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Prevention of Viridans Group Streptococcal
Infective Endocarditis
A Scientific Statement From the American Heart Association

BACKGROUND: In 2007, the American Heart Association published
updated evidence-based guidelines on the recommended use of antibiotic
prophylaxis to prevent viridans group streptococcal (VGS) infective
endocarditis (IE) in cardiac patients undergoing invasive procedures. The
2007 guidelines significantly scaled back the underlying conditions for
which antibiotic prophylaxis was recommended, leaving only 4 categories
thought to confer the highest risk of adverse outcome. The purpose
of this update is to examine interval evidence of the acceptance and
impact of the 2007 recommendations on VGS IE and, if needed, to make
revisions based on this evidence.
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METHODS AND RESULTS: A writing group was formed consisting
of experts in prevention and treatment of infective endocarditis
including members of the American Dental Association, the Infectious
Diseases Society of America, and the American Academy of Pediatrics,
in addition to the American Heart Association. MEDLINE database
searches were done for English language articles on compliance with
the recommendations in the 2007 guidelines and the frequency of
and morbidity or mortality from VGS IE after publication of the 2007
guidelines. Overall, there was good general awareness of the 2007
guidelines but variable compliance with recommendations. There was no
convincing evidence that VGS IE frequency, morbidity, or mortality has
increased since 2007.
CONCLUSIONS: On the basis of a review of the available evidence, there
are no recommended changes to the 2007 VGS IE prevention guidelines.
We continue to recommend VGS IE prophylaxis only for categories of
patients at highest risk for adverse outcome while emphasizing the
critical role of good oral health and regular access to dental care for
all. Randomized controlled studies to determine whether antibiotic
prophylaxis is effective against VGS IE are needed to further refine
recommendations.
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n 2007, the American Heart Association (AHA) published the first categorical revision to its guidelines
on the prevention of infective endocarditis (IE) in
>50 years since the AHA first published guidelines
on this subject.1 The 2007 guidelines challenged the
historical, but theoretical, concept that antibiotic administration before a dental procedure is effective as
primary prophylaxis for IE caused by viridans group
streptococcal (VGS). In that effort, the 2007 writing
group developed a classification system based on the
greatest risk of adverse outcomes from VGS IE rather
than the risk of acquisition of VGS IE. After an extensive literature review, the writing group of the 2007
guidelines made significant differences in conclusions
and recommendations compared with previous AHA
statements, as shown in Table 1.
According to the recommendations in the 2007
guidelines, compared with previous AHA guidelines,
≈90% fewer patients qualified for antibiotic prophylaxis (AP) for a dental procedure.2,3 These major changes
in recommendations in the 2007 guidelines have now
been in practice for more than a decade and have been
evaluated in a number of retrospective and observational studies.
The primary purposes of this updated AHA statement
are to (1) review the studies published since the 2007
guidelines to assess the impact of the guidelines on
practice; (2) determine whether there was an increased
incidence of or mortality from VGS IE since 2007; (3) reevaluate the rationale used to develop and promote the
2007 guidelines; (4) assess whether the changes recommended in 2007 guidelines remain valid; (5) review
whether the 4 underlying cardiac conditions listed in
the 2007 guidelines with the highest risk of poor outcome from VGS IE should be expanded, be reduced, or
remain the same; and (6) if necessary, suggest revisions
to the 2007 guidelines based on a comprehensive review of published studies.

IMPACT OF 2007 GUIDELINE ON
PRACTICE: ACCEPTANCE AND
COMPLIANCE
Question: How well did clinicians implement the 2007
guidelines?
The writing group reviewed 2 general sources of
data available to evaluate acceptance and compliance:
surveys of clinicians in practice and results of studies
that published compliance rates. Lockhart and colleagues2 surveyed a random sample of 5500 dentists in
the United States. Among the 878 respondents, >75%
were satisfied or very satisfied with the 2007 guidelines. However, 70% of dentists reported that they had
patients who continued to take AP although the guidelines no longer recommended it, most often for mitral
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Table 1. Major Changes in 2007 AHA Guidelines Compared With Previous
9 AHA Guidelines on Prevention of IE
VGS IE is much more likely to be caused by transient VGS bacteremia from
an oral source resulting from daily routine activities than from a dental
procedure.
Therefore, only an exceedingly small number of cases of VGS IE could be
prevented by AP for a dental procedure, even if such prophylaxis is 100%
effective.
AP was no longer recommended as primary prophylaxis to prevent VGS IE
in patients with underlying cardiac disease even if it poses an underlying
lifetime risk for acquisition of VGS IE.
If AP is effective in preventing a very small number of cases of VGS IE, it
should be recommended only for those patients with an underlying condition that poses the highest risk of an adverse outcome from VGS IE such
as heart failure, aortic root abscess, need for cardiac valve replacement,
need for complex surgical revisions in patients with congenital heart disease, recurrent VGS IE, or death.
Maintenance of good oral health and regular dental care are much more
important to prevent VGS IE than AP for a dental procedure.
AHA indicates American Heart Association; AP, antibiotic prophylaxis; IE, infective endocarditis; and VGS, viridans group streptococcal.

