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Introduction: Blood has become a major source for wound care products due to its primary

role in wound healing. The blood clot provides a fibrin scaffold that serves as a protective,

provisional extracellular matrix. The clot dries out and becomes a protective scab, under

which a moist wound environment can be maintained. In this study, the safety of an

autologous whole blood clot product was evaluated in porcine models.

Methods: A total of 24 full thickness dermal wounds were analyzed (6 wounds on each of

the 4 porcine models). Eighteen wounds received the whole blood clot product and 6 were

treated with saline soaked gauze for 18 days. Reapplications occurred on days 6 and 12.

Histological evaluations were carried out to detect the presence of kaolin. Percentage area

reduction and adverse events related to the whole blood clot product were assessed.

Results: Microscopic evaluation revealed that the whole blood clot product was associated

with partial to complete wound reepithelialization, whereas minimal reepithelialization was

present with the control. The mean reepithelialization score for the control wounds was 1.0,

or 2.3 times less than the mean score for the intervention group. By day 18, the mean

reduction in wound area was 41% (SD: 3.8) for the control wounds versus 66% (SD: 6.4) for

the wounds treated with the whole blood clot product (P<0.0001).
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Introduction
Blood-derived products, such as platelets-rich fibrin, platelets-rich plasma, fibrin glue,

macrophage, and various growth factors, have gained widespread use. The blood clot

provides a fibrin scaffold that serves as a protective, provisional extracellular matrix

(ECM). It harbors cytokines and growth factors released by the degranulation of

activated platelets.1–4 The clot dries out and becomes a protective scab, under which

a moist wound environment can be maintained, and tissue remodeling takes place.3,5

Researchers have developed an autologous whole blood clot product that is created

at bedside. Unlike blood-based products, the whole blood clot does not undergo

manipulation, separation, or augmentation, however, it is similar to a natural whole

blood clot. Blood is mixed with kaolin to accelerate the clot formation. RD1 (RedDress

Ltd., Pardes-Hanna, Israel) is a provisional whole blood product that provides

a functional ECM, which protects the wound and facilitates the healing process.

A recent pilot study demonstrated that the product was safe and efficacious in 7 patients

with 9 chronic wounds.6
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Preclinical safety testing of the whole blood clot kit

was conducted in response to US Food and Drug

Administration (FDA) concerns following reports that

kaolin may be toxic to endothelial cells in vitro, have

proinflammatory and fibrogenic properties when adminis-

tered via subcutaneous injection or via intraperitoneal

routes, and in topical or granular form may enter blood-

stream and result in complications.7–12 This study evalu-

ated the safety of the continuous application of the whole

blood clot product containing specific kaolin particles on

full-thickness dermal wounds in a porcine model for up to

18 days. The secondary objective was to measure the

wound healing response, based on reepithelialization and

the percentage area reduction (PAR).

Methods and materials
This study was conducted at NAMSA Laboratories

(Northwood, OH, USA) from May 30, 2013 through

August 19, 2013 and sponsored by RedDress Ltd. The

NAMSA Northwood Division Institutional Animal Care

and Use Committee (IACUC) approved the study protocol,

which was conducted in accordance with the FDA Good

Laboratory Practice Regulations, 21 CFR 58. Animal man-

agement and care conformed to NAMSA Standard

Operating Procedures, which are based on the Guide for

the Care and Use of Laboratory Animals.13

Prior to the study, the ability to detect the presence or

absence of kaolin particles in tissue, by microscopic ana-

lysis, was validated. The validation included transplant of

kaolin particles in a rabbit muscle for 2 weeks and there-

after validating the microscopic identification of the parti-

cles in the tissue.

The study sample included 4 healthy, previously

unused, nonpregnant, and nulliparous female Yucatan

Miniature swine (Sus scrofa domesticus) aged 7–8 months,

weighing 35–40 kg. Six full thickness dermal wounds

were created on the back of each pig (24 total wounds).

Three pigs were allocated to the whole blood clot product

intervention group (Nos. 5188, 5276, and 5266; n=18

wounds); 1 was the control (No. 5265; n=6 wounds).

