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Purpose: The aim of this prospective study was to compare the effectiveness of a 4.8% tranexamic acid
mouthwash versus an autologous fibrin glue preparation to control hemostasis in patients therapeutically
anticoagulated with warfarin who required dental extractions without interruption of their treatment.
Patients and Methods: The 49 patients who underwent 152 dental extractions were randomly
allocated to 2 groups: Group A were required to rinse with 10 mL of a 4.8% tranexamic acid solution 4
times a day for 7 days postoperatively. Group B received autologous fibrin glue intraoperatively. The
international normalized ratio was measured on the day of the procedure. All procedures were performed on an ambulatory basis by the same surgeon.
Results: Of the 49 patients, 2 presented with postoperative bleeding (4%). Both patients were from the
autologous fibrin glue group and were found to have grossly elevated international normalized ratios on
the day of the bleeding that was unaccounted for.
Conclusions: This study supports the consensus that dental extractions can be performed without
modification of oral anticoagulant treatment. Local hemostasis with an absorbable oxidized cellulose
mesh, tranexamic acid, and sutures is the more cost efficient of the 2 methods compared; however,
autologous fibrin glue has an important role in patients unable to use a mouthwash effectively.
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Patients receiving oral anticoagulant therapy who undergo minor oral surgical procedures may have pro-

longed and excessive hemorrhage. Temporarily withholding or decreasing the dosage of the anticoagulant
exposes the patients to the risk of venous thromboembolism and potential systemic emboli from a cardiac source.' Various protocols have been suggested
for treating these patients, including substituting heparin for warfarin, 2 decreasing the level of anticoagulation preoperatively, 3 temporarily stopping the warfarin,4 and not altering the anticoagulant regimen at
al1. 3-13 There remains, however, no standard therapeutic approach, and currently it appears that each patient's treatment plan is individually tailored by his or
her attending specialist.
The purpose of this study was to compare 2 local
agents that aid hemostasis, following minor oral surgery in patients therapeutically anticoagulated with
warfarin. The alternative regimens will, we hope,
eliminate the need to interfere with anticoagulation
regimes, minimize associated risks, and decrease hospital admissions along with their associated physical
and social inconveniences.
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Materials and Methods
A group of 49 patients (31 men and 18 women; age
range, 24 to 85 years; mean age, 65 years) underwent
152 dental extractions. All patients were therapeutically anticoagulated with warfarin, and no modification in dosage was undertaken. The indications for
anticoagulation included atrial fibrillation (12 patients), valvular heart disease (19 patients), arterial
thromboembolism (2 patients), venous thromboembolism (8 patients), recurrent transient ischemic attacks (3 patients), and ischemic heart disease (5 patients). Patients were randomized to receive either a
4.8% tranexamic acid mouthwash or an autologous
fibrin glue (AFG) preparation to aid with local hemostasis. All patients were treated on an ambulatory
basis in the Oral and Maxillofacial Surgery Unit of the
Adelaide Dental Hospital. The procedures were all
performed under local anesthetic (2% lignocaine with
1:80,000 epinephrine) by the same surgeon. Blood
samples were taken on the day of surgery to evaluate
the anticoagulant activity by calculating the international normalized ratio (INR). Only patients with an
INR of  2.0 and 4.0 were included in the study.
Patients with cardiac valvular disease received antibiotic coverage according to the institutional protocol.
At surgery, the number of extracted teeth, number of
surgically treated teeth, duration of surgery, and complications in connection with the procedure were
recorded. The analgesic drugs used in this study were
paracetamol or paracetamol/codeine. Patients who 1)
had not given informed consent, 2) ingested acetylsalicylic acid or nonsteroidal agents within 14 days
before surgery, 3) had a known hemorrhagic diathesis, 4) had a known hypersensitivity to products of
bovine origin, or 5) had a known hypersensitivity to
all proposed local anesthetic agents were excluded
from the study.
GROUP A: TRANEXAMIC ACID MOUTHWASH
An active, 4.8% tranexamic acid (Cyclokapron;
Pharmacia, New York, NY) mouthwash solution was
produced by the Royal Adelaide Hospital Pharmacy
Department Immediately after tooth extraction, the
sockets were irrigated with 10 mL of the tranexamic
acid solution. An absorbable oxidized cellulose mesh
(Surgicel; Johnson & Johnson, New Brunswick, NJ)
was soaked in the solution and then placed in the
apical third of each socket before placement of a
resorbable suture (4.0 Vicryl; Ethicon, Cornelia, GA).
Before leaving the department, the patients received
27 containers, each containing 10 mL of tranexamic
acid solution (7-day course), written information regarding its correct use, a supply of analgesics, and
gauze pads. Patients were instructed to use the
mouthwash by rinsing for 2 minutes 4 times daily,

