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The content of these European Society of Cardiology (ESC) Guidelines has been published for personal and educational use only. No commercial use is authorized. No part of the
ESC Guidelines may be translated or reproduced in any form without written permission from the ESC. Permission can be obtained upon submission of a written request to Oxford
University Press, the publisher of the European Heart Journal and the party authorized to handle such permissions on behalf of the ESC.

Disclaimer. The ESC Guidelines represent the views of the ESC and were arrived at after careful consideration of the available evidence at the time they were written. Health
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guardian or carer. It is also the health professional’s responsibility to verify the rules and regulations applicable to drugs and devices at the time of prescription.
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Infective Endocarditis

Temporal Trends in Infective Endocarditis
in the Context of Prophylaxis Guideline Modifications
Three Successive Population-Based Surveys
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Paris, Lyon, Nancy, Rennes, Bron, Montpellier, and Besançon, France

Objectives The goal of this study was to evaluate temporal trends in infective endocarditis (IE) incidence and clinical
characteristics after 2002 French IE prophylaxis guideline modifications.

Background There are limited data on changes in the epidemiology of IE since recent guidelines recommended restricting
the indications of antibiotic prophylaxis of IE.

Methods Three 1-year population-based surveys were conducted in 1991, 1999, and 2008 in 3 French regions totaling
11 million inhabitants age !20 years. We prospectively collected IE cases from all medical centers and ana-
lyzed age- and sex-standardized IE annual incidence trends.

Results Overall, 993 expert-validated IE cases were analyzed (323 in 1991; 331 in 1999; and 339 in 2008). IE incidence
remained stable over time (95% confidence intervals given in parentheses/brackets): 35 (31 to 39), 33 (30 to
37), and 32 (28 to 35) cases per million in 1991, 1999, and 2008, respectively. Oral streptococci IE incidence
did not increase either in the whole patient population (8.1 [6.4 to 10.1], 6.3 [4.8 to 8.1], and 6.3 [4.9 to 8.0] in
1991, 1999, and 2008, respectively) or in patients with pre-existing native valve disease. The increased inci-
dence of Staphylococcus aureus IE (5.2 [3.9 to 6.8], 6.8 [5.3 to 8.6], and 8.2 [6.6 to 10.2]) was not significant in
the whole patient population (p ! 0.228) but was significant in the subgroup of patients without previously
known native valve disease (1.6 [0.9 to 2.7], 3.7 [2.6 to 5.1], and 4.1 [3.0 to 5.6]; p ! 0.012).

Conclusions Scaling down antibiotic prophylaxis indications was not associated with an increased incidence of oral strepto-
coccal IE. A focus on avoidance of S. aureus bacteremia in all patients, including those with no previously known
valve disease, will be required to improve IE prevention. (J Am Coll Cardiol 2012;59:1968–76) © 2012 by the
American College of Cardiology Foundation
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was depicted by a drastic decrease in the number of
prescribed antibiotic prophylaxis assessed through National
Health Service medication reimbursement data. However,
their data on IE incidence originated from codified dis-
charge diagnosis data, not from expert-validated diagnostic
classification, which presents several limitations. Notably,
this method permits the description of broad general ten-
dencies but is unable to provide precise analysis of epide-
miological evolution including microbial modification.

We observed this reassuring absence of increases in
streptococci IE incidence both in the overall population of
IE patients and in patients with previously known native
valve heart disease (i.e., those for whom IE prophylaxis was
no longer recommended after the 2002 French IE prophy-
laxis guidelines). In addition, similar findings resulted using
different case definitions (modified von Reyn or Duke
classifications). Our evaluation of incidence evolution is
based on a highly accurate estimation of streptococcal IE
incidence. First, each streptococcal strain identification was
cross-validated by the national reference center for strepto-

cocci. Second, all IE cases were checked by a multidisci-
plinary adjudication committee leading to the exclusion of a
high number of cases initially considered as potential IE by
the primary care physicians. This process underlines both
the difficulty of IE diagnosis and, in epidemiological sur-
veillance, the need for critical and careful appraisal of data
from inpatient charts, which represent nonexpert-validated
IE cases (19). In addition, the 3 surveys were conducted by
the same group of investigators, using similar methods and
classifications, thus limiting the risks of definition biases.
We cannot definitely claim that IE prophylaxis modification
did not lead to an increase in the incidence of oral
streptococcal IE; given the low number of streptococcal IE
in patients with previously known heart disease, the limited
number of cases collected would have allowed us to detect
only a major increase in IE incidence in this group of
patients. Furthermore, the stability of streptococcal IE
incidence despite IE antibiotic prophylaxis reduction for
bucco-dental procedures could reflect practitioners’ lack of
compliance with these new recommendations. However, in

Factors Associated With In-Hospital Mortality in Each of the 3 Surveys(1991, 1999, and 2008) and in the Pooled Survey PopulationTable 2 Factors Associated With In-Hospital Mortality in Each of the 3 Surveys
(1991, 1999, and 2008) and in the Pooled Survey Population

Factor N

In-Hospital Death Bivariate Regression Multivariate Regression

n % Odds Ratio 95% CI p Value Odds Ratio 95% CI

Age (yr)

1991 305 63 20.7 1.03 1.01–1.05 0.003 1.03 1.00–1.05

1999 331 51 15.4 1.03 1.01–1.06 !0.001 1.04 1.02–1.07

2008 339 72 21.2 1.04 1.02–1.06 !0.001 1.05 1.02–1.07

1991–1999–2008 975 186 19.1 1.03 1.02–1.04 !0.001 1.04 1.03–1.05

Prosthetic valve

1991 69 23 33.3 2.45 1.34–4.49 0.004 2.56 1.13–5.84

1999 58 13 22.4 1.79 0.88–3.62 0.118

2008 84 20 23.8 1.22 0.68–2.19 0.510

1991–1999–2008 211 56 26.5 1.76 1.23–2.52 0.002

Staphylococcaceae*

1991 62 23 37.1 2.99 1.62–5.55 !0.001 3.11 1.38–7.00

1999 90 27 30.0 3.88 2.09–7.18 !0.001 5.29 2.73–10.26

2008 122 43 35.2 3.53 2.06–6.05 !0.001 3.95 2.23–7.00

1991–1999–2008 274 93 33.9 3.36 2.41–4.68 !0.001 4.15 2.84–6.06

Cerebral emboli

1991 43 14 32.6 2.25 1.04–4.83 0.042

1999 50 8 16.0 1.05 0.46–2.40 0.900

2008 78 26 33.3 2.34 1.32–4.13 0.004 2.90 1.55–5.42

1991–1999–2008 171 48 28.1 1.95 1.32–2.87 0.001 2.00 1.31–3.03

Cardiac surgery

1991 94 21 22.3 1.15 0.64–2.08 0.643

1999 166 17 10.2 0.44 0.23–0.82 0.008

2008 168 30 17.9 0.67 0.39–1.13 0.130

1991–1999–2008 428 68 15.9 0.69 0.49–0.95 0.023

Survey year †

1991 305 63 20.7 1.00 0.104 1.00

1999 331 51 15.4 0.70 0.47–1.05 0.56 0.34–0.92

2008 339 72 21.2 1.04 0.71–1.52 0.65 0.40–1.05

Four statistical models were built, 1 for each of the 3 surveys and the last one for the pooled population of 975 patients. The survey year variable was only included in the last model. Blank cells correspond
to nonsignificant characteristics in the multivariate regression model. *Staphylococcaceae group includes Staphylococcus aureus, coagulase-negative staphylococci, and other staphylococcaceae.
†Variables analyzed only in the model pooling the 3 surveys.

