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Abstract
The clotting characteristics of autologous whole blood clots for chronic wound management in patients on anticoagulant 
therapy are not well defined. An exploratory ex vivo study was performed using the ActiGraft autologous whole blood 
clot (RedDress Ltd, Haifa, Israel) in patients receiving oral anticoagulant therapy. Twenty-five participants were eligible 
for inclusion and stratified into three age-matched cohorts: vitamin K antagonist-warfarin (n = 9), factor Xa inhibitor- riva-
roxaban (n = 6), and controls not receiving anticoagulation (n = 10). The primary endpoint was clot formation time. Clot 
formation time was defined as the time point at which no fluid movement was observed. In the study population (median 
[interquartile range] age 47 [42–52] years), the mean clot formation time was 10.5 ± 2.6 min (reference:8–12 min). Mean 
clot formation time was significantly different across groups (p < 0.001). Compared with controls (8.4 ± 1.2 min), clot for-
mation time was significantly prolonged in both the warfarin group (11.3 ± 2.3 min; p < 0.002) and the rivaroxaban group 
(12.7 ± 2.4 min; p < 0.001), with no significant difference between anticoagulant groups (p = 0.297). Nonetheless, complete, 
stable clots were consistently formed within the expected time frame in all samples across all groups. This illustrates the 
feasibility of ActiGraft autologous whole blood clot in patients receiving therapeutic anticoagulation. Further studies are 
indicated in patients with chronic wounds to assess broader safety and efficacy.
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Introduction

Chronic wounds, defined as wounds that fail to progress 
through the normal healing process and remain open for 
more than one month, affect over 2% of the worldwide 
population [1–3] with prevalence increasing with age [4, 
5]. These wounds frequently resist conventional treatment 
modalities, resulting in prolonged morbidity and substan-
tial clinical and economic burden. In recent years, ActiGraft 
(RedDress Ltd, Haifa, Israel), an autologous whole blood 
clot, has emerged as a promising adjunctive therapy, lever-
aging the patient’s own blood to create a bioactive dressing 
that mimics the extracellular matrix (ECM) and provides a 
provisional scaffold that promotes wound healing [6–8].

ActiGraft has demonstrated efficacy in the treatment of 
chronic wounds of various etiologies [9–11]. This technol-
ogy utilizes powdered coagulation agents to accelerate the 
clotting cascade, promoting rapid formation of a whole 
blood clot that is subsequently applied as a topical wound 
dressing. The therapeutic activity of ActiGraft is rooted in 

the complex biological mechanisms of coagulation, which 
govern fibrin clot formation and play a central role in the 
initiation and regulation of wound healing.

Clot formation is a critical determinant of ActiGraft 
structure and function, directly influencing the clot’s bio-
activity, mechanical integrity, and adherence to the wound 
bed. However, patients receiving oral anticoagulation ther-
apy present a potential challenge to ActiGraft preparation. 
Anticoagulants, including vitamin K antagonists and direct 
oral anticoagulants (DOACs), are widely prescribed for 
conditions such as atrial fibrillation, venous thromboembo-
lism, and mechanical heart valve disease [12]. By altering 
coagulation parameters, these agents may affect clot forma-
tion and, consequently, the performance of ActiGraft as a 
wound-healing modality.

Physiological coagulation is mediated by a tightly regu-
lated cascade of enzymatic reactions that culminate in fibrin 
clot formation, stabilizing the initial platelet plug at sites 
of vascular injury [13]. This cascade comprises intrinsic, 
extrinsic, and common pathways, ultimately leading to the 
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conversion of fibrinogen to fibrin by thrombin, forming a 
stable clot [14]. Anticoagulant therapies interfere with this 
process at distinct points. Vitamin K antagonists, such as 
warfarin, inhibit the synthesis of vitamin K-dependent clot-
ting factors II, VII, IX, and X, thereby prolonging coagu-
lation times and reducing thrombin generation [15]. Direct 
oral anticoagulants, including factor Xa inhibitors such as 
rivaroxaban, selectively inhibit factor Xa activity, prevent-
ing thrombin generation and subsequent fibrin formation 
[16]. These pharmacologic effects may delay clot initiation 
and alter clot structure or stability, which are essential for 
the effective use of ActiGraft as a bioactive wound dressing.

