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A B S T R A C T

Background

Individuals on continuous treatment with vitamin K antagonists (VKAs) or direct oral anticoagulants (DOACs) are at increased risk of
bleeding complications during and aIer oral or dental procedures. Anticoagulant treatment is preferably continued at the same dose,
since dose reduction or discontinuation of treatment is associated with an increased risk of thromboembolism. The use of haemostatic
measures during or aIer the procedure (or both) could enable continuation of the oral anticoagulant treatment.

Objectives

We aimed to assess the eBicacy of antifibrinolytic agents for preventing bleeding complications in people on oral anticoagulants
undergoing minor oral surgery or dental extractions.

Search methods

We searched the Cochrane Cystic Fibrosis and Genetic Disorders Coagulopathies Trials Register, compiled from electronic database
searches and handsearching of journals and conference abstract books. We also searched the reference lists of relevant articles and
reviews. We searched PubMed, Embase and the Cochrane Library. Additional searches were performed using ClinicalTrials.gov, the
International Clinical Trials Registry Platform (ICTRP), the CINAHL database of nursing and allied health services, the open access ProQuest
dissertation database, papers and reports from the American College of Clinical Pharmacy (ACCP) and abstract books from annual scientific
conferences.

Date of last search: 04 January 2018.

Selection criteria

Randomised and quasi-randomised controlled trials in people on continuous treatment with VKAs or DOACs undergoing oral or dental
procedures using antifibrinolytic agents (tranexamic acid (TXA) or epsilon aminocaproic acid) to prevent perioperative bleeding compared
to no intervention or usual care with or without placebo.

Data collection and analysis

Two authors independently screened the titles and abstracts of all identified articles. Full texts were obtained from potentially relevant
abstracts and two authors independently assessed these for inclusion based of the selection criteria. A third author verified trial eligibility.
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Two authors independently performed data extraction and risk of bias assessments using standardized forms. The quality of the evidence
was assessed using GRADE.

Main results

No eligible trials in people on continuous treatment with DOACs undergoing oral or dental procedures were identified.

Three randomised trials and one quasi-randomised trial (follow-up in all was seven days) in people on continuous treatment with VKAs
were included with a total of 253 participants (mean age 60 years). Two trials published in 1989 and 1993 compared the antifibrinolytic
agent TXA with placebo in people using VKAs. Two other trials were published in 1999 and 2015 and compared TXA with gelatin sponge and
sutures, and dry gauze compression, respectively. In all included trials, those who were treated with VKAs had international normalised
ratio (INR) values within the therapeutic range and TXA was applied locally, not systemically.

The two trials from 1989 and 1993 comparing TXA with placebo showed a statistically significant beneficial eBect regarding the number
of major postoperative bleeding episodes requiring intervention, with a pooled risk diBerence (RD) of -0.25 (95% confidence interval (CI)
-0.36 to -0.14) (128 participants) (moderate-quality evidence). For the two trials that compared TXA with either gelatin sponge and sutures
or with dry gauze compression, there was no diBerence between the TXA and the standard care group, RD 0.02 (95% CI -0.07 to 0.11)
(125 participants) (moderate-quality evidence). The combined RD of all included trials was -0.13 (95% CI -0.30 to 0.05) (moderate-quality
evidence). There were no side eBects of antifibrinolytic therapy that required treatment withdrawal (128 participants) (moderate-quality
evidence). Despite heterogeneity between trials with respect to the diBerent haemostatic measures used in the control groups, the trials
were comparable regarding design and baseline participant characteristics.

Overall, we considered the risk of bias to be low in the trials comparing TXA with placebo and moderate in the trials comparing TXA with
alternative haemostatic measures.

Authors' conclusions

Based on the results of this Cochrane Review, there seems to be a beneficial eBect of locally applied TXA in preventing oral bleeding in
people on continuous treatment with VKAs undergoing minor oral surgery or dental extractions. However, the small number of identified
randomised controlled trials, the relatively small number of participants included in the trials and the diBerences in standard therapy and
treatment regimens between trials, do not allow us to conclude definite eBicacy of antifibrinolytic therapy in this population.

We were unable to identify any eligible trials in people on continuous treatment with DOACs undergoing oral or dental procedures.
Therefore, a beneficial eBect of antifibrinolytic therapy can currently only be assumed based on data from the people using VKAs.

P L A I N   L A N G U A G E   S U M M A R Y

Drugs that prevent oral bleeding in people using oral anticoagulants undergoing minor oral surgery or dental extractions

Review question

We reviewed the evidence about whether antifibrinolytic medicine (drugs that prevent breakdown of a blood clot), such as tranexamic acid
or epsilon aminocaproic acid, can prevent oral bleeding aIer minor oral surgery or dental extractions in people using oral anticoagulants
(blood thinners that are taken by mouth) without interruption during the procedure.

Background

People on continuous oral anticoagulant treatment are at an increased risk of bleeding complications during and aIer oral surgery
or dental extractions. There are two types of oral anticoagulant treatment: vitamin K antagonists (VKAs) (e.g. warfarin and coumarin)
and direct oral anticoagulants (DOACs) (e.g. dabigatran, rivaroxaban, apixaban, edoxaban). DOACs are becoming an increasingly popular
alternative for VKAs, traditionally used for preventing blood clotting in people at risk of thrombosis. The number of bleeds and the severity
of each bleed depend on medication-related factors (such as the degree of anticoagulation, measured by the international normalised
ratio (INR)), surgery-related factors (such as the size of the wound or the number of roots extracted), as well as patient-related factors (such
as inflammation of the gums or blood vessel diseases). The INR level is important to determine how well the anticoagulant treatment is
preventing blood clots. Within the desired range of the INR level, a person has both the least risk of blood clotting complications and the
least risk of excessive bleeding. In routine practice antifibrinolytic medicine is oIen used before, during and aIer minor oral surgery or
dental extractions for people using oral anticoagulants. The question is whether there is reliable scientific evidence for this practice.

Search date

The evidence is current to: 04 January 2018.

Study characteristics

We did not find any trials of antifibrinolytic medicine for preventing bleeding aIer minor oral surgery or dental extractions in people using
DOACs. This review includes four trials (253 participants) in people continuously treated with VKAs during minor oral surgery or dental
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extractions. The earliest included trial was published in 1989 and the most recent one in 2015. The mean age of all participants was 60
years. The follow-up time in all trials was seven days.

Key results

Overall, the included trials showed a reduction in the number of bleeds aIer dental extraction when using tranexamic acid solution in
the mouth. Combining the results of the separate trials it appeared that antifibrinolytic medication reduces the bleeding rate aIer dental
extractions by 25% when compared to placebo ('dummy' treatment). However, there was no diBerence in bleeding rate between people
treated with tranexamic acid and those treated with standard care (e.g. gauze compression or stitches). Side eBects of the antifibrinolytic
medication rarely occurred and did not lead to individuals discontinuing tranexamic acid treatment.

No evidence was found for people being treated with DOACs. It could, however, be argued that, if antifibrinolytic medicine is eBective in
people on continuous treatment with VKAs, it might also work for people receiving other comparable anticoagulant drugs.

Quality of evidence

In relation to the review's two primary outcomes of number of postoperative bleeds and side eBects of therapy, we judged there to be
moderate-quality evidence.

In the two trials comparing tranexamic acid with placebo, the risk of bias, in relation to trial design, was considered to be low, in the two
trials comparing tranexamic acid to standard care (gelatin sponge and sutures; or dry gauze compression) the risk of bias was considered to
be moderate. This was mainly due to the lack of blinding (a way of making sure that the people involved in the trial do not know which trial
arm they are assigned to) and inadequate allocation concealment (using the play of chance to assign participants to comparison groups to
prevent selection bias) in two of these trials. There were diBerences between the trials with regards to diBerent standard care treatments.
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S U M M A R Y   O F   F I N D I N G S

 

Summary of findings for the main comparison.

Antifibrinolytic therapy compared with placebo, usual care or no intervention for preventing oral bleeding in patientson continuous oral anticoagulant treatment

Patient or population: people on continuous oral anticoagulant treatment

Settings: hospitals, dental centers

Intervention: antifibrinolytic therapy (tranexamic acid (TXA) OR epsilon aminocaproic acid (EACA))

Comparison: control (placebo, or no intervention or usual care with or without placebo)

Anticipated absolute effects* (95% CI)Outcomes

Risk with controla Risk with antifibrinolytic
therapy

Absolute effect

(RD and 95%
CI)

No. of partici-
pants
(studies)

Quality of the
evidence
(GRADE)

Comments

Study populationPostoperative bleedings requiring
intervention

Control group: placeboa

Follow-up: 7 days

277 per 1000 69 fewer per 1000

(100 fewer to 4 fewer per 1000)

RD -0.25

(-0.36 to -0.14)

128
(2 RCTs)

⊕⊕⊕⊝

MODERATEc

 

Study populationPostoperative bleedings requiring
intervention

Control group: standard Carea

Follow-up: 7 days

630 per 10,000b 1 more per 10,000b

(4 fewer to 7 more per 10,000)

RD 0.02

(-0.07 to 0.11)

125
(2 RCTs)

⊕⊕⊕⊝

MODERATEc

 

Study populationSide effects or other adverse
events requiring withdrawal

Control group: placeboa

Follow-up: 7 days

No adverse events
requiring with-
drawal occurred in
the placebo group

No adverse events requiring
withdrawal occurred in the an-
tifibrinolytic therapy group

RD 0.00,

(-0.04 to 0.04)

128
(2 RCTs)

⊕⊕⊕⊝

MODERATEc

 

*The risk in the control group is calculated at the event rate within the control group. The risk in the intervention group (and its 95% confidence interval) is based on
the assumed risk in the comparison group and the absolute effect of the intervention (and its 95% CI).
CI: confidence interval; RD: risk difference

GRADE Working Group grades of evidence
High quality: we are very confident that the true effect lies close to that of the estimate of the effect
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Moderate quality: we are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is sub-
stantially different
Low quality: our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect
Very low quality: we have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

a. Results for control groups (placebo and standard care) analysed separately are presented due to high levels of heterogeneity in analysis where control groups are combined
(I2 = 80%)
b. Risks of 'Postoperative bleedings requiring intervention' within the standard care group expressed per 10,000 due to small numbers of events occurring in both groups
c. The evidence is downgraded once to moderate due to relatively small sample sizes (imprecision)
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B A C K G R O U N D

Description of the condition

Minor oral surgery and dental extractions are frequently performed
procedures. Individuals on continuous treatment with a vitamin
K antagonist (VKA) or direct oral anticoagulants (DOACs) are at
an increased risk of bleeding complications during and aIer
these type of procedures. Minor oral surgery was defined as
surgery involving the teeth, palate, floor of the mouth, tongue
and other soI tissues in the oropharyngeal cavity. The eBicacy of
antifibrinolytic agents in people with inherited bleeding disorders
undergoing minor oral surgery or dental extractions is presented in
a separate Cochrane Review (van Galen 2015).

Vitamin K antagonists

Currently, VKAs are the most commonly used anticoagulant drugs;
they act by inhibiting the carboxylation of the vitamin K-dependent
coagulation factors II (prothrombin), VII, IX, and X, and also inhibit
proteins C and S (Mega 2015). They have proven eBective for
preventing and treating thrombosis in a number of cardiovascular
conditions, such as atrial fibrillation, venous thromboembolism
and prosthetic heart valves (Douketis 2012).

Therapeutic levels of VKAs are monitored by measuring the
international normalised ratio (INR), which should be held within
a narrow therapeutic range to prevent thromboembolism without
introducing bleeding complications (Douketis 2012; Perry 2007;
Randall 2007; Sime 2015). This can be challenging due to the
variability in dose response among individuals and due to
interactions with other drugs and food and therefore requires
frequent laboratory monitoring (Ansell 2004). AIer establishing the
individual risk pattern, individuals are assigned to either a low- or a
high-intensity INR therapeutic range. Internationally, the low- and
high-intensity therapeutic ranges are defined as INR levels between
2.0 and 3.0 and between 2.5 and 3.5, respectively (Ansell 2004).

An INR level above or below the threshold is associated with
an increased bleeding or thromboembolic risk, respectively. In
addition, the withdrawal of anticoagulant treatment may induce
rebound hypercoagulably due to excessive thrombin generation
(Ascani 1999; CundiB 2008; Palareti 1996). This would increase
the risk of thromboembolic events even further aIer VKA
interruption (Ascani 1999; CundiB 2008; Palareti 1996). A meta-
analysis published in 2016 including only randomised controlled
trials (RCTs) or controlled clinical trials showed an incidence
of postoperative bleeding of 11% in people on continuous oral
anticoagulant treatment undergoing dental extractions (Yang
2016).

In an educational letter, Wahl was one of the first dentists that
drew attention to the risk of embolic complications following
discontinuation of continuous anticoagulant treatment for dental
surgery (Wahl 2000). He selected 17 articles on anticoagulant
therapy for diBerent ailments in various journals and encountered
five complications he alleged to be (but were in retrospect not
all necessarily so) related to anticoagulant withdrawal for dental
extractions.

