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Objectives: This study aimed to estimate the risk of bleeding following minor oral surgical procedures and uninterrupted aspirin ther-
apy in high-risk patients or patients with existing chronic diseases compared to patients who did not use aspirin during minor oral
surgery at a public hospital.

Methods: This retrospective cohort study analyzed the data of 2912 patients, aged 20 years or older, who underwent 5251 minor oral
surgical procedures at a district hospital in Thailand. The aspirin group was comprised of patients continuing aspirin therapy during
oral surgery. The non-aspirin group (reference) included all those who did not use aspirin during surgery. Immediate and late-onset
bleeding was evaluated in each procedure. The risk ratio of bleeding was estimated using a multilevel Poisson regression.

Results: The overall cumulative incidence of immediate bleeding was 1.3% of total procedures. No late-onset bleeding was found. A
significantly greater incidence of bleeding was found in the aspirin group (5.8% of procedures, p<0.001). After adjusting for covari-
ates, a multilevel Poisson regression model estimated that the bleeding risk in the aspirin group was 4.5 times higher than that of the
non-aspirin group (95% confidence interval, 2.0 to 10.0; p<0.001). However, all bleeding events were controlled by simple hemostatic
measures.

Conclusions: High-risk patients or patients with existing chronic diseases who continued aspirin therapy following minor oral surgery
were at a higher risk of hemorrhage than general patients who had not used aspirin. Nonetheless, bleeding complications were not
life-threatening and could be promptly managed by simple hemostatic measures. The procedures could therefore be provided with
an awareness of increased bleeding risk, prepared hemostatic measures, and postoperative monitoring, without the need for discon-
tinuing aspirin, which could lead to more serious complications.
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duction in any medium, provided the original work is properly cited. 16]. The paradigm for minor oral surgery of patients with long-

bleeding can be controlled by simple hemostatic measures [1-
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term aspirin therapy has consequently shifted towards accept-
ing the continuation of aspirin use during surgery and provid-
ing similarly practiced procedures to those performed on gen-
eral patients who do not use aspirin. However, a higher inci-
dence of prolonged bleeding following minor oral surgery in
patients with uninterrupted aspirin use compared to those
who do not use aspirin during surgery has still been observed
in practice-based cohort studies [8,12]. Patients prescribed as-
pirin therapy, in reality, are also more likely to present as high-
risk or with existing chronic diseases. This includes being at
high risk for cardiovascular events or already having diabetes
[17]. Conversely, patients who do not use aspirin have been
found to be generally healthier. These findings have raised
questions on whether the bleeding risk in high-risk patients or
patients with existing chronic diseases who continue aspirin
use during surgery can be assumed equivalent to the risk
among general patients who receive similarly provided oral
surgery but do not use aspirin. Investigation of this issue
would provide valuable information on whether the current
practice imposes a greater risk of bleeding. If a clinically signif-
icant increase of bleeding risk is determined, providing risk in-
formation to raise awareness among those performing the
surgical procedures will improve surgical care quality in terms
of preoperative risk communication to patients, operational
preparedness, reductions in tissue damage during surgery,
postoperative monitoring for bleeding, and effective manage-
ment of bleeding occurrences.

Routinely, patients on aspirin therapy undergo a wide variety
of oral surgical procedures. Several studies have previously con-
tributed to estimating the bleeding risk specific to dental ex-
tractions [3,8,10-12,16], yet only a few have investigated the
risk in dental osteotomy [5] or minor oral surgical procedures
[7]. Information regarding the overall bleeding risk in patients
that undergo various surgical procedures in general dental
practice, therefore, remains missing. In addition, while a num-
ber of studies have evaluated the bleeding outcome from a sin-
gle visit for each patient [5,7,8,10,16], individual patient may
undergo the same or different surgical procedures over multi-
ple visits. Hence, studies assessing the bleeding occurrence, not
only in a single visit, but also from subsequent visits of a specif-
ic patient, would provide a more relevant risk estimate.

There is a paucity of information regarding the bleeding risk
that is relevant to the current practice in which patients on as-
pirin therapy undergo various oral surgical procedures in ei-
ther a single or multiple visits without aspirin interruption.
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Therefore, this study was conducted to estimate the risk of
prolonged bleeding following minor oral surgery in high-risk
patients or patients with existing chronic diseases who contin-
ued aspirin therapy during surgery as compared to patients
who did not use aspirin during surgery.