CI " confidence interval.
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streptococcal IE; given the low number of streptococcal IE
in patients with previously known heart disease, the limited
number of cases collected would have allowed us to detect
only a major increase in IE incidence in this group of
patients. Furthermore, the stability of streptococcal IE
incidence despite IE antibiotic prophylaxis reduction for
bucco-dental procedures could reflect practitioners’ lack of
compliance with these new recommendations. However, in

Factors Associated With In-Hospital Mortality in Each of the 3 Surveys(1991, 1999, and 2008) and in the Pooled Survey PopulationTable 2 Factors Associated With In-Hospital Mortality in Each of the 3 Surveys
(1991, 1999, and 2008) and in the Pooled Survey Population

Factor N

In-Hospital Death Bivariate Regression Multivariate Regression

n % Odds Ratio 95% CI p Value Odds Ratio 95% CI

Age (yr)

1991 305 63 20.7 1.03 1.01–1.05 0.003 1.03 1.00–1.05

1999 331 51 15.4 1.03 1.01–1.06 !0.001 1.04 1.02–1.07

2008 339 72 21.2 1.04 1.02–1.06 !0.001 1.05 1.02–1.07

1991–1999–2008 975 186 19.1 1.03 1.02–1.04 !0.001 1.04 1.03–1.05

Prosthetic valve

1991 69 23 33.3 2.45 1.34–4.49 0.004 2.56 1.13–5.84

1999 58 13 22.4 1.79 0.88–3.62 0.118

2008 84 20 23.8 1.22 0.68–2.19 0.510

1991–1999–2008 211 56 26.5 1.76 1.23–2.52 0.002

Staphylococcaceae*

1991 62 23 37.1 2.99 1.62–5.55 !0.001 3.11 1.38–7.00

1999 90 27 30.0 3.88 2.09–7.18 !0.001 5.29 2.73–10.26

2008 122 43 35.2 3.53 2.06–6.05 !0.001 3.95 2.23–7.00

1991–1999–2008 274 93 33.9 3.36 2.41–4.68 !0.001 4.15 2.84–6.06

Cerebral emboli

1991 43 14 32.6 2.25 1.04–4.83 0.042

1999 50 8 16.0 1.05 0.46–2.40 0.900

2008 78 26 33.3 2.34 1.32–4.13 0.004 2.90 1.55–5.42

1991–1999–2008 171 48 28.1 1.95 1.32–2.87 0.001 2.00 1.31–3.03

Cardiac surgery

1991 94 21 22.3 1.15 0.64–2.08 0.643

1999 166 17 10.2 0.44 0.23–0.82 0.008

2008 168 30 17.9 0.67 0.39–1.13 0.130

1991–1999–2008 428 68 15.9 0.69 0.49–0.95 0.023

Survey year †

1991 305 63 20.7 1.00 0.104 1.00

1999 331 51 15.4 0.70 0.47–1.05 0.56 0.34–0.92

2008 339 72 21.2 1.04 0.71–1.52 0.65 0.40–1.05

Four statistical models were built, 1 for each of the 3 surveys and the last one for the pooled population of 975 patients. The survey year variable was only included in the last model. Blank cells correspond
to nonsignificant characteristics in the multivariate regression model. *Staphylococcaceae group includes Staphylococcus aureus, coagulase-negative staphylococci, and other staphylococcaceae.
†Variables analyzed only in the model pooling the 3 surveys.

CI " confidence interval.
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ology evolution after the recent drastic restrictions in IE
prophylaxis indications.

Population-based surveys most accurately analyze IE
characteristics because they avoid major referral bias (2,15).
The rarity of this disease, concern about its diagnosis, and
the diversity of physicians potentially involved make exhaus-
tive data collection difficult. Studies describing temporal
changes in IE characteristics necessitate either prolonged
longitudinal follow-up of a predefined and usually small
population pool or repeated temporal cross-sectional surveys
providing an intensive, time-limited assessment of a larger
population pool. We chose the latter approach to collect
very large samples of IE cases (several hundred) among a
population of 11 million (one fifth of the total French
population) over three 1-year periods.
Increase in the incidence of staphylococci IE. This tem-
poral comparison underlines the evolving nature of IE
despite the stability of the incidence rate, with an aging
population with increasing rates of comorbidities. On the
contrary, the rate of patients with pre-existing native valve
diseases has more than halved in 18 years (1 in 5 patients in
2008). This evolving nature of IE is also reflected by its
microbiological profile. Whereas there are contradictory
data on the evolution of micro-organisms responsible for
IE, our study provides clear evidence of the increase of both
S. aureus and coagulase-negative staphylococci IE rates and

incidences. This increase may not be attributed to referral
bias, to a modification of intravenous drug use prevalence
(because its rate remained stable over time), or to an increase
of S. aureus IE due to community-acquired methicillin-
resistant clones (none were isolated in the 2008 survey). The
increased incidence of staphylococci must be considered in
the light of the increased number of patients with prosthetic
valve IE, pacemaker IE, diabetes mellitus, all conditions
associated with staphylococcal bacteremia. This is consistent
with the significant increase in the rate of cerebral and
peripheral emboli, identified as more frequent in patients
with staphylococcal IE (33). When considering staphyloc-
cocal IE incidence change, the only statistically significant
increase concerned staphylococcal IE cases occurring in
patients with no previously known valvular diseases, a
population not targeted by IE prophylaxis.
Stability of streptococcal IE. Streptococcal IE incidence
did not increase between 1999 and 2008, despite IE
antibiotic prophylaxis indications being discontinued for
most patients since 2002 in France. These results are
consistent with those of a recent study conducted in the
United Kingdom that excluded any large increase in the
incidence of IE in the 2 years after the U.K. National
Institute for Health and Clinical Excellence guideline mod-
ifications, which were implemented by dentists and physi-
cians (20). This compliance with the modified guidelines

Figure 2 Temporal Trends in IE Age- and Sex-Standardized Incidence for All Micro-Organisms
and According to Underlying Heart Disease and Micro-organisms

IE ! infective endocarditis.
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48 patients with no identified indications (Table 4). Patients with no
identified indications had a higher risk profile: they were significantly
older, had higher Charlson comorbidity index, and more frequent
healthcare-associated IE than patients with an indication and surgery
performed. Conversely, operated patients presented with significantly
more frequent severe regurgitations, multivalve IE, and a trend towards
more frequent congestive heart failure and embolic events.

