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Introduction 

Mohs micrographic surgery (MMS) is the standard care for high-risk 

basal cell carcinoma, squamous cell carcinoma, and other primary or 

recurrent contiguous skin cancers, such as melanoma or, occasionally, 

Merkel cell carcinoma. [1,7,20] MMS was initially developed by Dr. 

Frederic E. Mohs at the University of Wisconsin in the 1930s, initially 

dubbed chemosurgery using a zinc chloride paste. Currently, the 

technique excises thin layers of cancer tissue with minimal removal 

of the surrounding healthy tissue. The procedure is generally executed 

while the patient is conscious, with the malignant tissue area numbed 

by anesthesia injections, and can last several hours. [1,11] A small 

margin of normal-appearing tissue is traced around the cancer, and 

during excision, the tumor and the narrow margin are removed, and 

the sample is sent to an onsite laboratory for thin sections to be 

histopathologically analyzed. If residual cancerous cells remain 

within the tissue section margins, additional excision will occur, and 

the new margins will be analyzed until the tissue margins are lesion- 

free. In general, this procedure is associated with superior cure rates, 

sparing normal healthy tissue, and is becoming widespread amongst 

 
 

the dermatological community worldwide. [1,20] Due to the rising 

epidemic of skin cancer and an increase in the number of trained 

dermatologists in MMS, the use of this treatment modality has 

expanded exponentially since the 1930s. [1,11] As the number of 

MMS procedures increases, establishing an optimal treatment for 

post-Mohs surgical defects to ensure the return of healthy native 

tissue while avoiding the recurrence of skin cancer is the next step 

toward a successful outcome in the MMS field. 

Following the procedure, the patient and surgeon can discuss care for 

the post-Mohs wound. Ultimately, the result is to aid in the closure of 

the surgically created wound; however, no standardized post-MMS 

care exists. Most post-Mohs wounds are repaired at the end of the 

surgery. 

If it is a large or complex wound, the surgeon may temporarily close 

it using sutures until another repair operation can be completed. 

Depending on the characteristics of the post-Mohs wound (including 

the size and location of the wound, the discomfort experienced by the 

patient, and the availability of materials), post-surgical treatment 

Abstract 

Skin cancer is a worldwide heterogeneous collection of cancers compromising melanoma and non-melanoma, predominantly affecting geriatric 

patients ages 65 and older, and represents a challenge in clinical management [5]. Mohs micrographic surgery (MMS) is a clinical procedure 

implemented in the treatment of various forms of non-melanoma and melanoma skin cancers; the process involves removing thin layers of 

visible cancer tissue and analyzing the tissue margins until all cancerous tissue has been removed [18]. To date, there exists no standard for post- 

operative wound management following MMS; to achieve optimal recovery, the patient and surgeon have a myriad of available options for 

treatment. This retrospective clinical case study demonstrates the effectiveness of dehydrated human amniotic membrane allografts (Axolotl 

DualGraft™) as a treatment modality for successful wound closure and healing in various post-Mohs secondary intention wounds. A plastics 

reconstructive surgeon with Heartland Plastic & Reconstructive Surgery P.C. utilized amniotic membrane (AM) allograft as a vulnerary modality 

for distinctive post-Mohs wounds from diverse geriatric patients. Further investigation for the optimal application in a controlled study using 

dehydrated amnion-amnion membrane for post-Mohs surgical wounds should be considered based on these data. 
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modalities may include further surgical intervention using autologous 

skin grafting, closing the wound with sutures, pulling skin from 

nearby to cover the wound, tissue reconstruction, secondary intention 

healing, or the currently explored method of applying a biological 

tissue product, such as amnion tissue. The mechanisms of healing 

depend on the tissue layers involved (partial vs. total thickness) and 

the mechanism of wound closure (primary, secondary, or tertiary 

intention). Critical factors within this repair process include cells that 

generate the tissue and establish a clean wound bed, the growth 

factors and cytokines that control cellular activity, and the 

extracellular matrix that provides the necessary wound-healing 

environment that promotes cell migration and contains several 

substances that regulate the migration and activity of the growth 

factors and cytokines present. For patients who are adverse to and 

decline further surgical intervention after initial MMS, the 

alternatives include second-intention healing with or without 

adjunctive therapy or the application of biological tissue membranes. 

