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bstract

leeding after dental extraction in patients treated with non-vitamin K oral anticoagulants (NOAC) may lead to unplanned reinterventions
nd interruption of anticoagulation, thereby exposing patients to a risk of thromboembolism. We have designed a study (EXTRACT-NOAC)
o investigate whether tranexamic acid (TXA) mouthwash decreases bleeding after extraction in such patients. The study is a randomised,
ouble-blind, placebo-controlled trial. We plan to randomise 236 patients listed for dental extraction and treated with NOAC to 10% TXA
outhwash or placebo. Patients are instructed to use the mouthwash before the dental extraction, and three times a day for three days thereafter.
he primary outcome is oral bleeding. Secondary outcomes include type of bleeding, procedural bleeding score, number of reinterventions
fter oral bleeding, and number of interruptions in NOAC treatment. Any bleeding from sources other than the mouth, and thrombotic events,
re recorded as safety outcomes. Patients are followed-up for seven days. This study will provide evidence to guide the management of patients

aking NOAC who need teeth extracted.

 2019 The British Association of Oral and Maxillofacial Surgeons. Published by Elsevier Ltd. All rights reserved.
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ntroduction

leeds are common after dental extraction in patients taking

ral anticoagulants, such as vitamin K antagonists (VKA)
nd non-vitamin K oral anticoagulants (NOAC).1 To prevent
leeding, oral anticoagulants can be interrupted before dental
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rocedures. Bleeding may also lead to unscheduled inter-
uption of anticoagulants and temporary interuption puts the
atients at risk of thromboembolic events.2,3 Optimal man-
gement of anticoagulants is therefore crucial to balance the
isk of bleeding and of thromboembolism.

Managing VKA is not simple because these drugs have
 long half-life, some drug interactions, and are influenced

y dietary vitamin K intake. Routine coagulation monitoring
f patients taking them is therefore required. For patients
aving teeth extracted it is current practice to continue VKA,

blished by Elsevier Ltd. All rights reserved.
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Table 1
Inclusion and exclusion criteria of the EXTRACT-NOAC trial.

≥18 years criteria <18 years

Listed for dental extraction Known allergic reaction to
tranexamic acid

Treated with a NOAC:
edoxaban, apixaban,
rivaroxaban, or dabigatran

Pregnancy or lactation

No morning NOAC dose on
the day of dental extraction

Having any condition that - as judged
by the investigator - would place the
subject at increased risk of harm if
he/she participated

Informed consent

Table 2
Definitions of oral bleeding events.

Definition

Degree of severity:
Major Oral bleeding events requiring blood

transfusion, hospitalisation or
resulting in death.

Clinically relevant non-major Oral, non-major bleeding events
requiring unplanned medical contact
or additional haemostatic measures
(except for gauzes), with or without
surgical reintervention.

Minor Oral bleeding events such as
bleeding requiring the use of
additional gauzes, blood on the
pillow, and clear red bleeding when
spitting out the mouthwash.

Timing:
Early Oral bleeding that occurred after the

extraction up to and including day 1
after dental extraction.

Delayed Oral bleeding events that occurred
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rovided that the international normalised ratio is within the
herapeutic range, as this confers less risk of bleeding than
iscontinuing or altering the dose.4

Since the introduction of NOAC, the number of patients
reated with them has steadily increased. The periopera-
ive management of patients on NOAC is easier than that
f patients taking VKA, because of the shorter half-life of
OAC. However, the risk of mucosal bleeding is higher in
atients taking NOAC than in those taking VKA.5 Bleed-
ng after extraction is a particular concern in patients treated
ith NOAC, because the oral mucosa is damaged during
ental extraction. To minimise the risk of bleeding, the Euro-
ean Heart Rhythm Association advises that extractions are
lanned for when the concentration of NOAC in the blood is
owest, which can be achieved by letting the patient skip a
ose on the morning of the extraction. With this approach, the
isk of early bleeding after extraction is similar in patients tak-
ng NOAC and those taking no anticoagulant, but the risk of
elayed bleeding is still higher for those taking NOAC.6 The
uestion remains how to reduce the risk of delayed bleeding
n patients taking NOAC.

