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tions, and on the feasibility of providing dental treatment before cardiothoracic surgery, cardiovascular surgery or
other cardiovascular invasive procedures.
Methodology:Apanel of experts from six Italian scientific societieswas created. The deliberations of the panelwereKeywords:
Aim: To reach a consensus on a consistent strategy to adoptwhen screening patients for dental/periodontal infec-

based on the RAND method. From an initial systematic literature review, it became clear that a consensually val-
idated protocol for the reproducible dental screening of patients awaiting cardiac interventions was considered
mandatory by professionals with expertise in the dental, cardiologic and cardiac surgery areas. However, system-
atic review also concluded that the treatment options to be provided, their prognosis and timing in relation to the
physical condition of patients had never been defined. Following the systematic review several fundamental ques-
tions were generated. The panel was divided into two working groups each of which produced documents that
addressed the topic and which were subsequently used to generate a questionnaire. Each member of the panel
completed the questionnaire independently and then a panel discussion was held to reach a consensus on how
best to manage patients with dental/periodontal infections who were awaiting invasive cardiac procedures.
Results:Ahigh level of agreementwas reached regarding all the items on the questionnaire, and each of the clinical
questions formulatedwere answered. Three tableswere createdwhich can beused to generate a useful tool to pro-
vide standardized dental/periodontal screening of patients undergoing elective cardiovascular interventions, and
to summarize both the possible oral and cardiovascular conditions of the patient and the timing available for the
procedures considered.
Conclusions: Upon publication of this consensus document, the dissemination of the information to a wide dental
and cardiac audience should commence. The authors hope that this consensus can become a model for the
RAND/UCLA appropriateness method
Inter-societies consensus
Dental screening
Cardiac surgery
al (Published by JohnWiley & sons Ltd) and Elsevier B.V. All rights reserved.
ri, Italy.
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development of a dedicated protocol, ideally usable by heart and dental teams in the pre-interventional prepara-
tion phase.

© 2019 Elsevier B.V. All rights reserved.
1. Introduction

The screening of patients and the management of oral infections
in patients undergoing cardiothoracic, vascular surgery or other car-
diovascular (CV) invasive procedures is controversial. According to
the guidelines of the European Society of Cardiology (ESC): it is
“strongly recommended that potential sources of dental sepsis
should be eliminated at least two weeks before implantation of a
prosthetic valve or other intracardiac or intravascular foreign mate-
rial, unless such procedures are urgent” [1]. The guidelines of the
American Heart Association state: “a careful preoperative dental
evaluation is recommended so that required dental treatment may
be completed whenever possible before cardiac valve surgery, or re-
placement, or repair of congenital heart disease. Such measures may
decrease the incidence of late prosthetic valve endocarditis caused
by viridans group streptococci [2]. As a result of these guidelines, gen-
eral dentists and specialist centres receive large numbers of requests
for often urgent oral and dental assessment and treatment before
heart surgery and invasive CV procedures.

Unfortunately, these various guidelines do not provide details of
how a dental screening process should be undertaken, and neither do
they define clearly what an oral or dental infection is, nor acknowledge
it is often challenging tomake an accurate diagnosis, particularly in end-
odontics, where early signs of infection and inflammation are not al-
ways recognizable.

Patients scheduled for an elective CV procedure can be referred to
departments of dental-maxillofacial surgery, specialist hospital dental
units, or to their general dentists for screening and possible treatment
of an oral/dental infection. Since a variety of professionals are involved
in this critical therapeutic phase for patients awaiting cardiac interven-
tions, the absence of standardized protocols on how to carry out a com-
prehensive and accurate dental assessment (screening) and provide the
necessary dental treatment, aswell as how tomanage cardiac patients is
challenging and it would be helpful if standardized clinical recommen-
dations were available for the dental management of patients awaiting
these types of interventions.

The feasibility of providing appropriate dental treatment is con-
nected to the status of the patient, the time available and the prognosis
of the specific treatment that is required on each individual tooth. Un-
fortunately, dentists are not always informed of the timingof the cardiac
intervention and cardiologists are most often unaware of the type, im-
portance or complexity of the dental treatment that needs to be admin-
istered to their patients [3,4]. Basically, neither the cardiac specialist nor
the dental teamknowwhether the expected benefits of treating an oral/
dental infection in a patient with a severe CV condition outweighs the
risks involved in the procedure [5].

