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Introduction
Beginning in 1955, the American Heart Association recommended antibiotic prophylaxis among patients
with certain structural heart diseases to decrease the likelihood of infective endocarditis (IE) following
dental procedures.1 Over the ensuing 52 years, the American College of Cardiology/American Heart
Association (ACC/AHA) guidelines were revised to address gastrointestinal and genitourinary procedures2
and to modify the assessment of relative risks and specific regimens for prophylaxis.3–6 Throughout the
various revisions, prophylaxis was recommended for individuals who were at increased risk of developing
IE based on best evidence and consensus opinion, albeit in the absence of randomized controlled trials.
In 2007, the AHA published a revised guideline statement dramatically restricting its recommendations for
antibiotic prophylaxis against IE.7 In 2008, these views were incorporated in an ACC/AHA guideline update
on the management of patients with heart valve disease.8 The revisions represent a dramatic shift in terms
of the patients for whom antibiotic prophylaxis is recommended and the procedures for which it is recommended. What is striking about the new guidelines is that the change in recommendations was based not
on new data, but on a change in philosophy despite the lack of new data.
To some degree, the arguments for and against antibiotic prophylaxis become those of philosophy, ethics,
and the role of evidence-based medicine. This manuscript attempts to briefly examine those arguments
and discuss why the revised guidelines may fail to respect the ethical principles of beneficence and
patient autonomy.

Rationale for the Use of Antibiotic
Prophylaxis
Dental procedures, bacteremia, and antibiotics. In
1935, Okell and colleagues published a seminal study
that associated bacteremia with dental manipulation,
documenting a dose-response relationship between
the extent of observed bacteremia and the severity
of underlying gingival disease and extent of dental
manipulation.9 In 1948, Hirsh documented a reduced
frequency of bacteremia associated with dental extractions after pretreatment with oral penicillin.10 With the
documented association of bacteria as the causative
agent of IE, these studies formed the logical groundwork for the use of oral antibiotic prophylaxis against
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bacteremia (and therefore against IE), complicating
dental procedures.
Bacteremia is not unique to dental procedures and is
recognized to occur after brushing as well as spontaneously; however, bacterial load is significantly greater
after dental procedures. In one randomized trial, brushing was associated with a positive blood culture in 23%
of cases, and the duration was transient. In contrast,
bacteremia occurred in 60% of cases after dental extraction, and bacteremia was more prolonged.11 In the same
study, antibiotic prophylaxis before dental extraction
decreased bacteremia to a rate similar to that observed
after brushing.
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Animal models of IE. Even among populations at
risk, the incidence of IE is relatively low. As such, it is
logistically difficult to perform randomized trials on IE 
prevention in patients. Animal models typically involve
the mechanical creation of a sterile vegetation followed
by inoculation with intravenous bacteria (of a species
associated with IE, and at a dose associated with the
minimum inoculum needed to produce IE).
Animal models of IE have led to 2 important observations. First, pretreatment with antibiotics prior to
bacteremia results in a substantially lower incidence of
IE. In one study performed in rats, the incidence of IE 
was 85–90% in control animals, but only 5–10% among
animals pretreated with either erythromycin or clindamycin.12 Second, antibiotic prophylaxis probably is
effective in preventing IE through mechanisms other
than a simple bactericidal effect and is likely related to
interference of bacterial adherence. In another animal
study, the use of amoxicillin or erythromycin resulted
in a moderate decrease in the presence of bacteremia
measured as colony-forming units, but reduced from
about 80% to zero the incidence of IE.13
Animal studies can be criticized because the incidence of IE in control animals is much higher than that
observed spontaneously in patients. However, they
nonetheless create a controlled scenario for the study of
IE prevention. Extrapolation of results to a patient population is based on the belief that prevention of IE occurs
regardless of the rate of IE in controls.
Observational data in humans. Two observational
studies have been published that address the role of
antibiotic prophylaxis in preventing IE. The first, performed in the Netherlands, was a case-matched study of
IE occurrence among patients at risk following a dental
or medical procedure.14 This study observed 438 cases
of native valve IE over a 2-year interval; case controls
comprised patients at risk who underwent similar procedures but did not develop IE. Approximately 1 in 6
patients in both groups received appropriate antibiotic
prophylaxis. In this study, prophylaxis was associated
with an estimated 49% protective efficacy in preventing
IE.14
The second observational study was based on data
from France.15 In this study, a survey of 2,805 patients
was used to estimate the number of patients with predisposing cardiac conditions that placed them at risk
of IE, the annual number of dental procedures during
which antibiotic prophylaxis should have been used,
and the number of procedures during which antibiotics
were or were not used. A 1-year epidemiological study
conducted in an area comprising 16 million people was
used to estimate the annual number of IE cases poten-
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tially due to an unprotected procedure. The risk of IE 
was about 1 in 46,000 procedures performed without
prophylaxis and about 1 in 150,000 procedures performed with antibiotic prophylaxis, defining a 69%
reduction of risk associated with antibiotic prophylaxis.15
Both studies have in common the finding that many
cases of IE occur without apparent association with a
preceding dental or medical procedure, and both suggest that antibiotic prophylaxis would be needed in a
large number of procedures in order to prevent relatively few cases of IE. However, neither study suggested
that antibiotic prophylaxis is ineffective in the prevention of at least some cases of IE.

