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Abstract

, Mathew P. Doyle, Nicholas McNamara, Daniel Tardo,

Introduction: All major international guidelines for the management of infective endocarditis
(IE) have undergone major revisions, recommending antibiotic prophylaxis (AP) restriction

to high-risk patients or foregoing AP completely. We performed a systematic review to
investigate the effect of these guideline changes on the global incidence of IE.

Methods: Electronic database searches were performed using Ovid Medline, EMBASE and
Web of Science. Studies were included if they compared the incidence of IE prior to and
following any change in international guideline recommendations. Relevant studies fulfilling
the predefined search criteria were categorized according to their inclusion of either adult or
pediatric patients. Incidence of IE, causative microorganisms and AP prescription rates were
compared following international guideline updates.

Results: Sixteen studies were included, reporting over 1.3 million cases of IE. The crude
incidence of |IE following guideline updates has increased globally. Adjusted incidence
increased in one study after European guideline updates, while North American rates did not
increase. Cases of |E with a causative pathogen identified ranged from 62% to 91%. Rates of
streptococcal |IE varied across adult and pediatric populations, while the relative proportion of
staphylococcal IE increased (range pre-guidelines 16-24.8%, range post-guidelines 26-43%).
AP prescription trends were reduced in both moderate and high-risk patients following

guideline updates.

Discussion: The restriction of AP to only high-risk patients has not resulted in an increase in
the incidence of streptococcal IE in North American populations. The evidence of the impact
of AP restriction on IE incidence is still unclear for other populations. Future population-
based studies with adjusted incidence of IE, AP prescription rates and accurate pathogen
identification are required to delineate findings further in these other regions.
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Introduction

Infective endocarditis (IE) remains a sinister dis-
ease in modern medicine, despite being first
described more than 450years ago by French phy-
sician Jean Francois Fernel.! Sir William Osler’s
lectures, over 100years ago, provided a detailed
explanation on this disease (initially coined ‘malig-
nant endocarditis’);2 however, it still remains a
significant diagnostic and therapeutic dilemma.

IE remains a rare disease in western countries,
with an incidence of native-valve endocarditis
between two and seven cases per 100,000 person-
years.? Despite therapeutic advances, the mortal-
ity rate remains high with 14-22% in-hospital
mortality rates®> and up to 51% mortality at
10years.® It is also associated with significant mor-
bidity including prolonged hospital stay, reduced
quality of life and a high risk of re-infection.”-8

Ther Adv Cardiovasc Dis
2021, Vol. 15: 1-17

DOI: 10.1177/
17539447211002687

© The Authorl(s), 2021.
Article reuse guidelines:
sagepub.com/journals-
permissions

Correspondence to:
Michael L. Williams
Department of
Cardiothoracic Surgery,
Royal Prince Alfred
Hospital, 50 Missenden
Road, Camperdown, NSW
2050, Australia
dr.michaelwilliams.auf@
gmail.com

Mathew P. Doyle
Department of
Cardiothoracic Surgery,
Royal Prince Alfred
Hospital, Sydney, NSW,
Australia

Centre for Human and
Applied Physiology, School
of Medicine, University of
Wollongong, Keiraville,
Australia

Nicholas McNamara
Manish Mathew

Benjamin Robinson
Department of
Cardiothoracic Surgery,
Royal Prince Alfred
Hospital, Sydney, Australia

Daniel Tardo
Department of Medicine,
St Vincents Hospital,
Sydney, NSW, Australia

School of Medicine,
University of Notre Dame,
Sydney, NSW, Australia

http://tac.sagepub.com

@ @ Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 License
@ (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further permission
BY NC

provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


http://tac.sagepub.com
https://uk.sagepub.com/en-gb/journals-permissions
https://uk.sagepub.com/en-gb/journals-permissions

Therapeutic Advances in Cardiovascular Disease 15

While antibiotic treatment remains the corner-
stone of medical therapy, the microbiological pro-
file of causative organisms has changed over time.
Streptococcal species, particularly from oral cav-
ity flora, have historically been the predominant
bacterial pathogen.® However, staphylococcal
species, including methicillin resistant strains,
now represent an increasingly significant propor-
tion of IE cases.!%11 Patients with advanced age,
renal failure, intra-cardiac devices and prosthetic
heart valves have the highest incidence of IE in
the modern era,’»1%12 while indwelling intrave-
nous catheters and intravenous drug use are
routes of infection that now also contribute to a
significant number of IE cases.13-16