Study materials
The sponsor provided the whole blood clot product kit,

which included a CPDA-1 blood bag (Terumo

Corporation, Somerset, NJ, USA), 10 mL of calcium glu-

conate 10% (APP Pharmaceuticals, LLP, Schaumburg, IL,

USA), 35 mg sterile kaolin power (Charles B. Crystal Co.,

Inc., Mamaroneck, NY, USA), and a sterile, plastic

clotting tray. The sponsor also provided 2.5 mL, 10 mL,

and 20 mL syringes for the whole blood clot product

preparation and 3363 nonwoven sponge gauze. NAMSA

provided gauze moistened with saline to serve as the

control. For both study groups, NAMSA provided

Telfa™ Nonadherent Pad Prepack (Cardinal Health,

Marlborough, MA, USA) as primary backing, gauze as

secondary backing, and Tegaderm™ (3M, St. Paul, MN,

USA) to hold the backings in place.

Pretreatment procedures
A day before wounds were created, each pig was weighed,

and food was withheld overnight. After general anesthesia

was administered by injection, an endotracheal tube was

emplaced, and the pig was attached to an anesthesia

machine. The pig was maintained on isoflurane inhalant

anesthetic, a ventilator, and a heat source during blood

collection and wound procedure. An intravenous catheter

was placed in a peripheral vein of the ear for vascular

access and fluid administration, as needed. The hair on the

dorsal-lateral back area was clipped with an electric clip-

per and depilated with Veet® (Reckitt Venckiser Group,

Slough, UK), a commercial hair remover. The clipped area

was scrubbed with nonantiseptic soap, wiped with alcohol

3 times, and left to dry.

To collect blood, the dorsal and ventral neck areas were

first shaved, scrubbed with povidone soap and 70% iso-

propyl alcohol, sprayed with povidone solution, and

draped. An incision was made near the dorsal midline of

the neck and on the left side of the neck over the jugular

vein. A tunneling trocar was inserted into the dorsal inci-

sion to the jugular cut-down incision site. The trocar was

removed, and a catheter placed in the jugular vein, using

a standard catheter over guidewire insertion procedure.

A triple antibiotic ointment was applied to the site to

prevent infection. The catheter lumen was flushed and

locked with 100 U/mL heparinized saline or a similar

solution.

Approximately 2–3 mL of blood was collected and

disposed of to ensure that all heparinized saline had been

removed. Approximately, 8 mL of blood was collected for

the coagulation profile, clinical chemistry analysis, and

complete blood cell count. Plasma samples were stored

frozen and shipped on dry ice; blood samples were refri-

gerated and shipped on ice. All blood samples were

shipped via next day delivery to Antech Diagnostics

GLP (Morrisville, NC, USA), where the hematology and

clinical chemistry tests were conducted.
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Wound procedure
Wounds were created under general anesthesia on day 0.

A scalpel was used to make circular, full-thickness

wounds, approximately 4 cm in diameter and 8–10 mm

deep, on 3 sites of the left and right side of each back. The

wound sites were spaced apart, with 1 cm of skin sur-

rounding each wound. A sterile, nontoxic surgical marker

and a template marked wound size and placement. Sterile

gauze and digital pressure achieved hemostasis. Cautery

prevented any bleeding into the wound. A veterinarian

measured the diameter of each wound in 2 directions:

cranial-caudal (CC) diameter and dorsal-ventral diameter

(DV). The mean wound diameter (mm) was calculated as:

(CC + DV)/2. Each wound was digitally photographed

with a ruler.

Preparation and application of the whole

blood clot product
The calcium gluconate + kaolin suspension was created by

mixing 6 mL of calcium gluconate with kaolin powder. The

mixture was shaken to create a uniform suspension.

A 20 mL blood collection syringe (containing CPDA-1)

was used to collect approximately 10 mL of blood from

the catheter in the jugular vein. CPDA-1 was mixed with

blood immediately after the blood was drawn, without

affecting the clotting process. Approximately 2 mL of the

calcium gluconate + kaolin suspension was injected into the

blood collection syringe. Air was drawn from the blood

collection syringe, which was tilted 3–4 times to mix the

contents. The needle was removed from the syringe, and

approximately 12 mL of the blood was injected into the

upper hole of the clotting tray using moderate pressure.

