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Abstract

Infective endocarditis (IF) is found in high-risk groups with
congenital or acquired cardiac defects. It is caused by episodes
of short bacteraemia. The magnitude and duration of bacte-
raemia caused by dental procedures are decreased by using
antibiotic prophylaxis (AP). The aim of this study is to describe
and discuss all clinical implications related to IF and dental
procedures, and AP before invasive dental procedures. Main-
tenance of optimal oral health and hygiene is more important
than AP in decreasing the risk of IE. Routine daily activities are
associated with a similar risk of bacteraemia. It is estimated
that antibiotics use in dentistry may represent up to 10% of
total antibiotics use, and the risk of developing bacterial resis-
tance should be taken into account.

Key words: infective endocarditis, bacteraemia, antibiotic pro-
phylaxis, dental surgery.

Introduction

Infective endocarditis (IF) is an infectious, potentially
life-threatening disease of the heart valves or endocar-
dium, which is caused by bacteria that can affect differ-
ent organs. Its incidence is estimated to be 1 to 5 cases
per 100,000 inhabitants [1]. It is often found in high-risk
groups with congenital or acquired cardiac defects. Inva-
sion of the bloodstream by microbes that can colonize the
damaged sites can result in IE Episodes of short bacte-
raemia can trigger IF in at-risk patients. For this reason,
many studies have focused on prevention or on decreas-
ing the magnitude and duration of bacteraemia caused
by dental procedures using antimicrobial agents. Antibi-
otic prophylaxis (AP) prior to invasive dental procedures
remains the recommended management for ‘high-risk’
patients in most countries of the world. Currently, there
are three main recommendations for IF prophylaxis made
by the American Heart Association (AHA), the European
Society of Cardiology (ESC), and the United Kingdom’s Na-

Streszczenie

Infekcyjne zapalenie wsierdzia wystepuje w grupach wysokiego
ryzyka rozwoju wrodzonych lub nabytych choréb serca. Choro-
ba wywotywana jest przez epizody krétkotrwatej bakteriemii.
Wielkos¢ i czas trwania bakteriemii spowodowanej zabiegami
stomatologicznymi zmniejszaja sie w wyniku zastosowania
profilaktyki antybiotykowej. Celem pracy jest przedstawie-
nie i omoéwienie implikacji klinicznych infekcyjnego zapale-
nia wsierdzia i zabiegéw stomatologicznych oraz profilaktyki
antybiotykowe]j stosowanej przed inwazyjnymi zabiegami
stomatologicznymi. Utrzymanie optymalnej higieny i zdrowia
jamy ustnej jest wazniejsze w redukcji ryzyka infekcyjnego
zapalenia wsierdzia niz profilaktyka antybiotykowa. Rutynowe
czynnosci w jamie ustnej sa zwigzane z podobnym ryzykiem
wystapienia bakteriemii. Stosowanie antybiotykéw w stoma-
tologii stanowi ponad 10% catkowitego uzycia antybiotykéw
i niesie ze sobga ryzyko rozwoju opornosci bakteryjnej.

Stowa kluczowe: infekcyjne zapalenie wsierdzia, bakteriemia,
profilaktyka antybiotykowa, chirurgia stomatologiczna.

tional Institute for Health and Care Excellence (NICE). Re-
cently, the use of AP has been reduced. The effectiveness
of AP in reducing IF prevalence and its safety and possible
benefits are questioned. The possible impact of other IF
promoting factors and the impact of oral health are high-
lighted. These doubts have been reflected in the current
global strategy against IF and in new recommendations.
In 2008 the NICE produced guidance recommending ces-
sation of AP for preventing IF. In contrast, the AHA and the
ESC produced guidelines in 2007 and 2009, respectively,
which recommended cessation of AP only for individuals
at moderate risk of IF [2-6].

The aim of this study is to describe and discuss all clini-
cal implications between IF and the dental procedures and
the effectiveness and safety of AP administered before
dental procedures according to the new guidance. An ad-
ditional aim is to present the possible strategies and rec-
ommendations in dental management.
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Assessment of bacteraemia and risk
of infective endocarditis related to dental
procedures

