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1 | INTRODUCTION

The fat pad on the bottom of the foot serves as a cushion
and shock absorber, providing support, and safeguard-
ing the underlying structures of the foot during weight-
bearing activities. Atrophy of the fat pad occurs when the
adipose tissue diminishes or becomes displaced, resulting
in increased plantar pressure on the bones and leading to
pain, disability, and potential ulcerations.'

Certain patient populations are at higher risk of plan-
tar ulcerations, especially those with significant comor-
bidities such as diabetes and peripheral neuropathy. In
diabetic neuropathic patients, lesions frequently become
infected, leading to gangrene and, in severe cases, ampu-
tation. Neuropathic patients experience muscle and fat
pad atrophy, which leads to foot instability and an altered
gait, resulting in high plantar pressure and subsequent tis-
sue breakdown and ulcer formation.” Plantar ulcers are
the primary cause of amputations in patients with diabetic
neuropathy, with a reported limb amputation rate exceed-
ing 80% in this population.?
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This case describes a minimally invasive implantation of cryopreserved human
adipose tissue allograft (CAT) in a diabetic neuropathic patient with a pre-
ulcerative plantar lesion. No re-ulceration or adverse events have occurred out to
9months. CAT provides healthcare providers with an option to manage patients
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Given the high rate of ulcer-related amputations, pre-
venting the formation and recurrence of an ulcer is an
essential part of wound care management. For plantar
ulcers, which represent approximately 50% of all ulcers,
minimizing pressure is crucial in preventing the forma-
tion, and recurrence of such ulcers.* Yet, available man-
agement options remain limited. Conservative approaches
for fat pad atrophy include activity adjustments, casting,
and the use of shoe pads or other orthotic devices designed
to alleviate localized foot pressure. Although helpful to
some extent, these therapies do not address fat pad defi-
ciency in areas of high pressure, which is one of the main
underlying causes of plantar ulcers. Consequently, the
reconstruction of adipose tissue remains an unmet med-
ical need. A desirable solution should be able to restore
fat pad integrity. Clinicians have thus explored available
options to volumize fat pads such as silicone, collagen-and
hyaluronic acid (HA)-based dermal fillers, and autologous
adipose tissue.” '

The use of silicone for the plantar fat pad has been de-
scribed as early as the 1960s, with some cases reporting
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positive outcomes.>® However, regulatory issues and
safety concerns have prevented its widespread use. More
recently, dermal fillers, primarily used for cosmetic pro-
cedures in the face and hands, have been applied to the
foot. This is a relatively newer use with limited outcomes
reported in the literature. While pain reduction has been
observed, these outcomes have generally been restricted
to non-diabetic patients.”®

Autologous fat grafting, widely used for soft tissue
cosmetic and reconstructive procedures, has also re-
cently been applied to address fat pad atrophy and has
shown promising outcomes.''™® However, most pub-
lished data describe autologous fat grafting in patients
with painful fat pad atrophy, with only a few clinical
cases reporting its use in diabetic patients with a his-
tory of plantar ulcers."*'> Although limited, these data
support the concept of using adipose in preventing re-
ulcerations. Unfortunately, autologous adipose has sev-
eral limitations. Autologous adipose tissue is not readily
available, as it requires a surgical procedure for tissue
harvesting, which can potentially lead to donor site
morbidity. Additionally, clinical outcomes are highly
variable due to differences in tissue harvesting and pro-
cessing techniques, as well as variations in tissue quality
among patients.'®*° These differences, along with yet
unidentified factors, may contribute to the high resorp-
tion rate of grafted autologous adipose tissue, leading to
rapid volume loss, and poor clinical outcomes.

To address the limitations of current management op-
tions, an off-the-shelf cryopreserved human adipose tissue
allograft (CAT) has emerged as a viable alternative for the
management of fat pad atrophy and other conditions in-
volving adipose defects.” Immunogenic components are
eliminated from CAT during the proprietary tissue pro-
cessing, allowing allogeneic use of CAT. CAT retains the
inherent structure and cushioning function of the native
tissue and is intended to repair adipose tissue defects.*

This clinical case evaluates the utilization of CAT in a
high-risk diabetic neuropathic patient susceptible to plan-
tar ulcer formation. The implantation of CAT in a diabetic
neuropathic patient with a pre-ulcerative lesion due to fat
pad atrophy prevented recurrence for 9months without any
adverse events. Long-term follow-up is ongoing. This is the
very first case describing the clinical use of CAT for a dia-
betic neuropathic patient at high risk of ulcer recurrence.

