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ABSTRACT

Introduction: Infective endocarditis (IE) has
undergone important changes in its epidemi-
ology worldwide.

Methods: The study aimed to compare IE epi-
demiological features and outcomes according
to predefined European regions and between
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two different time periods in the twenty-first
century.

Results: IE cases from 13 European countries
were included. Two periods were considered:
2000-2006 and 2008-2012. Two European
regions were considered, according to the Uni-
ted Nations geoscheme for Europe: Southern
(SE) and Northern—-Central Europe (NCE).
Comparisons were performed between regions
and periods. A total of 4195 episodes of IE were
included, 2113 from SE and 2082 from NCE;
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2787 cases were included between 2000 and
2006 and 1408 between 2008 and 2012. Median
(IQR) age was 63.7 (49-74) years and 69.4%
were males. Native valve IE (NVE), prosthetic
valve IE (PVE), and device-related IE were diag-
nosed in 68.3%, 23.9%, and 7.8% of cases,
respectively; 52% underwent surgery and 19.3%
died during hospitalization. NVE was more
prevalent in NCE, whereas device-related IE was
more frequent in SE. Higher age, acute presen-
tation, hemodialysis, cancer, and diabetes mel-
litus all were more prevalent in the second
period. NVE decreased and PVE and device-re-
lated IE both increased in the second period.
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Surgical treatment also increased from 48.7% to
58.4% (p<0.01). In-hospital and 6-month
mortality rates were comparable between
regions and significantly decreased in the sec-
ond period.

Conclusions: Despite an increased complexity
of IE cases, prognosis improved in recent years
with a significant decrease in 6-month mortal-
ity. Outcome did not differ according to the
European region (SE versus NCE).
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Graphical Abstract:

Epidemiological Changes and Improvement in
Outcomes of Infective Endocarditis in Europe in
the 21st Century

Ambrosioni J, Hernandez-Meneses M, Durante-Mangoni E, Tattevin P, Olaison L, Freiberger
T, Hurley J, Hannan M, Chu V, Hoen B, Moreno A, Cuervo G, Llopis J, Miré JM, and
International Collaboration for Endocarditis (ICE) investigators
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Hypothesis: The epidemiology and outcomes of infective endocarditis (IE) in
Europe could have experienced substantial variations according to predefined
regions [Southern (SE) and Northern and Central Europe (NCE)] and throughout the
first 12 years of this Century.

Objectives: The study aimed to compare IE epidemiological features and outcomes
according to predefined European regions (NCE vs. SE) and between two different
time periods (2000-06 vs. 2008-12) in this Century.
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Main conclusions:

* The complexity of IE cases has increased in Europe between 2000 and 2012
with a rise in the proportion of patients who benefit from surgical treatment.

° Although the percentage of in-hospital and 6-month mortality decreased
modestly, this may represent a significant improvement in the overall
management and prognosis of IE in Europe.

The graphical abstract represents the opinions of the authors. For a full list of
declarations, including funding and author disclosure statements, and copyright
information, please see the full text online.
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In recent decades, the epidemiology and
outcomes of infective endocarditis (IE)
have undergone important changes
worldwide, but these changes are poorly
characterized in the European regions.

The study aimed to identify the
epidemiological and clinical features of
4,195 episodes of IE in the 13 European
countries through the International
Collaboration on Endocarditis (ICE)
registry, comparing two regions (Southern
[SE] vs. Northen-Central Europe [NCE]
and two periods of time (2000-2006 vs.
2008-2021) in the twenty-first century.

The study revealed an increase in the
complexity of the IE profile over time in
both of these European regions, including
a significant rise in the proportion of
patients benefitting from surgical
treatment (from 49% to 58%; p < 0.01).
In-hospital (19%) and six-month (22%)
mortality rates were similar between the
regions and significantly decreased in
recent years, mainly in the SE countries
(from 21% to 18%, p < 0.01).

We have learned that, despite the increase
in patients” comorbidities and a more
complex endocarditis profile, modestly
decreasing in-hospital and six-month
mortality may reflect a significant
improvement in the overall management
and prognosis of IE in Europe.

DIGITAL FEATURES

This article is published with a digital feature (a
graphical abstract). To view digital features for
this article go to https://figshare.com/s/
€98d8be0814c0d2b240e.

