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ABSTRACT

Objective. This pilot study evaluates safety in terms of the occurrence of adverse events (AEs) as well as the efficacy in terms of complete
wound healing rates of a blood clot product when applied to chronic neuropathic diabetic foot ulcers (DFUs). Materials and Methods.
Participants were chosen from patients with DFUs visiting the wound care clinic. Up to 10 mL of blood drawn from each participant was
injected into the product’s clotting tray. Within 12 minutes, the blood clot preduct was formed, applied to the single DFU of each participant,
and covered with primary and secondary dressings. Patients received up:to 12 blood clot product applications every 5 to 9 days for up to 12
weeks. Results. Twenty patients were enrolled; 20 were analyzed in the intent-to-treat (ITT) population and 18 were in the per-protocol (PP)
population. Thirty-two AEs occurred (only 2 were possibly device related). The mean AE rate for both the ITT and PP populations was 1.6.
The proportion of wounds healed in the ITT and PP populations:was 13 out of 20 (65%) and 13 out of 18 (72.2%), respectively. Percentage
area reduction (PAR) for the ITT population at 4 and 12 weeks was 61.6% and 67.1%, respectively; the PARs for the PP population were 60.3%
and 76.2% at 4 and 12 weeks, respectively. Mean times to wound healing were 59 days and 56 days in the ITT and PP populations, respectively.
Conclusions. This study demonstrates that the blood clot productis safe and efficacious for treating DFUs.
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The extracellular matrix (ECM) is an
emerging therapeutic target for DFUs
and other chronic wounds, as its com-
ponents are crucial to the entire wound

products to treat DFUs that use materi-
als such as platelet-rich plasma, collagen,
or human cells or tissue to comprise

a whole or partial provisional ECM or

Up to 4% of patients with diabetes
develop diabetic foot ulcers (DFUs)
each year,' the chronic state of which
results in'8o ooo annual lower extrem-
ity amputations.> The economic burden
of DFUs is very steep, with the annual
treatment of a single patient with a
DFU costing an average of $31 419 in the

healing process by enabling cellular contribute to a hybrid scaffold made

adhesion, chemotaxis, and migration.> of biologic and synthetic materials.>*
However, there are doubts over their

long-term efficacy, and these products

During early wound repair, a provision-
al fibrin clot is formed, whose surface

United States.? Consequently, research-
ers are scrambling to develop effective
advanced interventions that can improve
DFU healing when standard of care fails,
but systematic reviews repeatedly find
little evidence to support the use of most
advanced modalities.*
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serves for fibroblast migration and tissue
remodeling.®” As hemostasis transi-

tions to the proliferative healing phase,
fibroblasts produce vital ECM proteins
such as collagen to develop a permanent
granulation ECM.%® There are commer-
cially available matrix- and cellular-based

consist of foreign-derived materials that
risk immunologic rejection and/or bear
high costs.*¢

The risk of immunologic rejection is
decreased by an autologous, biodegrad-
able scaffold that attempts to mimic the
body’s healing mechanisms by replacing
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Figure 1. Coagulating blood is injected into the
clotting tray using moderate pressure.

the ECM missing in chronic DFUs with a
fibrin-based matrix.” The RD1 (RedDress
1; RedDress Ltd, Pardes-Hanna, Israel) is
created in vitro by drawing the patient’s
blood at the point of care, with the use
of citrate anticoagulant. The clotting
cascade is reinitiated and promoted by
mixing the blood with calcium gluconate
plus kaolin powder (insoluble aluminum
silicate) suspension. Within minutes, the
blood clot product is formed, applied to
the wound, and covered with primary
and secondary dressings to serve as a
functional, natural ECM for the wound
healing process. This blood clot prod-
uct was recently found to be safe and
effective in a small pilot study of patients
with multiple serious comorbidities and
chronic wounds of various etiologies,
excluding DFUs.”” Until now, evidence
on the safety of the blood clot product
applied to DFUs was still needed.

The objective of this pilot study was to
evaluate safety in terms of the occur-
rence of adverse events (AEs) as well as
the efficacy of complete wound healing
of the blood clot product when applied
to chronic neuropathic DFUs.

