional-treatment groups (3% and 5%, respectively; hazard ratio, 0.51; 95% CI, 
0.05 to 5.66; P = 0.59). The rate of the composite end point of death from any cause, 
embolic events, or recurrence of infective endocarditis at 6 months was 3% in the 
early-surgery group and 28% in the conventional-treatment group (hazard ratio, 
0.08; 95% CI, 0.01 to 0.65; P = 0.02).

CONCLUSIONS
As compared with conventional treatment, early surgery in patients with infective 
endocarditis and large vegetations significantly reduced the composite end point of 
death from any cause and embolic events by effectively decreasing the risk of sys-
temic embolism. (EASE ClinicalTrials.gov number, NCT00750373.)
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treat basis. Differences between the treatment 
groups were evaluated with the use of the Mann–
Whitney U test for continuous variables and 
Fisher’s exact test for categorical variables. Be-
cause randomization was stratified according to 
involved valve, we performed stratified Cox pro-
portional-hazards regression analyses for the out-
comes. A likelihood ratio test for homogeneity was 
performed, indicating that the assumption of 
homogeneity was not violated (P = 0.99 for both 
outcomes). Estimates of cumulative event rates 
were calculated by means of the Kaplan–Meier 
method and were compared with the use of the 
log-rank test. For the Kaplan–Meier analysis, we 
analyzed all clinical events according to the time 
to the first event. Hazard ratios with 95% confi-
dence intervals were derived with the use of the 
stratified Cox proportional-hazards model. All re-
ported P values are two-sided; a P value of 0.05 
was considered to indicate statistical significance. 
SAS software, version 9.1 (SAS Institute), was used 
for statistical analyses.

R ESULT S

CHARACTERISTICS OF THE PATIENTS
From September 2006 through March 2011, a to-
tal of 76 patients with infective endocarditis who 
were candidates for early preemptive surgery were 
enrolled at the Asan Medical Center (71 patients) 
and Seoul National University Hospital (5) in Ko-
rea. We randomly assigned these patients to ear-
ly surgery (37 patients) or conventional treatment 
(39). The enrollment profile is shown in Figure 1.

The treatment groups were generally well bal-
anced with regard to baseline clinical character-
istics (Table 1). The mean age of the patients was 
47 years, and 67% were men. The mitral valve 
was involved in 45 patients, the aortic valve in 
22, and both valves in 9. Severe mitral regurgita-
tion was observed in 45 patients, severe aortic re-
gurgitation in 23, severe aortic stenosis in 3, se-
vere mitral regurgitation and stenosis in 1, and 
both severe mitral regurgitation and aortic re-
gurgitation in 4. The median diameter of vegeta-
tion was 12 mm (interquartile range, 11 to 17). 
All patients met the Duke criteria for definite 
endocarditis; the most common pathogens in 
both groups were viridans streptococci (in 30% 
of all patients), other streptococci (in 30%), and 
Staphylococcus aureus (in 11%). The adequacy of 
antibiotic therapy was compared between treat-

Table 1. Clinical and Echocardiographic Characteristics of the Patients 
at Baseline, According to Treatment Group.*

Characteristic

Conventional 
Treatment

(N = 39)

Early  
Surgery
(N = 37)

Age — yr 47.8±17.5 45.5±14.9

Male sex — no. (%) 27 (69) 24 (65)

Diabetes — no. (%) 4 (10) 8 (22)

Hypertension — no. (%) 7 (18) 11 (30)

Coronary artery disease — no. (%) 1 (3) 3 (8)

Immunocompromised state — no. (%)† 1 (3) 2 (5)

Underlying valve disease — no. (%) 39 (100) 35 (95)

Serum creatinine — mg/dl 0.90±0.67 1.28±1.85

EuroSCORE value‡ 6.7±1.7 6.4±1.6

Embolism on admission — no. (%) 17 (44) 19 (51)

Cerebral 11 (28) 11 (30)

Renal 7 (18) 6 (16)

Splenic 9 (23) 14 (38)

Left ventricular ejection fraction — % 60.7±7.2 61.7±5.1

Valve involved — no. (%)

Mitral 23 (59) 22 (59)

Aortic 11 (28) 11 (30)

Aortic and mitral 5 (13) 4 (11)

Vegetation diameter 14.1±3.5 13.5±3.2

>10–15 mm — no. (%) 26 (67) 26 (70)

>15 mm — no. (%) 13 (33) 11 (30)

Valvular disease — no. (%)

Severe stenosis 3 (8) 1 (3)

Severe regurgitation 36 (92) 36 (97)

Blood microorganism — no. (%)

Viridans streptococci 13 (33) 10 (27)

Other streptococci 12 (31) 11 (30)

Staphylococcus aureus 5 (13) 3 (8)

Enterococcus 1 (3) 2 (5)

Other§ 1 (3) 1 (3)

Negative culture¶ 7 (18) 10 (27)

* Plus–minus values are means ±SD. There were no significant differences be-
tween the groups.

