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ABSTRACT

This prospective study investigated the frequency and severity of bleeding during and after tooth extractions in
patients taking direct oral anticoagulants (DOACs). Patients requiring at least one extraction were enrolled,
with their DOAC therapy either continued or temporarily paused. Participants were grouped according to the
number of teeth removed (<3 or >3), the use of flap elevation, and whether osteotomy was performed. Bleeding
was monitored during the procedure, at 20, 40, 60, and 80 minutes post-procedure, and daily for the first week.
A total of 49 patients were included (rivaroxaban, n=17; apixaban, n=16; edoxaban, n=8; dabigatran, n=8), of
whom 33 withheld DOACs before surgery. Extraction of more than three teeth, flap elevation, and osteotomy
were associated with higher bleeding incidence (p < 0.05). Bleeding events were more frequent in patients on
rivaroxaban and apixaban. Although DOAC therapy may increase the risk of bleeding across all perioperative
phases, most events were minor and manageable. Temporarily stopping DOACs reduced bleeding during the
procedure but had no significant effect on post-operative hemorrhage.
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Introduction

Direct oral anticoagulants (DOACs) have become
increasingly favored in recent years because of their
predictable  pharmacokinetics and  perceived
convenience over traditional anticoagulants, such as
warfarin, by eliminating the need for routine dose
adjustments [1]. These drugs achieve anticoagulation
by selectively inhibiting specific components of the
coagulation cascade, thereby preventing thrombus
formation. Dabigatran functions as a direct thrombin
inhibitor, whereas apixaban, rivaroxaban, and
edoxaban target factor Xa [2].

Despite their clinical benefits, DOACs carry an
inherent risk of bleeding, particularly in the
period during dental surgical
like tooth extractions [3]. While

perioperative
interventions

management strategies for patients on vitamin K
antagonists (VK As) during dental procedures are well-
established [4], evidence on DOACs remains limited.
For VKAs, Perry et al. [5] proposed standardized
management including INR assessment within 72
hours before the procedure, no intervention for INR
values below 4, and the use of local hemostatic
measures combined with 5%
mouthwash four times daily for 48 hours post-
procedure. Douketis et al. [6] evaluated bleeding
outcomes in 460 patients on oral anticoagulants
undergoing dental interventions, finding no significant
differences between warfarin and dabigatran groups,
although urgent procedures were associated with
higher bleeding or thromboembolic risks. Similarly,
Valenzuela-Mencia et al. [7] suggested that DOAC
users might have a higher likelihood of post-extraction

tranexamic acid
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bleeding compared with healthy individuals, but
limited data constrained the strength of these
recommendations. Notably, single-tooth extractions
generally present minimal post-operative bleeding risk,
supporting the continuation of DOACs for such
procedures [8]. Additionally, only a small proportion
of patients require repeated local hemostatic
interventions for persistent bleeding, indicating that
routine modification of DOAC therapy is rarely
necessary [9].

Managing post-operative bleeding in patients on
DOACSs necessitates balancing hemorrhage control
with the risk of thromboembolism. Unlike VKAs,
DOACs have rapid onset and shorter half-lives,
complicating the reversal of anticoagulation [10].
Conventional reversal agents such as vitamin K or
fresh frozen plasma are ineffective against DOACsS,
prompting the development of specific antidotes like
idarucizumab for dabigatran and andexanet alfa for
rivaroxaban and apixaban, which can quickly
counteract anticoagulant effects in emergencies [11].
Decisions regarding the use of reversal agents must
consider both bleeding severity and individual
thrombotic risk [11]. For minor post-extraction
bleeding, local interventions—such as direct pressure,
topical hemostatic agents, and tranexamic acid
rinses—are often sufficient, negating the need for
systemic reversal [12]. However, in cases of significant
or persistent hemorrhage, particularly in patients with
high thromboembolic risk, administration of specific
antidotes may be warranted to achieve prompt
hemostasis and reduce morbidity and mortality [11].