Direct oral anticoagulants

DOACs were developed as alternatives to VKAs. Major advantages
of DOACs include fewer food and drug interactions, a short half

life and fixed-dose anticoagulation without the need for periodic
monitoring (Hussain 2017). The DOACs act by directly inhibiting
activated clotting factors. Currently available DOACs include
dabigatran, rivaroxaban, edoxaban and apixaban. Dabigatran
inhibits factor IIa (thrombin), and rivaroxaban, endoxaban and
apixaban inhibit factor Xa (Adcock 2015). A recently published
retrospective observational study compared 52 oral procedures
in individuals under continued anticoagulant treatment with
rivaroxaban (20 mg per day) with 285 oral procedures in individuals
without any anticoagulant or antiplatelet treatment (Hanken
2016). The number of postoperative bleeding complications was
significantly higher in the rivaroxaban group compared to the
control group, with bleeding complications in 11.5% and 0.7%
of the individuals respectively. All bleeding complications were
manageable with local measures.

Perioperative management in oral or dental procedures

Fibrinolytic activity is particularly high in oral mucosa due to
the fibrinolytic activity of saliva and the local production of
tissue plasminogen activator (t-PA) which converts plasminogen
into plasmin causing fibrin degradation (Sindet-Pedersen 1990).
The use of antifibrinolytic agents could therefore enable
the continuation of oral anticoagulant treatment in patients
undergoing oral or dental procedures, while limiting the risk of
bleeding. It is especially interesting to note that for more than two
hours aIer mouth rinsing with tranexamic acid (TXA) mouthwash,
TXA concentrations in saliva remain at a therapeutic level, while
aIer oral administration, TXA concentrations in saliva remain
undetectable (Sindet-Pedersen 1990).

Traditionally, the perioperative management of oral and dental
procedures in anticoagulated individuals included interruption or
dose reduction of anticoagulant treatment to prevent bleeding
complications. Recent guidelines recommend to either continue
VKAs with an additional 'haemostatic intervention' or to stop
VKAs two to three days before the procedure, depending on the
thromboembolic and bleeding risks of the individual and the
type of surgical procedure (Douketis 2012; Perry 2007; Randall
2007; Sime 2015). Evidence for both treatment regimens is
scarce. According to the aforementioned guidelines, haemostatic
interventions include, for example, antifibrinolytic agents (e.g.
TXA mouthwash), sutures, oxidized cellulose or collagen sponges
(Douketis 2012; Perry 2007; Randall 2007; Sime 2015).

Guidelines present the same recommendations for DOACs as
for VKAs. These include either continuing treatment with local
haemostatic measures or discontinuing treatment before the
procedure, aIer carefully weighing the bleeding risk versus the
thromboembolic risk. In general, treatment with DOACs should be
discontinued in procedures with a moderate or high bleeding risk,
and treatment may be continued in procedures with a low bleeding
risk (Heidbüchel 2012; Heidbüchel 2013; Heidbuchel 2015; Randall
2015). Dental procedures that are associated with a low bleeding
risk include the extraction of one to three teeth, periodontal
surgery, incision of an abscess and implant positioning (Heidbuchel
2015).

Considering the risk of thromboembolism aIer the withdrawal
of anticoagulant treatment in the perioperative phase, it is
important to continue this treatment in certain patients at high
thrombotic risk and to search for additional methods or agents
to prevent bleeding complications. Antifibrinolytic therapy is

Antifibrinolytic therapy for preventing oral bleeding in people on anticoagulants undergoing minor oral surgery or dental extractions
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a relatively cheap, safe and potentially eBective therapy for
preventing bleeding complications in oral and dental procedures
(Forbes 1972; McCormack 2012; Olsen 2016; Sindet-Pedersen 1989).
Current guidelines recommend the use of additional haemostatic
interventions in patients on continuous oral anticoagulant
treatment undergoing oral and dental procedures to minimise the
bleeding risk (Douketis 2012). The guidelines do not state clearly
which additional haemostatic intervention should be preferred.
Although most dental procedures are associated with a low
bleeding risk, the bleeding risk postoperatively is still significantly
higher than in people not using anticoagulants (Hanken 2016).

Description of the intervention

The main precautions used to prevent perioperative bleeding in
individuals on continuous anticoagulant treatment undergoing
oral or dental procedures are haemostatic interventions, including

the previously mentioned antifibrinolytic agents, sutures, oxidized
cellulose and collagen sponges (Douketis 2012; Perry 2007;
Randall 2007). The most commonly used antifibrinolytic agents
are TXA and epsilon aminocaproic acid (EACA). Antifibrinolytics
prevent degradation of the fibrin clot which supports blood
clotting. Antifibrinolytic agents can be administered topically as
a mouthwash or systemically as oral or intravenous formulations
(see table below). There are currently no guidelines available on
when antifibrinolytic treatment should be started and for how long
treatment should be continued. In general, if TXA is used, it is
given before the dental procedure and three- to four-times daily for
one to seven days aIer the procedure (Douketis 2012). In people
with renal insuBiciency, a dose reduction is necessary to ensure
renal clearance. Antifibrinolytic agents are contraindicated if there
is active venous or arterial thromboembolic disease.

Dosing of antifibrinolytic agents
 

Antifibrinolytic
agent

Available strength Dose (adults) Dose (children)

TXA mouthwash 50 mg/mL 10 mL, 4-times-daily ≥ 1 year: 20 mg/kg body weight/day in 2 to 3 dos-
es per day

IV TXA 100 mg/mL slowly
IV (1 mL/min)

500 mg to 1000 mg, 2- to 3-times-
daily

≥ 1 year: 20 mg/kg body weight/day in 2 to 3 dos-
es per day

TXA tablets 500 mg 1 g to 1.5 g, 2- to 3-times-daily ≥ 1 year: 20 mg/kg body weight/day in 2 to 3 dos-
es per day

IV EACA 250 mg/mL Starting dose 4 g to 5 g slowly IV
(more than 1 hour), followed by
continuous infusion of 1 g/hour

100 mg/kg or 3 g/m2 slowly IV during the first
hour, followed by continuous infusion 33.3 mg/
kg/hour or 1 g/m2/hour

EACA tablets 500 mg and 1000
mg

Starting dose 4 g to 5 g, followed
by 1 to 1.25 g/hour. Maximum
dose 24 g per 24 hours

starting 100 mg/kg, followed by 3 g/m2 during the
first hour, followed by 33.3mg/kg or 1 g/m2 every
hour, maximum 18 g/m2 (600 mg/kg) in 24 hours

 
Abbreviations: EACA: epsilon aminocaproic acid; IV: intravenous;
TXA: tranexamic acid.

How the intervention might work

The antifibrinolytic agents TXA and EACA act by binding reversibly
to plasminogen and blocking the interaction of plasminogen with
fibrin, thereby preventing degradation of the fibrin clot. The agent
TXA is more potent than EACA (Pell 1973). Fibrinolytic activity is
particularly high in oral mucosa due to the fibrinolytic activity of
saliva and local t-PA production (Sindet-Pedersen 1990). Therefore,
the inhibition of fibrinolysis with antifibrinolytic agents is a rational
approach for limiting oral bleeding aIer surgery in patients using
oral anticoagulants. A trial conducted in 1987 showed that, aIer
oral administration, the mean plasma concentration of TXA reached
its maximum aIer 120 minutes at approximately 7 micrograms
(μg)/mL, whereas none of the saliva samples contained TXA at
detectable levels. AIer mouth rinsing, the plasma concentrations
remained below 2 μg/mL, whereas the concentrations found in
saliva initially were very high (aIer 30 minutes mean concentration

above 200 μg/mL) and remained at a therapeutic level for more
than two hours (Sindet-Pedersen 1987).

Why it is important to do this review

The aim of this review is to analyse the evidence for the
use of antifibrinolytic agents in individuals on continuous VKA
or DOAC treatment undergoing oral or dental procedures.
Given their low cost, high tolerability, eBectiveness and safety,
antifibrinolytic agents are an attractive alternative to prevent
postoperative bleeding in oral surgery. If this review finds suBicient
scientific evidence to support the use of antifibrinolytic agents in
patients on continuous oral anticoagulant treatment undergoing
oral and dental procedures, this treatment could become the
standard therapeutic approach. Antifibrinolytic therapy may
enable continuation of anticoagulant treatment perioperatively
and it therefore may prevent the need for discontinuation or dose
reduction of anticoagulant drugs, reducing the thromboembolic
risk with potentially life-threatening outcomes in the high-risk
groups.
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O B J E C T I V E S

We aimed to assess the eBicacy of antifibrinolytic agents
for preventing bleeding complications in people on oral
anticoagulants undergoing minor oral surgery or dental
extractions.

M E T H O D S

Criteria for considering studies for this review

Types of studies

RCTs or quasi-RCTs in people on anticoagulant treatment
undergoing oral or dental procedures.

Types of participants

People of all ages on continuous VKA or DOAC treatment
undergoing oral or dental procedures. We defined the therapeutic
range of VKAs as an INR level between 2.0 and 4.0. Oral and dental
procedures included surgery related to teeth (tooth extraction
including third molar removal and implant placement), periodontal
tissues, or soI tissues in the oral cavity. Individuals using
acetylsalicylic acid were not included in this review, as the general
approach for minor dental procedures in these individuals already
includes continuation of acetylsalicylic acid without an increased
risk of excessive bleeding (Douketis 2012; Zhao 2015).

Types of interventions

Intervention

The use of antifibrinolytic agents (TXA or EACA) to prevent
perioperative bleeding in people on oral anticoagulant medication
undergoing oral or dental procedures at any dose, mode of
delivery (topical, oral or intravenous), frequency and duration of
administration, started before, during or immediately aIer the
intervention.

Comparator interventions

Placebo or no intervention or usual care with or without
placebo. Usual care in this population included mainly surgical
intraoperative measures (e.g. mucosal flap placement, gauze
compression, sutures). In order to reliably assess the eBicacy of
antifibrinolytic therapy, comparison groups receiving additional
haemostatic agents other than antifibrinolytic medication (e.g.
fibrin glue) were excluded from the analysis.

Types of outcome measures

Primary outcomes

1. Number of participants with major postoperative bleeding
episodes (defined as postoperative bleeding episodes requiring
intervention*)

2. Side eBects or other adverse events**

*Postoperative bleeding episodes include immediate
postoperative bleeds (defined as bleeding within 24 hours aIer
surgery), as well as delayed postoperative bleeds (defined as
bleeding 24 hours to 10 days aIer surgery) and both clinically
relevant (non-major) bleeding requiring medical attention (e.g.
wound dressing or additional sutures) and major bleeding
requiring transfusion of packed red blood cells. Intervention is
defined as any additional treatment or medical attention needed in

addition to usual care to halt postoperative bleeding up to 10 days
post surgery.

**Side eBects of antifibrinolytic agents are mainly gastro-intestinal
and will only be considered clinically relevant if they lead to
discontinuation or change of therapy.

Secondary outcomes

1. Number of minor postoperative bleeding episodes (defined as
self-limiting, usually with local pressure, that does not require
medical attention)

2. Number of immediate (less than 24 hours) and delayed (24
hours to 10 days) postoperative bleeding episodes requiring
intervention

3. Any postoperative complication except bleeding (e.g. wound
infection)

4. Change in haemoglobin level from baseline

5. Major bleeding, requiring transfusion of packed red blood cells

6. Bleeding duration (minutes, all types of bleeding minor and
major)

7. Amount of postoperative blood loss (mL)

8. Number of thromboembolic complications

Search methods for identification of studies

We searched for all relevant published and unpublished trials
without restrictions on language, year or publication status.

Electronic searches

The Cochrane Cystic Fibrosis and Genetic Disorders Group's
Information Specialist conducted a systematic search of the
Group's Coagulopathies Fibrosis Trials Register for relevant trials
using the following term: antifibrinolytics.

The Coagulopathies Trials Register is compiled from electronic
searches of the Cochrane Central Register of Controlled Trials
(CENTRAL) (updated each new issue of the Cochrane Library) and
weekly searches of MEDLINE and the prospective handsearching
of one journal - Haemophilia. Unpublished work is identified by
searching the abstract books of major conferences: the European
Haematology Association conference; the American Society of
Hematology conference; the British Society for Haematology
Annual Scientific Meeting; the Congress of the World Federation of
Hemophilia; the European Association for Haemophilia and Allied
Disorders, the American Society of Gene and Cell Therapy and
the International Society on Thrombosis and Haemostasis. For
full details of all searching activities for the register, please see
the relevant section of the Cochrane Cystic Fibrosis and Genetic
Disorders Group's website.

Date of the most recent search of the Group's Coagulopathies Trials
Register: 25 February 2018.

