
Vol.:(0123456789)1 3

Infection (2023) 51:47–59 
https://doi.org/10.1007/s15010-022-01900-0

REVIEW

Antibiotic prophylaxis before dental procedures to prevent infective 
endocarditis: a systematic review

Judith Bergadà‑Pijuan1 · Michelle Frank2 · Sara Boroumand2 · Frédérique Hovaguimian1,4 · Carlos A. Mestres3 · 
Robert Bauernschmitt3 · Thierry Carrel3 · Bernd Stadlinger5 · Frank Ruschitzka2 · Annelies S. Zinkernagel1 · 
Roger D. Kouyos1 · Barbara Hasse1 

Received: 26 May 2022 / Accepted: 2 August 2022 / Published online: 16 August 2022 
© The Author(s) 2022

Abstract
Purpose Infective endocarditis (IE) is a severe bacterial infection. As a measure of prevention, the administration of antibiotic 
prophylaxis (AP) prior to dental procedures was recommended in the past. However, between 2007 and 2009, guidelines for 
IE prophylaxis changed all around the word, limiting or supporting the complete cessation of AP. It remains unclear whether 
AP is effective or not against IE.
Methods We conducted a systematic review whether the administration of AP in adults before any dental procedure, com-
pared to the non-administration of such drugs, has an effect on the risk of developing IE. We searched for studies in the 
Cochrane Central Register of Controlled Trials (CENTRAL), MEDLINE via OVID, and EMBASE. Two different authors 
filtered articles independently and data extraction was performed based on a pre-defined protocol.
Results The only cohort study meeting our criteria included patients at high-risk of IE. Analysis of the extracted data showed 
a non-significant decrease in the risk of IE when high-risk patients take AP prior to invasive dental procedures (RR 0.39, 
p-value 0.11). We did not find other studies including patients at low or moderate risk of IE. Qualitative evaluation of the 
excluded articles reveals diversity of results and suggests that most of the state-of-the-art articles are underpowered.
Conclusions Evidence to support or discourage the use of AP prior to dental procedures as a prevention for IE is very low. 
New high-quality studies are needed, even though such studies would require big settings and might not be immediately 
feasible.

Keywords Infective endocarditis · Dental procedure · Endocarditis prophylaxis · Endocarditis guidelines · Antibiotic 
prophylaxis prior dental procedure · High-risk patients

Introduction

Infective endocarditis (IE) is a severe bacterial infection of 
the heart valves that often occurs on congenitally malformed 
or degenerated cardiac valves with or without dysfunction Judith Bergadà-Pijuan, Michelle Frank and Sara Boroumand have 
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[1]. Due to the high mortality rate of up to 30%, the disease 
has become a major threat of modern medicine [2, 3]. To 
prevent IE, the American Heart Association (AHA) sug-
gested the administration of antibiotic prophylaxis (AP) 
before invasive medical or dental procedures since 1955 
[4]. The rationale behind the use of AP prior to dental pro-
cedures is that circulating doses of antibiotics would prevent 
the development of transient bacteremia due to oral strepto-
cocci and, therefore, such bacteria would not attach onto the 
endocardium and cause IE [5, 6]. In a study from 2014 [7], 
277 prescriptions of AP were needed to prevent one case of 
IE. However, the proportion of IE cases arising from dental 
procedures is arguable, and while some modeling studies 
consider AP to be cost-effective [8, 9], other studies report 
that the potential benefits of AP are less than the adverse 
effects [10]. State-of-the-art analyses worldwide report 
conflicting results in favor or against the use of AP before 
dental procedures [11–13]. Nevertheless, these practices 
were adopted in global agreement and continued for years. 
Recent concerns about drug adverse reactions and antibiotic 
resistance led to important modifications of the guidelines. 
In 2007, the AHA restricted AP to patients at high risk of 
IE who undergo invasive dental procedures [14]. In 2009, a 
very similar guideline was published by the European Soci-
ety of Cardiology (ESC) [15], whereby in 2008, the UK 
National Institute for Health and Care Excellence (NICE) 
recommended the complete cessation of AP prior to dental 
procedures [16]. Although this profound change in clinical 
practice has been implemented in the 2015 ESC guidelines 
[17], concerns have been raised regarding the poor quality of 
the available evidence, which mostly relies on underpowered 
and methodologically flawed studies [18]. Thus, an extensive 
systematic review is needed to summarize all the evidence 
on this question and to assess whether the current restric-
tions in the use of AP are justified.

Methods

We used the PRISMA guidelines (http:// www. prisma- state 
ment. org/) to identify, select, appraise, and synthesize stud-
ies for this systematic review. The study protocol was reg-
istered at the Prospective Register of Systematic Reviews 
(PROSPERO; CRD42020175398). Eligibility criteria, out-
comes and statistical methods were pre-defined.

PICOT—eligibility criteria

Our study population included individuals older than 
18 years (adults) that underwent any kind of dental proce-
dure. Animal studies and studies involving children were 
excluded from our research. As intervention, we con-
sidered the administration (e.g., oral or intravenous) of 

AP (e.g., amoxicillin, vancomycin or other antimicrobial 
treatments) prior to a dental procedure. The control group 
included patients that received no drugs or a placebo. The 
main outcome was definite IE as defined by the Duke cri-
teria [17].

Information sources and search strategy

We searched the three main bibliographic databases: the 
Cochrane Central Register of Controlled Trials (CEN-
TRAL), MEDLINE via OVID, and EMBASE. The search 
strategy included headings, title/abstract keywords and mesh 
terms related to dental procedures, bacterial endocarditis and 
AP (see detailed search strategies in Supplementary File 1).

