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Abstract
BACKGROUND 
Necrotizing fasciitis (NF) of the upper extremities is a severe surgical pathology, 
and the incidence of this disease has been steadily increasing in recent decades. 
Surgical treatment is accompanied by the formation of extensive wounds, which 
can be treated with significant difficulties. In recent years, negative pressure 
wound therapy (NPWT) has proven to be highly effective. It is also promising for 
the treatment of NF.

AIM 
To explore the effectiveness of NPWT in the treatment of NF of the upper ex-
tremities.

METHODS 
The results of the treatment of 36 patients with NF of the upper extremities in two 
groups (NPWT group and control group; 2022−2023) were retrospectively an-
alyzed. In the NPWT group, the NPWT method (120 mmHg; constant mode) was 
used after surgical treatment. The number of vacuum-assisted dressings in pa-
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tients ranged from 1 to 3, depending on the dynamics of the wound process. The duration of fixation of one ban-
dage was up to 2−3 d. In the control group, conventional methods of local wound treatment were used. The fo-
llowing indicators were analyzed: The treatment delay, the prevalence of inflammation, the microbial landscape, 
the number of debridements, the duration of wound preparation for surgical closure, and the nature of skin plastic 
surgery.

RESULTS 
Most patients experienced a significant treatment delay [4 d, interquartile range (IQR): 2–7 d], which led to the 
spread of the pathological process to the forearm and shoulder. The most common pathogens were Staphylococcus 
aureus (14; 38.9%) and Streptococcus pyogenes (22; 61.1%). The average number of debridements per patient was 5 
(IQR: 3–7), with no difference between groups. The average time to prepare wounds for surgical closure was 11 ± 
4 d in the NPWT group and 29 ± 10 d (P = 0.00001) in the control group. In the NPWT group, the wounds were 
more often closed with local tissues (15; 83.3%), and in the control group, split-thickness skin grafts were more 
often used (4; 50%).

CONCLUSION 
The predominant isolation of Staphylococcus aureus and/or Streptococcus pyogenes from the lesions allowed us to 
classify these patients as NF type II. Multiple debridement procedures have become a feature of this disease 
treatment. The use of NPWT has significantly reduced the time required to prepare wounds for surgical closure. 
Early closure of wounds allows for more frequent use of local tissue repair, which ensures better results. NPWT is a 
highly effective way to prepare wounds for early surgical closure in patients with upper extremity NF.
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Core Tip: Negative pressure wound therapy, performed after full surgical debridement for necrotizing fasciitis of the upper 
extremities, significantly reduces the duration of postnecrectomy wound preparation for surgical closure, thereby improving 
patient treatment outcomes.
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INTRODUCTION
Necrotizing fasciitis (NF) was considered a fairly rare disease, and publications devoted to its diagnosis and treatment 
have rarely included more than 10 clinical cases. In recent years, the situation has changed significantly. The frequency of 
this pathology has increased, and the severity of its course, high mortality rate, and significant material costs make the 
search for effective treatment methods urgent[1,2].

Among all NF involvements, those in the upper limb account for 6%−27%, and the average in-hospital mortality/30-d 
mortality may range between 20% and 40%[3]. According to the classification of Choueka and De Tolla (2020), NF type II 
is the most common when it affects the extremities[4]. The causative agents of infection are Staphylococcus aureus and 
Streptococcus pyogenes, both as monoinfections and in combination with each other[5]. The disease usually develops after 
minor skin injuries or even after blunt trauma to soft tissues[6]. NF type II is more common in healthy people of working 
age, but cases of its occurrence are not uncommon in patients suffering from diabetes mellitus, drug addiction, or who is 
taking corticosteroid hormones[7]. Certain difficulties in diagnosing the disease at the initial stage can lead to untimely 
surgical intervention and extension of inflammation to surrounding tissues[8,9]. In these cases, as a result of delayed 
surgical treatment, extensive wound defects are formed, the further treatment of which can present significant difficulties
[10]. This disease is characterized by the formation of secondary necrosis, which determines the need for repeated de-
bridement, the number of which can reach 5 or more[11]. In addition, the wound process in NF patients is characterized 
by a complicated course with a prolonged phase of inflammation. All these lead to the need for long-term hospital 
treatment compared to other purulent diseases of soft tissues. The scarring process that develops over time in the tissues 
surrounding the wound leads to a decrease in plastic reserves. This, in turn, significantly reduces the possibility of closing 
wounds with local tissues and expands the indications for split-skin grafts[3,6,7]. However, the cosmetic and functional 
results are much worse, which is especially important for the upper limb. In this regard, it is difficult to overestimate the 
importance of methods that help reduce the time needed to prepare wounds for surgical closure[12].
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Negative pressure wound therapy (NPWT) has proven to be highly effective and is widely used for treating purulent 
wounds of various origins and locations. NPWT (syn. vacuum-assisted closure–VAC) offers many benefits: Wound 
isolation, reduced edema, increased tissue perfusion, and reduced bacterial load[13,14]. All of these factors contribute to 
subsequent reconstructive surgery. Using VAC reduces the absorption of toxins and mitigates pain. Less frequent 
dressings not only have a positive effect on the patient’s psycho-emotional state, but also have a significant economic 
effect, reducing the amount of material used in dressings and the labor costs of medical personnel. This is especially 
important for extensive wounds accompanying NF[15]. The effective use of NPWT requires strict adherence to a number 
of requirements and restrictions. Preliminary removal of the main mass of necrotic and nonviable tissue is considered a 
mandatory condition for the utilization of NPWT. It is also necessary to take into account that a vacuum dressing applied 
immediately after surgical treatment can provoke bleeding[14].

