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Abstract

Some chronic wounds, such as diabetic foot ulcerations, remain constantly resistant to treatment, leading to serious outcomes such
as severe infections, limb loss, and even loss of life despite adequate consideration of the underlying disease and causal therapy
approaches. Another promising approach involves Mesenchymal Stem Cells (MSCs) isolated from different potential sources. We
report on a case series of five cases of refractory diabetic foot lesions that were successfully treated by using a fat-derived Stromal
Vascular Matrix (SVM) therapy. SVM is a novel technology that provides sufficient cell counts and viability for effective wound care
management. In all cases, the SVM application was resulting in satisfactory wound size reduction up to healing during a follow-up
period of about six weeks. To our knowledge, this case series is the first to document outcomes of SVM in wound care. As there
currently is insufficient data on the use of SVM in any phase of chronic wound care, further research is needed to determine the
optimal timing for its application. Nevertheless, we believe that further observation of this new technology in the treatment of non-

healing chronic wounds is absolutely worthwhile.
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Introduction

The main treatment modalities for diabetic ulcers include blood
sugar regulation, infection control, offloading applications,
debridement, and conventional wound care methods [1]. While
these approaches have improved wound healing rates and reduced
the costs and complications associated with non-healing wounds,
some chronic wounds remain resistant to treatment, leading to
serious outcomes such as severe infections, limb loss, and even
loss of life [2,3]. Regenerative medicine represents a novel area of
research and application for the treatment of chronic wounds that
are resistant to conventional therapies. One promising approach

involves Mesenchymal Stem Cells (MSCs) isolated from sources
such as adipose tissue, bone marrow, and umbilical cord. These
cells proliferate and dynamically adapt to their microenvironment
through autocrine and paracrine signaling [4,5]. MSCs promote
angiogenesis, modulate the inflammatory response, accelerate
wound healing processes, and improve the quality of the healing
tissue [6,7].

Materials and Methods

Patients underwent surgery in the operating room under spinal
anesthesia and sedation. Tumescent anesthesia, approximately
35% more than the planned amount of fat to be harvested, was
administered to the donor area. After waiting for an average of
5-10 minutes, the tumescent anesthesia, composed of 500 mL
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Ringer lactate with 25 mg lidocaine and 1 vial of epinephrine [1:1000], took effect. Using a blunt cannula measuring 20 mL in length,
3 ml in diameter, and with 2 aspiration holes, lipoaspirate was transferred into a closed system bag as milli-fat. To separate the milli-fat
from the tumescent anesthesia in the bag, 60 mL of saline solution was added and the mixture was suspended for 5-7 minutes to allow
decantation. Once separated, the tumescent anesthesia material was removed using a 3-way stopcock. The remaining washed milli-
fat was refined to a micron level by mechanical processing with knives in two separate stromal vascular fraction cubes(LipocubeTM
SVF) (black cubes in Figure 1). The micronized autologous fat was then separated using a patented piston tube with 4 concave gaskets
(black piston injector) and processed in the system’s special software-controlled variable speed Celldrive centrifuge for 9 minutes. The
‘Stromal Vascular Matrix’ (SVM) was created by combining the extracellular matrix with the stromal vascular cell collection from the
separated fat. This matrix was then injected both intralesionally and perilesionally into the patients’ wounds (Figure 1).

Figure 1: Procedure and intralesional injection (1A: Preparation of SVF kit 1B: Mechanical digestion procedure 1C: Isolation of SVM
1D: Intralesional injection).

Case Presentation
Case 1

A 56-year-old male patient was admitted to the Wound Care Clinic at Sakarya University Training and Research Hospital with an
infected wound, including necrotic areas on the back of his left foot and left first toe. The patient had a four-year history of a foot ulcer
located at the first metatarsal head of the left foot. He also had a medical history of diabetes mellitus and hypertension. Upon admission,
his body temperature was 37.1°C, the erythrocyte sedimentation rate was 115 mm/h, and CRP value was 40.9 mg/L. Revascularization
was deemed unnecessary after an ankle-brachial index of 0.9 was determined. A minor amputation was performed, and tissue cultures
were taken. E. coli has been identified in the deep tissue culture, and the patient was treated with trimethoprim/sulfamethoxazole
according to the antibiogram for 28 days. During the wound care follow-up, NPWT (negative pressure wound therapy) was applied for 2
months. When the granulation tissue progression slowed, fat-derived Stromal Vascular Matrix (SVM) therapy was administered. Before
the procedure, the patient’s erythrocyte sedimentation rate was 61 mm/h, and CRP was 11 mg/L. The wound measured 13 cm x 6 cm
x 2 cm (156 cm?) at the time of application. Following the SVM treatment, follow-up care included hydrocolloid-based passive wound
dressings and offloading. The wound was photographed and assessed at 1-week, 3-week, and 6-week follow-ups. By the end of the sixth
week, the wound volume had reduced to 2 cm?, achieving a 98.7% success rate (Figure 2).