METHODS

Study Setting and Patients

This study was carried out at Huayploo Hospital, a district
health facility in Nakhon Chai Si, Nakhon Pathom, Thailand.
This public hospital is a 60-bed inpatient facility that provides
primary and secondary dental care, primarily for Thai residents
and additionally for foreign immigrants in nearby communi-
ties. Since this study aimed to generalize its results primarily to
Thai residents who lived in eligible areas serviced by this
health facility, all immigrants were excluded. All Thai dental
patients aged 20 years or older who underwent minor oral
surgery in a single or multiple visits from January 1, 2013 to
December 31, 2015 were initially included. Verification of liv-
ing in the hospital’s serviced areas was further undertaken
through review of the hospital registry in which each patient’s
address was available based on the official civil registration
system. Data of 2912 Thai adult patients (5251 procedures)
were ultimately retrieved for analysis.

Data Collection Approach

Data were collected retrospectively. Clinical characteristics,
procedural details of the minor oral surgery, and immediate
and late-onset bleeding outcomes were retrospectively identi-
fied from hospital records for each visit of all individual pa-
tients. In this setting, patients at risk of developing a thrombo-
embolic event (e.g., patients with diabetes mellitus or cardio-
vascular disease) were prescribed single antiplatelet therapy
using 80 to 300 mg of aspirin daily. Dual antiplatelet therapy
using clopidogrel (Plavix™) together with aspirin was seldom
indicated in this facility, and none of the included patients
were found to receive this regimen. Patients were divided into
two groups — aspirin and non-aspirin — according to their sta-
tus of aspirin use. The aspirin use was initially verified through
the physician’s prescription records and revalidated through
routine medical history notes, indicating uninterrupted use
prior to dental treatment in each visit. Patients with continued
aspirin use were grouped into the aspirin group and their
counterparts were collectively regarded as the non-aspirin
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group (reference). Patients taking aspirin commonly presented
as high-risk or with existing chronic diseases, while those who
did not take aspirin were generally healthier. Therefore, this
study did not intend to compare the bleeding risk of aspirin
discontinuation against uninterrupted use prior to oral sur-
gery. Specification of patients to the aspirin and non-aspirin
groups was relevant to this setting, as discontinuation of aspi-
rin use before oral surgery was no longer practiced and pa-
tients with the uninterrupted aspirin therapy underwent mi-
nor oral surgery in the same way as their counterparts.

All minor oral surgical procedures routinely provided in this
setting were analyzed. These procedures varied in the level of
invasiveness. Mildly invasive treatments included plaque and
calculus removal by full-mouth scaling and localized alveolo-
plasty using rongeur forceps or bone files. Moderately invasive
procedures comprised root planing and simple or complicated
extractions involving single or multiple teeth, with or without
periosteal flap elevation. Intensely invasive interventions con-
sisted of the surgical removal of impacted teeth with perioste-
al flap elevation. For ease of analysis, a single or multiple surgi-
cal treatments during one visit were collectively regarded as
one procedure. Administration of 2% lidocaine with 1:100 000
epinephrine was typical for all cases that underwent root
planing, dental extraction, and surgical removal of impacted
teeth, ensuring the hemostatic effect of epinephrine.

The outcome in this study included immediate and late-on-
set bleeding. Immediate bleeding was indicated by a record of
excessive blood that could not be controlled by gauze packing
within 30 minutes postoperatively [8,10,18]. A record of re-
turning to the hospital for unstopped bleeding was used to in-
dicate late-onset bleeding [9].

Statistical Analysis

Patient characteristics and procedural details of oral surgery
were summarized using descriptive statistics. An independent
samples t-test and a two-sample Wilcoxon rank-sum test were
used to estimate the differences in a variety of continuous
variables between the two samples. The assumption of homo-
geneity of variance was assessed prior to the application of
the t-test. An exact probability test was applied to analyze cat-
egorical variables. A stratified analysis comparing the cumula-
tive incidences of bleeding between the aspirin and non-aspi-
rin groups by categories of prognostic variables was undertak-
en. A risk ratio was included as a measure of effect of underly-
ing systemic conditions and uninterrupted aspirin use on