In summary, even though the dental screening and treatment of pa-
tients who need elective cardiac surgery are recommended by the
guidelines from the American Heart Association and the European Soci-
ety of Cardiology there is no standard or general agreement on the oral
and dental screening process or the specific dental treatments that need
to be carried out immediately, or those that could be delayed until after
the CV intervention. It could be speculated that, depending onwho is in-
volved in the dental management of the patient, they may be either
carefully screened and treated to a high standard of care, ormay receive
a superficial screening that fails to identify sites of infection resulting in
a waste of resources and time, low compliance to the guidelines and
compromised outcomes for the patient.

The aim of this consensus project was to utilize a RAND process [6].
In order to reach agreement on a consistent and effective strategy to
adopt for evaluating the presence of oral/dental infection, and on the
feasibility of providing the necessary dental treatment before cardiotho-
racic or CV surgery or other CV invasive procedures.

2. Methodology

2.1. Selection of the consensus panel

Participants were selected from members of six Italian scientific so-
cieties: Italian Society of Cardiology, SIC (PPB, MB, GM); Italian Associa-
tion of Hospital Cardiologists, ANMCO (ADL, MG); Italian Society of
Cardiac Surgery, SICCH (AP, FB, FM); Italian Society of Periodontology,
SIdP (FC, LL); Italian Society of Endodontics SIE (EC, CF, VF); Italian
Academy of Endodontics AIE (MV, FF, EC). Each society selected the
chairs and co-chairs. An external member (GC) provided methodologi-
cal expertise for the RAND process.

2.2. Consensus procedure

The RAND/UCLA appropriateness method (RAM) [6] was selected to
achieve consensus. The RAND is a modified Delphi method, approved by
major institutes [7], developed to identify the collective opinion of experts
and to enable themeasurement of the use ofmedical/surgical procedures.
Since consensusdoesnot need to bedefinedas full agreement amongpar-
ticipants, a pre-specified target of 80% agreement was approved.

2.3. Consensus structuring

The consensus process was divided into three phases (Fig. 1).

2.3.1. Phase I

2.3.1.1. Determining the purpose, scope, and intended audience. Initially, a
systematic reviewwas carried out to evaluate the information available
on the three main questions:

Question 1. Is there agreement on the need for dental evaluation and
treatment before CV interventions?
Question 2. Are consistent clinical recommendations or protocols
available?
Question 3.What is the effectiveness of dental treatment prior to CV
interventions?

A systematic electronic search of MEDLINE, Scopus and Web of Sci-
ence was performed from the inceptions of the databases up to 31st
April 2016. Searches were performed using Boolean operators to com-
binemedical subject headings and free text words. Since this review in-
cluded a large heterogeneous group of study designs and sources, the
results were synthesized using a narrative approach.

Question 1 - Based on expert opinion it was concluded that there is
general agreement on the need for screening and treatment of den-
tal/periodontal infections in patients undergoing cardiac surgery
and interventional CV procedures.
Question 2 - There are no shared and consistent clinical recommen-
dations or protocols on how to screen patients and of the specific
dental conditions that should be treated.
Question 3 - the risk-to-benefit ratio in performing these treatments
was controversial [8].



Literature review and synthesis of the 
evidence

List of indication and definitions 

Criteria: 
1) to provide information on the 
required and most appropriate 
screening methods to diagnose 
dental/periodontal/peri-implant 
infections in patients awaiting CV 
invasive procedures, their efficacy and 
limitations 

2) to identify a) the medical status of  
the patients awaiting CV surgical or 
interventional procedures and the time 
for their dental care before these b) 
the dental, endodontic, and 
periodontal conditions which should be 
considered as foci of infection before 
performing CV invasive procedures, 
the available treatment options, their 
outcomes, the follow-up timing to 
evaluate whether infection has been 
resolved 

Retrospective
Comparison with each participant’s clinical
experience 

Prospective 
Suggestion for future clinical management                

Level of consensus
Strong recommendation (>80% agreement)
Weak recommendation  (80% agreement) 
No recommendation (<80% agreement) 

Increase appropriateness

1st round: no 
interaction 
2nd round: panel 
meeting

Fig. 1. The Rand scheme.
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It was envisaged that the intended audience would be composed of
all clinicians in the cardiac surgery, cardiology, and dental fields.

2.3.1.2. Selecting the panel of experts. A panel of experts, selected on the
basis of research, academic and practical expertise, level of English lan-
guage proficiency, were chosen from and represented the Italian scien-
tific societies of Cardiology (SIC, ANMCO), Cardiac Surgery (SICCH),
Periodontology (SIDP), and Endodontology (SIE, AIE).