International societies have previously recom-
mended antibiotic prophylaxis (AP) for patients
with uncorrected structural heart disease prior to
undergoing invasive dental, respiratory, gastroin-
testinal (GI) or genitourinary (GU) procedures.17:18
These recommendations targeted streptococcal
species found in the oral cavity as the predominant
organism responsible for IE. However, recent
updates of all major international IE guidelines
have undergone significant revision due to a lack of
evidence to support the effectiveness of AP to pre-
vent IE and a growing concern surrounding antibi-
otic resistance. During the years 2002, 2007 and
2009, French, American and European guidelines,
respectively, restricted AP to only high-risk
patients; that is, those with prosthetic valves,
uncorrected cyanotic heart disease or previous
IE.1*21 In 2008, the United Kingdom (UK)
(National Institute for Health and Care Excellence;
NICE) guidelines recommended no AP was
required for any patients undergoing invasive den-
tal procedures, including those at high risk, due to
a lack of evidence supporting the efficacy of AP.22

Since the implementation of the guideline updates,
multiple analyses from population and registry data
have sought to determine the impact these guide-
line changes have had on IE rates, particularly in
populations no longer recommended to receive AP
prior to invasive procedures. The most recent stud-
ies have focused on adjusted incidence, causative
organism identification and correlating rates of AP
prescriptions across all risk groups.23-2¢ These stud-
ies demonstrate the ongoing international interest
in ensuring the safety of a restrictive approach to
AP. Considering the high morbidity and mortality
associated with IE and therefore the potential sig-
nificant impact of restricting IE prophylaxis, we

performed an updated systematic review to evalu-
ate the impact that changes in AP recommenda-
tions from international guidelines have had on the
incidence and microbiology of IE in adult and pedi-
atric populations.

Methods

Search strategy and study selection

Electronic searches were performed using Ovid
Medline, EMBASE and Web of Science from
2007 until July 2019. The terms ‘endocarditis’ or
‘IE’ or ‘infective endocarditis’ were combined
with ‘prophylaxis’ or ‘prevention’ or ‘antibiotic’
and ‘guideline’ or ‘recommendation’ or ‘trend’ as
both keywords and MeSH terms. Two reviewers
(NM and DT) independently screened the title
and abstract of records identified in the search.
Full-text publications were subsequently reviewed
separately if either reviewer considered the manu-
script to be potentially eligible for inclusion. Data
were extracted from the included studies indepen-
dently by two reviewers (NM and DT).
Discrepancies were resolved by consensus with a
third reviewer (MD). The reference lists of all
retrieved articles were reviewed for further identi-
fication of potentially relevant studies. Only stud-
ies published in English were included. The
systematic review was conducted as per the
Preferred Reporting Items for Systematic Reviews
and Meta-analysis (PRISMA) guideline.?> Studies
were categorized according to whether studies
reported the incidence of IE in adults or children.

Eligibility criteria

Studies were included if they compared the inci-
dence of IE prior to and following any change in
international guideline recommendations. In par-
ticular, the French (2002), American (2007),
NICE (2008) and European (2009) guidelines on
the prevention of IE. A summary of the AP indica-
tions recommended by each guideline is presented
in Table 1. Studies were excluded if their analysis
did not specifically compare the incidence of IE
prior to and following changes in one of the afore-
mentioned international IE guidelines.

Quality of evidence

Risk of bias assessment of all included studies
was performed using the risk of bias in non-
randomized studies of interventions (ROBINS-I)
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Records identified through
database searching

Additional records identified
through other sources

(n =3949) (n=2)
A y
Records after duplicates removed
(n =3907)

A

Records screened R Records excluded

(n=3907) " (n = 3870)
A
Full-text articles assessed for Full-text articles excluded,
eligibility (n = 37) > with reasons

(n=21)

l

Conference abstract n =12
Systematic review n =3

Studies included in
qualitative synthesis
(n=16)

Correspondence n =4
Cases included in a later
studyn=1

[ Included ] [ Eligibility ] [ Screening ] [Identification]

Figure 1. Preferred Reporting ltems for Systematic Reviews and Meta-analysis (PRISMA] flow chart
summarizing the search strategy for relevant publications.

using additional diagnostic criteria?83% and one
used a unique identifier.3?

