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ABSTRACT

Aim To provide a contemporary analysis of incidence
trends of infective endocarditis (IE) with its changing
epidemiology over the past two decades in Europe.
Methods A systematic review was conducted at the
Mayo Clinic, Rochester. Ovid EBM Reviews, Ovid Embase,
Ovid Medline, Scopus and Web of Science were searched
for studies published between 1 January 2000 and 30
November 2020. All studies were independently reviewed
by four referees and those that included a population-
based incidence of IE in patients, irrespective of age, in
Europe were included. Least squares regression was used
to estimate pooled temporal trends in IE incidence.
Results 0f 9138 articles screened, 18 studies were
included in the review. Elderly men predominated in all
studies. IE incidence increased 4.1% per year (95% Cl
1.8% to0 6.4%) in the pooled regression analysis of eight
studies that included comprehensive and consistent
trends data. When trends data were weighted according
to population size of individual countries, an increase

in yearly incidence of 0.27 cases per 100000 people
was observed. Staphylococci and streptococci were the
most common pathogens identified. The rate of surgical
intervention ranged from 10.2% to 60.0%, and the rate
of inpatient mortality ranged from 14.3% to 17.5%. In six
studies that examined the rate of injection drug use, five of
them reported a rate of less than 10%.

Conclusion Based on findings from our systematic
review, IE incidence in Europe has doubled over the

past two decades in Europe. Multiple factors are likely
responsible for this striking increase.

Trial registeration number CRD42020191196.

INTRODUCTION

Infective endocarditis (IE) is one of the most
lethal infection syndromes. Despite almost
universal hospitalisation for initial treat-
ment and the availability of multiple recent
advances in diagnosis and management,
it is characterised by a l-year mortality rate
that exceeds 30%." Due to the rarity of the
syndrome, both the management of, and
investigation into the disease can be diffi-
cult. For the former, an IE diagnosis may be
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Key questions

What is already known about this subject?

» Infective endocarditis (IE) is an uncommon life-
threatening infection that, despite aggressive med-
ical and surgical interventions, remains associated
with high morbidity and mortality. Recent studies,
however, have reported mixed results regarding
temporal changes in trends of IE incidence.

What does this study add?

» This study pooled data from all nationwide
population-based registries in Europe and demon-
strated an alarming increase in IE incidence over the
past two decades.

How might this impact on clinical practice?

» Our findings alert clinicians as to the increasing inci-
dence of IE and the need to include it in the differen-
tial diagnosis of patients who present with systemic
complaints of infection. The study also highlights the
inefficiency in coding practices, which can compro-
mise accurate IE incidence trends determinations.

delayed, and treatment may be suboptimal
resulting in worse outcomes. For the latter,
generation of clinical trial data with adequate
enrolment of patients can be challenging.
Fortunately, multiple European countries
systematically record nationwide hospital
admissions data and code the reasons for
those admissions, which permit population-
based investigations of the epidemiology
of diseases.”™ Incidence trends, in partic-
ular, have been of keen interest and have
been prompted, in part, by changes in the
2008 National Institute for Health and Care
Excellence (NICE) guidelines5 and the 2009
European Society of Cardiology (ESC) guide-
lines,6 that either called for a total elimina-
tion of antibiotic prophylaxis (AP) use in
the dental and other settings (NICE) or a
marked reduction in this practice (ESC).
As a result, concerns that an increase in IE
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Figure 1 Schematic representation of study selection using PRISMA checklist. PRISMA, Preferred Reporting ltems for

Systematic Reviews and Meta-Analyses.

incidence due to viridans group streptococci (VGS)
would occur following publication of these recommenda-
tions prompted investigations of nationwide data.

There are several other factors including ageing popu-
lations, increased comorbid conditions, increased place-
ment of medical devices and injection drug use (IDU)
that impact IE incidence trends and epidemiology. These
factors have been addressed, to some degree, in most of
the European national investigations.

