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SUMMARY
Maggots of Lucilia sericata were used in the debridement of deep pressure sores in outpatient settings for the treatment of pressure sores involving the complete skin thickness. The technique presented in the article does not pose risks for the patient. 
ABSTRACT
Biological therapy using Lucilia sericata larvae has numerous advocates worldwide, yet it is still fairly unknown and not commonly applied in daily practice because of the limited awareness and insufficient experience of medical and nursing personnel. There are case reports suggesting that maggot therapy can be applied and supported by lay caregivers, provided they are supervised and informed by physicians/nurses. The foregoing observation suggests that the method should be considered for implementation by a wider group of caregivers if accepted and meticulously supervised by trained and experienced medical staff. The concerns related to the therapeutic use of maggots in certain regions seem understandable, but are not supported by scientific facts. It should be noted that many therapeutic agents (including brood) used in medicine are of natural origin, and are associated with low production costs and high possibilities of implementation in the course of therapy. By analyzing the literature and using our own clinical and research experience, we have come to conclusions related to using larvae therapy, as a quick and safe method providing cleaning and revitalization in the process of treating wounds of various etiologies, especially pressure ulcers. In the current study, medical-grade Lucilia sericata maggots were applied to remove necrotic tissue from deep pressure sores. The treatment is mostly accepted by both caregivers and patients. In most cases, it is conducted by trained and experienced medical personnel in home and outpatient settings. Over the course of the conducted analyzes involving the collected specimens, there were no statistically significant relationships (p> 0.05) confirmed between the wound surface successfully cleared by brood and variables, such as time from wound formation, location, surface size, and the depth of damage to the tissue structure. The lack of statistical dependence may result from the small size of the studied group. Based on the current findings, we have formulated the following conclusions: Maggot Debridement Therapy (MDT) is a fast and effective method enabling the preparation of the wound bed. The use of MDT in outpatient settings is safe and acceptable for patients and their caregivers.
INTRODUCTION
Aging of society and a longer life expectancy determine a need for professional care for the patient. Chronic diseases may lead to a greater risk of skin damage, mainly associated with defective blood circulation and lymphostasis, often resulting in local infections caused by strains of pathogenic microorganisms1. The traditional process of treating pressure ulcers takes months and comes at a high cost for the patient and the healthcare system2,3. Wound debridement is the first and one of the most important stages of local wound care. A concept of wound bed preparation was presented by Sibbald and Falang5,6, and its effectiveness was confirmed with evidence reported in numerous scientific studies1,2,3. Necrotic tissue can be removed by surgical, autolytic, or biological methods. In hospital conditions, some cases of wounds are not qualified for surgical intervention, for various reasons usually related to the patient's condition (or the lack of consent to such a procedure). Furthermore, it is usually not the wound itself that precludes surgical intervention, but the patient’s comorbidities. Not all patients are fit for surgical debridement (e.g., because of underlying health conditions). Alternative forms of debridement are required in such cases1,3,7. Autolytic debridement (with gels or active dressings) is expensive and time-consuming; it also carries a risk of infection due to dissolution (autolysis) of necrotic tissue that may be traced or already infected8. This type of treatment, as a rule, takes several weeks, dramatically increasing the costs related to medical personnel work, as well as medical wound care products. 
By implementing the biological method of Maggot Debridement Therapy (MDT), it is possible to reduce the duration of wound cleansing to just a few days. Using MDT is associated with a large potential for the effective cleansing of tissues and for reducing bacterial counts and biofilms (seraticin, chymotrypsin, lucifensin), as well as stimulating the repair processes through the activation of defensins (trypsin- and chymotrypsin-like serine, metalloproteinases, aspartyl proteases) produced by maggots9,10. Over the course of just a few days, maggot therapy rapidly removes dead tissue and controls infection. Large wounds or wounds with lots of necrotic tissue may require repeat treatments, which extends the treatment period to one or two weeks. It is possible to remove dead tissue and bacteria from the wound, thanks to which the duration of this cleansing stage is reduced, allowing for further stimulation and accelerating the growth of granulation tissue in the wound11,12,13. This report presents the detailed description of a methodology and a review of our earlier research findings related to the application of flies in pressure sore treatment.