The 48 patients with no identified indication were compared with
the 42 patients who had an identified indication for surgery accord-
ing to the guidelines, and according to the attending physicians, but
in whom cardiac surgery was considered contraindicated (Table 5).
Apart from the frequency of severe regurgitation, there were no
differences in patient characteristics between the two subgroups.

Reasons advocated for the absence of surgery in patients with
identified indication by the attending physicians were either singly

or in combination, prohibitive operative risk due to general status
in 62% of patients, death before surgery in 21%, improvement of
heart failure in 21%, severe neurological impairment in 17%, patient

Figure 1 Distribution of indications for surgery according to European Society of Cardiology guidelines and practices.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 3 Agreement between indications for surgery
according to European Society of Cardiology guidelines,
and the actual performance of surgery

Surgery
performed

Surgery not
performed

ESC guidelines

Indication 131 90

No indication 8 74

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Agreement on indications for surgery between the attending physicians and European Society of Cardiology
guidelines

Guidelines indication Attending physicians Agreement (%) Kappa coefficient [95% CI]

Indication No indication

Heart failure 79 0.59 [0.50–0.68]

Indication 123 43

No indication 20 117

Uncontrolled infection 80 0.40 [0.27–0.52]

Indication 33 30

No indication 30 210

Prevention of embolism 74 0.41 [0.30–0.52]

Indication 61 37

No indication 42 163

≥1 indication for surgery 77 0.48 [0.37–0.58]

Indication 173 48

No indication 21 61

CI, confidence interval.
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Aims Indications for surgery in acute infective endocarditis (IE) are detailed in guidelines, but their application is not well
known. We analysed the agreement between the patient’s attending physicians and European Society of Cardiology
guidelines regarding indications for surgery. We also assessed whether surgery was performed in patients who had
an indication.

Methods
and results

From the 2008 prospective population-based French survey on IE, 303 patients with definite left-sided native IE were
identified. For each case, we prospectively recorded (i) indication for surgery according to the attending physicians and
(ii) indication for surgery according to guidelines. Surgery was indicated in 194 (65%) patients according to attending
physicians and in 221 (73%) according to guidelines, while 139 (46%) underwent surgery. Agreement was moderate
between attending physicians and guidelines (kappa 0.41–0.59) and between indication according to guidelines and
the performance of surgery (kappa 0.38). Of the 90 (30%) patients not operated despite indication, contraindication
to surgery was reported by the attending physicians in 42 (47%), and indication was not identified in 48 (53%). One-year
survival was 76% in patients with indication and surgery performed (n ¼ 131), 69% in patients without indication and no
surgery (n ¼ 74), 56% in patients with identified indication and contraindication to surgery (n ¼ 42), and 60% in patients
with no identified indication (n ¼ 48; P ¼ 0.059).

Conclusion Cardiac surgery during acute IE was recommended in almost three out of four patients, although fewer than half were
actually operated. Indication was not acknowledged by the attending physicians in one out of six patients.
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refusal in 17%, cardiac status in 13%, septic status in 8%, and unavail-
ability of surgery in 4%.

One-year survival
One-year survival is represented in Figure 2 according to indications
for surgery and surgery actually performed. Hazard ratios adjusted
for age and Charlson comorbidity index, when compared with
patients with an indication and surgery performed were:

1.66 (95% CI 0.91–3.05, P ¼ 0.10) for patients with identified indi-
cation (but contraindication to surgery),

1.24 (95% CI 0.69–2.24, P ¼ 0.48) for patients with no identified
indication,

1.03 (95% CI 0.59–1.81, P ¼ 0.91) for patients with no indication
and surgery not performed.

Discussion
In the present study, up to 73% of patients had at least one class I or
IIa indication for cardiac surgery during the acute phase of IE accord-
ing to ESC guidelines. Disagreement was observed between guide-
lines and the attending physicians, and between guidelines and the
actual performance of surgery. The 16% of patients we classified
as ‘no identified indication’ were not significantly different from pa-
tients with identified indications and contraindications to surgery.

Population
A strength of this study is its population-based design, which limits
referral biases observed in series from tertiary care centres. Mean
age over 60 years, male predominance, and the predominance of
staphylococci are consistent with other recent population-based
studies.13,14 These characteristics differ from earlier population-
based studies which enrolled younger patients, and identified
streptococci as the most frequent microorganism.15,16 These

changes were illustrated in the 3 French population-based studies
on IE performed in 1991, 1999, and 2008.17

We restricted the analysis to left-sided native IE because (i) indi-
cations for cardiac surgery are more limited in right-sided than in
left-sided IE and (ii) indications for surgery in prosthetic IE were ad-
dressed separately in guidelines. As prosthetic IE accounted for only
21% of all cases of IE in the 2008 French survey,12 the analysis of
decision-making for surgery was restricted to left-sided native valve
IE. Cardiac surgery was performed during acute IE in 46% of pa-
tients, which is consistent with other contemporary series in Europe
and the USA.18–21

Guidelines
Although this survey was conducted in 2008, we based our analysis
on the 2009 ESC guidelines. The 2004 ESC guidelines did not grade
recommendations for surgery and presented discrepancies with the
2009 issue. On the other hand, the 2005 guidelines from the French
Society of Cardiology on the management of valvular disease were
very close to the 2009 ESC guidelines regarding their recommenda-
tions for cardiac surgery during the acute phase of IE, and can be
considered as the ‘reference document’ during the study period.22

Agreement between guidelines and the
attending physicians
The present study is, to our knowledge, the first to specifically
analyse the agreement between guidelines and the opinion of
the attending physicians. Indications for surgery were in agree-
ment in 77% of cases, with a kappa coefficient of 0.48 indicating
a moderate concordance. When considering the type of indica-
tion, the best agreement was observed for indications related to
heart failure (kappa 0.59), while the kappa coefficient was only
around 0.40 for uncontrolled infection and prevention of

Figure 2 One-year survival according to the concordance between European Society of Cardiology guidelines and practices.
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Aims Indications for surgery in acute infective endocarditis (IE) are detailed in guidelines, but their application is not well
known. We analysed the agreement between the patient’s attending physicians and European Society of Cardiology
guidelines regarding indications for surgery. We also assessed whether surgery was performed in patients who had
an indication.

