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(A

bstract

Below-the-Knee-Amputation (BKA) is a life-saving procedure and is associated with a better functional outcome in persons
with severe vascular comorbidities when compared to Above-the-Knee Amputation (AKA). Amputation stump wounds are
associated with pain and an increased risk of undergoing a subsequent AKA, which adversely affects the quality of life. The
AmnioExcel® Plus (Integra, Princeton NJ) allograft derived from placental tissue can be used as a revolutionary tool in the
management of complicated amputated wounds and the possible benefit of salvaging limbs. Amniotic cells possess stem-cell-
like proliferation and differentiation properties, making them great sources for wound healing. We present a case of a post-BKA
patient with a nonhealing stump wound, who was subsequently managed with AmnioExcel® Plus and wound vacuum place-
ment. This report aims to examine the properties, indications, and advantages of implementing this graft as a promising treat-
ment for transtibial amputation wounds and the prevention of subsequent amputations.
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Introduction

Diabetes Mellitus (DM) and Peripheral Vascular Disease
(PVD) affect over 37 million Americans and are the two lead-
ing causes of impaired wound healing [1]. Peripheral neurop-
athy is one of the most common complications arising from
diabetes and PVD and has an estimated prevalence of 28% [2].
This precipitates the formation of nonhealing ulcers which are
often preceded by mild trauma [2]. Roughly 150,000 patients
undergo lower extremity amputations annually, and diabetic
neuropathy remains a principal etiology [3]. Therefore, suit-
able management is required to prevent further complications
and lifelong disabilities.

AmnioExcel® Plus (Integra, Princeton NJ) is a dehydrated
trilaminar allograft derived from placental tissue [4]. It con-
sists of multiple molecular factors resulting in scar attenuation,
angiogenesis, inflammatory cell suppression, and protein pres-
ervation [4]. Crucially, it does not express human leukocyte
antigens, which inherently reduces immunogenicity and rejec-
tion risk [5]. This has transformative potential for accelerating
wound repair when compared and added to conventional regi-
mens for instance, negative pressure wound therapy (NPWT)
with the use of a vacuum-assisted closure (VAC) device is a
commonly implemented modality for both acute and chronic
wounds [6]. These devices became FDA-approved in 1995
and have been used by millions since they induce localized hy-
poxic tissue states, stimulate angiogenesis, and promote wound
resolution [6]. The use of AmnioExcel® Plus with wound vac

placement may enhance the wound-healing process and poten-
tially benefit patients with nonhealing wounds caused by the
aforementioned health morbidities [4]. The benefits and extent
of healing support, tissue restoration, and improved health out-
comes in otherwise non-viable amputation stump wounds re-
quire more comprehensive research.

We present a patient with a nonhealing diabetic ulcer on a pre-
viously performed below-the-knee amputation stump site. He
was an excellent candidate for AmnioExcel® Plus allograft-
ing to salvage his limb and prevent an additional amputation.
Five days after initial placement with accompanied wound vac
placement, enriched areas of newly formed granulation tissue
had noticeably begun to develop with increased tensile strength
and cellular integration.

Case Presentation

We present a 63-year-old male with a past medical history
significant for DM 2, PVD, hypertension, and substance use
disorder and a surgical history remarkable for a right BKA of
performed two years ago due to his comorbidities. He present-
ed to the Emergency Department (ED) with a chronic nonheal-
ing stump wound. The patient stated that he just “bumped” the
stump a couple of months after the procedure, and a wound
formed, which never healed. On physical exam, the leg was
mildly edematous with a wound that was 2.9 cm in length, 1.9
cm in width, and 0.3 cm in depth. The wound bed was cov-
ered with 100% wet, yellow slough with a moderate amount
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Figure 1: Infected BKA stump wound with purulent drainage
and erythema visualized.

of faint-smelling seropurulent exudate. The edges appeared to
be well-defined with a dry, intact peri wound. The patient en-
dorsed pain which was exacerbated by the assessment. (Figure
1) below shows the infected stump when the patient arrived at
the ED.

These findings were concerning for cellulitis and possible os-
teomyelitis, which warranted further investigation with imag-
ing. The patient was placed on prophylactic piperacillin-tazo-
bactam and Computed Tomography (CT) of the right lower
extremity with intravenous contrast was conducted. Results
showed subcutaneous edema consistent with cellulitis and a
central lytic area involving the metaphyseal region of the distal
right femur suspicious for chronic osteomyelitis. (Figure 2)
below highlights the CT findings of osteomyelitis of the femur.

Figure 2: Central Iytic area involving the metaphyseal region
of the distal right femur indiclqtg'ng possible chronic osteomy-
eliris.

The patient was diagnosed with an infected stump wound in-
dicating debridement of the tissue in addition to prophylactic
antibiotic use. However, due to the risk of poor wound heal-
ing after the removal of the infected tissue, it was decided that
cell graft placement was necessary to salvage the stump and
prevent further amputations in the future. The patient under-
went a right below-knee amputation wound debridement with
AmnioExcel® Plus placement. All necrotic skin and subcuta-
neous tissue and debris were sharply excised, the bone was not
exposed and an AmnioExcel® Plus graft was placed, secured,
and wrapped in sterile dressing. The patient had no postopera-
tive complications and two days later the dressing was changed
with wound vac placement to optimize and accelerate the heal-
ing process. Eight days postoperative, there was visible inte-
gration of the cell within the wound and increased granulation
tissue formation. The new wound measurements were 2.1cm in
length, 2.5cm in width, and 0.2cm in depth indicating cell re-
generation. Figure 3 below shows the BKA stump wound eight

Figure 3: Image showing cell integration and increased
granulation tissue formation on post-op day 8.

days after the placement of AmnioExcel® Plus.