As the use of anticoagulant therapy becomes increas-
ingly common, particularly among older individuals with 
cardiovascular comorbidities, it is increasingly important to 
understand how these agents influence clot formation dur-
ing ActiGraft preparation. To date, no prospective clinical 
trial of ActiGraft therapy has been specifically designed 
to evaluate efficacy or safety in patients receiving thera-
peutic anticoagulation, and available evidence is derived 
from mixed patient cohorts without stratified analysis by 
anticoagulant use. Consequently, the feasibility of reliable 
ActiGraft clot formation on oral anticoagulation remains 
insufficiently characterized.

Indirect support for the feasibility of autologous clot-
based biomaterials under anticoagulation comes from plate-
let-rich fibrin studies in dental surgery, which report that 
fibrin-based matrices can be generated and used safely in 
patients receiving vitamin K antagonists or DOACs [17]. 
These findings, however, cannot be directly extrapolated to 
whole blood clot dressings or chronic wound settings.

In this study, we aimed to evaluate blood clotting char-
acteristics in patients receiving anticoagulant therapy using 
a bedside ActiGraft system. We assessed whole blood clot 
formation across anticoagulant classes to determine the fea-
sibility of ActiGraft preparation in this population. By exam-
ining how different anticoagulant therapies influence clot 
dynamics in an ex vivo setting, this study seeks to inform 
ActiGraft preparation protocols and patient selection.

Materials and methods

Study design

This was an ex vivo observational exploratory study 
designed to evaluate the effect of oral anticoagulant therapy 
on whole blood clot formation using the ActiGraft system. 
The study was structured as a three-cohort, age-matched 
comparative analysis and included 30 participants strati-
fied into three groups in a 1:1:1 ratio: (1) patients receiv-
ing a vitamin K antagonist (Warfmadin, Sanofi®, Turkey), 

(2) patients receiving a factor Xa inhibitor (rivaroxaban, 
IXarola, Sanofi®, South Africa), and (3) control patients not 
receiving anticoagulant therapy. Participants were enrolled 
during routine clinical visits between 1 April and 30 June 
2025 after providing written informed consent. Participants 
were enrolled at the Anticoagulation clinic in the Depart-
ment of Haematology at Charlotte Maxeke Johannesburg 
Academic Hospital in Gauteng, South Africa, and all ex 
vivo clot formation assays were performed on site using the 
ActiGraft system.

Participant selection

Eligible participants were adults aged 18 years or older who 
were either receiving anticoagulant therapy with warfarin 
(vitamin K antagonist) or rivaroxaban 20  mg (factor Xa 
inhibitor) for at least seven days or were not receiving any 
anticoagulant therapy. Age matched controls were selected 
from the hospital staff during the study period. These indi-
viduals were not receiving anticoagulant therapy and had 
no known coagulopathy. Age matching was performed to 
reduce the potential confounding effect of age on coagu-
lation parameters; however, no additional matching for 
comorbidities was undertaken given the exploratory nature 
of the study. Participants were not required to have an active 
acute or chronic wound, and blood samples were collected 
independently of wound status.

Exclusion criteria included inability to provide the 
required blood volume of 36 mL, known bleeding disor-
ders, treatment with intravenous heparin or direct thrombin 
inhibitors (to ensure a homogenous study population), sub-
therapeutic anticoagulation levels, and inability to read or 
understand the informed consent form.

