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Introduction

Infective endocarditis (IE) is a life-threatening illness with a 
high morbidity and mortality, despite advances in medical, 
surgical and critical care interventions [1]. In the past IE 
was a disease that commonly affected patients with predis-
posing valvular abnormalities caused by rheumatic carditis 
[2]. This presentation is currently typically seen in develop-
ing countries. Common medical conditions that put people 
at risk in developed countries include prior endocarditis, 
prosthetic valve, valvular stenosis, ventricular septal defect, 
mitral valve prolapse, haemodialysis and injection drug 
abuse [3–5].

In the Netherlands, it has been estimated that at least 
300 cases of IE a year are diagnosed [4, 6, 7]. Several stud-
ies have reported a gradual increase in the incidence of IE 
between 1998 and 2009 [8, 9]. The incidence of IE is cur-
rently decreasing in young patients, but increases abruptly 
with age [8, 10]. IE is not a uniform disease and it is evolv-
ing with changes in its microbiological profile due to a 
higher incidence of healthcare-associated procedures in 
elderly patients [11].

IE is increasingly seen in patients with prosthetic 
valves and intra-cardiac devices [8, 12]. Cardiac electronic 
devices, including permanent pacemakers and implantable 
cardioverter-defibrillators (ICD), are increasingly implanted 
worldwide [7, 13]. The incidence of cardiac device infective 
endocarditis (CDIE) increased by 210 % between 1993 and 
2008 [8, 13]. CDIE in particular has a substantially higher 
mortality rate than cardiac device infection without endo-
carditis [14].

Effective IE prophylaxis is highly desirable for IE pre-
vention. However, there has not been a single randomised 
trial performed showing clear benefit of IE prophylaxis. The 
American Heart Association (AHA) has published recom-
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mendations for IE prophylaxis since 1955. In the last decade 
IE prevention guidelines have been changed substantially. 
In 2007 the AHA no longer recommended antibiotics for 
IE prevention before invasive gastrointestinal and genito-
urinary procedures [15]. Since the publication of the revised 
ESC guidelines also Dutch physicians changed their guide-
lines and limited the indication for prophylactic antibiotics 
to patients at the highest risk of endocarditis e.g. with a his-
tory of endocarditis, after valve replacement and patients 
with certain forms of congenital heart disease [16]. We have 
the impression that there is an increase in the incidence of IE 
whereas our referral population remained unchanged.

The aim of the study was to investigate if there was an 
increase in incidence of IE in the Medical Center of Alk-
maar (MCA) between 2008 and 2013. And if so, what the 
explanation for this could be.

Methods

Study design

This study is an observational descriptive study of patients 
who were admitted with IE to the MCA from 1 January 
2008 to 31 December 2013, identified by using hospital dis-
charge records. Patient data were drawn from the database 
of the Diagnosis Treatment Code (DBC) case-mix system, 
a Diagnosis Related Group (DRG)-like system in which 
the resource use of all hospitalisations in the Netherlands 
is recorded. We considered a patient to have IE if his/her 
record included the DBC 702. Patients with DBC 702 were 
screened if they met the criteria of IE. All patients of 18 
years or older with definite or possible IE, as defined by the 
modified Duke criteria [17], or meeting criteria for CDIE 
were selected. CDIE was clinically defined as clinical suspi-
cion combined with valvular and/or lead vegetation detected 
by echocardiography for IE. Patients were excluded if infor-
mation about IE was missing or the diagnosis was not fully 
proven through the Duke criteria.

Clinical characteristics including demographics, comor-
bid conditions, preexisting valvular conditions, and details 
regarding the current episode of IE (including microbiology, 
management, and outcome) were collected. Preexisting val-
vular conditions were divided into two subgroups: a high-risk 
group of IE defined as those with prior IE, prosthetic valve 
replacement or valve repair with prosthetic material, untreated 
or partially repaired cyanotic congenital heart disease and a 
moderate-risk group defined as those with prior rheumatic 
fever, heart murmur of evidence of native valve disease.

CDIE was scored as procedure-related IE if valvular 
or lead vegetation occurred < 6 months of implantation. 
IE associated with valvular or lead infection occurring > 6 
months after implantation was scored as a late IE.

A prosthetic valve endocarditis was classified as proce-
dure related if valvular vegetation occurred < 1 year after 
implantation of the prosthetic valve. Prosthetic valve endo-
carditis was defined as late IE if IE occurred > 1 year after 
implantation [11].

Due to the retrospective nature of the study, approval of 
the local ethics committee was not necessary.

Statistical analysis

Continuous variables are presented as median and inter-
quartile range (IQR) and categorical variables are presented 
as frequencies with percentages. One-sample Kolmogorov-
Smirnov test were used to test continuous data for normal 
distribution. Pearson Chi-square tests were used to test 
dichotomous parameters. P-values < 0.05 were considered 
significant. Statistical Package for Social Sciences V.20 
(SPSS Inc., Chicago Il, USA) was used.

Results

Study population

A total of 91 patients were documented with IE, of which 
two were excluded from the current analysis because of 
missing information. The 89 patients with IE included 7 
patients (7.9 %) with CDIE.