Eight studies?3:24:29,30,32-34,36 compared the inci-
dence of adult IE following the introduction of
the American Heart Association (AHA) guide-
lines in 2007. Two studies3>:37 reported on the
incidence of IE following changes in the European
Society of Cardiology (ESC) guidelines in 2009
and a further two studies??-3! reported on the inci-
dence of IE in UK populations following changes
in NICE guidelines in 2008. One study reported
incidence of IE following changes in French
guidelines in 2002.28 All three studies reporting
on pediatric IE examined United States (US)
populations following changes in the AHA guide-
lines in 2007.38-40 A summary of study character-
istics is presented in Table 3.

Patient characteristics

Adults. Ten studies reported characteristics of
patients diagnosed with IE prior to and following
the change in international guidelines.?3:28-32,34-37
The mean age of patients included in these studies

ranged from 58 to 80years old, with 42-72% of
patients being men. Rates of intravenous drug use,
chronic renal failure and prosthetic cardiac valve
in patients with IE ranged from 5.5% to 12%, 2.7
t0 29.4% and 12.9% to 30.1%, respectively. Mor-
tality occurring up to 90 days following IE diagno-
sis ranged from 15.5% to 38%.

Children. Three studies examined the incidence
of IE in a pediatric population.38-40 All three stud-
ies included index hospital admissions for IE in
patients aged younger than 18years. Gender dis-
tribution was similar across all three studies. The
mean age ranged from 2.9 to 13years. The pro-
portion of patients with congenital heart disease
ranged from 34.2% to 68%. In-hospital mortality
ranged from 1.1% to 4% across all three studies.

A summary of study patient characteristics is pre-
sented in Table 4.

IE incidence
Adults. Infective endocarditis incidence reporting
methodology and results varied significantly

http://tac.sagepub.com
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Table 2. Risk of bias assessment of included studies (ROBINS-I).

Study (ref no.) Guideline Confounding Selection Classification Deviation Missing Outcomes Selective Overall
of interventions fromintended data reporting
intervention
Adults
Thornhill et al.? 2008 (NICE) Critical Low Low NI Low Low Moderate  Critical
Duval et al.?8 2002 (French]  Moderate Moderate Low NI Low Low Moderate  Moderate
Bikdeli et al.?? 2007 (AHA) Moderate Low Low NI Low Low Moderate  Moderate
Bor et al.30 2007 (AHA) Serious Low Low NI Low Low Moderate  Serious
Dayer et al.31 2008 (NICE) Moderate Low Low NI Low Low Moderate  Moderate
DeSimone et al.32 2007 (AHA) Moderate Low Low NI Low Low Moderate  Moderate
Pant et al.33 2007 (AHA) Moderate Low Low NI Low Low Moderate  Moderate
Mackie et al.% 2007 (AHA) Moderate Low Low NI Low Low Moderate  Moderate
Keller et al.% 2009 (ESC) Moderate Low Low NI Low Low Moderate  Moderate
Toyoda et al.3¢ 2007 (AHA) Moderate Low Low NI Low Low Moderate  Moderate
Van Den Brink 2009 (ESC) Moderate Low Low NI Low Low Moderate  Moderate
etal.¥
Thornhilletal.¢ 2007 (AHA) Low Low Low NI Low Low Moderate  Moderate
Garg et al.3 2007 (AHA) Low Low Low NI Low Low Moderate  Moderate
Children
Pasquali et al.38 2007 (AHA) Critical Low Low NI Low Low Moderate  Critical
Bates et al.%? 2007 (AHA) Critical Low Low NI Low Low Moderate  Critical
Sakai Bizmark 2007 (AHA) Low Low Low NI Low Low Moderate  Moderate

etal.40

AHA, American Heart Association; ESC, European Society of Cardiology; NI, no information; NICE, The National Institute for Health and Care

Excellence.

across all studies. Some studies identified true
incidence with rates of IE reported as new cases of
IE per population, while others identified preva-
lence by reporting the total number of IE cases
identified.

