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Abstract

\

Introduction: Delayed wound healing can be attributed to the patient’s comorbidities, having a negative effect on the
body’s normal wound healing process. While the normal healing process goes through four phases, the chronic wound is
not progressing from the inflammatory phase, with constant destruction of the extracellular matrix (ECM), not allowing a
scaffold to cover the wound and protect it from bacteria bioburden.

ActiGraft is an autologous whole blood clot (AWBC) therapy, created from the patient’s peripheral blood in an outpatient
setting. The AWBC contains all the factors required for efficient wound repair and has been shown to reduce wound size,
and expedite wound closure. The AWBC protects the wound from infection, provides a temporary ECM, and modulates the
immune response.

Objectives: In this case series, we show the efficacy of ActiGraft in treating complicated chronic wounds associated with
various comorbidities.

Materials and Methods: 4 patients with multiple comorbidities signed an informed consent. 15 mL of blood was drawn
and was activated ex vivo to create a whole blood clot. The clot was attached to the wound bed using steri-strips and was
covered with a non-adherent pad and a secondary dressing foam. Re-application was conducted weekly.

Results: ActiGraft treatment was applied on chronic wounds with a background of severe comorbidities having a major ef-
fect on the wound healing process: deep vein thrombosis post-cancer-related surgical wound, peripheral arterial disease,
and Charcot foot. ActiGraft treatment resulted in a reduction in wound size and wound progression in a timely manner.
Discussion: ActiGraft treatment was found to initiate and enhance the delayed healing process of complex and chronic
wounds in patients suffering from comorbidities. ActiGraft creates a protective scaffold, restoring the homeostasis in the

surrounding area of the wound, resulting in the initiation of the wound healing cascade in stagnant wounds.

/

Introduction

Chronic, non-healing wounds are defined as wounds that have
not progressed through the normal healing process and are
open for over a month, affecting over 2% of the worldwide
population [1,2], with prevalence increasing with age [3,4].
Data from 2014 calculated that Medicare expenditure for all
wounds ranges from $28.1 to $96.8 billion, including costs for
infection management [5]. The EU financial burden was esti-
mated at €4-6 billion in 2009 [6]. Millions of people in the US
and Europe are affected by chronic wounds each year, such as
diabetic foot ulcers, venous leg ulcers, arterial insufficiency,
and pressure ulcers. Among these, surgical wounds and dia-
betic ulcers are the most expensive to treat [5,7]. Most chronic
wounds are associated with comorbidities, including diabetes,
venous insufficiency, peripheral arterial disease, cardiopulmo-

nary and oxygen transport conditions, immune deficiencies,
and dementia [4].

Comorbidities can delay wound healing by complicating and
delaying diagnosis and negatively affecting the body’s normal
wound-healing process. The most prevalent example is dia-
betes mellitus, presenting in 10.5% and 8.5% of the US and
Europe populations respectively [8,9] and over 422 million
individuals worldwide [10]. It is estimated that 19-34% of dia-
betes patients will develop foot ulcers as a result of untreated
wounds, 20% of which lead to lower extremity amputations
[11].

The complex wound healing process involves hemostasis, in-
flammation, growth, re-epithelialization, and remodeling [12],
as well as regeneration of the damaged extracellular matrix
(ECM). The ECM provides structural support for skin regen-
eration and modulates cell adhesion, proliferation, migration,
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and survival [13,14]. A crucial step in wound healing is the
formation of a scaffold, which is later replaced by a scar, as
well as the biochemical and mechanical signals required for
the subsequent steps of wound healing, e.g., cell recruitment
and angiogenesis [15]. Hyperglycemia, as seen in diabetes pa-
tients, disrupts the normal wound healing process by modi-
fying ECM elasticity, thereby altering normal cell-ECM inter-
actions and signaling [16,17]. The ensuing compromised cell
migration, proliferation, and contraction induce a prolonged
inflammatory phase, delayed healing process, and compro-
mised neurovascular function, resulting in chronic wounds,
such as diabetic foot ulcers [18].

Autologous therapies may be ideal for accelerating wound
closure in hard-to-heal wounds. Examples of such treatments
include myocutaneous flap closure in diabetic foot ulcers and
split-thickness graft closure. Using autologous tissue acceler-
ates healing while avoiding patient rejection, which can occur
in xenografts, allografts, and synthetic grafts[19,20]. Further-
more, the autologous platelet-rich plasma (PRP) is used as an
adjuvant to grafts and promotes wound healing by providing a
scaffold and growth factors [21,22]. However, those therapies
require surgical expertise or special equipment and must be
performed in a hospital setting or a medical clinic.

