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Abstract

Background No consistent approach to the management of direct oral anticoagulants (DOACs) during and after
oral surgery has been established. Thus, DOACs may be unnecessarily discontinued, raising the potential risk of
life-threatening thromboembolism. To address the inconsistency in this approach, our study assessed the risk of
bleeding and other complications in patients who continue to use DOACs during and after simple and surgical tooth
extractions.

Methods Between May 2016 and December 2023, this prospective study recruited patients aged 18 years or older
who were receiving a DOAC or warfarin and were in need of simple or surgical extractions of one or more teeth. Local
haemostatic agents were being used to control bleeding. Patients were instructed to manage minor postoperative
bleeding at home by biting down on gauze soaked in tranexamic acid for at least 30 min. After surgery, all patients
were followed for 7 days. The chi-squared test compared dichotomous variables; the two-sample t-test, continuous
variables; logistic regressions, dichotomous outcomes; and linear regressions, continuous outcomes.

Results In all, 354 teeth were extracted from 160 patients receiving DOACs and 56 patients receiving warfarin. The
incidence of any type of postoperative bleeding was 27% in patients receiving DOACs and 37% in those receiving
warfarin (OR 0.66, 95% Cl: 0.28-1.57; p=0.35). Most patients were able to manage any bleeding at home themselves.
Clinically relevant bleeding necessitating prompt evaluation or a secondary surgical intervention by a dentist or
healthcare professional occurred in 3% of patients receiving DOACs and 11% of patients receiving warfarin (OR 0.30,
95% Cl: 0.08-1.06; p=0.06). No reports of major bleeding requiring hospitalization or blood transfusion were found.
Perioperative bleeding volume was comparable between the two groups.

Conclusions Patients receiving DOACs without interruption during surgery may have a lower risk of bleeding
than those on warfarin. Patients may safely continue to use DOACs during and after simple and surgical extractions.
This eliminates the potentially higher risk of serious thromboembolic events that are associated with a pause in
anticoagulant therapy.

Clinical trial registration ClinicalTrials.gov (ID: NCT04662515). Retrospectively registered 4 December 2020.
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Introduction

The growing prevalence of patients receiving direct oral
anticoagulants (DOACs) presents a challenge for general
dental practitioners when planning surgical procedures.
The most frequent oral surgical procedure that dentists
face is tooth extraction, which may require temporary
discontinuation of anticoagulants to reduce the risk of
bleeding. However, guidelines for managing patients
receiving DOACs during simple and surgical tooth
extractions are inconsistent [1, 2]. This inconsistency may
lead to unnecessary discontinuation of DOACs, which
can increase the potential risk of life-threatening throm-
boembolism [3]. Therefore, clear guidelines for managing
DOAC: in general dental practice during minor oral sur-
gical procedures are needed.

For several reasons, use of DOACs has been on the rise
compared to warfarin. DOACs have been demonstrated
to be as effective as warfarin in preventing stroke and
are associated with a reduced risk of bleeding, particu-
larly intracranial bleeding. Other advantages of DOACs
include minimal drug and food interactions and a wide
therapeutic range that allows for standardised dosing.
Furthermore, DOACs do not require frequent moni-
toring, resulting in significantly fewer blood tests for
patients [4].

A recent systematic review suggests that patients
receiving DOACs may have a lower risk of bleeding after
tooth removal than those receiving warfarin. Neverthe-
less, the quality of the evidence was low or very low due
to the relatively small number of patients in the stud-
ies [5]. In contrast, this clinical study hypothesized that
patients receiving DOACs without interruption have a
higher risk of bleeding after minor oral surgery proce-
dures compared to those receiving warfarin and have
an international normalised ratio (INR) of <3.1. The
objective of this study was to assess the risk of bleed-
ing and other complications in patients who continue to
use DOACs during and after simple and surgical tooth
extractions.

Materials and methods

Study design

This prospective clinical cohort study examined compli-
cations, including peri- and postoperative bleeding, in
patients who underwent one or more simple or surgi-
cal tooth extractions and were receiving either a DOAC
(DOAC group) or warfarin (warfarin group).