Risk of Bleeding Following Oral Surgery

bleeding. Since patients visited the facility either once or mul-
tiple times within the study period to receive oral surgery pro-
vided by the same set of clinicians, bleeding occurrence ob-
served in patients might correlate with each corresponding
clinician and independence of these observations could not
be assumed [19]. A multilevel Poisson regression [20] was thus
applied to statistically explore the interaction effect of aspirin
use with each of the other prognostic factors on the occur-
rence of bleeding in addition to the aforementioned stratified
analysis. It was also used to estimate the crude and adjusted
risk ratios by taking the correlated nature of data into account
[19] and specifying each clinician as a source of correlation.
For the multivariable model, an explanatory modeling strate-
gy was adopted to estimate the risk ratio after adjusting for
sex, age, diabetes, hypertension, cardiovascular disease,
stroke, asthma or chronic obstructive pulmonary disease
(COPD), dental professional, surgical procedure, number of ex-
tracted teeth, mandible involvement, position of involved
teeth, and visit [21].

Ethical Considerations

This study protocol was considered and approved by the
Ethical Review Committee for Human Research, Faculty of
Public Health, Mahidol University.

RESULTS

Patients with continued aspirin use accounted for 11.5% of
all patients undergoing oral surgery during the study period.
Clinical characteristics were analyzed for all patients at their
first visit (baseline) as well as for all visits combined in order to
consider the potential changes in clinical status during subse-
quent visits. Patients in the aspirin group were significantly
older and had considerably greater proportions of systemic
diseases, with the exception of asthma or COPD (Table 1).

The proportions of oral surgical procedures provided by
dental hygienists and dentists were not significantly different
between the two groups. Simple extraction was the most
common procedure in the aspirin group (49.1%) while full-
mouth scaling was the most common in the non-aspirin
group (46.0%). Roughly 66.5% of procedures in the aspirin
group were related to tooth removal, while only 45.4% of the
same procedures were found in the non-aspirin group. None
of the patients in the aspirin group underwent surgical remov-
al of impacted teeth. For both the aspirin and non-aspirin
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Table 1. Clinical characteristics of patients pursuing minor oral surgical procedures

Characteristics Total Aspirin Non-aspirin p-value
Patients 2912 335(11.5) 2577 (88.5)
Visits/procedures 5251 635(12.1) 4616 (87.9)
Mean+SD 1.9+15 1.8+1.3
Median (IQR) 1(1) 1(1) 0.33'
Min-Max 1-10 1-12
Sex
At the first visit (patient)
Male 141 (42.1) 942 (36.5) 0.05%
Female 194 (57.9) 1635 (63.5)
All visits combined (procedure)
Male 256 (40.3) 1715(37.2) 0.13?
Female 379(59.7) 2901 (62.8)
Age (y)
At the first visit patients 2910
Overall Mean+SD 499+15.8
Mean+SD 65.2+9.3 4794153 <0.001*
Min-Max 20-87 20-94
20-59 92 (27.5) 1956 (75.9)
=60 242 (72.5) 620 (24.1)
All visits combined procedures 5249
Overall Mean+SD 51.4+154
Mean+SD 64.9+8.8 495+15.2 <0.001°
Min-Max 20-88 20-94
20-59 176 (27.8) 3316 (71.8)
>60 458 (72.2) 1299 (28.2)

Chronic diseases
Diabetes: at the first visit (patient)

No 100 (29.8) 2414(93.7) <0.001°
Yes 235(70.2) 163 (6.3)

Diabetes: all visits combined (procedure)
No 198 (31.2) 4357 (94.4) <0.001
Yes 437 (68.8) 259 (5.6)

Hypertension: at the first visit (patient)
No 74(22.1) 2231 (86.6) <0.0012
Yes 261(77.9) 346 (13.4)

Hypertension: all visits combined (procedure)
No 149 (23.5) 3987 (86.4) <0.0012
Yes 486 (76.5) 629 (13.6)

Cardiovascular disease: at the first visit (patient)
No 260 (77.6) 2571(99.8) <0.0012
Yes 75(22.4) 6(0.2)

Cardiovascular disease: all visits combined (procedure)
No 499 (78.6) 4605 (99.8) <0.001?
Yes 136 (21.4) 11(0.2)

Stroke: at the first visit (patient)
No 306 (91.3) 2561 (99.4) <0.001°
Yes 29(8.7) 16 (0.6)

(Continued to the next page)
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Characteristics Total
Stroke: all visits combined (procedure)
No
Yes
Asthma/COPD: at the first visit (patient)
No
Yes
Asthma/COPD: all visits combined (procedure)
No
Yes
Free of diseases above: at the first visit (patient)
No
Yes
Free of diseases above: all visits combined (procedure)
No
Yes

Values are presented as number (%).