2.3.1.3. Specifying the main focused clinical questions which the consensus
process should answer, and decide on the relative importance of the out-
comes. The issuewas divided into the following three specific questions:

1. Whatwould be a standardized clinical protocol for the assessment of
the presence of infections of dental origin in a patient scheduled to
undergo elective cardiac surgery or other invasive CV interventions?

2. What are the possible medical conditions of these patients and the
time available for dental care (to define whether the indicated den-
tal/periodontal intervention can be performed without harming the
patient) based on their physical condition?

3. What are the periodontal and endodontic conditions that should be
considered as foci of infections before performing the CV procedures,
the treatment options available, their outcomes, and the follow-up
timing needed to assess whether the infection has healed?

The panel of experts was then divided into two working groups, A
and B. Group A was composed mainly of representatives of dental
scientific societies and, to a lesser extent, representatives of cardio-
logical/cardiac surgery societies (6 dentists, 1 cardiac surgeon and
1 cardiologist). It met to produce a document, shared and based on
the best available scientific evidence, to provide information in re-
sponse to Question 1 above. Group B, composed mainly of represen-
tatives of the cardiological and cardiac surgical societies (4
cardiologists, 2 cardiac surgeons and 2 dentists) met to produce a
document, shared and based on the best available scientific evi-
dence, to provide responses to Questions 2, and 3.

The documents produced by the two groups of experts were then
transferred to the external member.

2.3.2. Phase II

2.3.2.1. Designing a questionnaire. On the basis of the documents pro-
duced by the two groups, the external member created a questionnaire,
inviting the experts to rate the formulated questions (Fig. 2). Questions
were submitted to members of each panel via a web-based system. To
produce an overall score (1–10) for each question or cluster of ques-
tions, members were required to score the questions based on a Likert
scale ranging from 1 (strongly disagree) to 10 (strongly agree) and to
provide comments clarifying their answers.

2.3.3. Phase III

2.3.3.1. Consensus panel meeting. The panel reconvened to confirm the
results of Phase II and to allow a face-to-face discussion. The ex-
perts were invited to discuss the results of the first round of the
questionnaire and to declare whether or not they agreed with
them.



1. In cases of percutaneous transluminal coronary angioplasty are the microbes coming from skin those involved in the risk of infec�on therefore the 
measures focused on oral health are negligible? 

2. Pa�ents wai�ng for heart transplanta�on are not the most vulnerable among those undergoing surgery. 
3. The prognosis in pa�ents with tricuspid regurgita�on caused by infec�on (e.g. poor den��on, illicit drug use) is good. 
4. Asymptoma�c pa�ents, even with cri�cal aor�c stenosis, have an excellent prognosis for survival. 
5. Transplanted pa�ents need to be placed in post-surgical immune-suppressive therapy, increasing the risk of infec�ons. 
6. In severely compromised pa�ents, the advantage of elimina�ng dental foci might be irrelevant. 
7. Tooth mobility should be assessed and verified over�me. 
8. Pa�ent interview should look for any poten�al risk factors that may affect dental status. 
9. Inspec�ve examina�on of oral, face and neck so� �ssues is part of assessment for the presence of oral infec�ons. 
10. To assess periodontal and peri-implant condi�on is important. 
11. Among pa�ents suffering from severe aor�c regurgita�on, those asymptoma�c with decreased ejec�on frac�on and those symptoma�c 

ficantly faster progression to death compared to asymptoma�c subjects with normal ejec�on frac�on. 
12. Once symptoms of heart failure develop, prognosis of mitral stenosis worsen drama�cally. 
13. Isolated tenderness to palpa�on in the root apex area of a tooth is sugges�ve of rela�vely advanced periapical inflamma�on and/or infec�on. 
14. A full mouth BOP score below 25% may be considered compa�ble with a good periodontal stability. 
15. A tooth with irreversible pulpi�s (deep caries) whether symptoma�c or asymptoma�c should be treated before surgery. 
16. Odontogenic and nonodontogenic pain should be differen�ated. The pulpal or periodontal origin of the odontogenic pain must be established. 
17. Percussion tes�ng is not a reliable technique for iden�fying inflamma�on in the periodontal ligament space. 
18. Tooth mobility, furca�on involvement, bleeding on probing and plaque index will be also recorded in a dedicated periodontal chart. 
19. The Plaque Control should be performed. 
20. A posi�ve response to the bi�ng stress test is highly suggestive of periodontal inflamma�on or incomplete crown/root fracture. 
21. Interproximal flossing is not useful to detect caries or incongruous restora�ons. 
22. Palpa�on and percussion tests on teeth are important periodontal and endodon�c screening tests. 
23. Chronic Periodon��s Aggressive Periodon��s, Necro�zing Ulcera�ve Periodon��s, Periodontal abscess, peri-implan��s are infec�ons which could 