Study population and setting

Between May 2016 and December 2023, patients referred
to three Swedish oral surgery departments were queried
concerning enrolment in the study: the Department of
Oral and Maxillofacial Surgery and Oral Medicine in the
Faculty of Odontology at Malmé University, the Depart-
ment of Oral and Maxillofacial Surgery at Skane Univer-
sity Hospital, and the Department of Oral Surgery at the
Public Dental Service in Skéne, Lund. The study included
patients aged 18 years or older who required one or more
simple or surgical tooth extractions and were taking a
DOAC without interruption and had an estimated glo-
merular filtration rate (eGFR)>30 mL/min/1.73 m? or
were taking warfarin and had an INR<3.1. INR was mea-
sured preoperatively on the same day or the day before
surgery. Patients taking both antiplatelets and anticoagu-
lants were instructed to stop their antiplatelet medica-
tion from 7 days before the surgical intervention until 7
days after. Exclusion criteria comprised non-adherence
to prescribed anticoagulant medication, previous radia-
tion therapy exceeding 30 Gy at the surgical area, ongo-
ing alcohol or drug abuse, or previous participation in
the present study. To prevent selection bias, all eligible
patients who fulfilled the inclusion and exclusion criteria
and who had been referred to a participating department
were invited to participate.

Clinical procedures

The use of a case report form ensured that the treat-
ments were performed in a standardised manner. Eligi-
ble patients were clinically examined and their medical
history was retrieved. Immediately before the surgi-
cal procedure, venous blood samples were collected to
determine haemoglobin values, and systolic and dia-
stolic blood pressure readings were measured. Local
anaesthesia (Xylocaine® adrenaline 20 mg/mL +12.5 pg/
mL, Dentsply DeTrey GmbH) was administered periph-
erally and/or as regional blocks. This study includes all
teeth that needed extraction, regardless of their ana-
tomical position. In each patient, one to eight teeth were
extracted. Extractions were classified as simple or sur-
gical. Simple extractions involved luxation, elevation,
separation if necessary, and the use of forceps. With or
without bone removal, if a flap was raised, the extrac-
tion was classified as surgical. Any granulation tissue
was removed. Two patients underwent apical surgery on
an adjacent tooth. A local resorbable haemostatic agent
(Surgicel, Ethicon US, LLC, Spongostan™ Dental, Ethi-
con US, LLC or Lyostypt®, B. Braun Surgical) was fre-
quently placed in the socket. Resorbable sutures were
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used, and complete wound closure was done after most
surgical extractions. Following the procedure, patients
were instructed to bite down on a roll of gauze soaked
in a tranexamic acid solution (100 mg/mL) for at least
30 min. In the event of any subsequent bleeding, patients
were instructed to repeat the procedure. Additionally,
patients were advised to rinse with chlorhexidine 0.1%
twice a day for 7 days after the procedure. For pain relief,
patients were instructed to take paracetamol at a dose of
4 g per day (2 g per day for patients taking warfarin) and
to use oxycodone 5 mg as needed. Patients were followed
up by telephone or at the clinic 7-28 days after surgery,
depending on their general health. Any patient who
could not be reached within 28 days were contacted later.
All postoperative complications requiring treatment, and
all bleeding episodes were recorded. If bleeding could not
be managed at home, patients were instructed to contact
the clinic for assistance.

Outcome variables

The primary outcome measure was postoperative bleed-
ing. All instances of bleeding that occurred after the
patient’s departure from the clinic and necessitated
compression or more comprehensive interventions were
recorded, irrespective of whether they were managed
by the patient or healthcare personnel. Bleeding was
classified according to the Bleeding Academic Research
Consortium as grade 1-5 [6]. Briefly, grade 1 includes
bleeding that patients can manage at home; grade 2, clini-
cally relevant bleeding that requires prompt evaluation or
a second surgical intervention from a dentist or health-
care professional; and grades 3—-5, more severe types of
bleeding.

Secondary outcomes comprised perioperative bleeding
volume, the surgeon’s assessment of the impact of bleed-
ing on the procedure’s complexity, and all postoperative
complications requiring treatment by a dentist or other
healthcare professional. All postoperative outcomes were
calculated based on data from the first 7 postoperative
days.

