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Learning Objectives

ECM = extracellular matrix; sNPWT = single-use negative pressure wound therapy.

• Investigate the potential of collagenase in enhancing the pro-ECM response in 

chronic wounds through macrophage conversion to a fibroblast-like state

• Evaluate the impact of advanced therapies utilizing placental allografts on health 

outcomes for chronic wounds, supported by recent big data research findings and 

optimal reimbursement strategies

• Analyze the mechanism of action and clinical applications of single-use negative 

pressure wound therapy (sNPWT) across the continuum and transitions of care

• Explore illustrative case studies leveraging a clean, cover, and close method 

integrating advanced therapies for optimal healing outcomes



The State of 
Chronic Wounds

Rodney Lindsay, MD, CWS-P
Medical Director
Carrollton Regional Medical Center 
Comprehensive Wound Center
Carrollton, TX



Sen CK. Adv Wound Care. 2023;12(12):657-670. Guo S, Dipietro L.A. J Dental Res. 2010; 89(3):219–229. Pocock ES, et al. Vasc Cell. 2014;6(1):24. Strbo N, et al. Adv Wound Care. 2014;3(7):492–

501. Atkin L, et al. J Wound Care. 2019;23:S1-S52.

Risk Factors for Stalled/Chronic Wounds

• 10.5 million patients in the U.S. are affected by chronic wounds

• Chronic wounds ― often referred to as stalled ― are characterized by a failure to 
reduce in size by 40%–50% in 30 days

• Comorbidities such as diabetes, obesity, smoking, cardiovascular disease, 
immunodeficiency, age, and nutrition are risk factors that contribute significantly 
to the development of stalled, chronic, non-healing wounds



DFU = diabetic foot ulcer. 

Sheehan PJ, et al. Diabetes Care. 2003;26(6):1879-1882.

Predictors of Healing

• Benchmark: Wounds that show a 50% or more reduction in wound size after 4 wks 
of treatment are more likely to be completely healed at wk 12 than wounds that 
show a reduction in size of less than 50% at wk 4, as demonstrated in a study of 
diabetic foot ulcers (DFUs)1



Management of Chronic Wounds

• Comprehensive patient assessment

• Diagnostic testing

• Development of initial plan



Diegelmann RF, Evans MC. Front Biosci. 2004;1:283–289. Menke NB, et al. Clin Dermatol. 2007;25:19–25.

Chronic Wounds
There is a cycle of recurring inflammation and tissue damage 

which prevents progression to healing.

Hemostasis phase

Injury Bacteria + Comorbidities + Environment

Increased bacterial 

bioburden can inhibit 

wound progression 

toward healing due to 

induction of chronic 

inflammation

Inflammatory phase

Epithelialization phase

Closure

Proliferative 

phase

Chronic 
inflammation

Tissue damage

Acute 
inflammation

Initial treatment 

• Sharp debridement, 

• IODOSORB 0.9% Cadexomer Iodine Gel every other 

day for 1 week

• Collagenase SANTYL Ointment week 2 until 

granular

Venous Leg Ulceration

• 53yo left LE

• Injury occurred 10/10/23 when the dog scratched her 

leg

• PMH: smoker, Hashimoto’s Disease, 

Psoriatic Arthritis

• Prior treatment: oral antibiotics 



Velnar T, et al. J Int Med Res. 2009;37:1528-1542. Enoch S, et al. Wounds. 2003;15:213-229. Sen CK, et al. Wound Repair Regen. 2009;17:763-771.

The Cycle of 
Inflammation

Breaking the 

cycle of 

inflammation
Remove necrotic tissue; 

preserve granulating 

tissue; progress through 

the normal phases of 

wound healing

Debris 

accumulation 
(continues to 

accumulate and 

becomes visible)

Chronic wound
(wound presents visible 

necrotic tissue)

Initial 

debridement
(usually sharp)

Inflammatory

process ignited

Wound stalls
(sub-clinical necrotic tissue 

accumulates; wound fails to 

progress)

Inflammatory

process ignited



Enoch S, et al. Wounds. 2003;15:213-229. Vowden K, et al. Wounds UK [serial online]. 2011;7:1-4. Available at: http://www.wounds-uk.com/pdf/content_10133.pdf.