Three studies found the incidence of IE was
declining across the entirety of the study peri-
ods, with no significant change in the downward
trend following guideline changes.?8:29:32 Two of
these studies used focused databases in their
analysis; isolated to either viridans group strep-
tococcus3? or veterans aged 65 years and older.?®
In contrast, five studies demonstrated an increase
in IE incidence during their respective study
periods with no significant change in the rate of

increase following the introduction of the antibi-
otic-restricting guidelines.27-30:33,34.36 The overall
range of IE cases prior to guideline updates was
5.0 to 12.4 cases per 100,000 people, and 7.0 to
14.3 cases per 100,000 people after guideline
updates. While the crude incidence increased
from 7.6 to 9.3 cases per 100,000 people in one
study, the adjusted incidence was not signifi-
cantly different when sex, age and race were
accounted for.36

Five studies showed a significant increase in IE
incidence after guideline changes above what
would have been expected had previous trends
continued.?32431,35.37 Two of these studies ana-
lysed changes in IE incidence following the
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Table 3. Study characteristics.

Study Country Guideline  Study N Data source Population Diagnostic
period definition
Adults
Thornhill UK 2008 2000-2010 NR Secondary Uses Service database Adults with ICD-10 codes
etal.? (NICE) IE
Duval et al.2®  France 2002 1991-2008 993 Survey of medical participants involved Adults with Modified von
(French) in the treatment of IE in three French IE Reyn and Duke
regions criteria
Bikdeli USA 2007 (AHA) 1999-2010 262,658 Centers for Medicare and Medicaid >65years ICD-9 codes
etal.?? Services Medicare Inpatient Standard patients with
Analytic Files (Medicare) IE
Bor et al.30 USA 2007 (AHA)  1998-2009 382,153 Nationwide Inpatient Sample (NIS) All patients ICD-9 codes*
database with |E
Dayeretal®' UK 2008 2000-2013 19,804 National Hospital Episode Statistics (HES)  All patients ICD-10 codes
(NICE) with |E
DeSimone USA 2007 (AHA)  1999-2013 27 Rochester Epidemiology Project of Adults with Modified Duke
etal.?? Olmsted County; and Nationwide Inpatient  VGS IE criteria
Sample (NIS) Database
Pantetal3®  USA 2007 (AHA)  2000-2011 457,052 Nationwide Inpatient Sample (NIS) Adults with ICD-10 codes
database IE
Mackie Canada 2007 (AHA) 2003-2013 9431 Canadian Institute for Health Information  All patients ICD-9 +ICD-10
et al.34 (CIHI) Discharge Abstract Database (DAD)  with IE codes
Keller et al.3> Germany 2009 (ESC) 2005-2014 94,364 Nationwide inpatient statistic (DRG Adults with ICD-10 codes
statistic) of Germany IE
Toyoda USA 2007 (AHA) 1998-2013 75,829 Statewide Planning and Research Adults with ICD-9 codes
etal.3 Cooperative System Database (NY) and IE
Office of Statewide Health Planning and
Development database (California)
Van den Netherlands 2009 (ESC) 2005-2011 5213 Dutch Healthcare Authority database Adults with Independent
Brink et al.3’ IE
Thornhill USA 2007 (AHA) 2003-2015 20,340 MarketScan database (collection of Health  Adults with ICD-9 codes
etal% Insurance Portability and Accountability IE
Act-compliant databases)
Gargetal?®  Canada 2007 (AHA) 2002-2014 7551 Multiple databases from Institute for Adults with ICD-9 + ICD-10
Clinical Evaluative Sciences IE codes
TOTAL 1,335,415
Children
Pasquali USA 2007 (AHA)  2003-2010 1157 Pediatric Health Information System Children ICD-9 codes
etal.’® (PHIS) Database with |E
Bates etal3® USA 2007 (AHA) 2003-2014 841 Pediatric Health Information System Children ICD-9 codes
(PHIS) Database with oral
strep |IE
Sakai USA 2007 (AHA)  2001-2012 3748 Nationwide Inpatient Sample (NIS) Children ICD-9 codes
Bizmark database with |E
et al.40
TOTAL 5746

*Additional codes used for 2009.
AHA, American Heart Association; ESC, European Society of Cardiology; ICD, International Classification of Diseases; IE, infective endocarditis;
N, number of patients; NICE, National Institute for Health and Care Excellence; NR, not reported; UK, United Kingdom; USA, United States of