INTRODUCTION

Infective endocarditis (IE) has undergone
important changes in its epidemiology world-
wide. In high-income countries, the proportion
of IE related to prior rheumatic disease has
decreased significantly and has been replaced
proportionally by cases related to degenerative
valvulopathies, prosthetic valves, and cardio-
vascular implantable electronic devices [1]. IE
incidence seems to be on the rise in high-in-
come countries [2, 3]. Indeed, community-ac-
quired, nosocomial, and [4] healthcare-related
cases have risen in recent years. The proportion
of IE caused by staphylococci and the median
age of patients have also augmented, which
may be partially justified by better reporting of
cases. In low-income countries, in contrast, IE
remains related to classic risk factors, such as
rheumatic disease [S], and streptococci remain
the most frequent causative agents [1].

A changing profile of IE has been described
in several Furopean countries [6-8]. European
regions have large disparities in terms of access
to care [3]. Moreover, in regions with compa-
rable access to care, practices vary considerably
in different countries (and even within the same
country). In the early twenty-first century, IE
has been described to be more often an acute
disease, characterized by a high rate of Staphy-
lococcus aureus infection, and to affect patients
with more comorbid conditions [9]. In parallel,
significant improvements in the management
of IE, such as larger availability of cardiac sur-
gery when it is indicated [10, 11] or the creation
of multidisciplinary IE teams [12], have expan-
ded in recent years. The paradox of a mortality
rate that has remained relatively stable may be
explained by this parallel increase in the com-
plexity of cases and progress in care. The Euro-
Endo registry is a recent prospective registry of
IE cases, mainly from Europe, but also from
abroad [13]. In the Euro-Endo registry initial
report, in-hospital and overall 1-year mortality
were 17.1% and 23.1%, respectively [14]. How-
ever, there are no reliable reports of previous
years to put Euro-Endo registry information in
context [15].
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It is also unknown whether the epidemio-
logical factors, complications, and outcome
associated with IE differ across European regions
with different healthcare systems and medical
practices. The aim of this study was to compare
IE epidemiological variables and outcomes in
Europe according to predefined regions and
across two different time periods in the twenty-
first century, using data from the International
Collaboration on Endocarditis (ICE) prospective
cohort study (2000-2012).

METHODS

This observational study was based on data
within the ICE Prospective Cohort Study and
the ICE-Plus databases. The ICE Prospective
Cohort Study (ICE-PCS) database contains

prospective data on 5591 patients with definite
and possible IE from 64 sites in 28 countries
collected between January 1 2000 and Decem-
ber 31 2006. The ICE-Plus database contains
prospective data on 2124 patients with IE from
34 sites in 18 countries collected between
September 1 2008 and December 31 2012 [16].
For the purpose of this study, cases from the 28
European centers were included in the main
study, and to overcome the issue of differences
in practices between centers, a specific sub-
analysis was performed only with the 12 Euro-
pean centers reporting cases in both periods of
time (see Fig. 1 and Supplementary Fig. 1).
Briefly, sites of the ICE cohort had a mini-
mum enrollment of 12 cases per year in a center
with access to cardiac surgery, patient identifi-
cation procedures in place to ensure consecu-
tive enrollment and to minimize ascertainment
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Fig. 1 Countries, centers, and cases from ICE cohort included in the study. Green: Northern—Central European countries

included in the study. Red: Southern European countries included in the study
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bias, high-quality data, and an institutional
review board and/or ethics committee approval.

The ICE registry was funded for two periods:
2000-2006 and 2008-2012, and these two
periods were arbitrarily chosen for comparing
epidemiological changes and outcomes of early
and late IE in the first two decades of the 21st
century.

For analyses purposes, two periods were
considered: 2000-2006 (early) and 2008-2012
(late), according to data collection in the ICE
cohorts. Centers were grouped according to the
United Nations geoscheme for Europe [14]. Two
European regions were considered for analysis:
Southern (SE) and Northern and Central Europe
(NCE). Due to very limited data (only two ICE
centers, one from Romania and one from Rus-
sia, with less than 30 IE cases reported in total),
Eastern Europe could not be considered for
analysis. Comparisons were performed between
both periods (2000-2006 versus 2008-2012) and
the two regions (SE versus NCE), including
epidemiological factors, microbiology, clinical
aspects, echocardiographic findings, and
outcome.