For this review, we considered only randomized clinical 
trials (RCTs) (if available in the field of research) and pro-
spective cohort studies written in English. Nevertheless, we 
also looked for additional reports by hand-searching the bib-
liographies of systematic reviews and meta-analyses within 
the field of our research topic. We included only studies pub-
lished after 2000, since there has been an important increase 
in the diagnostic specificity after 2000 with the use of the 
revised Duke criteria [17] reducing the number of false IE 
cases. Moreover, the diagnostic tools (echocardiography, 
Cardiac CT, PET/CT, microbiology techniques) for IE diag-
nosis and also the dental practices have improved over years 
[19, 20]. Furthermore, median population age has increased 
[21] and criteria/standards required to report clinical trials 
and meta-analyses have changed [22–24].

Selection process, data extraction and data items

One of the authors searched the databases to find available 
studies and excluded those publications which, based on 
their title or abstract, did not meet our inclusion criteria. 
This person, in parallel with another author, screened the full 
text of the remaining publications. Both researchers worked 
independently, selecting only studies meeting the inclusion 
criteria. Data were extracted from each specific study by the 
two researchers working separately. Any disagreement was 
solved with the help of a third author.

We extracted information about the year of publication, 
study design, number of participants, inclusion and exclu-
sion criteria for patients, and antimicrobial agents used for 
dental prophylaxis (if applicable). Finally, we extracted 
the number of IE cases in intervention and control groups 
in relation to the patients assigned to each of the groups 
(Table 1).

We assessed the risk of bias for the included publica-
tion by the risk of bias tool for observational studies from 
Cochrane (Table 2).

http://www.prisma-statement.org/
http://www.prisma-statement.org/
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Definitions

We defined patients at high risk of IE [20, 25].

– if they had undergone a prior prosthetic valve replace-
ment/implantation (including transcatheter aortic valve) 
or a surgical valve repair or intervention (e.g., Mitraclip).

– if they had a previous episode of IE,
– if they had suffered from any type of cyanotic congenital 

heart disease (CHD) and/or underwent repair with pros-
thetic material in the 6 months before or lifelong in case 
of a residual shunt or valvular regurgitation.

We rated patients with a previous history of rheumatic 
fever, patients with unrepaired congenital anomalies of the 
heart valves and patients with bicuspid aortic valves, mitral 
valve prolapse and calcific aortic stenosis at moderate risk 
for IE [20]. Other heart conditions were rated at low or 
unknown risk.

Data analysis

Since we found only one relevant publication, we provide a 
data summary using qualitative assessment.

Assessment of excluded publications

Due to the very low number of studies fulfilling our inclu-
sion criteria, and therefore the current lack of evidence, we 
considered the excluded publications as a descriptive source 
of information for the discussion. We provide a summary of 
these studies in Table 3.

Results

The database search resulted in 63 studies from CENTRAL, 
85 studies from MEDLINE and 188 studies from EMBASE 
(Fig. 1A). After exclusion of duplicates, 264 publications 
were further assessed. Title and abstract screening resulted 
in 214 relevant studies, of which 191 were descriptive, pro-
vided only qualitative results, or were not considered other-
wise eligible (e.g., main outcome was bacteremia, control 
group was not placebo, etc.). Thus, we found 23 publica-
tions that could potentially be included in our research. After 
assessing each of them individually, only one study met our 
inclusion criteria.

The only publication fulfilling the inclusion criteria is 
a prospective cohort study (Table 1) [26]. The observa-
tional study has a high risk of bias, as shown in Table 2. 
Tubiana et al. includes adults with prosthetic heart valves 
who underwent invasive and non-invasive dental proce-
dures. For the present analysis, we considered only the Ta
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invasive dental procedures. Data extraction and analysis 
(Fig. 1B, C) show a decrease in the risk of developing IE 
when high-risk patients received antibiotics prior to an 
invasive dental procedure, in accordance with the current 
AHA and ESC Guidelines. Nonetheless, results were not 
statistically significant. Based on the calculations, taking 
AP could slightly reduce the overall risk of developing 
IE in high-risk patients (p-value 0.11; RR 0.39). Over-
all, these results provided only a very weak evidence of 
an effect of AP on the risk of developing IE in high-risk 
patients. In this study, all patients had prosthetic cardiac 
valves and hence were at high risk of developing infective 
endocarditis. Patients at low and moderate risk of IE were 
not included and therefore we are unable to assess the 

effects of AP prior to dental procedures in these groups 
of patients.

Discussion

The present investigation suggests that prescribing AP 
before dental procedures may prevent the risk of developing 
IE in high-risk patients, based on a single prospective cohort 
study [26]. Therefore, these results are consistent with the 
current AHA and ESC Guidelines, advising AP in patients 
at elevated risk of IE who have to undergo a dental proce-
dure [14, 20, 27, 28]. However, no prospective, randomized, 
placebo-controlled trial has been performed to confirm or 

Table 2  Risk of bias summary of included study

Tubiana et al., 2017

Definition of cases Catchment area (France) and time period (2008–2014) clearly specified
Cases are the patients classified within the category “invasive dental procedure with 

antibiotic prophylaxis”
Criteria for the classification of patients in each category is clearly stated
In addition to the number of patients per category, the study also reports the total num-

ber of dental procedures
Definition of controls Catchment area (France) and time period (2008–2014) clearly specified. These are the 

same as for the cases
Controls are the patients classified within the category: “invasive dental procedure 

without antibiotic prophylaxis”
Characteristics of each group described? Yes

Adults > 18 years, living in France and with prosthetic heart valves
Percentage of males/females, different age groups and medical conditions (e.g., diabe-

tes) were also reported
Groups recruited at common stage, in the same manner? Yes

Cases and controls were recruited from the same nationwide cohort, which included 
only adults with prosthetic heart valves and without any previous discharge diagnosis 
for oral streptococcal IE

Cases and controls were also recruited during the same time period, based on the 
administration (or not) of AP on the days before a dental procedure

Sampling strategy Clearly specified
Cases: patients that took antibiotics against oral streptococci in the 21 days prior to the 

dental procedure
Controls: patients that did not take antibiotics against oral streptococci during this 

time period
Is the group representative of the population of interest? Yes

The cohort of analysis includes adults with prosthetic heart valves that underwent at 
least one dental procedure