The most important issue is to estimate the real risk of
IF related to bacteraemia caused by dental procedures and
to analyse this potential health risk with the current oro-
dental status, oral hygiene and the type of dental proce-
dure. Maintaining good oral hygiene and infection control
can decrease the incidence of IF in the moderate-risk group
of patients and can eliminate the necessity of AP of IE
There are controversial data about the differences in oral
health in normal patients and patients with congenital
heart diseases. Some research findings have shown that
oral streptococci, the main cariogenic organisms as well as
the main causative organisms of IF, grow more in the oral
cavity of cardiac patients [7]. Viridans streptococci are re-
sponsible for dental caries, pericoronitis, and subacute IF.
The most frequently isolated viridans Streptococcus from IF
patients is S. sanguinis (31.9%), followed by S. oralis (29.8%)
[8]. They are also responsible for 40-60% of IF cases. Car-
diac patients are prone to periodontitis, caries and other
dental infections. In dental infections, the risk increases. It
has been estimated that from 8% to 10% of IF is related to
oral infections with no oral bleeding treatment. This is due
to the permeability of the epithelium surrounding the
tooth-gingival tissue interface and the prostaglandins in
blood that increase the number of leukocytes and fibrino-
gen. The blood circulation is reduced and bacteria may en-
ter [9]. The prevalence of caries and gingivitis among chil-
dren with congenital heart diseases is much higher than in
healthy children [7]. Periodontal disease is another risk of
endocarditis in patients suffering from congenital heart
diseases. Bad oral hygiene, accompanying systemic diseas-
es and taking different medications are risk factors for peri-
odontal disease in cardiac patients. Some research findings
have suggested a positive correlation between periodontal
disease and congenital cardiovascular problems [10].
A higher risk of caries and periodontitis in cardiac patients
increases the incidence of IF through higher levels of poten-
tially harmful bacterial species, as well as by the higher fre-
quency of dental procedures. The role of dental hygiene in
cardiac patients as a possible cause of bacteraemia is con-
fusing, too. Brushing or flossing may increase the risk of
oral streptococcal bacteraemia on a short-term basis, but
may also decrease the risk of IF on a long-term basis. The
literature presents conflicting results concerning the rela-
tionship between gingival or periodontal disease and the
risk of bacteraemia after tooth extraction. According to
Lockhart et al., there is a direct relationship between dental
plaque and gingival inflammation parameters and viridans
streptococcal bacteraemia [11]. On the other hand, Duval
et al. found no differences concerning either the calculus
score or gingival inflammation between cases and controls,
suggesting that the increased risk of IF-associated bacter-
aemia in patients with poor oral hygiene may be insuffi-
cient to induce endocarditis [12]. It should be emphasised
to patients that maintaining optimal oral health and hy-
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giene and regular dentist visits may reduce the incidence of
bacteraemia from brushing teeth, chewing food and daily
activities, and thus are particularly important in reducing
the risk of IE Maintenance of optimal oral health and hy-
giene is more important than prophylactic antibiotics in
reducing the risk of IF [4, 5, 9, 13]. Epidemiological studies
have estimated that 14% to 20% of cases of IF are related
to oral hygiene [9]. Oral hygiene habits such as brushing,
using toothpicks, flossing or chewing can result in bacter-
aemia during non-exposure periods. The microtrauma
caused by these daily activities induces bacteraemia in
similar proportions to those of invasive oral procedures for
which AP is recommended. The fact that the cumulative
non-exposure periods are much longer than the exposure
periods strongly suggests that most cases of IF are due to
everyday life bacteraemia [14]. There is sound scientific
evidence that brushing a child’s teeth twice a day causes
154,000 times higher risk of bacteraemia than a single
tooth extraction. It is also estimated that there is a 5.6 mil-
lion times greater risk of suffering from bacteraemia due to
toothbrushing than due to a single dental tooth extraction
[9]. The incidence of bacteraemia for tooth extraction rang-
es from 18% to 85%, for periodontal surgery from 60% to
90% and for toothbrushing or irrigation from 7% to 50%.
Routine daily activities unrelated to a dental procedure are
associated with a similar risk of bacteraemia [13]. These
activities are shorter and more frequent than dental proce-
dures. Moreover, most people only visit a dentist once or
twice per year, and so are only exposed to a bacteraemia
related to dentist or dental hygienist manipulations on rare
occasions, whereas they are exposed to transient bacterae-
mia from daily activities very frequently. Even though these
daily transient bacteraemia are of low grade and of short
duration, they are of high incidence. There is only a small
percentage of IF related to dental procedures; the majority
of IF is associated with oral hygiene habits. The incidence
of bacteraemia ranges from 20% to 68% for toothbrushing
and flossing, from 20% to 40% for the use of wooden
toothpicks, from 7% to 50% for the use of water irrigation
devices, and from 7% to 51% for chewing food [13]. It is
clearly not realistic to administer prophylaxis against these
random daily physiological bacteraemia. Thus, if prophy-
laxis is administered prior to a once-yearly or twice-yearly
dental procedure, even if it is 100% effective, only an ex-
ceedingly small proportion of cases of IF would be prevent-
ed [13]. It is estimated that only 5.3% of cases would have
been potentially prevented if antibiotic therapy were 100%
effective and given to all patients at risk in dental treat-
ment [9]. Furthermore, it has been observed that in many
cases the onset of endocarditis occurred many months af-
ter the procedure or that the causative agent was not
a bacterial species that lives in the oral cavity [13]. The