Rationale Against the Use of Antibiotic
Prophylaxis
The revised ACC/AHA guidelines. Current
guidelines shift the recommendation for antibiotic prophylaxis from all patients with an increased lifetime
risk of developing IE to only patients with an underlying cardiac condition that increases the risk of an
adverse outcome from IE (therefore deriving the greatest benefit from preventing IE).7, 8 Antibiotic prophylaxis
for dental procedures now is recommended only among
patients with a prosthetic heart valve; previous IE;
cyanotic congenital heart disease that is un-repaired,
within 6 months of repair, or repaired but with residual
defect at or near the location of prosthetic material; or
in cardiac transplant recipients with cardiac valvulopathy. Antibiotic prophylaxis is no longer recommended
for patients with native structural heart valve disease.
There is no suggestion that patients with native heart
valve disease are at any less risk of IE than are other
patients; the guidelines simply state that the outcome of
IE would be more problematic among the cited patient
groups. Antibiotic prophylaxis is not recommended in
conjunction with any gastrointestinal tract or genitourinary tract procedure.
Rationale. Citing rationale for the change in recommendations, current ACC/AHA guidelines stress the
absence of randomized controlled trials in humans
that support the efficacy of antibiotic prophylaxis in
the prevention of IE.7, 8 Further, because many cases of
IE are felt to result from frequent exposure to bacteremia associated with daily activities, prophylaxis before
dental and medical procedures is felt to be of limited
potential benefit. Specifically, the guidelines argue that
even widespread use of effective antibiotic prophylaxis
would prevent only a limited number of IE cases.
The revised guideline statements further cite potential risks associated with antibiotic prophylaxis. The
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AHA document cites the risk of anaphylaxis,7 and the
ACC/AHA guideline update cites a more general risk of
antibiotic-associated adverse effects.8 Of note, however,
the AHA guideline statement discloses that during the
50 years that the AHA had recommended a penicillin
as the preferred prophylaxis to prevent IE, no case of
fatal anaphylaxis has been reported in a patient receiving a penicillin administered for IE prophylaxis.7
The AHA statement explicitly notes that potential
consequences of the revised recommendations include
reduced malpractice claims related to IE prophylaxis
and stimulation of prospective research on IE prophylaxis.7 The latter outcome is echoed in the ACC/AHA
guideline update, noting that fewer patients receiving
IE prophylaxis will stimulate prospective studies on IE 
prevention.8

limited patient numbers, low disease prevalence, therapies (including surgery) that are not easily randomized,
and outcomes that are meaningfully measured only
years or decades after intervention. These limitations
affect most decisions among patients with heart valve
disease.
Antibiotic prophylaxis for the prevention of IE has
never been tested in a large randomized controlled trail.
However, IE occurs only rarely even among patients
at high risk, and existing data suggest that large numbers of patients would need to undergo prophylaxis
for a large number of procedures in order to prevent
relatively few cases of IE. It seems unlikely that an
appropriately powered randomized trial testing the efficacy of antibiotic prophylaxis is feasible and would ever
be performed.

Evidence-Based Medicine

Ethical Considerations

Data hierarchy. Paramount in the revised ACC/AHA
recommendations is a reliance on evidence-based medicine,16 which seeks to apply to medical decision-making
the best evidence available from scientific methods.
Inherent to evidence-based medicine is an intrinsic
judgment of the quality of evidence; this leads to the
creation of a hierarchy of study methods, the gold standard of which is taken to be the randomized controlled
trial. However, the belief that the validity of evidence
is a function of the underlying study design might be
flawed.17 In a general sense, extrapolation of conclusions from a randomized controlled trial requires that
the patient being treated matches in all characteristics the subjects in the trial, including both known and
unknown factors. These conditions might never be
realistically satisfied. As such, the cost of randomized
controlled trials is their narrowness of scope and lack of
applicability to individual patients.
The ACC/AHA recommendations regarding IE prophylaxis raise another issue in the application of data
hierarchy and evidence-based medicine. The revised
guidelines interpret the absence of randomized controlled trials supporting the efficacy of prophylaxis as
a priori evidence of absence of benefit. In this sense,
the revised guidelines serve as an excellent example of
the dangers of evidence-based medicine: an absence of
proof (of efficacy) is confused for proof of absence (of
efficacy).
An absence of randomized controlled trials.
Practitioners in cardiology have become accustomed to
making medical decisions using evidence-based medicine founded on results of randomized controlled trials.
However, some aspects of cardiology do not readily
lend themselves to randomized controlled trials due to