Perioperative blood loss was calculated by multiply-
ing the total fluid volume in the suction bottle by its
haemoglobin value, and then dividing the product by
the haemoglobin value of a venous blood sample taken
directly before surgery. The volume of liquid collected in
the suction bottle was determined by weighing the filled
bottle postoperatively and subtracting the weight of the
unfilled bottle. It was assumed that 1 g of liquid equals
1 mL. The balances used for measuring had a readability
of 0.01 g and a linearity of 0.05 g and were calibrated in
accordance with the manufacturer’s instructions. Before
surgery 5,000 units of heparin were added to the aspi-
rate bottle to prevent blood clotting. Johansson et al.
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describes the blood collecting procedure, assay methods,
and equipment in detail [7].

The surgeon assessed the impact of bleeding on the
complexity of the procedure using a visual analogue scale
(VAS), where 0 corresponds to no impact and 10, a sub-
stantial impact.

Statistics

The sample size was calculated based on the incidence of
grade 2 postoperative bleeding in patients on warfarin of
4% [8], and assuming a 16% incidence in patients receiv-
ing DOACs. A sample size calculation with type 1 error
set to 0.05 and power set to 80% showed that 94 patients
would be required in each group.

A patient cannot be included in an analysis if any of the
variables needed for the analysis are missing. Thus, when
possible, missing data were replaced in order to maximise
the number of patients eligible for the analysis. Three
patients receiving DOACs had minimal bleeding, result-
ing in haemoglobin values below the limits of detection
of the analyses we used [7]. For those patients, bleed-
ing was set to the lowest volume of perioperative bleed-
ing recorded in the study before any analyses were done.
Before regression analyses were done, other instances of
missing data were also replaced. For one patient who had
been prescribed warfarin, the length of the surgical pro-
cedure was not noted in the records. The missing value
was assigned the median duration of surgical procedures
for extracting the same number of teeth using the same
surgical technique. Two patients receiving DOACs and
two receiving warfarin did not have their blood pressure
recorded. The missing values were assigned the median
values for systolic and diastolic blood pressure in the data
set.

To determine any differences between DOAC and
warfarin users, we used the chi-squared test to compare
dichotomous variables and two-sample f-tests to com-
pare continuous variables. The study used logistic regres-
sions to compare dichotomous outcome measures and
linear regressions, continuous outcomes. The variables
included in each regression model were selected based
on their relative quality as determined by the Akaike
information criterion [9], as well as their clinical rel-
evance for each outcome. All models were adjusted for
tooth removal from the upper jaw as a dichotomous vari-
able and diastolic blood pressure as a continuous vari-
able. Except for the model describing complications other
than postoperative bleeding, all models were adjusted for
dichotomous variables, including surgical extraction and
the removal of multiple teeth. Furthermore, three out-
comes (any type of postoperative bleeding, perioperative
bleeding, and the impact of bleeding on the complexity of
the procedure) were adjusted for (1) systolic blood pres-
sure as a continuous variable, (2) diabetes, gender, and
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extraction of molars as dichotomous variables, (3) the
departments where the treatments were performed and
age as dichotomous indicator variables with three cat-
egories, and (4) country of birth and level of education
as dichotomous indicator variables with four categories.
Finally, two of the outcomes, perioperative bleeding and
impact of bleeding on the complexity of the procedure,
were also adjusted for the volume of local anaesthetic
administered per tooth as a continuous variable.

All subgroups were analysed using the same mod-
els presented in the additional material (Additional file
1), except for the model that examined the association
between INR and any type of postoperative bleeding.
This model was adjusted for the continuous variables of
systolic and diastolic blood pressure as well as the dichot-
omous variables of gender, diabetes, tooth removal from
the upper jaw, surgical extraction, removal of molars, and
removal of multiple teeth.

All analyses were conducted using STATA 18.0 SE. The
threshold for statistical significance was set to a p-value
of <0.05, an odds ratio (OR) with a 95% confidence inter-
val (CI) that did not include 1, and a regression coeffi-
cient with a 95% CI that did not include 0.

