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Summary  Oral  health  is  of  particular  importance  in  patients  with  heart  valve  diseases  because
of the  risk  of  infective  endocarditis.  Recommendations  for  antibiotic  prophylaxis  before  dental
procedures  have  been  restricted,  but  the  modalities  of  oral  evaluation  and  dental  care  are
not detailed  in  guidelines.  Therefore,  a  multidisciplinary  working  group  reviewed  the  litera-
ture to  propose  detailed  approaches  for  the  evaluation  and  management  of  buccodental  status
in patients  with  valvular  disease.  Simple  questions  asked  by  a  non-dental  specialist  may  draw
attention to  buccodental  diseases.  Besides  clinical  examination,  recent  imaging  techniques  are
highly sensitive  for  the  detection  of  inflammatory  bone  destruction  directly  related  to  oral  or
dental infection  foci.  The  management  of  buccodental  disease  before  cardiac  valvular  surgery
should be  adapted  to  the  timing  of  the  intervention.  Simple  therapeutic  principles  can  be
applied even  before  urgent  intervention.  Restorative  dentistry  and  endodontic  and  periodon-
tal therapy  can  be  performed  before  elective  valvular  intervention  and  during  the  follow-up
of patients  at  high  risk  of  endocarditis.  The  detection  and  treatment  of  buccodental  foci  of
infection should  follow  specific  rules  in  patients  who  present  with  acute  endocarditis.  Implant
placement  is  no  longer  contraindicated  in  patients  at  intermediate  risk  of  endocarditis,  and  can
also be  performed  in  selected  high-risk  patients.  The  decision  for  implant  placement  should  fol-
low an  analysis  of  general  and  local  factors  increasing  the  risk  of  implant  failure.  The  surgical
and prosthetic  procedures  should  be  performed  in  optimal  safety  conditions.  It  is  therefore  now
possible to  safely  decrease  the  number  of  contraindicated  dental  procedures  in  patients  at  risk
of endocarditis.
© 2017  Elsevier  Masson  SAS.  All  rights  reserved.

MOTS  CLÉS
Implant  dentaire  ;
Endocardite

Résumé  L’hygiène  buccodentaire  revêt  une  importance  particulière  chez  les  patients  présen-
tant une  cardiopathie  valvulaire  en  raison  du  risque  d’endocardite  infectieuse.  Les  indications
d’antibioprophylaxie  ont  été  restreintes  mais  les  modalités  de  l’évaluation  et  des  soins
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infectieuse  ;
Foyers  infectieux
oraux  ;
Parodontopathie  ;
Valvulopathie

buccodentaires  ne  sont  pas  détaillées  dans  les  recommandations.  Ceci  a  conduit  à  un  groupe
de travail  multidisciplinaire  à  analyser  la  littérature  afin  de  proposer  des  approches  détaillées
pour l’évaluation  et  la  prise  en  charge  buccodentaire  chez  les  patients  ayant  une  cardiopathie
valvulaire.  Des  questions  simples  posées  par  un  non-spécialiste  peuvent  attirer  l’attention  sur
de possibles  lésions  buccodentaires.  En  plus  de  l’examen  clinique,  des  techniques  d’imagerie
récentes sont  très  sensibles  pour  la  détection  de  destructions  osseuses  inflammatoires  d’origine
infectieuse  orales  ou  dentaires.  Avant  une  intervention  valvulaire,  la  prise  en  charge  de  lésions
buccodentaires  doit  être  adaptée  à  la  chronologie  de  l’intervention.  Des  traitements  simples
peuvent être  appliqués  même  avant  une  intervention  urgente.  Des  soins  dentaires  conserva-
teurs et  endodontiques  peuvent  être  effectués  avant  une  intervention  valvulaire  élective  et
durant le  suivi  de  patients  à  haut  risque  d’endocardite.  La  détection  et  le  traitement  des  foy-
ers infectieux  buccodentaires  doit  suivre  des  règles  spécifiques  chez  les  patients  présentant  une
endocardite  aiguë.  La  mise  en  place  d’implants  n’est  plus  contre-indiquée  chez  les  patients  à
risque intermédiaire  d’endocardite  et  peut  être  effectuée  aussi  chez  certains  patients  à  haut
risque. La  décision  de  mise  en  place  d’un  implant  dentaire  doit  suivre  une  analyse  des  facteurs
généraux  et  locaux  augmentant  le  risque  d’echec  implantaire.  Les  procédures  chirurgicales  et
prothétiques  doivent  être  réalisées  dans  des  conditions  optimales  de  sécurité.  Il  est  donc  désor-
mais possible  de  réduire  le  nombre  de  procédures  dentaires  contre-indiquées  chez  les  patients
à risque  d’endocardite.
© 2017  Elsevier  Masson  SAS.  Tous  droits  réservés.
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ral  health  should  be  part  of  hygiene  measures  in  the  gen-
ral  population,  but  it  is  of  particular  importance  in  patients
ith  valvular  heart  disease  because  of  the  risk  of  infective
ndocarditis  (IE),  which  can  be  caused  by  bacteraemia  of
uccodental  origin.  The  risk  of  IE  has  led,  over  a  long  period
f  time,  to  wide  indications  for  antibiotic  prophylaxis  before
nvasive  procedures  and  to  the  aggressive  management  of
ental  diseases,  particularly  the  contraindication  of  most
onservative  procedures  and  implant  placement  [1]. The
ast  decade  has  been  marked  by  changes  in  the  pathophys-
ological  concepts  of  IE,  and  by  innovations  in  imaging  and
echniques  for  dental  care.  Regarding  the  prevention  of  IE,
ecent  guidelines  have  consistently  reduced  indications  for
ntibiotic  prophylaxis,  and  highlight  the  need  for  buccoden-
al  hygiene  [2—7];  however,  they  do  not  address  in  detail  the
pecific  issue  of  the  modalities  of  buccodental  evaluation
nd  management  in  patients  with  heart  valve  diseases.