Sample collection and processing

For each participant, 36 mL of peripheral blood was col-
lected into acid citrate dextrose solution A (ACDA) vacuum 
tubes (Becton-Dickinson, Oxford, UK). In participants 
receiving anticoagulant therapy, an additional 3.2% sodium 
citrate (Becton-Dickinson, Oxford, UK) blood sample was 
collected for laboratory assessment of anticoagulation sta-
tus, including measurement of the international normal-
ized ratio (INR) for those receiving vitamin K antagonists 
or anti-factor Xa levels four hours after the morning dose 
for those receiving factor Xa inhibitors. The samples were 
processed at the Lancet laboratory using a Siemens Atellica 
COAG 360 (Siemens Healthcare Diagnostics, Tarrytown, 
NY, USA) analyser. Laboratory values were collected to 
document therapeutic anticoagulant exposure.

Blood samples were processed ex vivo at room tempera-
ture using the ActiGraft system to generate two whole blood 
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clots per participant. Clot formation was assessed by visual 
inspection at seven predefined time points following activa-
tion: 5, 7, 8, 9, 10, 11, and 12 min. At each time point, the 
clotting tray was gently tilted to assess fluid movement. Clot 
formation time was defined as the time point at which no 
fluid movement was observed, indicating completion of clot 
formation (reference 8–12 min). For each participant, clot-
ting time was calculated as the mean of the two technical 
replicates and used for all subsequent analyses.

Statistics

Clinical and laboratory data were analyzed using Statistica 
13.2 software (Palo Alto, California, USA). Categorical 
variables were summarized using frequencies and percent-
ages. Continuous variables were summarized using means 
and standard deviations (SD) for normally distributed data 
or medians and interquartile ranges (IQR) for non-normally 
distributed data. Agreement between technical replicates 
was assessed using a paired t-test. Comparisons of clot for-
mation time across the three groups were performed using 
a parametric one-way ANOVA test with Scheffe’s post hoc 
test. Comparisons between the warfarin and rivaroxaban 
groups were performed using an unpaired t-test. Pooled 
analyses of anticoagulated groups versus controls were per-
formed as a secondary comparison using an unpaired t-test. 
Comparisons of non-normally distributed continuous vari-
ables, including age, were performed using the Kruskal–
Wallis test.

Categorical variables were compared using Fisher’s 
exact test. All statistical analyses were two-sided and con-
ducted using a significance level (alpha) of 0.05. Given the 
exploratory nature of the study, no formal sample size cal-
culation was performed.

Results

Participant characteristics

Thirty participants were enrolled, with 10 individuals 
assigned to each group. Of these, 25 met eligibility criteria 
and were included in the final analysis. Exclusions com-
prised one participant with subtherapeutic warfarin levels, 
two participants with subtherapeutic rivaroxaban levels, and 
two rivaroxaban-treated participants without available anti–
factor Xa measurements. The median age of the analyzed 
cohort was 47 years (interquartile range 42–52) and did not 
differ significantly between groups. Most participants were 
of African ethnicity (23/25, 92%), reflecting the hospital 
population; the distribution of ethnicities was comparable 

across groups. Baseline demographic and laboratory antico-
agulation characteristics are presented in Table 1.

Clot formation time

Clot formation times did not differ between the two techni-
cal replicates (p = 0.262); therefore, the mean value per par-
ticipant was used for all subsequent analyses (Table 2). The 
overall mean clot formation time was 10.5 ± 2.6 min. Clot for-
mation time differed significantly across groups (p < 0.001). 
All ex vivo clotting assays yielded evaluable results, and 
complete clot formation was achieved in all samples within 
the predefined observation window. Mean clotting time 
was longer in the oral anticoagulant group compared with 
controls (11.9 ± 2.3 min vs. 8.4 ± 1.2 min, p < 0.001). Simi-
larly, clot formation time was significantly prolonged in 

Table 1  Patient demographics
Characteristic Vitamin K 

antagonist
(Warfarin)