We searched the following databases and trial registries:

• Cochrane Central Register of Controlled Trials (CENTRAL, 2018)
and Cochrane Database of Systematic Reviews (CDSR) in the
Cochrane Library (http://www.cochranelibrary.com/; searched 4
January 2018);

• PubMed (https://www.ncbi.nlm.nih.gov/pubmed/; 1946 to 4
January 2018);
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• Embase Platform (www.embase.com; 1947 to 4 January 2018);

• CINAHL Platform EBSCO (Cumulative Index to Nursing and Allied
Health Literature; 1937 to 4 January 2018);

• PQDT Open (https://pqdtopen.proquest.com/search.html;
searched 4 January 2018);

• US National Institutes of Health Ongoing Trials Register
Clinicaltrials.gov (www.clinicaltrials.gov; searched 4 January
2018);

• World Health Organization International Clinical Trials Registry
Platform (WHO ICTRP) (apps.who.int/trialsearch; searched 4
January 2018).

For details of our search strategies, please see Appendix 1.

Additional search

We also electronically searched the following online meeting
abstract books:

• American College of Clinical Pharmacy Annual Meeting
(ACCP; www.accp.com/meetings/abstracts.aspx searched 1999
to 2018);

• Annual Scientific Meeting of the International Society for
Thrombosis and Haemostasis (www.isth.org/?PastMeetings
searched 1950 to 2018);

• European Haematology Association Annual Congress
(ehaweb.org/congress/previous-congresses/ searched 1994 to
2018);

• American Society of Hematology Annual Meeting
(www.hematology.org/Annual-Meeting/Archive.aspx searched
2014 to 2018);

• British Society for Haematology Annual Scientific Meeting
(www.b-s-h.org.uk/search 1960 to 2018)

For full details, please see Appendix 2.

Searching other resources

We checked the bibliographies of included trials and any relevant
systematic reviews identified for further references to relevant
trials.

Data collection and analysis

Selection of studies

Two authors (EE content area expert, KG content area expert and
supervising author) independently screened titles and abstracts of
all articles obtained through the searches and identified abstracts
of trials that appeared to be potentially relevant. Full texts
were obtained for potentially relevant abstracts and two authors
(EE, KG) independently assessed these for inclusion based on
the previously described selection criteria. A third author (RS)
verified trial eligibility. We used a separate data collection form
for assessing trial eligibility. We attempted to identify multiple
reports of the same trial by comparing authors of the reports,
trial dates, trial durations, number of participants, details on the
interventions and location and setting of the reported trials. If
we had identified multiple reports on one or more trials, we
would have linked these together. A third author (RS content area
expert, methodologist) verified the assessment of trials identified
for inclusion. We resolved any disagreement by discussion between
the three authors (EE, KG, RS). When necessary, the surgeon (RE)

was involved in the discussion. Duplicate records of the same
reports were removed using reference manager soIware (RefMan®
2010). We recorded the articles retrieved from the searches of
the databases in the Review Manager (RevMan) soIware (RevMan
2014). We listed excluded trials, except the those which clearly
failed to fulfil the selection criteria of this review, and we stated the
primary reason for exclusion (Characteristics of excluded studies).

Data extraction and management

Two authors (EE, KG) independently extracted data from published
reports using a data extraction form containing the characteristics
of the included trials and trial participants, all outcome measures
and a risk of bias table. We prepared the data extraction form using
the general template and a Cochrane checklist of items to consider
in data collection or data extraction (Higgins 2011a), which was
authorised by all authors. A third author verified the data extraction
of trials identified for inclusion (RS). There were no diBerences
in data extraction between the authors (EE, KG, RS). It was not
necessary to request further information from the original authors
to clarify data.

Assessment of risk of bias in included studies

We assessed the methodological quality of the included trials
by using a risk of bias table that included judgements of the
adequacy of the sequence generation (selection bias), allocation
concealment (selection bias), blinding of the outcome assessments
(detection bias), incomplete outcome data (attrition bias), selective
outcome reporting (reporting bias) and other potential sources
of bias (Higgins 2011a). Two authors (EE, KG) independently
completed this table for each included trial. We resolved any
disagreements by discussion between the three authors (EE, KG,
RS). We rated the risk of bias for each domain as low, unclear or high
and summarized this information in a 'risk of bias' plot.

Measures of treatment e<ect

The treatment eBect is the proportion of participants in
the intervention group with postoperative bleedings needing
treatment (immediate as well as delayed postoperative bleedings
were combined), compared to those in the control group. For meta-
analysis, we expressed this treatment eBect as a risk diBerence (RD)
with corresponding 95% confidence intervals (CIs). We converted
this measure to a number-needed-to-treat (NNT), aIer calculating
the RD between the two groups. The NNT is useful for better
interpretation of the results of our meta-analysis.

Formula: NNT = 1 / RD.

When individual participants experienced more than one event
(e.g. postoperative bleeding needing intervention, side eBects or
adverse events), we used the number participants (rather than the
number of events) in the analysis.

The measures of treatment eBect for the other outcomes is
the proportion of participants in the intervention group with an
adverse event or one of the secondary outcomes compared to those
in the control group. For meta-analysis, we converted the data to
RD values and we presented these with corresponding 95% CIs.

Unit of analysis issues

We included trials with non-standard randomised controlled
designs, since these trial designs may feasibly answer the research
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question. Including data from such trials could also increase the
power for meta-analysis.

Multiple randomisation

Participants may have an indication for multiple, identical
procedures (dental or oral) within a certain trial period. Participants
may be randomised on multiple occasions in a trial due to revisits
for a similar dental or oral procedure. We accounted for this
issue by using the number of participants with bleeding requiring
intervention as the unit of analysis in all included trials. It was not
possible to extract individual patient data from the included trials
to apply multilevel analysis.

Studies with multiple treatment groups

If included clinical trials randomised participants to one of several
intervention groups, we planned to only include the groups where
the intervention consisted of the administration of antifibrinolytic
agents to prevent bleeding in oral surgery and the comparison
groups were placebo, no intervention or usual care (with or without
placebo) in the meta-analysis. We aimed to use the same measure
of treatment eBect as in the included parallel group trials. If, for
future updates of this review, trials of this design meet the inclusion
criteria, we plan to present the eBect measure separately in the
meta-analysis if more than two groups are relevant with regard to
diBerences in the administration of antifibrinolytic agents, using a
portional part of the comparison group, to allow for any subgroup
analyses (Higgins 2011b).

Cluster-randomised trials

If we include cluster-randomised trials in future updates, we plan
to pay special attention to the possibility of: recruitment bias;
baseline imbalances; loss of clusters; incorrect analysis; herd eBect;
and contamination (Higgins 2011c). In the meta-analysis we plan
to use the same treatment eBect measure as in the included
parallel group trials if the original analysis properly accounts for
the cluster design, based for example on a multilevel model or
generalised estimating equations (GEEs). We will seek statistical
advice if needed.

Dealing with missing data

Possible sources of missing data are: missing outcomes; selective or
incomplete reporting; and lack of intention-to-treat (ITT) analysis.
It was not necessary to contact original investigators to request
missing data.

Assessment of heterogeneity

DiBerences were expected in the specific interventions and
participant characteristics. These diBerences give rise to clinical
heterogeneity between the included trials. To assess the
heterogeneity we considered a visual inspection of the forest
plot to see whether CIs overlap. In addition, significant statistical
heterogeneity arises from methodological diBerences between
trials (Deeks 2011). To quantify inconsistency between trials, we
planned to calculate the I2 statistic to describe the percentage of
the variability in eBect estimates that is due to heterogeneity rather
than sampling error (chance) (Higgins 2003).

The interpretation of the I2 values was as follows (Higgins 2003):

• 0% to 40% indicates unimportant levels of heterogeneity;

• 30% to 60% indicates moderate heterogeneity;

• 50% to 90% indicates substantial heterogeneity;

• 75% to 100% indicates considerable heterogeneity.

Assessment of reporting biases

To address reporting bias, we designed the literature searches to
be as comprehensive as possible so as to prevent missing any
potentially eligible trials. We also searched the trial registration
database (www.clinicaltrials.gov) for this purpose. We did not
construct a funnel plot as not enough trials could be included (less
than 10). We addressed the potential impact of reporting bias on
the findings in the ‘Discussion’ section of our final review (Higgins
2011b).

Data synthesis

We assumed that included trials use diBerent outcome
definitions of postoperative bleeding. We recorded the number
of postoperative bleedings needing intervention. This outcome
measure was used for meta-analysis. We combined all types of
interventions with antifibrinolytic agents. We used a random-
eBects model for the meta-analyses. We made this decision
based on expected diBerent outcome measures, diBerences in
the administration of antifibrinolytic agents and the use of co-
interventions. We summarized the results of the review in a
'Summary of findings' table (Summary of findings for the main
comparison).

Subgroup analysis and investigation of heterogeneity

Given that we included only four trials with relatively low
participant numbers, we were not able to undertake the planned
subgroup meta-analyses (Deeks 2011). We reported results on
these subgroups as described within the trials, if available.

1. Antifibrinolytic agents used: TXA versus EACA

2. Administration form of antifibrinolytic agents: topical versus
systemic

3. DiBerent outcome definitions of perioperative bleeding:
clinically significant versus minor versus major postoperative
bleedings; and immediate versus delayed postoperative
bleedings

4. INR levels within the therapeutic range versus INR levels below
or above the thresholds of the therapeutic range

5. Timing of the antifibrinolytic intervention: before, during or aIer
the oral or dental procedure

6. The number of extractions (single versus multiple extractions)

7. The location of extraction sites (maxilla or mandible)

We performed separate and combined analyses of diBerent control
groups (placebo and usual care), including one trial with two
eligible usual care control groups. Further details are provided in
EBects of interventions.

Sensitivity analysis

Given that we only included four trials, we were not able to
undertake the planned sensitivity analyses.

1. Risk of bias: by excluding trials with an overall high risk of bias

2. Publication type: by excluding abstracts whose results cannot be
confirmed in subsequent publications versus full texts papers
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3. Methodological aspects: by excluding non-blinded RCTs and
by excluding non-standard designs, including versus excluding
trials with missing data

Summary of findings table

The findings of the included trials are presented in a 'Summary of
findings' table that contains the primary outcome measures. The
absolute risks and the RDs (95% CI) are presented. This table also

includes quality assessments for each primary outcome measure
according to the GRADE approach (high, moderate, low or very
low) (Schünemann 2011a; Schünemann 2011b). The numbers of
participants and trials addressing these outcomes are summarized
in the 'Characteristics of included studies' tables. The search
process is summarized in the study flow diagram (Figure 1). We
present the risk of bias assessments in the risk of bias tables
(Characteristics of included studies) and summarize them in figure
2 (Figure 2).
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Figure 1.   Study flow diagram.
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Figure 1.   (Continued)
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Figure 2.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.

 

R E S U L T S

Description of studies

See: Characteristics of included studies and Characteristics of
excluded studies.

Results of the search

The initial search yielded 382 articles as presented in the study
flow diagram (Figure 1) (Liberati 2009). AIer removal of duplicates,
287 articles were screened on title and abstract. Full texts of the
19 articles that appeared to be potentially relevant were obtained.
Four trials on people treated with VKAs were eligible for inclusion.
No trials on people treated with DOACs were considered eligible
for this review. Also, no eligible trials on EACA or systemically
administered TXA were identified.

An ongoing trial was identified following correspondence with a
peer reviewer (EXTRACT-NOAC 2018).

Included studies

The characteristics of the included trials are summarized in the
Characteristics of included studies table.

Trial design

A total of four trials were included in the review; three RCTs
(Ramström 1993; Sindet-Pedersen 1989; Soares 2015) and one
quasi-RCT (Blinder 1999).
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Country

Two of the included trials were conducted in Denmark and Sweden
(Ramström 1993; Sindet-Pedersen 1989). The remaining trials were
conducted in Israel (Blinder 1999) and Brazil (Soares 2015).

Participants

A total of 316 participants were discussed within the included
articles, of which 253 participants were included in the analysis
of this review. Participants in intervention groups receiving
haemostatic agents other than antifibrinolytic therapy were
excluded (n = 63).

The Sindet-Pedersen trial evaluated 39 participants on continuous
treatment with VKAs at a therapeutic INR level (Sindet-Pedersen
1989). INR levels ranged from 2.5 to 4.8. The age of the
included participants ranged from 19 to 77 years. A total of
118 procedures were performed: 98 dental extractions were
performed in 33 participants, 14 retained teeth were removed
in eight participants, five periapical surgical procedures were
performed in three participants and one other procedure was
performed in one participant. Participants could undergo multiple
procedures, but it is unclear whether individuals underwent
multiple randomisations. A mean of 2.8 and 3.3 teeth were
extracted per participant in the placebo and TXA group respectively.