be considered as “oral foci”. 
24. Plaque-related Gingivi�s, Plaque related Mucosi�s are periodontal infec�ons which could be considered as “oral foci. 
25. To assess endodon�c infec�on, at least 4 intraoral Periapical x—rays should be acquired. If clinical examina�on shows large carious lesions 

restora�ons on anterior teeth, and in all situa�ons where it is deemed necessary, addi�onal intraoral Periapical x—rays should be acquired. In the 
alterna�ve, if it is not possible to perform intraoral Rx, Digital Panorex with periapical x-rays on target areas should be acquired.   

26. Digital Panorex with periapical x-rays on target areas, full mouth series of Periapical x—rays should be used to assess the presence of periodontal 
infec�on..

27. At least two pulp sensi�vity tests are required to assess pulp necrosis. 
28. Pulp necrosis, Apical Periodon��s, Acute Apical Abscess, Chronic Apical Abscess are the endodon�c infec�ons which should be considered “oral 

foci”. 
29. If periodon��s is suspected, based upon clinical examina�on, periapical radiographs of the area of interest may be adequate. In case of more 

generalized periodontal a complete series of intraoral radiographs should be taken. 
30. The dental protocol should be different depending on the fact that the pa�ent is undergoing CV surgery within a month or within six months. 
31. The radiographic exams available are equally reliable to detect endodon�c condi�ons which can be considered foci of infec�ons. 
32. To assess endodon�c infec�on, the possibility of using Cone beam computed tomography (CBCT) should be considered. 
33. Symptoma�c pa�ents with moderate-to-severe aor�c stenosis have a poor prognosis at 5-years follow up, even when medically treated.         
34. Asymptoma�c pa�ents with chronic severe degenera�ve mitral regurgita�on have a decidedly poor prognosis at 5-years follow up. 
35. Pa�ents with low ejec�on frac�on (i.e. symptoma�c), regardless of ischemic or non-ischemic e�ology of func�onal mitral regurgita�on, have a high 

rate of mortality at 5-years follow up.                       
36. Untreated acquired mitral stenosis due to rheuma�c heart disease follows a slowly progressive course, with the pa�ent remaining asymptoma�c 

for years and with an excellent 10-year survival.       
37. The prognosis in pa�ents with tricuspid regurgita�on is generally good, apart from for pa�ents with accompanying pulmonary hypertension or 

cardiac dysfunc�on/dilata�on, whose prognosis is directly related to the prognosis for above stated condi�ons.              
38. In case of aor�c surgery, even if the likelihood of oral infec�on foci leading to prosthesis infec�on is rela�vely low, prophylac�c treatment of dental 

sepsis might eliminate at least one source of aor�c prosthe�c infec�on and should therefore be strongly. 
39. In case of cv implantable electronic devices, a connec�on between their infec�on and poor oral health has not been established, so that measures 

focused on promo�ng dental hygiene are negligible.       

Fig. 2. Questionnaire.
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2.4. Data analysis

The responses to the online questionnaire were analyzed by the
external non-voting member of the panel (GC). The scores assigned
to the answers were reported as medians and 20th and 80th percen-
tiles. Additionally, the scores were grouped into low (1–3), interme-
diate (4–7), and high (8–10), and verified by the correspondence
analysis. Both approaches were used to identify answers that pro-
vided clear-cut responses from the experts, particularly those polar-
ized on agreement or disagreement. Correspondence analysis (Chi
square tests) was used to assess if individual panel members pro-
vided specific response patterns, particularly when intermediate po-
sitions were taken.

The results of the analyses were returned to the panel anonymously
(the name of eachmember was replaced with a numeric code), and the
same list of questions was then resubmitted to the panel for a second
round of voting.
2.5. Developing the consensus report

Based on the analysis of the second round of questions, consensus
statements were formulated by the chairs by selecting questions with
greater degrees of agreement. A general round table discussion was
then held andmoderated by the twomain authors (GM, EC). The differ-
ences between the two groups and between the participants were
discussed. Tominimize the risk of misinterpretations of some questions
and statements, individual panelmemberswhohad provided heteroge-
neous answer patterns were invited to present and review their re-
sponses and confirm or change their vote.