Factor Xa 
inhibitor 
(Rivaroxaban)

Control P 
value

n = 9 n = 6 n = 10
Age, year, median 
[IQR]

50 [44–59] 52 [42–63] 44 
[40–50]

0.298

Sex, n (%)
Female 5 (56%) 2 (33%) 7 (70%) 0.404
Male 4 (44%) 4 (67%) 3 (30%)
Race, n (%)
Black African 9 (100%) 4 (67%) 10 

(100%)
0.050

Other1 0 (0%) 2 (33%) 0 (0%)
INR, median 
[IQR]2

2.8 [2.0-3.2] NA NA NA

Anti Xa, (ng/mL) 
median [IQR]3

NA 201.5 
[164.8-224.8]

NA NA

1Other included 1 White and 1 Coloured.
2For reference, therapeutic INR ranges are typically 2.0–3.0 for 
venous thromboembolism and atrial fibrillation and 2.5–3.5 for 
patients with mechanical valve replacement.
3Expected peak anti–factor Xa levels for rivaroxaban are dose depen-
dent and reported as 189–419 ng/mL for 20 mg.

Table 2  Individual and average time to clot formation
Characteristic Vitamin K 

antagonist
(Warfarin)

Factor Xa inhibi-
tor (Rivaroxaban)

Control P 
value

n = 9 n = 6 n = 10
Clotting time 
1 mean ± SD 
(minutes)

11.1 ± 2.4 13.3 ± 3.3 8.0 ± 1.2 0.001

Clotting time 
2 mean ± SD 
(minutes)

11.6 ± 2.5 12.0 ± 2.0 8.7 ± 1.3 0.004

Average 
Clotting time 
mean ± SD 
(minutes)

11.3 ± 2.3 12.7 ± 2.4 8.4 ± 1.2 0.001
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both the warfarin group (11.3 ± 2.3 min; p < 0.002) and the 
rivaroxaban group (12.7 ± 2.4  min; p < 0.001), compared 
with controls (8.4 ± 1.2 min) (Table 3). Despite this statisti-
cally significant prolongation, consistent whole blood clot 
formation was achieved across all anticoagulated samples, 
indicating preserved feasibility of clot generation under oral 
anticoagulant therapy. No significant difference in clotting 
time was observed between the warfarin and rivaroxaban 
groups (p = 0.297).

Discussion

Patients with chronic persistent wounds frequently present 
with comorbidities that complicate wound management, 
including cardiovascular disease and venous thromboem-
bolism. Some of those conditions are commonly treated 
with long-term oral anticoagulant therapy. Because Acti-
Graft relies on the formation of a blood clot to function as 
a bioactive wound dressing, there is a clear biological ratio-
nale to question whether anticoagulation could impair clot 
generation and limit therapeutic feasibility. This concern is 
particularly relevant given the widespread use of vitamin K 
antagonists and direct oral anticoagulants in populations at 
high risk for chronic wounds [18, 19].

In this ex vivo observational study, we demonstrate that 
whole blood clot formation using the ActiGraft system 
remains feasible in patients receiving oral anticoagulation 
therapy, despite a measurable prolongation in clotting time 
compared with age-matched controls. Although anticoagu-
lated samples exhibited a statistically significant delay in 
clot formation, all samples consistently formed complete, 
stable clots within the predefined observation window of 
8–12 min. This study, nonetheless, was designed to assess 
the feasibility of generating autologous whole blood clots 
under anticoagulated conditions rather than to evaluate clin-
ical efficacy or wound-healing outcomes.