valve prolapse but also for 5 other cardiac conditions,
primarily because of physician recommendation (57%)
or patient preference (33%).
A survey of 450 dentists in Alberta, Canada, focused on their interpretation of the 2007 guidelines
and whether they would recommend AP for patients
with high risk for IE.3 Among the 194 respondents,
there was in general lack of compliance with the 2007
recommendations. Prophylaxis was recommended for
some of the AHA moderate-risk groups, and some dentists did not prescribe prophylaxis even for patients in
the AHA high-risk group.
Another study published in 2017 evaluated compliance with the 2007 guidelines in dental practices in
Olmsted County, MN. DeSimone and colleagues4 reviewed dental records of patients with both moderate
and high risk for IE before and after the 2007 guidelines publication to determine the use of AP by dentists.
There was a significant (P<0.001) decline from 64.6%
before the guidelines to 8.6% after the guidelines in
the use of AP for patients with moderate-risk cardiac
conditions. Unexpectedly, in patients with high-risk
cardiac conditions, there was a statistically significant
(P<0.01) decline in the use of AP after guidelines publication from 96.9% to 81.3%.
Thornhill and colleagues5 reported an analysis of
changes in antibiotic prescribing in large populations in
the United States after the 2007 guidelines. They found
that by August 2015 there was a 20% overall reduction
in prescribing AP for the high-risk group, a decrease of
64% for the moderate-risk group, and a 52% reduction in the low- or unknown-risk group of patients.
In summary, on the basis of the results from surveys
and clinical studies, there seemed to be good general
awareness of the 2007 guidelines but variable compliance, which was demonstrated in both the US and UK
Circulation. 2021;143:e963–e978. DOI: 10.1161/CIR.0000000000000969
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Questions: Was there an increased incidence of VGS
IE in patients with high risk of adverse outcome for
whom AP was recommended or for patients with a low
or moderate risk of adverse outcome from VGS IE for
whom AP for a dental procedure was no longer recommended? How did VGS IE incidence and mortality
change in the patients still receiving AP for a dental
procedure and in the patients no longer receiving AP
for a dental procedure after the publication of the new
recommendations in 2007?
To assess these questions, the writing group undertook a critical review of published studies to determine
whether there was an increased incidence of or mortality from VGS IE since the 2007 guidelines were published. The strengths, weaknesses, types of studies, and
levels of evidence for each study reviewed are shown in
Table 2. There are no published prospective, randomized trials of the efficacy of AP for a dental procedure.
The studies reviewed are retrospective; are population
or health system based; relied on claims data, registries,
or epidemiological observations on the incidence of IE;
and used various methods to identify cases of IE. All
these studies have limitations. A major limitation has
been the lack of specific International Classification of
Diseases coding for VGS. In addition, the coding for the
genus Enterococcus was included in the Streptococcus
coding until the International Classification of Diseases,
10th Revision version became available. Other studies
have statistical flaws (Table 2).
In summary, the writing group found no high-quality
data that suggest that an increased frequency of or mortality from native valve VGS IE occurred in the United
States or Canada after the 2007 guidelines. Some studies suggest that there is a trend toward an increase in
the overall incidence of IE but not of VGS IE. On balance, the preponderance of published studies suggest
that there is no convincing evidence of an increase in
cases of VGS IE among patients with high, low, or moderate risk of acquisition of IE or adverse outcome from
VGS IE since publication of the 2007 guidelines.
Data reported from the United Kingdom deserve
additional comment. In 2008, the National Institute
for Health and Clinical Excellence (NICE) in the United Kingdom recommended cessation of AP for dental
procedures in all people at risk for IE.30 Dayer et al8 in
2018 analyzed the impact of the NICE guidelines before
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and after publication. This study compared changes in
prescribing AP for dental procedures and the incidence
of IE after publication of the NICE guidelines. There
was a 79% decrease (P<0.001) in prescriptions, which
confirmed high compliance with the NICE recommendations. This study used International Classification of
Diseases codes to identify hospital admissions for IE from
2004 to March 2013, 5 years after publication of the
NICE guidelines. Beginning in March 2008, the number
of cases of IE increased significantly (P<0.001) above
the historical trend. By March 2013, 35 more cases per
month were reported than would have been expected
had the previous trend continued. The increase in the
incidence of IE was significant both for individuals with
low or moderate risk of IE and for those with high risk
of IE. However, no data were available on the microbiological cause of IE in these patients.8 Therefore, no
valid conclusion may be drawn about the impact of the
NICE guidelines on the incidence of VGS IE, the target
of AP for a dental procedure. Nonetheless, NICE revised
its advice and recommended against routine use of AP
for dental procedures in high-risk patients. This change
emphasized the importance of shared decision making
between providers and high-risk patients in terms of
whether to receive AP for a dental procedure.
A recent study by Quan and colleagues31 used an
electronic health records study and evaluated the impact of the NICE guidelines concerning AP during
invasive dental procedures on the incidence of IE in
England. This study confirmed the overall increase in
IE from 1998 to 2017. The Quan et al study reported
microorganism-specific IE. These authors did not detect
an increase in the frequency of IE caused by oral streptococci related to the NICE guidelines publications.

CURRENT EVIDENCE: AP FOR DENTAL
PROCEDURES IN THE 4 GROUPS AT
HIGH RISK OF ADVERSE OUTCOMES
Question: What is the current frequency of morbidity
or mortality from VGS IE in the 4 high-risk groups defined in the 2007 guidelines?
The 2007 guidelines posited a new approach to define who, if anyone, would most likely benefit from AP
for a dental procedure to prevent VGS IE whereby the
risk of taking an antibiotic is less than the risk of not
taking one. In that effort, the 2007 writing group developed a classification system based on greatest risk
of adverse outcomes from VGS IE rather than the risk
of acquisition of VGS IE. This fundamental difference
between the 2007 AHA guidelines and the previous
9 AHA guidelines was among the most controversial
changes made in the 2007 guidelines. This change in
concept was not fully appreciated early after publication and is not appreciated by some to this day. In fact,
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health care providers, and the value of shared decision
making by patients and health care providers.
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Published Articles on the Impact of Guidelines on IE (Chronological)

Author,
year of
publication
Rogers and
Shiller,6 2008

Population, setting,
(data source)
Single academic
medical center in the
United States (University of California, San
Francisco electronic
health records)

Study design,
includes:
(1) Control,
(2) Duration of
follow-up,
(3) Ages

Reported:
(1) Microbiology
data?
(2) A
 P prescribing
data?
3) Change in IE
incidence after
2007?

Observational (pre/post,
unadjusted)

(1) No

(1) Historical control,

(3) No

(2) No

(2) 9 mo after guidelines
(May 2001–January
2008),

Key results

Comments and key citations

No change in number of inpatient
admissions for IE 9 mo after the
2007 change in guidelines compared with before 2007

Limited methods and results published as a research letter

Despite a 78.6% reduction in
AP prescription, no significant
change in the general upward
trend in IE cases or deaths over
time. No change in cases attributable to oral streptococci

NICE guidelines are meaningfully
different from the US guidelines.
NICE guidelines do not recommend AP for the group at high
risk for IE. This article is superseded by Thornhill et al8 (same
data set, longer follow-up).

No detectable increase in incidence rate of IE caused by VGS in
Olmsted County, MN. No change
in number of cases of IE caused
by VGS in the National Inpatient
Sample

Small number of IE cases (22 in
12 y). Substantial demographic,
clinical, and health system–level
differences between Olmsted
County and the rest of the United
States limit generalizing of their
findings. Coding of microbiological data in the National Inpatient
Sample (ICD-9) is suboptimal in
both completeness and accuracy.
Substantial overlap between the
3 DeSimone et al9–11 articles.

No evidence of an association
between changes in guidelines and
change in pediatric IE admissions.
In secondary analyses, no change in
IE hospitalizations among children
5–18 y of age or children with
congenital heart disease and no
detectable change in cases coded
as streptococci

The study analyzed a large data
set of 1157 pediatric IE cases.

Scaling down AP indications was
not associated with an increased
incidence of oral streptococcal IE in
the population or among patients
with preexisting valve disease.
There was an increase in staphylococcal IE in patients with previously
known native valve disease.

French guidelines scaled back
prophylaxis in 2002, similar to
the 2007 AHA guidelines. This
study also included data on
dental procedures and use of AP
before the episode of IE but no
comparison group of patients
who did not develop IE.

No increase in adjusted rates of
hospitalization or mortality associated with IE after 2007 AHA
guidelines

Study noted a high burden of
IE among older adults (70.6 per
100 000) but no trends attributable to guidelines change. Had
limited data on exposures.