The Ramström trial evaluated 93 participants on continuous oral
anticoagulant treatment with VKAs (phenprocoumon, warfarin or
dicoumarol) at a therapeutic INR level (Ramström 1993). A total
of 89 participants were included in the main eBicacy analysis. INR
levels ranged from 2.1 to 4.0. The participants were aged 53 to
87 years. Participants were referred for tooth extraction (single or
multiple), surgical removal of retained tooth (single or multiple),
or endodontic surgery. In the TXA group a mean number of 1.5
teeth per participant were extracted and a mean of 1.6 teeth per
participant were surgically treated. In the placebo group a mean
of 1.5 teeth per participant were extracted and a mean of 1.5
teeth per participant were surgically treated. Four participants
were excluded from the main eBicacy analysis, two because of
incorrect inclusion (one on an anti-inflammatory agent and one
subjected to an inappropriate type of surgery), and two because
of incorrect multi-inclusion (the first treatment period was not
finished before the participant was included in a second treatment
period). Seven participants participated in the trial two or three
times. The Ramström trial was conducted as a sequel to the Sindet-
Pedersen trial. There was no overlap between the participants in
these trials (Ramström 1993; Sindet-Pedersen 1989).

The Soares trial included 41 individuals on continuous oral
anticoagulant treatment with warfarin at a therapeutic INR level,
who required the extraction of at least two teeth (Soares 2015).
A total of 93 surgical procedures were randomised. A total of 38
instead of 41 participants were part of the analysis due to loss
of follow-up. We have included the primary intervention group (N
= 12 participants, N = 28 surgical procedures) and the dry gauze
compression control group (N = 13 participants, N = 28 surgical
procedures). The haemostatic treatment in the second control
group was not considered as standard care and this group was
removed from further analysis in this review. The mean (standard
deviation (SD)) INR level in the TXA group was 2.52 (0.16), in the
fibrin sponge group 2.51 (0.16) and in the dry gauze group 2.51
(0.13). The age of the included participants ranged from 44 to
56 years. Due to loss of follow-up, 38 participants and a total of

84 dental extractions were analysed. Participants could receive
diBerent treatments. Reasons for extraction were dental caries and
periodontal disease.

The Blinder trial evaluated 150 participants on continuous oral
anticoagulant treatment with coumarin at a therapeutic INR level
(Blinder 1999). INR levels ranged from 1.5 to 4.0. Participants
ranged from 35 to 90 years of age and underwent a total of 359
dental extractions. Reasons for extraction were deep caries and
periodontitis.

It is important to note that up to three trials include, or potentially
include, participants who were randomised more than once.

Interventions

All four trials discussed the use of locally-applied TXA in people on
continuous VKA treatment.

In two trials, the treatment regimen included irrigation with 10 mL
4.8% TXA solution intra-operatively before suturing, and rinsing
with 10 mL 4.8% TXA mouthwash for two minutes four times daily
for seven days postoperatively (Ramström 1993; Sindet-Pedersen
1989). The TXA solution was replaced by placebo solution in
the control groups of these two trials (Ramström 1993; Sindet-
Pedersen 1989).

In the Soares trial, in the primary intervention group a gauze
pad soaked in 4.8% TXA was applied to the surgical alveolus for
eight minutes under biting pressure (Soares 2015). In the control
group the dry gauze compression was performed under biting
pressure on the surgical alveolus for eight minutes without the use
of local haemostatic agents. In the second control group, another
local haemostatic agent was used (not eligible for inclusion in this
review); fibrin sponge was packed into the surgical alveolus and dry
gauze compression was performed under biting pressure.

In the Blinder trial, participants in the intervention group received
resorbable gelatin sponge and sutures intra-operatively, and TXA
mouthwash 500 mg for rinsing two minutes four times daily for
a period of four days postoperatively, starting 24 hours aIer
the procedure (Blinder 1999). The first control group received
resorbable gelatin sponge and sutures only. A third group received
resorbable gelatin sponge, sutures and fibrin glue. Also in this trial,
the use of fibrin glue was not considered as standard care and this
treatment group was therefore excluded from the analysis in this
review.

Outcome measures

All trials reported the number of (participants with) postoperative
bleedings as part of the outcomes (Blinder 1999; Ramström
1993; Sindet-Pedersen 1989; Soares 2015). Two trials reported
the number and type of adverse eBects (Sindet-Pedersen 1989;
Ramström 1993). These same two trials also reported any
postoperative complication except bleeding, such as wound
infection. The number of immediate (less than 24 hours) and
delayed (24 hours to 10 days) postoperative bleeding episodes
requiring intervention was only reported by the Ramström trial
(Ramström 1993).

Two trials discussed the possible correlation between the
appearance of postoperative bleeding and the INR values as
well as the number of bleeds in participants receiving multiple
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extractions compared to those undergoing a single tooth extraction
(Blinder 1999; Soares 2015). Two trials reported on the need for
additional local haemostatic measures (e.g. vitamin K and fresh-
frozen plasma) (Ramström 1993; Sindet-Pedersen 1989).

Excluded studies

The characteristics of the 15 excluded trials are summarized in the
Characteristics of excluded studies table. The reasons for exclusion
were trial design (not a clinical trial or not (quasi)-randomised)
(Bublitz 2000; Chow 2003; Gaspar 1997; Goss 2002; Hoppe 1969;
Keiani 2003; Kwapis 1963; McIntyre 1966; Somma 2010; Timocin
1996), inadequate comparison group (Borea 1993; Bucciarelli 1997;
Carter 2003; Souto 1996) and domain (e.g. articles not on treatment
with VKAs or DOACs) (Sammartino 2012).

Ongoing studies

One ongoing trial was identified (EXTRACT-NOAC 2018); further
details are provided in the tables (Characteristics of ongoing
studies).

Risk of bias in included studies

Detailed quality assessments are presented in the 'Risk of bias'
tables presented with each trial in the Characteristics of included
studies table. In addition, the risk of bias of each trial is summarized
in Figure 2.

Of the four included trials, we considered three to have an overall
low risk of bias (Ramström 1993; Sindet-Pedersen 1989; Soares
2015) and one to have a high risk of bias (Blinder 1999).

Allocation

Sequence generation

The Soares trial reported the use of a computer-generated code
in the randomisation process and was judged to have a low risk
of bias for this domain (Soares 2015). A further two trials stated
that they used randomly numbered medication packages to assign
participants, and although they did not report the exact method of
sequence generation, we still regard the risk of selection bias to be
low (Ramström 1993; Sindet-Pedersen 1989).

The risk of selection bias due to sequence generation was
considered to be high in the Blinder trial (Blinder 1999). In the
Blinder trial, assignment was based on the day on which the
procedure was performed (Blinder 1999).

Allocation concealment

The risk of selection bias due to inadequate allocation concealment
was considered to be: low in the Ramström trial and the Sindet-
Pedersen trials (Ramström 1993; Sindet-Pedersen 1989); high in the
Blinder trial (Blinder 1999); and unclear in the Soares trial (Soares
2015).

In the Ramström and Sindet-Pedersen trials, participants were
randomised to consecutively numbered medication packages
(Ramström 1993; Sindet-Pedersen 1989). Both trials stated that
a pre-determined treatment regimen was used for participants
presenting with postoperative bleeding. In the Ramström trial, it
was also reported that sealed envelopes with information about
the randomisation code for each participant were used. These
envelopes could be opened in case of emergency.

The risk of bias was considered to be high in the Blinder trial
(Blinder 1999), the allocation was not concealed and it was based
on the day the procedure was performed.

The Soares trial reported the use of a computer-generated code for
random allocation; however, the method of allocation concealment
was not described (Soares 2015).

Blinding

The risk of performance bias and detection bias was considered
to be low in the Ramström and Sindet-Pedersen trials (Ramström
1993; Sindet-Pedersen 1989). Both trials were carried out as
double-blind trials with both groups following the same treatment
schedule with either tranexamic acid solution or an apparently
identical placebo solution.

The risk of performance bias (blinding of participants and
personnel) was considered to be high in the Soares and Blinder
trials, as the type of intervention and control treatment regimens
did not allow for blinding personnel and participants (Blinder 1999;
Soares 2015).

The risk of detection bias (blinding of outcome assessment) was
considered to be high in the Blinder trial, as treatment allocation
was based on the day of the procedure in the first trial (Blinder
1999). The risk of detection bias was considered to be low in
the Soares trial; the Soares trial stated that the investigator who
was responsible for the outcome assessment was blinded to the
haemostatic protocol allocation throughout the trial period (Soares
2015). The risk of detection bias was considered to be unclear in
the Ramström trial and the Sindet-Pedersen trials as the blinding
of outcome assessment was not discussed in either of the articles
(Ramström 1993; Sindet-Pedersen 1989).

Incomplete outcome data

The risk of attrition bias was considered to be low in all
of the included trials (Blinder 1999; Ramström 1993; Sindet-
Pedersen 1989; Soares 2015). In the Blinder trial and Sindet-
Pedersen trial, all included participants were analysed. In the
Ramström trial there was no loss to follow-up and the reasons for
excluding four participants from the main eBicacy analysis aIer
randomisation were discussed in the article. In the Ramström trial,
two participants were excluded aIer randomisation because of
incorrect inclusion and two because of incorrect multi-inclusion
(the first treatment period was not finished before the patient was
included in a second). In the Soares trial, nine surgical procedures
from three participants were lost to follow-up, as these participants
did not return for evaluation. These participants were not included
in the analysis. As the percentage of participants that was lost to
follow-up was below 10%, the risk of attrition bias by loss to follow-
up was still considered to be low in this trial (Soares 2015).

Selective reporting

The risk of reporting bias was considered to be low in all of the
included trials. All pre-specified outcome measures were reported.

Other potential sources of bias

The poor reporting of data in the Blinder trial presents an extra
source of bias (Higgins 2011c); the quality of reporting results
within this trial was considered to be doubtful as group numbers
and corresponding treatments were exchanged between the tables
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and parts of the text (Blinder 1999). However, each group number
mentioned in the text was consistently followed by describing
the corresponding treatment group. Because the described results
did match the results tables, we believed data extraction was
suBiciently reliable to include this trial in the current review.

Furthermore, in both the Soares and the Ramström trials,
participants were randomised more than once (Ramström 1993;
Soares 2015). In the Blinder and Sindet-Pedersen trials, it was
unclear whether or not participants could undergo multiple
randomisations (Sindet-Pedersen 1989; Blinder 1999). See the
Characteristics of included studies section for more information on
the individual assessments.

E<ects of interventions

See: Summary of findings for the main comparison

Detailed assessments (gradings) of the primary outcomes of this
review, as reported in the included trials, are described in the
'Summary of findings table', for the definitions of these gradings,
please refer to the summary of findings tables (Summary of findings
for the main comparison).

The primary aim of the review was to assess the eBicacy
of antifibrinolytic agents (TXA or EACA) to prevent bleeding
complications in people on unchanged, continuous oral
anticoagulant treatment undergoing oral or dental procedures.

A potential unit of analysis issue is the fact that two of the
included trials included participants that were randomised more
than once (Ramström 1993; Soares 2015). In the Ramström trial,
seven individuals participated in the study two or three times. In the
Soares trial, extraction sites were considered as sampling units and
these were allocated to diBerent treatment groups (Soares 2015). In
two other included trials it was unclear whether participants could
undergo multiple randomisations (Blinder 1999; Sindet-Pedersen
1989).

During the selection process, one trial was discussed between
the authors due to initial disagreement about whether to include
the trial or not (Blinder 1999). The quality of reporting results
within this trial was considered to be doubtful as group numbers

and corresponding treatments were exchanged between the tables
and parts of the text. However, the trial was included because of
eligibility in terms of design, participants and outcomes. Also, each
group number mentioned in the text was consistently followed by
describing the corresponding treatment group and because the
described results did match the results tables, data extraction could
reliably be performed and the trial was eventually included in this
review.

There was substantial heterogeneity in the results. We believed
this was due to several reasons. Firstly, there was clinical diversity
within the included trials, with much heterogeneity in the included
comparison groups (both placebo and diBerent standard care
groups), as well as heterogeneity in TXA regimens (e.g. diBerent
frequency and duration of administration). Furthermore, there was
methodological diversity, with one out of the four included trials
being a quasi-randomised trial. Finally, a relatively small number of
participants were included in the trials.

Antifibrinolytic therapy versus placebo or standard care

In the trial reports, a total of 316 participants were discussed,
of which 253 were eligible for this review. Participants in those
intervention groups receiving haemostatic agents other than
antifibrinolytic therapy were excluded.

