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Title study: Cellular Proliferation, Dermal Repair, and Microbiological
Effectiveness of Ultrasound-AssistedWound Debridement (UAW) Versus Standard
Wound Treatment in Complicated Diabetic Foot Ulcers (DFU): An Open-Label

Randomized Controlled Trial.

An open-label randomized and controlled parallel clinical trial was performed
involving 51 outpatients with complicated DFU that were admitted to specialized
diabetic foot unit between November 2017 to December 2019. This study protocol
received full approval from the local Ethics Committee of the Hospital Clinico San
Carlos, Madrid, Spain (C.P.-C.I. 16/484-P). All patients provided written informed
consent before inclusion. The present study was registered retrospectively in

ClinicalTrial.gov (Registration no.: NCT04633642).

2. Methods

2.1. Trial Design

An open-label randomized and controlled parallel clinical trial was performed
involving 51 outpatients with complicated DFU that were admitted to specialized

diabetic foot unit between November 2017 to December 2019.

2.2. Participant

We enrolled patients in which the following inclusion criteria were implemented:

e Male and female patients over 18 years old

Type 1 or type 2 diabetes with levels of HbAlc <85.8 mmol/mol (10%) within 30
days of the beginning of the study, based on a previous international, multicenter,
randomized controlled trial [11]

e Wound stages IB, IIB, ID, and IID according to the University of Texas Diabetic
Wound Classification [12]

e Wound duration of 1-24 months

* Wound size among 1-30 cm2 after debridement



* Diabetic foot ulcers showing mild or moderate infection, according to the criteria
of the European Wound Management Association (EWMA) [13] and the Infectious
Disease Society of America Guidelines [14]

e Ankle-brachial index (ABI) > 0.9 or ABI < 0.9 and ankle systolic blood pressure
(ASBP) " 70 mmHg, or toe systolic blood pressure (TSBP) 50 mmHg. In patients
with medial arterial calcification (ABI > 1.4) we considered Peripheral Arterial

Disease (PAD) a toe-brachial index (TBI) < 0.7 [15,16]

We considered exclusion criteria:

e Chronic kidney disease (glomerular filtration rate < 60mL/min per 1.73 m2
during at least three months) or dialysis [17]

» Non-treated osteomyelitis

» Necrotizing soft tissue infections

e Critical limb ischemia patients with ABI < 0.5 and ASBP < 70mmHg or <
50mmHg [15,16]

Life expectancy < 6 months due to malignant DFU

* Pregnancy and lactation

« Patients diagnosed with human immunodeficiency virus (HIV) or hepatitis

e Patients showing local or systemic conditions that could impair tissue

regeneration.

2.3. DFU Assessment

A senior clinician in the management of diabetic foot (F.J.A.-A.) always carried the
baseline assessment of patients’ DFU. Sensorimotor neuropathy of DFUs was
diagnosed using a biothesiometer (both from Novalab Iberica, Madrid, Spain) and
Semmes-Weinstein 5.07/10g monofilament. Patients who did not feel one of the
two tests were diagnosed with neuropathy [18,19].

Brachial and ankle systolic pressure were evaluated using a manual 8MHz Doppler
(Doppler II, Huntleigh Healthcare Ltd., Cardi¢, UK). Toe systolic pressure was
taken via digital plethysmography (Systoe, Atys Medical, Madrid, Spain). Wound
tissue oxygen levels were measured using transcutaneous oxygen readings

(Radiometer Medical, Brgnshgj, Denmark).



2.4. Intervention

2.4.1. DFU Debridement andWound Management Patients were randomly assigned
to receive either surgical debridement or UAWdebridement every week during a
six-week treatment period. All debridement procedures were performed by the
same surgeon (J.L.L.-M.), who is specialist in the field of diabetic foot surgery with
more than 21 years of experience.

Surgical debridement involved removal of all necrotic and devitalized tissue that
was incompatible with healing, as well as surrounding callus.

UAWdebridement was performed using anUAWSONOCA 185 device (Soring
GmbH, Quickborn, Germany) by a senior clinician (J.L.L.-M.) with more than three
years of experience applying this type of debridement. The UAW device is
equipped with three UAW instruments with di¢erent sonotrode shapes and
generates an ultrasound low frequency of 25 kHz. The choice of sonotrode
depends on ulcer depth (ranges from superficial to deep). The UAWdevice
piezoelectrically transforms the electrical energy delivered from the UAWdevice
into mechanical oscillations in the sonotrode tip. In the majority

of diabetic foot ulcers in the UAW group, a two-minute treatment with 40%
intensity was made by holding the sonotrode in contact mode, holding it
perpendicular to the wound bed and moving it across in an up-and-down pattern.
For diabetic foot ulcers measuring > 15 cm?, the debridement treatment was
increased to three minutes. In addition to UAWdebridement, a scalpel was used for
careful tissue removal, but only in cases where periwound tissue exhibited calluses
or maceration.