The variables included in the study are pre-
sented in Tables 1, 2, and 3, and were collected
using an standardized case report form. Defini-
tions have been previously described [4]. Defi-
nitions for the place of infection were as
follows: (a) Cases were considered community-
acquired if they were diagnosed within 48 h of
admission, and if signs or symptoms consistent
with IE developed in a patient without exten-
sive out-of-hospital contact with healthcare
interventions or systems; (b) cases were con-
sidered nosocomial healthcare associated if they
occurred in a patient hospitalized for more than
48 h prior to the onset of signs or symptoms
consistent with IE; and (c) cases were considered
non-nosocomial healthcare associated if they
were diagnosed within 48 h of admission, and if
signs or symptoms consistent with IE developed
prior to hospitalization in patients with exten-
sive out-of-hospital contact with healthcare
interventions or systems, defined as: (1) receipt
of intravenous therapy, wound care, or special-
ized nursing care at home within the 30 days
prior to the onset of native valve endocarditis;
(2) receipt of hemodialysis or intravenous

chemotherapy in the 30 days before the onset of
native valve endocarditis; (3) hospitalization for
2 or more days in the 90 days before the onset of
native valve endocarditis; or (4) residence in a
nursing home or long-term care facility [4].

The American and European IE guidelines for
the indications of surgery were followed, as was
the classification of emergent, urgent, and
elective surgery [17, 18].

Compliance with ethics guidelines

The Institutional Review Board (IRB) of the
Hospital Clinic of Barcelona approved the
implementation of this study (ERB number
HCB/2004/4629). The study’s retrospective
nature waived the requirement for informed
written consent. Patient identification was
encoded, complying with the needs of the
Organic Law on Data Protection 15/1999.

Statistical Analysis

Continuous variables are presented as medians
with 25th and 75th percentiles. Categorical
variables are presented as frequencies and per-
centages of the specified group. The chi-square
test was used to compare categorical variables,
and the Mann-Whitney or Kruskal-Wallis tests
were used, as appropriate, to compare continu-
ous variables. Multivariable analysis was per-
formed to identify variables independently
associated with in-hospital and 6-month mor-
tality. We did select the variables using a
bivariate analysis. Those with a p-value < 0.20
were considered as candidates for the multi-
variable analyses. In addition, those variables
with an important clinical relevance (e.g., age
and gender) were also included in the model.
We used both forward stepwise and backward
elimination subset selection methods to iden-
tify variables independently associated with
mortality. The significance level for entering
effects was < 0.1, and the significance level for
removing effects was < 0.05. Multicollinearity
was calculated using the Belsley, Kuh, and
Welsch test and principal component analysis
[19]. Interaction tests between the Charlson
score and the period of time or the European
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Table 2 Microbiologic etiology comparative analyses between the two predefined regions and two periods of overall cohort

Total NCE SE p- Early period Later period p-
N=4195 N =12082 N =2113 Value (2000-2006) (2008-2012) Value
N = 2787 N = 1408

Staphylococcus aureus 1039 506 533 0.59 711 (27.2%) 328 (26.3%) 0.61
(N = 3882) (268%)  (262%)  (27.2%)

Viridans group 655 295 360 0.16 443 (18%) 212 (16.7%) 0.39
Streptoccoci (17.4%) (15.9%) (18.2%)
(N = 3882)

Coagulase negative 510 219 291 < 0.01 327 (12.5%) 183 (14.8%) 0.09
Staphylococcus (13.6%) (10.8%) (14.9%)
(I = 3882)

Enterococcus spp. 427 202 225 0.60 269 (8.9%) 158 (12.5%) < 0.01
(N = 3882) (10.5%) (10.1%) (10.8%)

Streptococcus gallolyticus 330 (9%) 173 157 < 0.01 221 (8.8%) 109 (9%) 0.90
(N = 3882) (12.3%) (7.3%)

Other streptococci® 257 143 144 < 0.01 159 (6.4%) 98 (8.1%) 0.11
(N = 3882) 72%)  (10.1%)  (5.8%)

Gram negative (not 132 (4%) 59 (3.1%) 73 (3.7%) 0.37 83 (3.2%) 49 (3.9%) 0.25
HACEK")
(N = 3882)

Polymicrobial 85 (1.6%) 59 (26%) 26 (12%) < 0.01 44 (0.5%) 41 (3%) <001
(N = 3882)