† Patients with an immunocompromised state were those with a solid-organ 
transplant or a diagnosis of end-stage renal disease.

‡ Scores on the European System for Cardiac Operative Risk Evaluation  
(euroSCORE), a clinical model for assessing operative risk, range from 0 to 
39, with higher scores indicating greater risk.

§ Lactobacillus acidophilus was present in 1 patient with end-stage renal disease 
in the conventional-treatment group, and Haemophilus parainfluenzae was 
present in 1 patient in the early-surgery group.

¶ Of the 17 patients with negative cultures, 5 of 7 patients (71%) in the conven-
tional-treatment group and 8 of 10 (80%) in the early-surgery group had a his-
tory of antibiotic use.
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BACKGROUND
The timing and indications for surgical intervention to prevent systemic embolism in 
infective endocarditis remain controversial. We conducted a trial to compare clinical 
outcomes of early surgery and conventional treatment in patients with infective 
endocarditis.

METHODS
We randomly assigned patients with left-sided infective endocarditis, severe valve 
disease, and large vegetations to early surgery (37 patients) or conventional treatment 
(39). The primary end point was a composite of in-hospital death and embolic 
events that occurred within 6 weeks after randomization.

RESULTS
All the patients assigned to the early-surgery group underwent valve surgery within 
48 hours after randomization, whereas 30 patients (77%) in the conventional-treat-
ment group underwent surgery during the initial hospitalization (27 patients) or 
during follow-up (3). The primary end point occurred in 1 patient (3%) in the early-
surgery group as compared with 9 (23%) in the conventional-treatment group (haz-
ard ratio, 0.10; 95% confidence interval [CI], 0.01 to 0.82; P = 0.03). There was no 
significant difference in all-cause mortality at 6 months in the early-surgery and 
conventional-treatment groups (3% and 5%, respectively; hazard ratio, 0.51; 95% CI, 
0.05 to 5.66; P = 0.59). The rate of the composite end point of death from any cause, 
embolic events, or recurrence of infective endocarditis at 6 months was 3% in the 
early-surgery group and 28% in the conventional-treatment group (hazard ratio, 
0.08; 95% CI, 0.01 to 0.65; P = 0.02).

CONCLUSIONS
As compared with conventional treatment, early surgery in patients with infective 
endocarditis and large vegetations significantly reduced the composite end point of 
death from any cause and embolic events by effectively decreasing the risk of sys-
temic embolism. (EASE ClinicalTrials.gov number, NCT00750373.)
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ment groups (Table 2). There were no significant 
between-group differences in terms of control of 
the underlying infection, the antibiotic regimen 
used, or the duration of antibiotic therapy.

SURGICAL PROCEDURES

All patients in the early-surgery group underwent 
valve surgery within 48 hours after randomiza-
tion; the median time between randomization and 
surgery was 24 hours (interquartile range, 7 to 45). 
Of the 22 patients with involvement of the mitral 
valve, 8 patients underwent mitral-valve repair and 
14 underwent mitral-valve replacement with a me-
chanical valve. Of the 15 patients with involvement 
of the aortic valve or both the mitral and aortic 
valves, 14 underwent mechanical-valve replacement 
and 1 underwent valve replacement with a biologic 
prosthesis. Concomitant coronary-artery bypass 
grafting at the time of valve surgery was per-
formed in 2 patients (5%).

Of the 39 patients assigned to the convention-
al-treatment group, 30 (77%) underwent surgery 
during the initial hospitalization (27 patients) or 
during follow-up (3). The surgical procedures 
included 11 mitral-valve repairs, 6 mitral-valve 
replacements (with 5 patients receiving a mechan-
ical valve and 1 a biologic prosthesis), 11 aortic-
valve replacements (with 9 patients receiving a 
mechanical valve and 2 a biologic prosthesis), 
and 2 combined aortic-valve replacements (with 
1 patient receiving a mechanical valve and 1 a 
biologic prosthesis) and mitral-valve repairs. In 
8 patients (21%), indications for urgent surgery 
developed during hospitalization (median time to 
surgery after randomization, 6.5 days [interquar-
tile range, 6 to 10]). Elective surgery was performed 
in an additional 22 patients owing to symptoms or 
left ventricular dysfunction more than 2 weeks 
after randomization. Surgical results are shown 
in the Supplementary Appendix.