Common Wound 
Debridement 

Methods
Sharp Autolytic Mechanical

Biosurgical 
(maggot therapy)

Hydrosurgical Enzymatic



Collagenase Ointment
selectively digests collagen

• Incomplete debridement may stall wounds in 

the inflammatory phase of healing

• Wounds stalled in the inflammatory phase 

continue to generate debris that is anchored 

to the wound bed by collagen strands



French M, et al. J Protein Chem. 1992;11:83-95. Kim M, et al. Biochim Biophys Acta. 2007;1770:1627-1635. Shi, et al. Int Wound J. 2010;7:87-95. Sheets, et al. PLoS ONE. 2016;11(7):e0159598.

Clostridial Collagenase Cleaves Denatured Collagen at 7 Sites vs 1

Exogenous debridement with 

collagenase ointment

Endogenous debridement with 

honey, hydrogels, hydrocolloids, 

and transparent films

VS

Works faster than passive autolytic support as shown in multiple 

clinical studies

Through its specific enzymatic debridement process, unique 

collagen fragments are created that recruit cells that contribute to 

the formation of granulation tissue and microvasculature

Cleaves necrotic tissue at 7 specific sites along the 

triple-helix collagen strand

Breaks and unwinds denatured collagen while preserving 

healthy granulation tissue



Products Utilized on the Market

Endogenous debridement methods Exogenous debridement methods

Hydrogels Collagenase ointment

Honey

Hydrofibers

Topical antibiotics



This Photo by Unknown Author is licensed under CC BY

Collagen Breakdown

Native Collagen

(Intact)

Denatured Collagen

(Unwound)
Digested Collagen

(Broken Down)

Denaturation
Enzymatic

cleavage

Sharp

What happens to the 

collagen fragments? 

https://www.stockpicturesforeveryone.com/2012/12/close-up-shots-from-cotton-mill.html
https://creativecommons.org/licenses/by/3.0/


Das A, et al. Am J Pathol. 2015;185:2596-2606.

The Cellular Cascade

pro-inflammatory factors

wound 

chronicity
M1



Das A, et al. Am J Pathol. 2015;185:2596-2606.

The Cellular Cascade

CCol

Intervene with

collagenase 

ointment

pro-inflammatory 
factors

wound 

chronicity

M1

Contributes to the formation of healthy 

granulation tissue. Angiogenesis.

(Does not harm healthy tissue.)

Fibroblasts Keratinocytes

Endothelial cells

Anti-inflammatory macrophage

Pro-resolution factors
IL-10, IGF-1, PDGFα, TGFß

M2



Case Study: Enzymatic Debridement
Oct. 5 – Nov. 27



Case Study: Enzymatic Debridement
Feb. 2 – March 1



Case Study: Enzymatic Debridement
May 9 – July 1



Clinical Pearls

• Indicated for debriding both chronic dermal 

ulcers and severely burned areas

• Contributes to formation of granulation 

tissue and subsequent epithelialization of 

dermal ulcers and severely burned areas

• Removes necrotic tissue and preserves 

healthy granulation tissue ‒ selective and 

active

• Faster debridement than passive autolytic 

support

Enzymatic Debridement 
Collagenase ointment 250 units/gram



Placental Allografts:
Supporting Data and Clinical Effectiveness

Lee Goldstein, MD, FACS
Vascular & Wound Care Surgeon, Hartford HealthCare

Medical Director, Wound Care, Fairfield Region, St. Vincent’s Medical Center
Trumbull, CT



Comparative Effectiveness of Placental Allografts in the Treatment of 

Lower Extremity Diabetic Ulcers (LEDUs) and Venous Leg Ulcers (VLUs) 

in U.S. Medicare Beneficiaries (2016-2020)

A Retrospective Observational Cohort Study Using Real-World Evidence



• Compare the clinical effectiveness of skin substitutes 
for treating lower extremity diabetic ulcers (LEDUs) and 
venous leg ulcers (VLUs)

• Analyze long-term health outcomes associated with skin 
substitute utilization

• Using placental allograft-based cellular tissue products 
(CTPs)

‒ vCPM: viable cryopreserved placental membrane

‒ vLPM: viable lyopreserved placental membrane

• CTPs are a rich source of different cell types, such as 
fibroblast, epithelial cells, and stem cells, along with 
collagen matrix and growth factors

Comparative Effectiveness Research with Big Data:
LEDU and VLU Outcomes with Skin Substitutes

LEDU = lower extremity diabetic ulcer; VLU = venous leg ulcer; CTP = cellular tissue product; vCPM = viable cryopreserved placental membrane; vLPM = viable lyopreserved placental membrane. 



