
610 BRITISH DENTAL JOURNAL, VOLUME 189 NO. 11, DECEMBER 9 2000

to cover such procedures in at risk patients. This has been the clinical
doctrine and teaching for the past 50 years. Recent evidence from the
USA4 and studies from the Netherlands5,6 have presented further
data which challenges the practice of prescribing antibiotics before
dental procedures to prevent endocarditis. This information also
needs to be considered in tandem with the increasing concern over
the unnecessary use of antibiotics. Thus, it seems pertinent to reassess
the topic of antibiotic prophylaxis, dental treatment and infective
endocarditis.

Dental-induced bacteraemia
General dental practitioners often express concerns as to what den-
tal procedures produce bacteraemia and who is at risk from such
bacteraemia. Poor oral health, especially periodontal status, is an
important risk factor for IE. Gingival inflammation correlates posi-
tively with the prevalence and magnitude of bacteraemia.7

However, bleeding per se is a poor predictor of odontogenic bacter-
aemia.8

Certain dental procedures are associated with bacteraemia,
although the magnitude will vary. The prevalence of such bacter-
aemia and the associated procedures is shown in Table 1.

Also, by contrast are the prevalence of bacteraemia arising after
various oral hygiene practices and after chewing. In many instances
their magnitudes are comparable with the listed dental procedures.
It has been suggested that oral hygiene practices and chewing are
responsible for so-called random cases of bacteraemia. Such bacter-
aemia either from dental treatment or oral hygiene practices etc. are
of a low grade intensity (1↔101 – 2↔102 ctu/ml of blood) and of
short duration.9

Dentists and dental treatment are often regarded as the culprit for
IE. In many instances the occurrence of endocarditis does not relate
to the so-called dental-induced bacteraemia. It may well transpire
that random bacteraemia may be more causative in IE than dental
surgeons carrying out treatment. This view is supported in a recent
review article8 which has evaluated the evidence of dental-induced
bacteraemia and IE. The three main conclusions are as follows:
bleeding is a poor predictor of dental-induced bacteraemia; the
intensity of bacterial inoculae arising from dental operative proce-
dures is low when compared to the high intensity needed for ID90 in
experimental animals: the procedures most often regarded as
requiring antibiotic prophylaxis do not carry the greatest risk of
cumulative bacteraemia. The latter arise from chewing and various
oral hygiene practices.

Further evidence to support this finding comes from an analysis
of cases of IE where dental treatment has been implicated as the
cause. Oral streptococci cause approximately 50% of all IE cases.10

Similarly, only 15% of patients where IE has been diagnosed report
medical or dental treatment within the previous 3 months.11 It has
been estimated that 4% or less of all IE cases are related to dental
treatment-induced bacteraemia.3,7 Whether such bacteraemia arise
from dental treatment or were spontaneous is not discernible. 
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Infective endocarditis (IE) is a microbial infection of the endocar-
dial surfaces usually involving the cardiac valves. The condition is

relatively uncommon with a prevalence of 11–50 cases per million
population per year.1 Figures for England and Wales show that
approximately 1500 cases of IE occur per year.2 It is interesting to
note that the prevalence of IE has remained consistent even after
the introduction of antibiotic ‘prophylaxis’ in the 1940’s.3 Whilst
figures from the UK are between 14–20 years old, the more recent
epidemiological studies confirm4,5,6 the prevalence of this disease.
This could imply that antibiotic prophylaxis is ineffective or not
directed towards the appropriate ‘at risk’ population.

Dental procedures, especially those that result in a bacteraemia, are
frequently blamed for IE, hence the need for antibiotic prophylaxis 
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Oakley (1987)2 suggested that if spontaneous random bacteraemia
cause 96 % of all cases of IE, then these bacteraemia as opposed to
those arising from dental treatment may also have caused the
remaining 4 %. 

There is considerable debate as to whether endodontic proce-
dures result in significant bacteraemia and be the cause of IE. The
controversies surrounding endodontics are discussed below.

