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Introduction: Postoperative bleeding is a significant complication in dental surgeries, especially for patients on anticoagulants. Risk
stratification based on patient factors can help reduce these complications, but current tools lack accurate risk prediction.

Aim: To examine point-of-care device accuracy for measuring International Normalized Ratio (INR) compared to laboratory INR and
evaluate risk factors for post-dental surgical bleeding in warfarin patients.

Methods: The primary outcome was post-operative bleeding following invasive dental procedures. INR measurements were
performed using both point-of-care devices and laboratory methods. One-way ANOVA compared INR values across bleeding severity
groups and procedure types. Independent samples #-test compared INR values between low (<5 mg) versus high (=5 mg) warfarin
doses. Levene’s test assessed variance equality.

Results: The study included 88 patients (61.4% female, mean age 49.7 + 14.1 years). Bleeding outcomes were: no bleeding (33.0%,
n = 29), minimal bleeding (34.1%, n = 30), moderate bleeding (20.5%, n = 18), and severe bleeding (11.4%, n = 10). No significant
differences existed between <5 mg versus >5 mg warfarin groups in point-of-care INR (2.51 vs 2.70, p = 0.235) or laboratory INR
(2.54 vs 2.63, p = 0.572). Significant associations were found between physician and procedure type (p < 0.001) and between point-of-
care and laboratory INR measurements (r = 0.717, p < 0.001). No correlation existed between INR level and bleeding.
Conclusion: Bleeding risk in warfarin patients undergoing dental procedures depends on procedure complexity and duration rather
than INR level alone. Point-of-care INR devices demonstrated accuracy comparable to laboratory measurements, offering valuable risk
assessment that may help predict bleeding risk and provide reassurance for low-risk cases.
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Introduction

Bleeding is a common complication in dental surgeries, with a notable incidence in patients undergoing procedures like
tooth extractions, which account for approximately 88.81% of cases.'> Patients on anticoagulants, such as coumarin
derivatives and acetylsalicylic acid, represent a significant portion of those experiencing postoperative bleeding.> A large
screening study was conducted in the capital city of Saudi Arabia to assess the prevalence of bleeding among adolescents
and young adults. Of the 525 participants, 67 (12.8%) had post-dental extraction bleeding.’
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The causes of these bleeding instances are inherited or acquired with different levels of severity. Patients on
anticoagulants are at a higher risk of bleeding complications, necessitating careful management strategies.*
Antithrombotic agents can increase bleeding risk during dental procedures, including antiplatelet drugs such as clopido-
grel and anticoagulants such as warfarin or Direct Oral Anticoagulants (DOACs).>

There has been a notable increase in DOACs use, which are preferred for their ease of use and reduced need for
monitoring compared to traditional vitamin K antagonists like warfarin. In many regions, including Europe and Asia,
DOACs have become increasingly popular among healthcare providers due to their favorable safety profiles and
effectiveness in preventing thromboembolic events.” Despite the growing preference for DOACs, certain clinical
indications remain that warfarin remains the only approved oral anticoagulant. These include patients with mechanical
heart valves, specific types of atrial fibrillation, and those with certain antiphospholipid antibody syndrome.®® Warfarin’s
well-established efficacy in these conditions continues to make it the treatment of choice in these scenarios.

In contrast, Bajkin et al, 2024 showed that safe dentoalveolar surgery in patients taking DOAC and VKA can be
performed safely without therapy cessation.'® Dolce et al, 2023 recently conducted a systematic review based on
randomized control trials. The systematic review findings concluded that the patients on autologous platelet concentrates
experienced reduced post-operative bleeding events without discontinuing their anticoagulant therapy, along with
a shorter hemostasis time, reduced pain, and accelerated wound healing.'' However, the results of this systematic review
remain inconclusive due to high or unclear biases in the included studies about the superiority of APCs as hemostatic
agents relative to similar products. Furthermore, patients usually achieve bleeding control through local hemostatic
measures without pharmacological drug management or suspension.'? PERIXa is an ongoing trial investigating the safety
and effectiveness of a simplified, standardized protocol for perioperative management of direct factor Xa inhibitors in
patients with atrial fibrillation undergoing procedures associated with minor bleeding risk.'?