As well as for the management of oral anticoagu-
ants, haemostatic agents are essential to minimise bleeding.
ranexamic acid (TXA) is an attractive haemostatic agent for

ocal application during dental procedures because of its effi-
acy in reducing bleeding and its low systemic absorption.7

he use of TXA mouthwash effectively decreases bleeding
fter dental extraction in patients treated with VKA.8,9 Its
se in patients taking NOAC, however, has not been stud-
ed yet to our knowledge. This study was set-up therefore to
ssess whether TXA mouthwash reduces bleeding after den-
al extraction in patients who are being treated with NOAC.

atients  and  methods

he EXTRACT-NOAC study is a randomised, double-
lind, placebo-controlled, investigator-initiated, clinical trial
ClinicalTrials.gov ID: NCT03413891). The Medical Ethics
ommittee Research UZ/KU Leuven approved the study in

uly 2017. Recruitment started in February 2018.

atients  and  randomisation

atients are eligible if they are treated with a NOAC (edox-
ban, apixaban, rivaroxaban, or dabigatran), are listed for a
ental extraction, and are older than 18 years. Exclusion crite-
ia include pregnancy, lactation, or any condition that carries
n increased risk of harm in case of participation (Table 1).
ubjects provide informed consent before any study-related
rocedures. They are randomised using an interactive web

esponse system to TXA or placebo mouthwash. All patients,
reating surgeons, and investigators are unaware of the ran-
omisation.

e
p
e

between day 2 and day 7 after dental
extraction.

ntervention

he study drug is 10% TXA mouthwash 1 g/10 ml or a match-
ng placebo, and the mouthwash is packed into oral syringes
f 10 ml. The mouthwash-containing syringes are produced
y the Leuven Centre for Clinical Pharmacology, UZ Leuven,
elgium. The placebo mouthwash is water containing 2.5 ml
herry flavour/smell (45%), to mimic the flavour and smell of
XA mouthwash. At randomisation, patients are assigned to

 drug kit containing 10 syringes of the study drug. The first
pplication of the study mouthwash is immediately before
he tooth is extracted. After extraction, it is used three times

 day for three days, starting on the day after extraction.

utcomes

he primary outcome is any oral bleeding up to day 7 after

xtraction. Oral bleeding is defined in three categories as
reviously published (Table 2).6 Major oral bleeding is an
vent that requires blood transfusion or admission to hos-
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Table 3
Primary, secondary and safety outcome variables.

Outcome

Primary Any oral bleeding

Secondary

Major oral bleeding
Clinically relevant oral bleeding
Minor oral bleeding
Early oral bleeding events
Delayed oral bleeding events
Procedural bleeding score
Reinterventions after oral bleeding
Interruptions to NOAC treatment

S
Occurrence and number of any non-oral bleeding event
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afety
Occurrence and number of any thrombotic event

ital, or results in death. Clinically relevant oral bleeding
s not a major event and does not require unplanned med-
cal contact with any health care professional or additional
aemostatic measures (except for gauzes), with or without
urgical reintervention. Reinterventions are defined as any
rocedure required in the oral cavity by a health care pro-
essional for the treatment of bleeding, except for rinsing
he extraction socket with saline. Other oral bleeds, such as
hose that require additional gauzes, blood on the pillow, and
resh blood when spitting out the mouthwash, are classified
s minor oral bleeds.

The primary outcome deliberately includes minor oral
leeds, because these bleeds may lead to discontinuation of
he NOAC and the subsequent risk of thromboembolism.
dditionally, oral bleeding is also categorised as early or
elayed. Early bleeding is defined as any oral bleed up to
4 hours after extraction. Delayed bleeding is defined as any
ral bleed between days 2 and 7 after extraction.

Secondary outcomes include the number of minor, clin-
cally relevant, and major bleeds, early or delayed, the
umber of reinterventions after an oral bleed, and the num-
er of unplanned interruptions of NOAC (Table 3). Any
on-oral bleeds and thrombotic events, including myocardial
nfarction, stroke, systemic embolism, and venous throm-
oembolism, before the end of the study follow-up, are
ecorded as safety outcomes.

tudy  procedures

eriprocedural  management
he perioperative management of patients treated with
OAC is to skip the NOAC dose on the morning of dental

xtraction, in agreement with the European Heart Rhythm
ssociation.10 After informed consent has been give, per-

onal data, medical history, and data on smoking, alcohol
onsumption, and other drug use, are recorded.