Endodontics
Most pulp and periapical disease is caused by microbial infec-
tion.12,13,14 Operative procedures for its management range from
simple pulp capping, through conservative root canal treatment to
emergency drainage and surgical endodontics. In practice, any of
these interventions and their adjuncts including local anaesthetic
administration and rubber dam placement involving infected tis-
sues are capable of inducing bacteraemia and placing patients at risk
of infective endocarditis. Review of the available evidence suggests
that this is not so and that many endodontic manipulations, espe-
cially those confined to the pulp canal system, are relatively low risk.
Several researchers have shown that bacteraemia does not
occur15,16,17,18 or is an uncommon and short-lived event19,20,21 fol-
lowing pulpotomy or root canal preparation short of root-end. But
many of these older studies15,16,17,19 should be interpreted with
caution due to the crude sampling, transport and culture methods
employed. Contemporary studies employing rigorous microbio-
logical techniques20,21 have yielded more positive blood cultures,
and even the application of rubber dam was recently shown in chil-
dren to produce bacteraemia of comparable magnitude to a dental
extraction.22 Highly sensitive, molecular methods have yet to be
applied in the identification and sourcing of cultivable and non-cul-
tivable microbes in the circulation after careful endodontic treat-
ment. It is likely that a wide variety of organisms would be detected,
though their significance with respect to infective endocarditis is
not known. By contrast, even with crude methods, bacteraemia may
occur in one third to one half of cases after deliberate and repeated
instrumentation beyond the root apex.16,17,18,21 It may appear that
endodontics as a risk factor for IE depends upon the nature of
instrumentation, including the deliberate or inadvertent extension
of instruments beyond the root end. A review of legal evidence has
revealed that in 13% of cases of IE there is a recent episode of
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Table 1  Prevalence of bacteraemia arising after various types of dental
procedures and oral activity.

Procedure Prevalence of Bacteraemia

Extractions
•single 51%
•multiple 68–100%

Periodontal surgery
•flap procedure 36–88%
•gingivectomy 83%

Scaling and root planing 8–80%

Periodontal prophylaxis 0–40%

Endodontics
•intracanal instrumentation 0–31%
•extracanal instrumentation 0–54%

Endodontic Surgery
•flap reflection 83%
•periapical curettage 33%

Toothbrushing 0–26%

Dental flossing 20–58%

Interproximal cleaning with toothpicks 20–40%

Irrigation devices 7–50%

Chewing 17–51%

Table 2  BSAC guidelines for antibiotic prophylaxis

Conditions predisposing to risk of infective endocarditis

• History of infective endocarditis
• Ventricular septal defect
• Patent ductus arteriosus
• Coarctation of the aorta
• Prosthetic heart valves
• Rheumatic and other acquired valvular disease
• Surgical constructed systemic-pulmonary shunts
• Persistent heart murmur 
• Atrial septal defect repaired with a patch
• Hypertrophic cardiomyopathy
• Marfan’s syndrome

Patients not at risk from infective endocarditis

• After coronary by-pass surgery
• Six months after surgery for:

- Ligated ductus arteriosus
- Surgically closed atrial or ventricular septal defects (without 

Dacron patch)
- Isolated secundum atrial septal defect

Special risk patients

• Those with a previous history of infective endocarditis
• Those who require a general anaesthetic and have a prosthetic heart 

valve or are allergic to penicillin or who had had penicillin more than 
once in the previous month

Antibiotic regimens
No allergy to penicillin Patient allergic to penicillin or has 

received penicillin more than once in the 
previous month

Local or no anaesthesia
Amoxycillin (3g orally 1 Clindamycin (600mg orally 1 hour 
hour before operation) before operation)

General anaesthesia
Amoxycillin (3g) and probenecid These patients are classified as special
(1g) orally 4 hours before procedure risk
or amoxycillin (3g) orally 4 hours
before and 3 g after surgery or
amoxycillin (1g) intravenously at
induction and 500mg orally 6 hours
later

No allergy to penicillin Patient allergic to penicillin or has
received penicillin more than once in the
previous month

Special risk patients
Intravenous amoxycillin (1g) and Intravenous teicoplanin (400mg) and
intravenous gentamicin (120mg) intravenous gentamicin (120mg)
before surgery or at induction before procedure or at induction
and amoxycillin (500mg) orally 6 or clindamycin (300mg) given  
hours later intravenously over 10 minutes in 50 ml 

before surgery or at induction and 
150mg (oral or intravenous) 6 hours 
later or vancomycin (1g. slow 
intravenous infusion over not less than 
100 minutes), followed by gentamicin 
(120mg intravenous) before surgery or 
at induction 

Clindamycin tablets should be swallowed with a glass of water to prevent
oesophageal irritation

Children under 10 years of age: half the adult dose of amoxycillin or clindamycin is
recommended, children under 5 years one-quarter of the adult dose.