Bleeding during and after dental surgery is a significant concern, particularly for patients with specific medical
conditions or those on anticoagulant therapy. Understanding the frequency and causes of bleeding in these patients is
essential for effectively managing and preventing complications. Science-based research and clinical investigations have
increased the ability to understand and handle dental procedures for patients taking anticoagulant and antiplatelet drugs.
Hemostatic agents, together with clinical protocols, risk factor identification, and continuous education, ensure patients
obtain optimal therapy outcomes while improving their well-being.!' Systematic reviews have shown that traditional
methods, such as routine coagulation tests, often provide poor predictive accuracy for postoperative bleeding in patients
with bleeding disorders.'* Specifically, the positive predictive values for coagulation tests range from 0.03 to 0.22,
indicating their limited utility in clinical practice.'” Furthermore, despite the potential for bleeding, the risk of
thromboembolic events from stopping antithrombotic medications is a significant concern. This is particularly relevant
for warfarin users, where the International Normalized Ratio (INR) is used to monitor anticoagulation levels. The
acceptable INR range for patients undergoing surgery generally lies between 2.0 and 3.0.' However, patients with
a “labile INR” (ie, fluctuations in INR outside this therapeutic range) may face increased bleeding risk, particularly if
their INR exceeds this threshold. Therefore, a balanced approach that considers both bleeding and thromboembolic risks
and careful monitoring of INR is essential in managing patients undergoing dental surgery. Point-of-care testing for INR
allows medical staff to analyze patient blood clotting directly, where patients receive care from the clinic through
doctor’s offices up to home environments rather than sending blood samples to laboratories.

There are several documented cases of serious embolic complications in patients whose warfarin therapy was with-
drawn for dental treatment. Ferrari et al studied 1236 patients with acute coronary syndrome, 51 of whom were hospitalized
within 1 month of aspirin withdrawal; for 13 cases, dental treatment was the reason for the aspirin withdrawal.'” On the
other hand, the risk of bleeding after a minor dental procedure is higher for oral anticoagulant inpatient treatment compared
to non-oral anticoagulant treatment.'® Blood count and coagulation parameters have no significant correlation to bleeding
risk.'® Furthermore, a 3-fold increase in bleeding risk for oral anticoagulant patients has been reported.””

Risk stratification tools are essential in predicting bleeding risks for patients undergoing anticoagulation therapy.
These tools must utilize both local and systemic factors to provide a comprehensive assessment, enabling healthcare
providers to make informed decisions regarding patient management. Several validated risk stratification tools are widely
used to predict bleeding risk in patients on anticoagulants. HAS-BLED score evaluates the risk of major bleeding based
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on various factors, including hypertension, abnormal renal/liver function, stroke history, bleeding history, labile INR (for
warfarin users), age, and drug/alcohol use. While it is commonly used, its accuracy has been questioned in certain
populations, particularly those on DOACs.?' The ORBIT bleeding score is noted for its superior calibration and
predictive ability compared to HAS-BLED and ATRIA scores, especially in patients treated with DOACs. It includes
factors such as age, renal function, history of bleeding, and concurrent medications.”* Developed specifically for patients
with atrial fibrillation on DOACs, the DOAC score incorporates parameters like age, renal function, weight, and
comorbidities such as diabetes and liver disease.”’

Post-dental extraction bleeding is difficult to measure. As a result, most of the definitions used in the literature include
clinically significant bleeding and are based on the intervention done and/or the timing of bleeding rather than the signs
and symptoms induced by bleeding.**** Acquiring a simple tool that can accurately predict bleeding is more urgent than
ever due to the increasing number of patients taking anticoagulants. The study aims to examine local factors that help
predict post-dental surgical bleeding in patients on warfarin therapy.

Methodology

The single-center observational prospective cohort study was conducted after approval from the Research Advisory Board
of King Faisal Specialist Hospital and Research Center Riyadh, with #2191266. Written informed consent was obtained
from all study participants, and the hospital IRPB reviewed the signed consent forms. For minors, a legal guardian had
signed. The study was conducted according to the declaration of Helsinki. All patients were managed according to
a standardized institutional protocol. The study population included patients over 12 years of both genders requiring
invasive dental procedures, including simple and surgical extractions. The simple procedure was mainly hygiene, such as
gross, sub/supra gingival scaling or OHI (Oral Hygiene Instruction). Two types of extractions were done: simple and
surgical. A simple dental extraction is a procedure to remove teeth that can be seen and are easily accessible, whereas
surgical, dental extraction typically requires an incision into the gum to gain access to the tooth that needs to be removed.
The primary outcome of interest was post-operative dental bleeding, defined as bleeding after an invasive dental procedure
that cannot be controlled by biting on gauze and requires medical intervention within 30 minutes.

