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Maladies Infectieuses, Hôpital Universitaire Pontchaillou, Rennes, France; 16Maladies Infectieuses et Tropicales. Centre Hospitalier Universitaire, Besançon, France; 17Hôpital Louis
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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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Introduction
Despite medical and surgical treatment, infective endocarditis (IE)
remains associated with a poor prognosis, with intra-hospital mor-
tality around 20%, and a high burden of long-term sequelae.1 The
most severe complications of IE are heart failure, embolic events,
and persistent infection, which are indications for valve surgery dur-
ing the acute phase of IE in guidelines.2,3 Observational studies have
compared patient characteristics and outcome in operated vs. non-
operated patients to assess the impact of early surgery,4 and several
studies suggested that cardiac surgery for acute IE improves the
prognosis of high-risk patients.5 –7 However, non-operated patients
are a heterogeneous group that includes patients without indication
for surgery and patients with indication(s) for but also contraindica-
tions to surgery. Only two studies analysed the outcome of patients
with IE who did not undergo valve surgery although they had an in-
dication.8,9 However, no study analysed the agreement between the
decision of the patient’s attending physicians and guidelines. Dis-
crepancies between guidelines and practices have previously been
reported in elective valvular surgery.10,11 Analysing the application
of guidelines is an essential complement of their elaboration and
is of particular importance in severe disease such as IE.

The objectives of this study were to analyse in a prospective
population-based survey on IE the agreement between: (i) indication
for surgery during the acute phase of IE according to the attending
physicians and to European Society of Cardiology (ESC) guidelines
and (ii) indication for cardiac surgery according to guidelines and the
actual performance of surgery. We also analysed patients’ outcomes
according to indication for surgery and whether or not surgery was
actually performed.

Methods

Population
The survey was conducted in 8 French administrative areas representing
15.3 million adult inhabitants, i.e. 32% of the French population. All
patients aged ≥18 years living in the study area were prospectively
included if they were hospitalized with a first diagnosis of IE between
1 January and 31 December 2008. Survey organization, data collection,
and variables analysed were previously detailed.12 All cases were
validated according to the case report forms by an expert team in
each administrative area. Only definite IE cases according to the modi-
fied Duke classification were included.

Cardiac surgery during the acute phase of IE was defined by surgery
performed during antibiotic treatment or ≤30 days after the comple-
tion of antibiotic therapy.

The study was approved by an institutional review committee
(Comité de Protection des Personnes, Besançon). Patients were
informed of the study but did not have to provide individual consent,
in accordance with French regulations.

Indication for surgery as reported by the
patients’ attending physicians
The patient’s attending physicians prospectively reported indication(s)
for surgery following a two-step process. First, if the attending physicians
considered cardiac surgery during acute IE, they have to specify the rea-
sons(s), i.e. heart failure, uncontrolled infection, or prevention of embol-
ism, regardless of potential contraindication to surgery. Secondly, when

surgery was indicated but not performed, the attending physicians had
to mention the reason why it was not performed using a predefined list.

Indications for surgery according to European
Society of Cardiology guidelines
From the data collected in the case report form, not taking into account
the opinion of the attending physicians, we retrospectively analysed, for
each patient, whether there was or not an indication for valve surgery
during acute IE according to the 2009 ESC guidelines. An indication
for surgery was defined as the presence of at least one criterion corre-
sponding to a class I or IIa recommendation, regardless of any consider-
ation on operative risk.2

Agreement between guidelines and practice
The agreement between the attending physicians and the ESC guidelines
regarding indications for valve surgery was determined in each individual
patient. The agreement was also analysed within each type of indication
(heart failure, uncontrolled infection, and prevention of embolism).
When there was an indication for surgery according to guidelines but
not according to the attending physicians, the indication was considered
as ‘no identified indication’.

Follow-up
One-year follow-up was part of the survey protocol and prospectively
recorded by telephone contact with the patient and/or his/her family
physician.

Statistical analysis
Continuous variables were expressed as mean value+ standard devi-
ation (SD). Cumulative survival curves were determined by the
Kaplan–Meier method. Comparisons of patient characteristics between
subgroups used a t-test for continuous variables and a x2 test for
categorical variables. Agreements were analysed using the percentage
of concordant pairs and kappa coefficient.