The  working  group  on  valvular  disease  of  the  French
ociety  of  Cardiology,  the  French  Society  of  Oral  Surgery,
he  French  Society  of  Periodontology  and  Implantology,  the
rench  Society  of  Endodontics  and  the  Francophone  Soci-
ty  of  Infectious  Disease  took  the  initiative  of  setting  up  a
ultidisciplinary  working  group  to  review  the  current  lit-

rature.  This  document  proposes  detailed  approaches  for
he  evaluation  and  management  of  buccodental  status  in
atients  with  valvular  disease  according  to  the  clinical  con-
ext,  and  updated  principles  for  therapeutic  management,
ith  a  particular  emphasis  on  oral  implantology.

iterature search
or  the  different  subject  headings,  we  conducted  a  series
f  literature  searches  in  Medline  via  the  PubMed  database
f  the  United  States  National  Library  of  Medicine,  for

a
o

a

rticles  published  in  English  from  January  2000  until  Octo-
er  2016,  using  the  following  key  words:  dental  implant;
ral  hygiene;  oral  bacteraemia;  infective  endocarditis;
eri-implantitis;  endodontic  therapy;  periodontitis;  smok-
ng;  diabetes;  rheumatoid  arthritis;  valvular  disease;  and
mmunosuppressive  therapies.  The  search  strategy  included
linical  and  experimental  studies,  systematic  reviews  and
eta-analyses.

urrent presentation of IE and
ecommendations for prophylaxis

he  annual  incidence  of  IE  is  estimated  at  30  per  million
nhabitants  in  France,  which  represents  1500  to  2000  cases
er  year  [8].  Treatment  requires  prolonged  intravenous
ntibiotic  therapy,  and  half  of  patients  undergo  valvular
urgery  during  the  acute  phase  of  IE.  Mortality  remains
igh:  approximately  20%  for  in-hospital  mortality,  and  40%  at

 years.  The  distribution  of  the  responsible  microorganisms
as  changed  over  time,  with  a  decrease  in  the  frequency
f  oral  streptococci, which  now  account  for  19%  of  cases  in
rance,  while  staphylococci  have  become  the  most  frequent
ause  of  IE,  in  35%  of  cases  [8,9].

Prevention  of  IE  initially  focused  on  antibiotic  prophy-
axis  to  reduce  transient  high-grade  bacteraemia  occurring
uring  invasive  procedures,  particularly  dental  care.  It  is
ow  recognized  that  low-grade  but  repeated  bacteraemia
ccurs  during  daily-life  activities  (tooth  brushing,  chewing,
tc.)  and  may  cause  IE  on  diseased  valves  [10,11]. These
aily  low-grade  bacteraemias  are  not  amenable  to  antibi-
tic  prophylaxis,  but  depend  on  oral  hygiene,  and  represent
 rationale  for  the  detection  and  treatment  of  all  infectious
ral  foci  in  patients  at  risk  of  IE.

Indications  for  antibiotic  prophylaxis  before  oral  care
re  now  restricted  to  patients  at  high  risk  of  IE  (Table  1)
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Table  1  Cardiac  conditions  at  highest  risk  of  infective
endocarditis  for  which  prophylaxis  should  be  considered
when  a  high-risk  procedure  is  performed;  from  the  2015
European  society  of  cardiology  guidelines  for  the  mana-
gement  of  infective  endocarditis  [5].

Recommendations Class  of
recommen-
dation

Level  of
evidence

Antibiotic  prophylaxis  should
be  considered  for  patients  at
highest  risk  for  IE

IIa C

Patients  with  any
prosthetic  valve,  including  a
transcatheter  valve,  or  those
in  whom  any  prosthetic
material  was  used  for  cardiac
valve  repair

Patients  with  a  previous
episode  of  IE

Patients  with  CHD
Any  type  of  cyanotic  CHD
Any  type  of  CHD  repaired

with  a  prosthetic  material,
whether  placed  surgically  or
by  percutaneous  techniques,
up  to  6  months  after  the
procedure  or  lifelong  if
residual  shunt  or  valvular
regurgitation  remains
Antibiotic  prophylaxis  is  not
recommended  in  other  forms
of  valvular  heart  disease  or
CHD

III C

situations:  specific  oral  consultation  before  valve  replace-
ment/repair;  specific  oral  consultation  during  the  acute
phase  of  IE;  and  specific  oral  consultation  for  high-risk
patients.

Clinical evaluation by the non-dental specialist

General  practitioners,  cardiologists  and  cardiac  surgeons  are
generally  the  first  practitioners  involved  in  the  initial  evalu-
ation  or  follow-up  of  patients  either  with  native  heart  valve
diseases  or  after  valvular  surgery.  It  is  therefore  of  impor-
tance  that  these  practitioners  are  aware  of  certain  simple
questions  to  be  asked  at  each  visit  (Table  2).  A  positive
answer  to  any  of  these  questions  reveals  a  concern,  and
should  lead  to  a  prompt  specific  consultation  with  a  dental
surgeon.

Clinical evaluation by the odontologist

The  dentist’s  consultation  should  include  a  complete  clinical
examination,  as  detailed  in  Table  3.

Table  2  Standard  questions  to  be  asked  by  the  non-
specialist  to  patients  with  valvular  heart  disease.

Do  your  teeth  hurt?
Do  your  gums  hurt  or  bleed  during  brushing  or

spontaneously?
Do  you  think  that  your  teeth  move  or  that  they  have

moved?
Do  you  have  the  impression  that  you  have  a  bad  taste  or

a  bad  breath  in  your  mouth?
Do  you  feel  uncomfortable  in  your  mouth?
Have  you  lost  some  teeth  recently?
Do  you  feel  a  swelling  in  your  mouth?
Have  you  noticed  a  colour  change  in  one  of  your  teeth?

At least one positive answer should lead to a consultation with
a dentist.

Table  3  Clinical  examination  by  the  odontologist.

Signs,  symptoms  Pain,  swelling,
suppuration,
halitosis,
bleeding

Dental  examination  Evaluation  of
caries  risk,  teeth
mobility,
percussion  and
vitality

Periodontal  examination  Plaque
accumulation,
calculus  deposits,
inflammation,
CHD: congenital heart disease; IE: infective endocarditis.