America; VGS, viridans group streptococci.
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implementation of the European guideline update
in 2009 and both found increasing rates of IE.
The prevalence of IE rose from 9.5 to 10.6 IE
diagnoses per 100,000 citizens from 2006 to 2010
in Germany. From 2010 to 2014, a larger increase
in prevalence was recorded from 11.1 to 14.4 IE
diagnoses per 100,000 citizens (linear regression
Bf=2.9; 95% confidence interval (CI) 1.1-4.6;
$»=0.006).35 The incidence of IE in The Netherlands
increased significantly above the projected histori-
cal trend following publication of updated IE
guidelines, with the incidence increasing from 30.2
to 62.9 cases per million (p=<0.001).37 An increase
in the upward trend of IE incidence was demon-
strated by an additional 35 cases per month
(»p=<0.001) after changes in NICE guidelines in
England.3! The crude incidence of IE in Canadian
patients over 65 years old increased from 32 patients
per million prior to the AHA guideline update, to
47 patients per million in the 7years following
guideline release,?? with a significant increase in IE
incidence in high and moderate-risk patients of all
ages. Similarly, the incidence of IE in American
adults with high risk increased from 872 to 1385
cases per million people in patients over 65years
old, and 1061-1754 cases per million in adults
aged 18-64 years. The incidence of IE in patients at
moderate risk increased from 229 to 283 cases per
million in adults aged over 65 years, and 308 to 423
cases per million in adults from 18 to 64 years old.??
However, these increases occurred several years fol-
lowing the guideline update, while AP for moder-
ate-risk populations decreased in the immediate
years following the guideline release.

Change point analysis was performed in three
studies. One study identified a change point
3months after the guideline update (NICE),3!
while two studies identified a change point 3 and
4 years after AHA guideline changes.23:34

Children. Two studies reported on IE incidence
indexed to hospital admissions383° and one
reported incidence indexed to the greater popula-
tion.%? Two studies reported an increasing trend
in IE incidence across the study period; however,
there was no significant difference in this trend
following guideline updates.39-4° One study found
a significant decline in IE incidence across the
study period with no significant difference follow-
ing guideline updates.38

A summary of IE incidence and the impact of IE
guideline updates is presented in Table 5.

Pathogen characteristics

Adults. Twelve studies reported data on causative
organisms.23,27,:28,30,32-38:40  A]] studies reporting
rates of pathogens identified rates of staphylococ-
cal and streptococcal IE. The total number of IE
cases with a causative pathogen identified data
ranging from 62% to 91%. Streptococcal and
staphylococcal species were the most commonly
identified organisms.

Six studies reported increasing rates of IE due
to staphylococcal species following IE guideline
updates.23:28,30,34,36,37 The proportion of staphylo-
coccal IE of total IE cases ranged from 21% to 43%.
No studies reported a decrease in staphylococcal IE
incidence over time, while four studies reported a
significant increase. One study reported an increase
in the adjusted incidence of staphylococcal IE3¢
from 2.1 to 2.9 cases per 100,000 persons annually
(annual percentage change (APC) 1.0%; 95% CI
0.6-1.4%; p<<0.001). The other three studies
reported an increase in the relative proportion of
staphylococcus species IE 23:28:33 (range pre-guide-
lines 16-24.8%, range post-guidelines 26-43%).

Incidence trends of IE due to streptococci, how-
ever, were more heterogeneous. Two studies
found no significant change2”-28 and two North
American studies reported a significant decline in
rates of streptococcal IE.23:36 Three studies, from
North America, Germany and The Netherlands,
reported an increase in rates of streptococcal IE
over the time periods studied.33:35:37 Two of these
studies reported a significant increase in the trend
of streptococcal IE following the guideline
updates (change in slope pre and post-guideline
1.37; 95% CI 0.69-2.05; p=0.002)3* and per-
centage of streptococcal species IE (31.1-53.2%;
$»=0.003);37 however, both studies only adjusted
incidence for population and did not adjust for
patient demographics or risk stratification.

Children. Two studies reported on causative
organisms, with conflicting results.3840 The pro-
portion of IE due to streptococci increased after
guideline updates in one study from 23.8% to 32%
(»p=0.01).%0 In particular, viridans group strepto-
coccus increased from 17.6% to 24.2% (p=0.02).
Conversely, a decrease in IE incidence due to oral
streptococci was found by another study, with no
change in this trend post-guideline changes.38

A summary of pathogen characteristics is pre-
sented in Table 5.
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Antibiotic prescribing

Four studies including only adult patients reported
AP prescribing patterns prior and subsequent to
guideline changes. Three studies report a rapid
and significant decline in AP prescription follow-
ing changes in guidelines.?42731 Two studies
report this decrease in AP prescription following
NICE guideline updates,?’-3! and one group fol-
lowing changes to the AHA guidelines.?* Subgroup
analysis identified a smaller reduction in AP pre-
scription in high-risk groups compared with mod-
erate and low-risk groups.?32¢ A summary of AP
prescription rates is presented in Table 5.