ActiGraft (RedDress Ltd., Pardes-Hanna, Israel), an autologous
whole blood clot (AWBC) therapy, is a bedside treatment cre-
ated from the patient’s peripheral blood without the need for
special equipment or specific medical expertise. Patient blood
is activated with coagulation agents to accelerate clot forma-
tion and applied into the wound to provide a fibrin scaffold
that promotes wound re-epithelialization [23]. This technol-
ogy has proven safe and effective in treating hard-to-heal cu-
taneous wounds [24-29].

The blood clot created contains all the factors required for effi-
cient wound repair and has been shown to reduce wound size,
increase angiogenesis, and expedite wound closure [24-26].
In addition, AWBC protects the wound from infection, pro-
vides a temporary ECM, and modulates the immune response.

The normal wound healing process comprises three main
overlapping phases, inflammation, proliferation, and remod-
eling. The inflammatory stage is required for controlling bleed-
ing, preventing infection, removing apoptotic cells, support-
ing cell proliferation, and tissue regeneration [30,31]. In acute
wounds, macrophages play a crucial role in the wound healing
process when in the initial phases of inflammation, the mac-
rophages are in a pro-inflammatory, M1, phase and transition
to the pro-healing M2 phenotype, allowing the proliferative
phase to take place [30,32,33]. However, if this transition is
inefficient, there will be elevated pro-inflammatory signal-
ing, resulting in delayed healing [34]. A proposed mechanism
of action of AWBC therapy is directly providing an environ-
ment that promotes this M1 to M2 macrophage switch [35].
This AWBC product provides a functional ECM, protects the
wound, and facilitates the healing process. In this case se-
ries, we show the efficacy of ActiGraft in treating complicated
chronic wounds associated with various comorbidities.

Materials and Methods

Patients

Patients with multiple comorbidities, who failed several previ-
ous treatments, and exhibiting complex wounds with exposed
bone or tendon, signed the informed consent agreeing to use
their medical history data, demographics, and wound charac-
teristics, including wound images.

Procedure

Prior to ActiGraft application, all wounds underwent complete
debridement of the wound tissue, bacterial balance, and
moisture balance. To clear necrotic tissue, debridement was
performed using surgical enzymatic, autolytic, or mechanical
methods. For the ActiGraft blood clot formation, 15 mL ve-
nous blood was drawn into sterile Acid Citrate Dextrose ade-
nine (ACDA) vacuum tubes and activated ex vivo using calcium
gluconate and kaolin. Following the procedure, the blood was

Figure 1: Case study 1: 50-year-old female with a past medical history of deep vein thrombosis and lymphedema

(A) Prior to the application of ActiGraft, the right heel ulcer measured approximately 2.2 cm2 consisted of a granular wound bed
with islands of fibrotic tissue, peri-wound maceration, undermining, epibole formation, and skin induration. (B) Two weeks after Ac-
tiGraft application, the ulcer was reduced to approximately 1.3 cm2. An increase in granulation tissue and a decrease in maceration
was noted. Evidence of re-epithelialization and further coalescence of wound edges was present. (C) At this time, it was determined
that continued standard of care treatment was sufficient for complete wound healing.
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allowed to clot for 5-8 min, with up to 15 min in patients that
are taking anticoagulant drugs. Once a clot was formed it was
removed gently from the coagulation mold and attached to the
wound bed using steri-strips. A non-adherent pad was placed
over the clot and covered with a secondary dressing. ActiGraft
was applied weekly at a point of care. Dressing changes were
performed weekly as needed.

Case study 1:

A 50-year-old female with a past medical history of deep vein
thrombosis (DVT) and lymphedema presented with a chronic
non-healing ulcer in the posterior aspect of the right heel. The
patient had undergone different standard-of-care treatment
options ranging from compression, mechanical debridement,
previous bi-layer skin graft application, and frequent dressing
changes. However, these treatments failed to progress the
wound toward healing.