For children under 10 years, 20 mg/kg of vancomycin should be used and 2
mg/kg of gentamicin.

Children under 14 years of age: 6mg/kg of teicoplanin plus 2 mg/kg of
gentamicin.

Amoxycillin may be given twice in one month as it is unlikely that proliferation
of clinically significant amoxycillin-resistant strains will occur after one 3 g dose
of amoxycillin. A third dose of amoxycillin, however, should not be given until
after an interval of one month. Two weeks should elapse between prophylactic
doses of clindamycin.
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endodontic treatment prior to the onset of the disease (Martin
1997). More invasive, surgical endodontic procedures with flap
retraction and periapical curettage are associated predictably with a
very high prevalence of bacteraemia.23

Perhaps based on the evidence of older, flawed studies, recent
American Heart Association guidelines24 recommend that antimi-
crobial prophylaxis is not required for:

• Non-intraligamentary local anaesthesia
• Placement of rubber dams
• Intracanal endodontic treatment; post placement and build-up.

Prophylaxis is specifically recommended for:

• Root canal instrumentation or surgery beyond the apex
• Incision and drainage and other procedures involving infected 

tissues

The latter may imply that prophylaxis should be considered for
manipulation of the acutely abscessed tooth, even if efforts are made
to confine instrumentation within the tooth,25 although there is
currently no evidence to suggest that drainage through teeth in this
way presents any increased risk.

Microorganisms probably enter the circulation more commonly
during endodontic treatment than the current body of scientific 

literature would suggest.  What is not clear is whether such events
place dental patients at significant risk of infective endocarditis, and
if the risks of antimicrobial prophylaxis outweigh the possible bene-
fits on an individual or community level.  It is certainly the consen-
sus within the American guidelines that responsible clinicians
should think carefully before covering endodontic procedures in
known at-risk patients.

As in other circumstances, it is the responsibility of clinicians to
minimise risks, and on that basis, it is likely that local measures con-
tribute as much as antimicrobial drug therapy to endocarditis pro-
phylaxis in endodontics.26 Patients should be encouraged to use a
chlorhexidine mouthrinse prior to local anaesthetic injection and
rubber dam placement, and the operative site should be routinely
sanitised by effective rubber dam isolation and the use of an antimi-
crobial irrigant.

Confining instrumentation to the root canal is notoriously diffi-
cult due to the unpredictability of root-end topography, and diffi-
culties of radiographic working-length determination.27,28

Operators should err on the cautious side during working length
determination in at risk patients, and consider the use of a contem-
porary electronic apex locator to confirm length at intervals during
the preparation to avoid inadvertent over-instrumentation.29,30

Crown down approaches (that is removing the coronal pulp first
and proceeding incrementally to the apex) to canal preparation may
also reduce microbial extension and the prevalence of bacteraemia,
though this has yet to be proved clinically.

Antibiotic prophylaxis and the at risk patients
In spite of the uncertainty surrounding the relationship between
dental treatment and IE, it is still recognised clinical practice to pro-
vide antibiotic prophylaxis for ‘at risk patients’. Guidelines for such
prophylaxis are published on a regular basis and those applicable to
the UK are shown in Table 2. Some countries follow the UK guide-
lines, whilst others follow those recommended by the American
Heart Association (Table 3). There are some obvious differences
between the two guidelines. The American guidelines have cate-
gorised patients as high, moderate and negligible risk, whilst those
from the BSAC have identified ‘special risk patients’. The AHA have
also defined further the problems of mitral valve prolapse as a risk
factor for IE. Procedures that require cover are listed by the AHA
(Table 4) whereas the BSAC recommend cover for scaling (supra
and subgingival), extractions, oral and dental surgery.  

Differences also exist between the AHA and BSAC guidelines with
respect to antibiotic regimens. Irrespective of the patient’s status or
procedure to be undertaken, the AHA recommend an oral dose of
amoxycillin 2g or clindamycin 600mg if the patient is allergic to
penicillin. No follow-up doses are required.  