2 | CASE HISTORY

A 57-year-old male with a medical history including dia-
betes mellitus (DM), neuropathy, chronic kidney disease
(CKD), obesity, multiple myeloma (MM), and a previous
partial calcanectomy of the left heel, as well as a history of

osteomyelitis and recurrent plantar ulcers, presented to the
office with a callus pre-ulcerative lesion. He was selected to
receive CAT implantation in the area of the lesion.

3 | METHODS

CAT isacryopreserved human adipose tissue allograft that
retains the native tissue architecture. It is a commercially
available product that is regulated by the Food and Drug
Administration (FDA) as a human cells, tissues, and cel-
lular and tissue-based product (HCT/P) under Section 361
of the Public Health Service (PHS) Act and Title 21, Code
of Federal Regulations (CFR) Part 1271. CAT is processed
from donated subcutaneous abdominal adipose tissue de-
rived from cadaveric donors.

Per the product insert, CAT (Liposana™, Britecyte,
Inc., Frederick, MD) is manufactured in partnership with
LifeLink Tissue Bank. LifeLink Tissue Bank is accredited
by the American Association of Tissue Banks (AATB),
registered with the FDA and Health Canada, licensed by
the states of Florida, California, Maryland, and New York,
and registered with the states of Delaware and Oregon.
LifeLink adheres to the criteria for donor screening, re-
covery, processing, and distribution of allografts required
by these organizations and all applicable regulations set
forth by the FDA. All tissue is recovered and processed
under aseptic conditions from carefully screened donors.
Comprehensive serologic testing is performed on each
donor. In addition, numerous microbiologic cultures are
performed and evaluated at tissue recovery and allograft
packaging. Communicable disease testing was performed
by a laboratory registered with FDA to perform donor
testing and certified to perform such testing on human
specimens under the Clinical Laboratory Improvement
Amendments of 1988 (CLIA) and 42 CFR part 493.%

CAT is supplied as a 1.5mL unit packaged in a ster-
ile cryogenic vial with a screw cap, contained within two
chevron-type peel pouches. Both pouches and the vial have
been sterilized. CAT is shipped on dry ice and must be main-
tained at the recommended temperature until ready for
use. It has a shelf life of 5years if stored at —40°C or colder.
Storage between —20°C to —40°C is limited to 6 months.

To prepare CAT, the outer pouch is removed, leaving
the vial in the inner pouch on a clean surface. The prod-
uct should thaw for approximately 30 minutes before use.
Once thawed, the vial is retrieved from the pouch. After
shaking the vial, CAT is immediately withdrawn using a
syringe with an 18G needle. Once the product is in the sy-
ringe, the 18G needle is replaced with a new sterile needle.
Although the recommended needle size is 20G, a 21G nee-
dle was used for implantation in this case. Figure 1 shows
CAT within the vial and its subsequent withdrawal.
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FIGURE 1 (A)CAT supplied in
a cryogenic vial and (B) its subsequent
withdrawal from the vial into a 3mL
syringe prior to implantation.

The area was prepped with Betadine solution before
implantation. As the patient was densely neuropathic, a
local anesthetic was not required. Once the patient was
ready and CAT was loaded into the syringe, all air bubbles
were carefully removed. Figure 2 shows the patient re-
ceiving a subcutaneous implant of 1.5mL CAT in the left
heel during an office visit. CAT was implanted as a bolus
underneath the pre-ulcerative lesion avoiding subcutane-
ous nerves and blood vessels. After implantation, the pa-
tient was offloaded in an offloading boot (Foot Defender®,
Defender Ops, Miami, FL).

4 | CONCLUSION AND RESULTS
The primary clinical outcome was incidence of ulcer
recurrence at the site of CAT implantation. Safety out-
comes included the product-related number and types
of adverse events and serious adverse events. The pa-
tient returned for outcomes assessment at 1week,
2weeks, 5weeks, 6 months, 7.5months, and 9 months
postimplantation.