Primary outcomes

1. Number of participants with postoperative bleedings requiring
intervention

All included trials evaluated the eBicacy of antifibrinolytic agents
for preventing bleeding complications in individuals on continuous
treatment with an oral anticoagulant. The Sindet-Pedersen trial
and Ramström trial showed a statistically significant and beneficial
eBect of TXA compared with placebo with a pooled RD of -0.25
(95% CI -0.36 to -0.14) (63 versus 65 participants) (moderate-quality
evidence) (Analysis 1.1; Figure 3) (Sindet-Pedersen 1989; Ramström
1993). The NNT for TXA when compared to placebo is four. There
was no diBerence between the TXA and the standard care group
with a pooled RD of 0.02 (95% CI -0.07 to 0.11) (62 versus 63
participants) (moderate-quality evidence) (Analysis 1.1) (Blinder
1999; Soares 2015).
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Figure 3.   Forest plot of comparison: 1 Antifibrinolytic therapy versus placebo or standard care, outcome: 1.1
Number of people with postoperative bleedings.

 
2. Side e<ects or other adverse events

Two of the included trials reported side eBects as an outcome
(Ramström 1993; Sindet-Pedersen 1989). In both trials there were
no side eBects requiring withdrawal from the trial treatment, with
a combined RD of 0.00 (95% CI -0.04 to 0.04) (128 participants)
(moderate-quality evidence) (Analysis 1.2).

In the Ramström trial, while no participant stopped using the
mouthwash because of adverse eBects, it was reported that 6 of the
46 participants in the TXA group reported adverse eBects such as a
bad or sour taste (n = 3), nausea (n = 1), tedious treatment (n = 1)
or a slight burning feeling (n = 1). A total of 4 of the 47 participants
in the placebo group reported adverse eBects such as nausea (n =
2) and bad taste (n = 2) (Ramström 1993). The Sindet-Pedersen trial
reported that there were no systemic side eBects (39 participants)
(Sindet-Pedersen 1989).

Secondary outcomes

The secondary outcomes measures 'number of people with minor
postoperative bleeding', 'number of people with complications
other than bleeding', 'the number of people with bleeding
requiring transfusion' and 'the number of immediate and delayed
postoperative bleedings' were reported in one or more of the
included trials (Analysis 1.3; Analysis 1.4; Analysis 1.5; Analysis 1.6).

The remaining secondary outcomes (e.g. change in haemoglobin
level, duration of bleeding and amount of postoperative blood loss)
were not reported in the included trials. Therefore, no MDs with
corresponding 95% CIs could be calculated.

The Blinder trial reported an association between bleeding and the
presence of severe periodontitis (Blinder 1999). Participants who
underwent multiple extractions did not bleed from all extraction
sites, bleeding rather occurred in the sites associated with severe
periodontitis.

1. Number of minor postoperative bleeding episodes

The number of people with minor postoperative bleeding
was reported in two of the included trials (Ramström 1993;
Sindet-Pedersen 1989). The Sindet-Pedersen trial showed minor
postoperative bleeding in 4 out of 20 (20%) of the participants
of the placebo group and in none of the 19 participants in the
TXA group (Sindet-Pedersen 1989). In the Ramström trial, minor
bleeding occurred in none of the 45 participants in the placebo
group and in 2 out of 44 (4.5%) of the participants in the TXA group
(Analysis 1.3) (Ramström 1993). All minor bleeding episodes were
haematoma which abated spontaneously. The pooled RD between
the TXA versus the placebo groups was -0.06 (95% CI -0.33 to 0.20)
(128 participants) (Analysis 1.3).

2. Number of immediate (less than 24 hours) and delayed (24 hours to
10 days) postoperative bleeding episodes requiring intervention

In the Ramström trial all bleedings occurred 1, 3 or 5 days aIer
oral surgery (Analysis 1.4) (Ramström 1993). In this trial, the RD was
statistically significant, -0.22 (95% CI -0.35 to -0.10) (89 participants)
(Analysis 1.4). The Blinder trial did not report the exact number of
immediate and delayed postoperative bleeding episodes; however,
it did report the mean number of days aIer which postoperative
bleeding occurred in the diBerent treatment groups (Blinder 1999).
On average, bleeding occurred 0.9 days postoperatively in the
collagen group, 4.0 days postoperatively in the TXA group and 3.9
days in the mucosal flap group. The other included trials did not
report this outcome (Sindet-Pedersen 1989; Soares 2015).

3. Any postoperative complication except bleeding

This outcome was reported in the Ramström and Sindet-Pedersen
trials (Ramström 1993; Sindet-Pedersen 1989). In the Ramström
trial (89 particpants) one perforation of the maxillary sinus was
observed in the placebo group (n = 45) (Ramström 1993). No
participant had a fever or signs of infection. The Sindet-Pedersen
trial (39 participants) reported that no complications other than
bleeding were observed (Sindet-Pedersen 1989). The pooled RD
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was statistically not significant with -0.02 (95%CI -0.07 to 0.03) (128
participants) (Analysis 1.5).

4. Change in haemoglobin level from baseline

This outcome was not reported in any of the included trials.

5. Major bleeding, requiring transfusion of packed red blood cells

With regards to the placebo-controlled trials, the Ramström trial
(89 participants) reported that there was no major bleeding in any
of the participants of the control and TXA group (Ramström 1993).
The Sindet-Pedersen trial reported one major bleeding episode
requiring fresh frozen plasma in 1 out of 20 participants of the
control group (5%) and in none out of 19 of the participants in
the TXA group (Sindet-Pedersen 1989). For those trials comparing
TXA to standard care, the Blinder trial reported that all bleeds were
stopped by local haemostatic measures (100 participants) (Blinder
1999). In relation to Soares trial, it was reported that none of the
participants required any transfusion (25 participants). The pooled
results for these four trials was RD -0.00 (95% CI -0.03 to 0.03) (253
participants) (Analysis 1.6).

6. Bleeding duration

This outcome was not reported in any of the included trials.

7. Amount of postoperative blood loss (mL)

This outcome was not reported in any of the included trials.

8. Number of thromboembolic complications

This outcome was not reported in any of the included trials.

D I S C U S S I O N

Summary of main results

In this systematic review on antifibrinolytic therapy for preventing
oral bleeding in people on continuous oral anticoagulant treatment
undergoing oral or dental procedures, we included four trials (three
RCTs, one quasi-RCT) (253 participants). All of the included trials
studied individuals on continuous treatment with VKAs and used
TXA as antifibrinolytic treatment. No eligible trials on treatment
with DOACs regarding this subject were identified.

The two trials comparing the use of TXA with the use of placebo
(128 participants) showed a statistically significant and beneficial
eBect of TXA. These were also the trials with the lowest risk of
bias (Ramström 1993; Sindet-Pedersen 1989). Interestingly, the
two trials (125 participants) comparing TXA with standard care
showed that TXA was not more eBicient than other local measures.
However, this diBerence was not statistically significant and no
clear conclusion can be drawn based on the results of these two
trials. The Blinder trial (TXA versus standard care) also showed
an association between bleeding and the presence of severe
periodontitis (100 participants) (Blinder 1999). Severe periodontitis
was the cause for extraction in 109 teeth in the TXA group and
in 87 teeth in the control group. The relatively small sample
sizes and heterogeneity with regard to the standard therapy and
treatment regimens do not allow us to conclude definite eBicacy of
antifibrinolytic therapy in oral or dental procedures in individuals
on continuous treatment with an oral anticoagulant.

In total 253 participants were included in the current meta-analysis;
125 participants on TXA and 128 participants on standard therapy

or placebo. In the Ramström trial only the mean number of
extracted teeth was reported. The primary endpoint (bleeding
needing intervention) occurred in 6 out of 125 (4.8%) participants
treated with TXA versus 22 out of 128 (17%) of the participants in the
comparison groups. Almost all bleedings were manageable by local
haemostatic means. In less then 1% (1 out of 253) of the included
participants in this review local haemostasis was not suBicient.

Between the included trials there was much heterogeneity
regarding the treatment type and treatment regimen of the
control groups. Control treatments included placebo solutions,
dry gauze compression, collagen fleece, mucosal flap placement
and a combination of gelatin sponge and sutures. The definition
of postoperative bleeding was reasonably comparable between
the included trials; three trials defined bleeding as postoperative
bleeding that could not be controlled by compression with gauze
for 20 minutes (Ramström 1993; Sindet-Pedersen 1989; Soares
2015) and one trial as bleeding requiring intervention (Blinder
1999).

Overall completeness and applicability of evidence

Due to the set up of comprehensive literature searches, it is likely
that all relevant trials for this review were identified.

The results apply to people on continuous treatment with VKAs
within the therapeutic range undergoing oral or dental procedures.
The applied therapeutic range in the included trials ranged from 1.5
to 4.0, except for the Sindet-Pedersen trial, where INR levels ranged
from 2.5 to 4.8. Therefore, there is only marginal heterogeneity with
respect to the INR levels of the included participants in this review.
Since we identified no eligible trials in individuals on continuous
treatment with DOACs undergoing oral or dental procedures, a
possible beneficial eBect of TXA for these individuals remains to be
established.

A potential bias favouring TXA in the placebo-controlled trials could
be a potential harmful eBect of the placebo intervention that
consisted of irrigation and mouthwash with a non-haemostatic
placebo solution (Ramström 1993; Sindet-Pedersen 1989). There
is a theoretic possibility that this placebo treatment hampered
wound healing.

Quality of the evidence

Only four trials in individuals on continuous oral anticoagulant
treatment undergoing oral or dental procedures met the inclusion
criteria for this systematic review. In relation to the two primary
outcomes of number of postoperative bleeds and side eBects of
therapy, using the GRADE assessment, we judged the quality of the
evidence from this review to be of moderate quality (Summary of
findings for the main comparison).

In the two trials comparing TXA with placebo the risk of bias was
considered to be low (Ramström 1993; Sindet-Pedersen 1989), in
the remaining trials it was considered to be moderate (Blinder
1999; Soares 2015). This was mainly due to the lack of blinding
and inadequate allocation concealment in one of these trials
(Blinder 1999). There were many diBerences between the trials
with regards to treatment regimens in the diBerent control groups.
It is important to note that from the four trials included in
this review, the risk of bias was increased given that in two
trials the participants were definitely randomised more than once
(Ramström 1993; Soares 2015) and in two further trials this
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was possibly the case (Ramström 1993; Sindet-Pedersen 1989),
increasing the risk of bias.

Due to the small amount of available trials in the literature, small
sample sizes and the heterogeneity in treatment of the control
groups, we rated the overall quality of the evidence as moderate.
The evidence in this review does not allow a robust conclusion
regarding the eBicacy of antifibrinolytic agents to prevent bleeding
complications aIer oral or dental procedures in people on VKAs and
no conclusion on those using DOACs due to the absence of eligible
clinical trials.

Potential biases in the review process

Since two authors independently screened the articles and
collected the data, potential biases in the review process were
minimized. One trial was discussed between the authors due to
initial disagreement and finally included and rated as a high-risk-of-
bias trial (Blinder 1999). Furthermore, exclusion of this trial would
not significantly influence the overall results of this review. There
were no diBerences between the authors regarding data extraction
and all relevant data could be obtained. It is therefore unlikely that
these items could have introduced bias.

Agreements and disagreements with other studies or
reviews

Two of the trials from this Cochrane Review (Ramström 1993;
Sindet-Pedersen 1989) were also included in another review that
examined the use of local haemostatic measures in anticoagulated
patients undergoing oral surgery (Costa 2013). The review, which
also included non-randomised trials, showed that TXA was more
eBective in controlling bleeding when compared to oxidized
cellulose and other local measures. The findings from our review
are in correlation with this previously published article.

A recently published Dutch trial showed that, in low-risk
procedures (e.g. extraction of one to three teeth), VKA continuation
with TXA mouthwash was associated with a lower risk of
postoperative bleeding when compared to continuation without
TXA or interruption and bridging with low molecular weight
heparin (LMWH). VKA continuation with TXA mouthwash carried a
similar bleeding risk as interruption without bridging (Biedermann
2017). The strongest predictors of postoperative bleeding were
bridging with LWMH, antiplatelet therapy, and a supra-therapeutic
or unknown INR before the procedure. In high-risk procedures
(e.g. extraction of more than three teeth), VKA continuation was
associated with an increased bleeding risk postoperatively when
compared to interruption without bridging (Biedermann 2017).

We did not systematically review evidence from non-randomised
studies. These studies generally comprise prospective and
retrospective cohort studies. In general, these studies were
supportive of the use of TXA and EACA with few side eBects (Bublitz
2000; Keiani 2003; Somma 2010; Souto 1996). One representative
study considered 40 people on continuous treatment with a VKA
(acenocoumarol) (Keiani 2003). Participants were subjected to
treatment with TXA during and aIer the oral or dental procedure.
No postoperative bleedings occurred.

Gradually VKAs are replaced by DOACs in those at a risk
of thromboembolic events. No RCTs discussing antifibrinolytic
therapy in people on DOAC treatment were identified through the
search strategy. Cena reviewed the evidence of diBerent treatment

approaches in people on DOACs undergoing oral surgery, but no
conclusion could be drawn, as no head-to-head comparative study
has been undertaken. The reference list of this review did not
yield any eligible trials that were not yet identified by our primary
literature search (Cena 2016). However, this issue is probably less
relevant in routine clinical practice, since discontinuation of DOACs
can be executed for a very short period due to their short half-
life compared to VKAs, diminishing the risks of both bleeding
and thromboembolic complications as compared to VKAs in the
majority of individuals.