Methods
and results

From the 2008 prospective population-based French survey on IE, 303 patients with definite left-sided native IE were
identified. For each case, we prospectively recorded (i) indication for surgery according to the attending physicians and
(ii) indication for surgery according to guidelines. Surgery was indicated in 194 (65%) patients according to attending
physicians and in 221 (73%) according to guidelines, while 139 (46%) underwent surgery. Agreement was moderate
between attending physicians and guidelines (kappa 0.41–0.59) and between indication according to guidelines and
the performance of surgery (kappa 0.38). Of the 90 (30%) patients not operated despite indication, contraindication
to surgery was reported by the attending physicians in 42 (47%), and indication was not identified in 48 (53%). One-year
survival was 76% in patients with indication and surgery performed (n ¼ 131), 69% in patients without indication and no
surgery (n ¼ 74), 56% in patients with identified indication and contraindication to surgery (n ¼ 42), and 60% in patients
with no identified indication (n ¼ 48; P ¼ 0.059).

Conclusion Cardiac surgery during acute IE was recommended in almost three out of four patients, although fewer than half were
actually operated. Indication was not acknowledged by the attending physicians in one out of six patients.
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Aims To determine whether the timing of surgery could influence mortality and morbidity in adults with complicated infec-
tive endocarditis (IE).

Methods
and results

In 291 consecutive adults with definite IE who underwent surgery during the active phase, we compared those oper-
ated on within the first week of antimicrobial therapy (n ¼ 95) to those operated on later (n ¼ 191). The impact of
the timing of surgery on 6-month mortality, relapses, and postoperative valvular dysfunctions (PVD) was analysed
using propensity score (PS) analyses. After stratification of the cohort into quintiles based on the PS, !1st week
surgery was associated with a trend of decrease in 6-month mortality in the quintile of patients with the most like-
lihood of undergoing this early surgical management [quintile 5: 11% vs. 33%, odds ratio (OR) ¼ 0.18, 95% CI (con-
fidence interval) 0.04–0.83, P ¼ 0.03]. Patients of this subgroup were younger, were more likely to have
Staphylococcus aureus infections, congestive heart failure, and larger vegetations. Besides, !1st week surgery was
associated with an increased number of relapses or PVD (16% vs. 4%, adjusted OR ¼ 2.9, 95% CI 0.99–8.40,
P ¼ 0.05).

Conclusion Surgery performed very early may improve survival in patients with the most severe complicated IE. However, a
greater risk of relapses and PVD should be expected when surgery is performed very early.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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Introduction
The number of patients operated on during the active phase of
infective endocarditis (IE) has increased during the last decade
and ranges from 30% to 60%.1,2 Recent changes in the epidemio-
logical profile of the disease could explain this trend, with an
increase in complicated situations owing to a greater incidence
of more virulent microorganisms and intracardiac material infec-
tions.3–5 Moreover, the development of surgical techniques and
publications of large studies demonstrating the beneficial effect
of surgery in complicated endocarditis6–8 have encouraged

physicians to offer surgical treatment to an increasing number of
patients. However, not only does the effect of surgery not seem
to be uniform in all patients,8–10 but uncertainties remain about
the optimal timing of the operation. Although the indications for
surgery are well-defined in the international guidelines,11–13 no
consensus exists on the optimal timing of surgical treatment
during the active phase of infection because of a lack of evidence-
based data. A recent study addressed this subject but did not find
an independent effect of the timing of surgery on mortality, and it
did not analyse its impact on the subsequent risk of relapses or

* Corresponding author. Tel: þ33 4 91 38 75 88, Fax: þ33 4 91 38 47 64, Email: gilbert.habib@free.fr
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abscess in one patient, and unknown in one patient. After adjust-
ment for PS quintiles, no significant effect of !1st week surgery
was observed on 6-month mortality in the entire cohort [15%
vs. 12%, adjusted odds ratio (OR) ¼ 1.3, 95% CI 0.55–3.06,
P ¼ 0.55] as well as when the timing of surgery was tested as a
continuous variable (adjusted OR ¼ 1.0, 95% CI 0.98–1.02, P ¼
0.86). After stratification into quintiles, !1st week surgery was
associated with a trend of a decrease in 6-month mortality in
the quintile of patients with the most likelihood of undergoing
this strategy (quintile 5: 11% vs. 33%, OR ¼ 0.18, 95% CI 0.04–
0.83, P ¼ 0.03, Figure 1). PS quintiles were not significantly associ-
ated with 6-month mortality (P ¼ 0.51) but the interaction
between PS quintiles and !1st week surgery was statistically sig-
nificant (P ¼ 0.021). Moreover, there was a significant interaction
between PS 5th quintiles and !1st week surgery (adjusted
OR ¼ 0.078; P ¼ 0.004).

In the other quintiles, a non-significant trend of an increase in
6-month mortality was observed with !1st week surgery,
except in quintile 1 in which none of the patients had this strategy.
However, a trend towards a decrease of mortality with !1st week

surgery was observed from the quintile 2 to the quintile 5
(Table 4).

In comparison with the other subgroups, the patients in quintile
5 were younger (P, 0.0001), were more likely to have Staphylo-
coccus aureus IE (P, 0.0001), CHF (P ¼ 0.027), and larger veg-
etations (continuous, P ¼ 0.006; .10 mm, P, 0.0001; .15 mm,
P, 0.0001; Table 5).

Impact of the timing of surgery on
6-month relapses and PVD
The rate of relapses and PVD at 6 months was 8% (22/291)
(Table 3). After adjustment for PS quintiles, !1st week surgery
was associated with a trend towards an increase of relapses and
PVD in the entire cohort (16% vs. 4%; adjusted OR ¼ 2.9; 95%
CI 0.99–8.40; P ¼ 0.05). These postoperative events required
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Table 2 Microbiological findings of the 291 patients with infective endocarditis operated during antimicrobial therapy

!1st week surgery
group (n 5 95)

>1st week surgery
group (n5 196)

Unadjusted
P-value

Propensity score
adjusted P-value

Negative blood cultures 17 (18) 29 (15) 0.50 0.93

Microorganisms

Staphylococcus aureus 23 (24) 25 (13)

Coagulase-negative staphylococci 5 (5) 19 (10)

Viridans streptococci 17 (18) 35 (18)

Streptococcus bovis 13 (14) 39 (20) 0.21 0.23

Enterococci 12 (13) 21 (11)

Others 14 (15) 32 (16)

No microorganism identified 11 (12) 25 (13)

Values are expressed as number (%).