Study Design

• Retrospective observation cohort

• 2 cohorts

1. LEDU

2. VLU

• Medicare Limited Dataset (LDS), 2016-2020

‒ Inpatient

‒ Outpatient

‒ Skilled nursing facility (SNF)

LDS = limited dataset; SNF = skilled nursing facility.



Key Findings

• vLPM and vCPM are alternatives to standard of care (SOC), such as compression 

therapy and other CTPs, in the treatment of LEDUs and VLUs for Medicare patients

• Compared with SOC and other CTPs, vLPM and vCPM are associated with superior 

wound recurrence for LEDUs and VLUs in the Medicare population

• Compared with SOC, vLPM and vCPM are associated with long-term reductions in 

1-yr mortality, amputation, and composite rates of AOs 

SOC = standard of care; AO = adverse outcomes. 



A Retrospective Analysis of Medicare Claims (2016-2020) 
Showed 49% and 73% Reduced Risk of Recurrence
in LEDU and VLU, Respectively, Compared to Other CTPs

GRAFIX (CPM)

vs other CTPs

GRAFIX (CPM)

vs other CTPs

CPM = cryopreserved placental membrane.

Padula WV, et al. Adv Wound Care (New Rochelle). 2024;13(7):350-362.



Dhillon Y, et al. Health Science Reports. 2025

Dhillon Y, et al. Health Sci Rep. 2025;8(5):e70819.



Dhillon Y, et al. Health Science Reports. 2025.

• 200 patients randomized to lyopreserved cellular placental membrane (LPM) vs 

SOC

• 72% higher probability of wound closure with LPM+SOC

• Larger wounds fared better with LPM

• Quality of life improvements shown

LPM = lyopreserved cellular placenta membrane.

Dhillon Y. et al. Health Sci Rep. 2025;8(5):e70819.



Dhillon Y, et al. Health Science Reports. 2025

Dhillon Y, et al. Health Sci Rep. 2025;8(5):e70819.

• LPM and SOC significantly closed more VLUs ‒ and faster ‒ than SOC alone and 

improved the quality of life for patients, suggesting that the use of aseptically 

processed LPM is a safe and effective treatment option in the healing of chronic 

VLUs



Case Reports



• 71y Female first presented 8/3/20 with GI bleeding and alcoholic encephalopathy; 

a stage 4 sacral decubitus wound was present on admission 

• She recovered from the bleed but had complications of her right knee replacement 

becoming infected; over the next year, the knee was removed, further complicating 

her mobility 

• She continued to have an open sacral ulcer throughout this time

• Presentation to our wound center 3/1/22

• Continued problems with drainage and maceration

Case Study: Sacral Pressure Injury



Initial presentation to wound center

Case Study: Sacral Pressure Injury, 3/1/22



9 months later
12/27/22

Case Study: Sacral Pressure Injury



4/25/23

Case Study: Sacral Pressure Injury



• Patient sent for second opinion as she has now had the wound for roughly 3 yrs and 

has been coming to our wound center for 15 months

• Her knee had been explanted with a spacer placed, and the surgeons wanted the 
sacral wound closed before they would replace the knee

• She had countless outpatient debridements and several skin substitute applications 
before seeing me