HACEK® (N = 3882) 50 (1.2%) 28 (1.5%) 22 (1.1%) 046 35 (1.3%) 15 (1.1%) 0.68

Fungi (IV = 3882) 53 (12%) 22 (1.2%) 31 (12%) 099 36 (1.3%) 17 (1.2%) 0.96

Negative culture 235 124 111 < 0.01 219 (8%) 16 (1.1%) < 0.01
(N = 3882) (4.9%) (2.6%) (5.9%)

Other (IV = 3882) 109 53 (2.5%) 56 (2.7%) 0.73 78 (3%) 31 (2.2%) 0.20

(2.6%)

*Other Streprococci including Streptococcus pneumoniae, beta hemolytic group Streptococci, etc.

"HACEK group includes Haemophilus species, Aggregatibacter actinomycetemcomitans, Aggregatibacter aphrophilus (formerly
Haemophilus aphrophilus and Haemophilus paraphrophilus), Cardiobacterium hominis, Eikenella corrodens, and Kingella

species.

regions were also performed. Kaplan-Meier
curves were built to compare 6-month mortality
between periods and region. Prognostic factors
for in-hospital and 6-month mortality were
analysed using a logistic regression model, with
comparisons reported with odds ratios (ORs)

with 95% confidence intervals (CIs). For all
tests, a p-value < 0.05 was considered signifi-
cant. Statistical analyses were performed using
Stata statistical package v.14 (Stata Corporation
LLC).
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Table 3 continued

P-

Early period Later period

NCE SE
N=2082 N

Total

(2008-2012) N = 1408  Value

= 2787

(2000-2006) N

2113 Value

4195

N

0.06

248 (17.8%)

387 419 034 558 (20.1%)

806

4169)

In-hospital death® (IV

(19.9%)

500

(18.7%)

439

(19.3%)

939

0.04

290 (20.6%)

649 (23.4%)

0.05

4187)

Six-month mortality (N

(23.7%)
64 (6.4%)

(21.2%)
45 (4.6%)

(22.4%)
109 (5.5%)

0.18

39 (5.5%9

70 (5.6%)

0.08

1973)

Relapses (N

NCE Northern and Central European countries; SE Southern European countries; CHF congestive heart failure

*Persistent blood cultures were defined as blood cultures that remained positive after 7 days of effective therapy
®In the NCE region, the rates of cardiac surgery in the periods 2000-2006 and 2008-2012 were 53.05% (N

411), respectively. In the SE

766) and 63.34% (N

403) in the same time periods

583) and 52.75% (N
“In the NCE region, the in-hospital mortality rates in the periods 2000-2006 and 2008-2012 were 19.25% (N

region they were 43.83% (N

411), respectively. In the

279) and 17.06% (N

140) in the same time periods

279) and 18.06% (N

SE region they were 20.85% (NN

RESULTS

The distribution of countries according to the
predefined regions, and the relative proportion
of cases and centers provided by each country
are shown in Fig. 1. There were 2782 cases in the
early period (2000-2006) and 1408 cases in the
later period (2008-2012), see Fig. 2. Most cases
from the SE region were provided by Spanish
(975 cases from four centers) and Italian (699
cases from five centers) centers, whereas most
cases from the NCE region were provided by
French sites (1232 cases from six centers). In all,
4195 episodes of IE were included in the final
analysis, 2113 from SE and 2082 from NCE.
Overall, median (IQR) age was 63.7 (49-74)
years and 69.4% were males. Native valve IE
(NVE), prosthetic valve IE (PVE), and cardiac
implantable electronic device-related IE were
diagnosed in 68.3%, 23.9%, and 7.8% of cases,
respectively; 52% underwent surgery and 19.3%
died during hospitalization.

Baseline Characteristics and Predisposing
Conditions

Baseline characteristics and predisposing con-
ditions of patients are presented in Table 1.
Human immunodeficiency virus (HIV) infec-
tion was more prevalent in SE centers. Native
valve involvement was more prevalent in NCE,
whereas device-related IE was more frequent in
SE (p < 0.01 for all comparisons). When com-
paring time periods, patient age increased
(p <0.01) and acute presentation, hemodialy-
sis, cancer, and diabetes mellitus was all more
prevalent in the second period (p < 0.01 for all
comparisons). Intravenous drug use became less
prevalent (p < 0.01). Native valve IE decreased
(p < 0.01) and prosthetic (p = 0.01) and device-
related IE both increased, although the latter
not significantly (p = 0.08).

