Rapid Elimination of Wound Bed and Periwound Bacterial Fluorescence Using a Novel Chemical Debridement Agent: A Case Report
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Abstract:
Fluorescence imaging identifies bacteria at levels exceeding the chronic inhibitory bacterial load (CIBL, 10^4 CFU/g).  Wounds with bacterial levels at or above the critical infection burden level (CIBL) heal poorly. Recent studies have shown that sharp debridement in combination with antiseptics requires 2 to 3 weeks to eliminate wound bed fluorescence and has no effect on periwound fluorescence. Topical Desiccation Agens (TDA) (DEBRICHEM®, Amsterdam, NL) is a novel chemical debridement that removes water from the wound, kills bacteria, and disrupts biofilm. TDA has no adverse effects on intact skin due to its relatively low water content. The significance of periwound fluorescence is unknown; however, clinical experience suggests it is associated with delayed wound healing. This is the case of a 55-year-old diabetic who presented to the wound clinic after undergoing amputation of his right second toe. Physical examination revealed nonviable tissue in the wound bed. There was no cellulitis. Fluorescence imaging revealed intense red bacterial fluorescence in the wound bed and on the periwound skin. TDA was applied to the wound bed and periwound skin for 60 seconds, after which saline was applied and TDA mechanically removed. The single application of TDA completely removed the nonviable tissue, revealing a wound bed with 100% granulation. Post-application fluorescence imaging demonstrated elimination of bacterial fluorescence in the wound bed and periwound skin. This is the first case observation of the eradication of periwound fluorescence, concluding that TDA debrides and reduces bacterial burden in nonhealing wounds and may have a positive effect on periwound bacterial load. 
Introduction
Nonhealing wounds are a significant and growing burden to the United States healthcare system, owing to their rising incidence and associated morbidity and mortality. It is estimated that approximately 6.5 million individuals are affected, with annual treatment costs exceeding $25 billion [1,2]. Beyond the economic impact, chronic wounds substantially impair patients’ quality of life through persistent pain, odor, reduced mobility, and social isolation [3]. Distressingly, several studies have reported five-year mortality rates in patients with chronic wounds that approach those observed in common cancers [4]. Given these profound clinical and societal implications, effective strategies for prevention and management remain imperative beginning with the challenge of biofilm.
Biofilms contribute to delayed wound healing. They employ diverse survival strategies that render them resistant to topical antimicrobials and systemic antibiotics. In fact, an incremental increase in bacterial burden has been shown to delay healing by up to 44% for every tenfold increase in bacterial colony-forming unit [5]. Current guidelines on the treatment of biofilms advocate for a multifaceted approach, including sharp debridement, topical antiseptics, and advanced wound care modalities [6]. Biofilm communities exhibit increased tolerance to antiseptic agents compared with acute infections [7], underscoring the need for alternative strategies. Recent multicenter studies have demonstrated that point-of-care fluorescence imaging accurately detects bacteria including biofilm-based organisms [8]. 
Sharp surgical debridement remains the gold standard for biofilm management, as it disrupts the extracellular polymeric substance (EPS) and renders bacteria more susceptible to antimicrobials [9]. Nonetheless, surgical debridement is limited by rapid biofilm reformation within 24 hours [10], incomplete eradication of biofilm-embedded organisms [11], the risk of bleeding, pain, and challenges in accessing deeper wound tissues where biofilms may reside [12]. Recently, chemical debridement agents have emerged as promising adjuncts, capable of disrupting the biofilm matrix, lowering bacterial load, and promoting healing through effective removal of necrotic tissue and debris [13].
Methane Sulfonic Acid (MSA), developed as a topical desiccation agent (TDA), offers a novel chemical approach to wound debridement. TDA possesses potent hygroscopic and acidic properties, leading to rapid desiccation, protein denaturation, and carbonization of necrotic tissue and biofilm matrices [14]. Within 60 seconds of application, tissues containing necrosis and microorganisms undergo coagulation and precipitate formation, which then separate from the wound bed to yield a clean, granulating surface. Preclinical studies using in vitro biofilm models have demonstrated complete eradication of viable bacterial cells following a 30-second exposure to this topical agent [15]. The low water content in the stratum corneum protects intact skin from the acid’s desiccating action.
This case study reports the therapeutic application of MSA as a chemical debriding agent in a 55-year-old patient with diabetes mellitus, following amputation of the right second toe.