The clinical characteristics of IE are shown in Table 1. 
Patients were predominantly men (69.7 %), with a median 
(IQR) age of 68 (59.2–75.4) years. Blood cultures were 
positive in 82 patients (92.1 %). Staphylococcus aureus 
was most frequently found in the isolates (24.4 %). Also 
Streptococcus oralis (11 %), Streptococcus bovis (9.8 %) 
and Enterococcus faecalis (8.5 %) were frequently seen. IE 
prophylaxis was indicated in 21 high-risk patients. All 21 
patients were treated according the Dutch guidelines.

Sixteen patients (18 %) with IE died in hospital. In medi-
cally treated patients the mortality rate was 22.6 % (12 out 
of 53) whereas 4 out of 36 (11.1 %) patients died after valve 
replacement or device removal (p = 0.164).

Valve infections

A valve IE was present in 82 patients (92.1 %). IE involved 
a native valve in 63 patients (70.8 %) and a prosthetic valve 
in 19 patients (21.3 %). The distribution of native valve 
involvement includes the aortic (n = 26), mitral (n = 29), pul-
monary (n = 2) and both aortic and mitral (n = 6) valves. Five 
patients (7.9 %) with a native valve had a severe aortic valve 
stenosis, four (6.3 %) patients had a bicuspid aortic valve 
and two (3.2 %) had a mitral valve prolapse. The distribution 
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with high-risk IE. As mentioned before, this increase was in 
part attributable to prosthetic valve IE.

Discussion

In the MCA we have observed an increase in patients with 
IE over the last 6 years, especially in the last 3 years. The 
increase of IE in patients with predisposing conditions was 
especially clear in the high-risk group, whereas IE in the 
moderate-risk group remained stable. This increase was 
largely attributable to prosthetic valve endocarditis, but not 
to CDIE.

Prophylaxis

Effective prophylaxis is highly desirable for IE prevention. 
The last decade IE prevention guidelines have been changed 
substantially. In 2007, the AHA no longer recommended 
antibiotics for IE prevention before invasive gastrointesti-
nal and genitourinary procedures [15]. After publication of 
these guidelines, in the first 2 years Thornhill et al. showed 
a 78.6 % reduction in the prescription of antibiotic prophy-
laxis, yet they did not detect a significant increase in the 
number of IE cases above the long-term baseline trend 
during their study of the 2007 AHA endocarditis preven-
tion guidelines [18–21]. Since the publication of the revised 
ESC guidelines, also Dutch physicians changed their guide-
lines and limited the indication for prophylactic antibiotics 
to patients at highest risk of endocarditis [16].

Several studies have not shown an increase in the inci-
dence of IE after implementation of the AHA guidelines 

of prosthetic valve involvement includes the aortic (n = 17), 
mitral (n = 3) and both aortic and mitral (n = 1) valves.

All patients received high-dose antibiotics intravenously. 
Valve replacement was needed in 41.5 % patients.

In 31.6 % of the patients with a prosthetic valve a pro-
cedure-related infection was present. The median time of 
an early prosthetic valve IE was 2.0 (IQR 0–4.75) months.

lead infections

CDIE was present in 7 patients (7.9 %). Coexisting valve 
infection in patients with CDIE was not found. All patients 
with CDIE had a lead infection. Six patients with CDIE had 
an ICD, and 1 patient a DDDR pacemaker.

All patients received high-dose antibiotics intravenously. 
Device and lead removal was performed in 2 of 7 patients 
(28.6 %), both patients had an early lead infection. Device and 
lead removal was performed in both patients because of growth 
of vegetation, septic emboli to lung and spondylitis. The 
median time of an early CDIE was 3.5 (IQR 3.0–3.5) months.

Ie 2008–2013

The number of patients with IE between 2008 and 2013 is 
shown in Fig. 1. We observed an increase in incidence of IE 
especially in the last 3 years. This increase is in part attribut-
able to patients with a prosthetic valve. A prosthetic valve 
infection occurred in almost 25 % of IE cases per year and 
increased from 25 % (2 out of 8) patients in 2008–38.9 % 
(7 out of 18) in 2012. The number of patients with CDIE in 
the years between 2008 and 2013 is also displayed in Fig. 1. 
The number of patients with CDIE is limited.

Table 2 displays age and predisposing factors for IE. As 
shown in Table 2, there was no increase in age of IE patients 
between 2008 and 2013. The contribution of patients with 
predisposing conditions increased especially in patients 

Table 1 Demographic characteristics of patients with infective endo-
carditis between 2008–2013
Characteristic N = 89 (%)
Male gender 62 (69.7)
Age (years) 68 (59.2–75.4)
Native valve 63 (70.8)
Prosthetic valve 19 (21.3)
CDIE 7 (7.9)
Positive blood culture 82 (92.1)
Staphylococcus aureus 20 (24.4)
Streptococcus oralis 9 (11)
Streptococcus bovis 8 (9.8)
Enterococcus feacalis 7 (8.5)
Mortality 16 (18)
Categorical variables are expressed as count (percentage). Continuous 
variables are expressed as median (IQR).
CDIE cardiac device infective endocarditis.
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same range (4.8 %). Some studies have identified prosthetic 
valve IE as a possible risk factor for repeat IE. Mansur et 
al. reported that having a prosthetic valve IE in the first year 
after a valve replacement is a risk factor for having additional 
episodes [27]. Renzulli et al. showed that prosthetic valve IE 
was an independent risk factor for recurrence of IE [28]. We 
found only 1 procedure-related prosthetic valve endocarditis.