Immediately before dental extraction, patients are
nstructed to rinse the mouth gently with 10% TXA 10 ml

r placebo mouthwash for one minute before spitting it
ut. During dental extraction, the following information is
ecorded: indication for extraction, intraprocedural bleeding

e
s
b
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core (Visual Analogue Scale ranging from 0-10), tooth num-
ers of extracted teeth, and surgical techniques used. Data
n the surgical technique include if there is suturing, burring,
se of haemostatics (such as surgical sponges) and use of pro-
hylactic oral antibiotics. After dental extraction, patients are
onitored for half an hour to assure adequate haemostasis.

anagement  after  extraction,  and  follow-up
atients are instructed to rinse the mouth with the assigned
outhwash three times a day for three days, starting the day

fter extraction. They are given instructions on how to stop
inor oral bleeding and are asked to record any bleeds. The
OAC is restarted on the day after the extraction, unless

here are issues with haemostasis. Two and seven days after
he extraction, patients are contacted by phone by investiga-
ors (who are unaware of the allocated treatment) to assess
atients’ compliance with the study protocol, occurrence of
ny oral bleeding, and safety outcomes (Fig. 1).

tatistical  analysis

he null hypothesis states that there is no difference in the
mount of oral bleeding between patients given the TXA
outhwash or the placebo mouthwash. Based on a pilot study

n bleeding complications after dental extraction in patients
reated with NOAC, the rate of the primary outcome (the
ccurrence of any oral bleeding) was estimated to be about
0% in the placebo group.6 We estimated a reduction in abso-
ute risk of 15% in the TXA group, which implies an expected
ncidence of 15%. To detect a significant difference in risk
f bleeding between the TXA and placebo treatment, 118
atients in each group, or 236 patients in total, are required.
he confidence level of the study is set to 95% and power to
0%.

The primary analysis will consist of the intention-to-treat
roup - all randomised patients who had at least one dose of
he study mouthwash. In addition, we will do a sensitivity
nalysis of the per-protocol population – that is, all subjects
ith no major deviations from the protocol who complied
ith the assigned treatment by at least 80%. The overall

ignificance level is set at 5% (two-tailed) p = 0.05.
The primary outcome – that is, the occurrence of bleeding

p to day seven - will be analysed in terms of a difference in
isk between the two treatment groups. The secondary end-
oints will be compared using Fisher’s exact test or the chi
quared test, depending on the number of events.

An interim analysis with blinded re-estimation of the sam-
le size is planned after 100 patients have been included. All
ata about the primary endpoint will be passed on to an inde-
endent statistician. The aim of this interim analysis is to

stimate the incidence of oral bleeding and to recalculate the
ample size based on this newly-estimated incidence of oral
leeding.
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Fig. 1. Study design of the EXTRACT-NOAC study. After informed consent, patients are randomised to tranexamic acid mouthwash or to placebo mouthwash.
The mouthwash is used immediately before dental extraction (day 0), and after dental extraction three times a day for three days (days 1-3). Patients are
contacted on day 2 and day 7 after dental extraction to assess all outcomes and compliance.

Table 4
Characteristics of the non-vitamin K oral anticoagulants.

Rivaroxaban
(Xarelto®, Bayer)

Apixaban (Eliquis®,
Bristol-Myers Squibb)

Edoxaban (Lixiana®,
Daiichi Sankyo)

Dabigatran (Pradaxa®,
Boehringer Ingelheim)

Working mechanism FXa inhibitor FXa inhibitor FXa inhibitor FIIa inhibitor
Standard dose in atrial fibrillation 20 mg qd 5 mg bd 60 mg qd 150 mg (EU) bd
Reduced dose 15 mg qd 2.5 mg bd 30 mg qd 110 mg bd
Half-life (h) 5-9 12 10-14 12-17
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d = once daily, bd = twice daily.

iscussion

leeding after dental extraction is an important concern for
atients taking oral anticoagulants. The optimal management
f NOAC to minimise bleeding is unknown, and patients on
OAC may be more prone to mucosal bleeding after extrac-

ion than patients taking VKA.5 In patients treated with VKA,
XA reduces the risk of periprocedural bleeding, but we
now of no data for patients taking NOAC.9 This trial was
herefore designed to investigate the efficacy of TXA mouth-
ash to reduce oral bleeding after dental extraction in these
atients.

wo  types  of oral  anticoagulants

he most common indications for oral anticoagulants include
he prevention of stroke in patients with atrial fibrillation,
he treatment and prevention of pulmonary embolism and
eep venous thrombosis, and the prevention of thrombosis
f a mechanical heart valve. VKA were the gold standard
or many years, but recently NOAC have become the rec-
mmended treatment. Four NOAC are currently approved:
ivaroxaban (Xarelto®, Bayer), apixaban (Eliquis®, Bristol-

yers Squibb), edoxaban (Lixiana®, Daiichi Sankyo), and

abigatran (Pradaxa®, Boehringer Ingelheim) (Table 4). 11–14

VKA inhibit the hepatic synthesis of clotting factors II,
II, IX and X, while NOAC specifically inhibit factor Xa

i
t
a

35 80

rivaroxaban, edoxaban, and apixaban) or factor IIa (dabiga-
ran). In contrast to VKA, NOAC have a more rapid onset and
essation of action, fewer drug interactions, are not influenced
y dietary intake of vitamin K, and do not require routine
onitoring of coagulation.11