All patients were tested on the day of the procedure by two methods: point of care INR by Hemochron signature
device. A sample was collected in 3.2 citrated blood and tested in the main laboratory by Stago for INR. Data collection
was carried out through predesigned case report forms that recorded various personal and clinical variables, such as age,
gender, warfarin indication, medical history, and type of procedure.

For hemostasis, pressure was applied by biting on a gauze swab for 10 minutes, followed by an additional 10-minute
observation period for post-procedure bleeding. For definitions of bleeding, we used the following standard levels of
bleeding score:

No bleeding: no bleeding along the gingival margin

Mild bleeding: bleeding without flow along the gingival margin

Moderate bleeding: bleeding with flow along the gingival margin

Severe bleeding: inflamed tissue that tends to bleed spontaneously

Sample Size

A single proportion-based sample size formula with a specified margin of error was used to estimate the incidence of
postoperative bleeding after invasive dental procedures, which assumes a normal approximation to the binomial
distribution for larger samples.

n=@p(l-p)d

n=E P =p)/p
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where n = number or required sample size

Z = Z-score corresponding to the desired confidence level (for a 95% confidence level, Z = 1.96)
p = population anticipated to have post-operative bleeding incidence based on literature is approximately 10% (p = 0.1)
d = the desired margin of error (precision) is set to 5% to detect the incidence (d = 0.05)

Plugging these values into the formula:

(1.96)%0.1(1 — 0.01p)
0.05%

345744
"= 0.00250

n=1383

Thus, a minimum of 139 patients was required to detect the incidence of postoperative bleeding with a 5% margin of
error at a 95% confidence level.

Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics (IBM Corp., Armonk, NY, USA). Descriptive statistics
were presented as frequencies with percentages for categorical variables and means =+ standard deviations for continuous
variables. The normality of continuous variables was assessed, and appropriate parametric tests were applied. The
agreement between Hemochron and laboratory INR measurements was evaluated using paired samples #-test and
Pearson’s correlation coefficient. The mean difference between the two methods was calculated with 95% confidence
intervals. One-way analysis of variance (ANOVA) was used to compare INR values across different bleeding severity
groups and procedure types. Independent samples #-test was employed to compare INR values between patients receiving
low (<5 mg) versus high (=5 mg) doses of warfarin. Levene’s test was used to assess the equality of variances. The
associations between physician and procedure type and physician and bleeding complications were analyzed using
Pearson’s chi-square test. Statistical significance was set at p < 0.05 for all analyses.

Results

The study initially included 130 patients; however, 42 were excluded due to different clinical/other reasons, including
medical fitness, lack of return to the clinic, and missing data. Finally, 88 patients were included for analysis. The sample
showed female predominance (61.4%, n = 54) compared to males (38.6%, n = 34). The mean age of participants was
49.7 + 14.1 years (range: 13-84 years).

Mechanical valve replacement (MechMVR) was the most common indication for anticoagulation in 39.8% (n = 35)
of patients, followed by mechanical aortic valve replacement (MechAVR) in 36.4% (n = 32). Other relatively less
common indications included atrial fibrillation (14.8%, n = 13) and antiphospholipid syndrome (23.9%, n = 21)). Less
common indications included biological valve replacements, left ventricular thrombus, and Budd-Chiari syndrome (each
1.1%, n = 1). The categorical data is summarized in Table 1.

The mean warfarin dose was 5.2 + 2.0 mg (range: 1.5-12.0 mg). INR measurements were performed using both
point-of-care technique (Hemochron) and laboratory methods. The mean Hemochron INR was 2.61 + 0.74, while the
mean laboratory INR was 2.59 + 0.73. Paired sample analysis showed no significant difference between the two methods
(mean difference: 0.024, 95% CI: —0.093 to 0.141, p = 0.687), Figure 1. A strong positive correlation was observed
between Hemochron and laboratory INR measurements (r = 0.717, p < 0.001), as shown in Table 2.

The majority of cases (90.9%, n = 80) had hygiene and were classified as gross with smaller proportions of supra-
gingival (2.3%, n = 2) and sub-gingival (1.1%, n = 1) scaling. For the extraction procedures, 4 (80%) were simple and 1
(20%) surgical, as shown in Table 1. Figures 2—4 show pre, intra and post extraction instances.