The timing of dental extractions relative to DOAC
dosing is also critical; because of the drugs’ short half-
life, brief discontinuation may lower bleeding risk
without substantially increasing thrombotic risk [12].
Given the growing use of DOACs and the challenges
they pose in balancing bleeding and thrombotic risks
during dental surgery, evaluating post-operative
hemorrhage in these patients is essential [13]. Despite
the clinical importance, current evidence remains
limited and management protocols are heterogeneous.
Accordingly, this study aimed to investigate the
bleeding risk associated with tooth extractions in
patients receiving direct oral anticoagulants.

Materials and Methods

Study protocol

This investigation was conducted as a single-center,
non-randomized clinical trial with a follow-up period
of seven days. Ethical approval was obtained from the
Institutional Review Board of the University Hospital
of Pisa (Ethics Committee for the North-West Tuscany
Area, approval no. 17796/2020). All procedures were
carried out in accordance with the ethical principles of
the Declaration of Helsinki for research involving
human participants. The trial was prospectively
registered on ClinicalTrials.gov under the identifier
NCT06365242. Reporting of the study was aligned
with the STROBE guidelines for observational studies
[7]. The study design and patient flow are illustrated in
Figure 1.
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Figure 1. CONSORT 2010 flow diagram.
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Patient recruitment

This study enrolled patients who were consecutively
referred to the Unit of Dentistry and Oral Surgery for
dental extractions between 2021 and 2023. Prior to
participation, all patients provided written informed
consent. To ensure privacy and regulatory compliance,
all personal data were anonymized or encrypted.
Eligibility criteria included: adults over 18 years of age,
ongoing treatment with direct oral anticoagulants
(DOAC:s), requirement of at least one tooth extraction,
and willingness to participate in the study. Patients
were excluded if they were younger than 18, receiving
antiplatelet therapy or vitamin K antagonists, or had
known congenital or acquired bleeding disorders, such
as hemophilia, coagulation factor deficiencies, von
Willebrand disease, thrombocytopenia, or advanced
liver disease.

All participants underwent Dbaseline laboratory
evaluations, including complete blood count,
prothrombin time (PT), partial thromboplastin time
(PTT), and INR.

Study grouping

Participants were assigned to groups based on the
management of their DOAC therapy, as determined by
their cardiologist:

e Group [: Patients who continued their usual
DOAC regimen without changes for the dental
procedure.

e  Group 2: Patients whose DOAC therapy was
altered—either temporarily paused, reduced, or
postponed—yprior to the procedure according to
clinical guidance from their cardiologist or
primary care physician.

Patients were further categorized according to the
specific DOAC prescribed (rivaroxaban, apixaban,
edoxaban, or dabigatran). Additional data collected
included systemic health status, DOAC dosage, body
mass index (BMI), and smoking history. Vital signs,
including blood pressure, heart rate, oxygen saturation,
respiratory rate, body temperature, and blood glucose,
were recorded on the day of surgery. All information
was systematically recorded in a dedicated case report
form (CRF).

Surgical procedure

Extractions were performed under standardized,
minimally invasive conditions for all participants
(Figure 2).

¢)
Figure 2. Tooth 2.5 requiring extraction (a), flap
elevation and tooth removal (b), collagen sponge
application (c), and suture placement (d).

Surgical procedure

Tooth extractions were performed under standardized
conditions using local anesthesia (2% mepivacaine
with 1:100,000 epinephrine). Elevators and forceps
were used for all extractions, with a full-thickness flap
raised in cases of complex or difficult extractions
(Figure 2). Patients in both DOAC management
groups were further categorized based on the number
of teeth removed: <3 teeth or >3 teeth. This cut-off was
chosen according to previous studies, which suggest
that extracting up to three teeth generally carries a low
bleeding risk [14].

After extraction, the alveolar sockets were carefully
debrided and irrigated with saline, followed by
placement of a collagen sponge. Soft tissues were then
repositioned and secured using single interrupted
absorbable sutures. No additional hemostatic
interventions were routinely applied at this stage. Post-
operative antibiotic therapy (amoxicillin 2 g/day or
clindamycin 1.2 g/day for penicillin-allergic patients)
was prescribed as clinically indicated based on
systemic health, with no evidence suggesting that
antibiotic co-administration increased bleeding risk in
patients on DOACs [15, 16], unlike what has been
reported for warfarin [17]. Analgesia was managed
with acetaminophen 1 g as needed.