Risk of Bleeding Following Oral Surgery

Aspirin Non-aspirin p-value

574(90.4) 4591 (99.5) <0.001?
61(9.6) 25(0.5)

329(98.2) 2540 (98.6) 0.63*
6(1.8) 37(1.4)

625(98.4) 4543 (98.4) 1.00
10(1.6) 73(1.6)

323(96.4) 451 (17.5) <0.001?
12(3.6) 2126 (82.5)

614(96.7) 806 (17.5) <0.001?
21(3.3) 3810(82.5)

COPD, chronic obstructive pulmonary disease; IQR, interquartile range; Min, minimum; Max, maximum.

"Two-sample Wilcoxon rank-sum test.
ZExact probability test.
*Independent samples t-test.

group, the number of removed teeth ranged from 1 to 6 teeth
per visit. The average number of removed teeth per visit in the
aspirin group was found to be higher than that in the non-as-
pirin group (p<0.001). For both groups, the main position of
removed teeth was in the molar segment. Surgical procedures
in the aspirin group mostly involved the mandible only
(39.6%), while the most common procedure in the non-aspirin
group was found to involve the full mouth, mostly by scaling
(39.3%) (Table 2).

The overall cumulative incidence of immediate bleeding was
1.3% of total procedures. No late-onset bleeding was found. A
significantly greater incidence of immediate bleeding was
found in the aspirin group (5.8% of procedures) compared to
that of the non-aspirin group (0.7%, p<0.001). A stratified
analysis of bleeding incidence by prognostic factors revealed
that bleeding incidences in the aspirin group were consider-
ably greater than in the non-aspirin group, specifically among
males, elderly patients, diabetic patients, and those who had
undergone a simple extraction. Bleeding in the non-aspirin
group occurred neither among those with cardiovascular dis-
ease, stroke, or asthma/COPD; nor in those receiving root plan-
ing or alveoloplasty. From the overall total of 70 bleeding
events, 45 (64.3%) were observed among cases that received
simple extractions, while the rest occurred during other proce-

dures, including scaling, complicated extraction, root planing,
surgical removal of impacted teeth, and alveoloplasty. No
bleeding occurred during extractions of more than three teeth,
in procedures involving the full mouth, or in those involving
some quadrants in both arches. All bleeding events were ef-
fectively controlled by local hemostatic measures thereafter.

Interaction effects of aspirin use with other prognostic fac-
tors on the occurrence of bleeding could be statistically as-
sessed only when the bleeding outcome occurred in all strata
of the stratified prognostic factor. Some prognostic factors,
such as cardiovascular disease, stroke, or the full mouth in-
volved in minor surgery, had no bleeding outcome in one of
their stratified strata and thus could not be statistically as-
sessed for the interaction effect. Only the interaction between
aspirin use and surgery involving the mandible only was
found to be statistically significant (p<0.05) (Table 3).

The crude risk ratio of each prognostic factor is presented in
Table 4. From the univariable analysis, occurrence of bleeding
in the aspirin group was 7.7 times more likely than that of the
non-aspirin group (p<0.001). Age, diabetes mellitus, hyper-
tension, cardiovascular disease, surgical procedure, number of
extracted teeth, and procedures involving the mandible only
were also found to significantly increase bleeding risk. Howev-
er, no association was determined between procedures involv-
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Table 2. Service providers and procedural details of minor oral surgery

Characteristics Aspirin Non-aspirin p-value
Procedures (n=5251) 635(12.1) 4616 (87.9)
Dental professional
Dental hygienist 272 (42.8) 1835(39.7) 0.14
Dentist 363 (57.2) 2781 (60.3)
Oral surgical procedure
1. Scaling 161 (25.3) 2125 (46.0) <0.001?
2. Simple extraction 312 (49.1) 1355(29.3)
3. Complicated extraction 79(12.4) 549(11.8)
4. Root planing 44 (6.9) 376(8.2)
5. Impacted tooth surgery 0(0.0) 104 (2.3)
6. Alveoloplasty 8(1.3) 17 (0.4)
7. Multiple procedures:
18&2 18(2.8) 32(0.7)
1&3 1(0.2) 5(0.1)
2&3 5(0.8) 22 (0.5)
2&4 5(0.8) 3(0.1)
285 0(0.0) 14(0.3)
3&5 0(0.0) 14(0.3)
3&6 1(0.2) 0(0.0)
5&6 1(0.2) 0(0.0)

