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Abstract

Background. This retrospective case series details the use of a continuous topical oxygen therapy (cTOT) device for
wound bed preparation prior to the application of cellular, acellular, and matrix-like products (CAMPs) on lower
extremity wounds.
Methods. A retrospective records review was conducted in a single outpatient wound care center. Treatment
consisted of 2 weeks of cTOT followed by CAMP application. Weekly wound photos and measurements were
obtained through chart review. Patients included in this study did not achieve complete wound closure within the 2-
week cTOT treatment period and were transitioned to application of a CAMP as per standard practice at the lead
author's clinic.
Results. This study included 4 patients (5 wounds). The mean patient age was 71.8 years, and wound types included
3 diabetic foot ulcers (DFUs) and 2 venous leg ulcers (VLUs). The mean wound area reduction seen in this patient
cohort was 74.7% and 76.1% at 4 and 6 weeks, respectively. Overall, a mean healing time of 8 weeks was noted
across all wounds with a mean number of 6 CAMP applications.
Conclusions. Wound healing should be approached in an algorithmic manner, starting with wound bed optimization.
In this patient cohort cTOT proved to be an effective way to improve the quality of the wound bed, in addition to the
standard cleansing and debridement, prior to CAMP application. The authors believe that this combination of topical
methods might have synergistic effects and improve wound healing, and the results of this study support this
assumption.

Introduction

In chronic wounds, the physiological processes of wound healing are disrupted, resulting in delays in tissue repair and
regeneration. Intricate and synchronized biological actions such as cellular proliferation, collagen deposition, angiogenesis,
and tissue remodeling are integral to timely and efficient wound closure, which make chronic wound healing one of the most
complex processes in the human body.  Yet every refractory wound is unique, and clinicians must consider all the systemic
and local factors that contribute to the varying pathophysiology in each patient. While the goals of wound management,
including tissue repair support, infection prevention, pain reduction, devitalized tissue elimination, moist environment
creation, and edema reduction, remain the same, understanding the effects of underlying comorbid conditions on the wound
environment is of the utmost importance for successful wound management.

Our current knowledge of useful wound healing therapies has largely been derived from studies comparing outcomes of
various treatments with the standard of care on one specific wound type in cohorts not reflective of real-world patients.
Additionally, the paucity of comparative effectiveness and head-to-head trials across a variety of wound types is a significant
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obstacle to the development of algorithmic or combination-therapy approaches to wound management. Therefore,
consensus is lacking on optimal treatment strategies that can be used across the spectrum of care. Combination therapy, or
the use of a variety of successive therapeutic approaches, may have the potential to tackle the complex challenges
associated with delayed wound repair in individuals with hard-to-heal wounds of various etiologies.

Effective wound bed preparation is an essential part of any wound care protocol, aiding in the removal of barriers to healing
and optimizing the wound environment for advanced interventions, such as cellular-based therapies, to bolster progression
towards healing.  In addition to routine cleansing and tissue debridement performed by wound professionals as part of
wound hygiene practices, evidence-based adjunctive treatments such as negative pressure wound therapy (NPWT) or
continuous topical oxygen therapy (cTOT) can be used to support good wound bed preparation as the standard of care.

Prolonged tissue hypoxia as a result of poor vasculature function, endothelial tissue loss, or edema can lead to multiple
tissue complications such as infection, delayed healing, and wound dehiscence and is a major risk for skin graft failure.
Large defects may provide challenges regarding nutrient and oxygen diffusion and, as a result, nutrient-deprived cells that
are distant from the surrounding capillaries may experience impaired proliferation and migration.  Oxygen plays an
essential role in multiple wound-healing processes including oxidative killing of bacteria, cellular signaling and proliferation,
collagen deposition, and angiogenesis, which are all essential to the preparation of the wound environment for receiving
grafts or tissue products.  It is also important for oxygen to reach tissue products to maximize their potential benefits to the
wound site.  Supplemental oxygen has been shown to stimulate epidermal reconstruction in human skin equivalents,
leading to enhanced migration and accelerated epidermal maturation.  cTOT represents a significant advancement in
delivering supplemental oxygen to chronic wound tissues. Additionally, cTOT treatment is easy to use in a wide range of care
settings and a variety of chronic wound types.