Between debridement sessions, sterile saline was used to clean all wounds prior to
evaluation and all patients received standard of care for their diabetic foot ulcers,
which consisted of moist wound dressings for wound management and proper o<-
loading (a removable walker cast based on the functioning and ambulatory status
of the patient) as per the InternationalWorking Group of the Diabetic Foot
guidelines [1,20]. When necessary, patients with moderate infections took
empirical antibiotics during the treatment period, based on IDSA guideline
recommendations [14], until the results from deep tissue culture were available
[21]. After we received tissue culture results, we adjusted the antibiotic therapy to

target the bacteria that were isolated during tissue culture.



2.4.2. Analysis of Tissue Samples

Soft tissue punch biopsies (3 mm) were taken after wound debridement sessions
at week zero (day 0) and week six (day 42). After tissue collection, samples were
immediately transported to the laboratory for cellular proliferation and

microbiological analyses.

2.5. Outcome Measures

2.5.1. Main Outcome Measure: Cellular Proliferation Analysis of Wound Tissue
Samples. The same senior clinician interpreted all samples to evaluate the cellular
proliferation. The microvascular structure of CD31, an endothelial marker, was
subjected to immunohistochemical analysis and quantification to understand the
edects of debridement on neo-angiogenesis, [22]. Sections of tissue sample were
immunohistochemically stained with the CD31 marker. Light microscopy was used
to count the number of microvessels/endothelial cells in a standardized grid, with
the results expressed as microvessel density (Leica DMD 800 morphometric
system). Microvessel density was scored in proportion to the following scale: 0
(absent), 1 (low, at least one microvessel), 2 (moderate) and 3 (more than two
microvessels).

To differentiate collagen content from other components, such as muscle fibrin
and erythrocytes, in tissue samples we used Massons’s trichome staining. Collagen
content was scored according to the following scale: 0 (absent), 1 (mild), 2
(moderate) and 3 (severe) [23].

Actin staining was used to evaluate the presence of myofibroblasts involved in
wound healing. These cells increase in number during wound healing. The number
of stained cells was semi-quantitatively analyzed using a 0-3 scaling score (0 = no
myofibroblasts, 1 = myofibroblasts in low quantities, 2 = myofibroblasts in

moderate quantities, 3 = myofibroblasts in high quantities).

2.5.2. Secondary Outcome Measure: Microbiological Analysis of Wound Tissue
Samples Specimens of wound tissue were homogenized in 0.5 mL volumes of
sterile phosphate buffered saline (PBS, Sigma Aldrich, St Louis, MO). After
mechanical homogenization, the specimens were seeded in Columbia agar (BD,

Sparks, MD), MacConkey agar (BD), Sabouraud dextrose agar (BD) and Columbia



agar supplemented with nalidixic acid and colistin (BD) using a spiral plater
Workstation (Don Whitley Scientific, Shipley, UK). Quantitative and qualitative
microbiological analyses were performed after incubation of plates at 37 #C for 24
h. Isolated microorganisms were identified by standard methods and susceptibility
testing was performed in accordance with Clinical and Laboratory Standards by
the disk di<usion method [24]. The results were expressed as CFU per gram of

tissue (CFU/g) and the limit of detection was 10 colony-forming units (CFU).

2.5.3. Third Outcome Measure: Evaluation of Wound Conditions

Diabetic foot ulcers were evaluated at patient admission and weekly before and
after each debridement treatment. A validated wound scoring system was used to
assess the wound bed tissue according to quality, presence and consistency of
granulation tissue [25]. Furthermore, diabetic foot ulcers were evaluated for
amounts of wound exudate and periwound skin conditions such as skin
maceration by the same senior clinician (F.J.A.-A.) according to the triangle wound
assessment [26].

Wound healing was supervised weekly during the treatment period (6 weeks) and
the wound size was assessed using Visitrak (Smith & Nephew, Hull, UK),
determining the area of the lesion with an

approximation of + 5 mm?.

2.6. Follow-Up

Patients were followed up for 6 months after inclusion. During the follow-up
period, we recorded ulcer healing. Ulcer healing was defined as complete
epithelialization without any sustained drainage up to 24 weeks after the end of

the study follow-up.

2.7. Sample Size
Granmov.12 program (Municipal Institute of Medical Research, Barcelona, Spain)

(https://www.imim. cat/ofertadeserveis/software-public/granmo/) was used to

calculate the sample size. Thus,we analyzed 51 patients (24 in surgical group and

27 in UAW group) with a statistical power of 0.80 and an alpha of 0.05, with a



power of the clinical di<erence of 37% to detect a statistically significant between

groups.