Prior to ActiGraft application, the 2.2 cm2 right heel ulcer
consisted of a granular wound bed with islands of fibrotic tis-
sue, peri-wound maceration, and skin induration (Figure 1A).
Undermining and epibole presence was noted. ActiGraft was
applied once and kept intact for two weeks. increased coales-
cence of wound edges (Figure 1B). At this time, it was deter-
mined that continued standard of care treatment was suffi-
cient for complete wound healing. (Figure 1C)

Case study 2:
An 85 year—old female with a past medical history of breast

cancer to the left breast presented with a non-healing wound
following surgical intervention that had been present for ap-
proximately 18 months. Biopsies did not detect any additional
cancerous cells, and the affected area was treated with lo-
cal wound care. Prior to the first application of ActiGraft, the
wound bed appeared to be fibrogranular (mostly fibrotic tis-
sue) with small islands of necrosis. Irregularity of the wound
edges was noted, alongside maceration and epibole forma-
tion. Mild peri-wound erythema was present. The wound
measured approximately 29.5 cm2 (Figure 2A). ActiGraft was
applied to the wound bed weekly to promote wound healing.
After the first application, there was a notable improvement to
the wound bed that appeared fibrogranular with an increase
in granular tissue. Furthermore, there was a decrease in mac-
eration and erythema in the peri-wound area (Figure 2B).
With the continual weekly application of ActiGraft, increased
granulation was noted, indicating improved wound healing.
Re-epithielialization was also seen, and the wound showed
increased healthy soft tissue and skin (Figure 2C-D). Following
the last application of the autologous blood clot, the wound
size had significantly reduced from 29.5 cm2 to 4.2 cm2, and
continued granulation of the wound site was observed. The
affected area exhibited signs of scarring, consistent with re-
duced skin integrity due to antineoplastic treatment agents.
The complete eradication of necrotic tissue following treat-
ment indicated the completion of the wound healing phases
(Figure 2E).

Figure 2: Case study 2: 85 year—old female with a past medical history of breast cancer presented with a non-healing wound fol-

lowing surgical intervention that had been present for 18 months.

(A) Prior to the first application of ActiGraft, the wound bed appeared to fibrogranular (mostly fibrotic tissue) with small islands
of necrosis. Irreqgularity of the wound edges, alongside maceration and epibole formation was observed, as was mild peri-wound
erythema. The wound measured approximately 29.5 cm2. (B) After the first application, there was a notable improvement to the
wound bed, which was fibrogranular with an increase in granular tissue. There was a decrease in maceration and erythema of
the peri-wound area. (C-D) Continued weekly application of ActiGraft resulted in increased granulation and re-epithelialization of
the wound bed, exhibiting healthy soft tissue and skin. (E) Following the final ActiGraft application, wound size had significantly
reduced from 29.5 cm2 to 4.2 cm2. Continuous granulation and re-epithelialization were noted, as were the eradication of necrotic

tissue and scarring.
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Figure 3: Case study 3: 76-year-old male with a past medical history of peripheral arterial disease and gangrenous ulcer.

(A) Chronic gangrenous ulcer measuring approximately 15 cm2 with a fibronecrotic wound bed and ischemic changes noted to the
5th digit. Cellulitis changes were noted to the foot and undermining and tunneling of the ulcerative site. (B) Application of ActiGraft
onto the ulcerative site. (C) Following one week, there was Improvement of the ulcerative site with a reduction of wound bed size
to approximately 5 x 2 cm. There was a decreased fibronecrotic wound bed with increased granulation to the ulcerative site and re-
epithelialization of the peri-wound area/edges. There was no tunneling and a reduction in undermining. (D) Following the second
treatment, there was continued healing of the ulcerative site, which measured approximately 4 x 1.7 cm. Reduced undermining
noted with continued re-epithelialization of the surrounding wound edges was observed. (E) During follow-up, there was increased
re-epithelialization of the peri-wound area with continuous granulation of the wound site. The ulcerative site measured approxi-

mately 2.9x 1.1 cm.

Case study 3

A 76-year-old male with a past medical history of peripheral
arterial disease (PAD) presented with a necrotic ulcer to the
lateral aspect of the 5th digit following a previous gangrenous
ulcer and secondary to metatarsal head resection of the 5th
digit. Due to the prior PAD diagnosis, the patient required
revascularization but refused vascular treatment. Limited
vascular perfusion to the ulcerative site relieved the chronic
nature of the ulcer. Prior to the first application of ActiGraft,
the wound appeared chronic with gangrenous and ischemic
changes. The ulcerative site measured approximately 15 cm?2
with a fibronecrotic wound bed (Figure 3A). Cellulitic changes
were noted to the foot with noted undermining and tunnel-
ing. The patient underwent two applications of the autologous
blood clot applied a week apart (Figure 3B). Following the first
application, there was an improvement in the ulcerative site,
and the wound bed was reduced to approximately 5 x 2 cm
(Figure 3C). Furthermore, there was a decrease in the fibrone-
crotic wound bed with increased granulation to the ulcerative
site and re-epithelialization of the peri-wound area/edges.
Following the second application, there was sustained healing
of the ulcerative site with a reduction in size to approximately
4 x 1.7 cm, reduced undermining, and continued re-epithelial-
ization of the surrounding wound edges (Figure 3D). Follow-up

visits showed increased re-epithelialization of the peri-wound
area with continuous granulation of the wound site. The ul-
cerative site measured approximately 2.9 x 1.1 cm (Figure 3E).

