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Abstract

Background: Acute infection/inflammation increases the risk of acute vascular events

(AVEs). Invasive dental treatments (IDTs) trigger short-term acute inflammation.

Purpose: The aim of this work is to critically appraise the evidence linking IDTs

and AVEs.

Data Sources: Six bibliographical databases were searched up to 31 August 2021.

A systematic review following PRISMA guidelines was performed.

Study Selection: Intervention and observational studies reporting any AVEs following

IDT were included.

Data Extraction: Two reviewers independently extracted data and rated the

quality of studies. Data were pooled using fixed-effect, inverse variance weights

analysis.

Risk of Bias: Risk of bias was assessed by the Newcastle–Ottawa Quality Assessment

Scale for observational studies and the Cochrane Handbook–Rob 2.0 for randomized

controlled trials.

Data Synthesis: In 3 out of 16 clinical studies, a total of 533,175 participants,

124,344 myocardial infarctions, and 327,804 ischaemic strokes were reported.

Meta-analysis confirmed that IDT did not increase incidence ratios (IR) for combined

vascular events either at 1-4 weeks (IR of 1.02, 95% CIs: 0.92 to 1.13) and at 5-8

weeks (IR of 1.04, 95% CIs: 0.97 to1.10) after treatment.

Limitations: A high level of heterogeneity (study designs and time point assessments)

was found.

Conclusion: Patients who received IDT exhibited no substantial increase in vascular

risk over 8 weeks post treatment.
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Clinical Relevance

Scientific rationale for study: We wanted to investigate whether there is a risk of suffering an

acute vascular event within 8 weeks after an invasive dental procedure.

Principal findings: This comprehensive review with meta-analysis of self-control case studies

found no substantial increases in the incidence of myocardial infarction or ischaemic stroke

(or both combined) in the first 8 weeks after an invasive dental treatment.

Practical implications: Routine invasive dental treatments are among the most common proce-

dures worldwide. Patients undergoing invasive dental procedures such as an extraction are not

at an increased risk of acute vascular events during the first 8 weeks post treatment.

1 | INTRODUCTION

Cardiovascular diseases (CVDs) are the leading cause of death world-

wide (World Health Organization, 2014). Endothelial dysfunction is

the earliest step in the development of atherosclerosis (Ross, 1993),

and it precedes the intra-vascular inflammatory and prothrombotic

changes linked to atheroma formation and evolution (Davignon &

Ganz, 2004). Acute and chronic inflammation (Smeeth et al., 2004) are

the major drivers of endothelial dysfunction and plaque evolution

(Libby, 2013) leading to acute cardiovascular events such as myocar-

dial infarction (MI), ischaemic stroke (IS), and peripheral arterial dis-

ease (PAD) (Hansson, 2005; Herrington et al., 2016; Yang

et al., 2018). The risk of an acute cardiovascular event increases con-

siderably during periods of acute infection (Smeeth et al., 2004) or

influenza seasons (Nguyen et al., 2016).

Chronic dental infections have been linked to systemic inflamma-

tion (Schillinger et al., 2006), endothelial dysfunction (Higashi

et al., 2009; Mendes & Fernandes, 2016), and raised incidence of

future cardiovascular events (Dietrich et al., 2017; Yang et al., 2018;

Sanz et al., 2020). Little evidence, however, exists on the effects of

invasive dental treatment (IDT) on acute cardiovascular risk. The aim

of most dental treatments is to resolve acute/chronic infections. Even

simple dental procedures, however, could trigger an acute host

response (i.e., sub-gingival tooth cleaning [Nordendahl et al., 2018;

Chen et al., 2019], tooth extraction [Haheim et al., 2011], oral surgical

procedures [Minassian et al., 2010], dental implant placement

[Nordendahl et al., 2018], and endodontic surgeries [Nordendahl

et al., 2018]). Local inflammation, microbial dissemination (Kinane

et al., 2005), and systemic inflammation have been reported after

these simple invasive dental procedures (D'Aiuto, Nibali, et al., 2004).