The benefits of using biological skin substitutes include the 

construction of natural dermis due to the native extracellular matrix 

structure and a basement membrane, a collection of growth factors, 

and antimicrobial properties. These products have shown efficacy in 

protecting wounds as a structural barrier or covering, reducing the 

bacterial load, controlling inflammation, and encouraging 

angiogenesis. [15,24] 

In this paper, we present a retrospective analysis of six patients who 

received biologic amniotic tissue grafts to post-Moh’s surgical 

defects to assist and support the healing of the surgical site. This data 

suggests that biological amnion may be a minimally invasive clinical 

option, allowing physicians to have a post-MMS standard of care. It 

is suggested that a further multi-site, controlled clinical study should 

be explored based on the data herein. 

 
Material & Methods 

Process of Manufacturing Amnion-Amnion Membrane: 

For many years, the human amniotic membrane has been utilized in 

many clinical applications. This biological intervention is derived 

from the inner and outer layers of donated human placental tissue that 

consists of two essential tissue layers known as the amnion and 

chorion. The amnion and chorion membranes maintain the necessary 

environment and protect the fetus during gestational 

development. [12] To date, various methods have been utilized to 

prepare, preserve, and sterilize amnion-based membranes, resulting 

in a unique allograft product with different morphological, 

mechanical, and biological properties. [24,25,26] 

The allograft membrane elected for application in this clinical study 

was Axolotl DualGraft TM, a bi-layered dehydrated human amnion 

membrane allograft derived from the amniotic lining of the placenta. 

This specific allograft source material is donated placental tissue 

collected from consenting mothers and is prepared accordingly. Upon 

receipt, the tissue is rinsed with sterile saline to remove residual blood 

and tissue debris, and then the amnion and chorion layers are 

separated via blunt dissection. The amnion layer is inspected for tears 

or damage and then further washed before folding the spongy 

intermediate layers together, with the epithelial surface facing 

outwards. Then, the membrane is smoothed to remove air pockets and 

ensure complete contact before being transferred to a drying rack and 

air-dried for a period. After dehydrating the membrane, it is cut to 

specific membrane sizes, packaged, and terminally sterilized using 

gamma irradiation. The final product results in a dual-layered 

membrane with the amnion epithelial surface exposed on each side 

for an omni-directional implantation method. Axolotl DualGraft TM is 

regulated solely under section 361 of the Public Health Service (PHS) 

Act, classified as minimally manipulated tissue, and follows FDA 21 

CFR Part 1271 code of federal regulations (CFR). Axolotl DualGraft 

TM is indicated for full or partial-thickness, chronic and acute wounds, 

and maintains the ability of the structural tissue to act as a barrier. 

Study Setting & Patient Selection: 

The study occurred at Heartland Plastic & Reconstructive Surgery 

P.C. in Des Moines, Iowa. To ensure accurate and transparent 

reporting prior to the preparation of this retrospective case series, 

written consent was obtained from the patients, allowing for the use 

of de-identified personal health information and photographs, along 

with publication rights. Patients were included if the diagnosis was 

comprehensive, treatment was completed with Axolotl DualGraft TM, 

and the representative photos of different healing time intervals were 

clear and discernible. The demographic age group of the patients 

treated within this study ranged from 67 to 91 years old, with all 

patients having a different location of surgical intervention, see Table 

1. Complications and self-reported issues after receiving MMS 

treatment are common in elderly patients, and the delay to beneficial 

and more intensive treatments may be a risk factor. Age and previous 

surgical or medical conditions can alter tissue characteristics and 

complicate or delay healing. Further investigation in difficult-to-heal 

tissue locations may demonstrate further intention of healing with 

biological tissue grafts. In this study, the patient defects range from 

full-thickness scalp wounds to neck, cheek, and hand post-MMS 

defects. 
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Table 1: Patient Demographics 
 

 Patient #1 Patient #2 Patient #3 Patient #4 Patient #5 Patient #6 

Gender Female Male Male Male Male Male 

Age 91 67 85 76 80 67 

Surgical 

Indication 

SCC Scalp 

Mohs 

BCC Left 

forehead Mohs 

Right neck 

Mohs 

SCC Left Cheek 

Mohs 

BCC Right forehead 

& Nose Mohs 

SCC left hand 

Mohs 

Comorbidities Hypertension 

Heart Disease 

Hypertension 

M.S. 