MATERIALS AND METHODS

This was a multicenter, prospective,
open label pilot study on patients treated
for DFUs with the blood clot product at 3
study sites: ACMH Hospital - Snyder In-

206

Figure 2. The blood clot product is formed after
12 minutes in the clotting tray and removed by
gently grabbing it from its rim using both hands.

stitute for Vascular Health and Research,
Kittanning, PA; Barry University Clinical
Research, North Miami Beach, FL; and
Martin Foot and Ankle, York, PA. The
primary objective.was to determine the
safety of the blood clot product based
on the incidence of all AEs, which also
included serious AEs (SAEs), device-re-
lated AEs (DRAEs), and any AEs related
tolack of venous access. The secondary
objective was to determine the efficacy
of the blood clot product, measured

as complete healing (defined as skin
reepithelialization without drainage or
dressing requirements confirmed at 2
consecutive study visits 2 weeks apart)
and also as percentage area reduction
(PAR) from baseline. The Chesapeake
Institutional Review Board (Columbia,
MD) approved the study protocol, and
the study complied with the Declaration
of Helsinki and Good Clinical Practices.

Patient eligibility and enrollment

The target number of participants to be
enrolled in this study was 20; no formal
sample size calculations were made.
Patients with DFUs at any of the 3 study
sites were screened for their participa-
tion. Eligible patients were aged 18 years
and older with a University of Texas (UT)
grade 1A or 2A" neuropathic DFU that
probed to the bone, tendon, or capsule

and had a life expectancy of >12 months.
Patients with a DFU wound duration
longer than 1 year also were included.
Diabetic foot ulcers with exposed bone,
capsule, or tendon were excluded. The
complete inclusion and exclusion criteria
are listed in eTable 1. The Semmes-Wein-
stein monofilament test was used to
diagnose diabetic neuropathy.’** Patients
with multiple DFUs were eligible to par-
ticipate in the study; the largestulcer was
chosen as the study ulcer.

Eligible patients provided written
informed consent to participate in the
study prior to inclusion. During a 2-week
screening and standard of care phase,
all wounds were debrided, cleansed, and
assessed via digital photography and
subsequently were treated with standard
moist wound therapy and assessed for
infection (using the STONEES method),”
for the use of an active offloading walker
(boot and/or shoe), and for adequate
perfusion. Any patient whose DFU area
decreased or increased by at least 30%
during this period was excluded from the
treatment phase.

Preparation, application, and removal
of the blood clot product

During this study, the investigators used
single-use, disposable, sterile blood

clot product kits containing a blood
withdrawal kit, which included a citrate
phosphate dextrose adenine (CPDA-1)
blood collection bag; a coagulation initia-
tor and accelerator kit with 10 mL sterile
ampoule of 10% calcium gluconate injec-
tion (APP Pharmaceuticals, Schaumburg,
IL), a 10 mL sterile syringe, and 30 mg
of pharmaceutical-grade kaolin powder
(Charles B. Chrystal Co, Inc, Larchmont,
NY) sterilized in a vial; and 3 sizes of
clotting trays (small: 14.5 cm?* medi-

um: 26.4 cm? and large: 64 cm?) with
cotton gauze. Five nurses handled all the
preparation procedures of the blood clot
product, and 3 physicians performed all
the applications.

The preparation and application pro-
cedures have previously been described
in detail.” In brief, the appropriately
sized clotting tray was first chosen.
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Then, the wound was debrided with
sterile saline. The nurse documented
the patient and wound current and past
clinical status, performed a comprehen-
sive wound assessment, and digitally
photographed the wound. Next, the
nurse filled a syringe with the CPDA-1
and drew 10 mL of blood from the pa-
tient. The calcium gluconate plus kaolin
suspension was mixed and extracted
using the syringe containing the citrated
blood. Using moderate pressure, the
nurse injected a specified amount of the
coagulating blood, based on the size of
the clotting tray, into the tray (Figure 1).
After 10 to 12 minutes, the blood clot
product was created (Figure 2). The phy-
sician gently placed the whole blood clot
on the wound, with the embedded gauze
pad facing upward, and anchored it by its
rim with Steri-Strips (3M, St Paul, MN).
Finally, primary and secondary dressings
were placed over the blood clot product.
The blood clot product was gently
pulled off the wound using gloves after
5 to 9 days. In case of adhesions, the
blood clot product was wetted prior to
removal.