Guideline statements are written with the intent to
provide guidance rather than dictate therapy. However,
it seems reasonable to believe that, if followed, practice guidelines should be compatible with ethical care.
The 6 values that commonly apply to medical ethics
are autonomy, beneficence, nonmaleficence, justice, dignity, and truthfulness and honesty. Beneficence (that the
practitioner should act in the best interest of the patient)
and autonomy (that a patient has the right to choose or
refuse their medical treatment) deserve consideration.
Beneficence. Existing data suggest that not all cases
of IE can be prevented. However, it is beneficial to
the individual patient to avoid even some cases of IE.
If risks of prophylaxis are sufficiently low, failing to
attempt to prevent the preventable in an individual
patient (even if prevention in a population is incomplete) fails to respect the principle of beneficence. The
AHA and ACC/AHA guideline statements are not
unique in their apparent failure to make recommendations based on the best interests of the individual
patient. The previously cited observational study from
the Netherlands noted “… whereas a protective efficacy of about 50% may be worthwhile for the individual
patient, the effect is negligible on the scale of the whole
population.”14
Further at issue is the recommendation of prophylaxis for patients at especially high risk of an adverse
outcome from IE, but not for all patients at high risk
of acquiring IE.7, 8 Many patients not included in the
groups for whom prophylaxis is recommended also
would experience an adverse outcome. Approximately
50% of patients with IE require surgery for heart valve
repair or replacement,18 and in-hospital mortality associated with IE is approximately 25% among patients ≥65
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years of age and approximately 19% among patients <65
years of age).19 Clearly, death or heart valve surgery is
an adverse outcome from the perspective of the individual. That current guidelines consider one patient’s
adverse outcome more important than another’s fails to
respect the principle of beneficence and fails to honor
the physician’s responsibility to the individual patient.
Autonomy. When treatment options are available,
a patient should be informed and allowed to choose.
There may be inadequate data to conclude with certainty whether antibiotic prophylaxis reduces the risk of
IE. However, it is paternalistic not to inform a patient of
conflicting opinions and simply prescribe no antibiotic
prophylaxis based on incomplete data.
Even more problematic are the arguments that discontinuation of prior recommendations for prophylaxis
could stimulate prospective research on the topic and
might result in fewer medical liability suits. If even part
of the purpose of discontinuing recommendations for
antibiotic prophylaxis is to prospectively observe the
prevalence of IE after a change in the guidelines, patient
autonomy (as well as truthfulness and honesty) dictates
that the individual should be informed of that intent.
Finally, not only is there is no precedent in medicine to
write practice guidelines with the specific goal of avoiding malpractice claims when they are not followed, but
respect for autonomy and truthfulness again dictate
that individual patients should be made aware that recommended therapy is based (even in part) on this.

An Alternative to the Current Guidelines
There is an absence of data to definitively conclude to
what degree antibiotic prophylaxis prevents IE and at
what risk. However, prophylaxis has been the standard
of care for more than 50 years, and there are data that
support its use. In the absence of definitive data, analysis of risks and benefits appears appropriate.
Risk-benefit analysis. Rationale supporting the use
of antibiotic prophylaxis before non-sterile procedures
includes evidence that antibiotics blunt periprocedural bacteremia and prevent IE in animal models,
and observational data suggests that antibiotic prophylaxis decreases the prevalence of IE in humans. IE is a
devastating disease. Because of substantial associated
morbidity and mortality, prevention appears superior
to treatment. If antibiotic prophylaxis is associated with
no risk, then any benefit might be enough to support its
use.
Stated rationale against the use of antibiotic prophylaxis includes the absence of randomized trials that
prove efficacy in humans; potential risk associated with
prophylaxis; and limited potential benefit in that not all
MDCVJ
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IE is caused by an antecedent procedure, and prophylaxis is not 100% effective.7, 8 However, there may be no
risk associated with antibiotic prophylaxis. Although
resistant organisms clearly are produced by the overuse of antibiotics, isolated single-dose prophylaxis is not
the source of the problem, and it seems disingenuous to
suggest otherwise. Cost does not play a significant role.
A 2-gram dose of amoxicillin typically used for dental
prophylaxis costs less than $2.00. Finally, as noted
above, no case of fatal anaphylaxis has been reported
for a patient receiving a penicillin administered for
IE prophylaxis during the 50 years that it was recommended by the AHA.7
Individualized decisions. The revised guidelines
for antibiotic prophylaxis7, 8 are not based on data and
do not appear to satisfy requirements for ethical care.
The concept of allowing patients to individually weigh
risks and benefits appears sound, especially in a setting
where there are no data that refute a time-honored standard of care.
I have personally adopted an approach of informed
decision-making. For patients with organic heart valve
disease, I briefly discuss the history of IE prophylaxis,
the previous guideline recommendations, the new
recommendations, the rationale for change, and the
absence of definitive data to support or refute their use.
Such a discussion typically takes only a few minutes.
Informed patients seem capable of making rational
decisions about their own care, and it is paternalistic
to think — especially in a scenario in which definitive
trials have not been performed — that patients should
not be involved. When given a choice, a preponderance
of patients opt to use antibiotic prophylaxis. Whether
patients opt for or against IE prophylaxis, decisions are
made with autonomy and in a spirit of beneficence.
Unless or until more definitive trials are performed,
the best practice guideline might be one of informed
consent.
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