The protocol for the preparation and debridement of pressure injury UPI/3-4° NPIAP was developed based on a specially designed patient care model, using a model of innovative methods11 recommended by the PTLR (Polish Wound Management Association) in 202014, 
Qualification for the study was carried out according to the following criteria: over 18 years of age, average high level of accepting the method according to the questionnaire assessment, pressure ulcer stage 3/4 according to NPIAP, pain level not exceeding 4 points according to VAS/NRS, no history of allergies to chitin. The implementation of the protocol is based on the qualification of the patient in the morning for cleaning with MDT. The method acceptance questionnaire, general examination (including pain assessment) and local examination of the wound are the first steps of the activities. This is followed by preparation of the wound for mechanical preparation using tools (removal of scab, skin necrosis), then application of the larvae and inspection within 72-96 hours, evacuation, utilization and further activities related to the evaluation of the wound and the procedure depending on the area of ​​tissue cleaning. Treatment then occurs using active dressings or negative pressure wound therapy (NPWT). Assessment of the wound and the condition of the subjects was conducted by a designated team member with extensive clinical experience in the treatment of chronic wounds.

PROTOCOL
The study was conducted in compliance with the Declaration of Helsinki. The study design was reviewed and approved by the Bioethics Commission at the University of Rzeszów on 30/6/2017.
NOTE: Pain management was also provided in an overall evaluation prior to starting MDT. Patients with signs of hyperalgesia and allodynia did not undergo therapy before achieving pain normalization to the level of 2-3 NRS. Regular painkillers were suggested during the therapy. Under the protocol, the preferred choice is treatment with agents from step 2 of the pain ladder – a combination of tramadol and paracetamol (in case of intolerance, other preparations from this group were recommended). Patients with symptoms of allodynia/hyperalgesia had consultations. In the pain management clinic, coanalgesics - pregabalin or gabapentin – were additionally used for a minimum of one week before using MDT.
1. Assessment of the patient’s status and qualification
1.1. Diagnose chronic wound etiology (pressure injury, ulceration of the lower leg) based on evaluation of the patient’s condition and physical examination, in accordance with clinical pressure sore classification of the NPIAP, as well as RYB (Red-Yellow-Black wound classification) and WAR (Wound At Risk score). Based on visual inspection and palpation, diagnose UPI that meet the criteria of a full-thickness Stage 3–4 wound (Figure 1).
1.2. Apply the following inclusion criteria: over 18 years of age, voluntary consent, pressure sore with full-thickness skin loss and a surface over 30 cm² with necrotic tissue (yellow or black according to the RYB classification), moderate to high level of acceptance in a questionnaire-based assessment (MDT acceptance questionnaire).
1.3. Apply the following exclusion criteria: age below 18 years, lack of consent for participation in the study, pressure sore without full-thickness skin loss, with no symptoms of necrosis, allergic reaction to chitin, low level of acceptance in a questionnaire-based assessment.
2. Mechanical/surgical procedure
NOTE: In some cases, wound debridement does not require surgical intervention due to the earlier debridement intervention. The presented case of using MDT is special due to the simultaneous presentation of demarked tissues preceding the implementation of MDT. In this case, the wound was prepared for the preparation of mechanically dead tissue (a written consent for the type of therapy).

2.1. To achieve demarcation of the dead tissue, apply dressings with addition of PVP–I (povidone-iodine), cover with foam dressing (e.g., Hydrotac, Allevyn Clasic). Apply a protective remedy to wound edges and prevent pressure sore development (alternating pressure mattress, preferably with tubular structure, change of body position in sequence 2–8 hours).
2.2. Remove demarcated dead tissue from the wound bloodlessly, using sterile surgical tools (tweezers, scalpels, or scissors).
2.3. Apply wound dressing with the addition of an antiseptic gel and with Hydrofiber. Continue prevention of pressure sore development (discontinue antiseptic 12-24 hours before larvae application and dress the wound with a moist dressing with NaCl 0.9% or hydrogel on a hydrofiber dressing).
2.4. Assess acceptance for MDT prior to application using questionnaire. Explain the protocol of the therapy procedure and obtain a written consent for the type of therapy.
3. Applying MDT
3.1. Secure wound edges against secretions released during cleansing. Use various methods of skin protection (e.g., hydrocolloid, stoma paste). 25% zinc ointment was preferred in our protocol. 
3.1.1. Subsequently, apply loose larvae to the wound (5–10 larvae per 1 cm² of the surface). Secure the wound with non-woven fabric dressing, wet dressings followed by dry dressings. Keep the larvae on the wound for 3–4 days (72–96 hours) (Figure 2). 
3.1.2. After applying the larvae, secure the wound with a non-woven fabric dressing (e.g., Vliwasorb or Matovlies) soaked in 0.9% NaCl. Then dry and secure with a 15 cm wide non-woven fabric patch to protect the entire dressing against the potential larvae migration from the wound.
3.2. Inspect the wound after 22–24 hours. Change the top dressing and inspect the colony. Then rinse/moisturize with 0.9% NaCl. 