2 Volume 09; Issue 16
J Surg, an open access journal
ISSN: 2575-9760



Citation: Erkin A, Acil HC, Sert H, Eberlein T (2024) Wound Healing in Diabetic foot Ulceration by Using Fat-Derived Stromal
Vascular Matrix (SVM) Therapy - A Case Series. J Surg 9: 11216 DOI: 10.29011/2575-9760.011216

Figure 2: A: Before Application; B: Week 1; C: Week 3; D: Week 6.
Case 2

A 49-year-old male patient was admitted to our clinic with a wound on the back of his right foot following a recommendation for
major amputation at an external center. The patient had been diabetic for about 20 years and was an active smoker. He had a history of
below-knee amputation on the left lower extremity and was diagnosed with diabetes mellitus and thromboangiitis obliterans. He also
had hypertension and chronic renal failure and was undergoing hemodialysis three times a week. The patient’s ankle-brachial index was
0.3, and he had a history of an unsuccessful peripheral revascularization attempt. Upon admission, his body temperature was 36.7°C, his
erythrocyte sedimentation rate was 49 mm/h, and the CRP value was 65.1 mg/L. Wound care was managed with sequential debridement,
and Amoxicillin/Clavulanic acid (oral) was prescribed due to the detection of Proteus mirabilis in the antibiogram. Antibiotic treatment
was continued for 21 days, after which the CRP decreased to 8 mg/L and sedimentation rate to 27 mm/h. During the wound care follow-
up, instillation NPWT (negative pressure wound therapy) was applied for 2 months. By the end of this treatment, the wound size was
measured as 12 cm (length) x 6 cm (width) x 0.5 cm (depth), totaling 36 cm?. Since the wound size had not reduced despite NPWT,
fat-derived mechanical Stromal Vascular Matrix (SVM) was applied. After the SVM procedure, follow-up care included passive wound
dressings containing calcium alginate and offloading. The wound was photographed and evaluated at 1-week, 3-week, and 6-week
follow-ups (Figure 3). Complete closure was achieved by the end of the sixth week.

Figure 3: A-Before Application; B-Week 1; C-Week 3; D-Week 6.
Case 3

A 61-year-old male patient, who had been followed for recurrent diabetic foot ulcers since 2018, presented to our clinic in November
2020 with an active diabetic foot infection. Upon admission, his body temperature was normal, but his CRP value was 147 mg/L,
and erythrocyte sedimentation rate was 120 mm/h. Given the patient’s history of diabetes mellitus and chronic renal failure, requiring
hemodialysis 3 times a week due to diabetic nephropathy, and an ankle-brachial index of 0.8, revascularization was not considered
necessary. Radiological evaluation revealed osteomyelitis, leading to surgical intervention on the bone tissue in the operating room. This
was followed by wound care with sequential debridement. When Enterococcus faecalis was identified in the microbial detection from
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the bone, Amoxicillin/Clavulanic acid treatment was initiated based on the antibiogram, and antibiotic therapy continued for 6 weeks.
During the wound care follow-up, the wound was treated with silver gauze dressing and instillation NPWT (negative pressure wound
therapy) for 2 months.

Due to a delay in wound healing, NPWT was discontinued after two months, and stromal vascular matrix (SVM) treatment was initiated.
Prior to the procedure, the CRP value was 76.3 mg/L, and the sedimentation rate was 70 mm/h. The wound measured 13 cm x 8 cm x
2 ¢cm (208 cm?) before SVM application. Following the SVM procedure, the patient was managed with passive wound dressings on the
base of hydrocolloid. However, recurrent infections developed due to the patient’s reduced compliance with offloading and wound care
protocols. As Acinetobacter baumannii was detected in the microbiological diagnostics, TMP/SMX treatment was administered for 14
days. The patient’s wound care continued with silver-containing gauze dressings and regular debridement. Despite these challenges,
wound size reduction was observed, and by the sixth week, the open defect was reduced to 5 cm?, achieving a 97.5% reduction in wound
size (Figure 4).

Figure 4: A-Before Application; B-Week 1; C-Week 3; D-Week 6.
Case 4

A 62-year-old male patient was admitted to our clinic with a diabetic foot ulcer. The patient had a history of diabetes mellitus and
hypertension. Infection markers were within normal limits, and the ankle-brachial index was 0.9, so no vascular intervention was
performed. Initial treatment involved the use of a hydrocolloid passive dressing. Due to slow granulation tissue development, NPWT
(negative pressure wound therapy) was applied. However, after two months with no significant reduction in wound size, stromal vascular
matrix (SVM) therapy was initiated. Prior to the procedure, the patient’s erythrocyte sedimentation rate was 66 mm/h, and CRP was 15
mg/L. The wound size was measured at 7 cm x 5 cm x 1 cm (35 cm?®) before SVM application. Following the SVM treatment, the patient
was managed with hydrocolloid-containing passive wound dressings and offloading measures. By the end of 6 weeks, the wound size
had reduced, achieving a 97.5% success rate (Figure 5).