Cellular, acellular, and matrix-like products (CAMPs), previously referenced as cellular tissue products (CTPs), are "a broad
category of biomaterials, synthetic materials, or biosynthetic matrices that support repair or regeneration of injured tissues
through various mechanisms of action."  There is a large body of evidence published in the literature on the use of CAMPs
in the treatment of chronic wounds. However, the quality and quantity of evidence differs from product to product.
Additionally, there is scant data in the literature to assist healthcare professionals in decision-making regarding the best
product to use for a particular indication.

A recent consensus panel reporting on the optimized use of CAMPs outlined several essential steps that should be
performed prior to CAMP application, with adequate wound bed preparation being among these recommendations.  This
ideology aligns with the Centers for Medicare and Medicaid Services (CMS) Local Coverage Determination (LCD), which
outlines the covered indications for CAMP application. The LCD clearly dictates that, prior to CAMPs application, the
implementation of a treatment plan to produce a clean granular wound base without evidence of infection is a requirement.

The following retrospective case series details an algorithmic approach to the use of a cTOT device (NATROX O , Inotec
AMD Ltd) for wound bed preparation to optimize the wound environment prior to the application of CAMPs in an outpatient
wound clinic on both diabetic foot ulcers (DFUs) and venous leg ulcers (VLUs). The objective of this study was to determine
the feasibility of a larger investigation into the serial use of cTOT and CAMPs in the management of hard-to-heal wounds of
the lower extremity.

Materials and Methods

This single-center, retrospective case review was conducted to examine the outcomes of a chronic wound therapy algorithm
consisting of 2 weeks of wound bed optimization with cTOT followed by CAMP application.

The retrospective case study was conducted in accordance with the Health Insurance Portability and Accountability Act
guidelines and adhered to the tenets of the International Conference on Harmonization E6 Good Clinical Practice (ICH GCP)
and the Declaration of Helsinki. This retrospective review was exempt from IRB approval. All patients provided written
informed consent to publish the case details and the associated de-identified image assessments. No compensation was
provided for participation.

All wounds were considered nonhealing prior to the use of cTOT because they had failed to achieve a wound area reduction
of at least 50% after the standard-of-care treatment for at least 4 weeks. Previous wound management varied and included
debridement, offloading, compression bandages, alginates, collagen, gelling hydrofibers, foam dressings, and topical
antimicrobial agents.

Wound assessment and treatment

Wound measurements captured via an automated 3-dimensional wound-imaging device were recorded for each patient visit.
The cTOT device (NATROX O , NATROX Wound Care; Figure 1) was applied to the wound per the manufacturer's
instructions for use. Patients were seen at least once weekly in the clinic for 2 consecutive weeks. Weekly wound photos,
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measurements, and tissue oxygenation measured using near-infrared spectroscopy were obtained through chart review. All
wounds had regular debridement to remove devitalized tissue per the clinician's discretion. Wounds were bandaged with a
variety of inert semiocclusive dressing materials to manage exudate and promote a moist wound-healing environment. In all
cases, plantar foot wounds were offloaded via total contact cast or removable walking boot, and all venous ulcers were
treated with compression bandaging as part of the standard of care. Patients included in this study did not achieve complete
wound closure within the 2-week cTOT treatment period and were transitioned to the application of a CAMP as per standard
practice at the lead author's clinic.

Figure 1. Image of the cTOT device (NATROX O , NATROX Wound Care).

A variety of CAMP products including amniotic tissue grafts and acellular dermal matrices were used based on the lead
author's current selection method, which considers clinical wound type, wound assessment, goals of healing, and product
mechanism of action. All CAMPs were applied per the manufacturer's guidelines. No products were used off-label.
Reapplication of the CAMP was also performed at weekly intervals in all patients included in this series. The CAMP was
covered with a non-adherent dressing followed by an inert moisture-managing secondary dressing and appropriate
offloading or compression dressings if applicable. All patients were followed in the lead author's wound clinic until complete
wound closure was achieved.