After the final round of voting, the consensus was finalized as
follows:

• a strong recommendation (in favour or against) was made when
≫80% of the voting members supported this position for a particular
question;



Table 2
Basic protocol for the accurate screening of periodontal, peri-implant and endodontic in-
fections (oral foci of infection).

Medical and dental history [10–14]

Clinical examination

✓ Evaluation of subjective symptoms
✓ Inspective examination of oral, face and neck soft tissues
✓ Palpation on oral and perioral soft and hard tissues, related

lymph nodes, buccal lingual and palatal tissues
✓ Inspective examination of teeth: color, position, caries,

restorations, impaction
✓ Plaque or Oral Hygiene Index
✓ Periodontal and furcation probing, peri-implant probing
✓ Probing with explorers to detect caries
✓ Pulp sensitivity tests
✓ Tooth percussion
✓ Mobility test
✓ Bite test
✓ Tooth transillumination

[15–35]

Radiographic examination
A. Child in primary dentition

▪ Healthy patient: no radiographic examination
▪ Patient with suspected or evident dental-periodontal pathology:

intra-oral radiographs/orthopantomography
B. Child in mixed dentition

[31,36–43]
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• a weak recommendation was made when the votes in favour or
against (a combination of strong and weak options) reached the 80%
threshold;

• a “no recommendation” option was adopted when the 80% threshold
was not reached.

If panel members had minor concerns about specific question, they
were permitted to declare their reservations. No blocking options
were allowed in case of major concerns, but a stand-alone position
was adopted in the presence of the reported concern.

3. Results

The answers to the questionnaire revealed a substantial level of de-
gree of agreement (≫80%) of the panel for questions 1–4, 6–9, 13–14,
19, 21–24, 27–28, and 30–32, in both groups. Owing to intra- and
inter-groups variability in opinion for several items, the degree of agree-
ment was lower than anticipated (χ2 = 4.48 p ≪ 0.01) (Table 1).

Following the plenary discussion, a substantial level of agreement
was reached on all the items making it possible to answer each of the
clinical questions formulated following the systematic review.

1. Establish a standardized clinical protocol for the assessment of the
presence of infections of dental origin in a patient scheduled to un-
dergo elective cardiac surgery or other invasive CV interventions.
Table 1
Agreement scores between the two panels for the various items in the questionnaire.

Items Group

A B

1 H H
2 H H
3 H I
4 I H
5 H L
6 H H
7 H H
8 H H
9 H H
10 H L
11 L I
12 I I
13 H H
14 H H
15 I L
16 L L
17 I I
18 I I
19 H H
20 H H
21 H H
22 H H
23 H H
24 H H
25 L H
26 H H
27 H H
28 H L
29 I H
30 H H
31 H H
32 H H
33 H H
34 H H
35 H H
36 H H
37 H H
38 H H
39 H H

Legends of the agreement: L, low (1–3); I, intermediate (4–7); H, high (8–10).

▪ Healthy patient: Bite-wings
▪ Patient with suspected or evident dental-periodontal pathology:

Periapical intra-oral radiographs/orthopantomography/CBCT
C. Patient in permanent dentition

▪ Healthy patient: posterior bite-wings
▪ Patient with suspected or evident dental-periodontal pathology:

Periapical intra-oral radiographs/orthopantomography/CBCT
D. Patient with implants and no teeth

▪ Healthy patient: Periapical x-rays on target areas/-
orthopantomography

▪ Patient with suspected or evident peri-implant pathology/-
impacted third molars: Periapical intra-oral radiographs on tar-
get areas/orthopantomography
The protocol for the clinical and radiographic evaluation of dental/
periodontal infections, as described in document A (and confirmed
by the consensus achieved), is presented in Table 2. Table 2 is de-
signed to serve as a template for a clinical chart, which will enable
dentists to perform a rigorous oral and dental/periodontal examina-
tion, based on the best scientific evidence identified by working
group A (Table 2). This chart includes a checklist that may favour
the assessment of the most important oral infections and places par-
ticular emphasis on the choice of clinical diagnostic tools and specific
radiographic examinations depending on the status of the individual
patient.