AP prescriptions declined 79%
after release of 2008 NICE guidelines and incidence of IE increased
significantly (35 more cases per
month above the historic trend).
This increase was significant for
both those at high risk and those
at moderate/lower risk of IE.

This study provided longer
follow-up on data presented in
by Thornhill et al.7 The observed
percent increase in IE cases was
much smaller than the percent
decline in AP prescriptions.

(3) Unclear
Thornhill
et al,7 2011

DeSimone
et al,9 2012

All National Health
Services Centers in
England, UK (England-wide monthly
prescribing records
and inpatient activity
records)

Observational (pre/post)

Olmstead County,
MN (epidemiological
data from the Rochester Epidemiology
Project and national
claims data from the
National Inpatient
Sample)

Observational (pre/
post) based on Poisson
regression

(1) Historical control,
(2) 2 y after guidelines
(January 2000–April
2010),

(1) Yes, ICD-10
codes*
(2) Yes
(3) No

(3) All ages

(1) Historical control,
(2) 3 y after guidelines
(January 1999–
December 2010),
(3) Adults ≥18 y of age

(1) L aboratory data
from medical
record review
(Olmsted
County) and
claims data (National Inpatient
Sample)
(2) No
(3) No
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Pasquali
et al,12 2012

Duval
et al,13 2012

37 Children’s hospitals, United States
(Pediatric Health
Information System
Database)

Observational (pre/post)

3 French regions
covering 11 million
inhabitants ≥20 y
of age (populationbased surveys)

Observational (pre/post)

(1) Historical control,
(2) 3
 y after guidelines
(2003–2010),

(1) Selected ICD-9
codes*
(2) No
(3) No

(3) C
 hildren <18 y of
age

(1) Historical control,
(2) 6
 y after guidelines
(survey years: 1991,
1999, 2008),
(3) All ages

(1) R
 eported by
microbiologist,
strain confirmed
with National
Reference Centers
(2) No
(3) No

Bikdeli
et al,14 2013

Dayer
et al,8 2015

Medicare beneficiaries, United States
(Medicare Inpatient
Standard Analytic
File)

Observational (pre/post)

(1) No

(1) Historical control,

(2) No

(2) 3
 y after guidelines
(1999–2010),

(3) No

All National Health
Services Centers in
England, UK (England-wide monthly
prescribing records
and inpatient activity
records–50 million
population)

Observational (ecological; pre/post; interrupted time series with
segmented regression)

(3) Adults ≥65 y of age

(1) Historical control,
(2) 6 y after guidelines (January
2004–March 2013),

(1) No
(2) Yes
(3) Yes

(3) All ages
(Continued )
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Continued

Author,
year of
publication
DeSimone
et al,10 2015

Population, setting,
(data source)
Olmstead County,
MN (epidemiological
data from the Rochester Epidemiology
Project)

Study design,
includes:
(1) Control,
(2) Duration of
follow-up,
(3) Ages

Reported:
(1) Microbiology
data?
(2) A
 P prescribing
data?
3) Change in IE
incidence after
2007?

Observational (popu(1) Yes–Laboratory
lation-based pre/post
data from
analysis with multivariate
medical record
Poisson model)
review
(1) Historical,

(2) No

(2) 6
 y of postguidelines
follow-up (January
2007–December
2013),

(3) No

Key results

Comments and key citations

No significant change in overall
incidence of IE; coagulase-negative staphylococcal IE trended
downward over this period

The study included a small
number of IE cases (51 in 2007–
2013). Substantial demographic,
clinical, and health system–level
differences between Olmsted
County and the rest of the
United States limit generalizing of
these finding. There is substantial
overlap between the 3 DeSimone
et al9–11 articles.

Overall significant decline in incidence of IE; increased proportion
of cases caused by Staphylococcus aureus

Small number of IE cases (51
in 2007–2013). Substantial demographic, clinical, and health
system–level differences between
Olmsted County and the rest of
the United States limit generalizing of these findings. Substantial
overlap between 3 DeSimone et
al9–11 articles. Superseded by the
DeSimone et al15 article (longer
follow-up).

Significant rise in incidence of
streptococcal IE but not staphylococcal IE after the 2007 guidelines. Authors noted no change
in IE or valve surgery since 2007
guidelines. Data on VGS not
provided.

Data on 457 052 IE cases in the
United States from 2000–2011.
Other investigators have raised
methodological concerns about
the statistical model used for this
analysis.17,18

The number of cases of streptococcal IE decreased over time;
this trend predated the 2007
AHA guidelines and continued
unchanged after the guidelines
were published.

The study included data on 9431
cases with some information
about risk factors.20–22 The presence of a cardiac rhythm device
was found to be a risk factor
for staphylococcal IE but not for
streptococcal IE.

Steady increase in IE incidence
between 2005 and 2011. After
introduction of the 2009 ESC
guidelines, IE incidence increased
more than would be expected
on the basis of historical trends.
There was a significant increase in
streptococcal IE cases.

The study included few cases of
IE (216 between 2005 and 2011)
and provided limited analytical
details.

Increasing background rates of IE,
with a 26% (unadjusted) increase
after the 2009 ESC guidelines

The study included no individualspecific data on exposures.

(3) Adults >18 y of age
with IE (January
2007–December 2013)
DeSimone,
et al,11 2015

Olmstead County,
MN (epidemiological
data from the Rochester Epidemiology
Project)

Population-based
survey for possible or
definite cases of VGS-IE,
compared with Nationwide Inpatient Sample
discharge database for
United States (multivariate Poisson model)

(1) Yes–Laboratory
data from
medical record
review
(2) No
(3) No

(1) Historical,
(2) 6
 y after guidelines
(January 1999–
December 2013),
(3) Adults >18 y of age
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Pant et al,16
2015

US hospitals from
participating states
(National Inpatient
Sample)

Observational (pre/post,
segmented regression
analysis)

(1) Yes–ICD-9
codes*

(1) Historical control,

(3) Yes

(2) No

(2) 4 y of postguidelines
follow-up
(2000–2011),
(3) All ages
Mackie
et al,19 2016

(1) ICD-9 or ICD-10
codes*

All Canadian hospitals except Quebec
and Northern Territories (Canadian
Institute for Health Information Discharge
Abstract Database)

Observational (pre/
post, piecewise linear
regression model with a
change-point analysis)

All Dutch hospitals,
the Netherlands
(national health care
insurance database
extracted by the
Dutch Healthcare
Authority)

Observational (pre/post,
interrupted time series)

(1) ICD-9 or ICD-10
codes*

(1) Historical control,

(2) No

(2) 2 y of follow-up after 2009 ESC guidelines (2005–2011),

(3) Yes

All IE admissions to
German hospitals
(Nationwide Inpatient
Statistic)

Observational (pre/post,
linear regression)