The analysis of the factors associated with 1-year survival was
performed using a log-rank test and a multivariate Cox proportional
hazards model adjusting for age and Charlson comorbidity index.
Analysis was performed with SAS statistical software (release 9.2, SAS
Institute Inc. SAS Institute, Cary, NC, USA).

Results

Population
During the year 2008, 497 cases with validated definite IE were in-
cluded. Of these, 391 had left-sided IE: 303 native valve IE, 71 pros-
thetic IE, 10 native and prosthetic IE, and 7 IE on a repaired valve.
The 303 patients with native aortic and/or mitral IE were considered
for the present study. Patient characteristics are detailed in Table 1.
Nine patients had previous pacemaker implantation but no evidence
of infection in the foreign material.

Indication for surgery according to the
patient’s attending physicians
According to the attending physicians, there was at least one indica-
tion for surgery in 194 patients (64%) which was due to heart failure
in 143 patients (47%), uncontrolled infection in 63 (21%), and pre-
vention of embolism in 103 (34%) (74, 32, and 53% of patients with
an indication, respectively).
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Indication for surgery according to the
2009 European Society of Cardiology
guidelines
According to ESC guidelines, there was an indication for surgery in
221 patients (73%) due to heart failure in 166 patients (55%),

uncontrolled infection in 63 (21%), and prevention of embolism
in 98 (32%) (75, 29, and 44% of patients with an indication,
respectively).

Surgery during the acute phase of infective
endocarditis
Surgery was performed during acute IE in 139 patients (46%), 131 of
whom had indication(s) for surgery according to ESC guidelines.
Median time between the initiation of antibiotic therapy and surgery
was 11 days [interquartile range 3–22]. Surgery was not performed
in 164 patients (54%), of whom 90 had indication(s) according to
ESC guidelines (Figure 1).

Agreement between the attending
physicians and European Society of
Cardiology guidelines
Table 2 presents the agreement between the attending physicians
and ESC guidelines. Although the indication according to the attend-
ing physicians was consistent with guidelines in more than 70% of
cases, the kappa coefficients only ranged between 0.41 and 0.59.

Agreement between the guidelines and
the actual performance of surgery
There was an agreement between guidelines and practices in 205
patients (68%), and a disagreement in 98 (32%). The corresponding
kappa coefficient was 0.38 (95% CI 0.29–0.46) (Table 3).

Agreement
Among the 205 patients with an agreement between practice and
guidelines, there were 131 patients with a class I or IIa indication
for surgery who underwent surgery (indication and surgery per-
formed), and 74 with no indication according to ESC guidelines
and no surgery performed.

Disagreement
Among the 98 cases with a disagreement between practices and
guidelines, only 8 cases were due to the performance of surgery
in patients with no class I or IIa indication. The reason for surgery
reported by the attending physicians was the prevention of embol-
ism in seven patients who had vegetations without prior embolic
event and heart failure in three, although no heart failure was men-
tioned in the case report form.

In most cases (90 out of 98 patients), disagreement was due to
the absence of surgery despite a class I or IIa recommendation. In
these 90 patients, indication(s) for surgery were identified by the at-
tending physicians in 42 patients (47%) but not in 48 (53%), here-
after referred to as ‘no identified indication’. The distribution of
patients according to the indication for surgery according to ESC
guidelines and surgical treatment actually performed is summarized
in Figure 1.

Comparison of patient characteristics
according to agreement between
guidelines and practices
The 131 patients who had an indication for surgery according to
ESC guidelines and surgery performed were compared with the
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Table 1 Characteristics of the 303 patients with native
valve left-sided infective endocarditis

Mean+++++SD or n (%)

Patient characteristics

Age (years) 62+15

Sex (men) 228 (75.2)

Diabetes mellitus 66 (21.8)

Hypertension 140 (46.2)

Cancer 58 (19.1)

Dialysis 9 (3.0)

Charlson comorbidity index 1.9+2.3

euroSCORE 8.5+3.3

Previous IE 13 (4.3)

Pacemaker or ICD 9 (3.0)

Known valve disease 109 (35.9)