2. Identify the average medical conditions of patients and the time
available for dental care (to decide whether the dental/periodontal
treatment necessary can be performed without harming them) de-
pending on their physical condition.
The most common cardiac conditions that require CV interventions,
the waiting time available for the procedures, and their prognoses
are listed in Table 3. This scheme is based on the first part of the doc-
ument produced by group B, according to the best scientific evidence
available (Table 3).

3. Identify the periodontal and endodontic conditions that should be
considered as foci of infection, before performing the CV procedures,
the available treatment options, their outcomes, and the follow-up
time needed to assess whether the infection has healed.



Table 3
Cardiac conditions requiring CV interventions,medical status of the patient awaiting surgery, time at disposal before the surgery is performed, andprognosis of the patient following theCV
intervention.

Cardiovascular intervention Medical condition
of the patient

Time at disposal for dental
screening/treatment before
the intervention

Prognosis

Heart transplantation [44] Extremely
compromised or

end-stage

≪6 months Very poor without
surgery

Severe aortic stenosis (asymptomatic and without significant coronary artery disease - Medically
treated) [44–47]

Stable ≫6 months Gooda

From moderate to severe aortic stenosis (when symptomatic) Unstable ≪6 months Poor without
surgeryb/TAVIc

Severe aortic regurgitation (symptomatic or asymptomatic but with decreased ejection) [44,48,49] Unstable ≪6 months Poor without
surgeryb

Aortic surgery (when diameter of the ascending aorta is ≥5.5 cm in patients with normofunctional
bicuspid or tricuspid aortic valve - when diameter ≥ 5 cm in patients with severely insufficient
bicuspid aortic valve - when diameter ≥ 5 cm in patients with Marfan's syndrome without
familiarity for aortic dissection - when diameter ≥ 4.5 cm in patients with Marfan's syndrome
with familiarity for aortic dissection or rapid annual growth or severe aortic or mitralic
valvulopathy - when diameter ≥ 42 mm in patients with Loeys-Dietz syndrome)

Unstable ≪6 months Poor (high risk of
aortic dissection)

Aortic surgery (all the other conditions not previously stated) Stable ≫6 months Goodb

Mitral stenosis (due to rheumatic disease and medically treated) [44,50] Stable ≫6 months Goodd

Severe mitral regurgitation (asymptomatic, but with decreased ejection fraction) [44,51,52] Unstable ≪6 months Poor without
surgerye/MitraClipf

Severe mitral regurgitation (asymptomatic and with preserved ejection fraction) Stable ≫6 months Goodd

Tricuspid regurgitation (due to infection or associated with pulmonary hypertension or right
ventricle dilation/dysfunction) [44,53]

Unstable ≪6 months Poor without surgery

Tricuspid regurgitation (non-infective) Stable ≫6 months Good
Electronic device with intracardiac catheter Stable ≫6 months Good after infected

catheter extraction

a Even though antibiotic prophylaxis is no longer prescribed for patients with structural abnormalities of the valves, it has been postulated that bicuspid aortic valves are at higher risk
for infective endocarditis compared with normal trileaflets valves [54].

b There are no data comparing aortic valve replacement and valvuloplasty repair in terms of infective endocarditis first appearance, incidence and prevalence. Conversely, in case of
infective endocarditis recurrence, aortic valve repair seems to offer better outcomes inmorbidity and long-term survival compared with valve replacement [55]. The European Society of
Cardiology guidelines for the management of infective endocarditis state that prosthetic valve endocarditis affects biological and mechanical valves equally, but there are no references
supporting this statement. On the contrary, a recent Swedish research reported that bioprostheses are associatedwith a higher risk of endocarditiswhen comparedwithmechanical valves
[54].

c Acronym: TAVI (Transcatheter Aortic Valve Implantation). Prosthetic valve endocarditis post ΤΑVI occurswith an incidence ranging from0.3% to 1.2%per patient/year, thus presenting
comparable rates with prosthetic valve endocarditis after surgery [56].

d Althoughmitral stenosis is at increased risk of infective endocarditis due to the deformedvalve, infection is significantlymore common inmitral valve insufficiency. Again,mitral valve
is more susceptible to shear stresses and sluggish blood flow than aortic valve, which is why it is more susceptible to endocarditis [57].

e There are no data comparingmitral valve replacement and valvuloplasty repair in terms of infective endocarditisfirst appearance incidence and prevalence. On the contrary, in case of
infective endocarditis recurrence, mitral valve repair seems to offer better outcomes in morbidity and long-term survival compared with valve replacement [55].

f Mitral valve percutaneous repair is an alternative treatment option for patients at high surgical risk for whom surgical treatment is contraindicated. The incidence of infective endo-
carditis after MitraClip is decidedly lower compared with surgery, but its relevance is high owing to its high mortality [77].
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Using the scientific evidence gathered in Part II of document B, the
group designed a table describing the dental/periodontal infections
that should be identified and treatments before the interventional CV
procedures are administered, the timeneeded to evaluate their healing,
and their prognoses. This information is summarized in Table 4.