Duration of follow-up Median follow-up is 1.7 years (interquartile range 0.6–3.2 years)
Follow-up was done until end of study (December 2014), or until loss of follow-up, or 

until one of these endpoints: oral streptococcal IE, death, or hospital admission for 
valve replacement

Outcome assessment Outcome: oral streptococcal endocarditis
Outcome is defined as the first hospital admission with a primary discharge diagnosis 

of IE using ICD-10 codes, combined with another secondary discharge diagnosis of 
streptococcal infection

This definition is based on other previous studies
The assessment of IE is performed considering the three months after an invasive 

dental procedure
Overall risk of bias High



51Antibiotic prophylaxis before dental procedures to prevent infective endocarditis: a…

1 3

Ta
bl

e 
3 

 Q
ua

lit
at

iv
e 

ev
id

en
ce

 o
f e

xc
lu

de
d 

stu
di

es

A
ut

ho
r, 

ye
ar

PM
ID

Ty
pe

 o
f s

tu
dy

C
ou

nt
ry

St
ud

y 
tim

e 
pe

rio
d

St
at

ist
ic

al
 re

su
lts

, 9
5%

 
C

I
Re

su
lts

Re
as

on
 fo

r e
xc

lu
si

on
 fr

om
 

qu
an

tit
at

iv
e 

an
al

ys
is

O
liv

er
, 2

00
4 

[4
8]

15
,1

06
,2

20
Sy

ste
m

at
ic

 R
ev

ie
w

 a
nd

 
M

et
a-

A
na

ly
si

s
Ev

id
en

ce
 c

ol
le

ct
ed

 fr
om

 
al

l a
ro

un
d 

th
e 

w
or

ld
19

66
–2

00
2

O
R

 1
.6

2,
 C

I 0
.5

7–
4.

57
N

o 
(s

ta
tis

tic
al

) e
vi

de
nc

e 
to

 su
pp

or
t o

r d
is

co
ur

-
ag

e 
IE

 P
ro

ph
yl

ax
is

O
nl

y 
on

e 
stu

dy
 is

 
in

cl
ud

ed
; s

tu
dy

 d
at

es
 

ba
ck

 b
ef

or
e 

ye
ar

 2
00

0
A

gh
a,

 2
00

5 
[4

9]
15

,9
51

,4
58

D
ec

is
io

n 
M

od
el

 S
tu

dy
(M

ar
ko

v 
M

od
el

)
U

SA
55

 y
ea

rs
 h

or
iz

on
C

la
rit

hr
om

yc
in

: Q
A

LY
 

0.
00

11
25

C
ep

ha
le

xi
n:

 Q
A

LY
 

0.
00

08
27

C
lin

da
m

yc
in

: Q
A

LY
 

0.
00

11
18

A
m

ox
ic

ill
in

: Q
A

LY
 

-0
.0

03
03

C
ef

az
ol

in
: Q

A
LY

 
0.

00
08

27
A

m
pi

ci
lli

n:
 Q

A
LY

 
-0

.0
03

03
C

I n
ot

 re
po

rte
d

A
P 

is
 c

os
t-e

ffe
ct

iv
e 

fo
r 

pr
ev

en
tin

g 
IE

 w
he

n 
us

in
g 

cl
ar

ith
ro

m
yc

in
, 

ce
ph

al
ex

in
 o

r c
lin

da
-

m
yc

in
U

se
 o

f a
m

ox
ic

ill
in

 a
nd

 
am

pi
ci

lli
n 

fo
r I

E 
pr

op
h-

yl
ax

is
 is

 n
ot

 sa
fe

It 
is

 n
ot

 a
n 

RC
T,

 p
ro

sp
ec

-
tiv

e 
co

ho
rt 

stu
dy

 o
r a

 
ca

se
–c

on
tro

l s
tu

dy
. I

t i
s 

a 
de

ci
si

on
 m

od
el

 st
ud

y 
ev

al
ua

tin
g 

th
e 

co
st-

eff
ec

tiv
en

es
s o

f A
P

D
uv

al
, 2

00
6 

[3
5]

16
,7

05
,5

65
C

oh
or

t S
tu

dy
Fr

an
ce

19
98

–1
99

9
R

R
 0

.3
09

, C
I 0

.0
2–

4.
94

A
P 

co
ul

d 
re

du
ce

 th
e 

ris
k 

of
 IE

 b
y 

70
%

 in
 h

ig
h-

ris
k 

pa
tie

nt
s (

re
su

lts
 

ar
e 

st
at

ist
ic

al
ly

 n
ot

 
si

gn
ifi

ca
nt

)

Pa
tie

nt
s u

nd
er

go
in

g 
de

nt
al

 
pr

oc
ed

ur
es

 a
re

 n
ot

 th
e 

sa
m

e 
as

 p
at

ie
nt

s w
ith

/
w

ith
ou

t I
E.

 In
ste

ad
, t

w
o 

di
ffe

re
nt

 c
oh

or
ts

 a
re

 
us

ed
. T

he
re

fo
re

, i
t’s

 n
ot

 
an

 R
C

T,
 p

ro
sp

ec
tiv

e 
co

ho
rt 

stu
dy

 n
or

 c
as

e–
co

nt
ro

l s
tu

dy
Lo

ck
ha

rt,
 2

00
7 

[5
0]