Bleeding assessment

Intra-operative bleeding was defined as any active
hemorrhage that impaired visibility of the surgical
field. Peri-operative bleeding was monitored within the
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first 80 minutes after the procedure, recorded at 20-
minute intervals, and defined as oozing or active
bleeding not controllable by standard local measures or
gauze compression. When bleeding occurred, gauze
soaked with tranexamic acid was applied; persistent
bleeding after 20 minutes prompted the use of oxidized
cellulose and additional sutures. In cases of prolonged
hemorrhage, diathermocoagulation was performed.
Post-operative bleeding was defined as bleeding or
oozing beyond 12 hours post-surgery that resulted in
hematoma formation, required clinical intervention, or
led to hospitalization.

Follow-up

Patients were provided with detailed instructions for
post-operative wound care and asked to complete a
daily questionnaire for the first week. The
questionnaire recorded the number of bleeding
episodes, interventions employed, and any additional
analgesic use. At 7 days post-extraction, patients
returned for a follow-up assessment to evaluate wound
healing, removal, and the presence of
complications such as edema, pain, suppuration, or
alveolar osteitis. Post-operative bleeding assessments
were conducted by a clinician not involved in the
surgical procedures.

suture

Sample size calculation

The study aimed to determine the incidence of bleeding
events following tooth extractions in patients on
different DOACs. Based on Berton et al. [8], who
reported a 20% incidence of bleeding requiring
additional intervention, a minimum of 28 participants
was required to achieve 90% power at a 0.05
significance level. To account for potential dropouts,
the study aimed to enroll 50 patients.

Statistical analysis

Data analysis was performed by a dental researcher
with expertise in biostatistics who was not involved in
patient care or data collection. Continuous variables
were summarized as means =+ standard deviations, and
the Shapiro—Wilk test was used to assess normality.
Depending on distribution, parametric or non-
parametric tests were applied. Group comparisons for
quantitative or ordinal variables were performed using
the Kruskal-Wallis test, while post-hoc analyses
employed the Mann—Whitney U test or Wilcoxon
signed-rank test. Categorical variables were analyzed
using the chi-squared test or Fisher’s exact test.
Statistical analyses were conducted using XLStat
2023.1.4 (Addinsoft, Paris, France). Only case report
forms (CRFs) with at least 95% completeness were
included, and missing data were addressed using
regression imputation.

Results and Discussion

Patient characteristics

A total of 49 patients (21 females, 42.9%) completed
the study, undergoing a combined total of 136 tooth
extractions. One patient was excluded due to non-
compliance with the follow-up protocol. The mean age
of participants was 72.2 + 8.3 years. Regarding
anticoagulant therapy, 17 patients were on rivaroxaban
(16 receiving 20 mg/day, 1 receiving 15 mg/day), 16
patients were on apixaban (9 receiving 10 mg/day, 7
receiving 5 mg/day), 8 patients received edoxaban (6
on 60 mg/day, 2 on 30 mg/day), and 8 patients were on
dabigatran (5 taking 300 mg/day, 3 taking 220
mg/day). The average duration of DOAC therapy
among participants was 38 + 27 months. A detailed
summary of demographic and clinical characteristics is
provided in Table 1.

Table 1. Demographic data.