Microbiological Findings

Microbiological features are presented in
Table 2. Overall, S. aureus was the most preva-
lent microbial etiology, in 26.8% of cases and it
was equally distributed in NCE and SE
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~
IE European cases without
Easterncountries (28 centers)

N=4195

~
Definite IE cases from ICE database
(79 centers)
N=8112 Excluded = IE cases from not
# European countries (49 centers)
‘ N= 3865
7= B
IE cases from European centers Excluded > IE cases from not
(30 centers) q Eastern countries (2 centers)
N=52
N=4247

Nothern-Central European countries
(15 centers)

Southern European countries

N=2134

NCE 2000-2006
N=1501

NCE 2008-2012
N=633

—

(13 centers)
N=2113

SE 2000-2006
N=1338

SE 2008 -2012
N= 775

Fig. 2 Flow chart of cases included in the study. NCE Northern and Central European countries (according to the UN

geoscheme), SE Southern European countries (according to the UN geoscheme)

countries. Coagulase-negative staphylococci
(CoNS) IE was more frequent in SE, viridans
group Streptococcus (VGS) and Enterococcus spp.
were equally distributed, and S. gallolyticus (for-
merly S. bovis) was more frequent in NCE
countries. When comparing time periods, Ente-
rococcus spp. increased with no other relevant
difference among microorganisms. Notably, the
proportion of culture negative cases was extre-
mely low in the second period, accounting for
only 1.1% of cases.

Echocardiographic Findings, Treatment,
and Outcome

Echocardiographic findings, complications,
treatment, and outcome are presented in
Table 3. Valve involvement was not different
between regions. Stroke and intracardiac
abscesses were more prevalent in NCE, while
systemic embolization was more prevalent in
SE, although not statistically significant. Stroke
(p = 0.08), congestive heart failure, systemic

embolization, persistently positive blood cul-
tures, and intracardiac abscesses increased in
the second period (p <0.01 for all compar-
isons). Surgical treatment was applied signifi-
cantly more often in NCE countries, and
regarding time periods, increased from 48.7% to
58.4% (p < 0.001). Stratified by group, surgery
recourse remained stable in NCE countries in
both periods (61.7% versus 64.6%, p =0.39),
but significantly increased in the SE countries
(44.8% versus 50.1%, p = 0.03). In-hospital and
6-month mortality were comparable between
regions and significantly decreased at 6 months
in the second period from 23.4% to 20.6%
(p = 0.04). When analyzed by period and by
region, a more pronounced decrease in mortal-
ity was observed in SE countries (Fig. 3).
Multivariable analysis of factors associated
with in-hospital mortality is presented in
Table 4. The multicollinearity index was weak
(maximum of 3.22). Classic IE prognostic fac-
tors (such as Charlson score, PVE, Staphylococ-
cus aureus etiology, congestive heart failure,
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Kaplan-Meier survival estimates (Log-Rank test, p=0.003)

1 |

0.700.750.800.850.900.951.00
1

S
C Lo gy [T e

T

0 2

Number at risk

T T

4 6
analysis time (months)
SE, 2000-2006 1338 1097 1022 998
SE, 2008-2012 775 648 625 617
NCE, 2008-2012 1449 1207 1151 1128
NCE, 2008-2012 633 540 514 507

SE, 2000-2006
NCE, 2000-2006

===== SE, 2008-2012
————— NCE, 2008-2012

Fig. 3 Kaplan—-Meir curves of 6-month mortality for 4195 IE cases included in the study, according to pre-established
regions and periods. SE Southern-European Countries; NCE Northern—Central European Countries

stroke, persistently positive blood cultures, or
paravalvular complications), were indepen-
dently related to increased mortality. VGS eti-
ology and surgery were protective factors.
Surgery was also protective when we excluded
the patients who died before 2 weeks without
surgery, with an OR (95%CI) of 0.67 (0.57,
0.80). The region (NCE versus SE) was unrelated
to both in-hospital and 6-month mortality, but
being diagnosed in the second period was a
protective factor (OR of 0.54 and 0.53, respec-
tively, for in-hospital and 6-month mortality).

A subanalysis was performed with Charlson
co-morbidity index (Fig.4), showing that
6-month mortality was consistently lower in
the second period for a given Charlson score,
without interaction between variables (interac-
tion test p = 0.08).

