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Abstract
Background: This study aimed to provide a contemporary picture of the epidemiologic, clinical, microbiologic
characteristics and in-hospital outcome of infective endocarditis (IE) observed in a single center in Italy.
Methods: We performed a retrospective study of patients with definite or probable IE observed at the “L. Sacco”
Hospital in Milan, Italy, from January 1, 2003 through December 31, 2010.
Results: 189 episodes of IE in 166 patients were included. The mean number of incident IE in the study period was
of 1.27 (range 0.59-1.76) cases per 1000 patients admitted. The median age of the cohort was 57 (interquartile
range, 43-72) years, 63% were male and 62.5% had native valve IE. Twenty-six percent were active intravenous drug
users (IVDU), 29% had a health care-associated IE and 5% chronic rheumatic disease. Twenty-nine percent of the
cases occurred in patients affected by chronic liver disease and 19% in HIV positive subjects. Staphylococcus aureus
was the most common pathogen (30%), followed by streptococci. The mitral (34%) and aortic (31%) valves were
involved most frequently. The following complications were common: stroke (19%), non-stroke embolizations (25%),
heart failure (26%) and intracardiac abscess (9%). Surgical treatment was frequently employed (52%) but in hospital
mortality remained high (17%). Health care-associated IE and complications were independently associated with an
increased risk of in-hospital death, while surgery was associated with decreased mortality.
Conclusion: S. aureus emerged as the leading causative organism of IE in a University hospital in northern Italy. Our
study confirmed the high in-hospital mortality of IE, particularly if health care associated, and the protective role
of surgery.
Keywords: Infective endocarditis, Echocardiography, Valvular disease, Prognostic factors, Staphylococcus aureus,
Surgery

Background
The incidence of infective endocarditis (IE) has not decreased over the past 30 years, affecting between 2 and 6
per 100,000 subjects per year; however, in recent years,
the epidemiology and clinical characteristics of IE have
changed meaningfully [1-6]. Despite advances in medical
and surgical therapy the associated mortality has remained
between 10 and 30%, depending on the causative microorganism, the underlying conditions, and whether the
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infection occurred on native or prosthetic heart valve
[7,8]. The emerging population at risk for IE consists of
patients with health care-associated infections (acquired
during hospitalization or following invasive procedures,
mainly haemodialysis and chronic intravenous [IV] catheters), elderly people with degenerative valvulopathy, patients with prosthetic valves or intracardiac devices
[2,6,9,10]. Other coexisting risk factors are diabetes mellitus and intravenous drug use [2,4,6,9-11]. The expansion
of the elderly population with degenerative valve disease
as well as the rise in staphylococcal infections suggest that
IE will remain a significant health problem in the near future [12]. Oral streptococci are the predominant causative
pathogen of IE in the general population [3,4,13], whereas
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Staphylococcus aureus and coagulase negative staphylococci (mainly S. epidermidis) are more often found in
IVDU, in patients with prosthetic-valve endocarditis (PVE)
or health care-associated IE [2,14-16]; furthermore group
D streptococci (mainly S. bovis) are increasingly prevalent
in elderly patients and are often associated with colon cancer [2-4,17,18]. The aim of this study was to describe a
single-center cohort of patients with IE admitted in a tertiary care hospital in Milano, Italy, with particular emphasis on the clinical presentation, microbial aetiology,
treatment and in-hospital mortality.
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included pacemaker (PM) and implantable cardioverter
defibrillator (ICD) infections, were integrated in the PVE
group.
Health care-associated IE has been defined elsewhere
[9-11]. Episodes of IE recurring more than 6 months
after the end of therapy or within the 6 months period
after therapy but caused by a different microorganism
were considered reinfections; when IE was caused by the
same microorganism within the 6 months period after
the initial episode it was classified as a relapse.
Statystical analysis

Methods
Design, patients and settings

A retrospective review of consecutive cases of IE was
conducted at Luigi Sacco Hospital, a 550-bed university
hospital, that is a referral center for infectious diseases
(three wards) and cardiac surgery in the metropolitan
area of Milano, Italy. The study was approved by the
hospital Institutional Review Board (Comitato Etico per
la sperimentazione clinica, Azienda Ospedaliera-Polo
Universitario Luigi Sacco) and was conducted in accordance with the Declaration of Helsinki. All records from
the years 2003–2010 were searched in the in-hospital
database using discharge diagnosis according to the
International Classification of Diseases, Ninth Revision
(ICD-9) codes. Eighteen out of 207 records retrieved
were excluded from the analysis: 4 patients did not have
either definite or possible IE by Duke criteria, 14 patients had incomplete data or their clinical charts were
unavailable. Of the remaining cases, 189 episodes occurring in 166 patients were evaluated.
IE was defined as definite or possible according to the
modified Duke criteria [19]. Demographic data, clinical
manifestations, treatment and in-hospital outcome information, laboratory and microbiology findings, were recorded into an electronic database. All clinical samples
were collected as part of standard patient care.
Echocardiographic data and case classification