2.8. Randomization
A computer-generated random number table was used to carry out the
randomization of the patients into the two groups by an investigator who was

unaware of the identity of the participants.

2.9. Blinding
None of the participants, care providers and outcome adjudicators were blinded to

the interventions after assignment.

2.10. Statistical analysis

Data were analyzed, based upon an intention-to-treat analysis, using the software
package SPSS for 10s version 21.0 (SPSS, Inc. Chicago, IL, USA). Kolmogorov-
Smirnov test was used to verify the assumption of normality of all continuous
variables. Chi-square test was performed to calculate differences between groups
and, if applicable, Fisher’s exact test for categorical variables. Student’s t-test and
Mann-Whitney U test were performed for normally and abnormally distributed
quantitative variables, respectively. Graphics to evaluate the differences among
decrease in bacterial load and cellular proliferation between groups were done

using GraphPad® for Mac OS.

References

1. Schaper, N.C,; Van Netten, ].J.; Apelqvist, ].; Bus, S.; Hinchli¢e, R.J.; Lipsky, B.A.
Practical Guidelines on the prevention and management of diabetic foot disease
(IWGDF 2019 update). Diabetes Metab. Res. Rev. 2020, 36 (Suppl. 1), e3266.
[CrossRef]

2. Kim, P.J.; Steinberg, ].S.Wound Care: Biofilm and Its Impact on the Latest
Treatment Modalities for Ulcerations of the Diabetic Foot. Semin. Vasc. Surg. 2012,

25, 70-74. [CrossRef]



3. Kingsley, A.; Lewis, T. Debridement and wound biofilms. ]. Wound Care 2011, 20,
284. [CrossRef]

4. Swanson, T.; Lazaro-Martinez, J.L.; Braumann, C.; Kirchho¢, J.-B.; Gachter, B.; Van
Acker, K. Ultrasonic-assisted wound debridement: Report from a closed panel
meeting. . Wound Care 2020, 29, 128-135.[CrossRef]

5. Rayman, G.; Vas, P.; Dhatariya, K.; Driver, V.; Hartemann, A.; Londahl, M,
Piaggesi, A.; Apelqvist, ].; Attinger, C; Game, F.; et al. Guidelines on use of
interventions to enhance healing of chronic foot ulcers in diabetes (IWGDF 2019
update). Diabetes Metab. Res. Rev. 2020, 36 (Suppl. 1), e3283. [CrossRef]

6. Lazaro-Martinez, ].L.; Alvaro-Afonso, J.F; Alvarez, Y.G.; Molines-Barroso, RJ;
Garcia-Morales, E.; Fernandez, A. Ultrasound-assisted debridement of
neuroischaemic diabetic foot ulcers, clinical and microbiological e<ects: A case
series. ]. Wound Care 2018, 27, 278-286. [CrossRef]

7. Chang, Y.-].R; Perry, ].; Cross, K. Low-Frequency Ultrasound Debridement in
Chronic Wound Healing: A Systematic Review of Current Evidence. Plast. Surg.
2017, 25, 21-26. [CrossRef] 8. Driver, V.R.; Yao, M. Discussion: Current Status of
the Use of Modalities inWound Care: Electrical Stimulation and Ultrasound
Therapy. Plast. Reconstr. Surg. 2011, 127 (Suppl. 1), 1035-104S. [CrossRef]

Ennis, W.J.; Foremann, P.; Mozen, N.; Massey, ].; Conner-Kerr, T.; Meneses, P.
Ultrasound therapy for recalcitrant diabetic foot ulcers: Results of a randomized,
double-blind, controlled, multicenter study. Ostomy Wound Manag. 2005, 51, 24-
39.

10. Driver, V.R;; Yao, M.; Miller, C.J. Noncontact low-frequency ultrasound therapy
in the treatment of chronic wounds: A meta-analysis. Wound Repair Regen. 2011,
19, 475-480. [CrossRef]

11. Edmonds, M.E.; Lazaro-Martinez, ].L.; Alfayate-Garcia, ].M.; Martini, J.; Petit, ].-
M.; Rayman, G.; Lobmann, R.; Uccioli, L.; Sauvadet, A.; Bohbot, S.; et al. Sucrose
octasulfate dressing versus control dressing in patients with neuroischaemic
diabetic foot ulcers (Explorer): An international, multicentre, double-blind,
randomised, controlled trial. Lancet Diabetes Endocrinol. 2018, 6, 186-196.
[CrossRef]



12. Armstrong, D.G.; A Lavery, L.; Harkless, L.B. Validation of a Diabetic Wound
Classification System: The contribution of depth, infection, and ischemia to risk of
amputation. Diabetes Care 1998, 21, 855-859. [CrossRef]

13. European Wound Management Association (EWMA). Position Document:
Identifying Criteria for Wound Infection; MEP Ltd.: London, UK, 2005.