Based on the availability of trend data of IE incidence
and epidemiology from several countries in Europe, we
conducted a contemporary systematic review of Euro-
pean population-based investigations of IE during the
21st century.

METHODS

A literature search was performed in December 2020
with a focus on the incidence and epidemiology of IE
using Ovid EBM Reviews, Ovid Embase, Ovid Medline,
Scopus and Web of Science to identify articles published
between 1 January 2000 and 30 November 2020. The
search was limited to the English language and search
strategies are outlined in online supplemental material.

All results were exported to Endnote where duplicates
were deleted. Two authors (KMT and LMB) performed
the literature review and any disagreements were solved
by discussion with two authors (M]JD and DCD). Corre-
sponding authors of studies were contacted via email in
cases where queries existed.

Inclusion and exclusion criteria

All publications that provided information on population-
based trends of IE in European populations from the year
2000 onwards were included in the review. Single-centre
and multicentre studies, clinical trials, case reports,
abstracts, systematic reviews and animal studies were
excluded. Investigations that examined IE incidence
specific to infecting pathogens or unique patient popula-
tions (eg, HIV, congenital heart disease) were excluded.
Studies that included data from the COVID-19 pandemic
period (January 2020 onwards) and those that reported
data for less than 6 months each year for two or more
years were excluded.

Data extraction
Data that described authors, publication year, study
location, population covered, mean/median age, sex
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Figure 2 Visual representation of European countries included in the systematic review.

distribution, incidence, microbiology, mortality, IDU and
rates of surgical valvular intervention were extracted from
all studies. Four authors (MD, KMT, VA and WT) worked
independently to extract data from studies and contacted
study investigators if additional data was required.

Study definition and outcomes

The primary outcome was the trend of IE incidence;
secondary outcomes included temporal trends of path-
ogen prevalence, age, sex, prosthetic valve placement,
IDU and mortality (in-patient, 30 days, 6 months and
lyear).

Risk of bias

Two reviewers (KMT and WT) independently rated the
methodological quality of each study. The quality of each
population-based survey was assessed, based on four key
features: adequacy of population definition, sampling
techniques, disease definition and completeness of case
ascertainment (online supplemental table 1).” A popu-
lation definition was deemed to be inadequate if the
residency status of all IE patients was not ascertained.
Since all studies used population data from national or
regional registries, the population definition was deemed
adequate for all studies. Optimal sampling techniques
included complete enumeration or random sampling
techniques. Disease definition was defined as adequate if
studies used Duke/modified Duke criteria for a diagnosis
of IE. Adequacy of case ascertainment to include all cases
in a given country was assessed based on case-finding

procedures, inclusion of postmortem diagnoses and
number of hospitals serving the population under study
that participated in the study. Author statements about
shortfall in case ascertainment were also considered an
indication of inadequate case ascertainment. Based on
these criteria, studies were excluded that had consid-
erable shortfalls in case ascertainment and/or lacked a
case definition. Reviewer disagreements were resolved by
consensus after rereview of the article.

The study was registered with the International
Prospective Register of Systematic Reviews, which is an
international database of prospectively registered system-
atic reviews in health and social care (Registration ID:
CRD42020191196).°

Statistical analysis

Studies included in the trend analysis had cases from
more than two time points, at least 100 observed cases
in each time period, and estimates of population size
from which cases were observed. For each time point
within a study, the incidence per 100000 population was
calculated by taking the observed cases divided by the
population estimate multiplied by 100000. Least squares
regression was done on both the incidence per 100000
and the log transformed incidence per 100000. Inter-
pretation of the regression results for the untransformed
incidence yields an annual increase in cases per 100000
while interpretation of the log transformed incidence per
100000 resulted in an estimate of yearly percent increase
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in incidence rates. SEs and 95% confidence limits were
calculated.