4. Discussion

There is general agreement in many European Countries and in the
United States on the need for the early screening and resolution of den-
tal/periodontal infections before patients undergo interventional CV
procedures, even if this agreement does not seem to be predicated on
sound scientific evidence [8]. However, the societies that created the
relevant guidelines, did not provide details of a reliable screening pro-
cess to diagnose foci of infection of oral/dental origin requiring treat-
ment [3]. In other words, foci of infections were never specified.
Furthermore, the literature expressing the ratio of risks of inducing bac-
teremia to the benefits of treating these patients to eliminate dental in-
fection is controversial [8]. As a consequence, communication between
the various specialists involved in these complex clinical situations is
uncommon. Usually the dentist is not fully informed about the severity
of the disease affecting the CV patient, nor on the time available to per-
form and complete the required treatment. The CV surgeon and inter-
ventional cardiologist, in turn, are unaware of the real potential that
some dental treatments have for controlling an oral/dental infection,
nor of the time required to administer the proper treatment and verify
healing. This lack of communication tends to create false expectations
on behalf of the cardiologists and cardiac surgeons on the time required
to complete a given dental procedure and to assess that it has success-
fully resolved the infection.

For this consensus project, the RAND/UCLA method was selected,
based on the integration of evidence from the literature review and ex-
pert opinions. The value of the RAND/UCLA method is improved when
the results from a systematic review are incorporated, and the panel
meeting is considered an added value that allows the experts involved
to discuss the ratings and the judgements [6]. In the present study, the
consensus process resulted in a standardized screening protocol for
evaluating, with a coherent method, the presence of oral/dental infec-
tion in the CV patient.

Infections of dental/periodontal origin that should be considered
have been identified and their treatments and prognoses have been
schematized. The adoption and dissemination of this protocol should
eliminate inconsistencies between screenings performed in various lo-
cations and by various professionals, ensuring an appropriate ratio be-
tween the time involved and the benefit for the patient.

A snapshot of the cardiac conditions requiring invasive interven-
tions, and of the related medical status of the patient, according to the
severity of the disease, and of the waiting time for the intervention
has also been created. Based on this readily available information, den-
tists can evaluate the benefit-to-risk ratio before proceeding with



Table 4
Oral conditions that could be considered foci of infection, treatment options for the conditions, follow-up time necessary to evaluate the healing of the infection upon completion of dental
treatment.

Infection Treatment options Follow-up
timea

Prognosis

Plaque-related gingivitis/mucositis
[58,59]

Professional oral hygiene procedures - improvement of self-performed procedures 3 days ≫95%

Chronic periodontitis or periodontitis
with low-moderate progression [60]

Multiple - 4/6 - professional oral hygiene procedures - improvement of self-performed
procedures - possible periodontal surgery

6–8 weeks
6 months
(after

surgery)

≫90%

Aggressive periodontitis or
periodontitis with rapid progression
[60]

Treatment as for chronic periodontitis + systemic antibiotics strongly recommended 6–8 weeks
6 months
(after

surgery)

≫70%

Necrotizing ulcerative periodontitis
[61,78]

Treatment as for chronic periodontitis + systemic antibiotics strongly recommended 1 week ≫90%

Periodontitis associated with systemic
diseases [62]

Treatment is as for chronic periodontitis, but systemic antibiotics may be recommended 6–8 weeks Long-term prognosis
still unknown

Periodontal abscess [63] Mechanical treatment + systemic antibiotics - re-evaluation - causal related treatment and
surgical treatment

7–10 days ≪70%
with indications for

extraction
Peri-implantitis [64] Mechanical removal of plaque-improvement of self-performed procedures - Systemic

antibiotics may be indicated - Re-evaluation possible periodontal surgery, possible implant
extraction

6–8 weeks
6 months
(after

surgery)

≫90%
(if supportive

periodontal therapy
performed)

Irreversible pulpitis [65–68] Removal of caries; primary root canal treatment + tooth restoration - Alternative extraction -
Non-steroidal anti-inflammatory drugs may be administered

1 week (for
symptoms)

≫90%

Pulp necrosis [65] Removal of caries; primary root canal treatment + tooth restoration. Alternative extraction -
Non-steroidal anti-inflammatory drugs may be administered.