The specific subanalysis performed only with
centers reporting cases in both periods

(N = 2665 cases, from 12 centers) showed no
major differences in results, compared with the
entire cohort (Supplementary Fig.1 and Sup-
plementary Tables 1-4).

DISCUSSION

In recent decades, the epidemiology of IE in
developed countries has shown a trend toward a
higher comorbidity index, and increased com-
plexity of cases, and therefore, a shift in the
microbiological causes, favoring staphylococcal
etiology [1]. Despite these recognized changes
of IE in recent years, no study has compared
different European regions or has evaluated
prognosis trends over time. Our study shows an
overall improvement in outcomes in Europe,
despite the increased complexity of cases
(shown by the higher rates of comorbidities
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Table 4 Multivariable analysis of factors associated with in-hospital mortality and 6-month mortality of overall cohort

In-hospital mortality

Six-month mortality

Multivariate CI 95% p-Value Multivariate CI 95% p-Value

OR OR
Charlson score 1.36 (1.24,1.50) < 0.01 134 (1.01, 1.66) 0.04
Prosthetic valve IE 1.62 (1.26,2.10) < 0.01 1.68 (1.30, 2.17) < 0.01
Staphylococcus anreus 1.82 (143,234) <001 172 (1.32,224) < 0.01
ConS* 1.59 (117,221) <001 148 (107, 209) < 0.01
Viridans group Streptoccoci® 0.38 (0.21,0.72) <001 064 (0.44, 0,92) 0.02
Intracardiac vegetation 1.57 (1.14,2.19) <001 159 (1.15,2.19) < 0.01
Stroke 247 (191,3.18) <001 231 (179, 3.01) < 0.01
CHF 2.79 (224, 349) <001 277 (221, 346) < 0.01
Persistent positive blood culture 2.69 (191, 3.78) < 0.01 2.65 (1.84,3.81) < 0.01
Paravalvular complications 1.83 (143,232) <001 181 (142,232) <001
N IE and HA IE versus CA IE 1.89 (1.56,227) <001 130 (1.01, 1.66) 0.04
In-hospital surgery 0.69 (0.55,0.87) <001 068 (0.54, 0.86) < 0.01
European region (SE versus NCE) 1.33 (0.88, 1.45) 0.18 1.33 (091, 1.41) 0.27
Period (2008-2012 versus 2000-2006)  0.54 (040, 0.76) <001 0.53 (039, 0.73) < 0.01

This analysis was adjusted by age and gender

NCE Northern and Central European countries; SE Southern European countries; /E infective endocarditis; CHF con-

gestive heart failure; NV nosocomial; HA healthcare associated; CA community acquired; /E infective endocarditis
*The reference group is the rest of the etiological microorganisms

such as hemodialysis or diabetes mellitus).
Moreover, as shown in Fig. 4, for a given
Charlson score, mortality was always lower in
the second period.

The reasons for this overall better prognosis
in the later period are not completely under-
stood, although they may reflect several factors
such as the increased proportion of early sur-
gery (although not performed faster after
admission in the second period); the better
management of IE complications such as CNS
emboli, or the utilization of more effective,
better tolerated, and active antimicrobial
agents; and the multidisciplinary approach by
IE teams, among other factors. Although these
data were not analyzed in our article, the role of
newer antimicrobials or newer combinations of
drugs in Europe may have had an impact. In
fact, although recommended treatment

regimens have remained almost unchanged for
decades [15, 20], antimicrobial management of
IE in reference centers frequently differ from the
recommendations, even in centers whose clini-
cal specialists have co-written the international
management guidelines [21] The creation of
specific teams dedicated to the management of
these increasingly complex cases (so-called IE
teams) [12], might have also impacted the
observed global improvement. These teams, an
integration of ID specialists, clinical microbiol-
ogists, cardiologists, cardiac surgeons, nuclear
medicine, and radiology specialists, among
others, have been shown to significantly reduce
the mortality of IE cases [22], and have become
more frequent in many centers recently.
Regarding geographical trends among
regions, during the early period, prognosis was
slightly better in NCE countries, and was
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Mortality according to Charlson Comorbidity index
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Fig. 4 Analysis of mortality rate according to Charlson score, stratified by period (2000-2006 and 2008-2012)

associated with higher rates of cardiac surgery.
As shown in Fig. 3, in the most recent chrono-
logical period these differences in mortality
were not observed among regions, and overall
mortality has decreased in association with an
increase in the proportion of IE patients treated
by cardiac surgery in SE countries. Unfortu-
nately, we were unable to analyze the situation
of IE in Eastern Europe, where access to care
may be more limited and where intravenous
drug use has importantly risen recently, with
HIV and IE related to intravenous drug use
becoming a major concern [23]. In this context,
we would expect a quite different epidemio-
logical and microbiological profile, with a
higher proportion of right-sided IE and higher
prevalence of co-morbidities such as HIV and
HCV co-infection [24].