• I offered her a surgical option

Case Study: Sacral Pressure Injury, 6/15/23



Examine the wound 
under anesthesia – 
define the extent, 
and make a plan

7/17/23

Case Study: Sacral Pressure Injury



Case Study:
Sacral Pressure Injury



Retention suture 
closure technique – 

Helps to offload the 
wound and prevent 
tension on the skin 
edges

Case Study: Sacral Pressure Injury



Wound closure over 
cryopreserved 
placental membrane 
graft

Case Study: Sacral Pressure Injury



Retention closure 
over biologic glue

7/17/23

Cryopreserved placental 

membrane graft

Case Study: Sacral Pressure Injury



• Need to remove all inflamed, hypergranulated,

chronically colonized, epithelialized tissues

• Offloading and pressure relief is the single

most important key to success and must be

established preoperatively

• Nutrition must be assessed preoperatively

• Converting the wound to an acute, healthy

surgical wound and supplementing closure

with cryopreserved placental membrane graft helped heal this patient

Surgical closure or revision of chronic wounds

Insights



POD 10, 7/27/23
Sutures removed

Case Study: Sacral Pressure Injury



POD 17, 8/3/23
Discharged 

Patient has since had 
her knee replaced

Case Study: Sacral Pressure Injury



Management of large problem wounds 
with cellular, acellular, and matrix-like 
products (CAMPs)



Presentation

• 70y Female with PMH significant for morbid obesity, s/p gastric sleeve (10/13) 

and then gastric bypass (4/18)

• 2016: Bilateral thigh lipodystrophy resection due to excess skin around legs and 

recurrent knee arthroplasty infections, eventually with a functioning R knee and 

fused left knee (12 surgeries)

• Seen by lymphedema clinic for decongestive therapy in 2023



Lymphedema 
presentation 4/23



↑ 3/2024 11/2024 
→

Lipedema Surgery



11/2024 

Panniculectomy, 
umbilical transposition, 
rectus plication



3/21/25

Bilateral thigh lift 
and liposuction



POD 5



POD 6



POD 9



• Bilateral thigh debridement in OR

• Large volume debridement with suture reinforcement of dehiscence

• Dressed with petrolatum gauze dressing, ABD pads, elastic 

compression bandage

POD 10: Return to OR for Debridement



POD 14



• I first saw these wounds bedside with virtually no dressings in place, large 

amounts of slough, drainage, odor, and debris

• Initial recommendations

‒ IV antibiotics

‒ Nutrition supplements

‒ Urinary diversion

‒ Offloading bed to prevent pressure injury (PI)

‒ Operative exam and treatment

POD 18: Dr. Goldstein Consulted

PI = pressure injury.



• Obese patient with mobility issues, fused left knee

• Clinical infection

• Recurrent fecal and urinary soilage 

• Risk of PI

• Difficult local wound care and dressing management

• Pain

• Deconditioning

‒ Approaching 3 wks in the hospital when we met

• Exposure

‒ Plan ahead for the OR ‒ I chose lithotomy

Challenges 



POD 21/0

Operative 
management



Thoughts?

25cm
3cm



61

Modern Debridement Tools Are Critical



POD 21/POD 0

Bilateral wound 
ultrasonic debridement, 
grafting with (3) 
cryopreserved placental 
membrane 7.5x15 



NPWT = negative pressure wound therapy.

Wounds dressed with 
low-adherent wound 
contact dressing, 
negative pressure 
wound therapy (NPWT)



Operative Cultures: ESBL E. Coli

• Patient followed by infectious 

disease (ID)

• IV antibiotics instituted

• Diarrhea from anti-microbial therapy 

continues to be a problem

• Dislodgement and soilage of NPWT 

requires nearly daily dressing 

changes and reinforcement

• Patient cannot leave hospital



POD 28/7/0
Return to OR



Debridement, Grafting, Cultures, NPWT



Cryopreserved Placental Membrane Graft

(3) Cryopreserved 
placental membrane 
graft 7.5 x 15cm



NPWT over
low-adherent 
wound contact 
dressing



Operative Cultures



POD 38/17/10
Remove non-adherent layer under foam



POD 46/25/18/0

Return to OR



STSG = split-thickness skin graft.

Cryopreserved Placental Membrane Graft

Debridement, split-
thickness skin grafting 
(STSG), cryopreserved 
placental membrane 
graft application, NPWT

(2) Cryopreserved 
placental membrane 
grafts 



Debridement, STSG, Cryopreserved Placental 
Membrane Graft Application, NPWT



POD 56/35/28/10



POD 61/40/33/15



Hydrofera Blue® 
(antibacterial foam 
wound dressing) 
started with 
alginates and 
Allevyn◊ 

(hydrocellular foam 
wound dressing)