3.2.1. Monitor larvae viability and assess the quantity and quality of exudate and skin. Secure the skin with zinc ointment and the wound with non-woven fabric dressing using a patch.
3.3. Inspect the wound after 46–48 hours. Change the top dressing, inspect the colony and the wound-cleansing process. Rinse/moisturize the skin with 0.9% NaCl and secure with zinc ointment. Secure the wound with non-woven fabric dressing with a patch (Figure 3).
3.4. Inspect the wound after 70–72 hours. Change the top dressing, inspect the colony and the wound-cleansing process, rinse/moisturize the skin and secure with zinc ointment. Secure the wound with non-woven fabric dressing. 
3.4.1. Decide whether to remove the larvae or to leave them for the next 24 hours based on the amount of live tissue in the wound, the size of the wound, and the activity of the larvae within the wound (Figure 4).
3.5. Inspect the wound after 94–96 hours. 

3.5.1. Remove the dressing with the larvae (prepared for disposal) and assess the wound debridement (after palpation and visual assessment of the wound). Remove larvae from the wound by rinsing with 0.9% NaCl. Note that mature maggots move out of the wound and to the dressing (non-woven fabric). 
3.5.2. Inactivate the larvae with isopropyl alcohol. Secure the wound with Hydrofiber or foam dressing.
3.6. Consider further treatment by re-application of MDT, application of NPWT or application of active dressings (Figure 5). Calculate the purification index as follows:
Debridement index = 100 - x 100,
where:
x1 – percentage of dead tissue and exudate before treatment,
x2 – percentage of dead tissue and exudate after treatment.
The acquired results classified in separate percent ranges, as follows:
0 - no dead tissues removed (no therapeutic effect),
10–30% - poor wound debridement (unsatisfactory therapeutic effect),
40–80% - moderate wound debridement (good therapeutic effect),
90–100 % - complete wound debridement (very good therapeutic effect).
4. Statistics
4.1. Perform statistical analyses in Statistica 13.1.
4.2. Apply non-parametric tests due to a failure to meet the assumptions of parametric tests (i.e., agreement of distributions with normal distribution) as verified with the Shapiro-Wilk W-test.
4.3. Assess associations between level of wound debridement and selected quantitative variables using Spearman's rank correlation test.
4.4. Assess differences in the degree of wound debridement in patients with or without selected symptoms, and with or without wounds in a specific location, with a two-tailed test for significance of differences between two means.
4.5. Assume statistical significance at p < 0.05.
REPRESENTATIVE RESULTS
Selection of the study group
The trial, which was prospective and based on a series of cases, used short-term, standardized observations and estimates. From a group of 67 patients treated for chronic wounds, 30 patients were selected for MDT (loose larvae) application. In the latter group, 20 cases of pressure ulcers were confirmed; however, two cases were omitted because the patients did not accept the cleansing protocol. Ultimately, 18 patients receiving 72 to 96 hours of treatment with this method were included in the statistical analyzes. The remaining patients who did not qualify for the main group were treated according to a standard protocol with the use of active dressings. 
Study group characteristics
The patients’ mean age was 76.72 years ± 12.56 years. The study group comprised 12 females (66.7%) and 6 males (33.3%). There were 5 (27.8%) residents of urban areas and 13 (72.2%) residents of rural areas. The average patients’ performance according to the Barthel scale amounted to 12.78 ± 14.58. The mean duration from the wound onset was 2.69 ± 1.65 months. On average, the wound was 54.28 ± 31.25 cm2 in size. The most common wounds were heel and sacral bone pressure ulcers (38.9% each). Most frequently, according to the RYB scale, the wounds were yellow (72.2%) and they were more often classified as Stage 3 (61.1%) than Stage 4 (38.9%), based on the NPIAP score. Pain was reported by the majority of the patients. Measurements taken at four time points, on the day of the therapy and on Day I, Day II, and Day III, showed that on average, pain in the wound area in the study group did not exceed a score of 2 according to the VAS. No concerning symptoms were observed in 27.8% of the patients. The most common problems included large amounts of exudate (50.0%), foul smell (33.3%), and fever (22.2%). Wound edges were most frequently demarked (covered with granulation) – 55.6% or irregular (with signs of undermined and devitalized tissues) (38.9%). The wound debridement level was rated moderate (62.78 ± 15.26%; Table 1).
No statistically significant relationships were found between the level of wound debridement and variables, such as time from wound onset and pain on the consecutive days of the therapy 
(Table 2).
Similarly, there were no differences in the size of the wound effectively debrided in relation to its location or the presence of alarming symptoms (Table 3).
