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Introduction 

Chronic wounds are classified as wounds arrested in the inflammatory 

phase of healing that remain open for > 1 month [1] or ≥ 3 months [2- 

4] and negatively impact morbidity, mortality, and quality of life [5- 

9]. Chronic, physiologically impaired wounds include but are not 

limited to diabetic foot ulcers, venous ulcers, pressure sores, and post- 

surgical wounds. Their refractory nature is often related to underlying 

complications, e.g., infection, diabetes, obesity, pressure, and venous 

insufficiency [1,9-11]. Armstrong et al. report that the 5-year 

mortality rate of persons with diabetic foot complications (DFU, 

Charcot foot arthropathy, minor and major amputations) was 

comparable to the rate for all cancer at 31 % [12]. Based on the US 

Medicare 5 % 2014 dataset, an estimated 8.2 million Medicare 

recipients are impacted by chronic nonhealing wounds, with an 

estimated outpatient cost of $ 9.9 – $ 35.8 billion [13]. Several 

treatments have been designed to mitigate the growing challenges to 

patients with chronic wounds and the exploding costs. The increasing 

number of people with chronic wounds, as well as comorbidities such 

 
 

as obesity, diabetes, malnutrition, peripheral arterial or venous 

disease, etc., require a multifactorial approach [14,15] 

Standard of care (SOC) is the first approach to treating chronic 

wounds and includes debridement, antimicrobial treatment, traditional 

and synthetic wound dressing, negative pressure therapy, offloading, 

compression [10,16,17] and addressing the underlying causes to 

support the body in healing the wound naturally. However, these 

approaches are often insufficient to allow resolution of chronic 

wounds with complicated etiologies. There is an increase in clinical 

research incorporating a range of regenerative medicine interventions 

for treating chronic injuries, including growth factors [18-20], stem 

cells [21], placental-derived tissues [22-27], biomimetic membranes 

and tissue-engineered skin, ECM scaffolds 28–32, and stem cell 

secretome [33-35]. 

Allogeneic amniotic membrane has been used successfully in 

conjunction with SOC for treating diabetic foot ulcers, chronic vein 

ulcers [22-27,36,37], and chronic nonhealing wounds in elderly 

patients [38]. Amniotic cell-derived conditioned media has been used 
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to investigate the mechanisms that promote the healing of chronic 

wounds [39,40] and reduce apoptosis in a murine model of thermal 

burn injuries [41]. 

Cell culture media is conditioned by the amniotic cells, which release 

the cellular secretome (soluble and insoluble factors) into the media 

during normal growth. This acellular media is collected, analyzed, 

and processed for various applications. 

 
Materials and Methods 

For this case study, conditioned media from human amnion-derived 

cells (CM, Axolotl Ambient™, Axolotl Biologix, Phoenix, AZ) and 

an a decellularized, dehydrated, human amniotic membrane (ddhAM, 

Axolotl DualGraft™, Axolotl Biologix, Flagstaff, AZ) were used 

throughout the treatment regimen. This case study was conducted in 

compliance with the ethical principles in the Declaration of Helsinki. 

Informed patient consent was obtained by the physician prior to the 

start of treatment. 

At the time of treatment, the CM (Axolotl Ambient™) was marketed 

under section 361 of the Public Health Service (PHS Act and the 

regulations in 21 CFR Part 1271 as a Human Cells, Tissues and 

Cellular and Tissue-Based Products (HCT/P) within the Food, Drug 

Administration 42. Since the end of the FDA's discretionary 

enforcement period (5/31/2021), the Ambient™ CM was removed 

from the market and is currently in clinical trials under an FDA IND 

for the treatment of osteoarthritis of the ankle (NCT05092646, 

clinicaltrials.gov). 

Conditioned Media and Acellular Human Amniotic 

Membrane: 

The human amniotic membrane was isolated from the placenta of a 

scheduled cesarean section delivery and tested for infectious agents 

(HIV, Hepatitis B, Hepatitis C, CMV, WNV) and microbial 

contamination. The amnion was cleaned, washed, decellularized, 

folded into a dual layer with the epithelial side out, then dehydrated. 