Echocardiographic findings, inclusive of exam modality
(transthoracic or transoesophageal), presence, size, location and mobility of vegetations; presence of valvular
insufficiency; inferior vena cava size and caliber were recorded. Vital signs and pulmonary artery pressure were
reported if available. Cases were also classified based on
the valve involvement (tricuspid, mitral, aortic or pulmonary), whether native (NVE) or prosthetic (PVE)
and according to the side (right, left or bilateral) of
endocarditis. PVE were further defined as early and late
recurrences, based on the timing of infection: within one
year of the valve replacement or afterwards, respectively
[20]. Infection of mitralic valvuloplasty and cardiac implantable electronic device-related IE (CIED-IE) that

Categorical variables were expressed as number of cases
(percentage); continuous variables were expressed as
median ± interquartile range. Continuous data were analyzed using Wilcoxon non-parametric test, whereas for
categorical variables Chi-square or Fisher exact tests
were used for the analysis. Tests were two-sided and a
p value less than 0.05 was considered statistically significant. Distribution of sex and age was evaluated on incident cases.
Incidence of endocarditis was calculated considering all
hospitalized patients at L. Sacco Hospital from 2003 to
2010, and Chocran-Armitage trend test was performed.
Multiple linear regression analysis was performed to
identify independent predictors of in-hospital mortality.
A generalized linear model for binary response was used,
and the presence of repeated measures for the same
subject was handled through generalized estimating
equations (GEE) method. An autoregressive model of
covariances was considered. Age, sex and those variables, which presented a p-value less than 0.20 in univariate analyses, were entered in the final model. Analyses
were performed using SAS® 9.2 (SAS Institute, Cary, NC,
USA); GENMOD procedure was used for univariate and
multivariate analyses.

Results
A total of 189 episodes of IE were identified during the
study period in 166 patients (104 males, 62 females).
Baseline characteristics are shown in Table 1. The majority of cases (67%) were initially admitted to the Infectious Diseases Department; 27 (14%) to the Cardiac
Surgery and cardiological-intensive care unit (ICU), 16
(9%) to the Internal Medicine wards, 7 (4%) to the general ICU, 6 (3%) to Cardiology ward and the remainder
6 (3%) to other wards.
After excluding prevalent cases, the mean number
of incident IE over the period 2003–2010 at Luigi
Sacco Hospital was 1.27 (range: 0.59-1.76) cases per
1000 admissions, without a statistically significant
trend (p = 0.0671) (Figure 1). One hundred and fortyfour cases (76%) were diagnosed as definite IE and the
remainder as probable IE.
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Table 1 General characteristics of 166 patients with infective endocarditis (IE)
No. (%) of patients
Characteristic

p

TOTAL

Native valve

Prosthetic valve

(189 events, 166 patients)

(118 events, 111 patients)

(71 events, 55 patients)

Age (years), median [IQR]

57 [43–72]

53 [42–71]

66 [50–75]

0.01

Male gender

104 (63%)

72 (65%)

32 (58%)

0.4

< 7 days

69 (37%)

41 (35%)

28 (39%)

>7 and ≤21 days

42 (22%)

25 (21%)

17 (24%)

> 21 days

55 (29%)

34 (29%)

21 (30%)

NA

23 (12%)

18 (15%)

5 (7%)

Cancer

14 (7%)

13 (11%)

1 (1%)

0.01

Hypertension

39 (21%)

21 (18%)

18 (25%)

0.2

Time from onset of symptoms to admission

1

Co-morbidities

Acute/chronic renal failure

17 (9%)

6 (5%)

11 (15%)

0.02

Ischemic cardiopathy

21 (11%)

9 (8%)

12 (17%)

0.05

Diabetes mellitus

29 (15%)

17 (14%)

12 (17%)

0.6

9 (5%)

4 (3%)

5 (7%)

0.2

CLD

55 (29%)

41 (35%)

14 (20%)

0.03

HIV infection

35 (19%)

27 (23%)

8 (11%)

0.05

268 [145–353]

248 [124–313]

447 [348–1814]

0.008

<10000

14 (40%)

8 (30%)

6 (75%)

10000-100000

5 (14%)

4 (15%)

1 (13%)

COPD

CD4 cells/μL [IQR]
HIV-RNA cp/mL (n 22)

>100000

4 (11%)

4 (15%)

0

NA

12 (34%)

11 (41%)

1 (13%)

No

21 (60%)

15 (56%)

6 (75%)

Yes

14 (40%)

12 (44%)

2 (25%)

0.11

HAART at IE

Data are median [interquartile range] or numbers (%).
NA, Not available; COPD, Chronic obstructive pulmonary disease; CLD, Chronic liver disease; HAART, Highly active antiretroviral therapy.