(1) ICD-10 codes*

(1) Historical control,

(3) Yes

(1) Historical control,

(2) No
(3) No

(2) 5
 .5 y of postguidelines follow-up (April
2002–March 2013),
(3) All ages

van den
Brink et al,23
2017

Keller et al,24
2017

(3) All ages

(2) No

(2) 5 y after the revised
ESC guidelines published (2005–2014),
(3) All ages
(Continued )
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Continued

Author,
year of
publication
Toyoda
et al,25 2017

Sakai
Bizmark
et al,26 2017

Population, setting,
(data source)

Study design,
includes:
(1) Control,
(2) Duration of
follow-up,
(3) Ages

Reported:
(1) Microbiology
data?
(2) A
 P prescribing
data?
3) Change in IE
incidence after
2007?
(1) ICD-9 codes*

All hospitals participating in mandatory
statewide databases
in California and New
York (California Office
of Statewide Health
Planning and Development and New
York Planning and
Research Cooperative
System database)

Observational (multivariable Poisson regression
adjusted for age, sex,
and race; segmented
regression analysis with
variable time lags after
guidelines change)

US hospitals from
participating states
(Nationwide Inpatient
Sample)

Observational (pre/post)

(1) ICD-9 codes*

(1) Historical control,

(2) No

(2) 5
 y of postguidelines
data (2001–2012),

(3) No

(2) No
(3) No

Comments and key citations

Overall standardized incidence of
IE was stable from 1998–2013;
increase in standardized rate of
staphylococcal IE but not streptococcal IE. No change in oral
streptococcal IE after the 2007
AHA guidelines.

The study included limited
individual-specific data on
exposures and no information on
dental procedures.

Increasing background rates of
IE hospitalizations in children; no
change in IE before or after guidelines. However, a significant increase
in incidence of IE caused by VGS
was observed for children 10–17 y
of age after AHA guidelines.

The study included many analyses
(increasing the likelihood of a
false-positive finding) and had
limited individual-specific data on
exposures.

(1) Historical control,
(2) 6
 y after AHA guidelines (1998–2013),
(3) All ages

(3) Children <18 y of age
Bates et al,27
2017

Key results
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29 Children’s hospitals, United States
(Pediatric Health
Information System
Database)

Observational (pre/post,
segmented regression
analysis)

Commercial health
insurance, Medicaid,
or Medicare supplemental insurance and
linked prescription
benefit data, United
States (Truven Health
MarketScan database)

Observational (pre/
post, Poisson regression
models)

All residents of Ontario, Canada (integrated province-wide
claims data)

Observational (pre/post
population-based, crosssectional time series
analysis)

(1) Historical control,

(1) No
(2) No
(3) No

(2) 7 y after guidelines
(2003–2014),

Increasing background rates of
IE; no change in IE after the 2007
AHA guidelines compared with
before, including in children >5 y
of age with CHD

(3) Children <18 y of age
Thornhill
et al,5 2018

Garg et al,29
2019

(1) Historical control,

(1) No
(2) Yes
(3) Yes

(2) 8 y after AHA guidelines (2003–2015),
(3) Adults >18 y of age

(1) Historical control,
(2) 7 y after AHA
guidelines (January
2002–December
2014),
(3) Age ≥65 y (for AP
prescriptions) and
≥18 y (for IE cases)

(1) Yes
(2) Y
 es–for patients
≥65 y of age
(3) Yes

AP prescriptions declined 20% in
high-risk, 64% in moderate-risk,
and 52% in low- and unknownrisk groups. Compared with the
baseline period, there was a slower
decline in IE after the AHA guidelines. This was projected to result
in 1.47 more cases of IE per month
per 100 000 among moderate-risk
patients and 19.53 more cases of
IE per month per 100 000 among
high-risk patients than what would
have been expected if preguidelines trends had continued.

Variable AP practices among
high-risk patients may imply that
clinicians are having difficulty
identifying patients for whom
AP is currently recommended. A
borderline significant increase in
IE among moderate-risk patients
despite a large decrease in AP
prescriptions suggests that AP
may not benefit the group as a
whole.28

Substantial reduction in AP prescriptions in the moderate-risk
cohort after publication of the
AHA 2007 guidelines. Minimal
decrease followed by a slow increase in AP prescriptions in the
high-risk group. Increasing rates
of IE but a decrease in streptococcal IE over the study period.
Change-point analyses suggested
that the increase in IE in both
high- and moderate-risk groups
of patients ≥65 y of age occurred
in the second half of 2010, 3 y
after the AHA guidelines revision.

Because of the 3-y time lag
between uptake of AHA guidelines (as noted by declining AP
prescriptions), increase in IE in
both high- and moderate-risk patients, and the observed decline
in streptococcal IE over the study
period, the authors concluded
that the observed increase in IE is
likely unrelated to the change in
AP guidelines.

AHA indicates American Heart Association; AP, antibiotic prophylaxis; CHD, congenital heart disease; ESC, European Society for Cardiology; ICD-9, International
Classification of Diseases, Ninth Revision; ICD-10, International Classification of Diseases, 10th Revision; IE, infective endocarditis; NICE, National Institute for Health
and Clinical Excellence; and VGS, viridans group streptococcal.
*ICD-9 and ICD-10 coding of microbiological data is suboptimal in both completeness and accuracy. This is particularly important in IE because 2 of the most common pathogen groups (VGS and enterococcus) either lack specific codes (VGS) or had correct coding (enterococcus) only in the ICD-10 version; in the ICD-9 coding
version, enterococcus was incorrectly designated as streptococcus.
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Group 1: Prosthetic Cardiac Valve or
Prosthetic Material Used for Cardiac
Valve Repair or Other Implantable
Cardiac Devices Such as Transcatheter
Aortic Valve Implantation
Downloaded from http://ahajournals.org by on February 24, 2022

Outcomes of patients with prosthetic valve endocarditis caused by VGS were evaluated and compared with
outcomes of patients with native valve IE caused by
VGS. The mortality rate of patients with VGS prosthetic
valve endocarditis is ≥20%,32–35 in contrast to ≤5% in
patients with native valve VGS IE.34,36,37
Moreover, patients with prosthetic valve endocarditis
are more likely than those with native valve IE to develop heart failure or heart block or to require cardiac
valve replacement surgery because of perivalvular extension, abscess, and other complications.
Advances in cardiac device development in this highrisk category of patients since publication of the 2007
guidelines are remarkable. They include a marked increase in the number of patients undergoing transcatheter implantation of prosthetic aortic valves or transcatheter placement of other cardiac valves. There are
limited published data on IE complicating these procedures. Most infections in these patients are caused by
staphylococci or enterococci and are associated with a
high risk of morbidity and mortality.15,38–40 Patient selection has influenced the risks because the initial use of
transcatheter prosthetic valve placement was directed
toward patients who were too ill or elderly to undergo
open cardiovascular valve replacement surgery. Patients
who undergo transcatheter prosthetic valve placement
warrant AP for a dental procedure just like patients
with surgically placed prosthetic valves.