Efficacy of antibiotic prophylaxis in the prevention of IE
It is standard clinical practice to provide antibiotic prophylaxis for
patients at risk from IE before undergoing certain dental proce-
dures. Guidelines followed are those recommended by the BSAC57

and these are based upon the current evidence to date to support
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Table 3  American Heart Association Guideline for Antibiotic
prophylaxis

Cardiac conditions associated with endocarditis

High risk category
• Prosthetic heart valves, including bioprosthetic and homograft valves
• Previous bacterial endocarditis
• Complex cyanotic congenital heart disease (e.g. single ventricle states, 

transposition of the great arteries, tetralogy of Fallot.
• Surgically constructed systemic pulmonary shunts or conduits

Moderate risk category
• Most other congenital cardiac malformations
• Acquired valvular dysfunction (e.g. rheumatic heart disease)
• Hypertrophic cardiomyopathy
• Mitral valve prolapse with valvular regurgitation and/or thickened 

leaflets

Negligible-risk category (no greater risk than the general population)
• Isolated secundum atrial septal defect
• Surgical repair of atrial septal defect, ventricular septal defect, or patent 

ductus arteriosis (without residue beyond 6 months)
• Previous coronary artery by-pass graft surgery
• Mitral valve prolapse without valvular regurgitation
• Physiologic, functional or innocent heart murmurs
• Previous Kawasaki disease without valvular dysfunction
• Previous rheumatic fever without valvular dysfunction
• Cardiac pacemakers and implanted defibrillators

Antibiotic regimens
Situation Regimen 

Standard general prophylaxis Adults: amoxicillin 2g, children: 
amoxycillin 50mg/kg. Oral 1 hour before 
procedure.

Unable to take oral medications Adults: ampicillin 2g i.v. or im:
Children: ampicillin 50mg/kg im or iv - 
within 30 minutes before procedure

Allergic to penicillin Adults: clindamycin 600mg,
Children: clindamycin 20mg/kg 1 hour 
before procedure

or
Adults: azithromycin or clarithromycin 
500mg.
Children: azithromycin or clarithromycin
15mg/kg orally 1 hour before procedure

Allergic to penicillin Adults: clindamycin 600mg iv or im.
before procedure Children: 20mg/kg iv within 30 minutes 
and unable to take oral 
medication

Table 4  Dental procedures for which antibiotic prophylaxis is
recommended to prevent infective endocarditis (AHA
recommendations)

•Dental extractions
•Periodontal procedures, including surgery, scaling, root planing, probing 

periodontal pockets and recall maintenance
•Dental implant placement and reimplantation of avulsed teeth
•Endodontic (root canal) instrumentation or surgery beyond the apex
•Subgingival placement of antibiotic fibres or strips
•Initial placement of orthodontic bands, but not brackets
•Intraligamentary local anaesthetic injections
•Prophylactic cleaning of teeth or implants where bleeding is anticipated
•Incision and drainage or other procedures involving infected tissues 
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efficacy of such prophylaxis in the prevention of IE.
However, the efficacy of antibiotic prophylaxis to prevent this dis-

ease has not been subjected to a randomised, placebo-controlled
study. Such a study would require at least 6000 at risk patients31 and
would probably encounter strong ethical concerns. Evidence to date
on the efficacy of antibiotic prophylaxis has come from case-con-
trolled studies, animal experiments and antibiotic efficacy studies
on bacteraemia after tooth extractions. There is uncertainty as to
whether prophylactic administration of penicillins has an impact
on orally-induced bacteraemia. Parenteral penicillin has been
shown to reduce bacteraemia by 84–86% at 5 minutes and 95–97%
at 30 minutes after a bacteraemic induction. These figures compare
with a reduction of 24–42% and 49–76% respectively when no pro-
phylaxis is used.32 By contrast other workers have shown that peni-
cillin 2 g and amoxycillin 3 g fails to prevent bacteraemis after dental
extractions.33 There is now a growing consensus that antibiotic pro-
phylaxis may not prevent IE by a bactericidal blood activity but may
do so by decreasing microbial adherence to damaged cardiac valves
or by eliminating bacteria after their attachment to valves.34,35,36