Mode of IE acquisition

Community-acquired 230 (78.2)

Healthcare-associated 51 (17.4)

Drug use-associated 13 (4.4)

Clinical and biological features

Fever ≥388C 267 (88.4)

Congestive heart failure 107 (35.3)

Vascular phenomena

Cerebral embolism 72 (23.8)

Cerebral haemorrhage 22 (7.3)

Other embolism 104 (34.3)

Serum creatinin ≥180 mmol/L 88 (29.5)

C-reactive protein .120 mg/L 136 (46.3)

Location of IE

Aortic 98 (32.3)

Mitral 149 (49.2)

Aortic and mitral 45 (14.9)

Left- + right-sided 11 (3.6)

Echocardiographic findings

Vegetation 294 (97.0)

Vegetation length (mm) 14+11

Abscess 42 (13.9)

Regurgitation ≥grade 3/4 153 (51.0)

Microorganisms

Streptococci 179 (59.1)

Staphylococci 88 (29.0)

Other microorganisms 23 (7.6)

No microorganism identified 13 (4.3)

ICD, implantable cardioverter defibrillator.
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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
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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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Table 4 Comparison between the 131 patients with an indication for surgery according to European Society of
Cardiology guidelines and surgery performed, and the 48 patients with an indication for surgery according to guidelines
but not identified by the attending physicians

Indication and surgery
performed (n 5 131)

No identified
indication (n 5 48)

P

Patient characteristics

Age (years) 57+15 67+15 0.0002

Sex (men) 107 (81.7) 34 (70.8) 0.12

Diabetes mellitus 29 (22.1) 10 (20.8) 0.85

Hypertension 47 (35.9) 28 (58.3) 0.007

Cancer 20 (15.3) 14 (29.2) 0.04

Dialysis 1 (0.8) 1 (2.1) 0.47

Charlson comorbidity index 1.5+1.9 2.7+2.7 0.001

euroSCORE 8.6+3.1 8.9+3.2 0.57

Previous IE 3 (2.3) 3 (6.3) 0.34

Pacemaker or ICD 1 (0.8) 4 (8.3) 0.02

Known native valve disease 41 (31.3) 24 (50.0) 0.02

Mode of IE acquisition 0.001

Community acquired 110 (84.6) 32 (68.1)

Heathcare associated 10 (7.7) 14 (29.8)

Drug use associated 10 (7.7) 1 (2.1)

Clinical and biological features

Fever ≥388C 117 (89.3) 41 (85.4) 0.47

Congestive heart failure 64 (48.9) 16 (33.3) 0.06

Vascular phenomena

Cerebral embolism 40 (30.5) 9 (18.8) 0.12

Cerebral haemorrhage 13 (9.9) 4 (8.3) 1.0

Other embolism 55 (42.0) 13 (27.1) 0.07

Serum creatinine ≥180 mmol/L 39 (30.0) 12 (26.1) 0.61

C-reactive protein .120 mg/L 58 (46.0) 18 (38.3) 0.36

Location of IE 0.015

Aortic 50 (38.2) 14 (29.2)

Mitral 46 (35.1) 28 (58.3)

Aortic and mitral 31 (23.7) 4 (8.3)

Left- + right-sided 4 (3.1) 2 (4.2)

Echocardiographic findings

Vegetation 126 (96.2) 47 (97.9) 1.0

Vegetation length (mm) 17.6+14.8 13.5+8.1 0.11

Abscess 30 (22.9) 7 (14.6) 0.22

Regurgitation ≥grade 3/4 103 (79.2) 20 (41.7) <0.0001

Microorganisms 0.91

Streptococci 81 (61.8) 28 (58.3)

Staphylococci 34 (26.0) 13 (27.1)

Other 12 (9.2) 6 (12.5)

None identified 4 (3.1) 1 (2.1)

Indication for surgery according to ESC guidelines

Heart failure 107 (81.7) 28 (58.3) 0.001

Uncontrolled infection 37 (28.2) 18 (37.5) 0.23

Prevention of embolism 61 (46.6) 20 (41.7) 0.56

ICD, implantable cardioverter defibrillator.
Bold values indicate P , 0.05.
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Table 5 Comparison between the 48 patients who had an indication for surgery according to ESC guidelines but which
was not identified by the attending physicians, with the 42 patients who had an indication for surgery according to
guidelines which was identified by the attending physicians, but who were considered contraindicated for surgery