The pooled regression estimate from the primary anal-
ysis to the simple unweighted average of the individual
regression estimates were compared and were similar.
This suggested that the pooled regression was a reason-
able estimate of the overall trend.

Patient and public involvement
No patients or public were involved at any stage of the
synthesis of this study.

RESULTS

Study selection

A total of 9138 studies were identified from the search
engines after deduplication. The study abstracts were
screened, and 91 were identified for full text review.
Eighteen studies met our inclusion criteria. A sche-
matic representation of studies included using Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
guidelines’ is included in figure 1. England had the
highest number of studies included (4); the remainder of
geographical distribution of included studies is illustrated
in figure 2. A detailed profile of studies is presented in
table 1. A total of 15 studies defined IE using a primary
or secondary diagnosis that was based on International
Classification of Diseases (ICD), ninth revision (ICD 9)
and tenth revision (ICD 10) (table 2).

Patient demographics

IE was predominately seen in older patients with the
lowest mean age (59.1 years) recorded by Dayer® and the
highest median age (70.2) recorded by Jensen.* Fourteen
studies included investigations included all patient age
groups. Vihisarja et al'’ included patients aged >17 years,
Ahtela et al'' and Jordal et al'® included patients aged >18
years and Shah' included patients aged >20 years. IE
predolrglinantly affected men, as reported in all but one
study.

Overall incidence
All studies reported temporal trends in IE incidence
as illustrated in figure 3. Results of three studies from
England® ' '® were combined into one line graph since
there was duplication of data owing to similar method-
ology and overlapping time periods. Overall, an appre-
ciable increase in the incidence of IE was demonstrated.
Figure 4 displays estimates from each country with
the pooled regression slope overlaid on individually
observed data. Table 3 shows the least squares regres-
sion slopes for each study included in pooled log scale
regression analysis for temporal trends of IE incidence
and the average of individual studies. The pooled regres-
sion estimate was 4.1%+1.2% per year increase in IE inci-
dence, amounting to a compound increase in incidence
of 106% over 18 years. The two Swedish studies' ' used
different databases and differed in methodology; hence,
they were excluded from the primary analysis. They were
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Table 2 List of ICD codes used in included studies

Study ICD codes Primary/secondary/tertiary
Scudeller 2009 No ICD code data available in study =
Fedeli 2011% ICD 9: 421, 98.84 or 112.81 P+S
Thornhill 2011 ICD 10: 133 P+S
Ternhag 2013 ICD 10: 133, 138 or 139 Unspecified
Dayer 20152 ICD 10:133 P+S
Cresti 2016' ICD 9:421 x P+S
Erichsen 20162 ICD 10: 133 or 138.9 Unspecified (first-time code of incident IE recorded)
Keller 2016° ICD 10: 133 Unspecified
van den Brink 2016*' Insurance-based codes used for case extraction =
0Olmos 2017" ICD 9: 421.0, 421.1, 421.9 or 424.99 P+S
Ahtela 2018"! ICD 10: 133, 138 or [39 (specificity 96.8%) P (66.3%)+S (24.1%)+T (9.6%)
Jordal 2018 ICD 10:133.0, 138, or 139.0 (after year 1999) Unspecified
Ortega 2019% ICD 9: 421.0, 421.1,421.9,112.81,115.04, 115.14, 0or 115.94 P+S
Jensen 2020* ICD 10:133.x, 138.x or 139.8 P+S
ICD 8: 421
Quan 2020% ICD 10:133.0,133.9,139.0, 139.8, 101.1, B37.6, or T82.6 P+S
Shah 2020" ICD 10: 133, 138 or 139 Unspecified
ICD 9:421.1,424.91, 424.90 or 424.99
Thornhill 2020 ICD 10: 133 P+S

Vahasarja 2020

No ICD code data available in study

ICD, International Classification of Diseases.

included in online supplemental table 2 and figure 1,
which demonstrated an overall estimated percent annual
increase of 2.8%+1.0%. The Norway study by Jordal et
al. was also excluded as it only provided two data points
of decade-wise estimates of IE cases and did not include
yearly population estimates used to calculate annual
incidence.