Discussion

We have performed, to our knowledge, the largest
analysis to date examining how the population
incidence of IE has been effected by changes to
international AP guidelines in both pediatric and
adult patients. Furthermore, this review includes
over 500,000 new cases of IE not previously ana-
lysed. This study has shown that the restriction of
AP to only high-risk patients does not result in an
increase in the incidence of streptococcal IE in
North American populations. Our results also
show that there has been a notable change in the
microbiological profile of IE from fewer oral cav-
ity organisms, to a higher percentage of staphylo-
coccal species. However, the large number of
publications within the past 4years signifies an
ongoing international apprehension towards AP
restriction with the concern of increasing the inci-
dence of IE. This is reiterated in observational
studies that express similar concerns regarding
AP restriction and increasing incidence of IE.10:41

The most recent studies included in this review
have attempted to address some of the methodo-
logical, clinical and practical issues identified in
earlier reviews. Time-trend analysis, causative
organism identification and rates of AP prescrip-
tions have been performed according to IE risk
groups. Time-trend analysis alone has demon-
strated varying results previously. In this review,
crude incidence rates of IE following international
guideline updates have uniformly continued to
increase gradually, with no significant increase in
the crude incidence rate after guideline introduc-
tion.34:36:3940 Only one new study reported that
the rate of IE increased significantly more than
expected, after the change to European guidelines
in 2009.37 This Dutch study used three hospitals
as a national representation to extrapolate overall

national incidence. Bias in hospital referral pat-
terns and local community demographics may
have influenced these results. The inclusion of
other recent studies with more robust methodo-
logical quality provides reassurance that while the
overall global incidence of IE is increasing, the
rate of this increase has not changed significantly
since the implementation of updated, guideline-
directed AP restriction.?3:24

The use of crude incidence has been criticised
whenreporting IE incidence changes. Adjustments
for demographics such as age, sex and race as well
as clinically based risk stratification has demon-
strated differences in IE incidence when com-
pared to crude incidence in several recent
studies.?32436 Toyoda and colleagues demon-
strate the importance of adjusting crude IE rates,
as the significant increase in IE incidence seen
when crude rates are analysed disappears with the
adjustment of incidence for age, sex and race.3°
Two other recent studies, both from North
America, found an increase in the crude incidence
of IE following guideline updates, while subgroup
analysis stratified according to risk demonstrated
that IE incidence in high-risk patients contrib-
uted the majority to the overall rise in inci-
dence.?324 The restriction of AP should not be a
significant contributor to this increased incidence
in high-risk populations, providing these high-risk
patients continue to receive AP as those specific
guidelines recommend. This hypothesis may
explain the finding of a UK study, in which the
incidence of IE increased significantly just
3 months after the NICE guidelines advised a ces-
sation of AP for all risk groups, including high
risk.3! Further analysis from that study to identify
if the majority of IE incidence increase was in
high-risk patients would be beneficial.

Accurate correlation of AP prescriptions with IE
has been scarcely investigated until recent years.
Prior to 2015, a single study had attempted to cor-
relate rates of AP prescriptions in relation to IE
incidence.?” Over the past 4years, three further
studies have analysed the incidence of IE and AP
prescription rates.23:2431 Al] three studies reported
a significant decrease in AP prescriptions follow-
ing guideline updates. The two North American
studies found AP fell in moderate-risk patients (as
advised) as well as a small, but significant decrease
in AP prescription for high-risk patients.23:24
Furthermore, an increase in IE incidence was
recorded in moderate-risk patients in both studies.
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Both of these studies concluded in support of
recent guideline updates despite the increasing
incidence of IE as no causal relationship could be
identified. These conclusions were based on two
common key findings. First, the increased IE inci-
dence occurred 3—4years after the guideline
updates, not within the immediate months as may
be expected. Second, the AP prescription rate fell
in both high and moderate-risk patients. This sug-
gests that the increase in IE incidence may be due
to a lack of practitioner and patient adherence to
recommendations rather than the specific guide-
lines themselves. Other studies have similarly
found that AP prescription rates decreased for
high-risk patients after the introduction of guide-
line updates.3! This decrease in AP for high-risk
patients is a cause for concern and reasons for
these trends warrant further investigation. Clearly
identifying patients at high risk of IE is critical for
appropriate AP. Furthermore, delineation of sig-
nificant risk differences between groups also needs
clarification as risk similarities have been shown
between moderate-risk and high-risk conditions.*2
Finally, practitioners responsible for prescribing
AP require access to clear and specific recommen-
dations in order clearly to identify patients at high
risk of IE and provide appropriate AP.
Consideration of expanding these indications to
patients with other unrecognised high-risk fea-
tures may be required.