PRIMARY END POINT
The primary end point of in-hospital death or em-
bolic events within the first 6 weeks after random-
ization occurred in one patient (3%) in the early-
surgery group, as compared with nine (23%) in 
the conventional-treatment group (hazard ratio, 
0.10; 95% confidence interval [CI], 0.01 to 0.82; 
P = 0.03). In the early-surgery group, one patient 
died in the hospital and no patients had embolic 
events; in the conventional-treatment group, one 
patient died in the hospital and eight patients had 
embolic events (Table 3). All the primary end points 
in the conventional-treatment group occurred be-
fore valve surgery. No patients died within 30 days 
after surgery in either group. At 6 weeks after 
randomization, the rate of embolism was 0% in 

Table 2. Characteristics of Antibiotic Therapy, According to Treatment Group.

Characteristic

Conventional  
Treatment

(N = 39)

Early  
Surgery
(N = 37) P Value

Control of the underlying infection

Defeverescence — days

Median 2 2 0.21

Interquartile range 1–6 1–3

Persistence of bacteremia — no. (%)* 1 (3) 0 1.00

Antibiotic regimen

Beta-lactam–based therapy — no. (%) 39 (100) 37 (100) 1.00

Beta-lactam antibiotic alone 26 (67) 27 (73) 0.62

Beta-lactam antibiotic with amino-
glycoside†

13 (33) 10 (27) 0.62

Duration — days

Median 35 35 0.93

Interquartile range 28–42 28–42

* Persistence of bacteremia was defined as positive blood cultures 1 week after 
antibiotic therapy was initiated.

† An aminoglycoside was administered for 2 or more weeks.

Table 3. Clinical End Points.

Outcome

Conventional 
Treatment

(N = 39)

Early  
Surgery
(N = 37) P Value

Primary end point — no. (%)

In-hospital death or embolic event  
at 6 wk

9 (23) 1 (3) 0.01

In-hospital death 1 (3) 1 (3) 1.00

Embolic event at 6 wk

Any 8 (21) 0 0.005

Cerebral 5 (13) 0

Coronary 1 (3) 0

Popliteal 1 (3) 0

Splenic 1 (3) 0

Secondary end points at 6 mo —  
no. (%)

Any 11 (28) 1 (3) 0.003

Death 2 (5) 1 (3) 1.00

Embolic event 8 (21) 0 0.005

Recurrence of infective endocarditis 1 (3) 0 1.00
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Résultats

• Chirurgie précoce vs chirurgie “conservatrice”  
évite les complications emboliques 

77% 30/39 des patients “conventionnels” 
avec chirurgie 

- 8/39 en urgence 

- 22/39 à distance pour IC  
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• 32 patients 

• Recours fréquent à l’hémofiltration (19/32 
soit 62 % )

•  Légère surmortalité (8/29 soit 28 %)

• Date de chirurgie 8 j +/- 9

• Choc souvent mixte (9/29 soit 33%)

Choc septique
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Traitement médical 

• Traitement par défaut pour des patients 
contre-indiqués à la chirurgie 

• 28 patients /100

• Surmortalité (13/28 soit 46 % ) 
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Programmé
33 %

Rapide
49 %

Urgente
17 %

Date Moyenne chirurgie 
9,1+/- 16 j

Chirurgie 

Recours fréquent  - 72/100

«Sous-Mortalité»  - 7/72 soit 9%
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“Take home message”
• La chirurgie est le plus 

souvent indispensable au 
cours de l’évolution 

• Les indications 
hémodynamiques sont les 
plus fréquentes et urgentes 

• Une EI avec IAo aigue peut 
de dégrader très 
rapidement 

• Les indications préventives 
précoces sont  ( trop !) peu 
développées 

• Mais éviteraient des AVC...

• Tout AVC n’est pas une CI 
à la chirurgie ...

 - PEC des EI par la Heart Team  
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valve native
62 %

valve Biologique
21 %

valve mécanique
7 %

Sondes PM
10 %

Communautaire
69 %

Healthcare non nosoc
12 %

Healthcare nosocomial
19 %

(2)
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Caractéristiques générales 
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