prevalence and intensity of bacteraemia vary among differ-
ent surgical procedures. The oral cavity is a reservoir of over
700 different species of bacteria. Therefore, any procedure
capable of causing a breach in the oral mucosal barrier
places the internal body environment in contact with the
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highly contaminated oral cavity, resulting in potentially
harmful microorganisms penetrating into the systemic cir-
culation. All surgical dental procedures are characterized by
a significantly higher prevalence of bacteraemia compared
to non-surgical procedures [9, 15]. The highest risk of bac-
teraemia is estimated for adult dental extractions (58—
100%) and for extractions of third molars (10-62%), respec-
tively [9]. The extraction of impacted or partially erupted
third molars results in a higher prevalence of bacteraemia
than more aggressive maxillofacial surgical techniques.
Quite a low risk of bacteraemia is associated with suture
removal (10%), incision and drainage of an abscess (12%)
and osteosynthesis plates removal (8%) [9]. There is no sig-
nificant risk of bacteraemia in implants. This risk is as-
sessed at 7%. The implant placement via a mucoperiosteal
flap does not carry a significant risk of producing bacterae-
mia compared with the baseline percentage. During the
implant placement, the periodontal space is not invaded,
and this space represents the critical region from which
oral bacteria enter the bloodstream [9]. When evaluating
non-surgical dental interventions, the prevalence of bacte-
raemia is similar after conservative dental procedures and
after other orthodontic procedures and is lower after per-
forming root canal treatment (0-42%) [9]. The prevalence
of bacteraemia related to administration of local anaesthe-
sia is estimated at 73%. Higher risk of bacteraemia is typi-
cal for periodontal surgery and periodontal prophylaxis and
scaling and root planning. The association between peri-
odontal treatment and bacteraemia ranges from 13% to
80.9%, periodontal probing 20% to 43%, and periodontal
surgery 60% [16]. Non-surgical periodontal therapy leads to
a total degree of positive bacteraemia of 46% [16]. It is as-
sociated with special bacterial flora of the periodontal
pocket. Over 700 species of bacteria have already been
identified in the oral cavity, 400 of which were found in the
periodontal pocket adjacent to the teeth. Streptococci rep-
resent a significant part of the flora around the teeth, espe-
cially in the supragingival plaque, and they are frequently
associated with IF [17]. Because of the high prevalence of
bacteraemia in periodontitis, patients at risk of IF should
receive AP [18]. Orthodontic treatment is considered to be
relatively atraumatic and non-invasive, with only a remote
possibility of inducing bacteraemia. Among the selected
orthodontic treatment procedures, such as alginate im-
pression, separator placement, band cementation and arch
wire change, separator placement demonstrated the high-
est prevalence of bacteraemia [19]. Birlutiu et al. presented
the case of a female patient, who had developed IF with
Streptococcus viridans associated with fixed orthodontic
appliance, located on the mitral valve, without previous
cardiac pathology [20]. The same authors reported a case of
IF caused by Abiotrophia defectiva in a patient treated with
a fixed orthodontic appliance [21]. Aortic valve endocarditis
has also been described as a consequence of a tongue
piercing [22]. In the assessment of the bacteraemia in IF
development, in addition to the magnitude of bacteraemia,
the duration of bacteraemia and other modifying factors
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should be considered. Bacteraemia peaks during the first
2 minutes following tooth extraction or an invasive dental
procedure, and falls over time. However, oral bacteria have
been found in blood cultures at 1 to 45 minutes after tooth
extraction [23]. The study evaluated the presence of bacte-
ria in peripheral blood before and immediately after scaling
and root planning and 30 minutes after this procedure. The
highest incidence was observed immediately after treat-
ment (70%) and decreased 30 minutes after treatment
(25%) [18]. The reduction in bacteraemia over several min-
utes after dental instrumentation is due to the effective-
ness of the host defence system in rapidly clearing microor-
ganisms from the blood. The capability of neutralizing the
microorganisms in the blood varies among patients and
may represent an additional risk factor for developing IF
[18]. Most causative bacterial species are fought within the
first 30 minutes of the procedure. However, some patho-
genic species can persist for at least 60 minutes after
brushing and extraction without an antibiotic [17]. Anaero-
bic bacteria are the most persistent bacteria in the blood
[23]. Some studies show that the incidence of bacteraemia
decreases over the periods similarly in all three groups, the
highest at 30 minutes postoperatively followed by 60 min-
utes and 90 minutes postoperatively. This can be attributed
to the fact that under physiological conditions, the bacteria
are transferred from the bloodstream into tissues and are
rapidly cleared by the reticuloendothelial system [24]. Mo-
lecular analysis reveals that dental extraction and suprag-
ingival scaling are associated with a similar incidence of
bacteraemia in groups receiving or not receiving prophylac-
tic antibiotic therapy. The same analysis does not reveal
significant differences in the incidence or magnitude of
bacteraemia between the two patient groups either 5 or
30 minutes after each of the procedures is evaluated. How-
ever, blood culture reveals that antibiotic therapy reduces
viable cultivable bacteria in the bloodstream after tooth ex-
traction [25]. Some research has studied the effect of the
duration of surgery on bacteraemia and found that when
the operation exceeds 100 minutes the frequency of post-
extraction bacteraemia is 96% compared to 67% when the
surgery is of a shorter duration. The prevalence of bacter-
aemia is higher in longer surgery (> 65 minutes) than when
the duration of surgery is shorter (< 65 minutes) [24].