Case study 4

A 40-year-old female with a past medical history of meningo-
cele (previous procedure for correction) and Charcot neuroar-
thropathy presented to the clinic following the development
of an ulcer to the lateral aspect of the right foot. Offloading via
a Charcot Restraint Orthotic Walker (CROW) boot was used,
and the patient underwent a reconstructive pedal surgery to
treat osseous and joint destruction and prevent further break-
down of the soft tissue and the spread of infection. Although
various wound care modalities (i.e., multiple debridements,
Medical-honey, collagen, hyaluronic acid, Negative Pressure
Wound Therapy (NPWT), and PRF (platelet-rich fibrin)) were
tried, granulation and re-epithelialization of the wound bed
were not achieved. Prior to the first application of ActiGraft,
the ulcer measured approximately 2.8 cm2 and exhibited a
fibrogranular wound bed (Figure 4A). A large peri-wound hy-
perkeratotic rim with necrotic areas was also present, as were
undermining and an epibole in the ulcerative lesion. Prior to
ActiGraft treatment, the wound was thoroughly debrided to
ensure a clean wound bed. Two weeks after ActiGraft appli-
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Figure 4: Case study 4: 40-year-old female with a past medical history of meningocele and Charcot neuroarthropathy

(A) Ulcer measured approximately 2.8 cm2 exhibiting a fibrogranular wound bed, limited to the subcutaneous layer. A large peri-
wound hyperkeratotic rim with necrotic areas was present. Undermining and epibole were noted in the ulcerative lesion. (B) One
week after the first treatment, there was a decrease in fibrotic tissue to the wound bed and in peri-wound hyperkeratotic rim
necrosis. Initiation of granulation of the wound bed causing contraction of the wound edges and reduction of the epibole was
observed. (C) After the second treatment, there was significant granulation and re-epithelialization of the wound bed, with the
ulcer measuring approximately 1 cm2. There was the complete eradication of the epibole and continued decrease of necrosis to
the hyperkeratotic rim. (D) After the tenth treatment and a two-month pause of treatment, there was a decrease in the peri-wound
hyperkeratotic rim and an increase in wound size from approximately 1 cm2 to approximately 3 cm2. The ulcer consisted of a granu-
lar wound bed with no undermining or epibole present. (E) After the 14th application, complete wound healing and coalescence
of wound edges were clinically observed. Adequate re-epithelialization of the wound bed was noted with minimal hyperkeratotic

wound edges.

cation, there was a decrease in fibrotic tissue and necrosis,
noted in the peri-wound hyperkeratotic rim, and initiation
of granulation of the wound bed, causing contraction of the
wound edges (Figure 4B). The ulcer was treated weekly with
ActiGraft and exhibited a decrease in wound size, granulation
of the soft tissue deficit, and a reduction of necrotic tissue.
On week 10, there was significant granulation and re-epi-
thelialization of the wound bed, and the ulcer measured ap-
proximately 1 cm2. A continued decrease of necrosis in the
hyperkeratotic rim was observed (Figure 4C). Following the
tenth application, the treatment was paused for two months
due to the patient’s travels, which resulted in an increase in
wound size; however, the decrease in the peri-wound hyper-
keratotic rim continued throughout this time (Figure 4D). The
ulcer consisted of a granular wound bed with no undermining.
An additional four applications were performed, for a total of
14 applications. During the final treatment, complete wound
healing and coalescence of wound edges were clinically ob-
served (Figure 4E). Adequate re-epithelialization of the wound
bed was present with minimal hyperkeratotic wound edges.

Discussion

Chronic wounds, in which the wound remains open for over

a month, are a significant cause of patient suffering, affecting
millions annually. In addition, a large percentage of chronic
wounds appear in patients suffering from comorbidities [4],
which disrupts the normal wound healing process, causing a
considerable burden on the health system.