Results

Patient characteristics and interventions

No significant differences were observed regarding age,
gender, or type of anticoagulant between the patients
who underwent surgery (n=216) and those who were
not included in the study (#=87). In all, 354 teeth were
extracted from the 210 patients who constituted the final
study population. Of the patients, 154 received a DOAC
and 56, warfarin. Except for the characteristics discussed
below, no significant differences were observed between
the DOAC and the warfarin groups for any patient or
procedural characteristic listed in Tables 1 and 2. The
proportion of patients with atrial fibrillation was sig-
nificantly higher in the DOAC group (p=0.01; Table 1).
Warfarin was administered with significantly greater fre-
quency to patients with artificial valves (p <0.01; Table 1).
The proportion of patients who received local haemo-
static agents in all extraction sockets was significantly
higher in the warfarin group (p=0.03; Table 2). Differ-
ences between the study groups concerning the identity
of the surgeon, the department to which the patients
were referred, or the department in which they were
treated were not significant.

No patients were lost to follow-up. Two patients receiv-
ing DOACs continuously took a lower dose than recom-
mended by their general practitioner. Analyses of the
outcomes with and without these two patients resulted in
no significant changes in any of the outcomes.

Patients with missing data were excluded from some
of the analyses, depending on the type of missing data.
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When analysing postoperative bleeding in general (all
types), we excluded 33 patients in the DOAC group and
10 in the warfarin group. When analysing perioperative
bleeding, we excluded 3 patients from each group. When
analysing the impact of bleeding on the complexity of
the procedure, we excluded 1 patient from the warfarin
group. Figure 1 presents a flow chart of the study.

Outcomes

In the study cohort, 30% experienced postoperative
bleeding of some kind within the first 7 postoperative
days. All postoperative bleeding was classified as grade 1
or 2. Consequently, no instances of extensive postopera-
tive bleeding requiring blood transfusion or hospitaliza-
tion, or resulting in death, were observed. Most patients
were able to manage their bleeding at home. The unad-
justed regression analysis of grade 2 bleeding revealed a
significant difference between the groups (OR 0.28, 95%
CI: 0.08-0.96), but in the adjusted regression analysis,
no significant difference was observed (OR 0.30, 95% CI:
0.08-1.06). The incidence of grade 2 bleeding necessitat-
ing additional sutures was 2.6% (4 of 154 patients) in the
DOAC group and 7.1% (4 of 56) in the warfarin group.
Nevertheless, no between-group difference was signifi-
cant (unadjusted OR 0.35, 95% CI: 0.08-1.44; adjusted
OR 0.40, 95% CI: 0.09-1.72). In relation to postopera-
tive infections, perioperative bleeding volume, or the
surgeon’s assessment of the impact of bleeding on the
complexity of the procedure, no between-group differ-
ence was significant. Except for bleeding, the only post-
operative complication that required intervention within
the first 7 days was local infection (5% of the patients). All
infections were treated with systemic antibiotics. Table 3
presents details of the outcomes.

Subgroups

In the warfarin group, the INR level was associated
with a risk of postoperative bleeding. The risk of any
type of postoperative bleeding was significantly higher
in patients with an INR of 2.6-3.1 compared with those
with an INR of 2.0-2.5 (unadjusted OR 6.00, 95% CI:
1.46-24.73; adjusted OR 8.50, 95% CI: 1.48-48.89). Two
patients in the warfarin group required cessation of anti-
coagulant therapy. The first, a 75-year-old female with
a preoperative INR of 3.0 underwent surgical removal
of tooth 28 (FDI World Dental Federation notation)
and concomitant apical surgery on the buccal roots of
teeth 26. Five days postoperatively, she developed bleed-
ing with an INR of 6.8. The bleeding was controlled
with compression, warfarin was discontinued, and she
received vitamin K. A potential cause of the elevated
INR was high paracetamol intake. The second patient,
a 73-year-old male, had a preoperative INR of 2.4 and
underwent surgical removal of tooth 37. Three days
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Table 1 Patient characteristics

Page 5 of 10

Characteristic

Anticoagulant

DOAC (n=154) Warfarin (n=56)

Age, median (IQR)

Age, n (%)
below 65
65-79
80 and above

Female, n (%)

Level of education, n (%)
lower secondary or lower
upper secondary
post-secondary or higher
unknown