17
,4

03
,7

36
Sy

ste
m

at
ic

Re
vi

ew
Ev

id
en

ce
 c

ol
le

ct
ed

 fr
om

 
al

l a
ro

un
d 

th
e 

w
or

ld
19

66
–2

00
5

N
ot

 av
ai

la
bl

e
N

o 
(s

ta
tis

tic
al

) e
vi

de
nc

e 
to

 su
pp

or
t o

r d
is

co
ur

-
ag

e 
IE

 p
ro

ph
yl

ax
is

In
cl

ud
ed

 st
ud

ie
s d

at
e 

ba
ck

 
be

fo
re

 y
ea

r 2
00

0,
 o

r a
re

 
de

sc
rip

tiv
e/

ou
t o

f o
ur

 
to

pi
c

Sc
hw

ar
tz

, [
51

]
17

,9
04

,7
22

Sy
ste

m
at

ic
 R

ev
ie

w
M

et
a-

A
na

ly
si

s
Ev

id
en

ce
 c

ol
le

ct
ed

 fr
om

 
al

l a
ro

un
d 

th
e 

w
or

ld
19

97
–2

00
7

N
ot

 av
ai

la
bl

e
N

o 
(s

ta
tis

tic
al

) e
vi

de
nc

e 
to

 su
pp

or
t o

r d
is

co
ur

-
ag

e 
IE

 p
ro

ph
yl

ax
is

N
o 

stu
di

es
 w

er
e 

fo
un

d 
in

 
w

hi
ch

 o
ut

co
m

e 
w

as
 IE

; 
au

th
or

s a
ss

es
se

d 
ba

ct
er

e-
m

ia
 a

s a
n 

ou
tc

om
e 

(o
ut

 
of

 o
ur

 to
pi

c)
D

uv
al

, 2
00

8 
[5

2]
18

,3
53

,2
64

Sy
ste

m
at

ic
 R

ev
ie

w
Ev

id
en

ce
 c

ol
le

ct
ed

 fr
om

 
al

l a
ro

un
d 

th
e 

w
or

ld
19

92
–2

00
8

N
ot

 av
ai

la
bl

e
N

o 
(s

ta
tis

tic
al

) e
vi

de
nc

e 
to

 su
pp

or
t o

r d
is

co
ur

-
ag

e 
IE

 p
ro

ph
yl

ax
is

In
cl

ud
ed

 st
ud

ie
s d

at
e 

ba
ck

 
be

fo
re

 y
ea

r 2
00

0,
 o

r a
re

 
de

sc
rip

tiv
e/

ou
t o

f o
ur

 
to

pi
c

O
liv

er
, 2

00
8 

[5
3]

18
,8

43
,6

49
Sy

ste
m

at
ic

 R
ev

ie
w

 a
nd

 
M

et
a-

A
na

ly
si

s
Ev

id
en

ce
 c

ol
le

ct
ed

 fr
om

 
al

l a
ro

un
d 

th
e 

w
or

ld
19

50
–2

00
8

O
R

 1
.6

2,
 C

I 0
.5

7–
4.

57
N

o 
(s

ta
tis

tic
al

) e
vi

de
nc

e 
to

 su
pp

or
t o

r d
is

co
ur

-
ag

e 
IE

 p
ro

ph
yl

ax
is

O
nl

y 
on

e 
stu

dy
 is

 
in

cl
ud

ed
; s

tu
dy

 d
at

es
 

ba
ck

 b
ef

or
e 

ye
ar

 2
00

0



52 J. Bergadà-Pijuan et al.

1 3

Ta
bl

e 
3 

 (c
on

tin
ue

d)

A
ut

ho
r, 

ye
ar

PM
ID

Ty
pe

 o
f s

tu
dy

C
ou

nt
ry

St
ud

y 
tim

e 
pe

rio
d

St
at

ist
ic

al
 re

su
lts

, 9
5%

 
C

I
Re

su
lts

Re
as

on
 fo

r e
xc

lu
si

on
 fr

om
 

qu
an

tit
at

iv
e 

an
al

ys
is

El
le

rv
al

l, 
20

10
 [5

4]
20

,1
34

,4
79

Sy
ste

m
at

ic
 R

ev
ie

w
 a

nd
 

M
et

a-
A

na
ly

si
s

Ev
id

en
ce

 c
ol

le
ct

ed
 fr

om
 

al
l a

ro
un

d 
th

e 
w

or
ld

19
96

–2
00

9
Fi

rs
t t

im
e 

IE
 e

pi
so

de
O

R
 0

.5
1

(9
5%

 C
I 0

.1
1 

2.
29

)
Re

cu
rr

en
t I

E 
ep

is
od

es
O

R
 2

.1
3

(9
5%

 C
I 0

.4
8–

9.
44

)

N
o 

(s
ta

tis
tic

al
) e

vi
de

nc
e 

to
 su

pp
or

t o
r d

is
co

ur
-

ag
e 

IE
 p

ro
ph

yl
ax

is

O
nl

y 
on

e 
stu

dy
 is

 
in

cl
ud

ed
; s

tu
dy

 d
at

es
 

ba
ck

 b
ef

or
e 

ye
ar

 2
00

0

Th
or

nh
ill

, 2
01

1 
[5

5]
21

,5
40

,2
58

Po
pu

la
tio

n-
ba

se
d 

St
ud

y 
(T

em
po

ra
l T

re
nd

 
St

ud
y)

U
K

20
04

–2
01

0
D

iff
er

en
ce

 in
 a

nn
ua

l p
er

-
ce

nt
ag

e 
ch

an
ge

 o
f I

E 
ca

se
s b

ef
or

e 
an

d 
af

te
r 

ch
an

ge
 o

f g
ui

de
lin

es
: 

1.
1

(9
5%

 C
I -

3.
9–

1.
9)

N
o 

in
cr

ea
se

 in
 c

as
es

 o
f 

IE
 si

nc
e 

re
str

ic
tio

n 
of

 
A

P 
in

 N
IC

E 
gu

id
el

in
es

 
(2

00
8)

It 
is

 n
ot

 a
n 

RC
T,

 p
ro

sp
ec

-
tiv

e 
co

ho
rt 

stu
dy

 n
or

 
ca

se
–c

on
tro

l s
tu

dy
. I

t i
s 

a 
tim

e-
tre

nd
 a

na
ly

si
s

D
es

im
on

e,
 2

01
2 

[5
6]

22
,6

89
,9

29
Po

pu
la

tio
n-

ba
se

d 
St

ud
y 

(T
em

po
ra

l T
re

nd
 

St
ud

y)

U
SA

19
99

–2
01

0
19

99
–2

00
2:

 IR
 3

.1
9,

(9
5%

 C
I 1

.2
0–

5.
17

)
20

03
–2

00
6:

 IR
 2

.4
8,

(9
5%

 C
I 0

.8
5–

4.
10

)
20

07
–2

01
0:

 IR
 0

.7
7,

(9
5%

 C
I 0

.0
0–

1.
64

)

N
o 

in
cr

ea
se

 in
 in

ci
de

nc
e 

of
 IE

si
nc

e 
re

str
ic

tio
n 

of
 A

P 
in

 
A

H
A

 g
ui

de
lin

es
 (2

00
7)

It 
is

 n
ot

 a
n 

RC
T,

 p
ro

sp
ec

-
tiv

e 
co

ho
rt 

stu
dy

 n
or

 
ca

se
–c

on
tro

l s
tu

dy
. I

t i
s 

a 
tim

e-
tre

nd
 a

na
ly

si
s

G
le

nn
y,

 2
01

3 
[1

]
24

,1
08

,5
11

Sy
ste

m
at

ic
 R

ev
ie

w
 a

nd
 

M
et

a-
A

na
ly

si
s

Ev
id

en
ce

 c
ol

le
ct

ed
 fr

om
 

al
l a

ro
un

d 
th

e 
w

or
ld

19
46

–2
01

3
O

R
 1

.6
2,

C
I 0

.5
7–

4.
57

N
o 

(s
ta

tis
tic

al
) e

vi
de

nc
e 

to
 su

pp
or

t o
r d

is
co

ur
-

ag
e 

IE
 p

ro
ph

yl
ax

is

O
nl

y 
on

e 
stu

dy
 is

 
in

cl
ud

ed
; s

tu
dy

 d
at

es
 

ba
ck

 b
ef

or
e 

ye
ar

 2
00

0
D

ay
er

, 2
01

5 
[7

]
25

,4
67

,5
69

Po
pu

la
tio

n-
ba

se
d 

St
ud

y 
(T

em
po

ra
l T

re
nd

 
St

ud
y)

U
K

20
00

–2
01

3
In

cr
ea

se
 in

 in
ci

de
nc

e 
of

 
IE

: 0
.1

1 
ca

se
s p

er
 1

0 
M

io
 p

eo
pl

e 
pe

r m
on

th
(9

5%
 C

I 0
.0

5–
0.

16
)

In
cr

ea
se

 in
 in

ci
de

nc
e 

of
 

IE
 si

nc
e 

re
str

ic
tio

n 
of

 
A

P 
in

 N
IC

E 
gu

id
el

in
es

 
(2

00
8)

Th
e 

in
cr

ea
se

 is
 se

en
 fo

r 
in

di
vi

du
al

s a
t h

ig
h 

ris
k 

an
d 

lo
w

 ri
sk

 o
f I

E

It 
is

 n
ot

 a
n 

RC
T,

 p
ro

sp
ec

-
tiv

e 
co

ho
rt 

stu
dy

 n
or

 
ca

se
–c

on
tro

l s
tu

dy
. I

t i
s 

a 
re

tro
sp

ec
tiv

e 
se

cu
la

r 
tre

nd
 st

ud
y

C
he

n,
 2

01
5 

[1
2]

26
,5

12
,5

86
C

oh
or

t S
tu

dy
(C

as
e-

cr
os

so
ve

r)
Ta

iw
an

19
99

–2
01

2
To

ot
h 

ex
tra

ct
io

n
O

R
 0

.5
6,

(9
5%

 C
I 0

.2
2–

1.
41

)
D

en
ta

l s
ca

lin
g:

 O
R

 0
.8

5,
(9

5%
 C

I 0
.5

4–
1.

35
Pe

rio
do

nt
al

: O
R

 1
.2

4,
(9

5%
 C

I 0
.5

9–
2.

62
En

do
do

nt
ic

: O
R

 1
.2

0,
(9

5%
 C

I 0
.6

4–
2.

25

D
en

ta
l p

ro
ce

du
re

s d
o 

no
t 

co
nt

rib
ut

e 
to

 th
e 

ris
k 

of
 IE

Re
su

lts
 a

re
 a

ga
in

st
 

us
in

g 
AP

 fo
r d

en
ta

l 
pr

oc
ed

ur
es

C
as

es
 a

nd
 C

on
tro

ls
 a

re
 th

e 
sa

m
e 

pa
tie

nt
s, 

bu
t i

n 
di

f-
fe

re
nt

 ti
m

e 
pe

rio
ds

. I
t i

s 
a 

re
tro

sp
ec

tiv
e 

stu
dy

C
hi

ril
lo

, 2
01

6 
[5

7]
27

,5
95

,6
78

C
oh

or
t S

tu
dy

Ita
ly

20
07

–2
01

0
N

ot
 av

ai
la

bl
e

N
o 

(s
ta

tis
tic

al
) e

vi
de

nc
e 

to
 su

pp
or

t o
r d

is
co

ur
-

ag
e 

IE
 p

ro
ph

yl
ax

is

N
o 

co
nt

ro
l g

ro
up

 is
 

pr
ov

id
ed

. T
he

re
fo

re
, 

da
ta

 c
an

no
t b

e 
ex

tra
ct

ed
 

an
d 

m
ai

n 
ou

tc
om

e 
of

 th
e 

stu
dy

 is
 n

ot
 IE



53Antibiotic prophylaxis before dental procedures to prevent infective endocarditis: a…

1 3

Ta
bl

e 
3 

 (c
on

tin
ue

d)

A
ut

ho
r, 

ye
ar

PM
ID

Ty
pe

 o
f s

tu
dy

C
ou

nt
ry

St
ud

y 
tim

e 
pe

rio
d

St
at

ist
ic

al
 re

su
lts

, 9
5%

 
C

I
Re

su
lts

Re
as

on
 fo

r e
xc

lu
si

on
 fr

om
 

qu
an

tit
at

iv
e 

an
al

ys
is

Fr
an

kl
in

, 2
01

6 
[5

8]
27

,8
40

,3
34

D
ec

is
io

n 
M

od
el

 S
tu

dy
U

K
50

-y
ea

r h
or

iz
on

A
m

ox
ic

ill
in

: Q
A

LY
 

0.
00

12
(9

5%
 C

I 0
.0

00
–0

.0
03

)
C

lin
da

m
yc

in
: Q

A
LY

 
0.