Figure 1 Incident cases of IE observed at the L. Sacco Hospital in the period 2003–2010: p = 0.067 according to Cochran-Armitage
trend test.
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Clinical and laboratory characteristics

Underlying disorders and predisposing conditions are
summarized in Tables 1 and 2. Seventy-one percent of
IE were classified as community acquired, 29% as health
care-associated. Left-sided IE occurred in 140 cases
(74%), right-sided IE in 44 (23%) cases; 5 episodes (3%)
involved both heart sides. Seventy-one events interested
prosthetic valves (72% biologic valves). Aortic valve was
affected in 65 cases (34%), mitral valve in 59 cases (31%),
tricuspid valve in 38 cases (20%). Multiple valve involvement was more commonly observed in native rather
than prosthetic valves (21/118 cases [18%] vs 3/71 cases
[4%], respectively; p = 0.007).
Fever was the main sign of clinical presentation observed in 81% of cases and a new onset or a worsening
cardiac murmur was reported in 79% of cases. Notably,
29% of patients diagnosed to have IE in our cohort had
been admitted after a long history of fever (>21 days).
The mean WBC count on admission was 9670 cells/μL
(IQR: 7190–12910 cells/μL), haemoglobin was 10.5 g/dL
(IQR: 9.2-12.1 g/dL), creatinine 0.9 mg/dL (IQR: 0.71.48 mg/dL), lactic dehydrogenase (LDH) 345 U/L (IQR:
244.5-474.5 U/L) and C reactive protein (PCR) 54.7 mg/dL
(IQR: 9.75-146.75 mg/dL). No difference in laboratory
findings were found between NVE and PVE, except for
creatinine (0.84 [IQR: 0.7-1.2] mg/dL and 1.07 [IQR: 0.81.83] mg/dL, respectively, p = 0.02), LDH (340 [IQR: 219–
449] U/L and 358 [IQR: 259–537] U/L, respectively, p =
0.04) and PCR (23.9 [IQR: 7.6-106] mg/dL vs 67 [IQR:
33.1-179] mg/dL, respectively, p = 0.003).
Relapses and reinfections

Throughout the study period 15 patients presented 23
recurrences (17 reinfections and 6 relapses). Twelve recurrences out of 23 occurred in 7 active intravenous
drug users (IVDU), 5 of whom were HIV positive, and 3
were classified as relapses, whereas 9 as reinfections. In
6/15 patients recurrence occurred in native valves, while
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in 9/15 a prosthetic valve was involved. All the recurrences affected the same valve of the first IE episode:
tricuspid (45%) and aortic (33%) disease prevailed, followed
by mitral involvement (22%). A different microorganism was isolated at any reinfection in 87% of cases:
staphylococci were the most common causative pathogens
(44%), followed by enterococci (26%), by streptococci
(22%) and by Gram negative bacteria (Pseudomans spp:
8%). The median time from the first episode of IE to the
recurrence was 1 year.
Echocardiographic findings

Echocardiographic description was available in 92% of
episodes, as 8% of subjects were referred to our center
with a diagnosis performed in other institutes. Sixtyseven percent of patients underwent both transthoracic
(TTE) and transoesophageal (TEE) echocardiography.
Ninety-one percent of cases (158) had echocardiographic evidence of vegetation, with significant valvular
regurgitation observed in 65% (113). The destruction of
valvular tissue was evidenced in 25% of cases (44), 70%
of which (31/44) were observed in NVE (fistula/perforation/rupture), with a prevalence of 28%, while 30%
(13/44) occurred in PVE, with a prevalence of dehiscence/paravalvular leakage in the latter group of 20%.
Moderate to severe regurgitation was more frequently
detected in NVE (84/111 cases [76%] vs 28/65 cases
[43%]; p = 0.0001).
Microbiology

Blood cultures were performed in 186 of the 189 episodes (98%). Of the 37 patients (20%) with negative
blood cultures, 24 (65%) had received antibiotics before
blood collection. Staphylococcus aureus was the most
frequently isolated pathogen in our series (44/149 episodes of IE, 30%); 16% of those strains were methicillinresistant Staphylococcus aureus (MRSA). Streptococcus
spp. was the second most prevalent organism (19%)

Table 2 Underlying disorders and predisposing conditions in patients with infective endocarditis (IE)
No. (%) of patients
Current IV drug use
Steroid therapy

TOTAL

Native valve

Prosthetic valve

p

50 (26%)

35 (30%)

15 (21%)

0.2

5 (3%)

3 (3%)

2 (3%)

1

Previous IE

36 (19%)

12 (10%)

24 (34%)

<0.0001

Health care associated IE*

54 (29%)

33 (28%)

21 (30%)

0.3

Congenital heart disease

6 (3%)

6 (5%)

0

0.09

Rheumatic heart disease

9 (5%)

8 (7%)

1 (1%)

0.2

Pacemaker

11 (6%)

2 (2%)

9 (13%)