[5].  The  recommended  regimen  of  antibiotic  prophylaxis  is
the  administration  of  2  g  of  amoxicillin,  30  to  60  minutes
before  the  dental  procedure,  or  600  mg  of  clindamycin  in
case  of  allergy  to  penicillin.  Patients  at  intermediate  risk
of  IE  are  those  with  native  valve  disease,  congenital  heart
disease  (CHD)  with  left-to-right  shunts  except  atrial  sep-
tal  defects  and  hypertrophic  cardiomyopathy.  Antibiotic
prophylaxis  is  not  indicated  in  intermediate-risk  patients.
In  all  patients,  general  and  dental  hygiene  measures  are
mandatory.

General principles of oral evaluation of
patients with heart valve disease

General  recommendations  have  been  provided  for  the  diag-
nosis  and  management  of  oral  foci  of  infections  [12]. The
search  for  oral  infectious  foci  (dental,  periodontal,  mucosal)
and  their  management  in  patients  at  risk  of  IE  correspond  to

different  situations,  and  should  therefore  be  adapted.

In  addition  to  general  principles,  the  working  group
proposes  to  address  the  clinical  examination  and  work
conducted  during  these  consultations  in  three  distinctive

pocket  depth
Mucosal  examination  Labial,  jugal,

lingual
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igure 1. Indications for imaging according to clinical context.

maging techniques

dditional  imaging  investigations  are  mandatory  for  a  care-
ul  search  for  oral  infectious  foci.  A  panoramic  X-ray
hould  be  performed  systematically  [12],  but  other  imaging
echniques  should  be  considered  according  to  the  clinical
ontext,  particularly  in  doubtful  cases  (Fig.  1).

Other  investigations,  such  as  computed  dental  tomogra-
hy  and  large  filed  cone  beam  computed  tomography  (CBCT)
hould  be  indicated  according  to  the  patient’s  risk  of  IE,  the
linical  context,  the  findings  of  clinical  examination  by  the
dontologist  and  the  therapeutic  decision.

Conventional  radiography  (intraoral  techniques,
anoramic  X-ray)  provides  only  a  two-dimensional  view
f  three-dimensional  complex  structures,  which  can  lead
o  underestimation  of  bone  loss,  apical  radiolucencies,
pical  periodontitis,  root  number  and  morphology.  Indeed,
he  persistence  of  the  buccal  cortical  bone  induces  a
alse-positive  X-ray  result,  as  it  hides  medullar  bone
esorption.  CBCT  is  a  widely  used  diagnostic  method  in
entomaxillofacial  radiology,  showing  excellent  accuracy
ith  relatively  low  cost  and  low  radiation  dose.  Recent

tudies  underline  an  important  difference  in  sensitivity
n  the  detection  of  periapical  radiolucencies,  depending
n  the  imaging  techniques  used  (28%,  55%  and  100%  for
anoramic  X-ray,  periapical  X-ray  and  CBCT,  respectively).
hree-dimensional  imaging  reveals  a  higher  prevalence
f  periapical  radiolucencies  and  better  exploration  in  the
axillomandibular  complex  (nerve  location,  bone  thick-

ess,  superposition  of  maxillary  sinus)  versus  conventional
adiography  [13—15].

The  working  group  proposes  that  CBCT  should  be  used
n  certain  demanding  situations  where  high  sensitivity  is

eeded  for  the  detection  of  oral  infectious  foci,  notably
n  the  presence  of  root  canal-treated  teeth  or  if  there  is
ny  other  doubt  about  the  endodontic  status  of  restored
eeth  or  periapical  lesions.  The  performance  of  CBCT  is  also

T
i
p
s

ecommended  at  the  beginning  of  follow-up  after  valvular
intervention.

ral management of patients with heart
alve disease: specific situations

efore valve intervention

he  majority  of  patients  who  will  undergo  valvular  interven-
ion  have  native  valve  disease,  and  are  therefore  at  inter-
ediate  risk  of  IE.  However,  it  should  be  anticipated  that

hese  patients  will  become  at  high  risk  of  IE  after  valve  inter-
ention,  whether  it  is  surgical  valve  replacement  or  repair,
r  transcatheter  valve  implantation.  Therefore,  a  thorough
earch  for  and  treatment  of  oral  infectious  foci  are  needed
efore  valvular  intervention,  but  their  modalities  should  be
dapted  to  the  timing  of  the  valvular  intervention.  Valvular
ntervention  concerns  prosthetic  valve  replacement,  valve
epair  or  transcatheter  valve  implantation,  as  patients  will
e  at  high  risk  of  IE  after  any  of  these  procedures  [5].

rgent surgery (within 1 week)
hen  there  is  an  indication  for  urgent  valvular  intervention,

here  is  only  a  short  time  available  for  odontological  evalua-
ion  and,  even  more  so,  for  treatment.  The  aim  is  to  detect
he  most  active  infectious  sites,  which  are  often  associated
ith  pain  or  swelling,  to  limit  the  bacterial  load  and  the

isk  of  high-grade  bacteraemia.  Oral  evaluation  is  limited
o  a  clinical  examination  and,  if  possible,  is  completed  by
anoramic  X-ray.

herapeutic  management

herapeutic  management  involves:  elimination  of  oral  acute

nfectious  foci  (facial  cellulitis,  periodontal  abscess,  acute
ericoronitis)  (Fig.  2);  extraction  of  compromised  teeth  with
ymptomatic  apical  periodontitis  or  pathological  mobility
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Figure 2. Clinical and radiographic views of oral acute infectious foci. A. Intraoral fistula of endodontic origin (necrosis of the first right
 dent
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molar). B. Intraoral radiograph showing a large decay affecting the

(no  healing  time  between  extractions  and  cardiac  surgery  is
required  in  these  situations);  preoperative  oral  decontam-
ination  with  chlorhexidine  0.12%  or  0.2%,  24  hours  before
cardiac  surgery  (mouth  rinse  for  1  minute  after  each  meal);
scaling,  if  it  can  be  performed  at  least  48  hours  before
surgery;  and  a  written  report  to  the  cardiologist  regarding
orodental  therapeutic  decisions  before  surgery  and  detailed
instructions  for  modalities  of  additional  dental  care  and
follow-up  after  valvular  surgery.