Despite the lack of statistically significant differences among the results obtained in the three groups, the median values for the locations in the sacral region and the trochanteric region were notably higher compared to those for the heel area, which may suggest greater effectiveness of the treatment in the former body regions. The effectiveness of the treatment in the trochanteric region was most uniform, whereas the largest difference between the minimum and the maximum values was observed for the sacral region (Figure 6).
In the scatter plot reflecting the wound area effectively debrided relative to the depth of tissue destruction, the regression line indicates a negative direction, suggesting poorer effects of wound debridement in the case of deep damage of the skin and the subcutaneous tissue. No statistically significant differences were observed (p > 0.05) (Figure 7).
FIGURE AND TABLE LEGENDS
Figure 1. Unstageable Pressure Injury (UPI) before surgical debridement and MDT therapy.
Figure 2. 100 free-range Lucilia sericata larvae from Biolab culture.
Figure 3. 48 hours after larvae application, abundant exudate, mobility and larvae size suggest a healthy and active colony.
Figure 4. Condition after removing the larvae from the wound (over 72 hours), 70% of the wound was cleaned.
Figure 5. Lucilia larvae removed from the wound on the third day.
Figure 6. Effectiveness of treatment versus wound location.
Figure 7. Debrided wound surface versus depth of tissue destruction.
Table 1. Study group characteristics in the context of wound location and size.
Table 2. Assessment of the relationship between debridement level and selected quantitative variables.
Table 3. Assessment of the relationship between debridement level and selected qualitative variables.
DISCUSSION
Wound care treatment in patients with chronic conditions, provided in ambulatory settings and applying novel, as well as natural methods, is frequently discussed in the related literature11,15,16. The increasing availability of advanced technologies and medical products is a determinant for an increasingly more effective application of wide-ranging options in daily clinical practice for specialists in various areas. In modern medicine, there are no doubts whether to treat wounds in outpatient and home settings; instead, discussions focus on methods that may effectively be used to reduce tissue destruction quickly and safely for the patient, in order to enable improvement in his/her functional and health status. The concerns related to the therapeutic use of maggots seem understandable and are mainly related to the concerns arising from the visual aspects and the fear of potential pain. However, it should be remembered that many remedies used in medicine are of natural origin with scientifically proven benefits and medical properties.
Biological therapy methods using Lucilia sericata larvae have many advocates worldwide, yet it is still fairly unknown and not commonly applied in daily practice because of the limited awareness and insufficient experience of medical and nursing personnel11,13,17,18. Mirabzadeh et al. point out that the application of the larvae can be carried out by the family or caregivers, yet it must be carried out under strict medical supervision19. The current study was designed to investigate the effectiveness of pressure sore debridement in patients receiving treatment in home setting (long-term and palliative care). The larvae application model recommended by PTLR experts14 was used, with loose larvae that could freely penetrate and clean the penetrated necrotic tissue, with an average conversion rate of 5-10 larvae per cm². The use of larvae in the biobag was abandoned due to the depth and penetration of the subcutaneous necrosis of the qualified subjects (3/4 NPIAP) and the potentially weaker effect compared to loose larvae in terms of the market price - greater losses compared to the gains for the patient)11,14,17.
The results obtained in a group of 18 patients show that in the course of a 3-day therapy, necrotic tissue was removed, at a rate of 67% on average, in full-thickness wounds (NPIAP 
Stage 3) and in wounds penetrating the bone (NPIAP Stage 4). The analyses did not confirm statistically significant relations (p > 0.05) between the area of the wound debrided by maggots and variables such as the period from wound onset, location, surface size, and the depth of the tissue structure damage. It has been observed that deep wounds and wounds with complex surface structures have a larger surface area due to their topography. This means that a dose of 5-10 worms per cm2 of visible wound size may not be sufficient for a quick one-time clean-up. This may explain the negative correlation between wound depth and debridement efficiency. The lack of such statistical relationships may result from the small size of the study group.
In a study by Polat et al., involving a group of 36 patients with deep pressure sores, maggots were placed in the wound for 72 hours and then washed away. The procedure was repeated twice a week, and effective wound cleansing was achieved in the majority of the cases (78.9%) with four to six treatment sessions and in seven patients (21.1%) after eight to twelve sessions. In our study, the debridement was faster, and re-debridement was performed in 33% of the subjects. In addition, the cleaning time was not more than 10 days and was related only to the agent being used. The larvae can be ordered once a week.
According to the authors, MDT is a fast option that can effectively be applied to chronic pressure injuries unresponsive to conventional treatments and other therapeutic methods20.