A RCT on the use of TXA in people treated with DOACs undergoing
dental extraction has been awarded funding in Belgium in July 2017
(EXTRACT-NOAC 2018). We anticipate that this trial will be eligible
for inclusion in this review.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

Based on the results of this Cochrne Review, there is some evidence
for eBectiveness and no evidence of potential harm regarding the
use of locally applied tranexamic acid (TXA) in preventing oral
bleeding in people using oral anticoagulants undergoing minor oral
surgery or dental extractions. However, there is no clear superior
eBect of TXA compared to alternative haemostatic measures. The
use of antifibrinolytic agents in people on direct oral anticoagulants
(DOACs) undergoing oral or dental procedures is not evidence-
based since we found no randomised controlled trials in this
population. Pathophysiologic considerations, in combination with
the presented data on individuals using vitamin K antagonists
(VKAs), can give some rationale for its use in clinical practice.

Implications for research

The data to support the use of antifibrinolytic therapy for
preventing bleeding during or aIer oral or dental procedures in
people on oral anticoagulant treatment is of moderate quality. In
order to be conclusive, further research is required on individuals
continuing oral anticoagulant treatment within the therapeutic
range undergoing oral or dental procedures with clearly defined
participant characteristics, equal concomitant standard therapy in
the intervention and control groups and a statistically suBicient
sample size. Further research is needed to confirm the association
between bleeding and the presence of severe periodontitis, as
described in one of the included articles, and to find out whether
TXA has a role to prevent bleeding in these cases. The eBect of the
systemic use of TXA versus locally applied TXA solution remains to
be determined, as well as the eBect of antifibrinolytic therapy on
oral bleeding in individuals continuing DOACs during oral or dental
procedures.
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Methods Trial design: quasi-RCT

Follow-up: 7 days

Participants Country: Israel

Setting: Chaim Sheba Medical Center, Tel Aviv

Inclusion criteria: patients on anticoagulant treatment undergoing dental extraction(s)

Exclusion criteria: no exclusion criteria were reported

Sample size:

Control group 1:

- Total number of participants: N = 50

- Total number of dental extractions: 119

Control group 2:

- Total number of participants: N = 50

- Total number of dental extractions: N = 123

Intervention group (TXA):

- Total number of participants: N = 50

- Total number of dental extractions: N = 117

Participant characteristics:

Blinder 1999 
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- Age mean (range) years: TXA group (group 3): 64 (40 - 93)

Control group 1 (group 1): 56 (40 - 86)

Control group 2 (group 2): 61 (35 - 79)

- Sex N (M/F): 85/65

- INR mean (range) TXA group (group 3): 2.19 (1.50 - 3.58)

Control group 1 (group 1): 2.38 (1.50 - 3.60)

Control group 2 (group 2): 2.7 (1.9 - 4)

Interventions Intervention group:

Resorbable gelatin sponge, sutures and TXA mouthwash 500 mg rinsing 2 min 4x daily for a period of 4
days postoperatively, starting 24 hours after the procedure

Control groups:

Control group 1: resorbable gelatin sponge and sutures

Control group 2: resorbable gelatin sponge, sutures and fibrin glue (not eligible for inclusion)

Outcomes Number of postoperative bleeding episodes requiring intervention

Participants were considered to be "bleeding" when haemorrhage manifested one hour postextraction

Notes Intervention groups eligible for the review:

- TXA group: gelatin sponge, sutures and TXA mouthwash

- Control group 1: gelatin sponge and sutures (standard care)

Intervention group not eligible for the review:

- Control group 2: gelatin sponge, sutures and fibrin glue

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

High risk "All patients treated on a particular day received the same procedure. The
mode of local haemostasis was different for each day, as follows: Day 1. Re-
sorbable gelatin sponge and multiple sutures (silk 000). Day 2. Resorbable
gelatin sponge, multiple sutures (silk 000), and mouthwash with tranexamic
acid 500mg for 2 min, 4 times daily during a postoperative period of 4 days.
Day 3. Fibrin glue, resorbable gelatin sponge, and multiple sutures (silk 000).
This order was repeated throughout the study, until there were 50 patients in
each group."

(Patients and methods, page 138)

Allocation concealment
(selection bias)

High risk See citation above

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Trial is not blinded (see citation above)

Blinder 1999  (Continued)
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Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk Trial is not blinded (see citation above)

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk All included participants were analysed

Selective reporting (re-
porting bias)

Low risk All pre-specified outcome measures are reported for all trial participants

Other bias Unclear risk It is unclear whether participants could undergo multiple randomisations

Blinder 1999  (Continued)

 
 

Methods Trial design: double-blind RCT

Follow up: 7 days

Participants Countries: Denmark and Sweden

Setting: oral surgery department of three hospitals: Karolinska Hospital and Huddinge Hospital in
Stockholm, Sweden, and University Hospital in Aarhus, Denmark

Inclusion criteria:

Individuals on continuous, unchanged treatment with an oral anticoagulant (phenprocoumon, war-
farin or dicoumarol)

- Older than 18 years

- Referred for tooth extraction (single or multiple), surgical removal of retained tooth (single or multi-
ple), or endodontic surgery

- INR level within the therapeutic range (≥ 10% to ≤ 25%)

Exclusion criteria:

- No informed consent

- Use of acetylsalicylic acid or nonsteroidal antiinflammatory agents within 14 days before surgery

- Indivduals known with haemorrhagic diathesis

Sample size:

TXA group:

- Total number of participant numbers: N = 44

- Mean (range) number of extracted teeth: N = 1.5 (0 - 5)

- Mean (range) number of surgically treated teeth: N = 1.6 (1 - 5)

Placebo group:

- Total number of participant numbers: N = 45

- Mean (range) number of extracted teeth: N = 1.5 (0 - 5)

- Mean (range) number of surgically treated teeth: N = 1.5 (1 - 5)

Ramström 1993 
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Numbers analysed/randomised:

- Safety analysis: N = 93/93

- Main efficacy evaluation: N = 89/93

7 participants participated in the study 2 or 3 times. The 93 participants included in the safety analysis
represented 86 individuals, and the 89 participants included in the efficacy evaluation represented 82
individuals.

4 participants were excluded from the main efficacy analysis, 2 because of incorrect inclusion (1 on an
anti-inflammatory agent and 1 subjected to an inappropriate type of surgery), and 2 because the first
treatment period was not finished before the participant was included in a second

Participant characteristics:

- Age in years, mean (range): TXA group: 69.8 (53 - 87), placebo group: 67.1 (35 - 83)

- Sex N (M/F): 53/36

- INR: 2.10 - 4.00

Interventions Intervention group:

Before suturing: irrigation with 10 mL 4.8% TXA solution

Postoperatively: rinsing with 10 mL TXA mouthwash for 2 min 4x daily for 7 days

Control group:

Before suturing: irrigation with 10 mL placebo solution

Postoperatively: placebo mouthwash for 2 min 4x daily for 7 days

Outcomes 1. Number of postoperative bleeding episodes requiring intervention

2. Side effects or other adverse events

3. Number of minor postoperative bleeding episodes (defined as self-limiting, usually with local pres-
sure, that does not require medical attention)

4. Any postoperative complication except bleeding, such as wound infection

5. Major bleeding, requiring transfusion of packed red blood cells

Bleeding was defined as postoperative bleeding that could not be controlled by compression with a
gauze pad for 20 min, with the participant sitting upright

Notes All intervention and control groups were eligible for the review

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "patients who met the inclusion criteria were randomised to either the tranex-
amic acid or placebo Group by the use of consecutively numbered medication
packages."

(Materials and Methods, page 1212)

Allocation concealment
(selection bias)

Low risk "A written patient information sheet and a sealed envelope with information
about the randomisation code for each patient, to be opened in case of emer-
gency, were prepared by Kabi Pharmacia."

Ramström 1993  (Continued)
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(Materials and Methods, page 1212)

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk "The investigation was a randomised, double-blind, placebo-controlled, multi-
center study."

(Abstract, page 1211)

"Active solution, 10 mL, containing 4.8% tranexamic acid and an apparently
identical placebo solution, also produced by Kabi Pharmacia, were used."

(Materials and Methods, page 1212)

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk This is not clearly discussed in the article

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No loss to follow-up: the results of all participants are reported. Reasons for
excluding 4 participants from the main efficacy analysis after randomisation
are also included in the results section

(Results, page 1213-5)

Selective reporting (re-
porting bias)

Low risk All pre-specified outcome measures are reported for all trial participants

Other bias Low risk Multiple randomisations: "Seven participants participated in the study two
or three times." (Results, page 1213). Considered as low risk of bias, as partici-
pants were blinded

Ramström 1993  (Continued)

 
 

Methods Trial design: double-blind RCT

Follow up: 7 days

Participants Countries: Denmark and Sweden

Setting: 2 hospitals: Aarhus University Hospital in Aarhus, Denmark, and Karolinska Hospital in Stock-
holm, Sweden

Inclusion criteria:

Individuals with a cardiac-valve stenosis, a cardiac-valve prosthesis or a vascular prosthesis on oral an-
ticoagulant treatment at a therapeutic level

- who were to undergo oral surgery

- PP between 10% - 20% or TT result between 5% - 12%

(USA: PT ratio of 1.4-2.0 or an INR level between 2.5 - 4.8)

Exclusion criteria:

- No informed consent

- Use of aspirin and other antiinflammatory drugs in the 2 weeks before surgery

Sample size:

TXA group:

Sindet-Pedersen 1989 
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- Total number of participants: N = 19

- Mean number of surgically treated teeth per participant: N = 3.3

Placebo group:

- Total number of participants: N = 20

- Mean number of surgically treated teeth per participant: 2.8

Numbers analysed/randomised:

- Total: N = 39/39

Participant characteristics:

- Age (mean, range): TXA group: Aarhus 56.3 years (20 - 72), Stockholm mean 59.7 (47 - 69); placebo
group: Aarhus 48.7 years (19 - 65), Stockholm 62.6 years (38 - 77)

- Sex N (M/F): N = 22/17

- INR PP between 10% - 20% or TT result between 5% - 12%

(USA: PT ratio of 1.4 - 2.0 or an INR of 2.5 - 4.8)

Interventions Intervention group:

Before suturing: irrigation with 10 mL 4.8% TXA solution

Postoperatively: rinsing with 10 mL TXA mouthwash for 2 min 4x daily for 7 days

Control group:

Before suturing: irrigation with 10 mL placebo solution

Postoperatively: placebo mouthwash for 2 min 4x daily for 7 days

Outcomes 1. Number of postoperative bleeding episodes requiring intervention

2. Side effects or other adverse events

3. Number of minor postoperative bleeding episodes (defined as self-limiting, usually with local pres-
sure, that does not require medical attention)

4. Major bleeding, requiring transfusion of packed red blood cells

Bleeding was defined as postoperative bleeding that could not be controlled by compression with
gauze for 20 min

Notes All intervention and control groups were eligible for the review

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "Random numbers were used to assign consecutive patients to treatment
groups."

(Methods, page 841)

Allocation concealment
(selection bias)

Low risk "Random numbers were used to assign consecutive patients to treatment
groups. Each number corresponded to a medication package with 28 bottles,
each containing 10 mL of one of the solutions. Randomization was carried out
independently for each of the clinics."

Sindet-Pedersen 1989  (Continued)
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(Methods, page 841)

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk "The study was carried out as a double-blind investigation with parallel
groups, comparing the hemostatic effect of a sterile aqueous solution of 4.8
percent tranexamic acid used as a mouthwash with that of a placebo solution
"

(Methods, page 841)

Participants followed the same treatment schedule.

"Before sutures were applied, the operative field was irrigated with 10 ml
of the test solution. After surgery, the patients were instructed to rinse their
mouths with 10 ml of the assigned solution for two minutes and then to expec-
torate the solution (four times a day for seven days)."

(Methods, page 841)

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk This was not clearly discussed in the article

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk "Forty-five patients were recruited…" "...Six patients did not meet the require-
ments for inclusion. Thus, 39 patients were eligible for further analysis."