Finally, we investigated the degree to which the pooled
trend might be altered if we weighted regression estimates

16

= = =
5] N »

Incidence per 100,000 person per year
<]

based on the underlying country populations. This was
done on original scale, incidence per 100000. Because all
studies had estimates from 2008, the population in 2008
was used as the weight in this calculation. As shown in
table 3, the estimated yearly increase in IE incidence per
100000 was 0.24 IE cases per 100000 per annum without
weighting. When weights were applied this increased to
0.27 IE cases per 100000 per annum. This is likely due
to the German study’ having the highest estimated yearly

~~~~~~ Ahtela 2018 Finland

Cresti 2016 Italy
Erichsen 2016 Denmark

Fedeli 2011 Italy
===« Keller 2016 Germany
e Olmos 2017 Spain
em— Quan 2020 UK
e Shah 2020 Scotland

= « eDayer & Thomhill studies 2020 UK

van den Brink 2016 Netherlands

e Jordal 2018 Norway

Ortega 2019 Spain
Scudeller 2009 Italy
Vahasaraja 2020 Sweden
Ternhag 2013 Sweden

P - Jensen 2020 Denmark

Figure 3 Temporal trends of crude incidence of IE across all studies from 2000 to 2020. The y-axis denotes number of cases
per 100000 people while the x-axis denotes years 2000-2020. |E, infective endocarditis.
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increase as well as the highest population. If Germany
data were excluded, the unweighted average was 0.20 IE
cases per 100000 per annum and the weighted average
was 0.16 IE cases per 100000 per annum.

Injection drug use

Six studies reported percentages of patients with IDU
and IE (table 1). Trends in IDU over study periods were
reported by two other studies. Jordal et al'* reported an
overall increase in IDU from 16.5% to 23.5% from 1996

2004 2006 2008

T T T T T
2010 2012 2014 2016 2018

Year
Individual and pooled incidence rate per 100000 /year, log scale regression. The y-axis denotes incidence rate per

to 2015. In contrast, Olmos et al'’ reported an overall
decrease from 4.4% to 1.1% from 2003 to 2014 in Spain.

Microbiology

Details of microbiological data were provided in 11
studies (table 1). Seven studies reported staphylococcal
species as the most common pathogens, of which three
specified Staphylococcus aureus as the most common
organism. Streptococcal species were identified as the
most common pathogens in three studies. Scudeller et

Table 3 Least squares regression slopes for each study included in the pooled log scale regression analysis for temporal

trends of IE incidence and the average of individual studies

Incidence per 100k

Log incidence

Estimated annual

Estimated annual

Studies included Country increase (per 100k) 95%CI increase (%) 95% Cl
Shah 2020" Scotland 0.040 0.033 to 0.047 0.54 0.44 10 0.64
0Olmos 2017" Spain 0.064 0.050 t0 0.078 2.09 1.61 t0 2.57
Dayer and Thornhill England 0.144 0.126 to 0.162 4.23 3.8210 4.64
2011-2020°
Jensen 2020* Denmark 0.312 0.263 t0 0.361 417 3.50t0 4.84
Fedeli 2011% Italy 0.128 0.052 to 0.204 2.83 1.58 t0 4.08
Ahtela 2019 Finland 0.103 0.024 10 0.182 1.66 0.42t0 2.89
van den Brink 2016°"  Netherlands 0.583 0.470 to 0.696 13.05 10.59 to 15.51
Keller 2016° Germany 0.535 0.387 10 0.683 4.52 1.77 10 6.39
Average of individual studies  0.239 0.060 to 0.418 414 0.90 to 7.37
Pooled regression 0.238 0.096 to 0.380 4.08 1.77 t0 6.39

IE, infective endocarditis.
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al’® reported enterococci as the most common causa-
tive pathogens. Olmos et al'” demonstrated a significant
rise in yearly percentage prevalence of enterococci from
10.4% in 2003 to 16.6% in 2014.

Outcomes

Details of the proportion who underwent surgery are
listed in table 1 (range, 10.2%- 60.0%). Follow-up dura-
tion among these patients was highly variable (inpatient
to byear post-IE diagnosis). Other outcomes examined
included inpatient, 30 days, 3 months and 1-year mortality
rates (table 1).

DISCUSSION

This is the first systematic review that has included
pooled trends of incidence of IE across multiple nation-
wide population-based studies in Europe. The current
investigation has highlighted a 4% per year rise in inci-
dence of IE which, when compounded, is an alarming
doubling in incidence between 2000 and 2018. Based on