Regarding bleeding complications, 34.0% (n = 30) of patients had no bleeding, 34.1% (n = 30) experienced minimal
bleeding, 20.5% (n = 18) had moderate bleeding, and 11.4% (n = 10) suffered severe bleeding, as shown in Table 1.
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Table | Basic Descriptive Analysis

of All the Categorical Variables

Gender Frequency (n) | Percentage (%)
Female 54 61.4
Male 34 38.6
Total 88 100.0
APLS 14 15.9
TIA | 1.1
MechAVR 32 36.4
AF 5 5.7
BioAVR | 1.1
BioMVR 4 4.5
Left ventricular thrombus | I.1
Atrial Fibrillation 13 14.8
SLE | 1.1
DVT 7 8.0
Budd-Chiari (DVT) | .1
MechDVT 35 39.8
Mech TVR 2 23
S/P Fontan procedure | .1
Type (1/Gross- 2/Supra - 3/Sub) [ OHI 5 57
Gross 80 90.9
Supra 2 2.3
Sub | 1.1
Procedure Simple 4 4.5
Surgery | 1.1
Bleeding No 30 34.
Minimum | 30 34.1
Moderate | 18 20.5
Severe 10 11.4
Operator | 13 14.8
2 14 15.9
3 16 18.2
4 9 10.2
5 | 1.1
6 14 15.9
7 8 9.1
8 2 23
9 | 1.1
10 4 4.5
I 2 23
12 4 4.5
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Figure | Correlation between Hemochron INR and Lab INR shows a high correlation 0.717.

Analysis of variance showed no significant difference in INR values across bleeding severity groups for both Hemochron
(F =0.608, p = 0.658) and laboratory measurements (F = 0.641, p = 0.634).
When comparing patients receiving <5 mg versus >5 mg of warfarin daily, no significant differences were found in
either Hemochron INR (2.51 vs 2.70, p = 0.235) or laboratory INR (2.54 vs 2.63, p = 0.572), as shown in Table 3.
We looked at the effect of the operator on the bleeding tendency and severity. Chi-square analysis revealed a significant
association between operator and type of procedure (y>=170.738, p <0.001), as shown in Table 4. There was no significant
association between the operator and bleeding complications (y* = 36.326, p = 0.788), as shown in Table 5.

Discussion

Bleeding is a significant risk associated with dental surgery, particularly in patients with underlying conditions or those
on anticoagulant therapy. Effective management strategies are essential to mitigate this risk and ensure patient safety.
Patients on anticoagulants, particularly vitamin K inhibitors, showed a higher incidence of postoperative bleeding (8.6%
vs 4.8% in discontinued patients).*®

Table 2 Correlation Between Hemochron INR and Lab INR

Hemochron_INR | Lab INR
Hemochron_INR | Pearson Correlation | | 0.717%+*
Sig. (2-tailed) 0.000
N 88 88
Lab INR Pearson Correlation | 0.717%* |
Sig. (2-tailed) 0.000
N 88 88

Note: **Correlation is significant at the 0.01 level (2-tailed).
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Figure 2 Clinical figure showing pre-extraction.

Figure 3 Clinical figure showing snapshot during extraction.

Journal of Blood Medicine 2025:16 hetps: 343



Albarkheel et al

Figure 4 Clinical figure showing after extraction.

While the risk of bleeding in dental surgery is notable, advancements in management techniques and a thorough
understanding of patient-specific factors can significantly mitigate these risks. However, the potential for serious
complications remains, necessitating careful preoperative planning and monitoring. Furthermore, the physician can
also play an important role in managing bleeding risk associated with dental surgeries that is attributable to the attitude
towards pre-operative management.>’

Mechanical valve replacements were the most common indication for anticoagulation with warfarin, with two key
types: mechanical mitral valve replacement (MechMVR) and mechanical aortic valve replacement (MechAVR). The
management of patients with mechanical valve replacements undergoing dental surgery poses significant challenges due
to the risk of bleeding associated with anticoagulation therapy. Other indications include atrial fibrillation, antipho-
spholipid syndrome, and deep vein thrombosis. Less common indications include biological valve replacements, left
ventricular thrombus, and Budd-Chiari syndrome. Patients on anticoagulants may experience prolonged bleeding during
and after dental procedures. This can complicate surgical interventions and lead to significant morbidity if not managed
properly.?®2° In our study, most patients had no bleeding; however, 20.5% of patients had moderate bleeding, and 11.4%
suffered severe bleeding. The postoperative bleeding rate after dental procedures is approximately 0.2—3.3%.>° For those
with conditions such as hemophilia, bleeding complications can occur in 8.6% to 32.1% of cases.***' A study involving
537 patients reported a 6.5% overall rate of postoperative bleeding, with variations based on the type of anticoagulant
therapy maintained during low-risk dental procedures.?