Extent of surgical involvement
Tooth removal

No 213(33.5) 2519 (54.6) <0.001"
Yes (=1 tooth) 422 (66.5) 2097 (45.4)
No. of removed teeth per visit
Mean+SD 1.4+08 12+0.6 <0.001*
1 299(70.9) 1760 (83.9)
2 85(20.1) 273 (13.0)
3 29(6.9) 41(2.0)
4 5(1.2) 14.(0.7)
5 3(0.7) 6(0.3)
6 1(0.2) 3(0.1)
Position of removed teeth in dental arch
Anterior segment 143 (33.9) 369 (17.6) <0.001"
Premolar segment 106 (25.1) 426 (20.3)
Molar segment 172 (40.8) 1296 (61.8)
Anterior and premolar 1(0.2) 0(0.0)
Anterior and molar 0(0.0) 1(0.1)
Premolar and molar 0(0.0) 5(0.2)
Involved dental arch
Maxilla only (1st or 2nd quadrant or both) 234 (36.9) 1351 (29.3) <0.001"
Mandible only (3rd or 4th quadrant or both) 252 (39.6) 1326 (28.7)
Both arches (some quadrants involved) 9(1.4) 126 (2.7)
Full mouth (all quadrants involved) 140(22.1) 1813(39.3)

Values are presented as number (%).

'Exact probability test.

“Chi-squared test.

*Independent samples t-test (unequal variances).
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Table 3. Cumulative incidence of bleeding following oral surgical procedures

Characteristics Total Aspirin Non-aspirin p-value' i’:l -t‘:::(l:(:ir)onrz
Procedures 5251 635(12.1) 4616 (87.9)
Bleeding (overall incidence: 1.3% of all procedures)
No 598 (94.2) 4583 (99.3) <0.001
Yes 37 (5.8) 33(0.7)
Stratified analysis of bleeding incidence by prognostic factor
(n=procedures)
Sex 0.4
Male 1971 (37.5) 16 (6.3) 16(0.9) <0.001
Female 3280 (62.5) 21(5.5) 17 (0.6) <0.001
Age (y) 059
20-59 3492 (66.5) 9(5.1) 21(0.6) <0.001
=60 1757 (33.5) 28(6.1) 12(0.9) <0.001
Diabetes 0.15
No 4555 (86.7) 16(8.1) 30(0.7) <0.001
Yes 696 (13.3) 21(4.8) 3(1.2) 0.01
Hypertension 0.47
No 4136 (78.8) 7(4.7) 25(0.6) <0.001
Yes 1115(21.2) 30(6.2) 8(1.3) <0.001
Cardiovascular disease
No 5104 (97.2) 24.(4.8) 33(0.7) <0.001
Yes 147(2.8) 13(9.6) 0(0.0) 0.60
Stroke
No 5165 (98.4) 34(5.9) 33(0.7) <0.001
Yes 86 (1.6) 3(4.9) 0(0.0) 0.55
Asthma/COPD
No 5168 (98.4) 36 (5.8) 33(0.7) <0.001
Yes 83(1.6) 1(10.0) 0(0.0) 0.12
Dental professional 0.30
Dental hygienist 2107 (40.1) 14(5.2) 16(0.9) <0.001
Dentist 3144 (59.9) 23(6.3) 17 (0.6) <0.001
Surgical procedure 0.23
Simple extraction [+/- scaling or root planing] 1744 (33.2) 25(7.5) 20(1.4) <0.001
Simple extraction only 1667 24(7.7) 18(1.3) <0.001
Simple extraction and root planing 27 1(20.0) 2(9.1) 0.47
All other procedures 3507 (66.8) 12 (4.0) 13(0.4) <0.001
Scaling 2286 1(0.6) 1(0.1) 0.14
Complicated extraction 628 9(11.3) 11(2.0) <0.001
Root planing 420 1(2.3) 0(0.0) 0.10
Impacted tooth 104 0(0.0) 1(1.0)
Alveoloplasty 25 1(12.5) 0(0.0) 0.32
No. of extracted teeth
None 2732 (52.0) 3(1.4) 1(0.04) 0.002
1 2059 (39.2) 33(11.0) 31(1.8) <0.001
2 358 (6.9) 1(1.2) 1(0.3) 0.42
>3 102(1.9) 0(0.0) 0(0.0)

(Continued to the next page)
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p-value for

. o 1
Aspirin Non-aspirin p-value interaction?