In our study, based on the adopted protocol, the evaluation was performed every 24 hours in order to evaluate larvae viability, the wound cleansing process as well as the replacement of the exuded non-woven fabric. Re-securing the wound was to ensure safety and reduce the risk of skin damage by discharge and larvae migration, which is rare. Larvae migration from the wound occurs mainly due to factors such as: reaching maturity (usually after 3-4 days) and the absence of necrotic tissue in the wound, opening of the purulent reservoir or with exuding fluid present during this treatment method12,14. Despite the fact that there are different methods of skin protection and wound protection against larvae migration used worldwide, there is no single confirmed optimal method. In our study, the basic protection associated with using non-woven fabrics and zinc ointment was implemented, the effectiveness of which has been confirmed on a sample of several hundred people over the last few years. During the observation and treatment of wounds, no adverse effects were noted in the examined patients related to larvae leaving the wound and damaging the skin, although a certain group of respondents (25%) had such concerns.
Sherman investigated the effectiveness of conventional treatments (frequent change of wound dressing, local application of antiseptics or antibiotics, hydrogel or hydrocolloid dressing, surgical wound debridement) in comparison to maggot therapy in patients with a diabetic foot. The author reported that after 5 weeks, wounds subjected to conventional treatments were still covered with necrotic tissue on the surface constituting 33% of the area, whereas all maggot-treated wounds were completely cleansed after 4 weeks (p = 0.001)21.
A study conducted by Steenvoorde et al. in a group of 101 patients demonstrated poorer effectiveness of MDT in individuals with advanced ischemia22. These observations may be linked to hyperalgesia, commonly occurring in patients with atherosclerosis in the lower extremities, and to increased sensation of pain induced by a foreign body present within the wound. In the current study, treatment with pregabalin or gabapentin was introduced not later than 1 week before applying larvae in patients with symptoms of hyperalgesia. On closer examination of the current findings, we also made some interesting observations regarding the so-called “concerning symptoms” during the therapy.
It appears that a larger amount of exudate (or the specific odor referred to as “foul smell”) produced by the wound during the therapy corresponds to a more effective cleansing of the wound. Notably, autolytic properties of the larvae are related to the production of proteins and extracorporeal digestion, which explains why large amounts of fluids are discharged by the wound. The foregoing observation requires further investigation in a larger group of patients. The current findings show a low degree of pain experienced by the patients; however, researchers point to mental aspects and sensory perceptions related to the wound, which may increase the experience of pain, specifically in patients with ischemia and symptoms of hyperalgesia. Furthermore, researchers also point to visual and mental aspects, which may be observed among women23. Two studies have suggested that the approval level could be higher if healthcare professionals did not reject the method and did not discourage patients from using it24,25.
The acceptance for the application of maggots in medicine and in health sciences is gradually increasing, which is particularly visible during the current pandemic. The reasons for the acceptance of this method by patients are associated with the long duration of treatments based on other methods, the chronic nature of the wound, as well as poor experiences related to other cleansing methods, ultimately negatively affecting the quality of the patients’ life.
Summarizing the described procedures of application and treatment with MDT, we stress that the use of medical maggots in wound debridement in home care settings is safe, inexpensive and effective. Nevertheless, it should be conducted by trained and experienced medical personnel (nurse or doctor). After assessing the patient's condition and the patient's tolerance of the MDT, the wound should be mechanically prepared using selected technique 
(recommended use of basic surgical instruments)5,6,8,12,14. The application of maggots to dry black necrosis is ineffective and not recommended11,12,14. During ongoing therapy, skin protection and patient surveillance is a key component. We recommend simple methods of skin protection, yet others such as stoma paste and hydrocolloids can be used alternatively9,11,15. We do not recommend the standard use of maggots in a biobag for deep and penetrating pressure ulcer wounds due to low efficacy12. The limitations of the method are very narrow and mainly relate to documented allergic reactions to chitin, neoplastic tissue destruction in the head and neck area (debridement in the hospital setting under supervision due to the risk of hemorrhage), increased pain sensation with ineffective treatment, low level of tolerance in questionnaire assessment12,14,20,21. The use of MDT with subsequent implementation of NPWT reduces the wound healing time and improves the patients’ quality of life. Since the relevant wound debridement method is not commonly used, and there are no well-defined criteria for its application and duration, the current study presents results of a small-size group, which may be reflected in the lack of statistical significance of the findings reported in the Results section. Having considered the foregoing, further research focusing on the method described herein will enable more detailed analyses of the presented variables.
In summary, wound debridement using Lucilia sericata larvae is a fast and effective method enabling the preparation of the wound bed. The use of MDT in home and outpatient settings is safe and acceptable for patients and their caregivers.
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