The  usefulness  of  preoperative  oral  decontamination
with  chlorhexidine  remains  a  matter  of  debate.  American
Heart  Association  (AHA)  guidelines  initially  suggested  the
need  to  combine  antibiotic  prophylaxis  with  chlorhexidine
disinfection  for  high-risk  IE  patients  [16];  this  was  also
advised  by  the  British  Society  for  Antimicrobial  Chemother-
apy  in  1992  [17].  In  1997,  the  AHA  recognized  the  need  to  use
antiseptic  mouthwash  before  dental  manipulation  [18]. In
2006  the  0.2%  chlorhexidine  mouthwash  protocol  (10  mL  for
1  minute)  was  recommended  before  any  dental  manipulation
to  diminish  postoperative  bacteraemia  [3].

Conversely,  in  2007  and  2008,  the  AHA  and  National  Insti-
tute  for  Health  and  Care  Excellence  no  longer  recommended
the  use  of  antiseptics  before  dental  procedures,  following
study  results  that  underlined  that  bacteraemia  was  not  sig-
nificantly  reduced  by  this  disinfection  [6,7].

Recently,  studies  involving  a  larger  number  of  patients
showed  that  the  use  of  0.2%  chlorhexidine  mouthwash
before  dental  procedures  decreased  postoperative  bacter-
aemia  [19—21].  In  addition,  perioperative  oral  chlorhexidine
significantly  decreases  the  incidence  of  nosocomial  infec-
tion  and  postoperative  pneumonia  in  patients  undergoing
elective  cardiac  surgery  [22—24].

Despite  discrepancies,  current  evidence  has  led  the  work-
ing  group  to  suggest  the  use  of  0.12%  or  0.2%  chlorhexidine
mouthwash  1  day  systematically  before  valvular  interven-
tion.
Before elective surgery
Patients  undergoing  elective  surgery  are  most  often  at
intermediate  risk  of  IE,  and  invasive  (conservative)  den-
tal  procedures  are  not  contraindicated.  In  these  situations
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al pulp of this tooth and periapical radiolucency.

here  the  indication  for  surgery  is  not  urgent,  odontological
valuation  should  be  performed  weeks  before  the  interven-
ion  to  allow  enough  time  for  optimal  dental  care,  if  needed.

The  odontologist  has  a  major  preventative  role,  and
hould  consider  conservative  dental  care,  always  keeping
n  mind  that  after  valve  replacement  or  repair,  the  patient
ill  be  at  high  risk  of  IE  with  inherent  contraindicated  pro-
edures.

The  goal  throughout  these  consultations  is  also  to  empha-
ize  the  importance  of  odontological  follow-up  after  valve
urgery.

herapeutic  management
on-conservative  procedures  are  mandatory  in  the  following
ases:  elimination  of  oral  acute  infectious  foci  (facial  celluli-
is,  periodontal  abscess,  acute  pericoronitis);  and  extraction
f  compromised  teeth  with  symptomatic  apical  periodonti-
is  or  pathological  mobility.  Alternative  therapeutic  options
an  be  considered  in  selected  cases,  detailed  below.

eriodontal  management:  exploration  of  periodontal
tatus
eriodontal  management  involves  non-surgical  therapy  (oral
ealth  education,  scaling,  root  planning,  maintenance).
ecent  investigations  have  shown  that  the  maintenance
f  oral  hygiene  by  regular  scaling  may  reduce  the  risk  of
nfectious  diseases  [25,26]. The  working  group  proposes
eriodontal  treatment  before  surgery.

estorative  dentistry  and  endodontic  therapy:  dental
aries management
o  limit  the  risk  of  dental  caries  and  its  sequelae,  the  group
roposes  the  daily  topical  application  of  fluoride  gel  (1%)  by
eans  of  custom-fabricated  carriers  [27]. The  discovery  of

pical  endodontic  radiolucencies  without  symptoms  (pain
r  swelling)  or  the  presence  of  deep  caries  on  a  molar

hould  lead  to  the  consideration  of  endodontic  therapy  as  a
rst-line  treatment  rather  than  systematic  tooth  extraction
see  section  entitled  ‘‘Oral  follow-up  of  patients  at  high
isk  of  IE’’  for  details).
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ral  implantology
mplant  placement  is  no  longer  contraindicated  in  patients
t  intermediate  risk  of  IE  [28].  However,  when  valve  inter-
ention  is  planned,  we  propose  that  the  same  precautions
hould  be  taken  as  in  high-risk  patients  (see  section  entitled
‘Oral  implantology  in  patients  at  high  risk  of  IE’’).

atient  information
atient  information  on  meticulous  oral  hygiene,  including
ecall  programmes  after  valve  intervention,  should  be  pro-
ided.

uring acute IE

his  is  a  less  frequent  situation,  which  is  part  of  the  search
or  a  portal  of  entry  during  the  management  of  acute  IE;
t  should  be  performed  regardless  of  the  microorganism
nvolved,  as  patients  with  IE  are  at  high  risk  of  recurrent
E,  which  may  be  due  to  other  microorganisms.

The  need  for  high  sensitivity  in  the  detection  of  dental
nfectious  foci  in  the  context  of  acute  IE  leads  the  working
roup  to  recommend  the  systematic  performance  of  CBCT
Fig.  3).

Of  course,  valvular  surgery  should  not  be  postponed  if
here  is  an  emergent  or  urgent  indication  and,  in  these
ases,  an  additional  odontological  workup  will  be  performed
fter  surgery.  Because  IE  requires  prolonged  antibiotic  ther-
py  and  close  initial  follow-up,  it  is  important  to  take  the
pportunity  of  the  duration  of  hospital  stay  to  perform  a
omplete  evaluation  of  oral  status  and  to  initiate  dental
are,  if  needed.

herapeutic management
herapeutic  management  involves:  elimination  of  oral
cute  infectious  foci  (facial  cellulitis,  periodontal  abscess,
cute  pericoronitis);  extraction  of  compromised  teeth  with
ymptomatic  apical  periodontitis  or  pathological  mobility;
nd  preoperative  oral  decontamination  with  chlorhexidine
.12%,  24  hours  before  cardiac  surgery  (see  section  entitled
‘Urgent  surgery  [within  1  week]).