Assessment of the effectiveness and safety
of antibiotic prophylaxis

Currently, in all recommendations related to the pro-
phylactic use of antibiotics a thorough assessment of all
potential benefits and drug-related adverse effects should
be considered. AP acts not only by killing bacteria, but also
by inhibiting bacterial adherence [23, 26]. All antibiotics ap-
plied in prophylaxis of IF are targeted against streptococci
[23, 26]. An unprofitable balance of effective antibacterial
action and drug-related adverse effects is one of the rea-
sons for reducing antibiotic use, especially in patients at
low and moderate risk of IE All recommended antibiotics
are effective against the most common causative bacterial
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species of IF and are now widely advocated to protect at-
risk patients. However, their frequent and widespread use
generates drug-resistant bacterial species, such as viridans
group streptococci (VGS). The frequency of multidrug-resis-
tant VGS has increased significantly during the past 25-30
years. This is turn has reduced the number of effective anti-
biotics available for the prophylaxis of IE The long-term use
of amoxicillin causes the emergence of resistant strains
and the repeated use of amoxicillin can elevate the ratio of
resistant strains in the entire oral microbiota [26]. It is esti-
mated that antibiotics use in dentistry may represent up to
10% of total antibiotics use, and these results have to take
into account the risk of developing bacterial resistance [9].
Although the total number of amoxicillin-resistant strains
may be extremely low, and even though oral bacteria in-
vade the bloodstream during invasive dental procedures,
the median detection rate for amoxicillin-resistant strains
in healthy subjects who took amoxicillin within the past
3 months was reported to be 10.9%, which was higher than
that of subjects (2.4%) who did not [26]. Moreover, present
studies demonstrate that amoxicillin-resistant strains may
be more prevalent in patients at risk of IF as compared to
healthy individuals. In addition to the development of re-
sistant bacterial species, there is also a high risk of severe
adverse reactions associated with antibiotics use. While
a single dose of amoxicillin or ampicillin prior to dental
procedures is treated as safe for individuals who do not
have a history of a type | hypersensitivity reaction to peni-
cillin, the occurrence of antibiotic-related adverse effects
after amoxicillin use is reported in 2.9% of patients. These
drug-related adverse effects include anaphylactic reactions,
skin reactions, gastrointestinal disorders, liver problems
and haematological complications. Hypersensitivity reac-
tions to penicillin or anaphylaxis occur in 0.04% to 0.11%
of cases of therapy with penicillin. This adverse effect is
triggered more often after intravenous administration than
oral administration [9]. It is worth noting that deaths from
anaphylactic reactions to antibiotics may be five to ten
times more common than deaths from IF. Clindamycin, the
second prophylactic choice, is associated with a high rate
of adverse drug reactions (ADR), including 13 fatal and 149
non-fatal ADR reports per million prescriptions. The most
severe ADR related to clindamycin is infection with C. dif-
ficile [27]. These data suggest that the indiscriminate use
of antibiotics increases the risk of adverse reactions and
may exceed the risk of IE Some trials indicate that AP is
effective in reducing the incidence of bacteraemia, but this
may not translate into a statistically significant protective
effect against IF in patients at low risk of disease. Most
studies evaluate the effectiveness of the AP only in reduc-
ing bacteraemia, but not in reducing IF [28, 29]. Bacterae-
mia is only the first initial step in IF development. Infective
endocarditis is a multifactorial disease, with multiple pro-
moting factors which must all be considered in an IF pre-
vention strategy [12]. These promoting factors include the
orodental status, orodental hygiene, the type of oral flora
and the individual patient’s defence mechanisms. Most of