Two weeks after implantation, the patient was able to
be transitioned to a custom brace and diabetic shoes. At
the 9-month follow-up, no ulcer formation was observed,
and CAT remained palpable, with the callus having dis-
appeared at the site of the pre-ulcerative lesion. Figure 3
shows the area of pre-ulcerative lesion at the Baseline im-
plant visit, the 6-month follow-up visit, and the 9-month
follow-up visit. The patient is still being followed for lon-
ger term outcomes.

5 | DISCUSSION

Diabetic neuropathic patients face a heightened risk of
plantar ulcerations due to fat pad atrophy or displace-
ment. In 1983, a study found that all diabetic neuropathic
patients with previous ulcerations had abnormally high
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FIGURE 2 Patient receiving the subcutaneous CAT
implantation.

pressure at the ulcer site.”® This elevated plantar pressure
is a primary trigger for ulcer formation and contributes to
the high amputation rate of over 80% in diabetic neuro-
pathic patients.® Plantar ulcers account for about 50% of
foot ulcers seen in specialized clinics and are particularly
challenging to prevent due to weight-bearing biomechan-
ics and the lack of pain perception in neuropathic pa-
tients.* The recurrence rate for plantar ulcers ranges from
20% to 80% within just 2 months postclosure.*

The correlation between elevated plantar pressures
and the onset of foot ulcers in the diabetic neuropathic
patient population has spurred research into additional
management modalities aimed at reducing plantar pres-
sure. Current approaches to reducing plantar pressure in
patients with fat pad atrophy are limited. Conservative op-
tions include prescriptive footwear and padding. In cases
of foot deformities, surgical corrections such as osteoto-
mies or tendon balancing are required. Another approach,
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involving the use of fillers, has also been described in the
literature.

In 2018, Foumenteze et al. described the use of an HA
dermal filler to treat metatarsalgia from wearing high-
heeled shoes. Improvements were seen between Baseline
and 6 months for time to onset of pain, time between onset
of pain and intolerable pain, and pain sensation. However,
none of these subjects were diabetic neuropathic pa-
tients.'® In 2000, in a randomized double-blind controlled
study, van Schie et al. described the use of liquid silicone
injections in diabetic feet to reduce risk factors for ul-
ceration. Twenty-eight diabetic neuropathic patients re-
ceived several injections of silicone in the plantar surface
of the foot. Results showed a significant increase in plan-
tar thickness for the patients who received silicone and a
corresponding decrease in pressure for up to 12 months.

Though these studies have demonstrated some clinical
effectiveness of fillers, a lack of long-term durability data
and safety concerns remain major factors limiting their
widespread use. The most significant adverse response is
migration from the injection site to other parts of the foot,
causing inflammation and pain, which may necessitate
surgical excisio.>®

Recent studies have explored the use of autologous ad-
ipose tissue in fat pad atrophy management. In 2016, Luu
et al. described a case involving a 37-year-old man with
diabetes and neuropathy who had a history of gangrene
and a 5th ray amputation. He developed a chronic ulcer
that eventually healed but left him with residual fat pad
atrophy and pre-ulcerative lesions. Fat grafting was uti-
lized, and the patient was able to return to normal foot-
wear within 4weeks with no reported recurrence of the
ulcer at 6weeks.* Also in 2016, Gusenoff et al. conducted
a prospective, randomized, clinical trial focusing on pa-
tients with painful fat pad atrophy. After 1year, the fat
grafting group showed improved foot function, reduced
pain, and better performance in daily activities compared
to the conservative management group.25

While autologous adipose shows positive clinical out-
comes, this modality has multiple limitations: it requires

FIGURE 3 (A) Pre-ulcerative lesion
site on the left heel foot prior to CAT
implantation, (B) the implantation site at
6 months follow-up, and (C) at 9months
follow-up.
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a surgical procedure, poses potential donor site morbidity,
and yields variable results due to resorption of the adipose
tissue.!”'® This resorption is linked to differences in tis-
sue harvesting and processing techniques, as well as vari-
ations in tissue quality among patients.?' In addition, a
certification is required for healthcare providers to be able
to harvest autologous adipose tissue, which significantly
restricts the number of physicians who can perform autol-
ogous adipose procedures.