0.003

Data are median [interquartile range] or numbers (%).
*Health care associated IE: chronic IV access/hemodialysis: 7/189 (4%); invasive procedures before IE (dental, urological and gastrointestinal procedures): 7/189
(4%) hospitalized in an acute care hospital before IE 38/189 (20%); resident in a nursing home or in a long-term care facility 2/189 (1%).
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(viridans group streptococci 41.7%, S. bovis 25%, other
streptococci 33.3%), followed by coagulase-negative staphylococci (CoNS 12%). No noticeable change was observed in either distribution or antibiotic sensitivity of organisms during
the study period (data not shown). Microbial aetiology by
type of IE is reported in Figure 2.
No association between staphylococcal aetiology and
health care-associated IE was found (p = 0.6; data not
shown), whereas IE due to methicillin-resistant staphilococci were significantly more likely to occur in PVE
patients than in NVE (p = 0.045). In addition, Staphylococcus aureus was significantly more frequently isolated
in right-sided than in left-sided IE (18/44 cases, 41% vs
17/140 cases, 18% respectively; p < 0.0001) and in
IVDU compared to non-IVDU (19/50 cases, 38% vs 18/
136 cases, 13% respectively; p = 0.0002), while streptococcal strains were more responsible for left-sided than
right-sided IE (32/140 cases, 23% vs 3/44 cases, 7% respectively; p = 0.02) and for non-IVDU- compared to
IVDU-associated cases (31/136 cases, 23% vs 5/50
cases, 10% respectively; p = 0.05). We found that Enterococcus spp. were significantly associated with leftsided IE (p = 0.05) and CoNS infections were more
likely to occur in early recurrence of IE rather than in
late recurrence (7/24 cases, 29% vs 2/37 cases, 5% respectively; p = 0.02).
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Characteristics of IE in the HIV-positive population

Thirty-five episodes of IE occurred in 27 HIV-infected
patients: most of them were male (81%) with a median
age of 42 (IQR 37–47) years and the major route of
HIV transmission was intravenous drug use (23; 85%).
Virological and immunological characteristics as well
as antiretroviral regimens at the time of IE are summarized in Table 1. Compared with the HIV-negative
group, the HIV-infected patients had a higher incidence
of right-sided IE (48% vs 17%, p = 0.0001) and MSSAsustained infections (34% vs 17%, p = 0.02), mirroring
the higher prevalence of IVDU (85% vs 10% in HIVnegative, p = 0.0001).
Complications, treatment and outcomes

Complications, treatment choice and in-hospital outcome by type of IE are shown in Table 3. All patients
were treated with antibiotics for 4 to 6 weeks. The association of three or more antibiotics was observed more
frequently in PVE than NVE (p = 0.02). Overall, 99 patients (52%) underwent surgery, which was performed
on an elective basis in most patients (84%). The median
time between hospital admission and surgery was 22 days
(IQR 12–38).
In-hospital mortality was 17% (32 of 189 cases). Causes
of in-hospital death were septic shock with multiorgan

Figure 2 Microorganisms cultured according to the different type of IE. MSSA: Methicillin-sensitive Staphylococcus aureus; CoNS: Coagulasenegative Staphylococci; Methicillin-resistant staphilococci: MRSA (methicillin-resistant Staphylococcus aureus), methicillin-resistant Staphylococcus
epidermidis. Streptococcus spp. includes: Viridans group Streptococci (overall 41.7%); S. bovis (overall 25%); other Streptococci (overall 33.3%).
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Table 3 Complications, treatment and outcome of IE episodes
No. (%)
Characteristic

TOTAL

Native valve

Prosthetic valve

(189 cases)

(118 cases)

(71 cases)

83 (44%)

56 (47%)

27 (38%)

p

Complications
Embolizations*

0.4

Heart failure

49 (26%)

32 (27%)

17 (24%)

0.6

Arrhythmias

40 (21%)

28 (24%)

12 (17%)

0.3

Intracardiac abscess

15 (9%)

6 (5%)

9 (15%)

0.04

Renal failure

12 (6%)

6 (5%)

6 (8%)

0.4

Septic shock

8 (4%)

2 (2%)

6 (8%)

0.05

Monotherapy

18 (10%)

13 (11%)

5 (7%)

Dual therapy

115 (62%)

78 (68%)

37 (53%)

≥three drug therapy

52 (28%)

24 (21%)

28 (40%)

Medical treatment

0.02

Surgical treatment
Medical and surgical

99 (52%)

65 (55%)

34 (47%)

0.3

Multiple valve procedures

24 (24%)

18 (15%)

6 (8%)

0.2

4 (4%)

3 (5%)

1 (3%)

Surgical treatment timing
Emergency (≤48 h)
Urgent (>48 h and ≤7 days)

12 (12%)

9 (14%)

3 (9%)

Elective (> 7 days)

83 (84%)

53 (81%)

30 (88%)

32 (17%)

16 (14%)

16 (23%)

20 (63%)

11 (69%)

9 (56%)

In-hospital mortality
Pre-operative
Intra-operative

2 (6%)

1 (6%)

1 (6%)

Post-operative

10 (31%)

4 (25%)

6 (38%)

0.4

0.1

0.8

*Embolizations: Stroke (35, 19%); Non-Stroke (48, 25%) [Pulmonary (21), Cutaneous (5); Upper/lower extremities (3); Myocardial infarction (1); Splenic (12); Bone (6)].

failure (10/32, 31%), heart failure (10/32, 31%), stroke (4/
32, 13%), surgery-related complications (8/32, 25%), such
as hemorrhagic shock, arrhythmias, metabolic acidosis
and systemic embolism. We did not find any statistically
significant difference between early (within 7 days) and
elective surgery regarding in-hospital mortality (p = 0.3;
data not shown).
Table 4 shows the results of the regression modeling
for in-hospital mortality. Among all the variables associated with increased mortality at univariate model, only
health care-associated IE (OR = 3.35, p = 0.01) and the
onset of any complication (OR = 5.58, p = 0.003) were
found to be independently associated with an increased
risk of in-hospital death in the multivariate analysis,
while surgery was independently associated with higher
in-hospital survival (OR 0.38, p = 0.04).

