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BACKGROUND

In the foreseeable future, chronic wounds will remain 

a significant medical and social problem because of 

frequent disablement, difficult adaptation to society, 

and major socio-economic losses for both the patient 

and the state.

Amputation of the lower extremities is a necessary 

measure to save a patient with critical arterial and 

neurotrophic disorders in these extremities. However, 

many patients with diabetes mellitus (up to 40%) 

develop complications from the amputation stump, 

which account for up to 50%–70% of all non-traumatic 

amputations of the lower extremities. Chronic wounds 

of the stump are caused by an aggravated comorbid 

background, sepsis, wrong amputation level, hema-

toma of the stump, macro- and microangiopathies, 

high virulence, and nosocomial infections [1–4]. These 

chronic wounds are almost always accompanied by 

a purulent and necrotic process, including prolonged 

intoxication, reinfection of the wound surface with 

keloid scar formation, and sometimes fistulas and 

superficial wounds in the amputation stump of the 

lower limb that do not heal for years.

Among methods of regional treatment of chronic 

wounds (such as enzymatic debridement, necrec-

tomy, hydrosurgical treatment, ultrasonic cavitation, 

argon-plasma or air-plasma flow therapy, high-energy 

laser radiation, and pulse jet), the use of a conditio-

ned cellular medium from mesenchymal stem cells 

(CM-MSCs) demonstrated safety and versatility of 
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effects on chronic wounds with different wound sta-

ges because of combined anti-inflammatory and re ge-

nerative activities [5].

Currently, cell therapy in the treatment of skin wounds 

represents an active field of research. Multipotent adult 

stem cells represent an attractive choice for cell therapy 

because they have great proliferative potential, ability 

to differentiate into different cell types, and produce 

various cytokines and growth factors important for 

wound healing.

Thus, endothelial progenitor cells (EPC) are involved 

in the revascularization and repair of damaged tissues. 

Several studies reported that EPC transplantation 

accelerated wound healing by enhancing neovascu-

larization in the granulation tissue, secreting various 

growth factors and cytokines associated with wound 

healing, thereby promoting monocyte/macrophage 

involvement, and stimulating endogenous angioge-

nesis during the wound healing process [6].

MSCs are also a promising cell type for repairing or 

replacing damaged tissues. They are can differentiate 

into several cell lines, such as adipocytes, chondro-

cytes, and osteoblasts. Sasaki et al. [7] revealed that 

MSCs promote wound healing by differentiating into 

several skin cell types, namely, keratinocytes, endo-

thelial cells, pericytes, and monocytes. Wu et al. [8] 

reported that MSCs improved significantly wound 

healing in both diabetic and non-diabetic mice, demon-

strating accelerated wound closure because of the 

release of pro-angiogenic factors.

Analysis of paracrine factors released from MSCs 

showed that MSCs secrete vascular endothelial 

growth factor, insulin-like growth factor 1, epidermal 

growth factor (EGF), keratinocyte growth factor, angio-

poietin-1, and stromal cell-derived factor 1 [9]. All 

these factors contribute greatly to the recruitment of 

CD14+ monocytes, keratinocytes, and endothelial cells 

to the wound. The MSC culture medium, known as 

a conditioned medium, is thus a rich source of para-

crine factors [10]. The introduction of these factors to 

the damaged site increases their metabolic activity, 

improves oxygen supply, and remodels the extracellular 

matrix. Moreover, cell-free preparations based on 

CM-MSCs have several advantages when compared

with standard MSC therapy because they are easy to

manufacture, package, and transport, and most impor-

tantly, they do not bear any risks and side effects

associated with cell administration [10]. Compared with

cellular technologies (live skin equivalent, allofibro blasts,

suspensions of donor leukocytes in a wound, etc.),

CM-MSCs can be used on an outpatient basis.

CLINICAL CASE

Patient information

Female patient Yu, aged 64 years, was referred for 

aftercare on an outpatient basis on October 19, 2021, 

with complaints of a non-healing wound in the area of 

the postoperative stump of the right lower limb.

Anamnesis morbi. She was diagnosed with athero-

sclerosis of the arteries of the lower extremities, occlu-

sion of the femoropopliteal segment. On September 08, 

2021, femorotibial shunting below the knee joint cleft 

was performed with the Vascutek synthetic prosthesis, 

7 mm, on the right. She had shunt thrombosis, critical 

ischemia of the right lower limb, and necrosis of the 

distal phalanges of the right foot toes. On Septem-

ber  24, 2021, amputation of the right lower limb was 

performed at the level of the middle third of the thigh, 

with resection of the alloprosthesis and autoplasty of 

the common femoral artery on the right, and secondary 

sutures in the right inguinal region. Postoperatively, a 

purulent and necrotic wound of the amputation stump 

of the right lower limb at the level of the middle third 

of the thigh was observed. Concomitant diseases were 

insulin-treated type 2 diabetes mellitus, nephropathy 

of mixed origin, diabetic macroangiopathy, distal-type 

polyneuropathy, neuroischemic diabetic foot syndrome, 

grade 2 arterial hypertension, risk four dyslipidemia, 

and fatty liver disease.