No  conservative  dental  procedures  are  considered  in
atients  with  acute  IE,  as  patients  with  previous  IE  are  at
articularly  high  risk  of  IE  recurrence  [29,30].

ral follow-up of patients at high risk of IE

eart  diseases  at  high  risk  of  IE  are  detailed  in  Table  1. These
ituations  are  characterized,  not  only  by  a  higher  incidence
f  IE,  but  also  by  higher  morbidity  and  mortality  as  a  result
f  IE  compared  with  patients  at  intermediate  risk  of  IE.

A  number  of  dental  procedures  were  initially  contraindi-
ated  in  patients  at  high  risk  of  IE  [1].  There  is  a  consensus
or  careful  maintenance  of  oral  health,  and  odontological
ollow-up  is  recommended  every  4—6  months  [12].  This  is,
owever,  applied  infrequently  in  practice  [31].  Anticoagu-
ant  therapy  is  also  given  frequently,  and  is  systematic  in
atients  with  mechanical  prostheses,  but  should  not  be  a

imitation,  as  most  dental  procedures  can  be  performed
nder  oral  anticoagulant  therapy  [32,33].

Among  high-risk  patients,  supplementary  caution  is
eeded  for  patients  with  a  history  of  IE.
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herapeutic management
herapeutic  management  involves:  elimination  of  oral  acute

nfectious  foci  (facial  cellulitis,  periodontal  abscess,  acute
ericoronitis);  and  extraction  of  compromised  teeth  with
ymptomatic  apical  periodontitis  or  pathological  mobility.
ther  possible  therapeutic  options  are  detailed  below.

eriodontitis  management
eriodontitis  management  involves  initial  non-surgical
herapy  (oral  health  education,  scaling,  root  planning,  main-
enance).

estorative  dentistry  and  endodontic  therapy
estorative  dentistry  and  endodontic  therapy  were  ini-
ially  contraindicated  in  these  patients  [1], but  this  was
ot  based  on  evidence,  and  other  guidelines  did  not  pro-
ide  the  same  restrictions  [2—5,7]. Contraindicated  dental
rocedures  initially  include,  in  particular,  endodontic  treat-
ent  of  necrotic  teeth.  Only  single-rooted  and  treatable

ital  teeth  can  be  treated  in  one  session  under  a  dam  [1].
owever,  deep  caries  management  with  pulpectomy  and
ndodontic  therapy  of  necrotic  teeth  is  likely  to  be  per-
ormed,  with  a  low  risk  of  infectious  complications,  even
n  high-risk  patients.  There  is  growing  evidence  from  the  lit-
rature  that  bacteraemia  caused  by  endodontic  treatment
s  low,  and  less  than  many  other  oral  dental  procedures
equiring  antibiotic  prophylaxis  [34].  In  routine  consulta-
ion,  the  discovery  of  apical  radiolucencies  or  the  presence
f  deep  caries  on  a  molar  was  initially  considered  to  require
ooth  extraction  [1].  Recent  studies  suggest  that  CBCT  is  a
aluable  adjunct  in  diagnosis,  treatment  planning  and  post-
reatment  assessment  after  endodontic  procedures  [35,36].
he  working  group  proposes  allowing  endodontic  therapy  for
eeth  diagnosed  with  pulpitis  or  pulp  necrosis,  but  also  for
eeth  presenting  apical  periodontitis  related  to  endodontic
nfection.

In  parallel  to  the  clinical  diagnosis,  the  difficulty  of
reatment  and  the  expertise  of  the  clinician  must  also  be
onsidered.  When  the  treatment  can  be  completed  in  one
ession  with  a  low  risk  of  infected  debris  propulsion  over
he  apical  foramen  of  the  tooth,  endodontic  treatment  and
ome  retreatments  should  be  considered.  CBCT  imaging  is

 useful  tool  to  estimate  the  difficulty  of  the  treatment  to
e  carried  out.  These  patients  should  be  referred  to  a  spe-
ialist  practitioner  (specialist  in  endodontics  or  in  oral  and
ental  medicine)  who  is  trained  to  perform  these  types  of
reatments  in  ideal  conditions  to  avoid  any  infectious  dis-
ase.  Of  course,  these  treatments  must  be  performed  under
ntibiotic  prophylaxis.

ental  implants
he  use  of  dental  implants  is  no  longer  contraindicated  in

atients  at  high  risk  of  IE,  but  should  be  discussed  individ-
ally  after  cardiac  recovery,  stabilization  of  anticoagulant
reatments  and  regular  dental  follow-up  (see  section  enti-
led  ‘‘Oral  implantology  in  patients  at  high  risk  of  IE’’).
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Figure 3. Imaging techniques during acute infective endocarditis. A. Initial panoramic X-ray showing doubtful radiolucency involving the
ree-
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Oral implantology in patients at high risk
of  IE

The  objective  is  to  propose  a  ‘‘framework  of  implant  prac-
tice’’  in  patients  at  high  risk  of  IE,  taking  into  account  the
risk  of  implant  failure  or  infectious  complication.

Evolution of recommendations

In  the  2002  French  consensus,  the  use  of  dental  implants  was
contraindicated  in  any  patient  at  intermediate  or  high  risk  of
IE  [1],  because  of  concerns  regarding  the  risk  of  infectious
complications  and  the  lack  of  data.  In  2011,  a  document
from  the  Agence  nationale  de  sécurité  du  médicament  et  des
produits  de  santé  (ANSM)  allowed  the  use  of  dental  implants
in  patients  at  intermediate  risk  of  IE,  but  maintained  the
contraindication  in  patients  at  high  risk  [28].  The  use  of  den-
tal  implants  was  not  addressed  in  the  2009  European  Society
of  Cardiology  (ESC)  guidelines  on  IE  or  in  guidelines  from  the
USA  [2,4,7,37].  Recently,  the  2015  ESC  guidelines  stated  that
‘‘The  opinion  of  the  Task  Force  is  that  there  is  no  evidence
to  contraindicate  implants  in  all  patients  at  risk.  The  indica-
tion  should  be  discussed  on  a  case-by-case  basis.  The  patient
should  be  informed  of  the  uncertainties  and  the  need  for
close  follow-up’’  [5].