Circulation. 2021;143:e963–e978. DOI: 10.1161/CIR.0000000000000969

Cardiac valve repair is another area of rapid growth,
including the use of devices that include annuloplasty
rings and clips. Although data on VGS IE outcomes
related to the use of these repair devices are limited,
patients who undergo transcatheter or open surgical
valve repair with a prosthetic device warrant AP for a
dental procedure because, should the prosthetic material become infected, many of them are too ill for open
surgical valve placement.
VGS are an uncommon cause of infections complicating left ventricular assist devices or infection of an
implantable heart. However, because the risk of morbidity and mortality is so high from an infection of these
devices caused by any microorganism, AP for a dental
procedure is suggested.
A variety of other prosthetic cardiovascular devices
deserve comment. These include cardiovascular implantable electronic devices; septal defect closure devices (when there is complete defect closure); peripheral
vascular grafts and patches, including those used for
hemodialysis and coronary and other vascular stents;
central nervous system ventriculoatrial shunts; vena caval filters; and pledgets. Infections of these devices are
rare, and when they occur, most cases are caused by
staphylococci. Therefore, AP for a dental procedure in
these patients is not suggested.

Group 2: Previous, Relapse, or Recurrent IE
Patients with a history of IE who develop relapse or
recurrent IE are at greater risk of heart failure and increased need for cardiac valve replacement surgery
and have a higher mortality than patients with a first
episode of native valve IE.41–48 Patients with multiple
episodes of native or prosthetic valve IE are at greater
risk of additional episodes of endocarditis, each of
which is associated with the risk of more serious complications.49 AP for a dental procedure is suggested for
these patients.

Group 3: Congenital Heart Disease
Congenital heart disease (CHD) is the most common
underlying condition in children at risk for IE in middleand high-income countries. Retrospective series and
registry-based publications confirm that patients with
complex cyanotic heart disease and those who have
postoperative palliative shunts, conduits, or other prostheses are at highest risk of developing IE.50 Since the
2007 guidelines, several publications have focused on
IE in the growing global population of patients with
adult CHD. Other studies evaluated the risk of IE in
children and adults with CHD who undergo surgical or
transcatheter pulmonary valve replacement. However,
no definitive studies have evaluated the risk from IE
among the various types of CHD. The data on the risk
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the majority of the studies cited as being designed to
test the impact and validity of the 2007 guidelines were
actually designed to evaluate the impact of the recommendation on the risk of acquiring VGS IE, not on the
risk of adverse outcome from VGS IE.
The writing group of the 2007 guidelines identified
the 4 underlying cardiac conditions with the highest
risk of adverse outcome from complications of VGS IE
such as heart failure, need for cardiothoracic surgery,
development of heart block requiring placement of a
cardiac rhythm device, perivalvular extension and abscess, and other complications, including death. It is
noteworthy that patients in 3 of the 4 groups at highest risk of adverse outcome from IE are also among
the patients with the highest risk of acquisition of IE.
In cardiac transplant recipients who develop valvulopathy, there are insufficient published data to accurately
assess the risk of acquisition of IE. Among these 4
groups, a discussion of adverse outcome from VGS IE
follows.
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of developing IE in those with CHD are consistent and
have not shown an increase in VGS IE since the 2007
guidelines. CHD was found in 68% of patients admitted with IE between 2003 and 2010 according to the
Pediatric Health Information System database.12 There
was no change in the frequency of IE in the period
after the 2007 guidelines compared with the period
before publication, and this lack of change was found
again in a follow-up study tracking hospitalizations
through 2014.27 The discharge incidence of IE in children in the United States according to the Nationwide
Inpatient Sample was 0.43 per 100 000 between 2000
and 2010 and was unchanged over the study period
after the 2007 AHA guidelines. Underlying heart conditions were present in 53.5% of the total patients
studied and 81.4% of those with CHD.51 In a Taiwanese study, the incidence of IE was 1.11 per 1000 person-years in a database of 24 729 children with CHD
and cardiac lesions, and the highest risks of IE were
seen in those with cyanotic defects, endocardial cushion defects, left-sided lesions, and ventricular septal
defects.52 The risk of IE was increased in children who
underwent the following procedures: central venous
catheter insertion, cardiac catheterization, open heart
surgery (higher with valve procedures), and shunt. In
this study, dental procedures did not increase the risk
of IE regardless of whether antibiotics were used before the procedures.52
Other recent studies of IE in adult CHD also reveal
consistent findings. The Netherlands’ CONCOR Registry (Congenital Cor Vitia) of >14 000 patients with
adult CHD reported an overall incidence of IE of 1.33
cases per 1000 person-years, which was similar to that
observed in other studies.53,54 Use of prosthetic valve
material was the only statistically significant procedural risk factor in the multivariate analysis (hazard ratio,
5.48 [95% CI, 3.58–8.38]). Pulmonary atresia/ventricular septal defect had the highest incidence (7.84
cases [95% CI, 3.77–14.13] per 1000 patient-years)
and was the only statistically significant diagnostic risk
factor (hazard ratio, 2.65 [95% CI, 1.12–6.24]) in multivariate analysis.
In addition to the clear evidence relating CHD subtypes to increased risk of IE and although there has
been no definitive study defining the conditions at risk
from VGS IE, there is recent information relating the
risk from IE in the right ventricle to pulmonary artery
conduits and surgical and catheter-based valve replacement. A systematic review of 50 studies found
that the incidence of IE was higher for bovine jugular valve grafts compared with other right ventricle–
to–pulmonary artery conduits (5.4% versus 1.2%;
P<0.0001) during a median follow-up period of 24
and 36 months. This increased risk of IE may be related
to the type of bovine-derived bioprosthetic material.
With the use of this material, there was no difference
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in IE development between surgical and catheterbased implantation, and in vitro studies suggested
that the increased risk for IE may be related to the
anatomic specifics of the bovine jugular vein systems
used in many of the implanted devices.55 To date, in
every circumstance, when this material has been used,
IE in implanted devices for CHD has required cardiac
surgery to repair the infection-related consequences.
Other studies have also shown the risk of IE to be consequential after Melody valve placement, as high as
3.2% to 25%; morbidity is high in all cases of IE in
device implantations.56 In accordance with the position
of the writing group concerning these scenarios, AP
for a dental procedure is suggested for these groups of
patients in whom morbidity is high from IE, although
there is no proven benefit.

Group 4: Cardiac Transplant Recipients
There are insufficient published data to accurately assess the risk of adverse outcome from IE in cardiac
transplant recipients who develop valvulopathy. However, these patients are immunosuppressed, have multiple underlying comorbidities, and are at high risk of
adverse outcome from any infection, including IE, and
AP is suggested.