expectorating after use, until all containers were
used.
GROUP B: AUTOLOGOUS FIBRIN GLUE
MG was prepared by the Royal Adelaide Hospital
Transfusion Medicine Unit. Patients randomly allocated to this group were required to present 1 to 2
weeks before surgery to have approximately 80 mL of
blood collected at the Haematology Day Centre.
When the MG was required for surgery, component
1 (autologous fibrinogen, factor XIII, and fibronectin
dissolved in a sterile calcium chloride solution that
had been stored in the frozen state at —70°C) was
thawed and then transferred with component 2 (bovine thrombin and E-aminocaproic acid) into separate
sterile vials and issued. A specialized fibrin glue applicator kit (Fibrijet; Micromedics, Eagan, MN) comprising a twin-syringe assembly was used to apply the
MG to the wound site, where a fibrin mass resulted
on mixing Immediately after extraction of a tooth,
the socket was curetted and then suctioned to keep
the site as dry as possible. Surgicel was placed in the
apical third of each socket. Fibrin glue was applied to
the socket walls, followed by the placement of a
suture. A final application of the glue was then placed
over each socket to seal any gingival bleeding.
All patients in both groups were asked not to eat or
drink in the first hour after surgery and advised of a
liquid diet on the first day after surgery. Patients were
given a list of postoperative instructions and were
reviewed at 1, 3, and 7 days postsurgery. At the final
visit, all patients were asked whether any discomfort
had developed in connection with the mouthwash or
fibrin glue. The occurrence of hematoma, edema, and
pain was recorded as well as the ingestion of any drug
not previously recorded. Patients were instructed to
contact the department or on-call oral and maxillofacial surgery resident if they experienced any adverse
event or postoperative bleeding that could not be
controlled by compression with a gauze pad for 20
minutes with the patient sitting upright.
Differences in the treatment groups with respect to
postoperative bleeding necessitating intervention
were analyzed by the chi-squared test.

Results
The results of the trial are presented in Table 1. In
group A (tranexamic acid), 26 patients with INRs
ranging between 2.3 and 4.0 underwent 71 dental
extractions. The causes for extraction were severe
periodontitis in 33 teeth and deep caries in 38 teeth.
There were no postoperative bleeding complications
reported in this group.
In group B (MG), 23 patients with INRs ranging
between 2.1 and 4.0 underwent 81 dental extrac-

1434

HEMOSTASIS CONTROL IN PATIENTS ON WARFARIN

Table 1. PATIENTS THERAPEUTICALLY
ANTICOAGULATED WITH WARFARIN UNDERGOING
DENTAL EXTRACTIONS (N = 49 PATIENTS)
Group A
(Tranexamic
Acid)
Gender
Male
Female
Age range (yr)
No. of extractions
Mandible
Maxilla
Range
Reason
Periodontal disease
Caries
INR
Mean
Range
Postoperative bleed (n)*
Mandible
Maxilla
INR mean for
postoperative bleed
*x2 ,

Group B
(Autologous
Fibrin Glue)

Total

16
10
24-85

15
8
40-83

31
18

46
25
1-13

32
49

78
74

33
38

27
54

3.0
2.3-4.0

1-18
60
92

3.1
2.1-4.0

0

0

0

0

2

2

6.7 (range, 5.9-7.6)

df = 1.0, 2.36.

tions. The causes for extraction were severe periodontitis in 27 teeth and deep caries in 54 teeth. Two
cases of light bleeding, both occurring on the second
day postsurgery, necessitated intervention. Both cases
involved maxillary molar teeth that had severe periodontal involvement. Successful hemostasis was
achieved with biting pressure and gauze packs followed by reapplication of the patient's own stored
AFG. Interestingly both of these patients were found
to have grossly elevated INRs on postoperative presentation for bleeding (5.9 and 7.6), necessitating
warfarin dosage adjustment after consultation with
their local medical officer.
Statistically there was no significant difference at
the 5% probability level in postoperative bleeding
between the 2 groups in our trial (P = .12).