On an outpatient basis, the patient continued comp-

lex therapy in accordance with the recommendations 

of the hospital.

Physical diagnostics

Upon examination, the general condition was satis-

factory. Her body type was normosthenic. No visible 

abnormalities of skin and visible mucous membranes 

were noted. Her body temperature was 36.8°С. She 

had no respiratory system abnormalities. Her blood 

oxygen saturation (SatO2), heart rate, blood pressure, 

and pulse rate were 96%, 18 per min, 140/80 mm Hg, 

and 68 beats per minutes (regular), respectively. On 

palpation, no abdominal abnormalities were noted; 

peristalsis was auscultated. She had no urination 

abnormalities.

Neurological status. She had clear consciousness 

and was oriented to person, place, and time. No menin-

geal symptoms were observed. Neurological exami-

nation of the left lower limb revealed monofilament 

10 g of 1 (0, normal; 1, weakened; 2, absent). Tactile 

sensitivity was normal. Pain sensitivity was absent 

to the level of the middle of the foot. Temperature 

sensitivity was absent to the level of the ankles, and 
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reflexes at the level of the Achilles tendon and knee 
were weakened. The right lower limb was amputated 
at the level of the middle third of the right thigh.

Laboratory and instrumental diagnostics

The parameters of the general blood and urine tests, 
biochemical blood tests, and coagulogram cor res-
pond to the reference values of the corrected comor-
bid background of the patient. Her blood glucose 
was 8.2 mmol/L. A microbiological cultural study of 
the wound discharge (September 05, 2021) revealed 
Staphylococcus haemolyticus 103, linezolid-S. In the 
hospital, a course of treatment with linezolid at a dose 
of 600 mg, intravenous drip feed, was performed two 
times a day, for 5 days, and the wound was cleaned with 
antiseptics. Repeated microscopic cultural examination 
of wound contents on an outpatient basis (October 19, 
2021) revealed S. epidermidis less than 1×102, and there 
was a growth of transient microflora, which had no 
diagnostic value. Ultrasound duplex scanning (USDS) 
showed atherosclerosis of the vessels of the left lower 
extremity with a predominant lesion of the lower leg 
arteries and the amputation stump on the right at the 
level of the middle third of the thigh. Occlusions of the 
posterior and anterior tibial arteries were noted. USDS 
of the veins of the lower extremities revealed preserved 
patency of the deep and saphenous veins.

Local status

Initially, the wound was examined in daylight with 
the patient in the supine position. The wound was 
washed with saline solution, and its visual and plani-
metric assessment was performed using the Bates–
Jensen (BJ) algorithm [11, 12].

General condition of the wound. Location. The 
amputation stump was at the level of the middle third of 
the right thigh. The shape was irregular. The wound size 
was 23×4.5 cm (average BJ score 5 points). Its depth 

was >6 cm (BJ 3 points). The wound edges were clearly 

circumscribed, rising above the bottom of the wound 

(BJ 3 points). Undermining the edges of the wound was 

with a depth of 2–4 cm, <50% of the wound perimeter 

(BJ 3 points). The necrotic tissue was represented 

by adherent soft black scab, mainly along the lateral 

edge of the wound (BJ 4 points). The necrotic tissue 

covers 50% of the wound (BJ 3 points). The discharges 

were purulent, liquid and thick, yellow, and odorless 

(BJ 5 points). The amount of discharge was moderate 

(BJ 4 points). The skin color around the wound was 

normal (BJ 1 point). Edema around the wound was 

<4 cm, without formation of a pressure pit (BJ 2 points). 

Induration around the wound was 2–4 cm, <50% of the 

perimeter (BJ 3 points). Granulation tissue was absent 

(BJ 5 points). No epithelialization (BJ >5 points) was 

observed. The total BJ score was 47 (Fig. 1).

The wound surface was conditionally divided into 

three parts: lateral, central, and medial (Fig. 2). The 

lateral part of the wound (length 8 cm, depth 4 cm) had 

severe soft tissue necrosis up to 4 cm deep. The central 

part (length >8 cm, width 6 cm, deepest segment up 

to 7 cm) had an open area of the beige bone fragment 

at the depth of the wound, with free areas of resected 

bright red muscles, actively bleeding when touched with 

tools. The medial part (length up to 7 cm, width >2 cm) 

was represented mainly by purulent and inflammatory 

changes, with a pocket up to 6 cm deep and 3 cm wide 

in the medial corner of the wound. There were islands of 

granulation tissue along the wound edges.