Invasive dental procedures have also been linked to infective

endocarditis. This association, however, remains controversial (Chen

et al., 2018). Current evidence confirms that IDTs result in a week-

long acute inflammatory response (D'Aiuto, Nibali, et al., 2004;

Luthra et al., 2019) with transient impairment of vascular function

(Tonetti et al., 2007) and the creation of a pro-thrombotic state

(D'Aiuto et al., 2007). While it is now accepted that the risk of dis-

tant vascular infections (i.e., endocarditis) is negligible except in

some limited circumstances (Cahill et al., 2017), some evidence indi-

cates that IDTs could result in an increased risk of acute vascular

events (AVEs) in the first 4 weeks post treatment (Minassian

et al., 2010). The strength of the evidence, however, is questionable

(Nordendahl et al., 2018; Chen et al., 2019). Our aim was therefore

to perform a critical appraisal of all the available evidence on the link

between IDT and incidence of AVEs over the first 2 months after

treatment.

2 | MATERIALS AND METHODS

2.1 | Protocol and registration

A systematic review protocol was registered with PROSPERO

(CD42019131124, Appendix 1) and followed the PRISMA 2020

guidelines (Appendix 2).

The focused research question posed was as follows: “What is

the effect of IDTs on the risk of AVEs compared to non-treatment or

controlled intervention in adults?”

2.2 | Eligibility: Inclusion and exclusion criteria

The following PICO outline was used:

2.2.1 | Population

Individuals older than18 years.

2.2.2 | Intervention/exposure

IDTs (non-surgical periodontal therapy, surgical periodontal therapy,

single, multiple, or wisdom tooth extractions, endodontic surgery, and

dental implant therapy).

2.2.3 | Comparison

No treatment or intervention was provided; only oral hygiene instruc-

tion was provided, only supragingival cleaning was performed, or only

community (non-specialist) dental care was provided.
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2.2.4 | Outcome

Any measure of the prevalence of AVEs including MI, stroke, or death

within 8 weeks from the intervention.

2.2.5 | Study design and duration

Both experimental and observational studies were included if they

reported any AVEs following IDTs and reported in English language.

Non-human studies, reviews, letters to the editors, and studies with

non-invasive dental procedures were excluded.

2.3 | Information sources and searches

Six bibliographical databases were searched up to 31 August 2021:

MEDLINE OVID SP, EMBASE OVID SP, Cochrane library, CINAHL

Ebsco Host, Web of Sciences Core Collection, and System for Infor-

mation on Grey Literature in Europe using dedicated strategies (full

details in Appendix 3: T1).

2.4 | Study selection and data extraction

Titles and abstracts of all search results were independently screened

by two reviewers (Shailly Luthra and Roberto Rotundo) to select rele-

vant studies. Disagreements were resolved by discussion, and if nec-

essary, involving a third reviewer (Yago Leira). Full-text articles of the

selected studies were appraised. When manuscripts lacked informa-

tion/data, the authors were contacted to provide missing information.

Detailed reasons for exclusion/inclusion of manuscript were recorded

(Appendix 3: T2 and T3). Kappa score was used to assess the agree-

ment between the reviewers based on full-text screening. The

selected studies were combined for qualitative and quantitative

analysis.

2.5 | Risk of bias in individual studies

Quality assessment of included studies was undertaken indepen-

dently and in duplicate by two reviewers (Shailly Luthra and Yago

Leira) as a part of the data extraction process. The Newcastle–

Ottawa Quality Assessment Scale (NOS) was used to assess observa-

tional studies (Stang, 2010). Scores ranging from 4/9 to 9/9 were

used, and studies were categorized as high, medium, or low risk of

bias within the respective study design. The NOS scores were

converted into Agency for Health Research and Quality standards as

good, fair, and poor quality of evidence based on the number of

starts achieved in three different domains (selection, comparability,

and outcome/exposure). The Cochrane Handbook–Rob 2.0

(Cumpston et al., 2019) tool was used to assess randomized con-

trolled trials (RCTs).