However,  very  few  clinical  data  are  available.  An  obser-
vational  study  did  not  report  infectious  complications  during
a  2-  to  18-year  follow-up  of  patients  at  high  risk  of  IE
who  received  dental  implants  [38].  The  relevance  of  these
findings  is  limited  by  small  sample  size  (57  implants  in
13  patients  with  16  implant  placement  procedures).

Dental  implants  are  now  widely  used  to  replace  missing
natural  teeth,  and  survival  rates  of  oral  implants  have  been
reported  to  be  at  least  90%  at  10  years  [39,40].  Rehabili-
tating  edentulous  alveolar  ridges  by  dental  implant  are  of
potential  interest  in  patients  at  high  risk  of  IE,  in  whom
therapeutic  options  are  limited  because  of  the  contraindica-
tion  of  most  conservative  dental  procedures.  This  treatment

option  is  also  subject  to  a  strong  demand  by  both  patients
and  practitioners.  This  led  the  working  group  to  analyse
current  knowledge  on  risk  factors  for  implant  failure,  to  pro-
pose  an  individualized  approach  in  practice  when  discussing
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dimensional cone beam computed tomography imaging, confirming
e destruction.

mplant  placement  in  patients  with  valvular  disease  at  high
isk  of  IE.

otential infectious risks related to dental
mplants

he  placement  of  implants  may  be  associated  with  mechan-
cal,  aesthetic  or  biological  complications.  The  two  main
ssues  regarding  infectious  risk  are  immediate  bacterial
ontamination  at  implant  insertion  and  late  failure  with
eri-implant  disease,  where  bacterial  community-induced
nflammation  causes  progressive  and  irreversible  disease  in
he  hard  and  soft  tissues  surrounding  the  implant.

nfectious risk at implant insertion
lthough  bacteraemia  has  been  shown  to  occur  after

nvasive  dental  procedures,  such  as  extraction  and  local
naesthesia,  only  two  studies  have  been  published  on  bac-
eraemia  following  implant  placement  [20,41].  The  results
nderline  that  bacteraemia  related  to  implant  placement  is
ow  grade  and  less  marked  than  for  other  invasive  proce-
ures  and/or  daily  oral  hygiene  activities  [10,42].

Bacteraemia  could  be  further  decreased  by  a  prophy-
actic  antiseptic  mouth  rinse  with  0.2%  chlorhexidine  just
efore  surgical  intervention,  as  proposed  previously  by  the
ritish  Society  for  Antimicrobial  Chemotherapy  [3].

ate failure with peri-implant disease
eri-implantitis  is  an  infectious  disease  associated  with  bone
oss  around  the  implant,  combined  with  bleeding  on  probing
nd  abnormal  probing  depth  (Fig.  4).  Various  rates  have  been
eported,  but  recent  reliable  estimations  suggest  that  this
omplication  occurs  in  approximately  10%  of  implants  [43].

This  bacterial  disease,  which  can  occur  up  to  10  years
fter  implant  placement,  can  sometimes  lead  to  the  removal
f  implants.  To  date,  there  are  no  specific  recommendations

or  the  treatment  of  peri-implantitis.  It  is  therefore  crucial,
articularly  in  patients  at  high  risk  of  IE,  to  identify  and
ssess  all  risk  factors  for  peri-implantitis  that  represent  a
ossible  cause  of  bacterial  contamination.



490  S.  Millot  et  al.

F aphy 

i w of 

e
d
f
t
fi
t
i
i

s
m
d

F
p

C
d
S
T
i
d
b
o
a
a
c
i
g
o
w

D
T
o
h
p
a
H
i
p

a

a
i
t

C
D
s
c
i
t
r

L
p
O
I
r
i

i
g
p
t
p
i
p
i
I

d
o
r

H
P
i
o
a
a
[

igure 4. Peri-implantitis. A. Clinical view. B. Periapical radiogr
mplant bone loss involving 50% of the distal implant length. C. Vie

Despite  pathogenic  similarities  between  periodontal  dis-
ases  around  natural  teeth  and  peri-implantitis  around
ental  implants,  the  vascular  anatomical  environment  is  dif-
erent,  inducing  crucial  clinical  discrepancies.  Periodontal
issues  are  richly  vascularized,  and  represent  an  effective
rst-line  defence  mechanism  against  periopathogens,  while
he  corresponding  peri-implant  tissue  is  much  less  vascular-
zed  because  of  the  absence  of  periodontal  ligament,  making
t  more  vulnerable  to  bacterial  contamination.

Finally,  if  dental  implant  placement  performed  under
trict  aseptic  conditions  induces  low-grade  bacteraemia,  the
aintenance  of  oral  health  around  implants  is  mandatory  to
ecrease  the  risk  of  infections  in  patients  at  risk  of  IE.

actors influencing patient susceptibility to
eri-implant infection and implant failure

ardiovascular risk factors and general
iseases
moking
he  results  in  the  literature  regarding  the  effects  of  smok-

ng  on  implant  complications  are  heterogeneous  regarding
efinitions  of  smoking,  duration  and  cumulative  quantity,
ut  there  is  now  strong  evidence  to  link  smoking  and  risk
f  implant  failure.  Recent  systematic  reviews  and  meta-
nalyses  [44,45]  show  that  implant  failure  (loss  of  implant)
nd  risk  of  local  infection  are  twice  as  high  in  smokers
ompared  with  non-smokers.  Given  the  increased  risk  of
nfection  in  patients  at  high  risk  of  IE,  the  working  group  sug-
ests  avoiding  implant  therapy  in  active  smokers,  regardless
f  the  number  of  cigarettes  per  day,  and  in  former  smokers
ho  stopped  less  than  2  years  previously.

iabetes
he  association  between  uncontrolled  diabetes  and  peri-
dontal  disease  is  now  well  established.  Severe  periodontitis
as  a  deleterious  effect  on  glycaemic  control  in  diabetic
atients.  The  link  between  peri-implantitis  and/or  bone  loss
nd  uncontrolled  diabetes  is  suggested  in  the  literature  [46].
owever,  a  recent  meta-analysis  did  not  show  any  difference
n  implant  success  rate  between  well-stabilized  diabetic
atients  and  patients  with  uncontrolled  diabetes  [47].