Full mouth involved
No
Yes
Only maxilla involved
No
Yes
Only mandible involved
No
Yes
Some quadrants in both arches
No
Yes
Position of involved teeth
Anterior segment only
Premolar [+/- anterior] segment
Molar [+/- anterior or premolar] segment
Visit
1 (first) visit only
>1 visit within period

3298 (62.8)
1953 (37.2)

3664 (69.8)
1585 (30.2)

3671(70.0)
1578 (30.0)

5116 (97.4)
135(2.6)

512(20.3)
533(21.2)
1474 (58.5)

2912 (55.5)
2339 (44.5)

37(7.5) 33(1.2) <0.001
0(0.0) 0(0.0)
0.56
23(5.7) 25(0.8) <0.001
14 (6.0) 8(0.6) <0.001
0.03
14(3.7) 8(0.2) <0.001
23(9.1) 25(1.9) <0.001
37(5.9) 33(0.7) <0.001
0(0.0) 0(0.0)
0.33
9(6.3) 6(1.6) 0.008
5(4.7) 4(0.9) 0.02
20(11.6) 22(1.7) <0.001
0.95
221(6.6) 21(0.8) <0.001
15(5.0) 12(0.6) <0.001

Values are presented as number or number (%).
'Exact probability test.

ZInteraction of aspirin use and each of other factors estimated by multilevel Poisson regression.

ing the maxilla only and bleeding (risk ratio, 1.0; p=0.90), (Ta-
ble 4). After adjusting for covariates, the multilevel Poisson re-
gression model estimated that the bleeding risk in the aspirin
group was 4.5 times more likely than that of the non-aspirin
group (p<0.001) (Table 4).

DISCUSSION

Aspirin use has increasingly become more common among
dental patients, particularly those of advanced age. It is pri-
marily used as an antiplatelet prophylaxis to prevent cardio-
vascular disease [22] but also for the prevention of athero-
thrombotic vascular complications [3,10,23], such as myocar-
dial infarction. The antiplatelet effect of aspirin can be ob-
served between doses of 40 and 320 mg/d [10]. In this study,
patients in the aspirin group continued to take 80 to 300 mg
of aspirin daily during oral surgery, maintaining the antiplate-
let effect. The lifesaving benefit of aspirin in secondary preven-
tion of occlusive vascular events definitely outweighs bleeding
risk [24]. However, it has been suggested that aspirin use for
primary prevention of cardiovascular disease should still be

weighed against an increased risk of bleeding [3,24]. As cur-
rent literature and practice favor the continuation of aspirin
therapy during oral surgery [1-16], the risk of thromboembo-
lism may be minimized with the antiplatelet effects of aspirin,
while bleeding risk would presumably increase. However, con-
troversy continues to exist on whether bleeding could be
more likely to occur. In addition, patients prescribed aspirin
therapy in this study were found to present with more system-
ic diseases or underlying conditions, while those without aspi-
rin were generally healthier. These findings further raise the is-
sue of whether the risk of hemorrhage in high-risk patients or
patients with existing chronic diseases and continued aspirin
therapy can be assumed equivalent to that in general patients
who undergo similarly practiced oral surgery but do not take
aspirin. A number of studies have investigated this issue and
revealed conflicting results. Some studies have shown no sig-
nificant difference in the risk of bleeding following dental ex-
traction [3,11,16], dental osteotomy [5], or minor oral surgical
procedures [7] between patients who continue aspirin therapy
and those who do not use aspirin. Others have contradictorily
found an increased bleeding risk after dental extraction



Journal of
Preventive Medicine
& Public Health

Risk of Bleeding Following Oral Surgery

Table 4. Univariable and multivariable association of underlying systemic condition with continued aspirin therapy, other covari-

ates, and bleeding

Fact Bleeding Univariable analysis Multivariable analysis

actors n (%) RR' %5%Cl  pvalue RR 9%5%Cl  pvalue
Patients’ group <0.001 <0.001

Non-aspirin 33(0.7) 1.0 Reference 1.0 Reference

Aspirin 37(5.8) 17 48,124 45 2.0,10.0
Sex 0.17 0.43

Male 32(1.6) 1.0 Reference 1.0 Reference

Female 38(1.2) 0.7 04,12 038 05,13
Age (y)