Table 3 Independent Sample Test with Dose of Warfarin Less Than or Greater Than
5mg

Group Statistics

Warfarin_dose | N | Mean | Std. Deviation | Std. Error Mean

Hemochron_INR | <5 40 | 2.508 | 0.6302 0.0996
25 48 | 2.696 | 0.8129 0.1173
Lab INR <5 40 | 2.538 | 0.8448 0.1336
25 48 | 2.627 | 0.6354 0.0917
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Table 4 Cross Tabulation and Chi-Square Test Between Operator

and Type

Type* Total
[ 2 (3

Physician 0|12 | 0 13
0| 14 0 |o0 14
0|15 | 0 16
019 0 |0 9
0| 0 |0 [
0| 14 0 |0 14
0|8 0 |0 8
[ 0 |o0 2
oo 0 | I
0|4 0 |0 4
012 0 |o0 2
410 0 |o0 4

Total 5180 2 I 88

Chi-square test Value Df | Significance (2-sided)

Pearson Chi-square 170.73 | 33 | <0.0001

Note: *Type scored as |-Gross; 2-Supra; and 3-Sub.

Table 5 Cross Tabulation and Chi-Square Test Between Physician and
Bleeding Severity

Bleeding* Total
0|1 2 |3 4
Physician 0|3 5 2 3 13
0|4 3 4 3 14
0]2 8 |4 2 16
0|4 3 2 0 |9
0|0 | 0 0 |
{7 4 | | 14
0|3 4 | 0 |8
0] 1 0 | 0 |2
0|0 0 | 0 [
0|2 | | 0 | 4
0|0 0 | | 2
0|3 | 0 0 | 4
Total Count 1|29 30 | I8 10 | 88
Chi-square tests Value Df | Significance (2-sided)
Pearson Chi-square 36.326 | 44 | 0.788

Note: *Bleeding scored as |-No; 2-Min; 3-Moderate; 4-Severe.

The validation of point-of-care devices and laboratory INR measurements is important in managing patients on
anticoagulation therapy, particularly those receiving warfarin. We validated the point-of-care device with standard
laboratory INR and found that they were comparable to what had been shown previously.>? A study found that
differences in INR between point-of-care devices and laboratory methods were negatively correlated with patients’
hematocrit levels. Specifically, as hematocrit increased, the discrepancies in INR readings also increased, although

these differences were clinically acceptable within a certain range (approximately 10%).>*>* A comparative
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evaluation showed that while POC devices provided INR results significantly correlated with laboratory methods,
they tended to overestimate INR values. This can lead to inappropriate adjustments in warfarin dosing, increasing
the risk of thromboembolic events if clinicians do not account for this bias.?”

The relationship between warfarin dosage and the risk of bleeding during dental procedures is a critical concern for dental
practitioners. Research indicates that maintaining anticoagulation with warfarin during dental surgery generally results in
a low incidence of significant bleeding complications. A literature review found that over 99% of anticoagulated patients
experienced no significant postoperative bleeding requiring more than local hemostatic measures.>® Our results show 11.4%
suffered severe bleeding, while a retrospective study that had reported a 4.8% incidence of persistent bleeding after invasive
procedures, primarily extractions.?” In a systematic review, continuing warfarin therapy was not associated with an increased
risk of clinically significant bleeding compared to interrupting the medicine.”® These are in agreement with our findings.

For patients with lower INR, simple dental extractions can generally be performed safely, with moderate bleeding
occurring in only a small percentage of cases.”” However, as the INR rises above this threshold, the risk of bleeding
increases substantially. It is critical to monitor the INR closely before any dental procedure. An INR below 3.5 is
generally acceptable for performing simple extractions without significantly modifying warfarin therapy.*’

The bleeding risk associated with major dental procedures in patients taking warfarin can vary significantly based on
the type of procedure performed. High-risk procedures that include invasive surgeries are more likely to result in
significant bleeding.*!

The current study provides important insights into the key factors that play an important role in determining the risk
of bleeding in patients undergoing dental procedures. However, the study stands from relatively small samples. Further
studies with larger sample sizes need to be designed to validate the findings of this study.

Conclusion

The bleeding risk associated with warfarin during various simple and surgical dental procedures depends on the
complexity and duration of the procedure, as well as the patient’s INR level. We have confirmed the accuracy and
value of INR results from a point-of-care device that may help predict cases at risk of bleeding and reassured operators of
low risk if the levels of INR are low. Nevertheless, this study is an important analysis of the relatively under-represented
Saudi population and highlights that physician and procedure type are major risk factors in determining the outcome of
the patients undergoing dental surgery.
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