00
10

(9
5%

 C
I 0

.0
00

–0
.0

02
)

Pr
op

hy
la

xi
s i

s c
os

t-e
ffe

c-
tiv

e 
fo

r p
re

ve
nt

in
g 

IE
It 

is
 n

ot
 a

n 
RC

T,
 p

ro
sp

ec
-

tiv
e 

co
ho

rt 
stu

dy
 n

or
 

ca
se

–c
on

tro
l s

tu
dy

. I
t i

s 
a 

de
ci

si
on

 m
od

el
 st

ud
y 

ev
al

ua
tin

g 
th

e 
co

st-
eff

ec
tiv

en
es

s o
f A

P
C

ah
ill

, 2
01

7 
[1

8]
28

,2
13

,3
67

Sy
ste

m
at

ic
 R

ev
ie

w
 a

nd
 

M
et

a-
A

na
ly

si
s

Ev
id

en
ce

 c
ol

le
ct

ed
 fr

om
 

al
l a

ro
un

d 
th

e 
w

or
ld

19
45

–2
01

6
O

bs
er

va
tio

na
l s

tu
di

es
 fo

r 
IE

: O
R

 0
.5

9
(9

5%
 C

I 0
.2

7–
1.

30
)

Th
e 

ev
id

en
ce

 fo
r t

he
 u

se
 

of
 A

P 
is

 u
nc

le
ar

Th
er

e 
is

 a
 li

m
ite

d 
pr

ot
ec

-
tiv

e 
eff

ec
t o

f A
P 

fo
r 

IE
 (s

ta
tis

tic
al

ly
 n

ot
 

si
gn

ifi
ca

nt
), 

bu
t A

P 
is

 e
ffe

ct
iv

e 
(s

ta
tis

ti-
ca

lly
) i

n 
re

du
ci

ng
 th

e 
ba

ct
er

em
ia

In
cl

ud
ed

 st
ud

ie
s a

re
 ti

m
e-

tre
nd

 a
na

ly
se

s (
ex

cl
ud

ed
 

ac
co

rd
in

g 
to

 o
ur

 c
rit

e-
ria

), 
tri

al
s t

ha
t a

ss
es

s 
ba

ct
er

em
ia

 in
ste

ad
 o

f I
E 

as
 a

n 
ou

tc
om

e 
(o

ut
 o

f 
ou

r t
op

ic
), 

an
d 

ob
se

rv
a-

tio
na

l s
tu

di
es

 p
ub

lis
he

d 
be

fo
re

 2
00

0
Th

or
nh

ill
, 2

01
8 

[1
3]

30
,4

09
,5

64
Po

pu
la

tio
n-

ba
se

d 
St

ud
y 

(T
em

po
ra

l T
re

nd
 

St
ud

y)

U
SA

20
03

–2
01

5
In

cr
ea

se
 in

 in
ci

de
nc

e 
of

 IE
:

H
ig

h-
ris

k:
 1

77
%

C
I 6

6%
–3

61
%

M
od

er
at

e 
ris

k:
 7

5%
(9

5%
 C

I 3
%

–2
00

%
)

Lo
w

 ri
sk

: 1
2%

(9
5%

 C
I -

29
%

–7
6%

)

Th
e 

ch
an

ge
 in

 A
H

A
 

G
ui

de
lin

es
 is

 re
la

te
d 

w
ith

 a
 si

gn
ifi

ca
nt

 
in

cr
ea

se
 in

 th
e 

in
ci

-
de

nc
e 

of
 IE

 fo
r p

at
ie

nt
s 

at
 h

ig
h-

ri
sk

 a
nd

 
m

od
er

at
e-

ri
sk

Th
e 

in
cr

ea
se

 is
 n

ot
 

si
gn

ifi
ca

nt
 fo

r p
at

ie
nt

s 
at

 lo
w

 ri
sk

 o
f I

E

It 
is

 n
ot

 a
n 

RC
T,

 p
ro

sp
ec

-
tiv

e 
co

ho
rt 

stu
dy

 n
or

 
ca

se
–c

on
tro

l s
tu

dy
. I

t i
s 

a 
tim

e-
tre

nd
 st

ud
y 

th
at

 
us

es
 a

 P
oi

ss
on

 m
od

el
 

an
al

ys
is

K
ar

ac
ag

la
r, 

20
19

 [4
4]

31
,4

64
,2

31
C

oh
or

t S
tu

dy
 (r

et
ro

sp
ec

-
tiv

e)
Tu

rk
ey

20
16

–2
01

8
N

ot
 av

ai
la

bl
e

N
o 

(s
ta

tis
tic

al
) e

vi
de

nc
e 

to
 su

pp
or

t o
r d

is
co

ur
-

ag
e 

IE
 p

ro
ph

yl
ax

is

G
ro

up
 w

ith
 IE

 is
 n

ot
 

pr
ov

id
ed

. T
he

re
fo

re
, 

da
ta

 c
an

no
t b

e 
ex

tra
ct

ed
 

an
d 

m
ai

n 
ou

tc
om

e 
of

 th
e 

stu
dy

 is
 n

ot
 IE

It 
is

 a
 re

tro
sp

ec
tiv

e 
stu

dy
Q

ua
n,

 2
02

0 
[4

7]
32

,2
38

,1
64

Po
pu

la
tio

n-
ba

se
d 

St
ud

y 
(T

em
po

ra
l T

re
nd

 
St

ud
y)