Discussion
Our study has several limitations and potential biases,
being retrospective and performed in a single referral
center with the largest Department of Infectious Diseases

in the city of Milano. Therefore, as for most of institutional surveys, it cannot provide a representative picture
of IE incidence in the general population. Indeed, about
67% of all cases were hospitalized into the Infectious
Diseases Department, a figure that is lower in comparison with the 90% observed in a Japanese study [21]. It is
notable that in our series about 30% of all patients had a
long duration of symptoms (more than 3 weeks) before
hospital admission and, more notable, without any difference between those with NVE in comparison with PVE.
Since the majority of cases were admitted to investigate a
long-lasting fever, we can speculate that there is a low
awareness of the disease among general practitioners
even in the high risk population.
The incidence of IE in our cohort was of 1.27/1000 admissions without a significant increase from 2003 to
2010. The median age (57 years), gender (63% males)
and prevalence of definite IE were in agreement with
data reported from recent reports [3,6,21]. Moreover,
consistently with recent studies conducted in Western
countries [9,18,22], about 30% of all episodes of IE in
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Table 4 Results of multivariable regression modeling of
associations with in-hospital death
VARIABLE

AOR (95% CI)

Age in 10 y intervals

1.26 (0.95-1.69)

p value
0.1

Female sex

0.60 (0.20-1.78)

0.4

PVE early recurrence

0.88 (0.30-2.59)

0.8

PVE late recurrence

2.12 (0.80-5.58)

0.1

Intravenous drug use

0.60 (0.14-2.57)

0.5

Health care associated IE

3.35 (1.27-8.78)

0.01

CoNS – associated IE

0.50 (0.09-2.78)

0.4

Staphylococcus aureus

3.83 (0.95-15.44)

0.058

Viridans group streptococci

1.26 (0.33-4.77)

0.7

Others*

1.98 (0.58-6.80)

0.3

Mitral valve involvement

1.33 (0.53-3.30)

0.5

Complications**

5.58 (1.79-17.31)

0.003

Surgery

0.38 (0.16-0.94)

0.04

CoNS, Coagulase-negative staphilococci; MSSA, Methicillin-sensitive
Staphylococcus aureus; MRSA, Methicillin-resistant Staphylococcus aureus;
PVE, prosthetic valve endocarditis.
*Others: Enterococcus spp, Fungi/Yeast, Gram-negative bacteria, polymicrobial.
**Complications: heart failure, renal failure, stroke, non stroke embolization,
intracardiac abscess, septic shock, arrhythmias.

our cohort were associated with the health care system,
probably reflecting the improved longevity with a concomitant increase of comorbidities, degenerative valvular
alterations and health care-associated infections. It is
worth noting that HIV infection was recorded in 19% of
episodes of IE in our series. This is a quite higher prevalence in comparison with a recent multicenter Italian
study [23] and a single center study from Spain [24].
Since in our hospital more than 6000 HIV-positive patients are regularly followed as outpatients, the high
prevalence of concomitant HIV infection is not unexpected among patients with a diagnosis of IE [25].
HIV-positive patients were younger (p = 0.0001), more
frequently male (p = 0.03), had higher frequency of
right-sided IE (p = 0.0001) and S. aureus was more
commonly identified in comparison with HIV-negative
subjects. All these aspects reflect the main risk factor
of acquisition of both HIV and IE in our population,
that is intravenous drug use.
Excluding HIV infection, chronic liver disease (CLD),
diabetes, and hypertension were the most commonly observed comorbidities in our cohort. About one third of
our patients had CLD with a statistically significant difference among patients with NVE in comparison with
those affected by PVE (p = 0.03). Both CLD and diabetes
have been previously reported as important comorbidities and as independent predictors of mortality [26,27].
At variance with the above cited studies, in our analysis
neither CLD nor diabetes were found to be associated
with in-hospital mortality.