Summary
There is no convincing evidence from retrospective
and observational studies that there was an increase
in frequency of and morbidity or mortality from VGS
IE since 2007 in the 4 high-risk groups defined in the
2007 guidelines. We cannot exclude the possibility
that there may be an exceedingly small number of
cases of VGS IE that could be prevented by AP for a
dental procedure. However, if prophylaxis is effective,
we believe that such therapy should be suggested
only for those with the highest risk of adverse outcome from VGS IE, although we acknowledge that
the effectiveness of such prophylaxis is unproven.
The change in emphasis to suggest prophylaxis for
only those patients with the highest risk of adverse
outcome from VGS IE reduces uncertainties among
patients and providers about who should receive
prophylaxis for a dental procedure. Randomized controlled studies are necessary to resolve the issue of
the efficacy of AP in preventing VGS IE. Until such
studies are published, our extensive review suggests
that after more than a decade since implementation,
the 2007 guidelines adequately provide VGS IE AP for
those patients with the highest risk of adverse outcome. We believe that there is no need to reconsider
the novel concept of suggesting AP for individuals at
high risk of adverse outcome from VGS IE outlined in
the 2007 AHA guidelines (Table 3).
Circulation. 2021;143:e963–e978. DOI: 10.1161/CIR.0000000000000969
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Prosthetic cardiac valve or material
Presence of cardiac prosthetic valve
Transcatheter implantation of prosthetic valves
Cardiac valve repair with devices, including annuloplasty, rings, or clips
Left ventricular assist devices or implantable heart
Previous, relapse, or recurrent IE
CHD
 Unrepaired cyanotic congenital CHD, including palliative shunts and
conduits.
 Completely repaired congenital heart defect with prosthetic material or
device, whether placed by surgery or by transcatheter during the first 6
mo after the procedure
 Repaired CHD with residual defects at the site of or adjacent to the site
of a prosthetic patch or prosthetic device
 Surgical or transcatheter pulmonary artery valve or conduit placement
such as Melody valve and Contegra conduit
Cardiac transplant recipients who develop cardiac valvulopathy
AP for a dental procedure not suggested
Implantable electronic devices such as a pacemaker or similar devices
Septal defect closure devices when complete closure is achieved
 Peripheral vascular grafts and patches, including those used for
hemodialysis
Coronary artery stents or other vascular stents
CNS ventriculoatrial shunts
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Vena cava filters
Pledgets
AP indicates antibiotic prophylaxis; CHD, congenital heart disease; CNS, central nervous system; and IE, infective endocarditis.

FEASIBILITY OF INCLUDING
ADDITIONAL HIGH-RISK GROUPS
Question: Should the 4 categories of highest risk of
adverse outcome be expanded to include patients
with rheumatic heart disease, aortic stenosis, bicuspid aortic valve, mitral valve prolapse, or other valvar
heart disease?
The 2007 guidelines no longer recommended AP
for dental procedures for patients considered to be at
moderate or low risk of adverse outcome from VGS
IE. VGS IE or IE caused by another microorganism,
regardless of the underlying cardiac condition, is a
serious, life-threatening infection. Comorbid factors
such as older age, obesity, diabetes, cardiopulmonary
disease, vascular disease, hemodialysis, lack of access
to a tertiary medical center, and immunosuppression
and numerous other conditions affect morbidity and
mortality in any patient with IE caused by VGS or by
another microorganism.
A recent study by Thornhill et al20 evaluated the risk
of acquisition of IE and deaths resulting from IE among
>50 million patients in the United Kingdom with
Circulation. 2021;143:e963–e978. DOI: 10.1161/CIR.0000000000000969

underlying cardiac risk factors. Their study confirmed
the high risk of adverse outcomes in categories in the
2007 guidelines that included patients with previous IE,
those with prosthetic valve replacement, and some patients with complex cyanotic CHD. However, patients in
the moderate-risk group with rheumatic heart disease
and congenital valve abnormalities had mortality rates
similar to those in the high-risk group. These authors
and others57 questioned whether the AHA risk classification should be reconsidered. The study by Thornhill
et al41 did not report microorganism-specific data. Multiple studies, including those by these authors, reported
an increase in the frequency of IE caused by Staphylococcus aureus and an unchanged or decreased frequency of IE caused by VGS.20 Because the incidence of
S aureus IE is increasing and the incidence of VGS IE is
flat or decreasing, it is difficult to determine from the
Thornhill et al study whether the high mortality in patients with rheumatic heart disease or congenital valvar
disease was attributable to IE caused by microorganisms other than VGS, especially S aureus. IE caused by
S aureus, enteric Gram-negative bacilli, or enterococci
is associated with a higher morbidity and mortality with
any underlying cardiac condition than IE caused by
VGS, including in those with rheumatic heart disease
and congenital valve disease. The administration of AP
for a dental procedure, if effective, is intended only for
the prevention of IE caused by VGS, not for prevention
of IE caused by other microorganisms.
A recent multicenter study by Zegri-Reiriz et al58 of
3208 patients reported that patients with bicuspid aortic valve or mitral valve prolapse had a high incidence of
intracardiac complication and a need for surgery similar
to that in the high-risk group of patients. The mortality of these patients was significantly lower than the
mortality for high-risk patients. This finding possibly reflected lower patient age and fewer comorbidities but
also that native valve replacement is associated with a
lower risk of serious complications than surgery for infected prosthetic implanted material.
Reclassification of the risk categories to include patients previously classified as at low or moderate risk
of adverse outcome would greatly expand the number
of patients who qualify for AP for a dental procedure.
The administration of prophylactic antibiotics is not risk
free, even in those who receive only a single dose for
prophylaxis. The emergence of multidrug-resistant microorganisms, including VGS, is a global threat. Antibiotic stewardship is now a major component of combating the development of resistance and cost control.
AP for a dental procedure targets a limited segment of
bacterial endocarditis, specifically VGS IE in patients with
the highest risk of adverse outcome. Outcomes of patients with IE caused by any microorganism, regardless of
the underlying condition, are negatively affected by comorbidities or insufficient access to diagnostic, medical,
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e971

CLINICAL STATEMENTS
AND GUIDELINES

Table 3. AP for a Dental Procedure: Underlying Conditions for Which
AP Is Suggested

Prevention of Viridans Group Streptococcal IE

CLINICAL STATEMENTS
AND GUIDELINES

Wilson et al

Table 4.

Dental Procedures and AP

AP suggested
 All dental procedures that involve manipulation of gingival tissue or the
periapical region of teeth or perforation of the oral mucosa
AP not suggested
 Anesthetic injections through noninfected tissue, taking dental radiographs, placement of removable prosthodontic or orthodontic appliances, adjustment of orthodontic appliances, placement of orthodontic
brackets, shedding of primary teeth, and bleeding from trauma to the
lips or oral mucosa
The antibiotic regimens suggested for prophylaxis for a dental procedure in
patients at a high risk of adverse outcome from viridans group streptococcal
infective endocarditis are shown in Table 5.
AP indicates antibiotic prophylaxis.
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and surgical care. This is reflected in the high mortality of
IE, regardless of microbiological cause, in patients with
rheumatic heart disease in high-prevalence settings.59
Shared decision making remains an especially important
approach in the populations most affected by limited access to the full spectrum of health care. These factors
and those discussed previously do not warrant a change
in the suggestion against AP for dental procedures in patients at low or moderate risk of adverse outcome from
VGS IE as defined in the 2007 AHA guidelines.
In the 4 categories of patients with the highest risk
of adverse outcome from VGS IE, the dental procedures for which AP is suggested or is not suggested are
shown in Table 4.