POD 74/53/46/28 



POD 81/60/53/35 



POD 88/67/60/42 



POD 109/88/81/63 



Reimbursement



Reimbursement:
Skin Substitutes Are Coded Based on Size and Location

• Location

‒ Trunk, arms, legs

‒ Face, scalp, eyelids, mouth, neck, 
ears, orbits, genitalia, hands, feet

• Size

‒ <100 cm2

‒ >100 cm2



Reimbursement:
Skin Substitutes Are Coded Based on Size and Location

• CPT Codes TRUNK, ARMS, LEGS

‒ 15271 (<100 cm2, first 25 cm2)

‒ 15272 (<100 cm2, additional 25 cm2)

‒ 15273 (>100 cm2, first 100 cm2)

‒ 15274 (>100 cm2, additional 100 cm2)

• CPT Codes FACE, SCALP, EYELIDS, 
MOUTH, NECK, EARS, ORBITS, 
GENITALIA, HANDS, FEET

‒ 15275 (<100 cm2, first 25 cm2)

‒ 15276 (<100 cm2, additional 25 cm2)

‒ 15277 (>100 cm2, first 100 cm2)

‒ 15278 (>100 cm2, additional 100 cm2)



Reimbursement

• Upcoming nationwide proposed LCD changes point towards a significant decrease 
in covered skin substitutes, with specific emphasis being placed on graft-specific 
supporting data

• New coverage will apply to skin substitutes used to treat VLUs and DFUs

• Tentatively planned to go into effect January 1, 2026



Healed!

“It always seems impossible 

until it is done.”



Clinical Pearls

• Viable lyopreserved and cryopreserved amniotic membrane grafts have increasing 

amounts of supporting clinical data, especially from large data sets

• Methods of preparation and production are graft-specific, so policy and coverage 

decisions should favor graft-specific data

• CAMPs can be valuable adjuncts in healing large, complicated, challenging wounds

Dhillon Y, et al. Health Sci Rep. 2025;8(5):e70819. Padula WV, et al. Adv Wound Care (New Rochelle). 2024;13(7):350-362. 



Mechanism of Action
and Application of sNPWT

Erich S. Lemker, MD
Dual Board-Certified Plastic and Reconstructive Surgeon

Chief, Division of Plastic and Reconstructive Surgery
Community Regional Medical Center

UCSF-Fresno Medical Educational Group
Fresno, CA



Commercially Available Products

• 2021 Review lists 9 

distinct devices

• Several new devices 

since then

Crumley C. Single-Use Negative Pressure Wound Therapy Devices: A Technologic Analysis. J Wound Ostomy Continence Nurs. 2021;48(3):195-198 



Crumley C. J Wound Ostomy Continence Nurs. 2021;48(3):195-198.

Commercially Available Products



Mechanism of Action: Traditional NPWT (tNPWT)

• Macrodeformation

• Microdeformation

• Fluid removal

• Alteration of wound environment

• Modulation of inflammation

• Cellular responses

‒ Proliferation, migration, 

angiogenesis

• Alterations in bioburden

• Oxygen gradient

• Lymphatic clearance

Huang C, et al. Curr Probl Surg. 2014;51(7):301-331. Biermann N, et al. J Tissue Viabil. 2019;28(4):223-226. Kilpadi DV, Cunningham MR. Wound Repair Regen. 2011;19(5):588-596. Nov;28(4):223-

226. Wu M, et al. Plast Reconstr Surg. 2023;151(4):779-790.



• Macrodeformation

• Microdeformation

• Fluid removal

• Alteration of wound environment

• Modulation of inflammation

• Cellular responses

‒ Proliferation, migration, angiogenesis

• Alterations in bioburden

• Oxygen gradient

• Lymphatic clearance

Mechanism of Action: Single-Use NPWT (sNPWT)

Huang C, et al. Curr Probl Surg. 2014;51(7):301-331. Biermann N, et al. J Tissue Viabil. 2019;28(4):223-226.



Mechanism of Action: 

tNPWT vs sNPWT

Kirsner R, et al. Wound Repair Regen. 2019;27(5):519-529.



Mechanism of Action
tNPWT vs sNPWT in open wounds

Kirsner R, et al. Wound Repair Regen. 2019;27(5):519-529.



Mechanism of Action
tNPWT vs sNPWT in open wounds

115 Patients

Randomized
18 centers in USA and 

Canada 

tNPWT sNPWT

• 88.7% Mean 

reduction in wound 
area

• 45% achieved wound 

closure

12 weeks

• 58.6% Mean 

reduction in wound 
area

• 22% achieved wound 

closure

P=0.003

P=0.002

Kirsner R, et al. Wound Repair Regen. 2019;27(5):519-529.