findings of our extensive systematic review that involved
multiple countries with nationwide databases, support
the notion that the IE incidence escalation seen is valid
and is likely due to multiple factors operative in the 21st
century. Factors that need to be considered include (1)
improvements in diagnosis; (2) changes in epidemiology
and associated risk factors; (3) restrictions in AP use
promulgated by updated versions of guidelines and (4)
improvements in coding practice.

Diagnostic advances in IE have characterised the
past two decades and, while not examined specifically
in our review, these advances likely contributed to the
increasing incidence of IE. Li ¢t al” modified the Duke
criteria that included echocardiography as a pivotal tool
in establishing an IE diagnosis in patients who do not
undergo valve surgery or autopsy for diagnosis confir-
mation. Inpatient data available through the Nationwide
Inpatient Sample for the first decade of this century in
the USA supports the notion that echocardiography use
has indeed increased among hospitalised patients® '
and anecdotally the use of echocardiography is far more
widespread in Europe too. Echocardiography, both trans-
thoracic and transoesophageal has become a ‘mainstay’
of cardiovascular evaluation in suspect cases of IE and its
complications. The increase in use of echocardiography,
particularly the transoesophageal approach is expected
to continue which is a potential factor in the increase in
IE incidence due to enhanced diagnostic features.

Additional tools, in particular multislice CT, Bfuoro-
deoxyglucose positron emission tomography/CT, and
single-photon emission CT, have also been helpful in
securing an IE diagnosis when transoesophageal echo-
cardiography has been insufficient or unavailable. Such
methods were incorporated in the latest ESC guide-
lines.’ In addition, there have been significant labora-
tory advances in performing blood cultures, which are

also key in the diagnosis of IE using the modified Duke
criteria.”

Studies included in this review did not provide an anal-
ysis of factors that could have accounted for the increase
in IE incidence and a temporal sequence of prevalence
of epidemiological variables. It is, however, intuitive that
contemporary aspects of healthcare that include inva-
sive procedures and placement of indwelling cardiovas-
cular devices have increased over the past two decades
and likely impacted both IE incidence and its clinical
features. Nevertheless, four investigations documented
an increase in prosthetic valve placement.*'” #*#*

Although some studies have reported increasing IE
incidence after guideline changes,” this was not found
universally. It would be premature to link a rise in IE
incidence in Europe to restriction of AP use. Quan et al
reported, for example, increasing trends of IE in England
which neither correlated with the change in recommen-
dations by NICE in 2008, nor to a rise in prevalence of
VGS as a causative pathogen.” Moreover, most of the
included studies in this systematic review identified staph-
ylococci and streptococci as the most common patho-
gens of IE over the past two decades (table 1). Hence,
an increase in IE incidence cannot be explained simply
by trends in pathogen prevalence, which has its own
array of pitfalls. This includes the fact that not all patient
records included secondary designated microbiology
codes, which provides a partial profile of microbiology.
Fedeli et al noted a shockingly low percentage (~21%) of
secondary code designations of IE-related pathogens in
Italy.”® Dayer et al reported that ~50% of cases in England
were designated secondary codes for microbiology, which
increased towards the end of the study period in 2013.%
Similarly, Quan et al reported that only 67% of the total
cases were designated codes for microbiology.” Perhaps
the most important inherent limitation in all studies was
the absence of a specific ICD-10 code for VGS. This has
greatly hampered accuracy of reporting microbiological
data as we strive to define the impact, if any, of changes in
AP use in the prevention of IE.

The impact of ICD coding on IE incidence is often
underappreciated and it is critical to emphasise because