Our study confirms recent data on the leading role of
S. aureus as the causative organism of IE either in Italy
and France [22,23]. The reported worldwide increase in
the incidence of IE due to S. aureus has been associated
with the widespread use of medical devices and procedures that is also responsible of health care-associated
IE. However, in our experience it can be at least partly
attributed to an overrepresentation of IVDU, who carry
a high risk of percutaneous S. aureus exposure. Similarly, the high incidence of recurrences observed in our
cohort (12% of cases), with 52% occurring in IVDU is
consistent with the high prevalence of IVDU among
our patients. Moreover, it cannot be ruled out that the
three cases defined as relapses in IVDU might have actually been a reinfection resulting from an ongoing exposure to drugs injections.
Two disappointing findings of our study were the fact
that 2% of patients did not have blood cultures performed
and the high incidence of negative blood cultures (20%).
The first issue is essentially a cultural problem that needs
to be addressed by educational programs. The high proportion of blood culture negative IE might be explained in
part by the fact that 64% of these patients had received antibiotics by the time of blood sample taking. The proportion of negative blood cultures ranged from 5 to 10% in
recent surveys from multicenter cohorts [3,6,23] that involved selected tertiary care institutions. However, in the
Euro Heart Survey, a prospective study involving 92 centers from 25 European countries and in an Italian
population-based surveillance, the incidence of negative
blood cultures was 14% and 19.3%, respectively [26,28].
We believe that the microbiology diagnosis can be improved by implementing either serological testing or molecular methods in order to detect rare and fastidious
bacteria and fungi that are difficult to grow [24,29-31]. In
agreement with other studies, heart failure and non-stroke
embolism were the most common clinical complications
observed in our experience [21,23,24]. As expected, intracardiac abscess and septic shock were more frequently observed among patients with PVE [32,33]. In our cohort
complications and health care-associated IE were the only
independent variables associated with in-hospital mortality
in a multivariable model.
Finally, in-hospital mortality in our cohort was 17%
that is similar to the death-rate reported in France, in
the Italian Study on Endocarditis and in a European survey and ranging from 12.6% to 16.6% [3,23,34]. In agreement with a recent prospective analysis of the Italian
Study on Endocarditis, we found that surgery had a protective effect with respect to in-hospital mortality [23].

Conclusions
In conclusion, despite the availability of new and potent
antibiotics, modern echocardiography, and advanced
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surgical techniques, IE is still associated with a high
mortality. This study provides a comprehensive, singlecenter picture of IE, and, therefore, despite its limitations, may allow to identify critical issues related to this
disease and possibly contributes to the improvement of
the clinical management of IE in our hospital.

8.

Competing interests
The authors declare that they have no competing interests.

9.

Authors’ contributions
LF, participated in patients selection, created the database and data analysis
and drafted the manuscript. LM participated in data analysis and drafted the
manuscript. DR contributed to patients selection and created the database.
CM carried out the statistical analysis. GO, MC, FR contributed to patients
selection and made critical review of the paper. LT created the
microbiological database. AC performed the echocardiographic studies and
participated in the database analysis. PV, CA performed cardiac surgery and
participated in the database analysis. GR, MG participated in the study design
and made critical review of the paper. SA conceived the study design, made
data analysis and drafted the manuscript. All authors read and approved the
final manuscript.

10.

Acknowledgements
We would like to thank Dr. Marco Fasan, Dr. Massimo Coen and Mrs. Enza
Pallone for careful patients’ records selection from the in-hospital database.
We are also grateful to Bianca Ghisi for her superb typing assistance. We
particularly thank all the patients who participated in the study, and the staff
of the Luigi Sacco Hospital who cared for the patients.
Author details
1
Department of Biomedical and Clinical Sciences “Luigi Sacco”, Università di
Milano, “Luigi Sacco” Hospital, via G. B. Grassi, 74, 20157 Milano, Italy. 2Third
Division of Infectious Diseases, “Luigi Sacco” Hospital, Milano, Italy.
3
Second Division of Infectious Diseases, “Luigi Sacco” Hospital, Milano,
Italy. 4First Division of Infectious Diseases, “Luigi Sacco” Hospital, Milano,
Italy. 5Division of Internal Medicine, “Luigi Sacco” Hospital, Milano, Italy.
6
Intensive Care Unit, “Luigi Sacco” Hospital, Milano, Italy. 7Microbiology
Laboratory, “Luigi Sacco”, Milano, Italy. 8Department of Cardiology, “Luigi
Sacco” Hospital, Milano, Italy. 9Cardiosurgery Division, “Luigi Sacco”
Hospital, Milano, Italy.
Received: 3 April 2013 Accepted: 1 November 2013
Published: 15 November 2013
References
1. Bashore TM, Cabell C, Fowler V Jr: Update on infective endocarditis.
Curr Probl Cardiol 2006, 31:274–352.
2. Moreillon P, Que YA: Infective endocarditis. Lancet 2004, 363:139–149.
3. Hoen B, Alla F, Selton-Suty C, Béguinot I, Bouvet A, Briançon S, Casalta JP,
Danchin N, Delahaye F, Etienne J, Le Moing V, Leport C, Mainardi JL, Ruimy
R, Vandenesch F, Association pour l’Etude et la Prévention de l’Endocardite
Infectieuse (AEPEI) Study Group: Changing profile of infective endocarditis:
results of a 1 year survey in France. JAMA 2002, 288:75–81.
4. 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 infective endocarditis. Chest 2007, 132:1025–1035.
5. Correa de Sa DD, Tleyjeh IM, Anavekar NS, Schultz JC, Thomas JM, Lahr BD,
Bachuwar A, Pazdernik M, Steckelberg JM, Wilson WR, Baddour LM:
Epidemiological trends of infective endocarditis: a population based
study in Olmsted County, Minnesota. Mayo Clin Proc 2010, 85:422–426.
6. Murdoch DR, Corey GR, Hoen B, Mirò JM, Fowler VG Jr, Bayer AS, Karchmer
AW, Olaison L, Pappas PA, Moreillon P, Chaambers ST, Chu VH, Falcò V,
Holland DJ, Jones P, Klein JL, Raymond NJ, Read KM, Tripodi MF, Utili R,
Wang A, Woods CW, Cabell CH, International Collaboration on EndocarditisProspective Cohort Study (ICE-PCS) Investigators: 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.