Reduction of the force 
on sutures ~50% Computer model and biomechanical studies

Mechanism of Action: sNPWT

Wilkes RP, et al. Surg Innov. 2012;19(1):67-75. Loveluck J, et al. Eplasty. 2016;13;16:e20.



Mechanism of Action: sNPWT

Force required for 10mm 
distraction increased 
43% with sNPWT

Computer model and biomechanical studies



12-day study in porcine model with standardized 

wounds comparing tNPWT vs sNPWT

Evaluated at day 0, day 6, and day 12

• Faster wound closure (18.56% vs 

33.36% area remaining)

‒ Greater re-epithelialization

‒ Faster wound contraction

• Reduced inflammation 

• Granulation tissue maturation

• Higher total collagen deposition

• Reduced surrounding skin disruption 

and periwound inflammation

Mechanism of Action: sNPWT

Brownville VR, et al. Adv Wound Care (New Rochelle). 2021;10(7):345-356.



1. Tissue perfusion effects

2. Lateral tension and wound 

strength

3. Effects on edema

4. Reduction in hematoma and 

seroma

Mechanism of Action: sNPWT

Karlakki S, et al. Bone Joint Res. 2013;2:276-284.



“…incisional NPWT has developed 

so that there are now reasonable 

grounds for confidence that this 

approach is widely applicable to a 

range of indications…

…but we have little idea of 

precise mechanisms. ”

Mechanism of Action: sNPWT

Karlakki S, et al. Bone Joint Res. 2013;2:276-284.



Mounting Evidence

• Orthopedic surgery

• Plastic and reconstructive surgery

• Cardiothoracic surgery

• Vascular surgery

Mechanism of Action: sNPWT

• Colon and rectal surgery

• OB/Gynecology

• Breast surgery

• General surgery



• Orthopedic Surgery

• Plastic & Reconstructive Surgery

• Cardiothoracic Surgery

• Vascular Surgery

• Colon & Rectal Surgery

• OB/Gyn

• Breast Surgery

• General Surgery

Mounting Evidence:

Mechanism of Action: sNPWT



Clinical Application of sNPWT

Closed Incision

Saunders C, et al. BJS Open. 2021;5(1):zraa003. James K, et al. Am J Surg. 2024;228:70-77.



Clinical Application of sNPWT

Closed Incision

Initial Presentation 1-wk Postop



Clinical Application of sNPWT

Closed Incision

Initial Presentation 2-wk Postop



Clinical Application of sNPWT

Closed Incision

Initial Presentation 8-wk Postop



This systematic review suggests that it 

may impart a considerable advantage to 

split skin grafting over traditional 

dressings in quality and quantity of take. 

An efficient method in major burns 

NPWT is associated with enhanced graft 

take compared with traditional techniques. 

Application of sNPWT

Skin Graft Bolster

Azzopardi EA, et al. Ann Plast Surg. 2013;70(1):23-29. Patel BJ, et al. Ann Plast Surg. 2021;87(6):e180-e188. Kamolz LP, et al. Ann Burns Fire Disasters. 2014;27(3):141-145.



Application of sNPWT

Skin Graft Bolster

Initial Presentation Intraoperative POD 12 6 Wks Postop



“68% of wounds treated with 

tNPWT are amenable to and 

could be treated with sNPWT.”

Application of sNPWT

Open Wounds

Lindsay R, et al. Wounds. 2025;37(3):125-133.



Application of sNPWT

Open Wounds

Start of Therapy 4 Days 1 Wk 3 Wks 4 Wks 5 Wks



All NPWT
• Open wounds

• Closed incisions

• Skin grafts

Mechanism of action Applications

sNPWT

• Macrodeformation

• Microdeformation

• Fluid removal

• Alteration of the wound 

environment

• Modulation of inflammation

• Cellular responses

• Oxygen gradient

• Lymphatic clearance

• Control of periwound edema

• Reduction in lateral tension

• Faster wound contraction and 

re-epithelialization

• Reduced injury to the 

periwound skin

Clinical Pearls



Thank You
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