NOAC are as effective as VKA in the prevention of stroke
n patients with atrial fibrillation, but have a superior over-
ll safety profile.11 A meta-analysis of the ROCKET-AF
rivaraxaban compared with warfarin), ARISTOTLE (apixa-
an compared warfarin), ENGAGE AF-TIMI 48 (edoxaban
ompared with warfarin) and RE-LY (dabigatran compared
ith warfarin) trials, has illustrated the overall favourable
enefit:risk profile of NOAC compared with warfarin.11 The
se of NOAC resulted in significant reductions in mortality,
troke, and intracranial haemorrhage, and a similar rate of
ajor bleeding, but a higher rate of gastrointestinal bleeding

ompared with warfarin.11–15

anagement  of  NOAC

ata on the management of NOAC in patients having teeth
xtracted are limited.16 The European Heart Rhythm Asso-
iation advises that teeth should be extracted when the
oncentration of NOAC in the blood is least.17 However,

t can be complicated to list the extraction at the time of
he day corresponding to this. A standardised pragmatic
pproach (skipping only the dose of NOAC on the morn-
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ng of the procedure) regardless of the timing of extraction,
rug regimen, or renal function, has been evaluated in a
tudy involving patients taking NOAC and those not being
nticoagulated.6 There was no difference in procedural and
arly bleeding between these groups. Nevertheless, delayed
leeding between days one and seven after extraction was
ore common in patients taking NOAC than in those taking

o anticoagulant. Similarly, an increase in bleeding during
he first postoperative week after dental extraction in patients
aking uninterrupted rivaroxaban was reported in a retrospec-
ive study by Hanken et al.18 Patients treated with NOAC are
lso more susceptible to mucosal bleeding.5 This is worrying,
ecause damage to the oral mucosa during dental extrac-
ion is unavoidable. In addition, the combination of peak
lasma concentrations of NOAC, and an immature coagu-
um at the extraction site, can trigger bleeding. Because of
oth the bleeding risk and the thromboembolic risk during
he procedure, an optimal strategy to minimise bleeding after
xtraction is required.3

XA  mouthwash  to  reduce  bleeding

XA is an antifibrinolytic agent that reversibly inhibits
lasminogen, and prevents plasmin from degrading fibrin.
riginally, it was developed for the treatment of haemophilia

nd other bleeding disorders, and it is also indicated for
he treatment of heavy menstrual bleeding. Nowadays, it is
idely used to manage injured patients or patients having
perations who are at risk of haemorrhage.19 Over time, it
as also started being used in oral surgery. A recent sys-
ematic review showed the considerable benefit of TXA
s a local haemostatic agent for patients having dental
xtractions.8

The topical use of TXA mouthwash is of special interest
or oral surgery because of its low systemic absorption. TXA

 g given systemically leads to peak plasma concentrations of
 �g/ml, with no detectable traces in the saliva, while topical
% TXA 10 ml mouthwash resulted in low blood plasma
oncentrations (< 2 �g/ml) and therapeutic concentrations
n the saliva (20). Consequently, topical TXA is considered
afe, with no evidence of prothrombotic systemic adverse
ffects.7,20

The current trial will investigate if a three-day course
f TXA reduces the amount of bleeding after extraction
n patients treated with NOAC. A short period of treat-

ent is attractive from an economical point of view. TXA
outhwash is also available in 10-dose packages, which is

erfectly suitable for clinical practice: one dose before den-
al extraction, followed by three doses a day for three days.
XA is also a low-cost drug and is already on the mar-
et. For all these reasons, the efficacy of TXA mouthwash

o reduce bleeding after dental extraction requires appro-
riate investigation in a randomised, placebo-controlled,
tudy.
 of Oral and Maxillofacial Surgery 57 (2019) 1107–1112 1111

onclusion

here is an unmet need for clinical data on how to min-
mise bleeding in patients taking NOAC who need to have
eeth removed. The EXTRACT-NOAC trial investigates if
XA mouthwash reduces bleeding after extraction in these
atients. The primary outcome is oral bleeding, but throm-
oembolic events are recorded as well. In the end, balancing
he risk of bleeding and the risk of thromboembolism is
ritical. The results of this trial will help to optimise the
eriprocedural management of NOAC in patients who require
ental extraction.
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