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 3 Outcome of the 291 patients with infective
endocarditis operated during antimicrobial therapy

!1st week
surgery group
(n5 95)

>1st week
surgery group
(n5 196)

P-value

6-month mortality 14 (15) 23 (12) 0.47

Relapses and
postoperative
valvular
dysfunction

15 (16) 7 (4) 0.0005

Relapses 8 (8) 4 (2) 0.02

Postoperative valvular
dysfunction

7 (7) 3 (2) 0.02

Values are expressed as number (%).

Figure 1 Six-month mortality according to propensity sub-
groups (Q ¼ quintile). *In quintile 5, !1st week surgery was
associated with reduced 6-month mortality (odds ratio ¼ 0.18;
95% CI 0.04–0.83; P ¼ 0.03). Values are expressed as number (%).
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Aims To determine whether the timing of surgery could influence mortality and morbidity in adults with complicated infec-
tive endocarditis (IE).

Methods
and results

In 291 consecutive adults with definite IE who underwent surgery during the active phase, we compared those oper-
ated on within the first week of antimicrobial therapy (n ¼ 95) to those operated on later (n ¼ 191). The impact of
the timing of surgery on 6-month mortality, relapses, and postoperative valvular dysfunctions (PVD) was analysed
using propensity score (PS) analyses. After stratification of the cohort into quintiles based on the PS, !1st week
surgery was associated with a trend of decrease in 6-month mortality in the quintile of patients with the most like-
lihood of undergoing this early surgical management [quintile 5: 11% vs. 33%, odds ratio (OR) ¼ 0.18, 95% CI (con-
fidence interval) 0.04–0.83, P ¼ 0.03]. Patients of this subgroup were younger, were more likely to have
Staphylococcus aureus infections, congestive heart failure, and larger vegetations. Besides, !1st week surgery was
associated with an increased number of relapses or PVD (16% vs. 4%, adjusted OR ¼ 2.9, 95% CI 0.99–8.40,
P ¼ 0.05).

Conclusion Surgery performed very early may improve survival in patients with the most severe complicated IE. However, a
greater risk of relapses and PVD should be expected when surgery is performed very early.
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Introduction
The number of patients operated on during the active phase of
infective endocarditis (IE) has increased during the last decade
and ranges from 30% to 60%.1,2 Recent changes in the epidemio-
logical profile of the disease could explain this trend, with an
increase in complicated situations owing to a greater incidence
of more virulent microorganisms and intracardiac material infec-
tions.3–5 Moreover, the development of surgical techniques and
publications of large studies demonstrating the beneficial effect
of surgery in complicated endocarditis6–8 have encouraged

physicians to offer surgical treatment to an increasing number of
patients. However, not only does the effect of surgery not seem
to be uniform in all patients,8–10 but uncertainties remain about
the optimal timing of the operation. Although the indications for
surgery are well-defined in the international guidelines,11–13 no
consensus exists on the optimal timing of surgical treatment
during the active phase of infection because of a lack of evidence-
based data. A recent study addressed this subject but did not find
an independent effect of the timing of surgery on mortality, and it
did not analyse its impact on the subsequent risk of relapses or
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abscess in one patient, and unknown in one patient. After adjust-
ment for PS quintiles, no significant effect of !1st week surgery
was observed on 6-month mortality in the entire cohort [15%
vs. 12%, adjusted odds ratio (OR) ¼ 1.3, 95% CI 0.55–3.06,
P ¼ 0.55] as well as when the timing of surgery was tested as a
continuous variable (adjusted OR ¼ 1.0, 95% CI 0.98–1.02, P ¼
0.86). After stratification into quintiles, !1st week surgery was
associated with a trend of a decrease in 6-month mortality in
the quintile of patients with the most likelihood of undergoing
this strategy (quintile 5: 11% vs. 33%, OR ¼ 0.18, 95% CI 0.04–
0.83, P ¼ 0.03, Figure 1). PS quintiles were not significantly associ-
ated with 6-month mortality (P ¼ 0.51) but the interaction
between PS quintiles and !1st week surgery was statistically sig-
nificant (P ¼ 0.021). Moreover, there was a significant interaction
between PS 5th quintiles and !1st week surgery (adjusted
OR ¼ 0.078; P ¼ 0.004).

In the other quintiles, a non-significant trend of an increase in
6-month mortality was observed with !1st week surgery,
except in quintile 1 in which none of the patients had this strategy.
However, a trend towards a decrease of mortality with !1st week

surgery was observed from the quintile 2 to the quintile 5
(Table 4).

In comparison with the other subgroups, the patients in quintile
5 were younger (P, 0.0001), were more likely to have Staphylo-
coccus aureus IE (P, 0.0001), CHF (P ¼ 0.027), and larger veg-
etations (continuous, P ¼ 0.006; .10 mm, P, 0.0001; .15 mm,
P, 0.0001; Table 5).

Impact of the timing of surgery on
6-month relapses and PVD
The rate of relapses and PVD at 6 months was 8% (22/291)
(Table 3). After adjustment for PS quintiles, !1st week surgery
was associated with a trend towards an increase of relapses and
PVD in the entire cohort (16% vs. 4%; adjusted OR ¼ 2.9; 95%
CI 0.99–8.40; P ¼ 0.05). These postoperative events required
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Table 2 Microbiological findings of the 291 patients with infective endocarditis operated during antimicrobial therapy

!1st week surgery
group (n 5 95)

>1st week surgery
group (n5 196)

Unadjusted
P-value

Propensity score
adjusted P-value

Negative blood cultures 17 (18) 29 (15) 0.50 0.93

Microorganisms

Staphylococcus aureus 23 (24) 25 (13)

Coagulase-negative staphylococci 5 (5) 19 (10)

Viridans streptococci 17 (18) 35 (18)

Streptococcus bovis 13 (14) 39 (20) 0.21 0.23

Enterococci 12 (13) 21 (11)

Others 14 (15) 32 (16)

No microorganism identified 11 (12) 25 (13)

Values are expressed as number (%).
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Table 3 Outcome of the 291 patients with infective
endocarditis operated during antimicrobial therapy

!1st week
surgery group
(n5 95)

>1st week
surgery group
(n5 196)

P-value

6-month mortality 14 (15) 23 (12) 0.47

Relapses and
postoperative
valvular
dysfunction

15 (16) 7 (4) 0.0005

Relapses 8 (8) 4 (2) 0.02

Postoperative valvular
dysfunction

7 (7) 3 (2) 0.02

Values are expressed as number (%).