The choice of plastic wound closure method for the treatment of NF of the upper extremity is influenced by a number 
of factors. The most significant factors are: The size and location of the defect, the plastic reserves of the surrounding soft 
tissues, and the age and condition of the patient[11,13]. Additionally, the professional skills of surgeons should not be 
underestimated. When closing wound defects in the area of the upper limb, full-thickness skin grafting (with local tissue 
or displaced flaps–free or pedicled) is a priority[13]. Unfortunately, with significant skin loss, split-thickness skin grafting 
often becomes the only possible method[15].

MATERIALS AND METHODS
Methodology
The study was carried out in a single clinical center. The results of the examination and treatment of 36 patients with NF 
of the upper extremities were retrospectively analyzed.

Type of sampling: Non-repetitive subjects were consecutively recruited.

Inclusion criteria: NF of the upper limb.

Exclusion criteria: Extension of inflammation to the trunk, diabetes mellitus, intake of corticosteroid hormones, pre-
gnancy, and poor compliance with the treatment.

Population
All patients were divided into two groups depending on the characteristics of the local treatment of the wounds after 
surgical treatment: NPWT group and control group. In the NPWT group (18 patients), NPWT (120 mmHg; constant 
mode) was used. The number of vacuum-assisted dressings used in patients ranged from 1 to 3, depending on the 
dynamics of the wound process. The duration of fixation of one bandage was up to 2−3 d. In the control group (18 pa-
tients), conventional methods of local wound treatment (antiseptic solutions) were used. According to the main para-
meters (age, gender, localization, and prevalence of the pathological process), patients of both groups corresponded to 
each other. All patients underwent urgent debridement supplemented by repeated treatments at intervals of 24 h until 
the wounds were cleared of nonviable tissue.

The following indicators were analyzed and compared in the groups: The treatment delay, the prevalence of inflam-
mation, the microbial landscape, the number of debridements, the duration of wound preparation for surgical closure, 
and the nature of skin plastic surgery.

The choice of method for surgical closure of wounds was determined by the size, location, and plastic reserves of the 
surrounding skin. To assess the severity of the general inflammatory reaction of the body, the level of leukocytes in the 
peripheral blood and the concentrations of C-reactive protein and procalcitonin in the plasma were studied.

Compliance with ethical standards and consent to participate
The local institutional review board approved the use of patient data for research purposes prior to reviewing the data, 
and this study was deemed exempt from continued review.

Informed consent was not required due to the retrospective nature of this study. All study participants or their legal 
guardian provided informed written consent about personal and medical data collection prior to study enrolment. All 
procedures were performed in accordance with the ethical standards of the responsible committee on human experi-
mentation (institutional and national) and with the Helsinki Declaration of 1975, as revised in 2008.

Statistical analysis
Statistical processing was carried out by collecting and grouping factual material, with the median and interquartile 
range (IQR) calculated. The arithmetic mean and standard deviation (SD) were calculated to estimate the average 
duration of wound preparation for surgical closure. The normality of the distribution was determined using the Shapiro-
Wilk normality test. The significance of differences in nonparametric indicators was determined using the Mann-Whitney 
U test. Differences in indicators at P < 0.05 were considered significant. The study was reviewed by our biostatistical 
expert.
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RESULTS
Descriptive statistics
The age of the patients did not significantly differ between the two groups. The median age was 50 years (IQR: 39−67 
years). Men predominated. The spread of the pathological process to the elbow joint was observed in 11 (61.1%) patients 
in the NPWT group and in 10 (55.6%) in the control group. The majority of patients in both groups were characterized by 
delays in seeking medical help. The associated treatment delay was not significantly different between groups (P = 0.6) 
and was 4 d (IQR: 3–7 d).

The average number of debridements per patient was 5 (IQR: 3–7), and there was no significant difference between the 
groups (P = 0.94). The average time to prepare wounds for surgical closure in the NPWT group was 11 ± 4 d, which was 
significantly less than that of the control group (29 ± 10 d) (P = 0.00001).