Hypertension 

Kidney 

Disease 

Diabetes 

Hypertension 

Diabetes II 

Heart Disease 

Hypertension 

Heart Disease 

Arthritis 

Hypertension 

Heart Disease 

Arthritis 

Skin Cancer 

Average Healing 

Time (in weeks) 

>16 weeks 5 weeks 5 weeks 6 weeks 10 weeks 4 weeks 

 

The patients reviewed in this case series were referred to a plastic and 

reconstructive surgeon for post-Mohs wound treatment. The option 

for Surgical closure of patients’ wounds was not feasible due to 

comorbidities such as age, medical history, and wound chronicity. 

However, each patient had both options of either surgery or biological 

membrane treatment explained, and it was ultimately the patient’s 

choice. All reconstructions were managed with the same 

postoperative protocol. 

 
Method of Application: 

Following an explanation of treatment and patient consent, an initial 

assessment of the post-Mohs wound occurred. A small amount of 

damage debridement was done with blunt dissection using tissue 

forceps around the wound margins to remove necrotic and scab or 

eschar tissue formation that would prevent further healing. Sterile 

normal saline (0.9 % sodium chloride) was utilized to moisten the 

clean membrane sample before transferring with tissue forceps into 

the flat section of the wound. It is important to note that the membrane 

was not packed into the damage, and there is no directional issue of 

the application using Axolotl DualGraftTM, it being an omni- 

directional membrane. After application, the membrane was not 

affixed to the tissue, as it naturally adhered to the wound bed due to 

moisture content. A topical dressing was then placed to cover the 

wound – this varied upon wound size – utilizing non-adherent 

dressing as a protective barrier and for patient comfort. No harmful 

pressure therapies were applied. The patient follow-ups occurred 

every week or based on patient availability, with representative 

photos of healing taken at each visit. The reapplication of Axolotl 

DualGraftTM was completed based on the physician’s discretion. 

Results 

A total of 6 patients participated in this retrospective clinical case 

study, each treated with Axolotl DualGraftTM. It remains unclear as to 

the optimal frequency of membrane application as this was based 

solely on the physician’s discretion, which included wound history, 

type, comorbid conditions, and visual inspections of the wounds. The 

average healing time for the post-Mohs defects varied based on 

location and wound size, ranging between 4 to 16 weeks. 

 
Case 1: A 91-year-old female came for a consult following MMS of 

the scalp due to squamous cell carcinoma (SCC). Social history 

includes retired lifestyle with no nicotine use, negative for non- 

recreational drug use, or caffeine, and social alcohol practice. Due to 

her comorbidities (myocardial infarct, chronic hypertension, and 

cardiac disease with post-oral anticoagulant therapy) and family 

concern for the delayed closure and developing chronicity of her 

wound, the surgical option was denied and permission for application 

of biological allograft was granted. Initial examination of wound 

measured to be 6.8x7.6x1.0 cm area of a full-thickness, non-healing 

scalp wound with exposed bone. Wound margins are exposed and 

identifiably healthy, without evidence of undermining or tunneling. 

Acute infection was not present, and the wound was moist with a non- 

purulent, sanguineous exudate. The coloration was normal, based on 

wound presentation. Using aseptic technique, the amniotic membrane 

product was initially pre-soaked with a 0.9% sterile normal saline 

solution. The moistened amniotic membrane was then aseptically 

placed within the wound margins, without fixation. Following clinical 

application of the membrane product, the wound was observed for a 

two-week period, with reapplication performed, as needed. By week 

5 of treatment, tissue granulation commenced, starting at the wound 

edges, with full granulation tissue coverage complete by week 9, at 

which time, no exposed bone was observed. 
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Initial Wound Exam: Full-thickness non-healing post-Mohs surgical scalp wound, initial area measured to be 6.8 x 7.6 x 1.0cm. Moderate amount 

of bloody exudate (sanguineous) with exposed bone and defined wound margins. 