Follow-up and reapplication

The treatment phase lasted up to 12
weeks, during which time the blood clot
product was applied for up to a total of
12 times at the clinic and 20 dressing
changes were performed twice weekly
at the clinic or at the home. Every 5

to 9 days, the blood clot product was
removed and a new one was created
and applied as previously described as
necessary. During each clinic visit, con-
comitant medication was reviewed, and
offloading compliance, moisture control,
and AEs were assessed. After blood clot
product removal, wound assessment oc-
curred, and 2 digital photographs of the
wound were taken as described below.
If the wound was closed, then a con-
firmatory visit took place 2 weeks after
complete healing. At the confirmatory
visit or at the end of study week 12 visit,
laboratory analyses also were performed
to determine the complete blood count,
prothrombin time, partial thromboplas-
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Figure 3. Participant flow diagram.

I&E: inclusion and exclusion; ITT:intent-to-treat; PP: per protocol

tin time, and glycated hemoglobin. After
the study terminated, participants were
treated with standard of care at each
study site as necessary.

Wound photographic assessment

A nurse took 2 digital wound photo-
graphs of each wound and measured the
wound at each visit before and after de-
bridement and cleansing using a wound
imaging, measurement, and documenta-
tion system (Silhouette; ARANZ Medical,
Christchurch, New Zealand). The wound
images and related data were emailed to
an independent central reviewer, who
assessed for wound closure and commu-
nicated the status to the monitor as part
of an online central review process.

Safety assessment

The safety of the blood clot product was
assessed at each visit during the treat-
ment phase based on the occurrence of
AEs, which were defined and graded ac-
cording to the National Cancer Institute
Common Terminology Criteria for Ad-
verse Events version 4 scale.** Examples
of anticipated AEs included infection
not related to the device application,

increase in UT grade of wound, sudden
increase in ulcer size, peripheral edema
or localized swelling, a new ulcer, sys-
temic fever, and maceration unrelated to
edema, swelling, or an allergic reaction.
Examples of anticipated DRAEs included
complications related to venipunc-
ture (but not including lack of venous
access), infections appearing within 2
to 4 days of device application, bleed-
ing at the wound site unrelated to any
debridement, any allergic reactions, and
high pain related to product application
or removal. A SAE was any event that
resulted in death, was life-threatening,
required hospitalization or prolongation
of existing hospitalization, and/or result-
ed in persistent or significant disability/
incapacity. All AEs, SAEs, and DRAEs
were recorded on the participant’s case
report form (CRF) and, within 24 hours
of the initial discovery of the event, were
reported to the ethics committee and
the sponsor.

Participants could be withdrawn if
they desired to do so at any time for
any reason, the investigator thought it
was in the participant’s best interest,
the participant missed more than 2
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Figure 4. (A) Texas grade 2A diabetic foot ulcer with a duration of 1.8 years measuring 5.7 cm? on the
heel of a 62-year-old man on day 1 of treatment; and (B) the same ulcer completely closed on day 78.

Figure 5. (A) Texas grade 1A diabetic foot ulcer measuring 1 cm? on the hallux of a 51-year-old woman

on day o; (B) the same ulcer completely closed on day 62; and (C) the end-of-study size of the ulcer
measured 0.1 cm?, as the ulcer failed to remain healed during the confirmatory visit on day 83.

consecutive visits during the treatment
phase, or if any of the following occurred
that interfered with the treatment or
risked the participant’s health: infection,
lack of venous access (due to inability to
complete a venipuncture), ulcer deterio-
ration (defined as at least a 50% increase
in area or an increase in UT grade),

and any health deterioration requiring
hospitalization or likely to interfere with
treatment and result in treatment failure.