Country of birth, n (%)
Sweden
Europe, except for Sweden
non-European
unknown
Diabetes mellitus type I and Il, n (%)
Daily smoker, n (%)
Atrial fibrillation, n (%)
Venous thromboembolism, n (%)
Pulmonary embolism, n (%)
Artificial heart valve, n (%) type
Systolic blood pressure (mmHg), median (IQR)
Systolic blood pressure, n (%)
140 mmHg and below
above 140 mmHg
Diastolic blood pressure (mmHg), median (IQR)
Haemoglobin level (g/dl), median (IQR)
eGFR, median (IQR) [minimum, maximum]
DOAC type, n (%)
dabigatran
rivaroxaban
apixaban
edoxaban
DOAC dosing regimen*, n (%)
higher
lower
INR, median (IQR) [minimum, maximum]
INR, n (%)
Below 2.0
2.0-25
Above 2.5

76 (69-81) 76 (64-81)
22 (14) 14 (25)
81(52) 25 (45)
51(33) 17 (30)
75 (49) 19 (34)
52 (34) 22 (39)
41 (27) 16 (29)
52 (34) 11(20)
9(6) 7(13)
117 (76) 37 (66)
17.(11) 7(13)
6 (4) 4(7)
14 (9) 8(14)
30(19) 14 (25)
11(7) 1)
118 (77) 33 (59)
24 (16) 9(16)
21 (14) 8(14)

3 (2) biological
140 (129-156)

15 (27) mechanical
136 (124-155)

84 (53) 31(55)
76 (48) 25 (45)
83 (77-92) 82 (70-93)

13.7 (12.6-14.6)
63 (53-75) [31,110]

13.7 (12.7-15.0)

16 (10)
34(22)
100 (65)
4(3)

115 (75)
39(25)
24(21-27)[1.2,3.]

9(16)
27 (48)
20 (36)

DOAC: Direct oral anticoagulants, IQR: interquartile range, mmHg: millimetres of mercury, eGFR: estimated glomerular filtration rate, INR: International normalised

ratio

*DOAC dosing regimen: Higher dose=dabigatran 150 mg twice a day, rivaroxaban 20 mg daily, apixaban 5 mg twice a day, edoxaban 60 mg daily. Lower
dose =dabigatran 110 mg twice a day; rivaroxaban 15 mg daily, 10 mg daily; apixaban 2.5 mg twice a day; edoxaban 30 mg daily. Lower dose includes dosing out of

regimen: dabigatran 150 mg daily, apixaban 2.5 mg daily

postoperatively, the patient developed local infection and
bleeding. Systemic antibiotics were prescribed, and war-
farin was discontinued. Additional suturing and debride-
ment were performed seven days postoperatively. Two
other patients in the warfarin group had a preoperative
INR of 3.1. Both experienced postoperative bleeding with
one patient presenting with grade 2 bleeding.

A detailed analysis was conducted on the DOAC
group. No significant differences were observed between
patients with an eGFR in the range of 31-44 mlL/
min/1.73 m® and those with an eGFR>45 mL/min/1.73
m?. No instances of grade 2 bleeding or postoperative
infections were reported for patients with an eGFR in
the range of 31-44 mL/min/1.73 m” Patients receiving
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Characteristic

Anticoagulant

DOAC (n=154) Warfarin (n=56)

Number of teeth extracted, median (IQR) [maximum]
Extraction of > one tooth, n (%)
Extraction site (jaw), n (%)

upper only

lower only
both

Tooth extracted (type), n (%)

Molar
Premolar
Incisor or canine

Extraction indication, n (%)

Impaction

Caries

Pathological resorption
Chronic apical periodontitis
Radicular cyst

Chronic periodontitis
Retained dental root

Root under bridge, n (%)

Local anaesthesia (mL/tooth), median (IQR)

Extraction method, n (%)
simple only
surgical only
both

Removal of bone, n (%)

Apical surgery of adjacent tooth, n (%)

Primary closure rate, n (%)

Local haemostatic agent in all sockets, n (%)
Compression with tranexamic acid postoperatively, n (%)
Duration of surgery (minutes), median (IQR)