(Methods, page 841)

Selective reporting (re-
porting bias)

Low risk All pre-specified outcome measures are reported for all trial participants

Other bias Unclear risk It is unclear whether participants could undergo multiple randomisations

Sindet-Pedersen 1989  (Continued)

 
 

Methods Trial design: RCT

Follow up: 7 days

Participants Country: Brazil

Setting: single centre, Federal University of Ceará

Inclusion criteria:

- People using warfarin

- Requiring extractions of at least 2 teeth

- Minimum age of 18 years

Exclusion criteria:

- Use of associated anticoagulating medications (other than warfarin)

- Smokers, pregnant or lactating women

- Reported pre-existing blood dyscrasias

- Individuals who did not return for reassessment were removed from the trial

Soares 2015 
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- Surgical sites subjected to procedures requiring mucoperiosteal flap for dental extractions or that
lasted longer than 30 min were not included in the study sample

Sample size:

TXA group:

- Total number of surgical procedures: 28

- Total number of participants: 12

Fibrin sponge group:

- Total number of surgical procedures: 28

- Total number of participants: 13

Control group (dry gauze):

- Total number of surgical procedures: 28

- Total number of participants: 13

Number of individuals analysed/randomised:

- Total number of surgical procedures analysed/randomised: 84/93

- TXA group: 28/33

- Fibrin sponge group: 28/32

- Control group (dry gauze): 28/28

Participant characteristics:

- Age in years (mean (SD)) TXA group: 51.0 (2.9); fibrin sponge group: 51.1 (3.3); control group (dry
gauze): 51.1 (2.8)

- Sex (M/F): N = 22/16

- Mean (SD) INR: TXA group: 2.52 (0.16); fibrin sponge group: 2.51 (0.16); control group (dry gauze): 2.51
(0.13)

Interventions Intervention group 1:

Gauze pad soaked in 4.8% TXA was applied to the surgical alveolus for 8 min under biting pressure

Intervention group 2:

Fibrin sponge was packed into the surgical alveolus, and the individual was asked to bite down on the
gauze for 8 min for compression

Control group:

Dry gauze compression was performed under biting pressure on the surgical alveolus for 8 min without
the use of local haemostatic agents

All groups:

Surgical sites were occluded with suture in "X" fashion (silk 4.0)

Only 1 tooth was extracted per appointment

Outcomes Number of postoperative bleeding episodes requiring intervention

Soares 2015  (Continued)
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Postoperative bleeding was defined as bleeding on the extraction site that could not be controlled by
gauze compression during 20 min and/or requiring medical intervention

Notes Intervention and control groups eligible for the review:

- Intervention group 1: gauze pad soaked in 4.8% TXA

- Control group: dry gauze compression

Intervention groups not eligible for the review:

- Intervention group 2: fibrin sponge

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "Extraction sites were considered as sampling units and, according to the local
haemostatic procedure to be performed, were randomly allocated into one of
the three study groups by using a computer-generated code:…"

(Patients and methods, page 210)

Allocation concealment
(selection bias)

Unclear risk There is no indication of adequate allocation concealment in the text

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk The performance of the interventions was not blinded

(Patients and methods, page 211)

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk "The investigator who contacted the study participants for the purpose of
evaluating bleeding complications was blinded to the haemostatic protocol al-
location throughout the study period”

(Patients and methods, page 212)

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Loss to follow-up of three participants (N = 9 surgical procedures), however the
percentage of participants that were lost to follow-up was less than 10%

Selective reporting (re-
porting bias)

Low risk All pre-specified outcome measures are reported for all trial participants

Other bias High risk Participants were randomised more than once. Considered as high risk of bias,
as participants were not blinded

Soares 2015  (Continued)

INR: international normalised ratio
RCT: randomised controlled trial
SD: standard deviation
TXA: tranexamic acid
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Borea 1993 Inadequate comparison group (lower dose of anticoagulant)
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Study Reason for exclusion

Bublitz 2000 Lack of (quasi-)randomisation

Bucciarelli 1997 No adequate comparison

Carter 2003 No adequate comparison

Chow 2003 Editor's correspondence, not a clinical trial

Gaspar 1997 Does not meet inclusion criteria (inadequate study design and comparison)

Goss 2002 Letter to the editor

Hoppe 1969 Does not meet the inclusion criteria (inadequate trial design, intervention groups and outcomes)

Keiani 2003 Not a randomised controlled trial (prospective cohort study)

Kwapis 1963 Does not meet the inclusion criteria (inadequate trial design and intervention groups)

McIntyre 1966 Does not meet inclusion criteria (inadequate trial design and intervention groups)

Sammartino 2012 No treatment with vitamin K antagonists (antiplatelet therapy) and no adequate comparison

Somma 2010 Does not meet inclusion criteria (inadequate trial design and no comparison group)

Souto 1996 No comparison group without TXA or EACA

Timocin 1996 Inadequate trial design (2 groups, but does not state randomisation used, no response from multi-
ple contacts made to author team)

EACA: epsilon aminocaproic acid
TXA: tranexamic acid
 

Characteristics of ongoing studies [ordered by study ID]

 

Trial name or title EXTRACT-NOAC

Acronym of 'Tranexamic Acid To Reduce Bleeding in Patients Treated with New Oral Anticoagulants
Undergoing Dental Extraction'

Methods Prospective, randomised, double-blind, placebo-controlled, multicentre, phase IV, clinical trial

Participants People taking NOACs and undergoing tooth extractions

Interventions To analyse whether adding TXA 10% mouthwash to standard-of-care procedures decreases the
number of post-extraction bleeding events in people taking NOACs. Since topical application of TXA
results in minimal systemic absorption, TXA mouthwash may reduce postextraction bleeding with-
out systemic effects. Therefore, TXA is an attractive and effective local haemostatic agent. The tri-
al is being performed in view of drafting guidelines concerning the postoperative management of
people treated with NOACs and undergoing tooth extractions. In this way, the postoperative care of
this participant group can be assured and will improve

Outcomes Post-extraction bleeding events

EXTRACT-NOAC 2018 

Antifibrinolytic therapy for preventing oral bleeding in people on anticoagulants undergoing minor oral surgery or dental extractions
(Review)

Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

34



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Starting date 01 September 2017

Contact information anna.ockerman@kuleuven.be

Notes Duration 4 years

EXTRACT-NOAC 2018  (Continued)

NOACs: new oral anticoagulants
TXA: tranexamic acid
 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Antifibrinolytic therapy versus placebo or standard care

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Number of people with postopera-
tive bleedings

4 253 Risk Difference (M-H, Ran-
dom, 95% CI)

-0.13 [-0.30, 0.05]

1.1 Control group: placebo 2 128 Risk Difference (M-H, Ran-
dom, 95% CI)

-0.25 [-0.36, -0.14]

1.2 Control group: Standard care 2 125 Risk Difference (M-H, Ran-
dom, 95% CI)

0.02 [-0.07, 0.11]

2 Number of side effects requiring
withdrawal

2 128 Risk Difference (M-H, Ran-
dom, 95% CI)

0.0 [-0.04, 0.04]

3 Number of people with minor post-
operative bleedings

2 128 Risk Difference (M-H, Ran-
dom, 95% CI)

-0.06 [-0.33, 0.20]

4 Number of immediate and delayed
postoperative bleedings

1   Risk Difference (M-H, Ran-
dom, 95% CI)

Totals not select-
ed

5 Number of people with complica-
tions other than bleeding, such as
wound infection

2 128 Risk Difference (M-H, Ran-
dom, 95% CI)

-0.02 [-0.07, 0.03]

6 Number of people with bleeding
requiring transfusion of packed red
blood cells

4 253 Risk Difference (M-H, Ran-
dom, 95% CI)

-0.00 [-0.03, 0.03]

6.1 Control group: Placebo 2 128 Risk Difference (M-H, Ran-
dom, 95% CI)

-0.00 [-0.05, 0.04]

6.2 Control group: Standard care 2 125 Risk Difference (M-H, Ran-
dom, 95% CI)

0.0 [-0.04, 0.04]
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Analysis 1.1.   Comparison 1 Antifibrinolytic therapy versus placebo or
standard care, Outcome 1 Number of people with postoperative bleedings.

Study or subgroup TXA Control Risk Difference Weight Risk Difference

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.1.1 Control group: placebo  

Ramström 1993 0/44 10/45 28.03% -0.22[-0.35,-0.1]

Sindet-Pedersen 1989 1/19 8/20 20.41% -0.35[-0.58,-0.11]

Subtotal (95% CI) 63 65 48.44% -0.25[-0.36,-0.14]

Total events: 1 (TXA), 18 (Control)  

Heterogeneity: Tau2=0; Chi2=0.87, df=1(P=0.35); I2=0%  

Test for overall effect: Z=4.42(P<0.0001)  

   

1.1.2 Control group: Standard care  

Blinder 1999 4/50 3/50 29.57% 0.02[-0.08,0.12]

Soares 2015 1/12 1/13 21.99% 0.01[-0.21,0.22]

Subtotal (95% CI) 62 63 51.56% 0.02[-0.07,0.11]

Total events: 5 (TXA), 4 (Control)  

Heterogeneity: Tau2=0; Chi2=0.01, df=1(P=0.91); I2=0%  

Test for overall effect: Z=0.38(P=0.7)  

   

Total (95% CI) 125 128 100% -0.13[-0.3,0.05]

Total events: 6 (TXA), 22 (Control)  

Heterogeneity: Tau2=0.02; Chi2=15.15, df=3(P=0); I2=80.2%  

Test for overall effect: Z=1.41(P=0.16)  

Test for subgroup differences: Chi2=13.41, df=1 (P=0), I2=92.54%  

Favours TXA 0.50.25-0.5 -0.25 0 Favours control

 
 

Analysis 1.2.   Comparison 1 Antifibrinolytic therapy versus placebo or
standard care, Outcome 2 Number of side e<ects requiring withdrawal.

Study or subgroup TXA Control Risk Difference Weight Risk Difference

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Ramström 1993 0/44 0/45 82.95% 0[-0.04,0.04]

Sindet-Pedersen 1989 0/19 0/20 17.05% 0[-0.09,0.09]

   

Total (95% CI) 63 65 100% 0[-0.04,0.04]

Total events: 0 (TXA), 0 (Control)  

Heterogeneity: Tau2=0; Chi2=0, df=1(P=1); I2=0%  

Test for overall effect: Not applicable  

Favours TXA 0.20.1-0.2 -0.1 0 Favours control

 
 

Analysis 1.3.   Comparison 1 Antifibrinolytic therapy versus placebo or standard
care, Outcome 3 Number of people with minor postoperative bleedings.

Study or subgroup TXA Placebo Risk Difference Weight Risk Difference

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Ramström 1993 2/44 0/45 55.15% 0.05[-0.03,0.12]

Sindet-Pedersen 1989 0/19 4/20 44.85% -0.2[-0.39,-0.01]

Favours TXA 10.5-1 -0.5 0 Favours placebo
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Study or subgroup TXA Placebo Risk Difference Weight Risk Difference

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

   

Total (95% CI) 63 65 100% -0.06[-0.33,0.2]

Total events: 2 (TXA), 4 (Placebo)  

Heterogeneity: Tau2=0.03; Chi2=7.15, df=1(P=0.01); I2=86.01%  

Test for overall effect: Z=0.47(P=0.64)  

Favours TXA 10.5-1 -0.5 0 Favours placebo

 
 

Analysis 1.4.   Comparison 1 Antifibrinolytic therapy versus placebo or standard
care, Outcome 4 Number of immediate and delayed postoperative bleedings.

Study or subgroup TXA Control Risk Difference Risk Difference

  n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

Ramström 1993 0/44 10/45 -0.22[-0.35,-0.1]

Favours TXA 10.5-1 -0.5 0 Favours control

 
 

Analysis 1.5.   Comparison 1 Antifibrinolytic therapy versus placebo or standard care, Outcome
5 Number of people with complications other than bleeding, such as wound infection.

Study or subgroup TXA Placebo Risk Difference Weight Risk Difference

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Ramström 1993 0/44 1/45 71.43% -0.02[-0.08,0.04]

Sindet-Pedersen 1989 0/19 0/20 28.57% 0[-0.09,0.09]

   

Total (95% CI) 63 65 100% -0.02[-0.07,0.03]

Total events: 0 (TXA), 1 (Placebo)  

Heterogeneity: Tau2=0; Chi2=0.15, df=1(P=0.7); I2=0%  

Test for overall effect: Z=0.62(P=0.54)  

Favours TXA 0.20.1-0.2 -0.1 0 Favours placebo

 
 

Analysis 1.6.   Comparison 1 Antifibrinolytic therapy versus placebo or standard care,
Outcome 6 Number of people with bleeding requiring transfusion of packed red blood cells.