1 week (for
symptoms)

≫90%

Apical periodontitis [66–74] Removal of caries; primary or secondary root canal treatment + tooth restoration - Alternative
endodontic surgery or extraction

1 week (for
symptoms)

1 yr

75–80%

Acute apical abscess [75] Same as for apical periodontitis - possible incision and drainage and/or systemic antibiotics 1 week (for
symptoms)

1 yr

75–80%

Chronic apical abscess [76] Same as for apical periodontitis 1 week (for
symptoms)

1 yr

≪80%

a Follow-up time refers to average time required to evaluate the benefits of treatment.
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(radical) dental treatment, plan an appropriate therapeutic programme
and establish a useful collaboration with the referring cardiologist.

In the light of the documents produced and the substantial level of
agreement reached in this consensus, the following recommendations
are made:

4.1. Advantages for dental practitioners

• If the dental practitioners, when asked to assess the presence of oral/
dental infections in a patient awaiting cardiac surgery or an interven-
tional CV procedure, follow the screening process suggested in this
consensus, it is more likely that dental pathoses will be identified be-
cause it is based on a logical and systematic checklist approach for a
dental/periodontal evaluation.

• Theywould have a rational approach to themost common dental/peri-
odontal conditions to consider as a potential source of infection, their
treatment options, the timing of the intervention and the prognosis.

• Theywould bemore likely aware of the actualmedical conditions of the
patient waiting for a given CV intervention, be able to plan a dental in-
tervention accordingly, and operate with optimal communication with
the referring cardiologist, well aware that the dental/periodontal treat-
ments in these subjects may take time, or even create complications.

4.2. Advantages for cardiac surgeons and cardiologists

• Cardiac surgeons and cardiologists would be able to verify that dental
screening of these patients referred for a pre-interventional evalua-
tion of oral infections has been completed.

• They may, at the same time, become familiar with the type of dental/
periodontal treatment that has to be administered in a given situation,
its predictability, and the time required for it to be completed and de-
clared successful.

As a general rule, it is the underlying cardiovascular pathosis that in-
fluences the time available for dental treatment, rather than the type of
intervention required (valve surgical replacement, surgical valvuloplasty,
percutaneous intervention). However, the intervention plays a signifi-
cant role regarding susceptibility to primary infective endocarditis, its
outcomes, and possible recurrence.

Even if the guidelines are not as effective as the authors anticipate
[9], the information gathered and approved in this document, in con-
junction with closer cooperation between cardiologists, cardiac sur-
geons and dentists is likely to result in better planning of dental
treatment for these fragile patients, with the advantage of the ability
to weight risks to benefits of the intervention.

4.3. Recommendations for research

The panel of experts recognizes that based on the information gath-
ered during this consensus process further research is needed to:

• Better understand which dental/periodontal infections may increase
significantly the risk of infection for patients undergoing invasive CV
interventions;

• Identify the risks and benefits related to dental treatment before CV
interventions;

• Evaluate whether dental treatment in these scenarios should be radi-
cal or conservative.
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The development of this consensus report is only a first step, the
next critical phase being the implementation of its suggestions. This
will require further work by those interested in this complex field in
order to change clinical behaviour and modify clinical practice that his-
torically may not have been cost-effective or of real benefit to patients.
5. Conclusions

The authors anticipate this consensus process can be amodel for the
development of a dedicated protocol, ideally usable by heart and dental
teams in the pre-interventional preparation phase. Upon the publica-
tion of this Consensus document, the dissemination of the information
to a wide audience should commence. Dedicated informative/educa-
tional material will be produced by the scientific societies involved in
this document, and in particular a standardized clinical chart (as in
Table 2) designed to complete a predictable evaluation on each patient
will be created.

Thematerial will be sent to Dental Schools, Dental Societies,Medical
Schools, Cardiac/Cardiac Surgery Societies in Italy. Continuing medical
education initiatives will need to be updated for consistency with the
consensus. Sessions to share and explain this consensus will be planned
during future scientific meetings of the dental and cardiologic associa-
tions to inform clinicians in both specialties. Hopefully this step will
be joined internationally (with appropriate adaptation/changes).
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