The membrane was packaged, terminally irradiated, and stored at a 

controlled room temperature (15-30°C). 

Following enzymatic decellularization, the pluripotent amniotic 

stromal cells released from the amniotic membrane were expanded in 

tissue culture flasks in media. The cell conditioned regenerative fluid 

was collected at specified time points, packaged, terminally irradiated, 

then stored at room temperature (18-32°C) 

 
Case Study 

A 47-year-old female with confounding factors, including surgery- 

related infection, alcoholism, pre-diabetes, and compliance issues, 

developed a chronic wound following a fracture from a fall at home 

and post-surgical infection over ten months. The patient fell at her 

residence, resulting in a compound ankle fracture. She did not receive 

any intervention for three days. The fracture was surgically treated, 

and hardware was placed to stabilize the fracture. Ten months post- 

surgery, the patient presented with a chronic wound resulting from an 

underlying hardware infection. The hardware was surgically 

removed, and the patient was placed on an antibiotic regimen and 

referred to a plastic surgeon specializing in wound care (Figure 1A). 

One week later, incisions were created anterior to the wound to 

facilitate healing by relieving tension on the wound. Sutures were 

placed where the tissue could be approximated, with the remaining 

areas left open. Three weeks following releasing the incision, the 

patient began receiving treatment with 2 mL CM injected into the 

wound margins and within the wound bed, and a total of 32 cm2 of 

dHAM was cut into pieces and packed into the open areas that could 

not be approximated. The physician could palpate the bone through 

the wound opening, demonstrating minimal bleeding following 

debridement. The patient also reported no pain and minimal 

sensation. The area was covered with an Xeroform bandage as SOC 

(Figure 1B). 

At one week follow-up, day 7, there was a visible increase in 

granulation tissue, several sutures were removed, and the physician 

could no longer palpate the bone. Following debridement, the wound 

was treated with 2 mL CM and 32 cm2 of dHAM and covered with 

Xeroform (Figure 1C). On day 16, the patient was ill with a stomach 

virus. Additional sutures were removed, and the wound was debrided 

and treated with 2 mL CM and 32 cm2 dHAM (picture not shown). 

After removing the infected hardware, the patient also completed the 

course of antibiotics prescribed. At five weeks, day 35, the wound 

exhibited increased blood flow at debridement and a return of pain 

sensation. Following debridement, the damage was treated with 2 mL 

CM and 16 cm2 of dHAM (Figure 1D). By the eighth week, day 53, 

the underlying tissue had re-grown sufficiently to approximate the 

wound edges, and since the patient experienced increased pain, the 

wound edges were surgically sutured and stapled closed under general 

anesthesia (Figure 1E). During follow-up at three, eight, fifteen- and 

twenty-three days post-surgery, the wound was treated with 2 mL CM 

in the wound margins, covered with Xeroform, and the ankle was 

splinted to limit actions. Four weeks post-surgery, day 88 post initial 

treatment, sutures and staples were removed, the wound was washed 

with normal saline, and the margins were injected with 2 mL CM and 

covered with Xeroform. The patient was told to begin regular foot and 

ankle activity (Figure 1F). At four months, day 128 from the start of 

treatment, the wound was closed with only a tiny portion of a 

sanguineous crust (scab) remaining (Figure 1G). The scab was 

debrided, the wound margins were injected with 2 mL CM, and the 

area was covered with Xeroform. At 11 months following initial 

treatment, day 352, the wound was fully closed (Figure 1H). 

A total of ten treatments with CM and four treatments with ddhAM 

were administered over the four-month treatment regimen. It is likely 

the wound was closed in under 11 months, however, the patient did 

not return visit to the physician’s office for a follow up until 11 

months. 
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Figure 1: Healing progression in chronic wounds treated with CM and dHAM. All days listed are post-initial treatment (Day 0). A: Post-surgery 

to remove infected hardware 34 days before the start of treatment. B: Day 0 start of treatment with CM and dHAM, following surgical incision. 

C: Day 7, showing notable granulation tissue in all open areas. D: Day 35, following 3 treatments with CM and dHAM. E: Day 53, following 

surgical suturing. F: Day 88, approximately 5 weeks from recent surgery. G: Day 128, a closed structural barrier (scab), four months from first 

treatment. H: Final image demonstrating a fully closed wound, Day 352. 