Figure 5: A-Before Application; B-Week 1; C-Week 6 (detail); D-Week 6.
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Case 5

A 49-year-old patient was admitted to our clinic with a diabetic foot ulcer. The patient, who had diabetes for about 5 years, had previously
undergone a Chopart amputation at an external center. He had a history of smoking and continued to smoke actively. His medical history
included diabetes mellitus, thromboangiitis obliterans (Buerger’s Disease), and hypertension. Despite several prior revascularization
attempts, the patient’s ankle-brachial index remained at 0.3. During follow-up, various wound care techniques were employed, including
passive and active closure methods such as hydrocolloid-containing wound dressings, silver-containing gauze dressings, foam dressings,
collagen dressings, and NPWT (negative pressure wound therapy), combined with hyperbaric oxygen therapy. As the wound size did
not decrease, a Stromal Vascular Matrix (SVM) application was decided. Prior to the procedure, the wound measured 8 cm x 7 cm x 0.5
cm (28 cm?®), with a sedimentation rate of 5 mm/h and a CRP level of 11.3 mg/L. After SVM application, the patient was followed with
hydrocolloid-containing passive wound dressings and offloading. The wound was photographed and assessed at 1, 3, and 6-week follow-
ups. By the end of 6 weeks, the wound size had reduced significantly, achieving a 98.2% success rate (Figure 6).

Figure 6: A and B - Before Application; C-Week 3; D-Week 6.
Discussion

Chronic, hard-to-heal wounds that require long term treatment significantly impair patients’ quality of life. Chronic wounds are often
referred to as a “silent epidemic” due to extended hospital stays and increased risks of morbidity and mortality [8]. Until recently,
advanced dressings were considered adequate for wound care, providing functions such as maintaining moisture balance by absorbing
excess exudate, preventing infection, and allowing gas exchange. However, despite technological advancements in modern wound
dressings, many chronic wounds take a long time to close, or in some cases, complete closure is not achieved. Skin regeneration is an
emerging field that promises more innovative treatment approaches [9]. In this case presentation, we report the outcomes of five cases
in which stromal vascular matrix (SVM) was applied. The first case involved a diffuse forefoot infection with accompanying digital
cyanosis. After minor amputation and deep tissue debridement, the patient was monitored in the clinic, and the infection was managed
with oral antibiotics. SVM was applied due to a halt in epithelialization despite modern wound care methods and meticulous treatment of
the underlying disease. Diabetic foot patients with end-stage renal disease present higher rates of amputation and mortality [10-13], but
there is no data evaluating the application of adipose-derived stem cells to diabetic foot ulcers in patients undergoing haemodialysis so
far. In our study, two of the five cases were haemodialysis patients. The second case had a history of a major amputation of the left lower
extremity. A recent study found that 9.1% of 9,549 above-ankle amputees died. Mortality was associated with emergency admission,
bilateral operations, age, ASA grade, abnormal ECG, and elevated white cell count or creatinine [14]. To avoid further amputation and
prolong the patient’s life expectancy, we used SVM. This patient also had unrevascularized peripheral vascular disease, so SVM was
applied both intralesionally and perilesionally, as well as along the arterial trace.
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The third case also involved a patient with end-stage chronic renal
failure, though without peripheral arterial disease. Both patients
showed effective wound size reduction after SVM application. The
fourth case had elevated sole pressures, which had hindered wound
closure despite using a knee-high, non-removable offloading
device. After SVM application, the wound size was reduced by
97.5% at six weeks. Gonzalez-Rey et al. [15] demonstrated that
adipose-derived stem cells secrete factors like interleukin-10
and cytokines, which reduce inflammation and help shorten its
duration. These growth factors may improve tissue perfusion and
have anti-inflammatory effects in patients with thromboangiitis
obliterans, in addition to secreting angiogenic factors that promote
angiogenesis, enhance wound healing, and improve limb ischemia
[16]. These factors are particularly important in treating diabetic
foot ulcers. In the fifth case, a diabetic patient with thromboangiitis
obliterans was treated with intralesional and perilesional SVM
application, resulting in satisfactory wound size reduction during
follow-up.

SVM is a novel technology that provides sufficient cell counts
and viability for effective wound care management [17]. To our
knowledge, this case series is the first to document outcomes of
SVM in wound care. Doubtless, further research is needed to
determine the optimal timing for its application, as there is currently
insufficient data on the use of SVM in any phase of chronic wound
care. In our study, we applied SVM after ensuring that the wound
bed and periwound area were infection-free and that conventional
wound care methods had been exhausted completely.

Conclusion

In conclusion, SVM cells play a significant role in treating hard-
to-heal wounds of any etiology, and application along the vascular
trace offers additional benefits by promoting angioneogenesis and
improving perfusion. Even though we can only present a limited
number of observational cases here, we believe that the method is
well worthy of a more comprehensive examination and intensive
scientific debate.
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