14. Lipsky, B.A.; Berendt, A.R.; Cornia, P.B.; Pile, ].C.; Peters, E.].G.; Armstrong, D.G.;
Deery, H.G.; Embil, ].M.; Joseph, W.S.; Karchmer, AW.; et al. 2012 Infectious
Diseases Society of America Clinical Practice Guideline for the Diagnosis and
Treatment of Diabetic Foot Infections. Clin. Infect. Dis. 2012, 54, e132-e173.
[CrossRef]

15. Norgren, L.; Hiatt, W.R;; Dormandy, J.A.; Nehler, M.R.;; Harris, K.A.; Fowkes,
F.G.R. Inter-Society Consensus for the Management of Peripheral Arterial Disease
(TASCII). ]. Vasc. Surg. 2007, 45, S5-S67. [CrossRef]

16. Hinchli<e, R.; Forsythe, R.O.; Apelqvist, ].; Boyko, E.J.; Fitridge, R.; Hong, ].P.;
Katsanos, K.; Mills, J.L.; Nikol, S.; Reekers, ].; et al. Guidelines on diagnosis,
prognosis, and management of peripheral artery disease in patients with foot
ulcers and diabetes (IWGDF 2019 update). Diabetes Metab. Res. Rev. 2020, 36
(Suppl. 1), e3276. [CrossRef]

17. Webster, A.C.; Nagler, E.V.; Morton, R.L.; Masson, P. Chronic Kidney Disease.
Lancet 2017, 389, 1238-1252. [CrossRef]

18. Boulton, AJ.M.; Armstrong, D.G.; Albert, S.F.; Frykberg, R.G.; Hellman, R;
Kirkman, M.S.; Lavery, L.A.; LeMaster, W, Mills, J.L; Mueller, M.]J.; et al.
Comprehensive Foot Examination and Risk Assessment: A report of the Task Force
of the Foot Care Interest Group of the American Diabetes Association, with
endorsement by the American Association of Clinical Endocrinologists. Diabetes
Care 2008, 31, 1679-1685. [CrossRef]

19. Tan, T.; Shaw, E.J.; Siddiqui, F.; Kandaswamy, P.; Barry, P.W.; Baker, M. Inpatient
management of diabetic foot problems: Summary of NICE guidance. BM] 2011,
342. [CrossRef]

20. Bus, S.; Armstrong, D.G.; Gooday, C.; Jarl, G.; Caravaggi, C.; Viswanathan, V.
Lazzarini, P.A. On behalf of the InternationalWorking Group on the Diabetic Foot
(IWGDF) Guidelines on offoading foot ulcers in persons with diabetes (IWGDF
2019 update). Diabetes Metab. Res. Rev. 2020, 36 (Suppl. 1), e3274. [CrossRef]



21. Tardaguila-Garcia, A.; Lazaro-Martinez, ].L.; Sanz-Corbalan, [; Alvarez, Y.G.;
Alvaro-Afonso, J.F.; Garcia-Morales, E. Correlation between Empirical Antibiotic
Therapy and Bone Culture Results in Patients with Osteomyelitis. Adv. Ski. Wound
Care 2019, 32, 41-44. [CrossRef]

22.Wang, D.; Stockard, C.R.; Harkins, L.; Lott, P.; Salih, C.; Yuan, K.; Buchsbaum, D.],;
Hashim, A.; Zayzafoon, M.; Hardy, RW.,; et al. Immunohistochemistry in the
evaluation of neovascularization in tumor xenografts. Biotech. Histochem. 2008,
83, 179-189. [CrossRef]

23. Achar, R.A.N.; Silva, T.C.; Achar, E.; Martines, R.B.; Machado, ].L. Use of insulin-
like growth factor in the healing of open wounds in diabetic and non-diabetic rats.
Acta Cir. Bras. 2014, 29, 125-131. [CrossRef]

24. Clinical and Laboratory Standards Institute. Performance Standards for
Antimicrobial Susceptibility Testing; Twenty-Fourth Informational Supplement;
CLSI document M100-SWayne; Clinical and Laboratory Standards Institute:
Wayne, MI, USA, 2014.

25. Sterling, C. Methods of wound assessment documentation: A study. Nurs. Stand.
1996, 11, 38-41. [CrossRef]

26. Lazaro-Martinez, ]J.L.; Conde-Montero, E.; Alvarez-Vazquez, ].C.; Berenguer-
Rodriguez, ].J.; Carlo, A.G.; Blasco-Gil, S.; Blasco-Garcia, C.; Martinez-Cuervo, F.
Preliminary experience of an expert panel using Triangle Wound Assessment for

the evaluation of chronic wounds. ]. Wound Care 2018, 27, 790-796. [CrossRef]