Data collection and statistical analysis
The study coordinators recorded all par-
ticipant data on CRFs, which were kept
in a secure location in accordance with
Health Insurance Portability and Account-
ability Act of 1996 regulations. Data from
the CRFs were transmitted manually or
electronically to the clinical database.
Statistical analysis was performed by
Strategic Solutions, Inc, (Cody, WY)
using SAP version 4 of January 11, 2017,
software. Three study populations were
analyzed. The intent-to-treat (ITT) and
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safety populations included all partici-
pants who received at least 1 treatment.
The per-protocol (PP) population per-
mitted only those participants who had
no major protocol violations (in addition
to the ITT requirements). Participants
who were lost to follow-up were included
in the safety analysis but excluded from
the analysis of secondary objectives.
For missing data, imputation using last
observation carried forward was used.

Descriptive statistical methods were
used to analyze the study data and in-
cluded the number of participants, mean,
median, standard deviation (SD), and
range for continuous data. Frequencies
and percentages were used for categori-
cal data. No adjustment for multiplicity
was made of any initial P values, as com-
parisons between groups were not made.
Unless otherwise specified, all statistical
testing was 2-sided and performed using
a significance (alpha) level of 0.5

The primary endpoint was the AE rate,
which was calculated based on all SAEs,

AEs, and DRAEs for both the safety and
ITT population. Secondary endpoints
were calculated for the ITT population
and included incidence of complete
wound closure at 12 weeks, PAR over

12 weeks, and complication rates due

to lack of venous access involving the
blood clot product procedures as well as
for other study procedures. In addition,
associations betweenlack of healing and
patient/wound parameters were found by
using a simple Cox regression (due to the
very small sample size).

RESULTS

Demographics

From June 2014 to August 2016, 41 pa-
tients were screened for study eligibility,
of whom 20 (48.8%) met the inclusion
criteria and were enrolled (Figure 3).
The mean age of study participants was
58.6 years (SD, 10.5), and they were
overwhelmingly male (n = 16; 80%),
white (n = 17; 85%), and fully ambulatory
(n =16; 80%) (eTable 2). The mean
number of serious comorbidities per
participant was 8.8 (SD, 3.7) (eTable 3).
Half of the patients (n = 10; 50%) were on
anticoagulants, 40% (n = 8) took proton
pump inhibitors, and 45% (n = 9) were
taking selective serotonin releasing agents
or selective serotonin reuptake inhibitors.

Study wound characteristics are
provided in eTable 4. The majority of
study DFUs were a UT grade 1 (n = 15;
75%) located on the foot (n = 12; 60%)
and new wounds (n = 14; 70%). The
majority of wounds were debrided at the
initial screening visit (n = 17; 85%), with
surgical debridement used in all but 1
wound that underwent sharp debride-
ment; mean debridement count during
treatment was 4.9 (SD, 3.7).

All 20 wounds received at least 1
application of the blood clot product and
were included in the safety and ITT anal-
ysis. Two patients and their respective
wounds were excluded from the PP pop-
ulation due to 1 participant developing
an infection and being excluded from the
ITT population after extreme physical
exertion resulting in nonadherence to
the offloading requirement, and the
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Figure 6. Percentage area reduction for the intent-to-treat population,
showing mean reduction per week with associated 95% confidence interval

error bars.

other for nonadherence to the protocol
after going on vacation without notice
and consequently missing a visit.

Safety analysis
Thirty-two AEs occurred during this
study, of which 2 were SAEs and 2 were
possible DRAEs (eTable 5). Twenty-one
(65.6%) AEs were classified as mild, 9
(28.1%) as moderate, and 2 (6.3%) as
severe. The 2 DRAEs were defined as pos-
sibly related to the blood clot product be-
cause of the AE location and occurrence
in the same participant, who experienced
a left hallux infection treated with medi-
cation and felt subsequent increased pain
around the hallux and foot. Blood clot
product treatment was interrupted for 2
weeks and continued after the possible
DRAESs were resolved. Two participants
experienced a SAE, which included a ner-
vous breakdown and a pulmonary embo-
lism caused by a deep vein thrombosis in
the nontreated leg. None of the SAEs were
related to the blood clot product or study
wounds. The nervous breakdown was
resolved after 2 days of hospitalization
and medication. The pulmonary embo-
lism was treated with hospitalization and
medication and was still ongoing after the
participant exited the study.