After 10 mins in the blood clotting tray, the suspension

coagulated completely and formed a blood clot. Once the

wound bed was relatively dry, the whole blood clot product

was placed over the wound with the embedded pad facing

upward and shaped, as necessary, by cutting it with sterile

scissors. The clot was made large enough to cover the entire

4 cm–diameter wound and at least 0.5 cm of surrounding

skin around the wound edges. The clot was primarily backed

with nonwoven sponge gauze and secondarily backed with

gauze; all were held in place by Tegaderm™. The trunk was

covered with roll bandages and stockinette to further secure

the clot. The product was applied 6 times per pig in the

intervention group, or 1 application per wound.

For the control pig, 60 mL of blood was collected and

discarded. For each wound, gauze soaked with approximately

5 mL of saline was backed primarily with a nonadherent pad

prepack and secondarily with gauze. Tegaderm™ held the

saline-soaked gauze and backing in place. The trunk was

covered with roll bandages and stockinette to secure the

dressings.

Postoperative procedures
Feeding was resumed after anesthesia recovery, and

a second dose of 0.05 mg/kg of buprenorphine was adminis-

tered. Their general health was observed daily. The dressings

were observed daily and adjusted, as necessary. Body

weights were recorded within 24 hrs of wounding, on day

6, on day 12 (Nos. 5276 and 5266 were weighed on day 13),

and at termination. Approximately 24 hrs after treatment

application, a veterinarian determined if an anesthetic was

needed; the anesthesia procedures, monitoring, and feeding

schedules were followed, as previously described.

For each pig, a catheter collected approximately 4–8 mL

of blood on day 1, as per the blood collection procedure

previously described. Blood samples were also collected for

hematology and clotting profiles prior to each treatment

application on days 6 and 12, approximately 24 hrs post-

treatment on days 7 and 13, and at termination. Blood was

also collected for clinical chemistry analysis at termination.

Reapplication procedure
Treatment was reapplied on days 6 and 12 for both groups. On

days 5 and 11, foodwas withheld overnight. Prior to reapplica-

tion, the wounds were debrided gently with sterile saline. Each

wound was gently dried with a gauze pad and then assessed

and photographedwith a ruler by a veterinarian.Wound assess-

ment involvedmeasuring of the wound diameter and checking

for the presence of erythema, edema, exudate, slough/necrotic

tissue, granulation tissue, reepithelialization, and the condition

of the skin surrounding the wound edge. Each wound charac-

teristic was graded on a scale of 0 through 4, with 0 represent-

ing “not present” and 4 representing “marked”.

Termination
Food was removed at the end of day 17. General anesthesia

was induced on day 18. The wound dressings were removed

for wound assessment. A catheter collected approximately

4–8 mL of blood. The pigs were then euthanized.

Each wound was excised, along with approximately

1 cm of skin surrounding its margin (Figure 1), and labeled

with the pig number and wound location, fixed flat in 100%

neutral buffered formalin, and trimmed for histological ana-

lysis. Wound sections were embedded in paraffin, sectioned,
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and stained in hematoxylin and eosin for histological eva-

luation. A blinded pathologist conducted microscopic eva-

luation of the specimens to detect presence of kaolin

particles and measure the healing response, based on local

reaction healing characteristics, including the presence of

reepithelialization (Table 1). NAMSA technical personnel

blinded the slides containing the specimens until the pathol-

ogist completed the microscopic evaluation. The pathologist

was then unblinded to take images of the microscopic find-

ings and complete a pathology report.

Statistical analysis and additional

assessment
The values for the hematology, coagulation profile, and

clinical chemistry tests were evaluated. A mean and SD

were calculated for the intervention group. The mean

reduction in wound area was calculated using the formula:

PAR = [diameter (day 0) – diameter (each interval)*100)]/

diameter (day 0). The PAR between groups was analyzed

using a t test with full Bonferroni correction.

Results
All 4 pigs tolerated the wound procedure, although No. 5265

experienced bradycardia during recovery and was success-

fully treated with 0.09 mL of atropine (Fresenius Kabi, Lake

Zurich, Illinois) intravenously. Two pigs had no heat source

during anesthesia during the wound procedure, and none

was on a heat source during the blood collection at termina-

tion. No signs of distress were observed, and outcomes were

not affected. No kaolin particles were detected in any of the

microscopic evaluation.