U
K

19
98

–2
01

7
In

cr
ea

se
 in

 in
ci

de
nc

e 
of

 
IE

:fr
om

 2
2–

41
 c

as
es

 
pe

r 1
 M

io
 p

eo
pl

e 
in

 
19

98
 to

 4
2–

68
 c

as
es

 
pe

r 1
 M

io
 p

eo
pl

e 
in

 
20

17

In
cr

ea
se

 in
 in

ci
de

nc
e 

of
 

IE
, b

ut
 th

is
 in

cr
ea

se
 

do
es

 n
ot

 d
ire

ct
ly

 fo
llo

w
 

th
e 

up
da

te
 o

f t
he

 N
IC

E 
gu

id
el

in
es

 (2
00

8)

It 
is

 n
ot

 a
n 

RC
T,

 p
ro

sp
ec

-
tiv

e 
co

ho
rt 

stu
dy

 n
or

 
ca

se
–c

on
tro

l s
tu

dy
. I

t i
s 

a 
tim

e-
tre

nd
 st

ud
y 

th
at

 
us

es
 a

 ra
ng

e 
of

 re
gr

es
-

si
on

 m
od

el
s f

or
 a

na
ly

si
s



54 J. Bergadà-Pijuan et al.

1 3

Ta
bl

e 
3 

 (c
on

tin
ue

d)

A
ut

ho
r, 

ye
ar

PM
ID

Ty
pe

 o
f s

tu
dy

C
ou

nt
ry

St
ud

y 
tim

e 
pe

rio
d

St
at

ist
ic

al
 re

su
lts

, 9
5%

 
C

I
Re

su
lts

Re
as

on
 fo

r e
xc

lu
si

on
 fr

om
 

qu
an

tit
at

iv
e 

an
al

ys
is

V
äh

äs
ar

ja
, 2

02
0 

[4
6]

33
,0

14
,3

11
Po

pu
la

tio
n-

ba
se

d 
St

ud
y 

(T
em

po
ra

l T
re

nd
 

St
ud

y)

Sw
ed

en
20

08
–2

01
7

B
ef

or
e 

20
12

: 0
.3

44
 c

as
es

 
pe

r 1
0 

M
 p

eo
pl

e 
pe

r 
m

on
th

C
I 0

.1
9–

0.
50

A
fte

r 2
01

2:
 0

.2
66

 c
as

es
 

pe
r 1

0 
M

 p
eo

pl
e 

pe
r 

m
on

th
(9

5%
 C

I 0
.1

2–
0.

42
)

D
ec

re
as

e 
in

 th
e 

sl
op

e 
of

 
th

e 
tre

nd
lin

e:
 −

 0.
08

 
ca

se
s p

er
 1

0 
M

 p
eo

pl
e 

pe
r m

on
th

(9
5%

 C
I −

 0.
30

–0
.1

4)

N
o 

in
cr

ea
se

 in
 th

e 
in

ci
-

de
nc

e 
of

 IE
 a

s a
 re

su
lt 

of
 th

e 
re

co
m

m
en

da
-

tio
ns

 p
ub

lis
he

d 
in

 2
01

2 
fo

r t
he

 c
es

sa
tio

n 
of

 A
P 

in
 d

en
tis

try

It 
is

 n
ot

 a
n 

RC
T,

 p
ro

sp
ec

-
tiv

e 
co

ho
rt 

stu
dy

 n
or

 
ca

se
–c

on
tro

l s
tu

dy
. I

t 
is

 a
n 

In
te

rr
up

te
d 

Ti
m

e 
Se

rie
s A

na
ly

si
s (

IT
SA

)

Th
or

nh
ill

, 2
02

0 
[4

5]
33

,1
21

,6
05

C
oh

or
t S

tu
dy

U
SA

20
00

–2
01

5
N

ot
 av

ai
la

bl
e

N
o 

(s
ta

tis
tic

al
) e

vi
de

nc
e 

to
 su

pp
or

t o
r d

is
co

ur
-

ag
e 

IE
 p

ro
ph

yl
ax

is

G
ro

up
 w

ith
 IE

 is
 n

ot
 

pr
ov

id
ed

. T
he

re
fo

re
, 

da
ta

 c
an

no
t b

e 
ex

tra
ct

ed
 

an
d 

m
ai

n 
ou

tc
om

e 
of

 th
e 

stu
dy

 is
 n

ot
 IE

Ru
th

er
fo

rd
., 

20
22

 [4
6]

35
,5

36
,5

41
Sy

ste
m

at
ic

 R
ev

ie
w

 a
nd

 
M

et
a-

A
na

ly
si

s
Ev

id
en

ce
 c

ol
le

ct
ed

 fr
om

 
al

l a
ro

un
d 

th
e 

w
or

ld
19

46
–2

02
1

O
R

 1
.6

2,
(9

5%
 C

I 0
.5

7–
4.

57
)

N
o 

(s
ta

tis
tic

al
) e

vi
de

nc
e 

to
 su

pp
or

t o
r d

is
co

ur
-

ag
e 

IE
 p

ro
ph

yl
ax

is

O
nl

y 
on

e 
stu

dy
 is

 
in

cl
ud

ed
; s

tu
dy

 d
at

es
 

ba
ck

 b
ef

or
e 

ye
ar

 2
00

0

AP
 a

nt
ib

io
tic

 p
ro

ph
yl

ax
is

; O
R 

od
ds

 ra
tio

; R
R 

ris
k 

ra
tio

; H
RR

 h
az

ar
d 

ra
te

 ra
tio

; I
R 

in
ci

de
nc

e 
ra

te
 p

er
 1

00
,0

00
 p

er
so

ns
-y

ea
r; 

C
I 9

5%
 c

on
fid

en
ce

 in
te

rv
al

s;
 Q

AL
Y 

st
an

ds
 fo

r t
he

 in
cr

ea
se

 in
 q

ua
lit

y-
ad

ju
ste

d 
lif

e-
ye

ar
s p

er
 p

at
ie

nt
*  90

%
 C

I i
s r

ep
or

te
d 

fo
r t

hi
s s

tu
dy

 in
ste

ad
 o

f 9
5%

 C
I



55Antibiotic prophylaxis before dental procedures to prevent infective endocarditis: a…

1 3

refute the usefulness of AP for patients undergoing dental 
procedures [28]. Evidence is based on observational studies 
only with a potential risk of bias.