We did not identify major microbiological
relevant differences between regions or periods,
apart from a significant increase in the

proportion of enterococcal IE, which may be
related to the progressive aging of patients with
IE [25] and the increasing prevalence of col-
orectal pathology in the general population
[26]. Enterococcal IE is expected to rise even
more, considering that Enterococcus spp. is the
main cause of IE in transcatheter aortic valve
replacement (TAVR) cases, and the number of
TAVR cases is also expected to increase in the
future, due to expanding indications [25-28].
S. aureus and CoNS IE, on the rise during in
recent decades, remained stable during the two
periods of our study.

However, the reduction in mortality shown
in our study represents a modest but positive
trend in the field of IE. Putting our data in
context, with respect to the Euro-Endo registry,
in hospital mortality in our study was 20.1% for
the first period and 17.8% for the second,
compared with 17% in the Euro-Endo registry
[14, 29, 30]. Thus, it seems to continue with a
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trend towards a lower mortality, but these data
should be confirmed at 6-month of follow-up.
Unfortunately, as with the ICE cohort, the
majority of hospitals reporting to the Euro-Endo
registry are tertiary reference centers, and con-
sequently may not accurately reflect the overall
epidemiology of IE in Europe (including smaller
hospitals from smaller cities, with no cardiac
surgery).

Our study has several strengths. First, the
large number of episodes allows a reliable
analysis and provides adequate statistical
power. Moreover, no previous large studies of
this type have been performed in Europe since
the Euro-Endo registry cannot compare two
periods of time. To avoid the bias of different
prognosis being related to a center’s experience,
we have performed a subanalysis with centers
participating in both periods, and the main
results did not change.

Our article also has several limitations.
Firstly, the UN geoscheme for Europe is a sta-
tistical and not a meaningful healthcare classi-
fication. Most of the countries included in our
study belong to the World Health Organization
(WHO) regions with low or extremely low
childhood mortality, and thus, no comparison
was possible between countries with high and
low sanitary standards. Moreover, the classifi-
cation of Southern versus Northern—-Central is
arbitrary. As a multicenter study, the use of
health administrative data would have elimi-
nated the bias due to the selective reporting of
cases from reference centers, although it would
likely have yielded less granular data. Moreover,
there are large differences in practices even
within the same country; for instance, a center
from Marseille could have been considered as
part of SE if only a geographical classification
was applied. Conversely, a center from Milan
could have been considered as part of the NCE
region [14]. Furthermore, some countries are
largely over-represented (such as France, Spain,
or Italy), and the situation in other countries of
the same region may be different. Unfortu-
nately, Eastern Europe was excluded due to lack
of data, which might have impacted on the
epidemiology and outcomes of IE, as previously
discussed. In addition, the retrospective nature
of the study and the missing data existing for

some variables may affect results of the analy-
ses, particularly the subanalysis with the centers
reporting cases in both periods due to the
attrition in the number of cases. However, this
is a problem observed with all retrospective
cohorts. There is a bias of IE selection cases,
since mostly large university tertiary centers
provided data to ICE. The microbiology, pre-
disposing conditions, and outcome of IE in
smaller centers in the same countries or regions
could differ considerably. Last but not least,
data collection in the ICE cohort finished in
2012, more recent data was not available.

CONCLUSION

The complexity of IE cases increased in Europe
between 2000 and 2012, accompanied by an
increase in the proportion of patients undergo-
ing surgical treatment. Survival improved in the
latest period, particularly in SE countries.
Although the percentage decrease of in-hospital
and 6-month mortality is modest, considering
the increased age and case complexity of
patients with IE, it may represent a significant
improvement in the overall treatment, prog-
nosis, and potential public health implications
for the management IE in Europe.
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