The 24 wounds ranged in diameter from 36.5 to 41.0 mm

(Table 2). Each wound was approximately 8–10 mm deep.

The mean diameter of the control wounds was 38.1 mm,

while the intervention group had a mean wound diameter of

38.9 mm. All pigs maintained a healthy body weight during

the study, with some weight loss observed following wound

procedure during the first week of the study (Table 3). All

pigs tolerated the reapplication procedures.

Clinical observations are summarized in Table 3. In the

intervention group, No. 5188 had bilateral ocular discharge

beginning on day 7. Topical ophthalmic medications were

provided. Dried blood and eschar were also found along

the right side of the jaw. These adverse findings did not

appear to be related to the whole blood clot product, and

all other pigs appeared normal. No other adverse events

occurred.

After 18 days of treatment, there were no clinical

pathological changes that were considered related to either

intervention or control. All values were within a normal

range in both groups, with the exception of an elevated

white blood cell (WBC) count after the wound procedure.

Before treatment, the WBC count for the control

(5.85×103/mL) was slightly lower than the mean WBC

count for the intervention group (8.66×103/mL; SD: 0.24;

range 8.44–8.91×103/mL) (Table 5). On day 1, the WBC

count increased to 14.55×103/mL for the control, and

a mean of 16.88×103/mL (SD: 1.99; range: 14.50–17.98)

was reported for the intervention group. The WBC count

A
2 cm

6 cm

Surrounding skin

4 cm circular
wound

B
2 cm

C
2 cm

2 1

Figure 1 Schematic diagram of wound excision.
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fluctuated but remained consistently higher than the base-

line value for the study duration. All pigs appeared macro-

scopically normal at termination. There was no difference

in organ weights between the 2 groups that were consid-

ered to be product related.

Microscopic evaluation revealed that the whole blood clot

product was associated with partial-to-complete wound ree-

pithelialization (Figure 2), whereasminimal reepithelialization

was present with the control (Figure 3). Granulation tissue

formation and inflammatory cell responses were similar in

Table 1 Wound histopathology grading scale

Finding(s) Score Description

Depressed surface 0 None

1 Minimal

2 Mild

3 Moderate

4 Marked

Sero-cellular crusts NP Not present (NP)

P Exudate on surface of wound or on surface of epithelium (P)

Epidermal hyperplasia 0 None

1 Minimal

2 Mild

3 Moderate

4 Marked

Reepithelialization 0 None

1 Minimal: ≤1/3 of wound surface covered by epithelium

2 Partial: >1/3 but ≤2/3 of wound surface covered by epithelium

3 Extensive: >2/3 of wound surface mostly covered by epithelium

4 Complete: all wound surface covered by epithelium

Granulation tissue 0 Wound unhealed, devoid of granulation tissue

1 Wound filled with only immature tissue

2 Wound filled by immature and mature collagen

3 Wound mostly filled by mature collagen with some immature tissue

4 Wound completely filled by mature collagen

Necrotic tissue 0 None

1 Minimal

2 Mild

3 Moderate

4 Marked

Inflammatory cell response

Foreign debrisa 0 None

1 Minimal

2 Mild

3 Moderate

4 Marked

Hemorrhage 0 None

1 Minimal

2 Mild

3 Moderate

4 Marked

Notes: aParticles of unknown composition, fragments or hair shafts, or gauze fibers.

Dovepress Serena et al

Chronic Wound Care Management and Research 2019:6 submit your manuscript | www.dovepress.com

DovePress
43

 
C

hr
on

ic
 W

ou
nd

 C
ar

e 
M

an
ag

em
en

t a
nd

 R
es

ea
rc

h 
do

w
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/ b
y 

68
.2

.1
92

.1
02

 o
n 

27
-J

un
-2

02
0

F
or

 p
er

so
na

l u
se

 o
nl

y.

Powered by TCPDF (www.tcpdf.org)

                               1 / 1

http://www.dovepress.com
http://www.dovepress.com


both groups. Birefringent particulate foreign debris was pre-

sent in the granulation tissue of thewound beds of both groups,

and the kaolin particles of the product could not be

differentiated.