The mean AE rates for the ITT and
PP populations were 1.6 (SD, 1.50; 95%

confidence interval [CI], 0.90-2.30)

woundsresearch.com

error bars.

and 1.7 (SD, 1.53; 95% CI, 0.90-2.43),
respectively. The proportion of partic-
ipants experiencing any type of AE and
venous access complications for the ITT
and PP populations is shown in eTable 6.
Adverse events impacted the use of the
blood clot product in 5 of 20 participants
(25%) in the ITT population; treatment
was discontinued in 4 participants while
1 participant had treatment interrupted
at 1 visit (visit 6).

There were no complications involv-
ing venous access whatsoever, and there
were no delays in coagulation during the
preparation of the blood clot product.
The total count for blood clot product
preparations was 153, with a mean count
of 7.6 applications (SD, 2.91) per partici-
pant. During 5 preparations, coagulation
time slightly exceeded 12 minutes, 4 in-
stances of which the time was 14 minutes
and 1 took 14 minutes 30 seconds.

Healing rates and outcomes

In the ITT population, 13 of 20 (65%)
wounds completely healed and 13 of 18
(72.2%) PP population wounds com-
pletely healed. Among the participants
with healed DFUs, there was a 62-year-
old man with a DFU on the right heel
measuring 5.7 cm* on day o that had

a duration of 1.8 years after failing to
heal following multiple treatments
(Figure 4A). The following products

Figure 7. Percentage area reduction for the per-protocol population,
showing mean reduction per week with associated 95% confidence interval

and procedures were previously applied
to this wound without success: gauze,
absorption foam, calcium alginate, silver
alginate, saline irrigation, surgical de-
bridement, sharp debridement, autolo-
gous skin graft (CELLUTOME; Acelity,
San Antonio, TX), collagen dressing,
and hyperbaric oxygen therapy (HBOT).
After the blood clot product was applied
to the ulcer, it was completely healed at
day 78 (Figure 4B).

Following initial healing, there were
4 ulcer recurrences, with 2 occurrences
resulting in unhealed wounds; the ITT
and PP populations had 1 nonhealing
and 1 healing recurrence each. Figure 5
provides an example of a DFU on the left
hallux of a 51-year-old woman that ini-
tially measured 1 cm?, healed on day 62,
and later recurred with an end-of-study
area of 0.1 cm? during the confirmatory
visit on day 83. Three participants (15%)
experienced infection episodes in the
ITT population, while 2 participants
(11.1%) experienced infection episodes in
the PP population.

There was no difference in the propor-
tion of wounds healed based on wound
age. For wounds with a duration of at
least 26 weeks, 6 of 9 (66.7%) healed.
For wounds with a duration less than 26
weeks, 7 of 11 (63.6%) healed.

In the ITT population, there was a
substantial mean PAR after 1 week of

209



Managing Texas 1A or 2A Neuropathic DFUs

bl ¥
—— Censored

b ™1
1.0 —— Censored 1.0
Ea 0.8+ g 0.8
e 3
- T
T 06 T 6
3 g
: :
s ]
;‘E 0.4 f 0.4
8 8
3 2
[ [
8 02+ - po]
0.0 0.0
T T T T T T T
0 20 40 60 100 0 20
Time to Heal Within 12 Weeks (Days)

Time to Heal Within 12 Weeks (Days)

T I T |
40 60 80 100

Figure 8. Kaplan-Meier plot of time to heal within 12 weeks for the intent-to-

treat population.

treatment, which was followed by a
slower increase until week 5 when the
effect of several stalled wounds low-
ered the mean value (Figure 6). The
mean PAR increased by week 8, and a
slight further increase is demonstrated
by week 12. A similar healing pattern is
shown for the PP population in Figure
7, except the mean PAR decrease is less
between weeks 5 and 8. The mean PAR
at 4 and 12 weeks for the ITT population
was 61.6% and 67.1%, respectively. The
mean PAR for the PP population was
comparable at 4 weeks (60.3%), but it
was better than the ITT population at
12 weeks (76.2%). Among the 7 wounds
that did not heal in the ITT popula-
tion, their final PAR values were 90.9%,
90.0%, 74.5%, 60.0%, -69.6%, -83.3%,
and -120.0%. In 3 of the participants,
the blood clot product treatment was
discontinued, while it was interrupted in
1 participant.