many of the investigations included in our review were
dependent on ICD coding to identify IE admissions
(table 2). Cresti et al, for example, found that 28% of IE
cases extracted using ICD-9 codes were false positive and
failed to pick up 14% of confirmed cases, which raised
questions on the validity of current code designations.'
The potential impact of coding was also highlighted by
Fawcett et al’’ who reported a sensitivity of IE of 76%
for specific codes in ICD-10 with more than half of cases
coded by using ICD-10 as IE were not confirmed cases.
The code 133 had a positive predictive value (PPV)
of 82%—-85%; in contrast, and the code 138 had a PPV
of <6% and accounted for many of the false-positive cases
and was used in seven investigations in the current system-
atic review. Although such coding practices may not have
a major impact on estimating burden of disease for more
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prevalent diseases, for IE, an uncommon malady, consis-
tent coding practices to accurately estimate temporal
trends is essential. Because 12 of 23 studies that were
included in our systematic review used ICD-10 coding
and all included 133, the most specific code for IE, signif-
icant trend variation in IE incidence across investigations
was not observed (figure 2).

The two Spanish investigations'’ * included in the system-
atic review reported incidence data for a similar time period.
Ortega-Loubon e al included a larger sample size and a
higher annual incidence but reported a similar trend to
the Olmos study. However, Ortega-L.oubon et al reported a
higher prevalence (16%) of Gram-negative rods as compared
with streptococcal species (2.5%), while Olmos et al identi-
fied streptococcal species as the most common causative
pathogen of IE (20.4%). Two similar contemporary studies
with the same methodology from the authors of the Ortega
study reported that causative pathogens were ‘unspecified’
in ~86% of cases,”* while the 2019 study reported microbio-
logical findings in 52.2% of cases. This suggests that microbi-
ological data from the Ortega study may not be reliable and
Olmos et allikely provided a more accurate representation of
the pathogen distribution in Spain.

Williams et alrecently published asystematic review detailing
contemporary epidemiological changes in IE following
major guideline changes.”’ They included studies from
North America and Europe and concluded that although
there was no appreciable increase in IE incidence in North
America following pertinent guideline changes, there was a
potential rise in incidence in Europe. They included just five
European studies in their review, whereas our current inves-
tigation includes 18 studies, where the incidence trends were
examined statistically over 18 years. Furthermore, Williams et
alspecifically studied the impact of guideline changes for AP
use on the incidence of IE, while we focused on trends, irre-
spective of AP guideline changes, to assess all factors respon-
sible for increasing IE trends.

Despite the thoroughness of this review, there were some
limitations to the current study. Data for patient demo-
graphics, microbiology, mortality and surgery were provided
for most studies as a single percentage over the study period,
and not as yearly trends. Hence, a risk factor meta-regression
analysis could not be performed, which would have helped
quantify the contribution of specific risk factors associated
with the rising trends of IE. Furthermore, these studies are
only observational and by design, unable to determine aetio-
logical factors associated increasing incidence.

CONCLUSION

This study highlights a greater than twofold increase in inci-
dence of IE in Europe between 2000 and 2018. This is likely
due to a combination of factors including an increasingly
elderly population, a rise in cardiovascular device implanta-
tion procedures, increased use of multiple imaging modali-
ties for diagnosis, improved coding and possibly a restriction
of AP use. However, it is difficult to ascertain a single factor
for this change, since there is great heterogeneity in how

data are reported across studies and inadequacy in coding of
microbiological data.
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