7.

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

Hasbun R, Vikram H, Barakat LA, Buenconsejo J, Quagliarello VJ:
Complicated left sided native valve endocarditis in adults: risk
classification for mortality. JAMA 2003, 289:1933–1940.
Chirouze C, Cabell CH, Fowler VG Jr, Khayat N, Olaison L, Miro JM, Habib G,
Abrutyn E, Eykyn S, Corey GR, Selton-Suty C, Hoen B, International
Collaboration on Endocarditis Study Group: Prognostic factors in 61 cases
of Staphylococcus aureus prosthetic valve infective endocarditis from
the international Collaboration on Endocarditis merged database.
Clin Infect Dis 2004, 38:1323–1327.
Fernandez-Hidalgo N, Almirante B, Tornos P, Pigrau C, Sambola A, Igual A,
Pahissa A: Contemporary epidemiology and prognosis of health careassociated infective endocarditis. Clin Infect Dis 2008, 47:1287–1297.
Lomas JM, Martinez-Marcos FJ, Plata A, Ivanova R, Galvez J, Ruiz J, Reguera
JM, Noureddine M, de la torre J, de Alarcon A, Grupo Andaluz parael Estudio
de las Infecciones Cardiovasculares (Andalusian Group for the Study of
Cardiovascular Infections) at the Sociedad Andaluza de Enfermedades
Infecciosas (SAEI): Healthcare-associated infective endocarditis: an
undesirable effect of healthcare universalization. Clin Microbiol Infect 2010,
16:1638–1690.
Benito N, Miro JM, de Lazzari E, Cabell CH, del Rio A, Altclas J, Commerford
P, Delahaye F, Dragulescu S, Giamarellou H, Habib G, Kamarulzaman A,
Kumar AS, Nacinovich FM, Suter F, Tribouilloy C, Venugopal K, Moreno A,
Fowler VG, ICE-PCS Investigators: Health care-associated native valve
endocarditis: importance of non-nosocomial acquisition. Ann Intern Med
2009, 150:586–594.
Miro JM, Anguera I, Cabell CH, Chen AY, Stafford JA, Corey GR, Olaison L,
Eykyn S, Hoen B, Abrutyn E, Raoult D, Bayer A, Fowler VG Jr, International
Collaboration on Endocarditis Merged Database Study Group:
Staphylococcus aureus native valve infective endocarditis: report of 566
episodes from the International collaboration on Endocarditis Merged
Database. Clin Infect Dis 2005, 41:507–514.
Letaief A, Boughzala E, Kaabia N, Ernez S, Abid F, Ben Chaabane T, Ben
Jemaa M, Boujnah R, Chakroun M, Daoud M, Gaha R, Kafsi N, Khalfallah A,
Slimane L, Zaouali M: Epidemiology of infective endocarditis in Tunisia: a
10 year multicentre retrospective study. Int J Infect Dis 2007, 11:430–433.
Hill EE, Herijgers P, Herregods MC, Peetermans WE: Evolving trends in
infective endocarditis. Clin Microbiol Infect 2006, 12:5–12.
Cabell CH, Jollis JG, Peterson GE, Corey GR, Anderson DJ, Sexton DJ, Woods
CW, Reller LB, Ryan T, Fowler VG Jr: Changing patient characteristics and
the effect on mortality in endocarditis. Arch Intern Med 2002, 162:90–94.
Fowler VG Jr, Miro JM, Hoen B, Cabell CH, Abrutyn E, Rubinstein E, Corey
GR, Spelman D, Bradley SF, Barsic B, Pappas PA, Anstrom KJ, Wray D, Fortes
CQ, Anguera I, Athan E, Jones P, van der Meer JT, Elliott TS, Levine DP, Bayer
AS, ICE Investigators: Staphylococcus aureus endocarditis: a consequence
of medical progress. JAMA 2005, 293:3012–3021.
López J, Revilla A, Vilacosta I, Sevilla T, Villacorta E, Sarriá C, Pozo E, Rollán
MJ, Gómez I, Mota P, San Román JA: Age dependent profile of left
sided infective endocarditis: a 3 centre experience. Circulation 2010,
121:892–897.
Durante-Mangoni E, Bradley S, Selton-Suty C, Tripodi MF, Barsic B, Bouza E,
Cabell CH, Ramos AI, Fowler V Jr, Hoen B, Koneçny P, Moreno A, Murdoch
D, Pappas P, Sexton DJ, Spelman D, Tattevin P, Miró JM, van der Meer JT,
Utili R, International Collaboration on Endocarditis Prospective Cohort Study
Group: Current features of infective endocarditis in elderly patients:
results of the international Collaboration on Endocarditis Prospective
Cohort Study. Arch Intern Med 2008, 168:2095–2103.
Li JS, Sexton DJ, Mick N, Nettles R, Fowler VG Jr, Ryan T, Bashore T, Corey
GR: Proposed modifications to the Duke criteria for the diagnosis of
infective endocarditis. Clin Infect Dis 2000, 30:633–638.
Habib G, Hoen B, Tornos P, Thuny F, Prendergast B, Vilacosta I, Moreillon P,
de Jesus Antunes M, Thilen U, Lekakis J, Lengyel M, Müller L, Naber CK,
Nihoyannopoulos P, Moritz A, Zamorano JL, ESC Committee for Practice
Guidelines: The task force on the prevention, diagnosis, and treatment of
infective endocarditis of the European Society of Cardiology (ESC):
guidelines on the prevention, diagnosis, and treatment of infective
endocarditis (new version 2009). Eur Heart J 2009, 30:2369–2413.
Nomura A, Omata F, Furukawa K: Risk factors of mid-term mortality of
patients with infective endocarditis. Eur J Clin Microbiol Infect Dis 2010,
29:1355–1360.
Selton-Suty C, Célard 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,