Figure 1 Six-month mortality according to propensity sub-
groups (Q ¼ quintile). *In quintile 5, !1st week surgery was
associated with reduced 6-month mortality (odds ratio ¼ 0.18;
95% CI 0.04–0.83; P ¼ 0.03). Values are expressed as number (%).
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Aims To determine whether the timing of surgery could influence mortality and morbidity in adults with complicated infec-
tive endocarditis (IE).

Methods
and results

In 291 consecutive adults with definite IE who underwent surgery during the active phase, we compared those oper-
ated on within the first week of antimicrobial therapy (n ¼ 95) to those operated on later (n ¼ 191). The impact of
the timing of surgery on 6-month mortality, relapses, and postoperative valvular dysfunctions (PVD) was analysed
using propensity score (PS) analyses. After stratification of the cohort into quintiles based on the PS, !1st week
surgery was associated with a trend of decrease in 6-month mortality in the quintile of patients with the most like-
lihood of undergoing this early surgical management [quintile 5: 11% vs. 33%, odds ratio (OR) ¼ 0.18, 95% CI (con-
fidence interval) 0.04–0.83, P ¼ 0.03]. Patients of this subgroup were younger, were more likely to have
Staphylococcus aureus infections, congestive heart failure, and larger vegetations. Besides, !1st week surgery was
associated with an increased number of relapses or PVD (16% vs. 4%, adjusted OR ¼ 2.9, 95% CI 0.99–8.40,
P ¼ 0.05).

Conclusion Surgery performed very early may improve survival in patients with the most severe complicated IE. However, a
greater risk of relapses and PVD should be expected when surgery is performed very early.
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Introduction
The number of patients operated on during the active phase of
infective endocarditis (IE) has increased during the last decade
and ranges from 30% to 60%.1,2 Recent changes in the epidemio-
logical profile of the disease could explain this trend, with an
increase in complicated situations owing to a greater incidence
of more virulent microorganisms and intracardiac material infec-
tions.3–5 Moreover, the development of surgical techniques and
publications of large studies demonstrating the beneficial effect
of surgery in complicated endocarditis6–8 have encouraged

physicians to offer surgical treatment to an increasing number of
patients. However, not only does the effect of surgery not seem
to be uniform in all patients,8–10 but uncertainties remain about
the optimal timing of the operation. Although the indications for
surgery are well-defined in the international guidelines,11–13 no
consensus exists on the optimal timing of surgical treatment
during the active phase of infection because of a lack of evidence-
based data. A recent study addressed this subject but did not find
an independent effect of the timing of surgery on mortality, and it
did not analyse its impact on the subsequent risk of relapses or
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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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Equity point estimation
To estimate a global effect of VS, we estimated the point in time at
which early high post-operative risk (adjusted HR of death within 14
days following VS) was offset by later low risk (adjusted HR of death
within the 14th day after VS and the end of follow-up) and the point
in time at which VS provides an overall survival advantage (Figure 1).
This point in time was defined as the ‘equity point’ (EP).13,14 In a
graphic of death hazard function over time, the EP is the time at
which the area between the surgical group curve and the non-surgical
group curve during the short-term period is equal to the area between
the surgical group curve and the non-surgical group curve during the
long-term period. The 95% confidence interval (CI) of EP time was
estimated by Monte Carlo simulation technique.15 This method con-
sists in randomly generating a high number (i.e. 10 000) of indicators
(HR and death hazard function), from a normal distribution with
observed mean and standard deviation, then calculating corresponding
EPs and describing their distribution [median (interquartile range)].

Subgroup analyses
We performed a priori planned subgroup analyses using adjusted Cox
regression analysis. The association between VS and 5-year survival
was examined per following subgroups: gender (men and women),
age (, and !60 years), history of valvular disease (history of native
valve disease and prosthetic valve), IE location (mitral IE, aortic IE,
mitral and aortic IE), causative microorganisms (streptococci, Staphylo-
coccus aureus, coagulase-negative staphylococci, others). Subgroups
values were compared using x2 tests of interaction.

Comparison with previous studies
To compare our results with those from the five recently published
studies,5–9,11 we carried out five different analyses of our database
using their methodology. We studied the relationship between VS
and death rate, according to the inclusion criteria (native valve IE, pros-
thetic valve IE, or both), follow-up duration (in-hospital, 6-month, or
5-year survival), modelling method (Cox or logistic regression), and
surgery coding (binary or time-dependent), used by each of these
five reports. For the comparison with studies that were not restricted

to left-sided IE, we used our whole database of 559 patients, which was
described previously.16 Specifically, for comparisons with study by:

(i) Tleyjeh et al.,7 we carried out a multivariable Cox modelling of
6-month death rate, with a partitioned time-dependent coding
for VS, in our sample of 449 patients with left-sided IE;

(ii) Aksoy et al.,5 we carried out a multivariable Cox modelling, for
5-year death rate, with a binary coding for VS, in the whole
sample of 559 patients with IE;

(iii) Cabell et al.,6 we carried out a multivariable logistic regression
modelling of in-hospital mortality, with a binary coding for VS,
in a subsample of 447 patients with native valve IE;

(iv) Wang et al.,9 we carried out a multivariable logistic regression
modelling of in-hospital mortality, with a binary coding for VS,
in a subsample of 82 patients with prosthetic valve IE;

(v) Vikram et al.,8 we carried out a multivariable Cox modelling of
6-month death rate, with a binary coding for VS, in a subsample
of 372 patients with complicated left-sided native valve IE.

For all these modelling methods, we used the best multivariable adjust-
ment model including prognostic factors and VS predictors.

Power calculation
Two-sided P-value ,0.05 was considered to be statistically significant
for all analyses. Given the mortality rate, the proportion of surgery, an
alpha error of 5%, and an expected protective HR of 0.6 for VS, the
power for main analysis was 90%.

All analyses were performed using SAS software version 9.1 (SAS
Institute).

Results

Patient characteristics
Of the 559 adult patients with definite IE who had been enrolled,
449 patients had left-sided IE and were included for primary analy-
sis. Among these patients, 74% were male and mean age was 61
(15) years. About half (48%) of them had no previously known
heart disease, 37% had a native valve disease, and 16% had a pros-
thetic valve. Thirty-seven per cent of the patients had mitral IE,
45% aortic IE, and 17% both mitral and aortic IE. The most fre-
quently identified microorganisms were group D streptococci
(27%), followed by oral streptococci (19%) and S. aureus (16%).
In 6% of the cases, no microorganism was identified. Other
patients’ characteristics are displayed in Table 1.