Although most attention has focused on antibiotic prophylaxis
there is evidence that antiseptic mouthwashes (i.e. chlorhexidine
and povidone-iodine) used prior to certain dental procedures may
reduce the prevalence and severity of bacteraemias.37,38 The Ameri-
can Heart Association recommend use of local irrigation with
chlorhexidine before treatment that can result in a bacteraemia.
Whether such a procedure is sufficient to prevent infective endo-
carditis in either high or moderate risk patients has yet to be deter-
mined. One possible disadvantage is that regular use of
chlorhexidine may lead to the selection of resistant streptococci
such as Strep sanguis39 and other gram-negative bacteria.  An endo-
carditis from such resistant organisms would have a higher mortal-
ity rate than one caused by viridans streptococci.40

Compliance with antibiotic prophylaxis regimens
Compliance with antibiotic prophylaxis regimens does seem to be a
problem world wide, irrespective of the recommendation. Figures
for compliance range from 15–35%. In such instances compliance
relates to using the recommended antibiotic dose, identifying the ‘at
risk patient’ and providing cover for the appropriate dental proce-
dure.

A UK study has evaluated the cost effectiveness of prophylaxis in
dental practice to prevent IE.41 Their survey estimated that in Eng-
land and Wales approximately 27 million high risk dental proce-
dures are carried out per year. Of these, 5% of the patients will have
cardiac valvular lesions, most of which will be mitral valve prolapse.
Extrapolation of the figures reveals that 1.35 million high risk pro-
cedures will be undertaken on at risk patients each year. It is esti-
mated that half of these patients will receive the appropriate

antibiotic prophylaxis.42 Thus 670,000 at risk patients will be
undergoing high risk dental procedures in the absence of prophy-
laxis.  This figure becomes meaningful when compared to 2410,
which is the number of cases of IE that occurs in the UK each year
(1500 cases from England and Wales, plus 910 from Scotland and
Northern Ireland). Many of these cases will be of non-dental origin.
This data does challenge the relationship between high risk dental
procedures and the prevalence of IE together with the efficacy of
antibiotic prophylaxis.

Possible risks associated with antibiotic prophylaxis
When antibiotics are given prophylactically to prevent IE, the clini-
cian needs to consider the risk and cost benefit of such treatment.
The most significant adverse event associated with the penicillins is
hypersensitivity reactions. These can range from a troublesome rash
to a life threatening anaphylactic reactions. One-to-ten per cent of
patients report a penicillin allergy43 although many of these will not
be confirmed  if subjected to the appropriate test. More importantly,
the chance of a penicillin reaction following administration of the
drug is in the range of 0.7–5 %.44 This prevalence does vary with the
route of drug administration, with the intramuscular route causing
a 5 % prevalence and oral penicillin a 0.3 %. However, high doses of
oral amoxycillin can cause an allergic rate similar to intramuscular
penicillin.45

Data from the USA show that 400–800 deaths are caused each
year by anaphylactic reactions to the penicillins, although only a
proportion of these will arise from penicillin prophylaxis to prevent
IE. To put the risk-benefit into perspective, it has been estimated
that 1.36 people per million population are likely to die from peni-
cillin anaphylaxis to prevent IE, whereas only 0.26 deaths per mil-
lion population are due to dental procedure-induced
endocarditis.46 Put another way, patients receiving penicillin
(amoxycillin) prophylaxis to prevent IE are 5 times more likely to
die from an anaphylactic reaction to the drug than to die from con-
tracting endocarditis.  

A further unwanted effect from regular use of antibiotic prophy-
laxis is the development of resistant strains. The World Health
Organisation has recognised antimicrobial resistance as a global
problem.47 Approximately one third of all antibiotics are prescribed
for prophylactic purposes and a high proportion of these are for
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Table 5  Hierarchy of evidence when assessing the validity of the
studies59

I Well-designed randomised controlled trials 

Other types of trial: 
II-1a Well-designed controlled trial with pseudo-randomisation 
II-1b Well-designed controlled trials with no randomisation 

Cohort studies: 
II-2a Well-designed cohort (prospective study) with concurrent controls 
II-2b Well-designed cohort (prospective study) with historical controls 
II-2c Well-designed cohort (retrospective study) with concurrent controls 
II-3 Well-designed case-control (retrospective) study 
III Large differences from comparisons between times and/or places with 

and without intervention (in some circumstance these may be 
equivalent to level II or I) 

IV Opinions of respected authorities based on clinical experience; 
descriptive studies and reports of expert committees

(After Undertaking Systematic Reviews of Research on Effectiveness: CRD Report 4.
University of York Centre for Reviews and Dissemination, 1996).