In a slightly different context, Kress et al. conducted a
retrospective chart review in 2023 of 17 feet in 15 patients,
primarily diabetic and neuropathic, who had undergone
either autologous fat grafting or received an allograft adi-
pose matrix due to recurrent ulcerations. Eleven patients
received autologous fat grafts, and four patients received
an allograft adipose matrix (Leneva®, MTF Biologics,
Edison, NJ). Only two patients implanted with the al-
lograft adipose matrix were diabetic, and two were spina
bifida patients. An average follow-up was 6.9 months for
all patients. No complications or recurrent ulcerations
were reported. For three patients who received the adi-
pose allograft matrix the follow up was 1 month for two
patients and 5 months for one patient.'?

Allograft adipose matrix is a decellularized delipidized
adipose-derived extracellular matrix. Because adipocytes,
the main cell type in adipose that stores lipids and provide
cushioning, are removed from the tissue in the allograft
adipose matrix, this product does not retain the struc-
ture and cushioning function of the native adipose tissue.
Tissue regeneration after the allograft adipose matrix im-
plantation relies on host cell migration and graft remodel-
ing, which takes approximately 3 months.*®

Recent advances in tissue processing and preservation
have led to the development of CAT, a commercially avail-
able, off-the-shelf cryopreserved adipose tissue allograft
intended for use in the repair, replacement, or reconstruc-
tion of adipose tissue defects.”” CAT is produced using a
novel proprietary technology, which enables retention of
the structure and function of native tissue while eliminat-
ing immunogenic components. CAT is a devitalized human
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adipose tissue. Devitalization is a step of the CAT processing
method, used to reduce tissue immunogenicity.”’” For reten-
tion of adipose tissue integrity, CAT is preserved in trehalose.
Trehalose is a disaccharide of glucose that is widely used for
the preservation of cells and tissues including adipose.”

CAT can be implanted via a minimally invasive tech-
nique in any healthcare setting. The preparation of CAT for
implantation takes just a few minutes and involves thaw-
ing a vial of CAT and withdrawing it into a syringe. No spe-
cial syringes or needles are required. CAT is an alternative
option to autologous fat grafting without its limitations: it
allows for fast preparation and implantation, involves no ad-
ipose harvesting donor site morbidity, and provides an un-
limited amount available for use at any time with lot-to-lot
consistency, which leads to reproducible clinical outcomes.

To date, 17 patients—primarily diabetic neuropathic
individuals with both open and closed ulcers—at the
Ocean County Foot & Ankle Surgical Associates prac-
tice have received a CAT implant, with most undergo-
ing only one implantation. Follow-up data extending up
to 11 months show that the product remains palpable at
the implantation site. These preliminary data suggest that
diabetic neuropathic patients with plantar pre-ulcerative
lesions, a history of plantar ulcers, newly closed or open
plantar ulcers, post-traumatic and post-surgical patients
with adipose deficiencies, and a wide range of individuals
with metatarsal or heel pain may qualify for and benefit
from CAT.

In this case report, subcutaneous implantation of CAT
was evaluated in a diabetic neuropathic patient at high
risk of plantar ulcer formation. The patient had a his-
tory of recurrent plantar ulcers and presented with a pre-
ulcerative lesion (Figure 3A). Similar to the case reported
by Luu et al., there has been no incidence of ulcer recur-
rence or complications.'* While the Luu et al. case was
followed for only 6 weeks, this CAT patient has been fol-
lowed for 9months. CAT has remained palpable through-
out the 9-month follow-up, indicating the longevity of the
implanted CAT.

Currently, CAT is the only adipose allograft available
to health care providers that retains the structure and
cushioning function of native adipose tissue. The favor-
able outcomes observed in this clinical case suggest that
CAT is a promising approach for managing diabetic neu-
ropathic patients at risk of plantar ulcerations. Long-term
follow-up for the treated patient is currently ongoing.
Future studies with larger sample sizes and extended fol-
low-up are warranted to further evaluate the clinical effec-
tiveness and ulcer-free duration.
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