Predisposing factors for IE

Several larger studies have shown an increase of IE in 
older patients [6]. Many factors are related to this shift in 
age distribution: (1) age of the population has been increas-
ing steadily; (2) people with rheumatic or congenital heart 
disease are surviving longer; (3) more frequent prosthetic 
valve surgery; (4) new at-risk groups have emerged, includ-
ing intravenous drug users, patients with cardiac devices, 
and those exposed to healthcare associated bacteraemia. 
Our study did not show an increase in age in patients with IE 
between 2008 and 2013. It is possible that the combination 
of more healthcare-associated procedures without IE pro-
phylaxis and less rigid IE prophylaxis in patients with previ-
ous known valve disease contribute to the rise incidence of 
IE. A larger observational study is needed to investigate the 
increase in IE in the Netherlands.

Limitations

We describe a single-centre observation, with small num-
bers of IE. The population in the MCA may not truly rep-
resent the general population. Secondly, the diagnosis of 
underlying heart disease was obtained from medical records 
and was based primarily on echocardiography and physi-
cian assessment without consistent pathological confirma-
tion. Thirdly, data on patients with pocket infections were 
not collected, so the relationship between pocket infection 
and IE and CDIE could not be evaluated rigorously.

[22, 23]. A recently published study by Dayer et al. showed 
that since the introduction of the 2008 NICE (National Insti-
tute for Health and Clinical Excellence) guidelines for IE 
prophylaxis, abolishing the need for preventive treatment, 
prescriptions of antibiotic prophylaxis have fallen substan-
tially. At the same time the incidence of IE rose signifi-
cantly. Per month 35 more cases of IE were reported than 
would have been expected [24].

Our study also shows an increase of patients with IE. 
In contrast to Dayer et al. we did not study the influence 
of the change in guidelines for IE prophylaxis but tried to 
unravel the reasons behind the increased incidence. Before 
interpreting these data, we must realise that IE is an evolv-
ing disease, with various confounders that could account for 
an increase of IE. It could be caused by a higher incidence 
of healthcare-associated cases, increased number of patients 
with implanted intracardiac devices, increased prevalence 
of diabetes mellitus, or increased chronic dialysis, and age-
ing population [25]. Secondly, there is a major difference 
between the guidelines in the United Kingdom and in the 
Netherlands. The NICE guidelines recommended complete 
cessation of IE prophylaxis, whereas the Dutch guidelines 
limited IE prophylaxis to patients with the highest risk of IE, 
e.g. with a history of IE, after valve replacement and patients 
with certain forms of congenital heart disease [16, 26].

Ongoing data monitoring and further clinical trials are 
needed to determine if antibiotic prophylaxis still has a role 
in protecting some patients at particularly high risk. For now, 
there is no advice to change the guidelines of IE prophylaxis.

Repeat IE

Three of our patients had a repeat of IE, as shown in Table 2. 
Alagna et al. showed that repeat IE was associated with hae-
modialysis, HIV, injection drug use, Staphylococcus aureus 
IE, healthcare acquisition and prior IE. Patients with repeat 
IE had a higher 1-year mortality than those with single epi-
sode [17]. In our study the rate of repeat IE was low (2.2 %). 
In a larger multicentre study the rate of repeat IE was in the 

Table 2 Comorbidities and predisposing factors among cases of infective endocarditis between 2008–2013
Age (years) Prosthetic valve endocarditis or CDIE 

N (%)
Prior IE  
N (%)

High risk  
N (%)

Moderate risk  
N (%)

Total amount of IE 
 N

2008 69.1 (66.1–76.8) 2 (25) 0 (0) 2 (25) 1(12.5) 8
2009 67.2 (63.9–79.8) 3 (27.3) 0 (0) 2 (18) 2 (18) 11
2010 68.0 (51.2–76.8) 3 (25) 0 (0) 3(25) 4(33) 12
2011 65.5 (53.1–75.3) 3 (21.4) 1 (7.1) 3 (21) 6 (42) 14
2012 73.2 (64.9–76.4) 9 (50) 1 (5.5) 9(50) 4 (22) 18
2013 68.3 (53.6–75.3) 9 (34.6) 1 (3.8) 10 (38) 1(3.8) 26
Categorical variables are expressed as count (percentage). Continuous variables are expressed as median (IQR)
IE infective endocarditis.
High risk: prior IE, prosthetic valve or valve repair with prosthetic material, untreated or partially repaired congenital heart disease.
Moderate risk: previous rheumatic fever, heart murmur of evidence of native valve disease.
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Conclusions

In the MCA we have observed an increase in patients with 
IE since 2010. This increase is in part attributable to pros-
thetic valve IE. A larger observational study is needed to 
investigate the increase of IE in the Netherlands.
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