Although significant, the observed difference in clotting 
time between anticoagulated participants and controls was 
modest, approximately 2.5 min. From a practical standpoint, 
this degree of prolongation is unlikely to meaningfully 
affect routine hospital or outpatient wound care workflows, 
which typically involve multi-step processes such as assess-
ment, preparation, treatment, and documentation that extend 
beyond this timeframe. ActiGraft is prepared at the bedside 
and requires an ex vivo coagulation period of approximately 
8 min according to the Instructions for Use, which allows 
for variability in clotting time. In this context, the observed 
delay should be regarded as a manageable procedural con-
sideration rather than a functional limitation of the therapy. 
These findings indicate that ActiGraft preparation remains 
feasible in patients receiving oral anticoagulant therapy, 

although clinicians should be aware of the modest prolon-
gation when planning procedural timing.

The consistent formation of a cohesive clot under anti-
coagulated conditions is biologically plausible. Anticoagu-
lant therapies inhibit thrombin generation and modify fibrin 
clot structure, but they typically slow and weaken, rather 
than abolish, fibrin formation, especially under conditions 
of strong tissue factor-driven activation or exogenous pro-
coagulant supplementation [20–22]. As a result, clot archi-
tecture and stability can still be achieved to produce an 
autologous matrix suitable for therapeutic application. In 
the present study, all clots generated under anticoagulated 
conditions were structurally intact and suitable for applica-
tion as wound dressings, as measured by the clot formation 
time.

No significant differences in clotting time were observed 
between patients receiving warfarin and those receiving 
rivaroxaban, suggesting that the impact on whole blood clot 
formation is comparable across these anticoagulant classes. 
This finding aligns with prior evidence from other clinical 
contexts indicating that autologous clot- or fibrin-based bio-
materials can be generated and applied safely in anticoagu-
lated patients, although such data have largely been derived 
from procedural or surgical settings rather than chronic 
wound care [17, 23]. While clot formation was consistently 
achieved, variability in clotting times across groups was 
observed, and the relatively small sample size limits the 
precision of these estimates.

Study limitations

Several limitations should be acknowledged. Firstly, the 
study was conducted as an exploratory ex vivo study using 
blood from individuals without active chronic wounds and 
therefore does not account for potential interactions among 
anticoagulation, the wound microenvironment, comor-
bidities, and in situ clot integration. Secondly, the modest 

Table 3  Average time to clot formation among anticoagulant groups
Vitamin K 
antagonist
(Warfarin)

Factor Xa inhibitor 
(Rivaroxaban)

P 
value

n = 9 n = 6
Average 
Clotting time 
mean ± SD 
(minutes)

11.3 ± 2.3 12.7 ± 2.4 0.297

Anticoagulant 
group

Control P 
value

n = 15 n = 10
Average 
Clotting time 
mean ± SD 
(minutes)

11.9 ± 2.3 8.4 ± 1.2 0.001
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sample size was underpowered to detect subgroup effects on 
clotting dynamics by anticoagulant dose, level, and clinical 
indication. Thirdly, the median age of the study population 
was 47 [42–52] years, which may limit generalizability to 
older patients. Older patients represent a larger proportion 
of individuals with chronic wounds and are more likely 
to receive anticoagulant therapy. Age-related changes in 
coagulation and wound healing may influence clot forma-
tion dynamics and should be considered in future stud-
ies. Lastly, participants were not assessed for anemia or 
thrombocytopenia.

Conclusion

In summary, the prolonged clot formation time caused by 
oral anticoagulation with warfarin or rivaroxaban was not 
clinically significant as it did not impede the formation of 
complete, usable autologous whole blood clots with the 
ActiGraft system within the predefined observation win-
dow. Therefore, anticoagulation status should not preclude 
patients from receiving ActiGraft. Future, adequately pow-
ered studies are necessary to evaluate the ActiGraft sys-
tem in real-world clinical populations. Specifically, studies 
should include patients with chronic wounds, a range of 
common comorbidities, and those receiving diverse classes 
of anticoagulant therapy. Moreover, larger studies should 
aim to assess not only clot formation dynamics but also 
clinical endpoints in order to clarify the broader clinical 
utility of ActiGraft in populations at high risk for impaired 
wound healing.
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