Duration of surgery < 24 min, n (%)

Start of surgery at 12 noon or later, n (%)

1(1-2)[7]

45 (29) 22 (39)
56 (36) 28 (50)
83 (54) 24 (42)
15(10) 4(7)
108 (70) 39 (70)
40 (26) 17 (30)
34(22) 15(27)
2(1) 2(4)
21 (14) 13(23)
5(3) 2(4)
51(33) 22 (39)
0 1)
23(15) 7(13)
72 (47) 22 (39)
8(5) 5(9)
54(3.6-7.2) 5.1 (2.7-54)
39 (25) 15(27)
107 (69) 37 (66)
8 (5) 4(7)
97 (63) 39 (70)
() 1(2)
105 (68) 37 (66)
120 (78) 51(91)
149 (97) 54 (96)
23 (16-31) 25 (17-35)
82 (53) 25 (45)
70 (45) 29 (53)

DOAC: Direct oral anticoagulants, IQR: interquartile range

higher doses of DOACs were then compared with those
receiving lower doses (see explanations in Table 1).
Although surgeons reported bleeding to have a greater
effect on procedure complexity in the higher-dose group
(OR 0.38, 95% CI: 0.05-0.71), the difference was not sig-
nificant after adjustment (OR 0.29, 95% CI: -0.10-0.68).
The lower-dose group reported no instances of grade 2
bleeding. No significant differences in the outcome mea-
sures were observed concerning the various DOACs
prescribed.

An analysis of the group for whom perioperative
bleeding was recorded (n=204) was done to determine
whether perioperative bleeding predicted any other out-
come. The unadjusted and adjusted analyses revealed
that each millilitre of increased perioperative bleeding
was accompanied by a 0.05-point increase in the VAS
score for the impact of bleeding on procedure complexity
(95% CI: 0.04-0.06).

Other variables

Additional file 1 presents the complete output of the
regression models. The risk of postoperative bleeding was
significantly higher in cases where more than one tooth
was extracted, where surgical duration was prolonged,
and in patients with higher systolic blood pressure.
Patients with a systolic blood pressure of 170 mmHg dis-
played a twofold increase in the probability of any type
of postoperative bleeding, from 20 to 40%, compared to
patients with a systolic blood pressure of 110 mmHg.

Discussion

The primary objective of this clinical study was to evalu-
ate the risk of postoperative bleeding in patients who
continued to use DOACs during and after simple and
surgical tooth extractions. No instances of extensive
postoperative bleeding requiring blood transfusion or
hospitalization, or resulting in death, were observed in
either the DOAC or the warfarin groups. The incidence
of clinically relevant bleeding necessitating prompt
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Excluded (n=87)

-Refused to participate (n=40)

-Not reachable (n=27)

-Tooth removed by another clinician (n=20)

Excluded (n=6)
-Did not receive Xylocaine adrenaline as
local anaesthesia

Fig. 1 Study flow chart

Excluded (n=33)
-Bleeding managed by the patient at home
not registered

Assessed for eligibility
= (n=303)
(o]
=
=
= <
5 >
A\ 4
Underwent surgery
(n=216)
=
2 warfarin DOAC
S (n=56) (n=160)
<
A 4 JV
£l
25 warfarin DOAC
s 2 (n=56) (n=154)
=
A Excluded (n=10)

2 5 .| -Bleeding managed N
£ 8 | by the patient at i
3 QO& = home not registered
g% 2 v Y

i E Analysed Analysed

o (n=46) (n=121)

Table 3 Associations between the anticoagulant groups and the outcome measures

Outcome n (%) Unadjusted values Adjusted values
Odds ratio (95% Cl) p Odds ratio (95% Cl) p

Postoperative bleeding, any type
Warfarin (n=46) 17 (37) 1 1
DOAC (n=121) 33(27) 0.64 (0.31-1.31) 0.23 0.66 (0.28-1.57) 035
Postoperative bleeding, Grade 2
Warfarin (n=56) 6(11) 1 1
DOAC (n=154) 5(3) 0.28 (0.08-0.96) 0.04 0.30 (0.08-1.06) 0.06
Other complications®
Warfarin (n=56) 24 1 1
DOAC (n=154) 8 (5) 148 (0.31-7.19) 0.63 1.18 (0.23-5.91) 0.84