PROPHYLACTIC ANTIBIOTIC
THERAPY FOR A DENTAL
PROCEDURE: CONSIDERATIONS FOR
PRACTITIONERS
Adverse Drug Reactions
Fortunately, the overall risks of a serious adverse reaction such as hives, angioedema, and anaphylaxis are
low for an antibiotic when used for prophylaxis for a
dental procedure. A recent study in the United Kingdom
suggested that a single dose of clindamycin may cause
complications, including death, from Clostridioides difficile infection.59a Clindamycin may cause more frequent
and severe reactions than other antibiotics used for AP,
and its use is no longer suggested in this document.
Up to 15% of community-acquired C difficile infection
may be attributable to antibiotics prescribed for a dental
procedure.60 Fatal anaphylaxis from a single dose of a
cephalosporin in patients with no history of a serious reaction is estimated to be <1 per 1 million doses.61,62 Fatal
reactions to a single dose of a macrolide are extremely
rare.61,62 Hancox and colleagues63 reviewed the risk of
a serious cardiovascular event, especially torsades des
pointes with ventricular tachycardia, from azithromycin
use in patients with a prolonged QTc interval of >450
e972
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milliseconds as detected by ECG. Therefore, these drugs
should be used with caution in patients who are known
to have a prolonged QTc interval. Doxycycline is an alternative in patients who are unable to tolerate a penicillin,
cephalosporin, or macrolide. A serious reaction from a
single dose of doxycycline is extremely rare.
Although patients may be labeled as allergic to penicillin or its derivatives, penicillin skin testing is negative
in the vast majority (≈90%) of these patients, and these
patients sustain no increase in adverse drug events
compared with the general population when penicillin is administered.64,65 A careful history should be obtained of the type and severity of allergic reaction to a
penicillin. Although the expense or availability of expert
allergy evaluation, which may include penicillin skin
testing, may make it unavailable in some populations,
we suggest that skin testing should be done if feasible.

Development of Resistance
The inappropriate use of antibiotics is an issue of major worldwide concern, especially because it may result
in the development of antibiotic resistance. The Centers for Disease Control and Prevention estimate that
antibiotic-resistant infections cause 23 000 deaths, 2
million infections, and as much as $20 billion in excess
direct health care costs annually in the United States.
Antibiotic stewardship is considered essential to maintain our ability to manage life-threatening infections by
ensuring that antibiotics are used only in situations in
which they are necessary and effective, that the most
appropriate antibiotic choice is made, and that the dosage regimen used will be effective while avoiding the
development of antibiotic resistance.
Concerning AP of IE in the dental setting, there are
2 areas of concern in antibiotic resistance among VGS.
First, what is the level of resistance among VGS as part
of the normal flora? VGS recovered from a variety of
patient populations exhibited variable degrees of in vitro resistance to the oral antibiotics advocated for use
as prophylaxis in the 2007 AHA guidelines. In particular, the rates of resistance to azithromycin and clarithromycin were higher than that for penicillin. Despite the
recognition of in vitro resistance among some strains
of VGS, the 2007 writing group made no changes in
recommended antibiotics for dental prophylaxis. There
is a difference between the use of an antibiotic to treat
an established infection and the use of an antibiotic for
prophylaxis. Treatment of an established infection requires the use of an antibiotic active in vitro against a
specific pathogen. Prophylactic antibiotics are administered in a single dose for a low-magnitude, transient
exposure to a microorganism. Studies done in animal
models of experimental IE showed that prophylactic antibiotic therapy may be effective, even against VGS with
variable susceptibility.66,67
Circulation. 2021;143:e963–e978. DOI: 10.1161/CIR.0000000000000969
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Situation

Agent

Adults

Children

Oral

Amoxicillin

2g

50 mg/kg

Unable to take oral
medication

Ampicillin OR

2 g IM or IV

50 mg/kg IM
or IV

Cefazolin or
ceftriaxone

1 g IM or IV

50 mg/kg IM
or IV

Cephalexin* OR

2g

50 mg/kg

Azithromycin or
clarithromycin OR

500 mg

15 mg/kg

Doxycycline

100 mg

<45 kg, 2.2
mg/kg
>45 kg, 100
mg

Cefazolin or
ceftriaxone†

1 g IM or IV

50 mg/kg IM
or IV

Allergic to penicillin or
ampicillin—oral

Allergic to penicillin or
ampicillin and unable
to take oral medication

Clindamycin is no longer recommended for antibiotic prophylaxis for a dental procedure.
IM indicates intramuscular; and IV, intravenous.
*Or other first- or second-generation oral cephalosporin in equivalent adult
or pediatric dosing.
†Cephalosporins should not be used in an individual with a history of anaphylaxis, angioedema, or urticarial with penicillin or ampicillin.
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Second, for patients who require serial invasive dental
procedures over a relatively short period (days or weeks)
of time, what is the likelihood that AP will result in the
selection of antibiotic resistance among colonizing strains
of VGS? An investigation that included 29 young (mean
age, 30 years) healthy volunteers reported that 21% were
colonized with amoxicillin-resistant VGS before receiving
a single-dose of 2 g amoxicillin.68 The rate of resistance
increased to 31% after amoxicillin dosing, and the proportion with reduced susceptibility to amoxicillin increased
significantly on days 2 and 5 of treatment after dosing of
amoxicillin and persisted for 24 days. An analysis of a 3-g
sachet oral single dosing of amoxicillin in a study done
in the United Kingdom demonstrated a nonsignificant increase in the number of resistant streptococci by day 3
that returned to baseline values by 21 days after amoxicillin dosing.69 When this antibiotic was given at weekly
intervals, the numbers of resistant VGS increased significantly after the second and third doses of amoxicillin and
persisted for 4 to 7 weeks. These authors suggest that
for at-risk patients requiring repeated dental procedures
likely to result in bacteremia, either an alternative antibiotic regimen should be used each time, or there should be
intervals of at least 4 weeks between treatment sessions.