 

Week 2 Follow-Up: Reapplication of membrane – seen as textured pattern on wound bed: wound exudate is moderate serosanguineous with a 

slightly edematous pink wound border showing signs of re-epithelialization. Wound coloration was Red, Pink, Black lacking yellow discoloration, 

indicating a lack of acute infection. 

 

Week 4 Follow-Up: A moist exudate appears sanguineous with advancing/migrating pink edges of wound. Wound moisture increased with a 

reduction in black coloration indicating elimination of necrotic tissue. 
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Week 5 Follow-Up: Granulating tissue (islands) are present advancing inward from the wound edges, indicating the beginning of the remodeling 

phase. 

 

Week 7 Follow-Up: Increase in red moist granulating tissue, beginning to cover exposed bone in middle of wound bed. 
 

Week 9 Follow-Up: Full Granulation tissue coverage of wound bed; exposed bone is no longer visible. 
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Week 11 Follow-Up: The granulation tissue continues to fill in the defect and has a healthy viable appearance. 
 

Week 15 Follow-Up: The wound appears smaller and there is hair regrowth up to the edges of the defect. The granulation tissue remains healthy. 
 

Week 16 Follow-Up: 6cm x 5cm circumference of scalp wound. 

The granulation tissue surface is smooth, and the wound edges have re-epithelialized and exhibit hair regrowth. 
 

 

Case 2: A 67-year-old male, with a past medical history of 

hypertension and multiple sclerosis (MS), presented for treatment of 

a left forehead MMS defect, status post removal of a basal cell 

carcinoma (BCC). The retired patient reported use of caffeine, and no 

practice of nicotine, recreational drug use, alcohol, or exercise. Upon 

description of treatment options between further surgical intervention 

or biological tissue graft, the patient preferred avoidance of surgery 

and requested the use of the biological tissue graft. Initial 

examination of the forehead wound demonstrated a 1.9x2.1x0.75 cm 

area of full thickness, skin and soft tissue forehead wound, with 

defined healthy borders with slightly rolled, dusky edges, indicating 

wound stagnation. 

 

Initial Wound Exam: Front left forehead, post-Mohs full thickness surgical wound with 1.9x2.1x0.75cm area. Exposed wound margins are healthy 

with no undermining, slight rolled edges indicating wound stagnation with dusky inflammatory edges. Red & pink wound bed, focal black tissue 

around edges indicates post-surgical eschar. Ther is no indication of purulence. Light bloody exudate. 
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Week 2 Follow-Up: One-week follow-up after initial treatment with reapplication of graft: wound exudate is minimal, and clear. Slightly 

edematous wound border with beginnings of tissue granulation. The full wound coloration is red border with pink tissue center, without any 

indication of infection. 

 

Week 3 Follow-Up: Moist exudate with deep red wound center and undefined granulated wound pink wound border, the overall size of the wound 

has decreased and now measures 1.3x1.3cm. The wound appears moist, with a reduction in exudate. The increased red coloration implies 

angiogenesis. 

 

Week 5 Follow-Up: Light pink re-epithelization; no exúdate was present and complete wound closure was noted. 

 
 

Case 3: A 85-year-old male with type II diabetes was referred for treatment of an MMS defect located on the neck behind right ear. At the initial 

presentation, the wound area measured 2.3x2.0cm. The patient’s medical history includes type II diabetes, kidney disease, hypertension, and a 

previous stroke. He is a caffeine and social drinker but denies the use of tobacco or recreational drugs. The neck wound appeared to be full 

thickness wound, penetrating into fatty tissue of neck. The wound has a clearly defined surgical wound border, without undermining or tunneling 

of wound margins. Initial inspection revealed moderate wet and bloody exudate with red wound edges and small foci of black coloration within 

wound bed. 
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Initial Wound Exam: A 2.3x2.0 cm surgical wound, with dark red defined wound border, moderate wet red, and tan exudate. 
 

Week 1 Follow-Up: One-week follow-up treatment with reapplication of graft. The wound exhibits slight tissue granulation on attached wound 

edges. There is a small amount of clear exudate, without purulence or necrosis. 