No Cox regression model could be
developed with any significant covariates
in either population. A Kaplan-Meier
analysis of the ITT population demon-
strated a mean time to healing of 59 days
(95% CI, 48.3-69.3) and a median time to
healing of 56 days (95% CI, 33-79). The
corresponding mean and median times
to healing for the PP population were 56
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days (95% CI, 45.1-66.9) and 56 days
(95% CI, 45.5-70.5), respectively. Figures
8 and 9 show the Kaplan-Meier plots of
time to heal for both study populations.

DISCUSSION

For more than 20 years, wound care

has targeted regenerative medicine and
the use of biologic scaffolds for their
potential benefit on recalcitrant and dif-
ficult-to- heal DFUs.* Yet, the evidence
remains limited, and there are concerns
over safety and accessibility of these
products.**

The blood clot product was safe and
efficacious in treating a sample of pa-
tients with UT grade 1A and 2A neuro-
pathic DFUs, a substantial proportion
(n = 9; 45%) of which had a duration of
at least 6 months and 25% (n = 5) had
a duration of >1 year, and many had
been previously treated with advanced
therapies without success. Furthermore,
there was a mean number of 8.8 comor-
bidities per participant, and participants
were taking a mean of 9.9 medications,
indicating their poor health status, which
could have delayed wound healing. Nev-
ertheless, nearly two-thirds of DFUs in
the total study sample healed after about
8 weeks of treatment with the blood
clot product. The mean AE rate was 1.6

Figure 9. Kaplan-Meier plot of time to heal within 12 weeks for the per-proto-

for the ITT population and 1.7 for the

PP population. Among the 32 AEs that
occurred, the majority (n = 21; 65.6%)
were mild, and 93.8% (n = 30) were
unrelated to the blood clot product. Only
4 participants had the blood clot product
treatment stopped as a result of their
AEs. In addition, there were no compli-
cations involving venous access reported
during this study, further supporting the
safety of the blood clot product and its
related procedures.

This was the first clinical investigation
of the blood clot product in DFUs, and
there is no other similar product current-
ly available to compare results. Natural
regenerative tissues, such as amniotic
membranes, are increasingly investigated
for their effect on chronic DFUs. Recent
systematic reviews with meta-analy-
ses of 6 and 7 randomized controlled
trials (RCTs) have found that amniotic
membranes applied to DFUs resulted in
healing 2.32 times more frequently and
32 days faster than standard of care,*
with a net difference in healing rates at
12 weeks.* Studies have reported 62% to
85.29% of DFUs healed with an amnion
membrane treatment at 12 weeks,>?° and
the treatment appeared to be safe with
an AE rate of 44% (22/50), although 18%
of subjects (9/50) had an infection of the
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study ulcer. A small RCT demonstrated
the healing rate of DFUs treated with
amnion/chorion membranes was 85%
at 12 weeks, with an AE rate of 5% due
to 1 AE that was not product related.”
Randomized clinical trials evaluating the
efficacy and safety of amnion/chorion
allograft applied to DFUs reported higher
healing rates of 92.5% and 97% among
20 and 32 patients, respectively.?** This
product also appears to be safe, with an
AE rate of 15% reported and no prod-
uct-related AEs.* Overall, limited safety
data and weak generalizability due to
small sample sizes and the risk of bias
limit any comparative analysis with the
blood clot product.

A previous pilot study* evaluated
the effect of the blood clot product on
chronic wounds of different etiologies
and had a healing rate of 78% of wounds
closed, comparable to the 72.2% of
wounds healed in the PP population of
the current study. No AEs were report-
ed.” Participants in that pilot study”
required considerably less applications
of the blood clot product compared with
participants in the current study (3.9
mean applications vs. 7.6). However, only
7 patients with 9 wounds were enrolled
in that initial study,” and the current
study enrolled only patients with diabe-
tes and DFUs, which, combined with the
multiple serious comorbidities experi-
enced by these patients, pose a greater
challenge to the wound healing process.