Other Considerations
It is not possible to make suggestions for AP that deal
with every possible circumstance of every possible situation in every possible hypothetical situation. In most
circumstances that fall outside the specific suggestions in Table 5, clinical judgment and shared decision
Circulation. 2021;143:e963–e978. DOI: 10.1161/CIR.0000000000000969

making with the patient are important. Some circumstances that occur frequently are discussed briefly here.
If AP is inadvertently not administered before a dental procedure, then it may be administered up to 2
hours after the procedure. In patients who are receiving a short course (7–10 days) of oral antibiotic therapy
before a dental procedure, it is preferable to select a
different class of antibiotic listed in Table 5. If possible, it
is preferable to delay an elective dental procedure for at
least 10 days after completion of a short course of antibiotic therapy. In patients undergoing multiple sequential dental appointments, if possible, it is preferable to
delay the next procedure for 10 days after the last dose
of antibiotic therapy. In patients who are receiving parenteral antimicrobial therapy for IE or other infections
and require a dental procedure, the same parenteral antibiotic may be continued through the dental procedure.

Cost-Effectiveness of AP
There are no high-quality cost-effectiveness analyses in
the United States that examined the contemporary costeffectiveness of AP from a US health system perspective.
Franklin and colleagues70 evaluated the cost-effectiveness
of AP for IE in the British National Health Service, using
a lifetime (50 years) analytical horizon and appropriate
discounting for future costs and clinical outcomes. They
concluded that AP in the United Kingdom was less costly
and more effective than no AP for all patients at risk of
IE, and they suggested that annual cost savings of £5.5
to £8.2 million and >2600 quality-adjusted life-years
could be achieved. Given the methodological limitations
of the analysis, it is likely that the risk of IE modeled in
this analysis was a substantial overestimate, which would
make AP appear to be more cost-effective than it truly is.
Franklin and colleagues advocate for changing the NICE
guidelines to restore AP for patients at high risk of adverse outcome from IE, thus making NICE recommendations concordant with the AHA and European Society of
Cardiology guidelines. However, extrapolating from one
health system to the other is particularly challenging because of large differences in costs and clinical outcomes
among health systems.

COMMUNICATION AND
IMPLEMENTATION OF SUGGESTIONS
IN THE 2021 AHA SCIENTIFIC
STATEMENT
Clinical practice guidelines provide a compilation
of quality-assessed evidence with critical evaluation
by leading experts in the field with resultant recommendations that are highly desired by health care
providers to guide complicated clinical decision making. Extensive communication of major updates and
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recommendations to medical and dental health care
providers is a major task of every update. Given the
variability of patient populations and clinical practices,
there may be patients and providers who may not adhere to every suggestion.
Variable compliance with IE prevention recommendations has been documented within and outside the
United States. An appreciation of the patient groups
for whom AP is recommended has been incompletely
adopted by health care providers for decades; AP continues to be provided to some patients for whom it is
no longer recommended and withheld from others for
whom it is advised. Moreover, there are instances when
providers disagree with recommendations or when patients request treatment that falls outside the guidelines.
The decision to use antibiotics before a dental procedure in hopes of avoiding VGS IE rests with both
provider and patient. Shared clinical decision making
improves outcomes, patient experience, and compliance. Informing patients of their choices and describing the potential risks and benefits of options in a way
appropriate to the patient’s health literacy help patients
make informed decisions and develop an implementation plan.71,72 It should be emphasized to the patient
that there is no proven benefit from AP to prevent VGS
IE from a dental procedure, and there are risks from
administration of AP.
Communication of the shared decision among patients and care providers will improve the value of that
conversation and, we hope, improve compliance with
the AP suggestions. Ideally, the shared decision made
for AP should be communicated to the dental health
care provider directly or through patient materials. If
this cannot be done through accessible medical records,
then clear communication, with documentation, via the
patient may be necessary to inform future interactions
with the dental health care provider. The larger goal
and greater opportunity of the critical conversation between the health care provider and the patient at risk of
acquisition or adverse outcome from VGS IE go beyond
making a decision about AP strategy. It is the time to
optimize prevention of VGS IE by multiple approaches.
This optimization includes a focus on dental health, risk
stratification, avoidance of comorbidities and contributory risks, and vigilance for infection.
Current scientific data suggest that maintaining
good oral health care in patients at risk of or from VGS
IE has a major impact on preventing bacteremia with
VGS from routine daily activities such as toothbrushing.73 Because routine daily activities result in transient
VGS bacteremia at a much higher frequency than a
single dental procedure, optimizing oral health has a
major impact on preventing VGS IE. Ideally, patients
should receive biannual dental care. Often, because
of lack of insurance or affordability, access to regular
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Table 6. Summary of Findings and Suggestions
Key findings
 VGS IE is much more likely to develop as a result of transient VGS bacteremia attributable to routine daily activities such as chewing food and
toothbrushing than from a dental procedure.
 An exceedingly small number of cases of VGS IE could be prevented by
AP for a dental procedure, even if prophylaxis is 100% effective.
 If AP for a dental procedure is effective in preventing a very small number of cases of VGS IE, it should be suggested only for those patients
with the highest risk of adverse outcome from VGS IE.
 There is no convincing evidence of an increased frequency of or morbidity or mortality from VGS IE in patients at low, moderate, or high risk of
adverse outcome since publication of the 2007 document.
 AP for a dental procedure is not suggested solely on the basis of an increased lifetime risk of acquisition of VGS IE
Suggestions
 AP for a dental procedure that involves manipulation of gingival tissues,
periapical region of teeth, or perforation of the oral mucosa is suggested only for patients with the highest risk of adverse outcome from
VGS IE.
 Maintenance of good oral health and regular access to dental care
are considered more important to prevent VGS IE than AP for a dental
procedure. We suggest that patients have biannual dental examinations
when such care is available.
 Shared decision making is important between patients and health care
providers. There may be instances when a health care provider and a
patient disagree with the suggestions in the 2021 scientific statement.
In these cases, the health care provider should be familiar with and
understand the 2021 suggestions to adequately inform patients of the
risks and benefits of AP for a dental procedure so that an informed decision may be made.
AP indicates antibiotic prophylaxis; IE, infective endocarditis; and VGS, viridans group streptococcal.

dental care is limited for some patients. This is especially important in those patients at risk of the highest adverse outcome from VGS IE. The writing group
recognizes the importance of connecting patients with
a social worker or other services to facilitate access to
dental care and assistance with insurance for dental
coverage.
Circumstances relevant to inadequate patient access
to care may strongly influence the risk of adverse outcome from VGS IE. For all patients with an increased
risk of or from VGS IE, a plan for responding to IE symptoms should be reinforced at every health care contact.
Patients should be aware of fever and other constitutional symptoms that raise concern about IE as the
cause. These conditions should prompt contact with a
health care provider for evaluation with blood cultures
obtained before the initiation of antibiotics, regardless
of the presumed cause of fever. The hope is that an
early diagnosis of IE will result in improved patient outcomes. This is especially important for patients without
ready access to health care. Empowering them with this
information will encourage them and their families to
seek and advocate for early care.
A summary of findings and suggestions is given in
Table 6.
Circulation. 2021;143:e963–e978. DOI: 10.1161/CIR.0000000000000969
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