Case Presentation:
A 55-year-old male with a history of uncontrolled diabetes mellitus presented to the outpatient wound care clinic for evaluation shortly post-amputation of the right toe. The patient was referred for ongoing wound care following surgery. Physical examination demonstrated an open amputation site  covered with nonviable tissue. There were no  signs of cellulitis, such as erythema, warmth, or fluctuance. The periwound skin appeared intact. Point-of-care fluorescence imaging was performed to assess and quantify the bacterial burden in the granulation bed. Imaging demonstrated intense red fluorescence, consistent with high bacterial load. The fluorescence signal also extended into the periwound skin, indicating widespread superficial colonization not apparent on visual inspection by the clinician (Figure 1).
Figure 1: Standard and Fluorescence Imaging on Presentation of the case. In the fluorescence imaging the Green colouring is the signal of high bacterial load. 
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TDA for chemical debridement, was applied directly to the wound bed and periwound tissue for sixty seconds. The agent was then mechanically removed per the manufacturer’s protocol, by usage of ample saline to rinse TDA off to neutralize the desiccation action. This revealed a wound bed with 100% granulation following removal of nonviable tissue. Repeat fluorescence imaging following the single application demonstrated complete resolution of the red fluorescence in both the wound bed and periwound skin (Figure 2). This diagnostic method ensured adequate bacterial clearance. No adverse effects were observed, and the patient tolerated the treatment well. Follow up in one week revealed an improved wound with a fully granulated base (figure 3).  
Figure 2 Standard and Fluorescence Imaging of the case Post TDA Application, in the fluorescence image the fluorescence was completely gone
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Figure 3 One Week Post MSA Application
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Discussion:
Chronic wounds challenge clinicians and place a heavy burden on healthcare systems worldwide [16]. Persistent bacterial burden and biofilm are major contributors of delayed wound healing [17]. Several studies have demonstrated that bacteria within chronic wounds frequently organize into biofilms, which are difficult to eradicate and contribute to antibiotic resistance. This resistance allows bacteria to persist and release destructive enzymes, further impairing tissue viability and delaying wound closure [18]. Fluorescence imaging detects clinically significant bacteria before the signs and symptoms of infection are evident [8]. Early identification of elevated levels of bacteria and biofilm allows the clinician to use topical agents to eliminate bacteria before systemic agents are required.  
Debridement remains the cornerstone of wound management. Several methods are described in the literature and used in clinical practice, including sharp surgical, mechanical, autolytic, and enzymatic.  More recently, TDA, a chemical debridement agent, was introduced as an alternative to traditional debridement techniques. TDA works by removal of biofilm, devitalized tissue and necrosis rapidly [14]. The primary action of TDA is its ability to readily absorb water from its surroundings, such as planktonic microbial cells, which leads to the destruction of the bacterial cell membrane lipid bilayer [15]. TDA may have advantages over other types of debridement.  Sharp debridement requires surgical skills, anesthesia and can lead to bleeding. TDA, in contrast, is easy to apply and in the author’s, opinion is mildly hemostatic. Autolytic and enzymatic debridement agents require multiple applications to show effect whereas TDA can achieve complete debridement following a single 60 second application.  Mechanical debridement is not effective in eradicating biofilm like TDA.  It is clear that TDA will be a disruptive technology in the wound care space replacing many of the traditional debridement techniques [19,20,21].
Despite these promising attributes, clinical evidence supporting the use of TDA in wound care is limited. Preclinical studies have demonstrated the agent’s efficacy against Pseudomonas aeruginosa and Staphylococcus aureus biofilms in vitro, reporting complete eradication of viable bacterial cells after a 30-second exposure [22]. To date, clinical application of TDA for chronic wounds has not been widely documented, making this report one of the first to describe its real-world utility in an outpatient setting validated with fluorescence imaging. Several clinical trials are underway across the globe. 
Although the findings presented here suggest that TDA may be a rapid, non-invasive, and effective option for biofilm and necrotic tissue removal, the results must be interpreted with caution. As this is a single case report, the findings cannot be generalized to broader patient populations or diverse wound types. Larger, prospective clinical studies are ongoing to confirm its safety, efficacy, and role within the armamentarium of wound debridement strategies.
Conclusion
This single case study suggests that TDA may play a role in the elimination of biofilm and debridement of chronic wounds for a rapid usage of just one sixty seconds application where the fluorescence imaging can validate its immediate effect. 
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