40

the randomized clinical trials conducted do not consider
these promoting factors, and concentrate on the effective-
ness of AP in reducing bacteraemia. Furthermore, the po-
tential adverse effects of AP may outweigh its benefits. In
global strategies for the prevention of IF, additional factors,
such as the health risks, cost-effectiveness, and practicality
of the routine use of AP, should also be considered. In com-
parison with no AP, both amoxicillin and clindamycin AP are
associated with lower costs and better health outcomes for
both high-risk and all-at-risk populations [30]. Because of
the serious consequences and high costs associated with IF
and the comparatively low costs associated with AP, these
results demonstrate that AP is cost-effective in preventing
IF, particularly for those at high risk, even when the number
of IF cases prevented is very low [30].

Possible additional strategies and
management in the prevention of infective
endocarditis

Limitations in the use of antibiotics in moderate and
low risk groups of patients resulted in the introduction of
new management and strategies in prevention of IE They
include new recommendations in dental treatment. These
concentrate on maintaining good oral hygiene and infec-
tion control [28]. All international societies encourage ratio-
nal antimicrobial use and condemn the indiscriminate use
of AP for dental procedures. Because of the increased rate
of amoxicillin-resistant bacterial strains, the new quinolone
antibiotics might become a possible alternative option for
the prevention of IF [26]. According to the rules of rational
AP, if an antibiotic is provided, dental treatments should
be performed to reduce the episodes of this antibiotic. If
several prophylaxis episodes are required, they should take
place at two-week intervals at least. Treatment should be
stopped for 3 to 4 days if the patient is taking other an-
tibiotics [9]. The next recommendation is to disinfect the
oral cavity before all dental procedures. This management
can replace AP and is advocated especially in moderate-
and low-risk groups of patients. According to Sendi et al.,
the bacteraemia incidence after tooth extraction can be
reduced via pre-interventional mouth rinsing with 0.2%
chlorhexidine [31]. This level of risk reduction is comparable
to the systemic administration of AP [31]. Other antiseptics,
such as iodine compounds and diluted oxygenated water,
are also effective. According to Basilio et al., povidone-io-
dine and chlorhexidine are the best antiseptics [32]. Some
researchers suggest that in the reduction of bacteraemia
related to periodontal non-surgical treatment, an ultrasonic
scaler may remove part of the bacteria by the flushing ac-
tion of the water irrigation, but others disagree, suggesting
higher tissue trauma. The recommended procedures are
diverse — full mouth ultrasonic scaling, a combination with
hand instruments and 10 minutes of scaling and root plan-
ning — hampering the comparison of results [16]. Another
recommended management is avoiding the most invasive
dental procedures and replacing these procedures with
non-surgical dental treatment. Additionally, some research
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does not suggest dental treatment before surgical valve ap-
proaches in order to reduce the risk of IE According to de
Souza et al,, the dental preparation before cardiac surgery
does not change the occurrence of IE The need for dental
treatment is equally high in patients who have developed
IF and those who have not, and both groups require a simi-
lar number of visits to complete the dental treatment prior
to cardiac valve surgery. The results show no significant
difference in the occurrence of IF between the group with
dental preparation and the group without dental prepara-
tion prior to cardiac valve surgery [33].

Conclusions

There is an ongoing debate concerning the health risks,
cost-effectiveness, and practicality of the routine use of pro-
phylactic antibiotics. The lack of effectiveness data for this
practice has to be weighed against risk factors, economic
costs, safety and effectiveness of the routine use of antibi-
otics for common dental procedures. Maintenance of me-
ticulous oral hygiene, preventing oral infections and improv-
ing oral health should be a part of the strategy against this.
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