Identified indication but
contraindication (n 5 42)

No identified
indication (n 5 48)

P

Patient characteristics

Age (years) 66+16 67+15 0.76

Sex (men) 32 (76.2) 34 (70.8) 0.57

Diabetes mellitus 7 (16.7) 10 (20.8) 0.61

Hypertension 22 (52.4) 28 (58.3) 0.57

Cancer 10 (23.8) 14 (29.2) 0.57

Dialysis 2 (4.8) 1 (2.1) 0.60

Charlson comorbidity index 2.0+2.6 2.7+2.7 0.12

euroSCORE 7.9+3.7 8.9+3.2 0.15

Previous IE 3 (7.1) 3 (6.3) 1.0

Pacemaker or ICD 2 (4.8) 4 (8.3) 0.68

Known native valve disease 18 (42.9) 24 (50.0) 0.67

Mode of IE acquisition 0.10

Community-acquired 36 (87.8) 32 (68.1)

Healthcare-associated 5 (12.2) 14 (29.8)

Drug use-associated 0 (0) 1 (2.1)

Clinical and biological features

Fever ≥388C 39 (95.1) 41 (85.4) 0.17

Congestive heart failure 16 (38.1) 16 (33.3) 0.64

Vascular phenomena

Cerebral embolism 6 (14.3) 9 (18.8) 0.57

Cerebral haemorrhage 3 (7.1) 4 (8.3) 1.0

Other embolism 17 (40.5) 13 (27.1) 0.18

Serum creatinine ≥180 mmol/L 15 (35.7) 12 (26.1) 0.33

C-reactive protein .120 mg/L

Location of IE 0.93

Aortic 10 (23.8) 14 (29.2)

Mitral 25 (59.5) 28 (58.3)

Aortic and mitral 5 (11.9) 4 (8.3)

Left- and right-sided 2 (4.8) 2 (4.2)

Echocardiographic findings

Vegetation 39 (92.9) 47 (97.9) 0.34

Vegetation length (mm) 15.4+6.5 13.5+8.1 0.30

Abscess 5 (11.9) 7 (14.6) 0.71

Regurgitation ≥grade 3/4 30 (71.4) 20 (41.7) 0.005

Microorganisms 0.11

Streptococci 21 (50.0) 28 (58.3)

Staphylococci 13 (31.0) 13 (27.1)

Other 2 (4.8) 6 (12.5)

None identified 6 (14.3) 1 (2.1)

Indication for surgery according to ESC guidelines

Heart failure 31 (73.8) 28 (58.3) 0.12

Uncontrolled infection 8 (19.0) 18 (37.5) 0.05

Prevention of embolism 17 (40.5) 20 (41.7) 0.91

ICD, implantable cardioverter defibrillator.
Bold values indicate P , 0.05.
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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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embolism. Whether guidelines or the opinion of the attending
physicians are considered, heart failure was the most frequent
complication of IE, and the most frequent indication for surgery,
followed by uncontrolled infection and prevention of embolism.
This is consistent with previous series.18,20 With regards to heart
failure, disagreements were most frequently due to an indication
according to guidelines which was not identified by the attending
physicians, rather than the opposite. Disagreements were more
balanced for indications due to uncontrolled infection or preven-
tion of embolism.

Agreement between guidelines and the
actual performance of surgery
Although 46% of patients were operated during acute IE, 73% had at
least one class I or IIa indication for surgery according to ESC guide-
lines. This is consistent with a recent analysis from the International
Collaboration on Endocarditis, in which the corresponding figures
were 57, and 74%, respectively.9