Treatment

In the first stage of treatment, enzymatic and 

autolytic debridement of the wound was performed 

using hydrogels and enzymes, and the bone fragment 

was simultaneously coated with collagen, saline solu-

tion, and antiseptics. Leakage and pockets were dres-

sed and sanitized daily. The wound surface was treated 

using the microsurgical method, which was performed 

once a week for 1.5 months (Fig. 3). Each part of the 

wound was assessed by the BJ system every 14 days. 

After 1.5 months, the total scores were 35, 38, and 

42 points (BJ) for the medial, central, and lateral parts 

of the wound, respectively.

In the second stage, a conditioned medium from 

cultures of MSCs the human placenta (CM-MSC) was 

included in the complex course of regional wound 

treatment on the medial part and partially on the central 

part of the wound. 

This study was performed within the clinical study 

“Open prospective study of the safety and efficacy 

Fig. 1. Patient Yu., 64 years old, diagnosis: “Atherosclerosis 
of the arteries of the lower extremities, occlusion of 
the femoral-popliteal segment on the right”: the wound 
condition at the beginning of the treatment (BJ scale).
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of the use of a conditioned medium from cultures of 

mesenchymal stem cells for the treatment of chronic 

wounds of various origins” (code 11.3.21), which was 

approved by the local ethics committee of the Federal 

Scientific and Clinical Center of Federal Medical and 

Biological Agency of Russia (Minutes No. 11 dated Oc-

to ber 26, 2021). Cellular material (MSCs) was obtained 

from the human placenta according to the standard 

procedure [12]. The growth medium was αMEM (Sigma, 

USA) containing a mineral saline solution and amino 

acids with the addition of antibiotics, namely, penicillin 

(up to 100 U/mL), amphotericin (up to 100   ng/mL), 

streptomycin (up to 100 μg/mL), L-glutamine (2–4 mM), 

and 4% human platelet lysate.

Methodology for the use of CM-MSCs. CM-MSCs 

were used daily in a volume of up to 30 mL, with daily 

wound treatment. The central part of the wound was 

treated in combination with CM-MSCs and hydrogel. 

The application of enzymatic and hydrogel dressings to 

the lateral part of the wound was continued. Each part 

of the wound was evaluated according to the BJ scale. 

At 4 weeks after the initiation of CM-MSC therapy in the 

medial part of the wound, active granulations over the 

entire wound surface and pronounced marginal epithe-

lization were observed. In the central part, granulations 

covered completely the femur, with active growth of 

granulations on the free ends of the thigh muscles, and 

necrotic tissues were absent. The lateral part was clean, 

with scanty serous discharge and sluggish granulations. 

Changes in the wound surface were shown as 24 points 

(BJ) after 2 months of treatment, CM-MSC was used on 

the entire wound surface; 13 points (BJ) after 3 months, 

transition to the active regeneration phase; and 10 points 

(BJ) after 3.5 months, complete wound closure without 

keloid formation (Fig. 4).

DISCUSSION

MSCs are multipotent adult stem cells with the 

potential to proliferate, self-sustain, and differentiate 

into three major pathways, namely, fibroblasts, osteo-

blasts, and adipocytes. MSCs can be isolated from 

several sources, such as the bone marrow, adipose 

tissue, umbilical cord, amnion, placenta, and dental 

pulp. [13]. The beneficial effects of MSCs were due not 

only to their multipotency but also to the exosomes 

they secreted that contain cytokines and growth 

factors [14]. CM-MSCs provide great opportunities for 

the treatment of many skin diseases, including chronic 

wounds, and skin rejuvenation.

Saheli et al. [15] studied the effect of human bone 

marrow-derived CM-MSCs on skin wound healing in 

diabetic rats and found that significant improvements 

occurred because of the activation of fibroblast func-

tions. In vivo studies have revealed that diabetic 

wounds treated with CM-MSCs achieved a signifi cantly 

higher percentage of wound closure, with increased 

Fig. 2. The same patient: a wound in the area of the right 
lower limb stump (amputation at the level of the middle 
third of the thigh), the initial wound appearance.

Fig. 3. The same patient: a view of the wound in 1.5 months.

Fig. 4. The same patient: a complete wound closure 
in 3.5 months, the final result.
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activity. CM-MSC-treated wounds showed accelera-
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therapy is an effective method for healing a purulent 

and necrotic postoperative wound resulting from limb 
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