Study or subgroup TXA Control Risk Difference Weight Risk Difference

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.6.1 Control group: Placebo  

Ramström 1993 0/44 0/45 40.74% 0[-0.04,0.04]

Sindet-Pedersen 1989 0/19 1/20 4.45% -0.05[-0.18,0.08]

Subtotal (95% CI) 63 65 45.19% -0[-0.05,0.04]

Total events: 0 (TXA), 1 (Control)  

Heterogeneity: Tau2=0; Chi2=0.76, df=1(P=0.38); I2=0%  

Test for overall effect: Z=0.24(P=0.81)  

   

1.6.2 Control group: Standard care  

Blinder 1999 0/50 0/50 51.14% 0[-0.04,0.04]

Favours TXA 0.20.1-0.2 -0.1 0 Favours control
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Study or subgroup TXA Control Risk Difference Weight Risk Difference

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Soares 2015 0/12 0/13 3.67% 0[-0.14,0.14]

Subtotal (95% CI) 62 63 54.81% 0[-0.04,0.04]

Total events: 0 (TXA), 0 (Control)  

Heterogeneity: Tau2=0; Chi2=0, df=1(P=1); I2=0%  

Test for overall effect: Not applicable  

   

Total (95% CI) 125 128 100% -0[-0.03,0.03]

Total events: 0 (TXA), 1 (Control)  

Heterogeneity: Tau2=0; Chi2=0.7, df=3(P=0.87); I2=0%  

Test for overall effect: Z=0.16(P=0.87)  

Test for subgroup differences: Chi2=0.03, df=1 (P=0.86), I2=0%  

Favours TXA 0.20.1-0.2 -0.1 0 Favours control

 

 

A P P E N D I C E S

Appendix 1. Search strategies

Cochrane Central Register of Controlled Trials (CENTRAL) and Cochrane Database of Systematic Reviews (CDSR)

[Advanced Search – Search Manager form]

#1 (“oral surgery”:ti,ab OR “oral surgical procedures”:ti,ab OR dental:ti,ab OR tooth:ti,ab OR “operative dentistry”:ti,ab OR molar:ti,ab OR
dentoalveolar:ti,ab OR orthognathic:ti,ab OR periodontal:ti,ab)

#2 (anticoagulants:ti,ab OR anticoagulant:ti,ab OR anticoagulation:ti,ab OR anticoagulated:ti,ab OR “vitamin k antagonist”:ti,ab OR “anti-
vitamin k”:ti,ab OR “antivitamin k”:ti,ab OR “anti vitamin k”:ti,ab OR (acquired AND coagul*:ti,ab) OR VKA:ti,ab OR warfarin:ti,ab OR
phenprocoumon:ti,ab OR acenocoumarol:ti,ab OR coumadin:ti,ab OR coumadins:ti,ab OR coumarin:ti,ab OR coumarins:ti,ab OR “new
oral anticoagulant”:ti,ab OR “newer oral anticoagulant”:ti,ab OR NOAC:ti,ab OR “non-vitamin k antagonist”:ti,ab OR “non-vitamin-k-
antagonist”:ti,ab OR “non-vitamin k dependent antagonist”:ti,ab OR DOAC:ti,ab OR “direct oral anticoagulant”:ti,ab)

#3 (antifibrinolytic:ti,ab OR tranexamic:ti,ab OR cyclokapron:ti,ab OR cyklokapron:ti,ab OR eaca:ti,ab OR “aminocaproic acid”:ti,ab OR
amicar:ti,ab OR TXA:ti,ab)

#4 #1 AND #2 AND #3

PubMed (1946 onwards)

#1 ("surgery, oral"[MeSH Terms] OR "oral surgical procedures"[MeSH Terms] OR "tooth extraction"[MeSH Terms] OR "Dentistry,
Operative"[MeSH] OR "molar"[MeSH Terms] OR “oral surgery”[tiab] OR “oral surgical procedures”[tiab] OR dental[tiab] OR tooth[tiab] OR
“operative dentistry”[tiab] OR molar[tiab] OR dentoalveolar[tiab] OR orthognathic[tiab] OR periodontal[tiab])

#2 ("anticoagulants"[MeSH Terms] OR "anticoagulants"[Pharmacological Action] OR "warfarin"[MeSH Terms] OR
"phenprocoumon"[MeSH Terms] OR "acenocoumarol"[MeSH Terms] OR "coumarins"[MeSH Terms] OR anticoagulants[tiab] OR
anticoagulant[tiab] OR anticoagulation[tiab] OR anticoagulated[tiab] OR “vitamin k antagonist”[tiab] OR “anti-vitamin k”[tiab] OR
“antivitamin k”[tiab] OR “anti vitamin k”[tiab] OR (acquired AND coagul*[tiab]) OR VKA[tiab] OR warfarin[tiab] OR phenprocoumon[tiab]
OR acenocoumarol[tiab] OR coumadin[tiab] OR coumadins[tiab] OR coumarin[tiab] OR coumarins[tiab] OR "new oral anticoagulant"[tiab]
OR "newer oral anticoagulant"[tiab] OR NOAC[tiab] OR "non-vitamin k antagonist"[tiab] OR "non-vitamin-k-antagonist"[tiab] OR "non-
vitamin k dependent antagonist"[tiab] OR DOAC[tiab] OR "direct oral anticoagulant"[tiab])

#3 ("antifibrinolytic agents"[MeSH Terms] OR "antifibrinolytic agents"[Pharmacological Action] OR "tranexamic acid"[MeSH Terms] OR
"aminocaproic acid"[MeSH Terms] OR antifibrinolytic[tiab] OR tranexamic[tiab] OR cyclokapron[tiab] OR cyklokapron[tiab] OR eaca[tiab]
OR “aminocaproic acid”[tiab] OR amicar[tiab] OR TXA[tiab])

#4 1 AND 2 AND 3
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Embase Platform

#1 ('oral surgery'/exp OR 'dental procedure'/exp OR 'tooth'/exp OR 'orthognathic surgery'/exp OR 'oral surgery':ti,ab OR 'oral surgical
procedures':ti,ab OR dental:ti,ab OR tooth:ti,ab OR dentoalveolar:ti,ab OR orthognathic:ti,ab)

#2 ('anticoagulant agent'/exp OR 'anticoagulation'/exp OR 'anticoagulant therapy'/exp OR 'coumarin derivative'/exp OR
anticoagulation:ti,ab OR anticoagulant:ti,ab OR anticoagulants:ti,ab OR anticoagulated:ti,ab OR 'vitamin k antagonist':ti,ab OR 'anti-
vitamin k':ti,ab OR 'antivitamin k':ti,ab OR 'anti vitamin k':ti,ab OR (acquired AND coagul*:ti,ab) OR vka:ti,ab OR warfarin:ti,ab OR
phenprocoumon:ti,ab OR acenocoumarol:ti,ab OR coumarin:ti,ab OR coumarins:ti,ab OR coumadin:ti,ab OR coumadins:ti,ab OR ‘new
oral anticoagulant’:ti,ab OR ‘newer oral anticoagulant’:ti,ab OR NOAC:ti,ab OR ‘non-vitamin k antagonist’:ti,ab OR ‘non-vitamin-k-
antagonist’:ti,ab OR ‘non-vitamin k dependent antagonist’:ti,ab OR DOAC:ti,ab OR ‘direct oral anticoagulant’:ti,ab)

#3 ('antifibrinolytic agent'/exp OR 'antifibrinolytic':ti,ab OR tranexamic:ti,ab OR 'aminocaproic acid':ti,ab OR cyclokapron:ti,ab OR
cyklokapron:ti,ab OR eaca:ti,ab OR amicar:ti,ab OR txa:ti,ab)

#4 #1 AND #2 AND #3

CINAHL Platform EBSCO

#1 TI (antifibrinolytic OR tranexamic OR cyclokapron OR cyklokapron OR eaca OR “aminocaproic acid” OR amicar OR TXA) OR AB
(antifibrinolytic OR tranexamic OR cyclokapron OR cyklokapron OR eaca OR “aminocaproic acid” OR amicar OR TXA)

#2 TI (anticoagulants OR anticoagulant OR anticoagulation OR anticoagulated OR “vitamin k antagonist” OR “anti-vitamin k” OR
“antivitamin k” OR “anti vitamin k” OR (acquired AND coagul*) OR VKA OR warfarin OR phenprocoumon OR acenocoumarol OR coumadin
OR coumadins OR coumarin OR coumarins OR "new oral anticoagulant" OR "newer oral anticoagulant" OR NOAC OR "non-vitamin k
antagonist" OR "non-vitamin-k-antagonist" OR "non-vitamin k dependent antagonist" OR DOAC OR "direct oral anticoagulant") OR AB
(anticoagulants OR anticoagulant OR anticoagulation OR anticoagulated OR “vitamin k antagonist” OR “anti-vitamin k” OR “antivitamin k”
OR “anti vitamin k” OR (acquired AND coagul*) OR VKA OR warfarin OR phenprocoumon OR acenocoumarol OR coumadin OR coumadins
OR coumarin OR coumarins OR "new oral anticoagulant" OR "newer oral anticoagulant" OR NOAC OR "non-vitamin k antagonist" OR "non-
vitamin-k-antagonist" OR "non-vitamin k dependent antagonist" OR DOAC OR "direct oral anticoagulant")

#3 TI (antifibrinolytic OR tranexamic OR cyclokapron OR cyklokapron OR eaca OR “aminocaproic acid” OR amicar OR TXA) OR AB
(antifibrinolytic OR tranexamic OR cyclokapron OR cyklokapron OR eaca OR “aminocaproic acid” OR amicar OR TXA)

#4 #1 AND #2 AND #3

PQDT Open

(oral surgery OR dental OR tooth OR periodontal) AND (anticoagulant OR anticoagulation OR vitamin k antagonist OR VKA OR (acquired AND
coagul*) OR new oral anticoagulant OR NOAC OR direct oral anticoagulant OR DOAC) AND (antifibrinolytic OR tranexamic OR cyclokapron
OR cyklokapron OR eaca OR aminocaproic acid OR amicar OR TXA)

ClinicalTrials.gov (no restriction on publication data)

[Find Studies, https://www.clinicaltrials.gov/ct2/search]

(“oral surgery” OR dental OR tooth OR periodontal) AND (anticoagulant OR anticoagulation OR “vitamin k antagonist” OR VKA OR NOAC
OR DOAC) AND (antifibrinolytic OR tranexamic OR cyclokapron OR eaca OR “aminocaproic acid” OR amicar OR TXA)

WHO ICTRP

[ICTRP Search Portal, http://apps.who.int/trialsearch/]

(oral surgery OR oral surgical procedures OR dental OR tooth OR operative dentistry OR molar OR dentoalveolar OR orthognathic OR
periodontal) AND (anticoagulants OR anticoagulant OR anticoagulation OR anticoagulated OR vitamin k antagonist OR anti-vitamin k OR
antivitamin k OR anti vitamin k OR VKA OR warfarin OR phenprocoumon OR acenocoumarol OR coumadin OR coumadins OR coumarin
OR coumarins OR "new oral anticoagulant" OR "newer oral anticoagulant" OR NOAC OR "non-vitamin k antagonist" OR "non-vitamin-k-
antagonist" OR "non-vitamin k dependent antagonist" OR DOAC OR "direct oral anticoagulant") AND (antifibrinolytic OR tranexamic OR
cyclokapron OR cyklokapron OR eaca OR aminocaproic acid OR amicar OR TXA)

Appendix 2. Additional searches

American College of Clinical Pharmacy (ACCP) Annual Meeting

(“oral surgery” OR dental OR tooth OR periodontal) AND (anticoagulant OR anticoagulation OR “vitamin k antagonist” OR VKA OR "new oral
anticoagulant" OR NOAC OR "direct oral anticoagulant" OR DOAC) AND (antifibrinolytic OR tranexamic OR cyclokapron OR cyklokapron
OR eaca OR “aminocaproic acid” OR amicar OR TXA)
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Annual Scientific Meeting of the International Society for Thrombosis and Haemostasis

(“oral surgery” OR dental) AND (anticoagulant OR VKA OR NOAC OR DOAC) AND (antifibrinolytic OR tranexamic OR eaca)

European Haematology Association Annual Congress

(oral surgery OR dental OR tooth OR molar OR dentoalveolar OR orthognathic OR periodontal) AND (anticoagulant OR anticoagulation OR
vitamin k antagonist OR VKA OR warfarin OR phenprocoumon OR acenocoumarol OR Coumadin OR coumarin OR “new oral anticoagulant”
OR NOAC OR “direct oral anticoagulant” OR DOAC) AND (antifibrinolytic OR tranexamic OR cyclokapron OR cyklokapron OR eaca OR
aminocaproic acid OR amicar OR TXA)

American Society of Hematology Annual Meeting

(oral surgery OR dental OR tooth OR molar OR dentoalveolar OR orthognathic OR periodontal) AND (anticoagulant OR anticoagulation OR
vitamin k antagonist OR VKA OR warfarin OR phenprocoumon OR acenocoumarol OR Coumadin OR coumarin OR new anticoagulant OR
NOAC OR direct anticoagulant OR DOAC) AND (antifibrinolytic OR tranexamic OR cyclokapron OR cyklokapron OR eaca OR aminocaproic
acid OR amicar OR TXA)

British Society for Haematology Annual Scientific Meeting

('oral surgery’ OR dental) AND (anticoagulant OR VKA OR NOAC OR DOAC) AND (antifibrinolytic OR tranexamic OR eaca)
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The primary outcome was redefined as 'Number of participants with major postoperative bleeding episodes (defined as postoperative
bleeding episodes requiring intervention) to clarify that the number of participants is the intended unit of analysis for this outcome, rather
than the number of episodes.
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