Furthermore, we found no study able to answer this 
question in patients at moderate or low risk of IE. Hence, 
it remains unclear whether these patients may benefit from 
AP. Some case–control studies on the topic are very old and 
their validity is questionable [29–32]. Literature on the effect 
of AP in preventing IE in moderate and low-risk patients is 

scarce. The 2007 AHA Guidelines limited AP to high-risk 
patients and interventions, especially in the oral and dental 
area. A time-trend study based on the US population [13] 
suggested that following the change of the AHA guidelines, 
incidence of IE did not change in the low-risk population, 
but it showed a modest yet statistically significant increase 
in the moderate-risk population, and a dramatic increase in 
the high-risk population. The study did not show a causal 
relationship between the fall in AP prescription and the 

Fig. 1  A Literature search and filtering process. Numbers correspond 
to studies under consideration at each step. Green shows the final 
number of publications that met our inclusion criteria. Blue shows the 
number of publications for which we clearly describe the reason of 

inclusion/exclusion. B Contingency table for the included publication. 
C Plot of the effects of AP in the risk ratio of developing IE based on 
one publication
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increase in IE incidence. However, it provided support to 
the 2007 AHA Guidelines while a revision of criteria for the 
classification of moderate-risk patients was recommended. 
Similarly, another study based on the UK population [33] 
suggested the need of re-evaluating IE risk classification in 
patients with cardiac conditions, and showed that risk of 
IE in some moderate-risk individuals was similar to that 
of high-risk individuals. However, microorganism specific 
data are lacking in this study rendering interpretation of data 
difficult.

In 2015, a time-trend study in the UK [7] found a highly 
significant fall in AP prescription and a significant increase 
in the incidence of IE following the implementation of the 
NICE guidelines [16]. By contrast, a case-crossover design 
based on the Taiwanese population [12] showed that the 
association between the risk of IE and dental procedures was 
not statistically significant, even after adjusting for antibiotic 
use. The publication argued against the use of AP for dental 
procedures, claiming that dental procedures do not signifi-
cantly contribute to the risk of IE. A similar case-crossover 
design based in Israel [34] came to the same conclusion. In 
2006, a study of the French population [35] found a posi-
tive effect of AP for at-risk dental procedures in patients 
with predisposing cardiac conditions. The same study, nev-
ertheless, argued that a high number of patients would need 
AP to avoid one single case of IE [35]. The most recent 
evidence in this field is from a Swedish nationwide cohort 
study. The study did not find an increased incidence of oral 
streptococcal endocarditis among high-risk individuals after 
promoting the cessation of AP in dentistry for the prevention 
of infective endocarditis among high-risk individuals [36]. 
However, the registry-based study is questionable since a 
revision of the recommendations for AP in Swedish dentistry 
was issued, while the study was ongoing stating that AP 
could be considered if recommended by the patient’s den-
tist. Moreover, the information on dental procedures among 
individual study participants was lacking [36].

Other descriptive reviews reveal that dental procedures 
cause a minor number of IE, suggesting that AP could only 
prevent a very low proportion of cases [37–39]. However, 
estimates regarding the percentage of IE caused by dental 
procedures are very diverse [8], with some reports claim-
ing a risk of up to 30% in children [40]. Several case–con-
trol studies from the 1990s also reported no association 
between dental procedures and IE. In 1998, a case–control 
study performed in Philadelphia [29] proved that other 
factors related to cardiac valve pathologies than dental 
treatments might contribute to the development of IE. In 
this study [29], only very few participants received AP 
and the sample size was too small; thus, the effect of AP 
in the risk of developing IE was not conclusive. In 1995, 
a case–control study performed in France [30] stated that 
dental procedures were overall not related to an increased 

risk of IE, even though specific treatments such as scaling 
and root canal displayed trends towards a more elevated IE 
risk. In this study, however, authors did not consider those 
patients with IE who died, possibly leading to a biased 
analysis [1]. In 1992, another case–control study in the 
Netherlands [31] provided no evidence supporting that AP 
prior to an invasive dental procedure in high-risk patients 
is effective against IE (results were not statistically signifi-
cant). Similar to the cohort study included in our review, 
this study only included individuals with known cardiac 
risks. Opposed to these results, another case–control study 
from 1990, which included only high-risk patients with 
cardiac lesions [32], reported that the use of AP provided a 
statistically significant protective effect against IE. In this 
study, patients with IE who died were also excluded [1].

According to the 2015 ESC Guidelines [20], the ration-
ale behind the prescription of AP was developed in an 
attempt to prevent the attachment of bacteria to the endo-
cardium during transient bacteremia due to invasive den-
tal procedures. In line, multiple articles have reported 
an increase of bacteremia after dental procedures and a 
subsequent decrease when antibiotics are used [41–43]. 
Furthermore, an extensive meta-analysis published in 2017 
[3] showed the results of 21 studies and revealed that AP 
was associated with a much lower risk ratio for bacteremia 
as compared to placebo, with highly significant results. 
Despite these facts, however, a direct causal relationship 
between dental procedures and IE itself has never been 
established [44–47].

Taken together, our systematic review indicates a lack 
of evidence whether AP before dental procedures indeed 
prevents IE, especially for patients at low and moderate 
risk. So far, guidelines for the prevention of IE are based 
on expert opinion [14, 27, 28]. Nonetheless, due to the 
absence of RCTs and the limited number of conclusive 
observational studies, the evidence in favor or against the 
use of AP is scarce. Furthermore, the low incidence of IE 
[19] makes it difficult to properly investigate the topic, 
since a high number of patients should be included in the 
analyses to ensure a sufficient statistical power. In addition, 
dentists' opinions on this subject differ greatly. Hence, 
to provide a reliable fundament for future upgrades and 
improvements of the guidelines [14, 27, 28], it is crucial 
to perform well-designed and -powered studies that are 
capable to overcome all limitations mentioned throughout 
the present systematic review.
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