 

Week 3 Follow-Up: Two-week follow-up; the wound defect is completely filled with reddish-pink granulated tissue. No exudate present and 

wound margins are clean and clear. 



Journal of Medical Case Reports and Case Series ISSN: 2692-9880 

Citation: Ingraldi AL, Lee D, Tabor AJ (2023) Post-Mohs Surgical Defect Repair with Dehydrated Human Amnion-Amnion Membrane: A Retrospective Clinical Case Study. J Med Case Rep Case Series 4(17): 

https://doi.org/10.38207/JMCRCS/2023/SEP041701115 

 

 

 

 

Week 5 Follow-Up: The wound has completely closed, with re-epithelialization of the surface. 

 
 

Case 4: A retired 76-year-old male with heart disease, type II diabetes and hypertension came in for plastic surgery consult following MMS of 

the left cheek due to squamous cell carcinoma (SCC). Social history includes social alcohol practice and no use of caffeine, nicotine, exercise, or 

recreational drugs. Following the explanation of procedure options, the patient preferred a nonsurgical route and chose biological graft treatment. 

Examination of the left cheek wound noted a 1.4x1.0 cm defect, with exposed deep tissue. The surrounding tissue was edematous but viable, with 

slight epidermal sloughing, moderate serosanguinous exudate, and defined wound borders. 

 

Initial Wound Exam: Full-thickness non-healing post-Mohs surgical defect of the left cheek, measuring 1.4x1.0 cm, excised to the depth of the 

deep soft tissue. A mild amount of blood-tinged exudate covers the surgical bed and respects the defined surgical wound margins. 

 

Week 1 Follow-Up: The wound bed exhibits even discoloration with a scant surface exudate. The wound margins are well defined, with signs of 

decreasing inflammation and granulation. The edema and erythema of the has decreased. 
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Week 2 Follow-Up: The wound size has noticeably decreased, the wound bed is a deep red coloration, consistent with angiogenesis. 
 

Week 6 Follow-Up: Wound healing is complete, and the erythema and edema have resolved. 
 

 

Case 5: An 80-year-old male with a history of heart disease, 

hypertension and arthritis was referred for treatment of a BCC post- 

Mohs surgical defect of the lateral right eyebrow, which measured 

2x1.5x0.5 cm. There is no social history reported, but the patient 

granted permission to be treated with a biological graft. 

 

Initial Wound Exam: The wound margins are sharply defined, and there are no features of undermining or tunneling. The wound bed is covered 

by a layer of yellow and black crust, which is an indication of a non-healing wound bed. The surrounding tissue does not appear to be inflamed or 

infected. 
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Week 2 Follow-Up: Re-epithelialization of the wound margins has occurred, and the wound bed is filled in by with healthy granulation tissue. 

There is no exudate present. 

 

Week 10 Follow-Up: At the conclusion of the treatment protocol. The wound has completely healed and is surrounded by healthy tissue. 
 

Initial Wound Exam: The wound margin and wound bed is covered by pink and yellow scale with early dark eschar formation. A small amount 

of thin clear exudate is present in the wound bed. The wound margins are regular and identifiable with no undermining or rolling present. The 

surrounding tissue appears healthy and viable. 
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Week 1 Follow-Up: The wound bed is now red with a small amount of serosanguinous exudate. The wound margins retain black eschar but are 

well defined. 

 

Week 2 Follow-Up: The wound margins are pink, and the adjacent wound bed is dark red, with granulation tissue islands evident along the wound 

periphery. Small amounts of bloody exudate are present. 

 

Week 4 Follow-Up: The wound is completely closed, with re-epithelialization occurring over the majority of the area. 
 

 

Case 6: A 67-year-old male with a history of skin cancer, 

hypertension and heart disease was referred for treatment of a post- 

MMS surgical defect after removal of a SCC on the radical dorsal 

aspect of the left hand. The surgical wound measured 2.0x1.0cm. 

After procedures and options were explained, the patient granted 

consent for the use of biological tissue graft for treatment. 