Variables Total Sample Rivaroxaban Apixaban Edoxaban Dabigatran P
(n=49) (n=17) (n=16) (n=28) (n=28) Value
Age (years; mean [SD]) 72.2 (8.3) 72 (5.6) 72.8 (9.7) 70.8 (11) 73.1(83)  0.807
Gender (females [%]) 21 (42.9) 9.(53.0) 6 (37.5) 4(50.0) 2(250)  0.560
BMI (kg/m? mean [SD]) 283 (5.5) 29.2 (4.2) 28 (5.3) 264 (2.1)  327(86)  0.133
Non-smokers [%]) 43 (87.8) 12 (70.6) 8 (50.0) 5 (62.5) 2(250)  0.133
Systolic IE;TS;“ (mean 133(23.8)  1344(21.3)  125.7(263) 136.5(12.5) 140 (31.6)  0.299
Diastolic Fsrcle)s]s)ure (mean 79 (11.5) 82.6(12.5)  766(11.7)  753(8.0) 793 (11.4)  0.293
Body temfse]r)a]t)“re (mean 36.4 (0.4) 36.1 (0.4) 36.4(03)  367(0.3)  363(03)  0.026
Glycemia (mean [SD]) 121.4(49.0)  1193(30.0)  98(11.4)  119.9(28.7) 173.9(93.9)  0.004
Heart rate (mean [SD]) 77.6 (144)  758(10.1)  723(11.1)  83(245)  744(15.0) 0712
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Of the 49 patients included, 33 (67%) temporarily
discontinued DOAC therapy prior to surgery, with an
average interruption period of 28.5 + 13.0 hours. The
decision to pause treatment was made by cardiologists
for 14 patients, by general practitioners for 4 patients,
by other specialists in 11 cases, and 4 patients
independently chose to withhold their medication. All
patients abstained from DOACs for at least 24 hours
following the extraction procedure.

The primary indications for anticoagulant therapy
included atrial fibrillation (55.1%), deep vein
thrombosis  (24.5%), ischemic cardiomyopathy
(18.3%), pulmonary embolism (16.3%), valvular
(12.2%), and heart (8%).
Comorbidities were common, with 40.8% of patients
diagnosed with hypertension and 24.5% with type II
diabetes. The mean body mass index (BMI) was 28.3 £+
5.5 kg/m?, consistent with an overweight population.
Six patients (12.2%) were active smokers, while 24

disorders failure

(49%) were former smokers. Baseline vital signs were:
systolic blood pressure 133 + 23.8 mmHg, diastolic
blood pressure 79 + 11.5 mmHg, heart rate 77.6 + 14.4
bpm, oxygen saturation 96 + 1.7%, respiratory rate 15
+ 2 breaths/min, body temperature 36.4 + 0.4 °C, and
blood glucose 121.4 + 49 mg/dL. Statistically
significant baseline differences were observed for body
temperature and glycemia.

Laboratory analyses (Table 2) revealed that patients
receiving rivaroxaban had a significantly higher
prothrombin time (PT) ratio compared with those on
apixaban (p = 0.038) and edoxaban (p = 0.03).
Additionally, rivaroxaban-treated patients showed a
significantly prolonged partial thromboplastin time
(PTT) relative to other DOAC groups (p = 0.001). The
mean estimated glomerular filtration rate (¢GFR) was
82.6 mL/min, indicating mild renal impairment among
the cohort.

Table 2. Blood testing values and comparison between groups.

. Total Sample Rivaroxaba Apixaban Edoxaban Dabigatran p
les (M D
Variables (Mean [SD]) (n = 49) n(n=17) (n=16) (m=8) m=8) Value
Red blood cells (109mm?) 433 (0.38)  431(0.37)  4.51(0.66)  4.06(0.69)  4.43(0.60)  0.313
Hemoglobin (g/dL) 1255 (2.07)  12.29(2.09) 1335(1.99) 12.13(1.64) 1328 (1.73)  0.431
216.47 226.00 233.0 217.50 236.13
3 3
Platelets (10%/mm°) (58.46) (53.53) (64.99) (110.71) (55.48) 0.728
PT ratio 134(0.17)  137(0.15  125(022)  L18(0.12)  120(0.18)  0.014
INR 131(0.15)  1.31(0.15)  125(023)  125(0.03)  121(0.09) 0318
aPTT (sec) 36.57(3.75)  37.06(3.89) 32.06(3.52) 32.14(3.41) 46.95(8.75)  <0.001
aPTT ratio 1.04(0.14)  1.06(0.13)  1.02(0.08)  1.22(0.01)  1.51(031)  <0.001
367.07 366.33 351.5 351.20 403.29
Fibri L 2
ibrinogen (mg/dL) (81.52) (55.80) (86.41) (63.83) (101.92) 0.299
Creatinine (mg/dL) 0.98(0.36)  0.98(0.35)  0.92(027)  0.87(0.26)  1.07(0.29)  0.062
Estimated glomerular 77.23 84.46 84.59 90.31
filtration rate 82.61(1063) (13.48) (13.43) (16,92) 21.17) 0.646