2.6 | Summary measures

The main outcome variables were reports of the odds ratio (OR), inci-

dence ratio (IR), hazard ratio (HR), or risk ratio.

2.7 | Data analysis and synthesis of results

Descriptive statistics were performed to comment on the evidence

retrieved to define the quantity of data, examining further for study

variations in terms of study characteristics and results. This assisted in

corroborating the appropriateness of further synthesis methods. Sta-

tistical analyses to generate forest plots were performed using the

statistical software R.

AVEs reported over common time periods (1–4 and 5–8 weeks)

were combined when possible. Analyses with ORs and IRs were com-

puted separately using a fixed-effect analysis. When a limited number

of studies were identified, random effect models were also used. If

the study outcome was reported over days, inverse weighted variance

assessment was done to combine the data from the time points and

convert days to weeks.

2.8 | Risk of bias across studies: Publication bias

Owing to the limited number of studies, a formal publication bias

assessment could not be performed.

3 | RESULTS

3.1 | Study selection

The combined electronic search identified 12,426 potentially relevant

studies. After removal of duplicates (n = 80), 12,346 manuscripts

were screened based on their title and abstract, resulting in 110 stud-

ies eligible for full-text screening. Ninety-four studies were excluded

(Appendix 3: T2). Sixteen studies (Yoshimura, 1983; Niwa et al., 2000;

Beck et al., 2008; Minassian et al., 2010; Haheim et al., 2011; Skaar

et al., 2012; Lee et al., 2013, 2015; Smith et al., 2014; Nordendahl

et al., 2018; Chen et al., 2019; Lin et al., 2019; Aarabi et al., 2020;

Chang et al., 2021; Cho et al., 2021; Nordendahl et al., 2021) met the

inclusion criteria and were included in the qualitative analysis (Appen-

dix 4: F1). Evidence tables were generated according to the study

design and in chronological order (Appendix 3: T3).

The selected studies were conducted across three continents and

included several ethnicities. Data drawn from healthcare and insur-

ance databases (4 out of 5 case–control studies and 10 out of

11 observational studies) or hospital outpatients (1 case–control and

1 observational study) were retrieved. Reviewers achieved good

agreement when selecting/extracting data (Cohen's κ = 0.86).

Bias assessment confirmed that four case–control studies were

scored as of high quality, while one was scored as of fair quality. For
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the observational studies, nine studies were of high quality,

whereas two studies were considered of fair quality (Appendix 3:

T4). The only RCT identified was based on a pilot trial, reporting

three serious cardiovascular adverse events, but there was no

information about the group in which these events occurred. The

timeline of these events could not be established even after con-

tacting the authors. There was low risk of bias for randomization

and selection reporting; however, assignment, adherence, and

missing data and outcome contributed to an overall high risk of

bias (Appendix 3: T5).

3.2 | Qualitative analysis

Sixteen studies, including 15 observational studies and 1 randomized

control trial, were assessed.

Cho et al. (2021) performed a retrospective cohort study and

reported an association between periodontitis and raised risk of acute

MI (HR = 1.11; 95% confidence interval [CI]: 1.02–1.20) and IS (1.04;

95% CI: 1.01–1.07) over a 10-year follow-up.

Chang et al. (2021) conducted a 5-year population-based

study and confirmed a protective effect of oral hygiene mainte-

nance by toothbrushing (HR = 0.81; 95% CI: 0.76–0.87) and of

oral prophylaxis (HR = 0.94; 95% CI: 0.88–1.10) in decreasing

the risk of IS.

Lin et al. (2019) conducted a 13-year population-based cohort

study, while Lee et al. (2013) performed a 10-year case–control study.