Discussion
In recent years, continuation of anticoagulant therapy in oral surgical procedures has gained more attention in the international literature, emphasizing
the role of local hemostasis. 5-13 There remains, however, a lack in consensus of treatment methods to
secure this local hemostasis. Hemostasis in the oral
cavity is dependent on the dynamic balance between
fibrin formation and resolution and is influenced by
the external environment, which contains both plasminogen and plasminogen activators."
Tranexamic acid impedes the proteolytic degradation of fibrin by preventing the attachment of plasminogen and plasmin. A 4.8% solution has been

proven to be very effective in reducing bleeding complications with negligible systemic absorption. ? Fibrin
sealant, on the other hand, simulates the last stages of
the coagulation cascade, that is, the conversion of
fibrinogen to fibrin. 15 The 2-component system often
has an antifibrinolytic agent (eg, tranexamic acid),
added to impede fibrinolysis following surgery. Despite the appealing attributes of this system, and the
fact that it has been used for local hemostasis enhancement after dental extractions for over 2 decades,' 5-19 it has failed to gain widespread acceptance.
The obvious advantage of local inhibition of fibrinolysis in anticoagulated patients is the simplicity and
effectiveness of the treatment combined with the lack
of severe side effects. Because the anticoagulant therapy is not discontinued, the patient is not exposed to
potential complications such as thromboembolism
and its consequences.' Hemostasis can be achieved
quickly and safely with no greater complication risk
than that observed in routine cases.
In all the cases in our study there was no need for
hospitalization before surgery. Hence, patients did
not need to be subjected to multiple venipunctures,
nosocomial infection risks, or the social issues that
arise when they are separated from their usual familiar environment. Moreover, the exodontia could be
performed over several appointments if required, reducing the need to expose these medically compromised patients to the stress of multiple extractions.
In the present study, postoperative bleeding was
observed in the AFG group only. However, both of
these patients had significantly elevated INRs of uncertain etiology accounting for this bleeding. The first
patient had an initial INR of 3.6 on the day of surgery
and commenced bleeding on the seventh day postsurgery with a minimal ooze of approximately 12 hours'
duration and a repeat INR recorded at 5.9. The second
patient had an initial INR on the day of surgery of 2.2
and experienced a minor postoperative bleed on the
third day postsurgery of approximately 8 hours' duration with a recorded INR of 7.9. Interestingly, both
patients had multiple teeth extracted at the initial
surgery, yet only 1 socket site was responsible for the
postoperative bleed. Both cases involved maxillary
teeth that were periodontally involved and routinely
removed with forceps. The patients denied ingestion
of postoperative antibiotics, over-the-counter medications, or herbal products that may have potentially
interacted with warfarin. Although compliance with
regular warfarin dosaging is the most likely explanation for the anticoagulation, both patients denied
changes in their usual warfarin dose or dietary modifications. Because the amount of bleeding was minimal with nonnecessity for fluid replacement, control
with simple local measures and bleeding from only 1
extraction site in patients who had multiple teeth

1435

CARTER ET AL

extracted at the same appointment, the existence of a
consumption coagulopathy was deemed unlikely.
From a cost-evaluation perspective, the elimination
of the need for hospitalization dramatically reduces
the financial cost of the procedure. In Australia the
average cost of a 200-mL bottle of tranexamic acid
mouthwash is Aus $15, whereas AFG costs approximately Aus $300. When compared with the previously used protocol of heparinization and inpatient
hospitalization costing on average Aus $2500, the
savings are very significant.
In conclusion, both tranexamic acid mouthwash
and AFG can be used successfully to control postoperative bleeding in patients therapeutically anticoagulated with warfarin requiring dental extractions.
Both techniques are safe, cost effective, and clinically
proven methods of providing hemostasis. Overall,
tranexamic acid mouthwash has several advantages
over AFG for simple dental extractions, namely: low
cost and ready availability and therefore we recommend this treatment modality unless compliance is an
issue, in which case, MG should be used.
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