In this case series, we present ActiGraft treatment regimen of
complex open wounds in patients suffering from severe co-
morbidities, which are known to have a negative impact on
the natural wound healing cascade, directly affecting the pa-
tient's ability to achieve wound healing, even following pro-
longed SOC treatment.

Venous leg ulcer

Venous leg ulcer (VLU) is attributed to venous hypertension,
which induces structural changes to the vascular walls, in-
creasing permeability [36]. In addition, a local heightened pro-
inflammatory activation slows the body’s wound-healing re-
sponse [37]. As a result, only 60% of wounds heal by 12 weeks,
and 75% recur within 3 weeks [38].

Cancer-related ulceration

Ulcers can occur in cancer patients due to either fungating
tumors, in which malignant cells infiltrate the skin and cause
it to break down [39], or following radiotherapy treatment.
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Radiotherapy damages healthy cells in addition to cancerous
ones. Therefore, there are significant side effects, including
compromised wound healing due to skin atrophy, soft tissue
fibrosis, and microvascular damage [40]. These radiation-in-
duced structural changes are likely a result of a perturbation
of several cellular functions required for wound healing, such
as proliferation, inflammation, and remodeling [41]. Further-
more, non-healing radiation ulcers may form as a result of a
combination of radiation-induced DNA mutations, microvas-
cular damage, and fibrosis [40].

Gangrene

Gangrene is the death of body tissue due to a lack of blood
flow (dry gangrene) or a severe bacterial infection (wet gan-
grene). Treatment involves removing dead tissue, treating
and preventing the spread of infection, and diagnosing and
treating the underlying condition that caused the gangrene.
Tissue removal forms an open wound, whose closure may be
compromised due to decreased vascularization of the affected
area [42].

Charcot arthropathy

Charcot arthropathy (CN) is a chronic destructive disease of
the bone structure and joints in patients with neuropathy, of-
ten associated with diabetes mellitus [43]. Up to 35% of indi-
viduals diagnosed with diabetes and neuropathy suffer from
CN [44]. These structural deformities can lead to the forma-
tion of pedal ulcers, which require amputations in 15-25% of
diabetic patients suffering from peripheral neuropathy and
are associated with a significant increase in mortality com-
pared to patients without ulcers [45].

During wound healing, binding to the ECM stimulates macro-
phages to transition from the pro-inflammatory M1 pheno-
type to the anti-inflammatory M2 phenotype [30,32,33]. This
attachment and differentiation upregulate platelet-derived
growth factor (PDGF) secretion, inducing the wound healing’s
proliferative phase. Growth factors regulate the ECM by stim-
ulating cells to increase the production of ECM components,
thereby creating a stronger scaffold for the adhesion and regu-
lation of chemokines and mediators [46,47]. The ECM, growth
factors, and newly attracted chemokines and mediators pro-
vide granulation and angiogenesis to achieve tissue regenera-
tion and wound closure [48]. However, in chronic wounds,
macrophages remain in their M1 phase, and the wound heal-
ing process remains stalled in the inflammatory phase [34].
An efficient treatment that would arrest the inflammatory
stage has great potential in treating complex chronic wounds.
AWBC therapy promotes wound closure by providing a tem-
porary ECM scaffold and recruiting the growth factors and
other components required for healing [14]. Furthermore,
AWBC therapy has been proposed to contain and attract many
growth factors required for wound healing, including PDGF, fi-
broblast growth factor (FGF), epidermal growth factor (EGF),
vascular endothelial growth factor (VEGF), insulin-like growth
factor (IGF), and transforming growth factor (TGF) [19].
ActiGraft treatment was found to initiate the wound healing
cascade and restore the conditions allowing the wound to
progress toward healing. ActiGraft creates a supportive sur-

rounding in the wound area and is suggested to attract growth
factors and cytokines crucial to the healing process. ActiGraft
also creates a mechanical barrier, reducing the risk of infection
and bacteria bioburden.

Conclusion

In this case study, we show that ActiGraft enhances the heal-
ing of complex and chronic wounds in patients suffering from
comorbidities in an efficient and timely manner. ActiGraft acts
as an ECM protective scaffold, promoting the healing process
by inducing the transition from the inflammatory to the prolif-
erative phase. The major advantage of using AWBC therapy is
the administration of a blood clot that includes all the neces-
sary components for an efficient wound healing process while
protecting the wound from infection. Furthermore, ActiGraft
can be applied as an outpatient procedure, further reducing
hospital costs and providing safe and effective wound healing
treatment.
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