Table 6  Comparing the two cited case-control studies using validity-
related criteria59

Criteria Studies 
(Strom4 , van der Meer6)

Has the disease state of the cases been Yes
reliably assessed and validated?

Are the cases representative of a series, or Not clear
is there a potential for 
selection bias?

Were the controls selected from a similar Probably yes
population as the cases?

Is there evidence that the controls are free It is assumed
from disease?

How comparable are the cases and controls Quite comparable
with respect to potential confounding factors?

Were hazards and interventions assessed in Yes
the same way for cases and controls?

Was the response rate adequate? Yes

Were the non-response rates the same in Higher non-response 
both groups? rate controls

Is it possible that over-matching has occurred in No
that cases and controls were matched on factors 
related to exposure?

Was an appropriate statistical analysis used Yes
(matched or unmatched)?
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prevention of IE.48 The continued and repeated use of prophylactic
antibiotics has caused selection of antimicrobial resistance in oral
streptococci.49 Overprescribing of antimicrobials has made some
antibiotic regimens less effective.50 There is also recent evidence
that overprescribing by dental practitioners for prophylactic pur-
poses is high and knowledge of the cardiac conditions which may
predispose to infective endocarditis is poor. The prevalence of resis-
tant oral streptococci in patients susceptible to infective endocardi-
tis has only been estimated in one trial. About one third of all
streptococci isolated were found to have minimum infective con-
centrations which were high and would be normally classed as resis-
tant.49 The mechanism whereby antimicrobial prophylaxis prevents
infective endocarditis is however probably dependent on a number
of factors independent of resistance mechanisms. 

Recent evidence on the need for prophylaxis
In a recent editorial,51 four papers were reviewed which called into
question the need for pre-dental treatment antibiotic prophy-
laxis7,52,53,54 and three recent major studies that investigated the
link between dental procedures and IE4,5,6 were examined.

The first paper reviewed 18 paediatric patients with infective
(bacterial) endocarditis for failure of chemoprophylaxis and found
none had had a previous dental procedure.7 This concurred with
the reportedly low prevalence of extractions preceding infective
endocarditis (3.6 %) and was put in the context of the relative rates
of bacteraemia reported for mastication and dental sepsis without
intervention (38 % and 11 % respectively). In the second study of
case-control design, a substantially higher risk of endocarditis was
calculated in patients with mitral valve prolapse (MVP) as diag-
nosed on echocardiography. MVP is a condition ‘quite common’ in
the population (but not apparent in the asymptomatic) and not
therefore subjected to chemoprophylaxis. The third study was based
on  reported cases of infective endocarditis in patients with mitral
valve prolapse and a survey of leading authorities on bacterial endo-
carditis.53 It concluded that no prophylaxis or prophylaxis with ery-
thromycin appeared preferable to prophylaxis with penicillin. This
was based on 10 million patients with mitral valve prolapse, and the
cases of fatal and non-fatal endocarditis and deaths from drug reac-
tions (47,2 and 0 with no prophylaxis, 12,1 and 0 with erythromycin
and 5,0 and 175 with penicillin). The fourth paper concluded that
‘the general impression that dentist-induced bacteraemia are
responsible for the vast majority of infective endocarditis cases is
erroneous, for these bacteraemia may cause as little as 4% or less of
all infective endocarditis’.54

Of the three recent studies cited in the Editorial,51 one was a case
study and the remaining two were of case-control design. In the
first,5 a prospective study was undertaken of all hospitalised cases of
bacterial endocarditis. Out of 427 patients with late prosthetic or
native valve endocarditis, 275 were eligible for antibiotic prophy-
laxis (197 because of a known cardiac lesion, 78 a prosthetic heart
valve). Out of the eligible 275 patients, 64 (23.3 %) had undergone a
prophylaxis-indicating procedure within 180 days of onset; 17  (26
%) of them had antibiotic prophylaxis. In 31 (11.3 %), the proce-
dure had been within 30 days of onset; 8 (26 %) had antibiotic pro-
phylaxis. The authors found that ‘For an incubation of 180 days, full
compliance with prophylaxis might have prevented endocarditis in
47 (17%) patients with late prosthetic or native valve endocarditis
involving a previously known cardiac lesion who underwent a pro-
cedure with an indication for prophylaxis’. The comparable figure
for 30-day incubation was 23 (8.4%), or 5% of all patients with
endocarditis (472).  In the same year, the Dutch group published the
second cited study of 438 patients diagnosed with endocarditis over
a two year period.6 Of these, 48 were eligible as cases because they
had had a medical or dental procedure for which chemoprophylaxis
was indicated within 180 days.   Out of 889 cases eligible 200 con-
trols were identified comprising patients with the same cardiac 