Laboratory investigations
During microbiological examination, in the vast majority of cases, Staphylococcus aureus (14; 38.9%) and Streptococcus 
pyogenes (22; 61.1%) were isolated, both in the form of a monoculture (24; 66.7%) and in association with each other (6; 
16.7%). In 1 (2.7%) patient, the causative agent of NF was Pasteurella multocida. In 4 (11.1%) patients, it was not possible to 
identify the pathogen (Figure 1). Initial empirical antibiotic therapy did not differ between the two groups and included 
intravenous administration of broad-spectrum drugs, mainly penicillins and cephalosporins. Based on the results of a 
microbiological study of wound exudate, antibacterial therapy was adjusted considering the sensitivity of the bacterial 
flora. The overwhelming majority of patients with NF of the upper limb had pronounced leukocytosis [NPWT group: 21 
× 109/L (IQR: 18−27 × 109/L); control group: 22 × 109/L (IQR: 17−27 × 109)] and an increase in the concentration of C-
reactive protein [NPWT group: 103 mg/L (IQR: 49−231 mg/L); control group: 222 mg/L (IQR: 180−334). Procalcitonin 
levels were moderately increased in the two groups [NPWT group: 0.69 ng/mL (IQR: 0.5−1.1 ng/mL); control group: 
3 ng/mL (IQR: 1−12 ng/mL)].

Plastic surgery
Surgical wound closure was performed in 15 (83.3%) patients in the NPWT group and in 8 (44.4%)  in the control group. 
In the NPWT group, wounds were closed with local tissue in 12 (80%) patients and in 3 (20%) patients when a split-
thickness skin graft was used. In the control group, full-thickness skin was used in 4 (50%) patients (Figure 2). In 2 
patients, plastic surgery was performed with local tissues, and in 2 patients, plastic surgery was performed with a free 
vascularized fasciocutaneous flap from the groin area. Split-thickness grafting was performed in 4 (50%) patients 
(Supplementary Table 1).

Mortality
In-hospital mortality rate of the patients with NF of the upper extremities was 11.1% (4 patients), and NF was not 
associated with the method of wound treatment.

DISCUSSION
A significant delay in treatment in most patients led to the spread of the pathological process. Moreover, in more than one 
third of patients, inflammation involved the entire upper limb. The severity of the disease and systemic inflammatory 
response syndrome was indicated by a sharp increase in the levels of leukocytes in the blood and C-reactive protein in the 
plasma.

The vast majority of microflora species identified were associated with Staphylococcus aureus and Streptococcus pyogenes, 
which allowed these patients to be classified as NF type II[4]. The typical approach to surgical treatment of this disease 
has become multiple rounds of debridement, which creates conditions not only for eliminating the infection but also for 
the effective use of the NPWT method. The use of vacuum-assisted dressings has made it possible to significantly reduce 
the time required to prepare wounds for surgical closure[3]. As a result, there was a change in treatment tactics. In the 
NPWT group, one-stage inpatient treatment was used, which made it possible to eliminate the infection and close the 
wounds. After this, the patient was sent for rehabilitation. In the control group, a three-stage treatment option had to be 
used. At the first inpatient stage, the infection was eliminated. In the second stage, outpatient, local treatment of the 
wound was carried out until it was ready for surgical closure. In the third stage, stationary, skin grafting was performed 
(Figure 3). In addition to the difference in the timing of preparing wounds for plastic surgery, the difference in the range 
of surgical interventions also attracts attention. Early wound closure in the NPWT group allowed for more frequent use 
of local tissue, which provided better functional and cosmetic results. Delayed wound closure in the control group 
occurred against the background of a decrease in the plastic reserves of the surrounding skin and the scarring process[7]. 
The result has been an increase in the number of split skin grafts with poorer results (Figure 4, Figure 5 and Figure 6). The 
use of NPWT had no effect on the level of hospital mortality, which complies with data from other researchers[14].

https://f6publishing.blob.core.windows.net/0af56a76-841f-4e76-aa44-979bc78ed8a2/97886-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/0af56a76-841f-4e76-aa44-979bc78ed8a2/97886-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/0af56a76-841f-4e76-aa44-979bc78ed8a2/97886-supplementary-material.pdf
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Figure 1 Microorganisms cultured from patients with necrotizing fasciitis of the upper limb. MSSA: Methicillin-sensitive staphylococcus aureus.

Figure 2 Plastic surgery of postnecrectomy wounds. NPWT: Negative pressure wound therapy.
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Figure 3 Treatment strategy for patients with necrotizing fasciitis of the upper limb. VAC: Vacuum-assisted closure.

Figure 4 The first case. A: Clinical presentation at admission; B: After first debridement; C: After negative pressure wound therapy; D: Long-term result of plastic 
surgery.

CONCLUSION
NF of the upper extremities is a serious disease, for which timely and complete debridement is important. NPWT is an 
effective method for the local treatment of postnecrectomy wounds and can significantly reduce the duration of their 
preparation for surgical closure. Reaching a better cosmetic result is extremely important for the aesthetic appearance of 
the upper limb.
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Figure 5 The second case. A: Clinical presentation at admission; B: After debridement; C: After negative pressure wound therapy; D: After plastic surgery; E and 
F: Long-term outcomes after 6 mo.

Figure 6 The third case. A: Clinical presentation at admission; B: After first debridement; C: After third debridement; D: Negative pressure wound therapy; E: After 
plastic surgery; F: Result.
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