20-59 30(0.9) 1.0 Reference 1.0 Reference

=60 40(2.3) 26 17,43 <0.001 1.1 06,19 0.83
Diabetes

No 46(1.0) 1.0 Reference 1.0 Reference

Yes 24(35) 33 20,53 <0.001 0.8 04,16 0.53
Hypertension

No 32(0.8) 1.0 Reference 1.0 Reference

Yes 38(3.4) 42 26,68 <0.001 15 08,30 0.20
Cardiovascular disease

No 57(1.1) 1.0 Reference - 1.0 Reference

Yes 13(8.8) 73 40,134 <0.001 18 08,38 0.14
Stroke

No 67(1.3) 1.0 Reference 1.0 Reference

Yes 3(35) 2.6 08,83 0.1 0.8 02,27 0.71
Asthma/COPD

No 69(1.3) 1.0 Reference 1.0 Reference

Yes 1(1.2) 0.9 0.1,6.8 0.95 0.6 01,47 0.67
Dental professional

Dental hygienist 30(1.4) 1.0 Reference 1.0 Reference

Dentist 40(1.3) 0.9 04,22 0.81 1.0 05,21 0.95
Surgical procedure

Simple extraction [+/- scaling or root planing] 45(2.6) 1.0 Reference 1.0 Reference

All other procedures 25(0.7) 0.3 02,04 <0.001 1.3 06,25 0.51
No. of extracted teeth®

None 4(0.2) 1.0 Reference

1 64(3.1) 204 7.4,56.4 <0.001 1.0 Reference

>72 2(0.4) 29 05,159 0.22 0.1 0.0,05 0.003
Only maxilla involved"

No 48(1.3) 1.0 Reference

Yes 22 (1.4) 1.0 06,17 0.90
Only mandible involved

No 22(0.6) 1.0 Reference 1.0 Reference

Yes 48(3.0) 47 28,79 <0.001 2.3 13,39 0.003
Position of involved teeth

Anterior segment only 15(2.9) 1.0 Reference 1.0 Reference

Premolar [+/- anterior] Segment 9(1.7) 0.6 03,13 0.21 0.7 03,16 0.35

Molar [+/- anterior or premolar] segment 42(2.9) 1.0 06,18 1.00 1.3 07,26 0.42
Visit

1 (first) visit only 43(15) 1.0 Reference 1.0 Reference

>1 visit within period 27(1.2) 0.8 05,14 0.49 09 05,14 0.55

RR, risk ratio; Cl, confidence interval; COPD, chronic obstructive pulmonary disease.

'Crude RR estimated by multilevel Poisson regression.

*Adjusted RR estimated by multilevel Poisson regression adjusting for sex, age, diabetes, hypertension, cardiovascular disease, stroke, asthma/COPD, dental professional, surgi-

cal procedure, number of extracted teeth, procedures involving mandible, position of involved teeth, and visit.

*In multivariable model, the number of extracted teeth was categorized into two categories, 1 extracted tooth (reference category) and = 2 extracted teeth, to avoid collinearity
problem. ‘No extraction’ category was adjusted in the model through ‘Surgical procedure’ variable.
“Variable was not included in multivariable model due to lack of association (crude RR=1.0, p=0.90) and to avoid collinearity problem with ‘Only mandible involved' variable.
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[4,8,12] and minor surgical procedures [25], though the risk
measures were not statistically significant [8,12,25]. In the
present study, clinical evidence of an increased risk along with
statistical significance (RR, 4.5; 95% Cl, 2.0 to 10.0; p<0.001)
strongly suggested that bleeding following minor oral surgical
procedures was more likely to occur in high-risk patients or
patients with existing chronic diseases with continued aspirin
therapy compared to general patients who did not use aspirin
during surgery.