status who did not develop endocarditis after the same challenge.
One in six patients in both groups had received chemoprophylaxis.
The best estimate of protective efficacy was 49% for first-ever endo-
carditis occurring within 30 days of a procedure.  Finally, a recent
study of community-acquired endocarditis4 found that dental
treatment was no more frequent among cases than controls
(adjusted odds ratio 0.8) and that among cases with known cardiac
lesions (the target of prophylaxis) dental therapy was significantly
less common than among controls; and few participants received
chemoprophylaxis. The authors concluded that the lack of a link
between dental treatment and IE, together with the rare occurrence
of this disease does not justify the routine use of antibiotic prophy-
laxis.

Criticisms of the cited papers
That two of the cited studies are of a case-control design is impor-
tant. Whilst case-alone  studies can demonstrate a risk, the addition
of controls allows risk to be quantified. However, case-control stud-
ies are not first rate in hierarchies of evidence which reflect the
degree to which different study designs are susceptible to bias, or
how certain it is that the observed effects are attributable to the
intervention and are not the result of other factors (Table 5). Close
scrutiny of the cited case control studies shows even these have
weaknesses (Table 6).

For example, the van der Meer study,5 cases were inpatients diag-
nosed with endocarditis, controls non-endocarditis medical/cardi-
ology outpatients matched for age , sex and cardiac defect. Cases
were interview face-to-face, controls by telephone (though pre-
warned by letter including disclosure of the nature of the study).
There may have been a recall bias in that patients with endocarditis
might unwittingly rationalise dental treatment as the cause of their
demise , whereas in telephone-interviewed controls that connection
would not necessarily be considered. 

In the study by Strom and colleagues,4 cases were hospital endo-
carditis patients, controls community residents matched for age, sex
and neighbourhood. Cases had been examined recently because of
their endocarditis status, controls not. Here, under-reporting of
dental interventions by controls may have compounded any dis-
crepancies in cardiac status to introduce a bias. 

In their study, they conclude, ‘only a few cases of infective endo-
carditis could be prevented by antibiotic prophylaxis for dental
treatment even if 100 % effectiveness were assumed.’ Even though
they could not demonstrate a difference between cases and controls
in relation to dental treatment and endocarditis status, they showed
that 38.8 % of cases were infected with dental flora. Although this
last point is not thought to be relevant by the authors, a small but
statistically-insignificant association between dental extraction and
endocarditis was noted. In view of the small numbers involved (six
cases of endocarditis with an extraction history, no controls), the
authors speculate that this might be a chance finding.

One other case control study has been reported, similar in design
to that of van der Meer et al.55 Even though recall bias might be less
of a problem (as face-to-face interviews were conducted), the study
showed a small increased risk of endocarditis in relation to scaling
and root canal treatment but not extraction. A small proportion of
cases and controls had received appropriate chemoprophylaxis. 

Other criticisms of the cited studies have been aired. For example,
following the publication of one of the studies cited by Durack in his
editorial.6 Simmonds et al. published a critical letter in the Lancet.56

They raised three points. The first was that, although the number of
cases of endocarditis prevented was negligible in population terms,
the effect on individual patients could not be ignored. Secondly,
they were concerned at the small numbers of cases eventually
entered into the trial, and the even smaller number who received
adequate prophylaxis. Finally, they doubted the feasibility of
mounting a sufficiently large trial to settle this question, and com-
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mented that it might be fruitless anyway. For these reasons, they did
not see good reason to waiver current antibiotic prophylaxis prac-
tice for dental patients, and did so with some authority (having con-
sidered the issue inside the Working Party of the British Society for
Antimicrobial Chemotherapy.)57

The same criticisms could be raised with the other two papers
cited in Durack’s editorial. The earlier van der Meer paper5 reports a
small but important relationship between medical and dental pro-
cedures and subsequent endocarditis (23 % of people eligible for
chemoprophylaxis having undergone such a procedure 180 days
before onset). In addition, because there were no controls in this
study, it is possible that the association between dental procedures
and endocarditis may have been underestimated.