Disagreement between guidelines and the actual performance of
surgery were seldom due to the performance of surgery without a
class I or IIa recommendation. This concerned only 8 (3%) of the
303 patients. For seven of them, surgery was indicated for the pre-
vention of embolism. Indications for surgery based on vegetation
size alone are a class IIb in ESC guidelines, while we considered
only class I and IIa indications in the present analysis. The most fre-
quent disagreement concerned the 90 patients (30%) with a class I
or IIa indication who did not undergo surgery. When considering
the reasons given by the attending physician, these 90 patients split
approximately into the same proportion of patients with identified
indications by the attending physicians, but in whom surgery was
considered contraindicated, and patients with no identified indica-
tions. The latter were characterized by a higher risk profile due to
age and comorbidities, when compared with patients with an iden-
tified indication and surgery performed. This is consistent with ser-
ies comparing operated and non-operated patients regardless of the
reasons behind the decision.5,21,23 However, the present analysis
shows that a significant proportion of non-operated patients had in-
dications for surgery according to ESC guidelines, but were consid-
ered by the attending physicians as having no indication. The
similarity in patient characteristics between patients with identified
indication associated with contraindication to surgery, and those
with no identified indication, strongly suggests confusion by the at-
tending physician between indication for surgery and the risk of
intervention. Of the 48 patients with no identified indication, as
many as 58% had heart failure, which highlights the need for imple-
menting guidelines.

The present survey was prospectively designed to collect the
opinion of the attending physicians to analyse the relative contribu-
tions of indication for cardiac surgery, and contraindications to sur-
gery, to the final decision. However, these two aspects of the
decision were not clearly differentiated. Not recognizing an indica-
tion for surgery in high-risk patients may hamper decision-making,
leading to surgery not being considered instead of analysing com-
petitive risks of complications of IE vs. the risks of surgery. The
risk of surgery in IE is difficult to assess given the diversity of patient
characteristics. Specific risk scores may be helpful in limiting the

subjectivity of risk analysis.24 The dramatic negative prognostic im-
pact of unstable haemodynamic conditions and emergency surgery
highlights the need for timely surgery.24 The complexity of decision-
making strongly supports the management of patients with compli-
cated IE in multidisciplinary endocarditis teams, as recommended in
the 2015 ESC guidelines.25

Opinion of the attending physician and
patient outcome
Among patients with at least one I or IIa indication for surgery ac-
cording to ESC guidelines, those who were actually operated on
for acute IE had a better 1-year survival rate than those who were
not. A worse outcome in patients with indication for surgery but
who were not operated was shown in other series.8,9 However,
outcome is influenced by confounding factors such as age and
comorbidities, which significantly differ between operated and non-
operated patients despite an indication for surgery. These con-
founding factors are attested by the fact that the type of indication
was not significantly associated with 1-year survival when adjusted
for age and comorbidities, although a trend remained for a worse
outcome in patients with identified indication associated with
contraindication to surgery.

Study limitations
This study did not allow for assessing the appropriateness of thera-
peutic decisions for each individual patient. Nevertheless, the over-
all concordance analysis suggests discrepancies between guidelines
and practices, and/or risk assessment.

The relatively small number of patients limits the possibilities of
subgroup analyses and of multiple adjustments of survival analyses.
However, the strength of this analysis is that it was applied to a
population-based prospective survey with systematic case validation
and designed to prospectively collect the decision of the attending
physicians through a standardized questionnaire.

Conclusion
In this nationwide contemporary study, approximately three out of
four patients had at least one I or IIa indication for valve surgery dur-
ing the acute phase of IE according to ESC guidelines. The fact that
only half of the patients underwent surgery was partly related to
contraindications to surgery, but indications were not identified in
one out of six patients. These findings highlight the need for imple-
menting guidelines and also evaluating their application in these par-
ticularly high-risk patients.

Supplementary material
Supplementary material is available at European Heart Journal online.
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of Health, the support of the Société Française de Cardiologie, the Euro-
pean Society of Clinical Microbiology and Infectious Diseases, and by
Novartis Laboratories. The sponsor (French Ministry of Health) sup-
ported the research but had no access to the data.