Since the study facility no longer practiced the discontinua-
tion of aspirin use before minor oral surgery, a comparison
group consisting of patients with similar risks or existing
chronic diseases and discontinued aspirin therapy before oral
surgery could not be acquired. Therefore, this study instead
compared the bleeding risk following oral surgery in patients
on continuous aspirin therapy with that in a group not on as-
pirin at all [8]. Patients in the non-aspirin group were evidently
healthier than those in the aspirin group as indicated by con-
siderably smaller proportions of patients in the non-aspirin
group with advanced age, diabetes, hypertension, cardiovas-
cular disease, or stroke (Table 1). Nonetheless, the marked dif-
ference in patients’ baseline clinical characteristics should not
be considered a consequence of control selection bias since
patients in both groups underwent similarly practiced minor
oral surgery with an assumed equivalent risk of bleeding
[3,5,7,11,16]. This design, therefore, allowed for the evaluation
of this clinical assumption and upheld the safety of current
recommendations [1-16].

Analysis of the bleeding occurrence in patients who made
either single or multiple visits and underwent a variety of oral
surgical procedures in a practical setting could provide real-
world estimates of the overall bleeding risk, in lieu of a proce-
dure-specific risk. This could be generalized to the source pop-
ulation to which these patients represent and could be useful
for risk communication to patients who continue aspirin ther-
apy before oral surgery in general. In addition, a comprehen-
sive assessment of risk characteristics for bleeding should al-
ways be undertaken before oral surgery on a case-by-case ba-
sis, since bleeding can be influenced by a combination of sev-
eral factors [1], such as a patient’s inherent characteristics,
chronic disease, medication, procedural invasiveness, and bio-
logical variations in bleeding potential. In this study, the in-
creased bleeding risk in the aspirin group should not be con-
sidered as an effect of continued aspirin therapy alone. In spite
of the effort to control the effects of known and ascertainable
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chronic diseases through a regression modeling approach, un-
measured systemic conditions, such as the severity and dura-
tion of chronic diseases or obesity [1], could be an alternative
explanation for the increased risk. Therefore, the increased
bleeding risk observed in this study could be a combined ef-
fect of high-risk conditions or existing chronic diseases and
continued aspirin therapy. With respect to the differing minor
oral surgical procedures, a previous study suggested that
bleeding risk was independent of the type of procedure per-
formed [7]. In contrast, this study determined that there was a
significant difference in the bleeding risk between the two
groups when stratified by simple versus complicated extrac-
tions (Table 3). Following the mildly invasive scaling proce-
dure, bleeding was observed in both groups in this study. This
contradicted a previous finding that scaling did not contribute
to bleeding [25]. Additionally, the difference in bleeding risk
for patients who undergo surgical removal of impacted teeth
could not be assessed since none of the patients in the aspirin
group underwent this invasive procedure. With respect to the
interaction effect of aspirin use with each of the other prog-
nostic factors on the bleeding outcome, these interactions
were explored by statistical means in addition to the stratified
analysis. Bleeding risk was uniformly observed across stratified
subgroups of each prognostic factor. However, one exception
was found among patients who underwent minor surgery in-
volving the mandible only, where the risk of bleeding was sig-
nificantly higher in the aspirin group. This preliminary result
suggested the need for further study devoted to determining
the interaction effects of aspirin therapy with these prognostic
factors (particularly minor surgery involving the mandible
only) on bleeding from both a statistical and clinical perspec-
tive in order to provide a rational clinical explanation.

All bleeding events were effectively controlled by local he-
mostatic measures comprising a pressure pack and suturing
either with or without additional use of a sterile compressed
sponge (Gelfoam). Life-threatening bleeding complications
were not found in this or other studies [3-16,25]. Since oral
bleeding can be visible and promptly managed [5], minor oral
surgical procedures can be cautiously provided without the
discontinuation of aspirin therapy, thereby minimizing the risk
of thromboembolism [1]. Preventive strategies, including pre-
operative risk communication and perception, reductions in
tissue damage during surgery, prepared hemostatic measures,
and postoperative monitoring for bleeding would ensure that
minor oral surgery is safe for high-risk patients and patients
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with existing chronic diseases who continue aspirin use.

In conclusion, high-risk patients and patients with existing
chronic diseases who continued aspirin use were at a higher risk
of hemorrhage following minor oral surgery compared to those
who were generally healthier and did not use aspirin. Nonethe-
less, the bleeding complications were not life-threatening and
could be promptly managed through simple hemostatic mea-
sures. Minor oral surgery can therefore be provided as long as it
is accompanied by an awareness of the increased bleeding risk,
prepared hemostatic measures, and postoperative monitoring
of bleeding. This negates the need to discontinue aspirin thera-
py, which may lead to more serious complications.
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