Both studies confirmed that maintaining good periodontal health

(HR = 0.95; 95% CI: 0.91–0.99) and providing periodontal treatment

(HR = 0.79; 95% CI: 0.69–0.92) were associated with a long-term

decrease in the risk of IS.

Nordendahl et al. (2021) completed a 3-year Swedish registry-

based case–control study and reported no association between MI

and periodontitis as assessed by one or more sessions of dental

cleaning or gum surgery (OR = 1.02; 95% CI: 1.00–1.05). In a separate

report by the same group, it was concluded that IDTs were not associ-

ated with an increased risk of MI (OR = 0.98; 95% CI: 0.91–1.06)

(Nordendahl et al., 2018). Haheim et al. (2011) used a nested case–

control study with 1173 participants but reported a positive associa-

tion between IDTs and AVEs (OR = 1.64; 95% CI: 1.24–2.16). Data

from a large insurance dataset including 720,343 participants moni-

tored over 10 years suggested that diagnosis of periodontitis was

associated with future raised long-term risk of MI (Lee et al., 2015).

Interestingly, participants who had no treatment (HR = 1.23; 95% CI:

1.13–1.35) or intensive treatment of periodontitis (HR = 1.09; 95%

CI: 1.03–1.15) were at greater risk of MI when compared to partici-

pants who underwent routine dental prophylaxis (HR = 0.90; 95% CI:

0.86–0.95).

Aarabi et al. (2020) conducted a retrospective analysis using

German health insurance data claims including patients who were

hospitalized for symptomatic PAD. They concluded that patients

who did not receive treatment for the gum problems had

1.97-times greater odds of presenting with PAD (p < .0001; 95%

CI: 1.83–2.13) when compared to those who had received treat-

ment of periodontitis and after adjustments for age, diabetes, and

gender differences.

Smith et al. (2014) performed a retrospective evaluation of the

incidence of any adverse events within 30 days of dental clearance/

extraction procedures. Their conclusions were suggestive of an

increased risk of major adverse outcomes (such as death, bleeding,

acute coronary syndrome, cerebrovascular accident, transient-

ischaemic attack, and renal failure requiring dialysis) following IDTs.

TABLE 1 Summary of quantitative
estimates of meta-analysis when
comparing outcome of acute vascular

events after treatment

Outcome Studies WMD (95% CI) p-Value I2 (%) p-Value

OR 2–8 weeks

2 Weeks, MI 2 0.99 (0.88–1.09) .845 67 .081

4 Weeks, MI 2 0.99 (0.90–1.07) .806 0 .828

8 Weeks, MI and IS 2 0.97 (0.94–1.01) .142 0 .627

IR 1–4 weeks

IS 2 1.04 (0.98–1.10) .191 15 .277

MI 2 0.97 (0.87–1.07) .557 58 .121

MI and IS (all) 2 1.02 (0.92–1.13) .722 61 .031

IR 5–8 weeks

IS 2 1.05 (1.01–1.09) .014 0 .682

MI 2 1.05 (0.95–1.07) .744 0 .345

MI and IS (all) 2 1.04 (0.97–1.10) .191 55 .132

Note: The fixed-effect, inverse variance weighed pooled analysis was used, data given as WMD, p-value,

I2 (heterogeneity), and CI. OR 1–7 days MI and IS and OR 2–8 weeks. IS could not be calculated due to

different time periods. τ2 could not be calculated because there were only two studies and fixed-effect

analysis was used.

Abbreviations: CI, confidence interval; IS, ischaemic stroke; MI, myocardial infarction; OR, odds ratio;

WMD, weighed mean difference.

Bold value is statistically significant, pointing to increase in risk.
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Skaar et al. (2012) investigated the risk of a second vascular event

in 50,329 patients with established CVDs who underwent invasive

dental procedures between 30 and 180 days after a first event. They

concluded that patients were not at an increased risk of experiencing

a second event during the given period (HR < 1).