Tooth extraction characteristics

In this cohort, the majority of patients (36 out of 49,
73.5%) underwent extraction of three or fewer teeth.
Procedures involving <3 teeth were associated with a
lower incidence of peri-operative bleeding. Notably,
differences in post-operative bleeding related to the
number of teeth removed were observed only at the 20-
minute (T2) and 7-day (T7) evaluations. Extraction of
neighboring teeth did not appear to influence
hemorrhage rates.

Complex procedures, defined by either flap elevation
or osteotomy, accounted for 57.1% of all extractions,
with flap elevation performed in 26.5% and osteotomy
in 30.6% of cases. Patients undergoing flap elevation

experienced higher peri-operative bleeding, reaching
statistical significance at 20 minutes post-procedure.
Furthermore, post-operative bleeding was consistently
elevated across all follow-up time points in cases
requiring flap elevation.

Intra-operative bleeding

During the extraction procedures, 27 patients (55.1%)
experienced intra-operative bleeding. This included 12
patients on apixaban, 9 on rivaroxaban, and 3 each on
edoxaban and dabigatran. When more than three teeth
were extracted, bleeding occurred in 69.2% of cases,
compared to 50% for extractions of three or fewer teeth
(p < 0.001). No significant association was found
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between the continuation or temporary suspension of
DOAC therapy and intra-operative bleeding.

Peri-operative bleeding

Within the first 20 minutes post-extraction, 28 patients
(57.1%) exhibited peri-operative bleeding. The
distribution by anticoagulant was as follows: 14 on
apixaban, 6 on edoxaban, 5 on rivaroxaban, and 3 on

dabigatran. Patients on apixaban demonstrated
significantly higher bleeding rates at 20 minutes
compared to those on rivaroxaban (Table 3).
Additionally, peri-operative bleeding was more
common in posterior tooth extractions than anterior
ones (81% vs. 64%) and in complex extractions
compared to simpler procedures (26% vs. 13%).

Table 3. Peri-operative bleeding and comparison between groups.

Bleeding To:?llzsilgn)ple Ri\(rir;n;:l;an A(ﬂiia:);)n E((i:l)xzal;;m Da(bnigzagan p Value
20" min (n [%]) 28 (57.1) 5(29.4) 14 (87.5) 6 (75.0) 3(37.5) 0.010
40’ min (n [%]) 19 (38.8) 6 (35.3) 7 (43.75) 4 (50.0) 2 (25.0) 0.731
60" min (n [%]) 14 (28.6) 5(29.4) 4(25.0) 3 (37.5) 2 (25.0) 0.928
80" min (n [%]) 8(16.3) 5(29.4) 3 (18.75) 0(0.0) 0(0.0) 0.157

At 40 minutes post-procedure, 19 patients (38.8% of
the cohort) continued to exhibit peri-operative
bleeding, including 7 on apixaban, 6 on rivaroxaban, 4
on edoxaban, and 2 on dabigatran. By 60 minutes,
bleeding persisted in 14 patients (28.6%), with 5 on
rivaroxaban, 4 on apixaban, 3 on edoxaban, and 2 on
dabigatran. At 80 minutes, only 8 patients (16.3%)
demonstrated ongoing bleeding—5 on rivaroxaban and
3 on apixaban. No significant differences in peri-
operative bleeding were observed at any time point
when comparing patients who temporarily suspended
DOAC therapy with those who continued their usual
regimen.