In-hospital and long-term follow-up
Median duration of initial hospital stay was 42 days, and in-hospital
lethality was 19%. Two hundred and forty patients (53%) under-
went VS, after a median of 20 days after admission. The median
follow-up was 5.0 years (the loss to follow-up rate was 12.5% at
5 years). During this period, 160 patients died (including in-hospital
lethality), resulting in a 41% 5-year mortality rate.

Predictors of valve surgery
Table 2 shows the differences between patient characteristics
according to their treatment group.

Independent predictors of VS were younger age, tobacco use,
the presence of peripheral vascular emboli, heart failure, presence
of vegetation .15 mm or absence of vegetation, the presence of

Figure 1 Death hazard functions over time. Equity point is the
time at which the area between the surgical group curve and the
non-surgical group curve during the short-term period (area A) is
equal to the area between the surgical group curve and the non-
surgical group during the long-term period (area B).
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et Tropicales, Paris 75018, France; 6HCL, Hôpital Cardiovasculaire et Pneumologique Louis Pradel, Chirurgie Cardiothoracique et Transplantation, Lyon-Bron 69500, France; 7HCL,
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Aims The aim of this study was to evaluate the effect of valve surgery (VS) in infective endocarditis (IE) on 5-year mortality
and to evaluate whether conflicting results reported by previous studies could be due to differences in their meth-
odological approaches.

Methods
and results

Four hundred and forty-nine patients with a definite left-sided IE were selected from a prospective, population-based
study. Association between VS and 5-year mortality was examined with a Cox model. To determine the impact of
different methodological approaches, we also analysed the relationship between VS and mortality in our database,
according to each method used in the five previous studies. Valve surgery was performed in 240 patients (53%).
It was associated with an increase in short-term mortality [within the first 14 post-operative days; adjusted hazard
ratio (HR), 3.69; 95% confidence interval (CI), 2.17–6.25; P, 0.0001] and a decrease in long-term mortality
(adjusted HR, 0.55; 95% CI, 0.35–0.87; P ¼ 0.01). At least 188 days of follow-up were required for VS to provide
an overall survival advantage. When applying each study’s method to our database, we obtained results similar to
those reported.

Conclusion Previous conflicting results appear to be related to differences in statistical methods. When using appropriate models,
we found that VS was significantly associated with reduced long-term mortality.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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Introduction
Treatment of left-sided infective endocarditis (IE) is based on
aggressive antibiotic therapy, with or without valve surgery (VS).
Over the last years, the rate of VS performed during the course
of antibiotic therapy has increased in most industrialized countries

and is believed to help reduce mortality in patients with IE.1

However, no randomized controlled trial has ever been conducted
to confirm that VS may improve the outcome of IE. Therefore,
guidelines for the surgical management of IE are based only on
the results of observational studies and expert opinions.2,3 In
addition, although the rate of VS has increased over time, the
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† See Appendix for the AEPEI study group.
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and to evaluate whether conflicting results reported by previous studies could be due to differences in their meth-
odological approaches.

Methods
and results

Four hundred and forty-nine patients with a definite left-sided IE were selected from a prospective, population-based
study. Association between VS and 5-year mortality was examined with a Cox model. To determine the impact of
different methodological approaches, we also analysed the relationship between VS and mortality in our database,
according to each method used in the five previous studies. Valve surgery was performed in 240 patients (53%).
It was associated with an increase in short-term mortality [within the first 14 post-operative days; adjusted hazard
ratio (HR), 3.69; 95% confidence interval (CI), 2.17–6.25; P, 0.0001] and a decrease in long-term mortality
(adjusted HR, 0.55; 95% CI, 0.35–0.87; P ¼ 0.01). At least 188 days of follow-up were required for VS to provide
an overall survival advantage. When applying each study’s method to our database, we obtained results similar to
those reported.

Conclusion Previous conflicting results appear to be related to differences in statistical methods. When using appropriate models,
we found that VS was significantly associated with reduced long-term mortality.
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Table 7 Relationship between valve surgery and death rate, according to statistical methods

Vikram et al.8 Wang et al.9 Cabell et al.6 Aksoy et al.5 Tleyjeh et al.7

1. Previous studies: statistical
methods and results

Population definition Complicated left-sided native valve IEa Prosthetic valve IE Native valve IE All IE Left-sided IE
Follow-up duration 6 months Inhospital Inhospital 5 years 6 months
No. of patients 513 367 1516 426 546
Modelling Cox model Logistic regression Logistic regression Cox model Cox model
Surgery coding Binary variable Binary variable Binary variable Binary variable Partitioned time-dependent covariate

Short-termb Mid-termc

Adjusted death rate HR or OR
(95% CI) of valve surgery

0.40 (0.18–0.91) 0.56 (0.23–1.36) NSd 0.27 (0.13–0.55) 6.21 (2.72–14.18) 0.92 (0.48–1.76)

2. Re-analysis from our
database using the same
statistical methods

No. of patients 372 82 447 559 449 449
Adjusted death rate HR or OR

(95% CI) of valve surgery
0.56 (0.31–0.99) 0.92 (0.11–7.42) 0.65 (0.33–1.29) 0.58 (0.41–0.82) 6.51 (3.74–11.31) 0.65 (0.35–1.21)

aComplicated IE was defined as an IE with at least one of these signs: presence of vegetations, intracardiac abscess, heart failure, stroke, or emboli.
bShort-term: 0–7 days after surgery.
cMid-term: 8 days to 6 months after surgery.
dNon-significant, OR not available.
In (i), statistical methods of the five previous studies are summarized and in (ii), the same methods are applied to our database.
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2 weeks [OR = 0.51, 95% CI (0.24, 1.10); P = 0.000, I2 = 87.2%] and
non-early surgery (Fig. 2). Performing operation during the initial
hospitalization, within 2 weeks [OR = 0.63, 95% CI (0.41, 0.97);
P = 0.192, I2 = 39.4%] and within 3 weeks [OR = 0.40, 95% CI (0.29,
0.56); P = 0.608, I2 = 0.0%] can significantly prolong the patients’
long-term survival time compared with the non-early surgery
group. There was no difference on long-term mortality between
surgeries performed within 1 week [OR = 2.00, 95% CI (0.61, 6.53);
P = 0.147, I2 = 52.4%] and 4 weeks [OR = 0.61, 95% CI (0.27, 1.38);
P = 0.114, I2 = 59.9%] compared with the non-surgery group
(Fig. 3).