Niwa et al. (2000) assessed the cardiovascular complications dur-

ing and after an invasive dental procedure in 63 patients with unstable

angina pectoris or acute MI. Most patients tolerated dental treatment

well, but a small proportion (10%) experienced post-operative adverse

events such as chest pain.

Yoshimura (1983) conducted a clinical trial reporting any angi-

nal attacks during dental extractions. Upon evaluation of

17 patients with angina pectoris or any other cardiomyopathies—

aortitis syndrome, hypertension, or previous MI—dental treatment

was well tolerated, with only one patient experiencing an anginal

attack.

Minassian et al. (2010) conducted a data-based self-control case

study on 20,369 individuals who were hospitalized for MI or IS. They

assessed the possible risk of increased vascular events after IDTs.

Their results showed that the rate of vascular events was raised dur-

ing the first 4 weeks after the IDT but gradually returned to the

baseline rate within 6 months (n = 1152, overall IR: 1.50; 95% CI:

1.09–2.06; IR for MI, n = 525, 1.56; 95% CI: 0.98–2.47; and IR for

IS, n = 650, 1.39; 95% CI: 0.89–2.15). They concluded that IDTs

may be associated with a transient increase in the risk for vascular

events.

Chen et al. (2019) conducted studies using the Taiwanese

National Health Care Claim database. They used two separate study

designs—one being a case–control study, and the other a self-control

case series—using patients who experienced burns as negative con-

trols. They screened 123,819 MI patients, 327,179 IS patients, and

73,247 patients with burns in the case-crossover design, while includ-

ing 117,655 MI, 298,757 IS, and 84,239 patients with burns in the

self-controlled case series design. Their results suggested that IDTs

were not associated with a transient risk of MI and IS in their popula-

tion group.

Lastly, the Periodontitis and Vascular Events pilot study (PAVE-

2008) was designed as a feasibility trial of secondary prevention of

major cardiovascular events in the US population (Beck et al., 2008).

The authors reported a total of 15 serious adverse events occurring in

the community care group versus the treatment group (6.6% vs. 3.3%;

p = .19) but provided limited information on the type of procedures

performed and the exact timings of the occurrence of these severe

events.

3.3 | Quantitative analyses

Of the 16 studies identified, only 3 reported data (as case-control or

self-controlled case series) according to the pre-specified timeline

after IDTs which could then be combined for meta-analyses (Table 1).

Demographic and study designs differences, however, were observed

(Table 2).T
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3.3.1 | AVEs over 1–14 days post treatment (ORs)

Participants who underwent IDTs presented with decreased odds of

MI after 2 days (0.71, 95% CI: 0.55–0.93) (Nordendahl et al., 2018),

but no other changes were noted up to 2 weeks (Chen et al., 2019).

The overall odds for MI after IDTs at 2 weeks was 0.99 (95% CI:

0.89–1.09) (Appendix 4: F2). Pooled analysis across studies could not

be carried out because of inconsistent reporting of time points.

3.3.2 | AVEs over 4–8 weeks post treatment (ORs)

The overall odds for MI after IDTs at 4 weeks was 0.99 (95% CI:

0.90–1.07). Similar estimates were reported for IS (OR = 0.97; 95%

CI: 0.94–1.00) but pooled analysis could not be carried out, as data at

this time point were reported in only one study (Chen et al., 2019).

No differences were observed even when analysing odds for

combined events (MI and IS) (Appendix 4: F3).

3.3.3 | AVEs over 1–4 weeks post treatment (IRs)

No substantial changes in the incidence of MI or IS (as well as com-

bined) in the first 4 weeks following IDTs were observed (Figure 1).

3.3.4 | AVEs over 5–8 weeks post treatment (IRs)

A minor but statistically not significant increase in overall IR for all

vascular events was reported at 5-8 weeks after invasive dental treat-

ments. This was attributable to a statistically increased IR for IS over

the same period (1.05; 95% CI: 1.01–1.09; p = .014) (Figure 2).