Conflict of interest: B.I. reports grants from French Ministry of health,
grants from French Society of Cardiology, grants from European Society
of Clinical Microbiology and Infectious Diseases, grants from Novartis,
during the conduct of the study; personal fees from Abbott, personal
fees from Boehringer ingelheim, personal fees from Edwards Life-
sciences, outside the submitted work. C.P. has received reimbursement
for attending meetings from, bioMérieux, Bio-Rad, Cepheid, Novartis,
Becton Dickinson and has received funding from bioMérieux, Wyeth,
Oxoid, and Siemens. E.C. reports grants from Hain Lifescience, personal
fees from Hain Lifescience, personal fees from personal fees from Bec-
ton Dickinson. X.D. reports grants from French Ministry of health,
grants from French Society of Cardiology, grants from INSERM during
the conduct of the study. Other authors had nothing to disclose.

References
1. Hoen B, Duval X. Infective endocarditis. N Engl J Med 2013;369:785.
2. Habib G, Hoen B, Tornos P, Thuny F, Prendergast B, Vilacosta I, Moreillon P, de

Jesus Antunes M, Thilen U, Lekakis J, Lengyel M, Muller L, Naber CK,
Nihoyannopoulos P, Moritz A, Zamorano JL. Guidelines on the prevention, diagno-
sis, and treatment of infective endocarditis (new version 2009): the Task Force on
the Prevention, Diagnosis, and Treatment of Infective Endocarditis of the European
Society of Cardiology (ESC). Endorsed by the European Society of Clinical Micro-
biology and Infectious Diseases (ESCMID) and the International Society of Chemo-
therapy (ISC) for Infection and Cancer. Eur Heart J 2009;30:2369–2413.

3. Nishimura RA, Otto CM, Bonow RO, Carabello BA, Erwin JP III, Guyton RA,
O’Gara PT, Ruiz CE, Skubas NJ, Sorajja P, Sundt TM III, Thomas JD. 2014 AHA/
ACC Guideline for the management of patients with valvular heart disease: a re-
port of the American College of Cardiology/American Heart Association Task
Force on Practice Guidelines. Circulation 2014;129:e521–e643.

4. Delahaye F. Is early surgery beneficial in infective endocarditis? A systematic review.
Arch Cardiovasc Dis 2011;104:35–44.

5. Bannay A, Hoen B, Duval X, Obadia JF, Selton-Suty C, Le Moing V, Tattevin P,
Iung B, Delahaye F, Alla F. The impact of valve surgery on short- and long-term
mortality in left-sided infective endocarditis: do differences in methodological ap-
proaches explain previous conflicting results? Eur Heart J 2011;32:2003–2015.

6. Thuny F, Beurtheret S, Mancini J, Gariboldi V, Casalta JP, Riberi A, Giorgi R,
Gouriet F, Tafanelli L, Avierinos JF, Renard S, Collart F, Raoult D, Habib G. The tim-
ing of surgery influences mortality and morbidity in adults with severe complicated
infective endocarditis: a propensity analysis. Eur Heart J 2011;32:2027–2033.

7. Kang DH, Kim YJ, Kim SH, Sun BJ, Kim DH, Yun SC, Song JM, Choo SJ, Chung CH,
Song JK, Lee JW, Sohn DW. Early surgery versus conventional treatment for infect-
ive endocarditis. N Engl J Med 2012;366:2466–2473.

8. Rasmussen RV, Bruun LE, Lund J, Larsen CT, Hassager C, Bruun NE. The impact of
cardiac surgery in native valve infective endocarditis: can euroSCORE guide patient
selection? Int J Cardiol 2011;149:304–309.

9. Chu VH, Park LP, Athan E, Delahaye F, Freiberger T, Lamas C, Miro JM,
Mudrick DW, Strahilevitz J, Tribouilloy C, Durante-Mangoni E, Pericas JM,
Fernandez-Hidalgo N, Nacinovich F, Rizk H, Krajinovic V, Giannitsioti E,
Hurley JP, Hannan MM, Wang A. Association between surgical indications,

operative risk, and clinical outcome in infective endocarditis: a prospective study
from the International Collaboration on Endocarditis. Circulation 2015;131:
131–140.

10. Iung B, Cachier A, Baron G, Messika-Zeitoun D, Delahaye F, Tornos P,
Gohlke-Barwolf C, Boersma E, Ravaud P, Vahanian A. Decision-making in elderly
patients with severe aortic stenosis: why are so many denied surgery? Eur Heart
J 2005;26:2714–2720.