Results

Four patients with a total of 5 wounds were included in this case review. Patient demographics are shown in Table 1. The
mean patient age was 71.8 years and wound types included 3 diabetic foot ulcers (DFUs) and 2 venous leg ulcers (VLUs).
All patients had an ankle-brachial index of at least 0.9 mm Hg but not greater than 1.3 mm Hg. Additionally, all wounds were
negative for clinical signs and symptoms of infection prior to beginning cTOT.
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Table 1. Patient Demographics and Baseline Wound Information

The mean wound area reduction seen in this patient cohort undergoing therapy with cTOT and subsequent CAMPs was
74.7% and 76.1% at 4 and 6 weeks, respectively, as shown in Figure 2. Patient 1 showed an increased wound size at week
6 compared with week 4; however, the wound did progress rapidly to healing by week 12. Overall, improvement in the
wound bed tissue characteristics was observed following cTOT treatment compared with baseline.

Figure 2. The mean wound area reduction for patients undergoing therapy with cTOT and subsequent CAMPs.
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Overall, a mean healing time of 8 weeks was noted across all wounds, with a mean number of 6 CAMP applications used
per patient through to wound closure (Table 2). Of the 5 wounds, 1 wound healed by week 4 and another 2 healed by week
6. The remaining 2 wounds completed wound resolution by week 12 (Table 2, Figure 2). Specific case examples are
illustrated in Figure 3. No adverse events were reported throughout.

Table 2. Time to Healing and Number of Camp Applications Used Per Patient

https://d148x66490prkv.cloudfront.net/hmp_ln/inline-images/2024-11%20Cole%20Table%202.png
https://d148x66490prkv.cloudfront.net/hmp_ln/inline-images/2024-11%20Cole%20Table%202.png
https://d148x66490prkv.cloudfront.net/hmp_ln/inline-images/2024-11%20Cole%20Table%202.png
https://d148x66490prkv.cloudfront.net/hmp_ln/inline-images/2024-11%20Cole%20Table%202.png


Figure 3. Examples from 2 cases included in the study.
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Discussion

Chronic wound healing is a complex and intricate process requiring the activation of multiple overlapping steps and cellular
functions.  To develop the best treatment plan, clinicians must consider therapies that address a variety of patient-specific
causative factors that contribute to wound chronicity such as patient age, underlying comorbid conditions, infection status of
the wound, tissue perfusion, and tissue quality, just to name a few. Thus, standard-of-care wound-treatment algorithms
include the removal of necrotic tissue, the selection of dressings that maintain a moist wound environment, the control of
bacterial contamination or treatment of wound infections, and the reestablishment of blood flow to the wounded tissues.
Despite the employment of these foundational interventions, many wounds will remain unhealed. When wounds fail to enter
a healing trajectory, it is recommended to leverage advanced wound care therapies.

Modern advances in the scientific study of wound healing and the identification of the molecular pathophysiology of hard-to-
heal wounds have yet to translate into widely used multimodal wound care algorithms. While new commercially available
products continue to enter the market, there remains a need to develop structured multimodal wound care treatment plans to
optimize individual patient outcomes. Identifying wound care therapies capable of working serially or in tandem to overcome
the nebulous tissue microenvironment found within hard-to-heal wounds will enable clinicians to practice precision medicine
and develop patient-centric therapeutic regimens.