3.4 | Risk of bias within studies

The bias assessment across case–control and cohort studies was low.

Publication bias could not be carried out.

F IGURE 1 Acute vascular
event over 1–4 weeks post
treatment—incidence ratio (IR).
Summary forest plot for incidence
ratio of acute vascular events.
(a) Ischaemic stroke (IS),
(b) myocardial infarction (MI), and
(c) all combined vascular events
over 1–4 weeks post treatment in

self-controlled case series studies.
The fixed-effect, inverse variance
weighed pooled analysis was
used, and the data markers
indicate the time length and
events in each study. CI,
confidence interval
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4 | DISCUSSION

This systematic review demonstrates that there is lack of evidence to

support an association between IDTs and the risk of AVEs over

8 weeks after treatment.

This is the first comprehensive review combining evidence related

to 1,356,278 participants and 921,617 combined vascular events. No

previous reports were available to contrast and compare our findings.

On the contrary, there is sufficient evidence linking acute infections,

bacterial dissemination, or surgical procedures and increased inci-

dence of AVEs or mortality. Bergh et al. (2017) reported a higher risk

of CVD following hospital admission for sepsis or pneumonia over a

prolonged period (up to 5 years post infection). Indeed, 4389 inpa-

tients with confirmed bacteraemia presented with a doubled risk of

MI or IS when compared to those without bacteraemia (3.6%

vs. 1.7%) and with a tripled risk when compared to healthy controls

(0.2%) (Dalager-Pedersen et al., 2014). Daily activities such as tooth-

brushing or chewing (Kinane et al., 2005; Forner et al., 2006; Crasta

et al., 2009) can also be associated with bacteraemia similar to that

seen after an IDT (Yoshimura, 1983; Heimdahl et al., 1990; Lockhart

et al., 2008). This would suggest that IDT could trigger a short-term

acute increased vascular risk.

Periodontitis is a very common inflammatory disease initiated by

a dysbiotic dental biofilm, but it is also a common trigger of systemic

inflammation (D'Aiuto, Nibali, et al., 2004). Effective treatment of peri-

odontitis does improve oral health and resolve systemic inflammation

(D'Aiuto et al., 2006). This treatment could involve tooth extractions

and/or intensive sessions of dental cleaning. A transient impairment

of endothelial function (Tonetti et al., 2007), acute inflammation

(D'Aiuto et al., 2007; Habbab et al., 2019), increased leukocyte counts

(Luthra et al., 2019), and short-lived bacteraemia (Kinane et al., 2005)

are commonly observed within 24 h of intensive treatment of peri-

odontitis (D'Aiuto, Nibali, et al., 2004; Luthra et al., 2019). Similar

acute changes plus a rise in serum levels of high-sensitivity cardiac

troponin T, fibrinogen, and endotoxin activity have been reported in

patients with established cardiac problems undergoing dental extrac-

tions (Habbab et al., 2019). Other common dental procedures such as

root canal treatment (Debelian et al., 1995) or dental implant

F IGURE 2 Acute vascular
event over 5–8 weeks post
treatment—incidence ratio (IR).
Summary forest plot for
incidence ratio of acute vascular
events. (a) Ischaemic stroke (IS),
(b) myocardial infarction (MI), and
(c) all combined vascular events
over 5–8 weeks post treatment

in self-controlled case series
studies. The fixed-effect, inverse
variance weighed pooled analysis
was used and the data markers
indicates the time length and
events in each study. CI,
confidence interval
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placement (Piñeiro et al., 2010) have been associated with short-term