On day 6, the mean wound diameter was similar for both

groups (control: 38.3 mm; intervention: 38.7 mm). Wound

characteristics are scored in Table 4. The mean score for

reepithelialization was 0 for both groups on day 6. By day

18, the mean reepithelialization score for the control wounds

was 1.0, or 2.3 times less than the mean score for the inter-

vention group of 2.3.

Decreasing wound diameters suggested that healing was

occurring for both groups, with more healing observed in the

intervention group over time (Table 2). By day 18, the mean

reduction in wound area was 41% (SD: 3.8) for the control

wounds versus 66% (SD: 6.4) for the wounds treated with the

whole blood clot product (P<0.0001).

Discussion
The study showed zero migration of kaolin particles from the

clot to the tissue. A statistically significant reduction in wound

area was observed over time in the intervention group (66%)

on day 18 compared to the control (41%). Thus, the whole

blood clot product appears to be a beneficial treatment for

acute full-thickness wounds. No adverse events occurred that

were product-related. The fluctuating, elevated WBC counts

observed in both groups after the wounding procedure were

considered a normal inflammatory response associated with

the wounding and healing process.

This is the first study to evaluate the safety of an auto-

logous whole blood clot product that uses kaolin to accelerate

the coagulation process with regards to kaolin migration from

the clot to the wound tissue. Previous safety concerns over the

use of kaolin are from the kaolin-coated combat gauze (CG)

used in cases of severe hemorrhaging, not non-bleeding

wounds. In addition, while CG was reported to be cytotoxic

to endothelial cells, only the cell viability of human umbilical

vein endothelial cells was affected when 0.1 mg/mL of kaolin

was introduced in a cell culture assay that also included HeLa

cells and RAW267.4 murine cells.7 Furthermore, CG uses

approximately 1.5 g of kaolin, which is 50 times the amount

used in the whole blood clot product. CG has been deemed

Table 2 Mean wound diameter and percent of wound healed per animal

Number/group Side Wound site Wound diameter (mm) Wound area reduction (%)

Day 0 Day 6 Day 12 Day 18 Day 6 Day 12 Day 18

5265/Control Left Cranial 38.5 40.0 32.5 22.5 −4 16 42

Medial 38.0 38.5 34.5 25.0 −1 9 34

Caudal 39.5 39.0 31.0 22.5 1 22 43

Right Cranial 35.0 35.5 33.0 19.5 −1 6 44

Medial 37.5 38.0 32.0 22.5 −1 15 40

Caudal 40.0 38.5 31.5 22.5 4 21 44

5188/Intervention Left Cranial 37.5 39.5 34.0 14.0 −5 9 63

Medial 36.5 36.5 31.5 14.5 0 14 60

Caudal 37.5 36.5 28.5 8.0 3 24 79

Right Cranial 38.5 39.0 27.0 9.5 −1 30 75

Medial 38.0 39.0 28.5 15.5 −3 25 59

Caudal 39.0 39.0 28.5 14.0 0 27 64

5276/Intervention Left Cranial 41.0 42.5 31.0 11.0 −4 24 73

Medial 39.0 40.5 28.5 14.0 −4 27 64

Caudal 38.5 40.0 26.0 15.0 −4 33 61

Right Cranial 40.0 39.0 25.0 10.5 3 38 74

Medial 39.0 38.5 24.0 12.0 1 39 69

Caudal 40.0 38.5 23.0 12.5 4 43 69

5266/Intervention Left Cranial 40.0 39.5 29.5 16.0 1 26 60

Medial 38.0 37.5 26.5 17.0 1 30 55

Caudal 39.5 39.0 25.0 15.5 1 37 61

Right Cranial 39.5 38.0 23.5 13.5 4 41 66

Medial 38.0 36.0 26.0 11.5 5 32 70

Caudal 40.0 38.0 24.5 12.5 5 39 69
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Test - 5266 right cranial wound
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Figure 2 Test 5266 right cranial wound.
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Figure 3 Control 5265 left cranial wound.
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safe and is the primary treatment for combat wounds with