Median (IQR) Coefficient (95% Cl) p Coefficient (95% Cl) P
Perioperative bleeding volume (ml)
Warfarin (n=53) 6.27 (2.58-9.86) 0 0
DOAC (n=151) 4.92(2.19-9.58) 0.39(-3.07-3.84) 083 0.36 (-3.02-3.75) 083
Impact of bleeding on procedure complexity”
Warfarin (n=55) 0 (0-0.60) 0 0
DOAC (n=154) 0.10 (0-0.90) 0.10(-0.18-0.38) 047 0.16 (-0.12-0.45) 027

Cl: confidence interval, DOAC: direct oral anticoagulants, IQR: interquartile range

2 Other than postoperative bleeding
b Assessment of the surgeon
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evaluation or a secondary surgical intervention by a den-
tist or healthcare professional was lower in the DOAC
group (OR 0.30, 95% CI: 0.08—1.06).

The reasons for some of the inclusion and exclusion
criteria need to be clarified. Patients on DOACs with
severe renal impairment (eGFR<31 mL/min/1.73 m2)
were excluded. This was because of the potential for
increased risk of bleeding due to platelet dysfunction that
may occur as a result of severe kidney disease. Addition-
ally, these patients are at risk of DOAC accumulation, as
DOAGC: are eliminated to varying degrees by the kidneys.
Furthermore, one of the DOACs is contraindicated in
this group [2, 10]. Patients on warfarin with an INR>3.1
were also excluded. This threshold corresponds well with
the upper limit of the therapeutic interval for warfa-
rin [11]. It is also consistent with the generally accepted
upper limit of INR for extractions in the region where the
study was conducted.

The various groups of patients in the study were com-
parable. Today, atrial fibrillation is seldom an indication
for warfarin, and DOACs are not indicated for patients
with mechanical heart valves, which explain any notable
discrepancies between these two groups [11].

The present study considered the occurrence of post-
operative bleeding a crucial outcome measure. The find-
ings suggest that postoperative bleeding appears to be
less common for patients receiving DOACs compared to
those receiving warfarin. Furthermore, in both groups,
the patients were able to handle most bleeding them-
selves. These findings are consistent with previous stud-
ies [12—-15] and underscore the importance of providing
patients with comprehensive guidance on the manage-
ment of minor bleeding. There are several possible expla-
nations for why DOACs may be associated with a lower
risk of bleeding than warfarin. DOACs have more pre-
dictable pharmacokinetics and pharmacodynamics with
a shorter half-life, wider therapeutic interval, and fewer
drug and food interactions, all of which may contribute
to a more consistent anticoagulant effect and reduced
need for monitoring. Another explanation may be that,
unlike warfarin, DOACs do not interfere with tissue fac-
tor and factor VII [10].

Postoperative bleeding also occurs in patients who are
not receiving anticoagulants. The prospective investiga-
tion of Rademacher et al. examined the risk of postop-
erative bleeding following the removal of third molars in
young, healthy patients who had not taken any medica-
tion that could potentially affect haemostasis within the
10 days before treatment [16]. The authors indicated that
the risk of any type of postoperative bleeding was 32%, a
figure that is comparable to the risk observed in patients
receiving DOACs in the present study (27%). Addition-
ally, the risk of grade 2 postoperative bleeding appeared
to be lower for the patients in the study by Rademacher
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et al. (1.4%) compared to the DOAC group in the present
study (3.2%).

Some aspects of the subgroup analyses merit further
discussion. The therapeutic interval for warfarin is typi-
cally within the range of 2.0-3.0. However, some of our
study patients had an INR of 3.1. This may reflect real-
ity. It is reasonable to assume that, occasionally, in gen-
eral dental practice, extractions are also done when the
INR of the patient is marginally above the desired range.
Moreover, INR values should not be considered fixed
[17]. In the present study, DOACs were grouped into
higher- and lower-dose categories, like in the Brennan
et al. study [14]. Clinically, it was deemed valuable to
include the two patients who continuously took a lower
dose of DOACs than recommended, given widespread
acknowledgement that not all patients adhere to the full
dosage of their prescribed medications [18]. In patients
with moderate to severe renal impairment (eGFR 31-44
mL/min/1.73 m?), no instances of bleeding that neces-
sitated assistance from dentists or other healthcare pro-
fessionals occurred. It thus seems reasonable to assume
that the benefit of supplementary renal function controls
before extractions is limited.