 

Discussion 

In developing countries, the prevalence of chronic nonhealing 

wounds is nearly 2.5 %. In the United States, 8.2 million Medicare 

patients reported at least one chronic damage, ranging from diabetic- 

related infections, foot, pressure, and venous ulcers to surgical 

conditions [13,43]. Lower extremity amputation is required in 14- 

24% of patients with a diabetic foot ulcer [15]. Current population 

trends suggest that in 2060, there will be 77 million elderly 

individuals. Given the increasing population age, the incidence of 

chronic wounds is expected to continue to increase [13], negatively 

 
 

impacting the quality of life, morbidity, and mortality and placing an 

estimated $28-96 billion burden on the healthcare industry [7]. 

The chronicity of nonhealing wounds is driven by numerous 

comorbidities including but not limited to diet, diabetes, 

hypertension, renal disease 3 peripheral arterial or venous disease, 

[14,15], depression [5], and alcohol consumption [44]. In this case 

report, alcohol may be a key player in the persistence of the chronic 

wound. Alcohol appears to have a bimodal immunomodulatory 

effect, with acute consumption reducing proinflammatory cytokines 

and regular consumption prolonging inflammatory responses in 
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immune cells [45]. Pre-clinical data also supports the impact of the 

inflammatory phase of wound healing with chronic alcohol intake. In 

mice, chronic alcohol increases the release of proinflammatory 

cytokines and a detrimental inflammatory systemic response [44]. 

In this case study, a 47-year-old patient with attendant alcohol 

consumption, pre-diabetes, and compliance challenges developed a 

chronic wound over 10 months following surgical intervention to 

address a fracture. The treatment used in this case report is a 

combination of SOC with two regenerative therapies: a human, 

acellular amniotic membrane that provides a physical structure or 

barrier function and a regenerative fluid secretome from multipotent, 

human amnion-derived stem cells derived from the amnion. Amniotic 

membrane (dHAM) is immune privileged and contains various 

growth factors and cytokines, cell adhesion molecules, matrix 

remodeling factors, antimicrobial peptides, and an extracellular 

matrix [46–49]. Conditioned media from human amnion-derived cells 

(CM) also contains growth factors and cytokines, cell adhesion 

molecules, soluble extracellular matrix proteins, and antimicrobial 

peptides [33,35,50]. Both treatments supply growth factors and 

cytokines with immunomodulatory, angiogenic, proliferative, anti- 

fibrotic, anti-inflammatory, and antimicrobial properties that 

facilitate and support the healing cascade. 

The chronic alcohol consumption during the intervention may have 

contributed to this patient's total wound healing time. The 

combination of regenerative dHAM and CM provided the chronic 

wound with factors that interrupted the regular inflammatory cycle 

and progressed the injury through the proliferation phase to the 

maturation/remodeling phase of wound healing. Given the significant 

overlap of the 4 stages of wound healing and the complex interplay 

of innate immunity and resident skin cells, restoring the natural 

balance of growth factors and signaling molecules is critical for 

wound repair, closure, and resolution. Even with the initial stalled 

wound healing response and multiple comorbidities, the multiple 

applications of regenerative therapies demonstrated a positive clinical 

outcome for this patient. Future studies should include a Randomized 

controlled clinical study testing the regenerative fluid and ddhAM 

against SOC. 

 
Key points 

In this case study, a middle-aged female patient with pre-diabetes and 

active alcoholism developed an infection ten months after surgical 

intervention to address a fractured ankle. The physician created 

incisions surrounding the wound to relieve wound tension and 

administered ten treatments of allogeneic decellularized, dehydrated 

amniotic membrane and/or amnion cell-conditioned media 

regenerative therapies within and around the wound bed over the 

course of four months. Normal blood flow and pain sensation returned 

during the treatment course, at four months the wound was nearly 

closed with a small scab, and at eleven months the wound was closed. 

The growth factors and cytokines in amnion-derived therapies 

facilitated the progression of the chronic wound to closure amidst 

several health confounds and compliance issues. 
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