 

Discussion 

The goal of skin cancer treatment is the complete removal of the 

lesion, minimize functional disability, and achieve a positive aesthetic 

result. For geriatric patients, it is essential to consider how to improve 

or maintain a patient's active lifestyle, increase disease-free survival, 

 
 

and limit the impact of disability or morbidity while avoiding 

complications or outcomes that would result in exacerbation of 

underlying medical conditions that would increase health-related 

costs or the possibility of mortality. With the progressive aging of 
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populations coinciding with the rising risk of skin cancer, geriatric 

care is a significant issue for health authorities. This preliminary 

retrospective case series has demonstrated the beneficial implications 

of the once-geriatric approach in the clinical management of post- 

MMS and surgical skin cancer treatment. A regenerative medicine 

approach to skin cancer treatment and post-surgical care may provide 

physicians with more treatment options and deliver faster and 

improved care for difficult-to-heal elderly patients. 

Treatment with a biological tissue graft is less invasive, resulting in 

faster wound closure, fewer postoperative complications, decreased 

requirements for additional surgical procedures, and less patient 

discomfort. All of these are noteworthy beneficial effects, resulting in 

improved patients' outcomes and an overall reduction in healthcare 

costs. For a future geriatric-centered study, the authors recommend a 

multi-disciplinary interpretation of patient's results following a 

Comprehensive Geriatric Assessment (CGA) outline or a similar 

system to understand better and summarize patient conditions 

throughout the entire process. 

As demonstrated in this study, the Axolotl DualGraft TM integrates 

into the wound bed and encourages tissue granulation rapidly without 

the need for meticulous wound care protocols. Table two details that 

re-epithelialization occurred in all six patients while complete 

epidermal covering closure was visible present in five of the six 

patients. 

 

Table 2: Patient Healing Time 
 

 Patient #1 Patient #2 Patient #3 Patient #4 Patient #5 Patient #6 

Surgical MMS location SCC Scalp 

Mohs 

BCC Left 

forehead Mohs 

Right neck 

Mohs 

SCC Left 

Cheek Mohs 

BCC Right forehead 

& Nose Mohs 

SCC left hand 

Mohs 

Re-epithelization ☒ ☒ ☒ ☒ ☒ ☒ 

Complete Epidermal 

covering 

☐ ☒ ☒ ☒ ☒ ☒ 

Average Healing Time 

(in weeks) 

>16 weeks 5 weeks 5 weeks 6 weeks 10 weeks 4 weeks 

 

Preparations of amniotic-tissue-derived allograft have been shown to 

contain cytokines, growth factors, protease inhibitors, angiogenin, 

and extracellular matrix components that, when exposed to the wound 

bed, promote cell proliferation, migration in vitro and overall 

assistance in wound healing. [4,15] 

 

Figure one: Left, represents the dehydrated allograft amniotic product, pre-application. Right, represents the amniotic ECM proteins. 
 

 

The images represent the amniotic allograft product applied and the 

amniotic layers with the extracellular matrix proteins found in 

placental tissue. It is this ECM and its constituents that aid in the 

process of wound closure as seen with patients in this study (images 

created by authorship group). 

The use of amniotic membrane (AM) in this retrospective clinical trial 

setting was successful in complete would healing and closure, 

cosmetically pleasing outcomes, and overall patient satisfaction. 

Conclusion 

There is a lack of published data and articles analyzing comparisons 

between the use of AM vs standard of care for post-Mohs wounds 

healing by secondary intention. Future randomized, multi-center, 

controlled studies should focus on analyzing potential quantitative 

differences in initial defect area, the relationship between initial 

defect size and time to closure in relation to tissue type. Further 

investigation into the efficacy of dehydrated human amniotic 

membrane allografts (Axolotl DualGraft TM) as a treatment modality 

for a variety of post-Mohs secondary intention wounds and how it 

impacts elderly patients is warranted. 

Limitations 

Due to limitations of sample size, the variances in wound location, 

dimensions and patient demographics, the wound closure rates and 
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percentages were not statistically obtained. Although rate was not 

calculated to show statistical significance, the qualitative outcomes 

demonstrated positive results i.e. granulation tissue formation, and it 

is believed that time of wound closure improved in patients treated 

with AM. Future studies with the goal of further evaluating amniotic 

membrane and the rate of wound closure post-Mohs micrographic 

surgery should effectively control the aforementioned limitations to 

determine an accurate rate of wound closure using biologic amniotic 

interventions. 
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