Post-operative bleeding

The highest incidence of post-operative bleeding
occurred on the first day, affecting 23 patients (46.9%),
distributed as 11 on rivaroxaban, 7 on apixaban, 4 on
edoxaban, and | on dabigatran. By the second day, 11
patients (22.4%) experienced bleeding (7 rivaroxaban,
3 apixaban, 1 edoxaban), and on day 3, 4 patients
(8.2%) had bleeding episodes (distributed among
rivaroxaban, apixaban, and edoxaban). Between days 4
and 7, bleeding was observed exclusively in patients on
rivaroxaban, with two episodes on days 4 and 5 and one
episode on days 6 and 7. No statistically significant
differences were noted during this later period.

When stratified by DOAC type, statistically significant
differences were identified at 20 minutes (T1) and 40
minutes (T2) between patients on rivaroxaban and
dabigatran (p=0.016 at T1, p = 0.023 at T2). Although
not statistically significant, there was a tendency for
early post-operative bleeding (T1-T2) in patients who
maintained DOAC therapy, whereas delayed bleeding
(T3-T7) was more frequently observed in those who
temporarily withheld their medication (Table 4).

Table 4. Post-operative bleeding rates and
comparison between suspension or continuation of

OAC therapy.

DOAC DOAC
Bleeding Continued  Suspended p Value

(n=16) (n=33)
T1 (n [%]) 8(50.0) 15 (45.6) 0.357
T2 (n [%]) 5(31.3) 6(18.2) 0.304
T3 (n [%]) 1(6.3) 3(9.1) 0.733
T4 (n [%]) 1(6.3) 1 (3.0 0.587
TS5 (n [%]) 0(0.0) 2(6.1) 0.315
T6 (n [%]) 0(0.0) 1 (3.0 0.482
T7 (n [%]) 0(0.0) 2(6.1) 0.315

The present study indicates that approximately half of
patients on DOAC therapy experienced intra- or early
peri-operative bleeding following tooth extractions,
with the peak of post-operative hemorrhage occurring
on the first day after surgery. Whether DOACs were
continued or temporarily withheld did not significantly
alter bleeding outcomes, provided that appropriate
local hemostatic interventions were applied. This
finding aligns with the pharmacological characteristics
of DOACs, including predictable pharmacokinetics
and relatively short half-lives, suggesting that routine
discontinuation may not be necessary for most dental
procedures.

Patients undergoing extraction of more than three teeth
in a single session exhibited higher rates of bleeding
across all intra-, peri-, and post-operative time points,
with significant differences observed except at the
earliest measurement (T1). This supports previous
literature identifying three teeth as a practical threshold
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for low-risk extractions [14]. Other studies have
suggested that for procedures involving fewer than four
teeth, DOAC therapy can generally be maintained if
local hemostatic measures are employed [18]. Timing
extractions at least 4 hours after the last DOAC dose
has also been recommended to minimize bleeding, and
avoidance of multiple contiguous premolar or molar
extractions in a single session has been suggested [19].
Interestingly, in our cohort, removal of adjacent teeth
did not emerge as a significant risk factor.

The type of anticoagulant appeared to influence
bleeding risk. Rivaroxaban was associated with higher
bleeding rates, likely due to its effect on prolonging
prothrombin and partial thromboplastin times [20, 21].
In contrast, apixaban, as a highly selective factor Xa
inhibitor acting on both free and bound FXa,
demonstrates a more controlled anticoagulant effect
[22]. Overall, bleeding events in this study occurred in
roughly 50% of patients, whereas prior reports have
documented lower incidences: Yagyuu et al. observed
10.4% post-extraction bleeding in DOAC-treated
patients [23], and Hiroshi et al. reported rates of 1.65%
for dabigatran and 3.41% for rivaroxaban [24]. Patel et
al. documented post-operative bleeding in 13% of
cases, with half being self-limiting, concluding that
modification of DOAC regimens should be
individualized [25].