bacterial dissemination (Schenkein et al., 2020). An increased inflam-

matory burden or bacterial dissemination could represent plausible

mechanisms linking common dental treatments, endothelial dysfunc-

tion, and altered vascular risk (Figure 3). The idea that acute infection/

inflammation is linked to vascular events was first reported by

Valtonen et al. (1993) (4% increased risk of MI and 10% of IS). Even a

brief exposure to bacterial endotoxins or transient acute inflammation

impairs endothelium-dependent relaxation for several days (Bhagat

et al., 1996). There is evidence to suggest that increased thrombotic

activity and endothelial dysfunction can result from an acute inflam-

matory response following IDTs (D'Aiuto et al., 2005; Joshipura

et al., 2004). Further evidence that infectious agents trigger systemic

inflammation and increase the risk of vascular events comes from

recent reports confirming raised levels of myocardial injury biomarkers

Tn1 (Shi et al., 2020) and TnT (Guo et al., 2020) in patients affected

by the coronavirus disease (COVID-19).

A separate unanswered question is whether individuals who

already suffer from a medical condition might be at a greater risk of

AVEs when facing an acute inflammatory status or infection. A

large retrospective cohort study (Wilcox et al., 2021)

(n = 3,848,501) confirmed that the 30-day event rate of periopera-

tive MI increased in a step-wise manner with the presence of addi-

tional CVD risk factors (0.41% for one, 0.81% for two, and 1.07%

for three; p < .001) (Wilcox et al., 2021). Similar evidence was

reported on the effect of periodontitis and its treatment on the risk

of PAD (Yang et al., 2018; Aarabi et al., 2020). We hypothesized

that IDTs could influence the acute vascular risk of patients with

other co-morbidities (e.g., diabetes or established CVDs). The only

study that investigated this question confirmed no greater acute

vascular risk (Chen et al., 2019). Even though more evidence should

be produced on this important topic, we speculate that performing

invasive dental procedures does not change the acute risk of car-

diovascular events, but caution should be applied when planning

and delivering such procedures in patients with unstable health and

co-morbidities.

The latest consensus report from the World Heart and

European Periodontology Federations (Sanz et al., 2020) on the

safety of dental extractions and dental cleaning concludes that den-

tal care professionals should liaise with direct medical teams when

F IGURE 3 Plausible mechanistic links between invasive dental treatment and acute vascular events. Putative pathways through which oral
infection and inflammation can increase the risk of an acute vascular event
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planning invasive dental procedures. This review further confirms

that such IDTs are not associated with AVEs. A minor increase in

the incidence of stroke between 5 and 8 weeks following treatment

was observed. However, no other notable increases in AVEs have

been reported. Caution, however, should be taken when inter-

preting our findings within the wider context of different public

health systems and countries. Owing to the high volumes of dental

procedures performed worldwide, even a 5% increase in the risk of

AVEs could result in a relatively large number of patients being

affected. Future surveillance studies should be considered and per-

formed to confirm our findings. Future efforts should also focus on

investigating the risk of AVEs following any type of IDTs by clearly

defining them using the Centers for Disease Control or MeSH data-

base controlled vocabulary. Researchers must also be vigilant of the

time points for analysis, including changes in well-established bio-

markers or blood cell levels and rheology, which have been linked

to AVEs.

4.1 | Limitations and strengths

There are some limitations in this review that should be highlighted. A

significant variation in the study designs including several dental treat-

ments and inconsistent time points used to record events inevitably

increased the heterogeneity of the evidence retrieved. Only a limited

number of studies could be included in the quantitative analysis. One

study in particular (Chen et al., 2019) had the largest weight in the

analysis and hence it influenced the overall results and interpretation.

We urge, therefore caution in interpreting the data and hope that

more studies will be performed and published in the future. This

review, however, included data on more than 5 million participants

across three continents using a robust methodology to screen and

extract the available evidence, with particular emphasis in performing

quantitative analyses.

5 | CONCLUSIONS

This review does not support an association between IDTs and AVEs.

As a large number of dental procedures are performed worldwide,

healthcare systems should enable better integration and facilitate

communication between dental care professionals and medical teams

when essential or advanced dental treatments are planned, especially

in patients with multiple co-morbidities.
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