Skin is the largest organ system of the body. It is the first line of defense during birth, and it remains the last line of defense
during life. Adequate oxygenation is required for basic skin tissue perfusion and throughout the wound healing cascade.
cTOT has been established as a beneficial therapy that supports wound management through both meta-analyses and
randomized controlled trials evidence.  International expert guidance and consensus documents have advocated for
cTOT to be included in hard-to-heal wound care regimens based on the mounting level of published evidence.  cTOT
supports wound bed optimization through a variety of mechanisms. Reversing the hypoxic conditions of the chronic wound
environment through the addition of cTOT helps to bolster the immune system function. Oxygen plays a key role in
supporting immune cell migration and activity, leading to an upregulation of phagocytosis and bacterial killing via reactive
oxygen species generation.  In a study by Hunter et al, the authors concluded that topical oxygen therapy, when applied to
the wound bed, modified the tissue microbiome to closely resemble that of intact skin, thus contributing to wound healing
through suppression of chronic inflammation.  Furthermore, changing the oxygen gradient in the wound bed via cTOT helps
recruit fibroblast and epithelial cells to support granulation tissue formation and wound repair and regeneration.  All of these
clinical benefits provide an optimized wound environment to enhance the success of CAMPs and, as observed in this small
case series, this sequential approach can aid healing. This may be further maximized by longer durations of cTOT treatment.

Additionally, CAMPs play an important role in wound management. When used appropriately, these products can reestablish
a favorable wound environment that expedites wound healing. While the mechanism of action varies from product to
product, many CAMPs work by bolstering cellular functions or activating the molecules that are intrinsic to wound closure.

In a recently published CAMPs consensus document, the authors stressed the importance of wound bed preparation as a
critical step for successful CAMPs use.  Furthermore, the consensus concluded that inflammation and infection should
ideally be resolved prior to CAMP application.  The publication cautions that lack of adequate optimization of the wound bed
will ultimately lead to CAMP failure. The benefits of adequate oxygenation of a wound when using tissue substitutes have
also been demonstrated previously in vitro, with early keratinocyte migration, enhanced collagen deposition, and accelerated
epidermal maturation noted in oxygen-supplemented tissue compared with controls.

While the exact mode of action varies from product to product, the role of CAMPs in wound management is to reinforce the
wound's innate healing mechanisms through supporting intra- and extra-cellular communication and activities.  This
dynamic reciprocity supports the reestablishment of the wound healing processes and helps restore normal tissue repair
functions. While CAMPs can stimulate the extracellular matrix, these products will have limited long-term success without
oxygen. Therefore, initiating topical oxygen early for wound bed optimization is very important and should be considered in
the wound healing algorithm, as recently highlighted in the M.O.I.S.T wound care guidance document.

It should be noted that stimulation of cellular processes in stagnant wounds can lead to increased exudate and autolytic
debridement of necrotic tissue, as noted in previous studies using cTOT.  This may explain the initial increase in wound size
that was observed in patient 1. Nevertheless, this patient went on to fully heal by week 12, highlighting the benefits of this
sequential treatment.

The mean time to complete closure for the 5 wounds reported in this study was 8 weeks, with a mean of 6 applications of
CAMPs. While different CAMPs were used in this study, possibly influencing the number of applications, this data highlights
an interesting observation that should be explored further in comparative studies to resolutely ascertain if the synergy of
sequential cTOT and CAMPs use may reduce the number of applications required with a corresponding decrease in time to
healing.
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Limitations

The limitation of this project is that it is a single-site, retrospective study on a small sample size of subjects, making it difficult
to draw sound conclusions about the effects of cTOT and CAMPs used sequentially. However, the results of this
retrospective case series support the feasibility of future studies to include a larger patient cohort to determine the optimal
treatment pathways for patients.

Conclusions

This small feasibility study is a step toward transforming wound care into a precision practice. Wound healing should be
approached in a systematic and algorithmic way, starting with wound bed optimization. In this patient cohort, cTOT proved to
be an effective way to improve the quality of the wound bed, in addition to the standard cleansing and debridement, prior to
CAMP application. The authors believe that this combination of topical methods might have synergistic effects and improve
wound healing, and the results of this study support this assumption. With looming limitations in the number of CAMP
applications permitted under various LCD/Local Coverage Article policies, as well as the constraints in accessing certain
CAMPs, finding innovative methods to improve wound healing will have great value across all clinical settings.
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