severe bleeding14–16

Literature has suggested that kaolin particles of the

whole blood clot product might remain in the wound bed

and cause complications.12 However, in our study, kaolin

was not detected microscopically in the birefringent parti-

culate foreign debris that is normally found in wound

granulation tissue. Moreover, there was more foreign deb-

ris in the control wound beds than in the beds of wounds

treated with the product. Kaolin provided in the form of

powder binds to the blood in vitro prior to application to

the wound, whereas CG involves a granular form of kao-

lin. Although it has been suggested that granular kaolin

particles can enter systemic circulation, there were no

differences in vascular function between the CG-treated

and control combat trauma wounds in that study.12

Kaolin has been used to promote an inflammatory

response in animal models, but inflammation is a natural

step of the wound healing process.8,9 Also, the current

study used up to 17 times less the amount of kaolin used

in other animal studies.

Kaolin was thought to be associated with granuloma in

a case study of 2 patients, who had kaolin poultices applied to

a ruptured inflammatory mass and sinus above the left

breast.10 This was the first and only published report of such

an occurrence following the use of kaolin poultices, and it

cannot be determined from the study design if kaolin was the

cause. The World Health Organization (WHO) reported that

the application of kaolin demonstrated fibrogenic properties

when administered to animals via the intratracheal and par-

ental routes; however, these routes do not apply to the whole

blood clot product.11 Furthermore, the WHO also recognized

that kaolin is commonly used in cosmetics and has shown no

adverse events to indicate it may be unsafe when administered

via the dermal route. Our safety findings for the whole blood

clot product suggest that kaolin would not be harmful to the

wound and that its use with the product is safe.

The current study only evaluated the safety of the pro-

duct for up to 18 days. Another limitation was the small

sample size and use of one animal in the control group. The

findings from the porcine model are also limited in their

Table 4 Summary of wound scoring per study group

Wound observation Mean scorea of wounds

Control,
n=6

Intervention,
n=18

Erythema

Day 6 3.0 2.4

Day 12 1.5 1.8

Day 18 1.0 0.9

Edema

Day 6 1.2 1.3

Day 12 0.8 0.7

Day 18 0.0 0.0

Presence of slough/necrotic

tissue

Day 6 0.0 2.8

Day 12 0.7 1.0

Day 18 1.8 1.4

Presence of granulation tissue

Day 6 1.3 2.6

Day 12 2.0 3.6

Day 18 3.7 4.0

Reepithelialization

Day 6 0.0 0.0

Day 12 0.5 1.3

Day 18 1.0 2.3

Edema of skin surrounding the

wound

Day 6 0.0 0.0

Day 12 0.0 0.0

Day 18 0.0 0.0

Erythema of skin surrounding

the wound

Day 6 0.0 0.0

Day 12 0.0 0.0

Day 18 0.0 0.0

Notes: aScoring grading scheme based on 0 = not present, 1 = minimal, 2 = mild,

3 = moderate, 4 = marked.

Table 5 Summary of white blood cell count (103/μL) per study group

Group Pretreatment Day 1 Day 6 Day 7 Day 12 Day 13 Termination

Control, n=1 5.85 14.6 13.3 11.0 6.2 14.8 10.4

Intervention, n=3

Mean 8.7 16.8 17.0 13.8 10.9 16.6 13.9

SD 0.24 1.99 3.58 4.18 2.54 3.09 1.58

Range 8.44–8.91 14.50–17.98 14.18–21.04 9.04–16.88 8.71–13.69 14.34–20.14 12.05–14.90
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relevance to human wounds, as there is no animal model

that fully mimics human wounds.17 However, a small pilot

study was recently published that evaluated the safety and

efficacy of the whole blood clot product in 7 patients with 9

chronic wounds of various etiologies.6

Conclusions
The findings of this study suggest that the whole blood

clot product is safe in acute, full-thickness dermal

wounds in a porcine model. There were no adverse

findings related to the product, and the kaolin particles

of the product could not be differentiated microscopi-

cally. An improved healing response was also observed

compared to the control, which has been further sup-

ported by a recent pilot study on human patients. The

long-term safety of the product on patients with diabetic

foot ulcers is under investigation.
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