The surgical team signed off, and the patient was instructed to
follow up with wound care.

Discussion

Delayed wound healing is a long-known consequence of poor-
ly controlled DM and PVD and is the leading cause of lower
extremity amputation and subsequently increased mortality.
Chronic wounds provide a challenge to physicians because
these wounds fail to progress through the appropriate stages of
healing [7]. These wounds often have excessive proinflamma-
tory cytokines, extracellular matrix destruction, and prolonged
infection occurrence; as well as the deficiency of functional
stem cells, collagen, and angiopathic factors [7].

Historically, the management of these wounds focused pre-
dominantly on infection prevention, while more recently, there
is a greater emphasis on providing active support to the wound
healing process. VAC devices have greatly improved the rate
of healing in these challenging wounds by increasing the rate
of granulation tissue development and vascularity of these
wounds, while also decreasing bacterial growth [6]. However,
these machines can be cumbersome to patients and they lead
to slower ambulation, therefore research should continue to in-
vestigate adjunctive treatments for these wounds [8]. The use
of skin substitutes in these amputation site wounds provides an
opportunity to ameliorate some of these challenges and recent
literature has indicated that amniotic membrane grafts have an
efficacy of as high as 86% to 90% in healing difficult wounds

[5].

Skin substitutes are often bilaminar with an amnion and cho-
rion component or unilaminar with only an amnion component
[9]. The AmnioExcel® Plus is a trilaminar (amnion-chorion-
amnion) allograft derived from donated human placental tis-
sues. These placentas must meet the requirements of the rig-
orous screening and testing process before sterilization and
dehydration [4]. The extra amnion layer provides additional
support and reduces graft degradation [4,9]. These grafts are
suggested to be non-immunogenic due to the innate immuno-
logically privileged features of the placenta [10,11]. It reduces
the expression of the Major Histocompatibility (MHC) protein
complex, and the expression of apoptotic proteins, and stimu-
lates the release of immunosuppressive and immunomodula-
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tory molecules [10-12].

The amnion components provide the majority of the structural
support for the graft and the wound with extracellular matrix
proteins, while the chorion component provides ample type |
and III collagen, laminin, fibronectin, and signaling molecules
[9]. The amniotic membrane induces cell migration and pro-
liferation with increased levels of transforming growth factor
B and vascular endothelial growth factor [11]. The addition of
these molecules to the wound site has been shown to greatly
increase the rate of epithelialization, and angiogenesis, while
decreasing inflammation and increasing the overall probability
of successful wound closure [11,13,14]. In addition, the release
of anti-inflammatory cytokines and IL-10 has an analgesic ef-
fect [S5]. The graft also provides physical coverage and protec-
tion to the regenerating nerve twigs which further helps in pain
alleviation [5].

Placement of an AmnioExcel® Plus graft is recommended in
the immediate postoperative management of a BKA site. In ad-
dition to cell placement, sterile dressing with a knee immobi-
lizer accompanied by serial examinations for signs of wound
dehiscence, infection, or bleeding should be implemented [15].
AmnioExcel® Plus use is indicated as a wound-healing sup-
port for acute below-knee amputation wounds or as an adjunc-
tive treatment to VAC devices to salvage below-knee amputa-
tion sites, especially in those with complex comorbidities such
as diabetes mellitus or PVD [4]. Some contraindications to
AmnioExcel® Plus graft use are patients with an allergy or
sensitivity to ethanol due to trace amounts of ethanol poten-
tially present due to the preparation process [4]. In addition,
placental allografting is contraindicated in any patient with ac-
tive infection [4].

The AmnioExcel ® Plus graft is a promising therapeutic option
when salvaging BKA site wounds. As seen with our patient,
these grafts can increase epithelization, granulation tissue de-
velopment, and angiogenesis while decreasing inflammation
and pain. In addition, these grafts have minimal contraindica-
tions and complications, providing a safe way to encourage
timely healing of these chronic wounds and reducing the mor-
bidity of these patients.

Conclusion

In this report, the AmnioExcel® Plus placental allograft mem-
brane showed promising granulation results, tissue reepithelial-
ization, and reduced pain in the patient. These placental mem-
branes are transformational as it offers targeted wound healing
due to their biological properties, immunologic characteristics,
and analgesic effects. As with this patient, diabetes mellitus
and vascular disease impair the multiple stages of wound heal-
ing. This leads to hard-to-treat infections, amputations, and fre-
quent hospitalizations. AmnioExcel® Plus placental allograft
is groundbreaking compared to standard wound care, as the
trilaminar structure promotes paracrine effects for reduced
healing time and tissue regeneration. Although the results were
reassuring, future research into placental allografts and their
possibility of salvaging BKA stumps from further amputation
is necessary.
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