The identification of causative organisms, particu-
larly streptococcal species, has been a focus of recent
studies investigating incidence trends following
guideline updates. This is based on the hypothesis
that an increase in IE incidence following AP restric-
tion should be due, at least in part, to an increasing
rate of streptococcal infections. Results varied across
included studies for the incidence of streptococcal
IE. Increases and decreases in streptococcal IE inci-
dence were reported in multiple continents over
multiple timeframes in both adults and children.
However, in the most recent North American stud-
ies with the most thorough analysis (adjusted inci-
dence rates for patient demographics), the incidence
of streptococcal IE has been observed either to be
stable or decreasing after changes to AP guideline
recommendations.?3-3% These findings are consistent
with a recent South American observational study of
167 patients which reported streptococci as being
only the fourth most prevalent causative organism
for IE behind Staphylococcus aureus, enterococcus
and coagulase negative staphylococci.#> The expla-
nation for the discrepancies in streptococcal IE

incidence throughout the included studies is likely to
be multifactorial. Most studies were not able to
ascertain a causative organism for all IE cases and
several studies recognised difficulties in accurately
coding microbiological data. Despite these limita-
tions, any report of an increase in streptococcal IE
following the restriction of AP that specifically tar-
gets streptococcal infection should not be ignored.
Further investigation using risk-stratified data in
those countries reporting an increase in streptococ-
cal IE and whose timing coincides with the guideline
updates may further delineate these results.

In contrast to the discrepancies of streptococcal
IE incidence, the incidence of enterococcus
(group D streptococci) and staphylococcal IE was
almost unanimously reported to be increasing.
This is most clear in high-risk patients with pros-
thetic valves and intra-cardiac devices.30:36,37:44
There has been a precipitous increase in both
implanted cardiac devices and prosthetic valve
implantation due to improvements in device
implantability and expanding indications for
these devices.¥>47 The rapid expansion of bio-
prosthetic valve implantation wvia transcatheter
routes, particularly transcatheter aortic valve
replacement (TAVR), invariably exposes another
cohort of patients to an increased risk of IE who
previously may not have been eligible for surgical
valve replacement. Bioprosthetic valves implanted
via transcatheter routes have shown similar rates
of IE to traditional surgical valves*® and aortic
valve implantation rates are increasing world-
wide. While the surgical management of IE has
remained relatively constant over the course of
studies included in this review (data not shown),
the increasing complexity of high-risk patients
and therefore IE patients makes the decision for
and timing of surgery in IE difficult. The chang-
ing clinical parameters, patient demographics and
causative IE organisms may require reconsidera-
tion in future AP recommendations.

The main limitation surrounding this review is the
inconsistency in reporting metrics across the
included studies and lack of quantitative synthesis.
Another limitation which needs to be considered
when interpreting the qualitative synthesis pre-
sented in this study is that the included studies
report population level and registry data. Another
important consideration is the possibility of over-
lapping or duplicated patients within the included
studies, as a number of these studies are from the
same country utilizing national registry data over
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similar time periods. In addition, due to the inclu-
sion criteria of only studies published in English
being included in this review, it is important to con-
sider the possible selection bias that may be present
using this search strategy/inclusion criteria.

Conclusion

The restriction of AP to only high-risk patients does
not result in an increase in the incidence of strepto-
coccal IE in North American populations, while
further investigation is required to clarify the IE
incidence in the UK and some European countries.
Clarification about risk stratification of patients is
required and the importance of AP for appropriate
patients must be emphasized for clinicians in pre-
scribing positions. There has been a notable change
in the microbiological profile of IE from fewer oral
cavity organisms to a higher percentage of staphylo-
coccal species. This change reflects the changing
demographic and clinical profile of patients with IE.
Future studies should focus on countries where the
impact of AP restriction remains unclear, as well as
further investigate AP prescription rates for high-
risk patients. Accurate identification of causative
organisms is also vital in future analyses.
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