Given  the  tight  links  between  periodontitis  and  diabetes,
nd  other  pathogenic  similarities  between  periodontitis

d
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showing low osseous density around the mesial implant, and peri-
the osseous defects after surgical debridement.

nd  peri-implantitis,  the  working  group  suggests  avoiding
mplant  therapy  in  patients  at  high  risk  of  IE  with  uncon-
rolled  diabetes  (glycated  haemoglobin  [HbA1C]  >  7%).

orticosteroids  and  immunosuppressive  therapies
espite  the  number  of  patients  treated  with  immuno-
uppressive  therapy,  a  possible  increase  in  infectious
omplications  after  implant  surgery  has  not  been  established
n  the  literature.  The  group  cannot  propose  a  recommenda-
ion  to  restrict  the  indication  of  implants  in  patients  at  high
isk  of  IE  who  are  treated  with  immunosuppressive  therapy.

ocal factors influencing the incidence of
eri-implantitis and infection
ral  hygiene

t  is  unanimously  recognized  that  oral  hygiene  is  a  crucial
isk  factor  related  to  gingival,  periodontal  and  peri-implant
nfectious  diseases.

Experimental  studies  on  healthy  subjects  with  dental
mplants  emphasize  that  the  lack  of  oral  hygiene  induces  gin-
ival  inflammation,  and  has  a  more  important  impact  on  the
eri-implant  tissue  than  on  the  gingiva  surrounding  natural
eeth  [48].  Recent  published  data  also  show  a  link  between
oor  oral  hygiene,  the  incidence  of  peri-implantitis  and  peri-
mplant  bone  loss  [49]. Moreover,  Lockhart  et  al.  have  also
ointed  out  that  poor  oral  hygiene  is  associated  with  an
ncreased  risk  of  developing  bacteraemia,  which  could  cause
E  [50].

The  working  group  proposes  restricting  the  placement  of
ental  implants  to  compliant  patients  for  whom  meticulous
ral  hygiene  is  checked  and  plaque  control  level  is  assessed
egularly  (twice  a  year).

istory  of  periodontitis
atients  with  a  history  of  periodontitis  (indicating  an  altered
mmune  inflammatory  response  to  oral  bacteria  challenge)
r  residual  periodontal  pockets  ≥  5  mm  have  a  higher  prob-
bility  of  developing  peri-implantitis,  marginal  bone  loss
round  implants  and,  ultimately,  implant  failure  (Fig.  5)
51].
The  working  group  proposes  restricting  the  placement  of
ental  implants  to  patients  with  no  active  periodontitis,  and
n  whom  the  disease  has  been  controlled  for  at  least  1  year.
t  is  possible  that  in  the  near  future,  identification  of  genetic
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Figure 5. Clinical views illustrating (A) a healthy periodontium and (B) chronic periodontal disease. Periodontal disease is characterized
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by severe gingival inflammation in the mandibular arch, with spont
migration. Calculus deposits are apparent along the gingival margin

polymorphisms  may  help  to  identify  patients  at  high  risk  of
active  periodontitis.

Maintenance  therapy  for  the  prevention  of  peri-
implant disease
The  pathophysiological  similarities  between  peri-implantitis
and  periodontitis,  and  the  increasing  evidence  for  a  posi-
tive  effect  of  maintenance  therapy  in  preventing  tooth  loss,
have  led  to  an  evaluation  of  the  impact  of  supportive  main-
tenance  therapy  to  prevent  peri-implant  disease.  Recent
studies  showed  that  a  strict  maintenance  programme  after
placement  of  implants  is  crucial  to  prevent  biological  and
infectious  complications  related  to  implants  [52,53].  Strict
adherence  to  oral  hygiene  procedures,  with  visits  to  a  spe-
cialist  every  6  months,  is  recommended  for  maintenance.

These  findings  underline  that  oral  health  and  supportive
maintenance  are  key  factors  for  the  prevention  of  dental
implant  complications.  Patient  adherence  to  the  treatment
should  be  assessed.

The  working  group  proposes  that  implant  therapy  in
patients  at  high  risk  of  IE  requires  complete  periodontal
examination  to  assess  the  absence  of  active  periodon-
tal  disease  and  residual  pockets.  Dental  implant  success
requires  the  initiation  of  long-term  post-treatment  twice-
a-year  recall  programmes.  The  compliance  of  patients  at
high  risk  of  IE  should  be  carefully  assessed  before  implant
surgery.

Risk factors related to  heart disease
Cardiac  conditions  at  the  highest  risk  of  IE  do  not  all  carry  the
same  risk  of  IE  (Table  1).  Patients  with  previous  IE  have  a  risk
of  annual  recurrence  estimated  at  20  to  60  per  1000  [29,30],
while  the  incidence  of  IE  is  markedly  lower  in  patients  with  a
heart  valve  prosthesis,  estimated  at  3  to  12  per  1000  patient-
years  [5,54].

Therefore,  the  working  group  proposes  to  contraindicate
dental  implants  in  patients  with  a  previous  episode  of  IE.  In
other  high-risk  conditions  (any  prosthetic  valve  and  certain
CHDs),  there  is  no  evidence  to  systematically  contraindicate
oral  implantology.