11. Mirabel M, Iung B, Baron G, Messika-Zeitoun D, Detaint D, Vanoverschelde JL,
Butchart EG, Ravaud P, Vahanian A. What are the characteristics of patients with
severe, symptomatic, mitral regurgitation who are denied surgery? Eur Heart J 2007;
28:1358–1365.

12. Selton-Suty C, Celard M, Le Moing V, Doco-Lecompte T, Chirouze C, Iung B,
Strady C, Revest M, Vandenesch F, Bouvet A, Delahaye F, Alla F, Duval X,
Hoen B. Preeminence of Staphylococcus aureus in infective endocarditis: a
1-year population-based survey. Clin Infect Dis 2012;54:1230–1239.

13. Sy RW, Kritharides L. Health care exposure and age in infective endocarditis: re-
sults of a contemporary population-based profile of 1536 patients in Australia.
Eur Heart J 2010;31:1890–1897.

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

15. Tleyjeh IM, Abdel-Latif A, Rahbi H, Scott CG, Bailey KR, Steckelberg JM,
Wilson WR, Baddour LM. A systematic review of population-based studies of in-
fective endocarditis. Chest 2007;132:1025–1035.

16. Slipczuk L, Codolosa JN, Davila CD, Romero-Corral A, Yun J, Pressman GS,
Figueredo VM. Infective endocarditis epidemiology over five decades: a systematic
review. PLoS One 2013;8:e82665.

17. Duval X, Delahaye F, Alla F, Tattevin P, Obadia JF, Le Moing V, Doco-Lecompte T,
Celard M, Poyart C, Strady C, Chirouze C, Bes M, Cambau E, Iung B, Selton-Suty C,
Hoen B. Temporal trends in infective endocarditis in the context of prophylaxis
guideline modifications: three successive population-based surveys. J Am Coll Cardiol
2012;59:1968–1976.

18. Tornos P, Iung B, Permanyer-Miralda G, Baron G, Delahaye F, Gohlke-Barwolf C,
Butchart EG, Ravaud P, Vahanian A. Infective endocarditis in Europe: lessons from
the Euro heart survey. Heart 2005;91:571–575.

19. Thuny F, Di Salvo G, Belliard O, Avierinos JF, Pergola V, Rosenberg V, Casalta JP,
Gouvernet J, Derumeaux G, Iarussi D, Ambrosi P, Calabro R, Riberi A, Collart F,
Metras D, Lepidi H, Raoult D, Harle JR, Weiller PJ, Cohen A, Habib G. Risk of em-
bolism and death in infective endocarditis: prognostic value of echocardiography: a
prospective multicenter study. Circulation 2005;112:69–75.

20. Murdoch DR, Corey GR, Hoen B, Miro JM, Fowler VG Jr, Bayer AS, Karchmer AW,
Olaison L, Pappas PA, Moreillon P, Chambers ST, Chu VH, Falco V, Holland DJ,
Jones P, Klein JL, Raymond NJ, Read KM, Tripodi MF, Utili R, Wang A,
Woods CW, Cabell CH. Clinical presentation, etiology, and outcome of infective
endocarditis in the 21st century: the International Collaboration on Endocarditis-
Prospective Cohort Study. Arch Intern Med 2009;169:463–473.

21. Lalani T, Cabell CH, Benjamin DK, Lasca O, Naber C, Fowler VG Jr, Corey GR,
Chu VH, Fenely M, Pachirat O, Tan RS, Watkin R, Ionac A, Moreno A,
Mestres CA, Casabe J, Chipigina N, Eisen DP, Spelman D, Delahaye F,
Peterson G, Olaison L, Wang A. Analysis of the impact of early surgery on in-
hospital mortality of native valve endocarditis: use of propensity score and instru-
mental variable methods to adjust for treatment-selection bias. Circulation 2010;
121:1005–1013.

22. Tribouilloy C, De Gevigney G, Acar C, Chassignolle JF, Cormier B, Habib G,
Hanania G, Iung B, Leguerrier A, Marchand M, Michel PL, Obadia JF, Roudaut R,
Vahanian A, Villemot JP, Warembourg H. Recommandations de la Société Fran-
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