In-hospital mortality was reported for patients with NVE and
PVE by 7 [2, 9, 11, 12, 14, 15, 21] and 3 [7, 15, 20] studies, respective-
ly. We found that early surgery for NVE had a lower in-hospital
mortality than the non-early surgery group [OR = 0.46, 95% CI
(0.31, 0.69); P = 0.001, I2 = 73.0%], whereas no difference was
found between early surgery and non-early surgery group for PVE
[OR = 0.83, 95% CI (0.65, 1.06); P = 0.413, I2 = 0.0%] (Fig. 4). Ten

studies [9, 10, 12, 13, 16–19, 21, 22] provided information on long-
term mortality of patients who underwent early surgery for NVE.
We observed long-term mortality was significantly lower for early
surgery than for non-early surgery for NVE [OR = 0.57, 95% CI
(0.40, 0.81); P = 0.001, I2 = 68.9%]. Among the reported results,
only one study [7] showed that long-term mortality was signifi-
cantly lower for early surgery than for non-early surgery for PVE
[OR = 0.64, 95% CI (0.49, 0.84)] (Fig. 5).

Publication bias

Inspection of the funnel plots indicated that the studies were
nearly similarly distributed on both sides of the vertical line
(Fig. 6), which reveals no evidence of the existence of significant
publication bias among these studies. Besides, the P-value for
Egger’s test was 1.40, which further suggests a low probability of
publication bias.

Figure 1: Literature search and study selection.
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Table 2: Newcastle–Ottawa Scale checklist

Study ID Selection Comparability Outcome

Representativeness
of exposed cohort?

Selection of
non-exposed
cohort?

Ascertainment
of exposure?

Demonstration
that outcome
of interest was
not present at
start of study?

Study
controls
for age
and sex?

Study
controls
for additional
risk factors?

Assessment
of outcome?

Was
follow-up
long enough
for outcome
to occur?

Adequacy
of follow-up
of cohorts?

Aksoy et al. [9] √ √ √ – √ √ – √ √
Bannay et al. [10] √ √ √ – √ √ √ √ √
Cabell et al. [11] – √ √ √ √ √ – – √
Funakoshi
et al. [12]

– √ √ – √ √ – √ √

Hill et al. [13] – √ √ – √ √ √ – √
Lalani et al.
(2010) [2]

√ √ √ √ √ √ √ – √

Lalani et al.
(2013) [7]

√ √ √ √ √ √ √ – √

Mourvillier
et al. [14]

– √ √ – √ √ – – √

Ohara et al. [15] √ √ √ – √ √ – – √
Sy et al. [16] – √ √ – √ √ – √ √
Thuny et al. [17] √ √ √ – √ √ √ – √
Wang et al. [20] √ √ √ – √ √ √ – √
Wang et al. [21] – √ √ – √ √ √ – –
Jia et al. [22] – √ √ – √ √ – – –
Vikram et al. [19] √ √ √ √ √ √ √ – √
Tleyjeh et al. [18] – √ √ – √ √ – – √

Figure 2: In-hospital mortality in patients with IE, comparing early surgery versus non-early surgery, including subgroup analysis for different operation time periods.
IE: infective endocarditis; OR: odds ratio; CI: confidence interval.
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Figure 2: In-hospital mortality in patients with IE, comparing early surgery versus non-early surgery, including subgroup analysis for different operation time periods.
IE: infective endocarditis; OR: odds ratio; CI: confidence interval.
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Long	term	mortality	

Sensitivity analysis

To confirm reliability of the pooled estimates, we performed a
sensitivity analysis by eliminating one study in each turn and the
result was consistent with the primary outcome, manifesting the
stability of the meta-analysis (Supplementary Figs S1 and S2).

DISCUSSION

Summary of findings

It is well known that IE has poor prognosis, and mortality is the
most intuitive and important outcome reflecting the treatment
effect [5]. In terms of short-term efficacy, our study found that
early surgery in patients with IE had significantly lower in-hospital
mortality [OR = 0.57, 95% CI (0.42, 0.77); P = 0.000, I2 = 73.1%] than
non-early surgery. A small RCT, which was conducted by Kang
et al. [8], reported a 3% in-hospital mortality in patients treated by
early surgery, which was significantly lower than the 23% observed
in the drug therapy group patients. In fact, such a difference was
statistically significant [hazard ratio = 0.10, 95% CI (0.01, 0.82);
P = 0.03], which is consistent with our finding. Regarding the long-
term efficacy, our study showed that patients in the early surgery

group survived longer than those in the non-early surgery group
[OR = 0.57, 95% CI (0.43, 0.77); P = 0.001, I2 = 67.4%]. Propensity
analysis was used for most of the included studies to control for
the intrinsic biases of treatment selection and adjust the baseline
prognostic heterogeneity. Some studies [19, 28, 29] have demon-
strated that when these intrinsic biases are rigorously controlled,
the observational studies can arrive at estimates of the impacts of
therapeutic interventions which are actually quite similar to RCTs.
Chatterjee et al. [30] conducted a meta-analysis with data from
only propensity-matched patients and their findings are consist-
ent with ours [OR 0.41, 95% CI (0.20, 0.83); P = 0.01, I2 = 0%].
Although short- and long-term benefits have been found in this

meta-analysis, it does not mean that early surgery is beneficial
and must be performed in all patients with IE. The two most in-
fluential sets of consensus guidelines [5, 6] for the performance of
early surgery on the basis of surgical indication are basically iden-
tical. The revised 2009 European Society of Cardiology guideline
[5] recommend heart failure, uncontrolled infection and pre-
vention of embolism as main indications for early surgery, where-
as the 2014 American College of Cardiology–American Heart
Association guidelines [6] recommend valve dysfunction causing
heart failure, antibiotic resistant organism, heart block or abscess,
persistent infection as important indication for early surgery.
Indeed, the predictors revealed in most of the included studies

Figure 3: Long-term mortality in patients with IE, comparing early surgery versus non-early surgery, including subgroup analysis for different operation time periods.
IE: infective endocarditis; OR: odds ratio; CI: confidence interval.
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In	Hospital	mortality	

Figure 4: In-hospital mortality in patients with NVE and PVE. NVE: native valve endocarditis; PVE: prosthetic valve endocarditis.

Figure 5: Long-term mortality in patients with NVE and PVE. NVE: native valve endocarditis; PVE: prosthetic valve endocarditis; OR: odds ratio; CI: confidence interval.
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Figure 5: Long-term mortality in patients with NVE and PVE. NVE: native valve endocarditis; PVE: prosthetic valve endocarditis; OR: odds ratio; CI: confidence interval.
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Regular	meeUngs	at	a	precise	Ume	(Weekly	basis)	
Pre-program	announcing	the	files	to	discus	
a	minimum	of	3	different	specialUes	
Several		members		/		SpecialUes	
Involving	Coordinator/nurse	
Wri_en	decisions	recorded	
Yearly	evaluaUon	
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