A chronic wound can be caused by
an inhibited blood supply to the wound
site.*” The blood clot plays an essential
role in the entire wound healing pro-
cess.”%3¢ The application of the blood
clot product to the wound promotes the
healing process by controlling inflamma-
tion, facilitating angiogenesis, and having
the necessary wound repair and remod-
eling factors.”” The additional safety
benefit of the blood clot product is that
this autologous wound dressing is made
of the patient’s own coagulated blood to
prevent immunorejection.” The citrate,
calcium, and kaolin used during the
preparation procedure control the coagu-
lation process and enable the blood clot
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product to be safely created at patient
bedside in a practical manner.

LIMITATIONS

In addition to the limitations inherent to
the case series design, this study was lim-
ited by its sample size and the fact that
patients with less severe chronic DFUSs
were enrolled. However, 25% of wounds
had a duration of longer than 1 year after
multiple treatments failed to heal their
DFUs. Furthermore, the patients’ poor
health status demonstrated by their mul-
tiple serious comorbidities reflected the
real-world challenges of the wound care
setting. There were 4 recurring ulcers
reported during this study, 2 of which oc-
curred in unhealed wounds. A future trial
could evaluate a larger sample of DFUs
and include a follow-up period after the
treatment phase to confirm the long-
term safety and efficacy of the blood clot
product.

CONCLUSIONS

This study demonstrated that the appli-
cation of the blood clot product, which
is prepared at point of care, on chronic
neuropathic DFUs is safe and efficacious
touse on patients with multiple serious
comorbidities. Only 2 of 32 (6.3%) AEs
were possibly related to the device, and
treatment with the blood clot product
continued once they were resolved.
There were no problems with venous
access reported. These findings further
support the beneficial therapeutic use
of the blood clot product on chronic
wounds previously reported on com-
plicated chronic wounds of various
etiologies.” A larger cohort study of the
elderly population in specialized nursing
facilities and a RCT comparing the blood
clot product to standard of care are to
be performed to confirm the long-term
safety of this product in DFUSs. k!
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eTable 1. Patient inclusion and exclusion criteria

INCLUSION CRITERIA

. EXCLUSION CRITERIA

Age >18 years with type 1 or 2 diabetes

Ulcer not of neuropathic diabetic foot pathophysiology

Texas grade 1A or 2A ulcer located distal to the malleolus, excluding
ulcers between the toes; with no exposed capsule, tendon, or bone

and no tunneling, undermining, or sinus tracts; a depth of <smm;a
postdebridement size of 1cm? to 12cm?

¢ Participated in another clinical trial involving a device or a system-
tically administered investigational study drug or treatment within
¢ 30 days of screening visit

Ulcer duration of =30 days

© Proven sepsis established by a blood culture from the previous
. 2 weeks, or confirmed active infection likely to interfere with the
 trial, such as a urinary tract infection

If multiple ulcers present, a study ulcer separated from other
wounds by >2cm

§ History of alcohol or substance abuse within.the previous 2 months

Previous thorough, independent wound assessment

Underlying osteomyelitis present

No clinical signs of infection for ulcer or affected limb

- Treatment with hyperbaric oxygen within 5 days of screening or
© was scheduled to receive it during the study

Ulcer free of necrotic tissue postdebridement

History of orany of the following intercurrent illnesses or

i conditions: end stage renal disease, immunosuppression, severe
malnutrition, liver disease, scleroderma, HIV/AIDS, connective tissue
: isorder; or exacerbation of sickle cell anemia

Adequate vascular perfusion of the affected limb, as defined by at
least 1 of the following: ankle-brachial index >0.65 and <1.2, toe pres-

sure (plethysmography) >5sommHg, transcutaneous partial pressure

of oxygen >4ommHg, or skin perfusion pressure >3ommHg

Hemoglobin anemia (<10g/dL)

No anemia (hemoglobin <10%)

Life expectancy of <12 months

Demonstrated adequate offloading regimen

Cognitively impaired and either had a health care proxy or clearly
did not understand the informed consent form

Willing to comply with study protocol, including having blood
drawn to create blood clot product

. History of coagulation problems, abnormal thrombocytes levels,
or was receiving heparin intravenously; patients taking warfarin,
i aspirin, or clopidogrel were not excluded