To summarise the arguments thus far: Four recent studies of
endocarditis patients either fail to show a dental connection with
infective endocarditis, or can only show a small one, although the
study designs are low in the hierarchy of validity and can be criti-
cised. Other contributors to the debate add that the dangers of
chemoprophylaxis outweigh the dangers of endocarditis, and that
chemoprophylaxis is poorly implemented even when at-risk
patients are identified, which we now know is not as often as we had
thought. So from a population perspective, the current regimens for
antibiotic prophylaxis might be flawed. If the cost-benefit relation-
ship is in doubt, then there is a case for undertaking a randomised
controlled trial to settle the issue. Such a trial would have to be
extensive given the apparent relative rarity of dentally-induced
endocarditis.

Yet that is the dilemma. Few are prepared to say that dental treat-
ment causes no endocarditis; and even advocates of less prophylaxis
demonstrate that some endocarditis follows dental treatment. So it
might be impossible to devise a trial in which some individuals
would be denied chemoprophylaxis. In the mean time, clinicians
and their patients will find it difficult to abandon chemoprophylaxis
whilst circumstantial evidence exists, on an individual level, it con-
fers some benefit (or more precisely, may reduce a theoretical risk).
It would be a brave clinician indeed who would deny chemoprophy-
laxis to an at-risk patient in the face of a published study of 53 cases
of endocarditis that were the subject of legal claims on the basis that
their condition was caused by dental treatment and/or inadequate
antibiotic cover.58 It might be difficult to change clinical practice
even if an unequivocal randomised control trial was done. Until
such a trial can be completed, current regimens are likely to remain
in place, even if subject to review and modification. 

Conclusions
In this paper, we have attempted to review the evidence that impli-
cates bacteraemia arising from dental treatment to IE. We have also
considered the risk/benefits associated with antibiotic prophylaxis
used to prevent this condition. Certainly, there is increasing evi-
dence that dental treatment-induced bacteraemia are no longer the
culprit regarded previously. Oral streptococcal-induced infective
endocarditis can only be linked to dentistry if there is a defined risk
procedure, no prophylaxis is given and the incubation period is
short (i.e. less than 14 days between dental treatment and onset of
symptoms). Indeed, there is evidence to suggest that spontaneous
bacteraemia are more likely to be the cause of IE in at risk individu-
als. If this is the case, then the use of antibiotic prophylaxis needs to
be reconsidered and a greater emphasis placed on improving oral
health in at risk patients.

The efficacy of antibiotic prophylaxis to prevent IE has never been
evaluated in a randomised controlled study (RCT), and the profes-
sion has hedged away from such investigation on the grounds of
numbers of patients required and ethical considerations. Perhaps
the time has come for this issue to be addressed. A staged approach
could be useful — that is targeting a specific cardiac condition (i.e.
mitral valve prolapse) and an operative dental procedure with low

risk (i.e. supragingival scaling or endodontics). In view of the num-
bers involved, a multi-centre approach will be required, but at least
an RCT on such a population would confirm whether cover was
required and also evaluate the risk/benefits of the antibiotics
administered.

Concern has also been expressed over the misuse of antibiotics
and inappropriate prescribing for prophylactic purposes. Other
agents used topically (i.e. chlorhexidine) may reduce dental-
induced bacteraemia and produce fewer significant adverse events.
If spontaneous bacteraemia are the main cause of IE, then their
prevalence and severity should be reduced by attending to oral
hygiene practice and periodontal diseases.

The debate over the association between dental procedures and IE
will continue, but the recent case-controlled studies and the review
of dental-induced bacteraemia have certainly stimulated argument.
The spectre of litigation does cloud judgement in this area and it is
this which probably leads dentists to err on the side of caution and
prescribe antibiotics to cover the patient whilst undergoing treat-
ment. This paper has probably contributed further to this dilemma.
The British Society for Antimicrobial Chemotherapy (BSAC) is the
body that recommends the various antibiotic regimens which are
carried out in clinical dentistry. It is anticipated that the new find-
ings on the relationship between dental treatment and IE will be
evaluated by the BSAC when they reconsider their guidelines. There
is certainly a need for further research in this area since the dental
team still need to know who is at risk from IE, what procedures
require cover, and are patients at greater risk from receiving chemo-
prophylaxis than not?
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