Some variables had a significant impact on the out-
comes. The duration of surgery predicted several out-
comes and may be regarded as an indicator of the
complexity of the surgical procedure. Furthermore, our
findings suggest that an increase in systolic blood pres-
sure is associated with a significantly elevated risk of
postoperative bleeding. This lends further support to
the generally accepted view that maintaining optimal
blood pressure is important [19, 20]. Patients with ele-
vated blood pressure were asked to contact their general
practitioner.

In light of the findings of this study, some suggestions
can be made for the management of patients receiving
DOAGC: in clinical practice. The first recommendation
is that patients continue to take their DOACs, with-
out interruption, throughout simple and surgical tooth
extractions. This approach is recommended from an ethi-
cal perspective, emphasising patient safety as a primary
concern. Adherence to this recommendation ensures
that the potential for increased risk of thromboembolic
events, which is regarded as far more serious than the
potential for increased incidence of local postoperative
bleeding, is avoided. To mitigate the risk of bleeding, a
further recommendation is to use the approach outlined
in the Methods section. It seems likely that the referral
departments in this study were primarily consulted for
complex cases, which may account for a greater inci-
dence of complications. Thus, the prevalence of bleed-
ing and other complications may be lower in the general
population compared to what we observed in this study.
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Clear communication is important when implement-
ing new recommendations. Clinician compliance can be
enhanced by discussing patient safety priorities and the
time saved by not having to discuss anticoagulant discon-
tinuation with the patient’s general practitioner. Patient
adherence to normal anticoagulant therapy during
extractions is crucial and can be improved by informing
patients of the potential risk of thromboembolic events
associated with anticoagulant discontinuation and by
providing clear instructions on how to manage postop-
erative bleeding at home.

Our study has its strengths and limitations. The study
was a prospective, multicentre investigation, in which
all eligible patients were invited to participate. Results
were adjusted for several confounding variables, and
specific variables that influenced the results were identi-
fied. Concerning limitations, performance bias may have
influenced the results since the study was not conducted
in a blinded manner. Second, since a randomised study
was not feasible, some residual confounding may have
occurred, despite the comprehensive characterisation
of the DOAC and warfarin groups and the control of
numerous variables. Third, as the study reported on mul-
tiple outcomes, inflation of the type I error rate may be
possible. Conversely, however, other studies corroborate
our findings [12-14]. Additionally, this report does not
include any information regarding possible bleeding or
other complications that may have occurred after the first
seven postoperative days. Furthermore, some data, par-
ticularly on grade 1 postoperative bleeding, were based
on patient-reported information which carries a risk of
underreporting and recall bias. However, most patients
were contacted soon after surgery and carefully ques-
tioned about any complications, which minimised these
risks. Moreover, the observed difference between groups
in postoperative bleeding may be greater than reported,
due to the significantly higher proportion of patients in
the warfarin group, compared with the DOAC group,
who received resorbable local haemostatic agents in all
extraction sockets (p =0.03). However, the usefulness of
this variable is limited by the lack of data on the specific
local haemostatic agent used for each patient. Last, the
final sample size for the warfarin group was below the
required number calculated in the power analysis. For
many patient groups, warfarin was replaced by DOACs
during the study period, and this presented difficulties
in recruiting patients to the warfarin group. Given the
limited sample size, meta-analyses of comparable studies
may be advisable to explore discrepancies between the
DOAC and warfarin groups.
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Conclusions

The findings of this study indicate that patients taking
DOACs without interruption may have a lower risk of
bleeding compared to those on therapeutic levels of war-
farin during simple and surgical tooth removal. To lower
the risk of thromboembolic events associated with the
cessation of anticoagulants, it is suggested that patients
continue their DOACs without interruption throughout
both routine and surgical tooth extractions, provided
that local haemostatic measures are applied.
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