Ferraris et al. BMC Infectious Diseases 2013, 13:545
http://www.biomedcentral.com/1471-2334/13/545

23.

24.

25.
26.

27.

28.

29.
30.
31.
32.

33.

34.

Page 9 of 9

Hoen B, AEPEI Study Group: Preeminence of Staphylococcus aureus in
infective endocarditis: a 1-year population-based survey. Clin Infect Dis
2012, 54:1230–1239.
Leone S, Ravasio V, Durante Mangoni E, Crapis M, Carosi G, Scotton PG,
Barzaghi N, Falcone M, Chinello P, Pasticci MB, Grossi P, Utili R, Viale P, Rizzi
M, Suter F: Epidemiology, characteristics, and outcome of infective
endocarditis in Italy: the Italian Study on Endocarditis. Infection 2012,
40:527–535.
Kühn C, Disqué C, Mühl H, Orszag P, Stiesch M, Haverich A: Evaluation of
commercial universal rRNA gene PCR plus sequencing tests for
identification of bacteria and fungi associated with infectious
endocarditis. J Clin Microbiol 2011, 49:2919–2923.
Rizzardini G, Restelli U, Croce D: The management of antiretroviral
treatments in Europe: the Italian experience. AIDS 2013, 27:N3–N6.
Chirillo F, Bacchion F, Pedrocco A, Scotton P, de Leo A, Rocco F, Valfré C,
Olivari Z: Infective endocarditis in patients with diabetes mellitus. J Heart
Valve Dis 2010, 19:312–320.
Fernandez Guerrero ML, Gonzalez Lopez J, Gorgolas M: Infectious
endocarditis in patients with cirrhosis of the liver: a model of infection
in the frail patient. Eur J Clin Microbiol Infect Dis 2010, 29:1271–1275.
Scudeller L, Badano L, Crapis M, Pagotto A, Viale P: Population-based
surveillance of infectious endocarditis in an Italian region. Arch Intern
Med 2009, 169:1720–1723.
Brouqui P, Raoult D: Endocarditis due to rare and fastidious bacteria.
Clin Microbiol Rev 2001, 14:177–207.
Lisby G, Gutschik E, Durack DT: Molecular methods for diagnosis of
infective endocarditis. Infect Dis Clin North Am 2002, 16:393–412.
Naber CK, Erbel R: Diagnosis of culture negative endocarditis: novel
strategies to prove the suspect guilty. Heart 2003, 89:241–243.
Cosmi JE, Tunick PA, Kronzon I: Mortality in patients with paravalvular
abscess diagnosed by transesophageal echocardiography. J Am Soc
Echocardiogr 2004, 17:766–768.
Wang A, Athan E, Pappas PA, Fowler VG Jr, Olaison L, Paré C, Almirante B,
Muñoz P, Rizzi M, Naber C, Logar M, Tattevin P, Iarussi DL, Selton-Suty C,
Jones SB, Casabé J, Morris A, Corey GR, Cabell CH, International
Collaboration on Endocarditis-Prospective Cohort Study Investigators:
Contemporary clinical profile and outcome of prosthetic valve
endocarditis. JAMA 2007, 297:1354–1361.
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.

doi:10.1186/1471-2334-13-545
Cite this article as: Ferraris et al.: Profile of infective endocarditis
observed from 2003 - 2010 in a single center in Italy. BMC Infectious Diseases 2013 13:545.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