Another  factor  to  consider  is  anticoagulant  therapy  for

patients  with  a  mechanical  valve  prosthesis.  These  patients,
under  lifelong  anticoagulant  therapy,  are  at  increased  risk
of  bleeding,  which  should  be  taken  into  account  for  implant
surgeries.  In  agreement  with  the  French  guidelines  [32], only

t
l
r

us bleeding, marginal recessions exposing dental roots and dental
ancing the bacterial challenge against the periodontal tissues.

ental  procedures  with  a  low  bleeding  risk  are  allowed  with
he  continuation  of  oral  anticoagulant  therapy,  i.e.  place-
ent  of  dental  implant  without  bone  apposition  techniques

sinus  elevation,  bone  graft,  etc.)  [55].

isk factors related to surgical conditions and
mplant characteristics

urgical environment conditions
n  addition  to  patient  factors  that  affect  the  risk  of  biologi-
al  complications  during  or  after  implant  placement,  several
actors  related  to  surgical  technique  should  be  considered.
onditions  and  constraints  in  terms  of  the  technical  environ-
ent  required  for  dental  implants  were  proposed  in  France
y  the  Haute  Autorité  de  santé  in  2008  [56].

The  operating  room  should  be  ‘‘either  specific  to  this
ype  of  intervention  or  adapted  if  the  dental  office  meets  the
riteria  in  terms  of  asepsis’’.  Implantology  practice  requires
he  use  of  two  types  of  water  (filtered  and  sterile  water).
he  practitioner  should  be  trained  in  these  procedures,
hich  require  special  training  courses.  The  intervention
ust  be  as  short  as  possible  to  reduce  the  risk  of  bacte-

ial  contamination.  The  patient  should  also  be  prepared  by
he  medical  team  according  to  a  strict  protocol.

In  high-risk  patients,  a  single  dose  of  antibiotic  is
ndicated  1  hour  before  implant  surgery,  consistent  with
uidelines  from  the  ESC  and  the  USA  [5,37].  Certain  studies
uggest  a  benefit  of  antibiotic  prophylaxis  before  implant
lacement  in  the  general  population,  but  there  is  no  evi-
ence  to  recommend  it  in  patients  who  are  not  at  high  risk
f  IE,  in  accordance  with  ANSM  recommendations  [28,57].

hoice of implants
he  challenge  of  implantologists  is  to  facilitate  early
steointegration  of  the  dental  implant  and  subsequent  load-
ng  protocols,  and  to  ensure  long-term  bone-to-implant
ontact  without  substantial  marginal  bone  loss  and  infec-
ious  complications.  These  issues  have  led  to  considerable
esearch  into  the  development  of  different  implant  designs
nd  surface  characteristics  [58].
Recently,  experimental  and  clinical  studies  have  assessed
he  possible  influence  of  the  implant  surface,  particu-
arly  roughness,  on  the  incidence  of  peri-implantitis.  The
esults  are  contradictory,  but  the  risk  of  developing  early
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eri-implantitis  seems  higher  for  rough  surfaces.  It  has
een  shown  that  roughness  is  a  determining  factor  in  the
ncrease  of  bacterial  adhesion  to  the  implant.  Consequently,
o  limit  bacterial  colonization  of  the  implant  surface,  and
hereby  the  risk  of  peri-implant  infection,  the  working
roup  proposes  choosing  smooth  implants  for  patients  at
igh  risk  of  IE.  Regarding  the  length  of  the  implants,  the
orking  group  suggests  using  implants  that  do  not  exceed
0  mm,  to  facilitate  removal  in  case  of  severe  infection
58,59].

The  occurrence  of  biological  complications  of  implant
lacement  also  depends  on  other  factors  related  to  implant
echnique  and  implant  characteristics.  These  factors  should
e  carefully  considered  and  discussed  by  dentists  as  possi-
le  secondary  sources  of  infection  for  patients  at  high  risk
f  IE.  Examples  of  these  factors  are:  the  type  of  the  pros-
hetic  supra  structure;  immediate  implant  placement  after
xtraction;  the  location  of  implants;  the  delay  in  implant
lacement  after  dental  extraction;  and  the  delay  in  implant
oading  after  surgical  placement.

roposals for the use  of implants in patients at
igh risk of IE

or  patients  with  previous  IE,  the  opinion  of  the  study  group
s  to  maintain  the  contraindication  of  oral  implantology
whatever  the  identified  bacteria),  given  the  particularly
igh  risk  of  IE  and  the  presence  of  probable  host  suscep-
ibility  factors  involved  in  IE.

After  valvular  surgery,  it  is  advised  to  wait  at  least
 months  before  considering  implant  placement.

Dental  implants  can  be  used  in  other  patients  at  high
isk  of  IE,  in  accordance  with  the  2015  ESC  guidelines  [5]:
atients  with  any  prosthetic  valve,  including  a  transcatheter
alve,  or  those  in  whom  any  prosthetic  material  was  used  for
ardiac  valve  repair,  at  least  3  months  after  implantation;
nd  patients  with  CHD  and  those  with  CHD  who  have  post-
perative  palliative  shunts,  conduits  or  other  prostheses.

Implant  placement  can  be  considered  in  these  patients
nly  under  certain  local  and  systemic  strict  conditions,  after
nalysing  numerous  factors  (general  factors,  local  factors,
echnical  environment  and  choice  of  implant).

onclusions

volutions  in  the  epidemiology  and  knowledge  of  the  patho-
hysiology  of  IE,  combined  with  advances  in  oral  imaging  and
urgery  techniques,  now  allow  an  individualized  approach
o  the  diagnosis  and  treatment  of  diseases  in  patients
ith  heart  valve  diseases.  The  main  consequence  is  the
ecrease  of  the  number  of  contraindicated  dental  proce-
ures.  Conservative  dental  procedures  can  be  performed
efore  elective  valvular  interventions  and  during  follow-
p,  even  in  patients  at  high  risk  of  IE.  Implant  placement
s  no  longer  contraindicated  in  patients  at  high  risk  of  IE,
ut  the  decision  should  take  into  account  general  and  local
actors  associated  with  a  risk  of  infectious  complications

nd  implant  failure.  A  specific  approach  is  proposed  in
atients  with  acute  IE.  Patients  with  previous  IE  are  at
articularly  high  risk  of  IE  recurrence,  and  should  not  be  con-
idered  as  candidates  for  implant  placement.  In  addition  to
S.  Millot  et  al.

atient  information,  close  collaboration  is  needed  between
dontologists,  cardiologists  and  cardiac  surgeons  to  improve
valuation  of  oral  health,  follow-up  and  the  choice  of  dental
rocedures  in  patients  with  heart  valve  diseases.
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