If female and capable of conceiving or male and capable of insem-
ination, then agreed to use an acceptable form of contraception
during the study

Unable to have the required amount of blood drawn (up to 1omL/
: week)

For female patients, pregnant or currently breastfeeding

 Received within the previous 30 days or was scheduled to receive a
medication or treatment known to interfere with, or affect the rate
nd quality of, wound healing (eg, systemic steroids, immunosup-
ressive therapy, autoimmune disease therapy, cytostatic therapy
within the past 12 months, dialysis, radiation therapy to the foot,
ascular surgery, angioplasty, or thrombolysis)

woundsresearch.com
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eTable 2. Patient characteristics (n=20)

NGO
58.6 (10.5::):3
1 7(39)

o
4@0)

@)
2 (10)
105

S
5(250)
283 (12@)3
34406
. 0(0)
o (o)
509
10 (50)
4 (20)

16 (80) -
1 2(10)
2 (10)
107 (0.125a
9.0 (3.1)¢
o (0.0)
12 (60.05"

2 (10.0)

1(50)

PT: prothrombin time; PTT: partial thromboplastin time

2 Mean and standard deviation provided.

® Data missing for 8 subjects.

¢ Interquartile range provided in parenthesis.

4 There were 12 subjects who had at least 1 CBC parameter below or above the normal value.

July 2018 | vol. 30, no. 7



Snyder et al

eTable 3. Selected patient comorbidities

Depre55|on

Diabetes type

1

10

2

H “19 (95)

Diabetic neuropathy

20 (100)

Eye dlsease

®

(25)

(15)

©)

2 (60)

3(65)

©)

(15)

(10)

(10)

(30)

5

(10)

(10)

7(22)
8(37)

Mean total comorbldlty count per pat|ent (standard deV|at|on)
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eTable 4. Wound characteristics

N

15 (75)

5(25)

887G

' 5(25)

12 (60)

3(15)

136.4 (38)°
: Median: 23.4 (42)

.9 (45)

:5(25)

25(15)°
: Median: 1.9 (2.6)

24037

14(70)

6 (20)

0(9

16(30)

14(70)

13(65)
6.(35)

9 (45)

7 (35)

3(15)

0901

' 5(25)

4 (20)

1)

10

3(15)

4 (20)

2 (10)

2 (10)

Hom

1(5)

@ Mean and standard deviation provided.

® Recurring means the study ulcer includes all or a portion of a prior ulcer area that had

previously healed.
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eTable 5. Description of AEs by category (ITT population, h=20)

AE CATEGORY

DRAE (n) | SEVERITY

e i Severe=2

- Mild=1
Moderate=1

[} Mild=2

o Moderate=2

- Mild=3
Moderate=1

- Mild=s
Moderate=1

o - Mild
- Mild

-

. Mild

Moderate
- Mild

Moderate

. Mild

. Mild

. Mild=2

. Moderate=1
| Mild=1

: Moderate=1

O :0:0:0 :0:0

Sudden increase area study ulcer

Traumatic injury (not study wound)

o Moderate=1

o - Mild

2 . Mild=21

: . Moderate=9
Severe=2

AE: adverse event; ITT: intent-to-treat; SAE: serious adverse
event; DRAE: device-related adverse event; DFU: diabetic
foot ulcer
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eTable 6. Proportion of patients experiencing AEs, SAEs, and DRAEs,
and venous access issues for the ITT and PP populations

PROPORTION OF ITT PROPORTION OF PP
POPULATION (95% CI) POPULATION (95% CI)

METRIC

AEs (proportions)
Clopper-Pearson
Wilson (no continuity correction)
SAEs (proportions)

Clopper-Pearson

Wilson (no continuity correction)

DRAEs (proportions)

Clopper-Pearson

Wilson (no continuity correction)

Lack of venous access (BCP)

Clopper-Pearson

Wilson (no continuity correction)

Lack of venous access (other reason)

Clopper-Pearson

Wilson (no continuity correction)

AE: adverse event; SAE: serious adverse event; DRAE: device-related adverse event; ITT: intent-to-treat; PP: per-protocol; Cl: confidence
interval; BCP: blood clot product
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