Evidence regarding the need to modify DOAC therapy
before dental surgery remains conflicting. Early
approaches advocated either discontinuation 24 hours
before the procedure or continuation of therapy,
whereas more recent perspectives suggest that timing
adjustments may suffice in invasive procedures [26].
Although the thromboembolic risk from short-term
DOAC interruption is low, temporary cessation should
generally be reserved for patients with high anticipated
bleeding risk. For low-risk procedures, interruption is
often unnecessary, and heparin bridging is discouraged
due to increased bleeding without reduction in
thromboembolic events [27].

Guidelines for timing extractions relative to DOAC
dosing vary. Van Diermen et al. recommend
scheduling procedures 1-3 hours after the last dose
[28], while the European Heart Rhythm Association
advises targeting trough drug concentrations
approximately 12 hours post-dose [29]. Brennan and
colleagues found comparable bleeding rates among
apixaban (39%), rivaroxaban (37%), and dabigatran
(27%) when therapy was continued, though patients on
rivaroxaban who took the morning dose on the day of
extraction were more likely to experience bleeding,
with pre-extraction rivaroxaban levels roughly double

those in patients who had taken their last dose the
previous evening [30].

Overall, our findings support the safety of performing
tooth extractions in patients on DOAC therapy using
local hemostatic measures, without routinely
interrupting or modifying anticoagulant regimens, as
these drugs do not appear to substantially elevate post-
extraction bleeding risk [8, 23, 31, 32]. Nevertheless,
considerable variability exists in clinical practice
regarding temporary DOAC discontinuation, ranging
from 12 to 120 hours prior to surgery [33], highlighting
the ongoing uncertainty and need for individualized
decision-making.

In our cohort, rivaroxaban and apixaban were
associated with higher bleeding risk. Temporary
suspension of DOAC therapy did not reduce post-
operative bleeding. Surgical procedures involving flap
elevation were linked to increased bleeding at 20
minutes post-operation and across the T1-T7 period,
while intra- and peri-operative bleeding were also
elevated in cases requiring osteotomy at 20 and 40
minutes after the procedure.

Although definitive conclusions cannot be drawn due
to the relatively small sample size, our findings suggest
that bleeding in patients on DOAC therapy tended to
be more frequent following extractions of posterior
teeth compared to anterior teeth, as well as in complex
procedures relative to simpler ones.

This study has several limitations. First, the modest
sample size and uneven distribution across DOAC
types limited the ability to establish a standardized
clinical protocol. Bleeding risk was evaluated for the
cohort as a whole, without further stratification by
specific anticoagulant, because patient numbers for
each medication were unequal. Selection bias may
have occurred, as pre-operative DOAC management
varied, with most patients pausing their anticoagulant
therapy but not according to a uniform protocol. The
timing of tooth extractions relative to the last DOAC
dose was not accounted for, given that patients took
their medications at different times of day, which
precluded scheduling procedures according to drug
half-lives. Additionally, anticoagulant intensity at the
time of surgery and post-operatively was not measured
using DOAC-specific assays, such as calibrated anti-
Factor Xa or other Anti-Xa tests, representing another
limitation. Variability in surgical factors—including
the number of teeth removed, flap elevation, and
osteotomy—may also limit the comparability of cases
and the generalizability of the results.

Despite these limitations, the study provides valuable
insights into the dynamics of post-operative bleeding
in patients on different DOACs, aided by careful post-
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operative monitoring. Further research with larger,
more balanced samples and standardized protocols is
needed to develop clear, evidence-based guidelines for
the safe management of anticoagulated patients during
dental procedures. Such evidence would enhance
patient safety and provide clinicians with greater
confidence in managing anticoagulation in oral

surgery.
Conclusion

In this cohort, patients receiving direct oral
anticoagulants exhibited similar rates of intra-
operative, peri-operative, and post-operative bleeding.
Observed bleeding events were generally mild and
effectively controlled with local measures such as
gauze compression. Temporary suspension of DOAC
therapy did not significantly affect peri-operative or
post-operative bleeding. Nevertheless, larger studies
with more balanced patient groups are needed to
confirm these findings and guide standardized
management strategies for anticoagulated patients
undergoing dental extractions.
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