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Treatment of chronic non-healing wounds in the lower extremities involves a variety of comprehensive treatments, including

dehydration by vacuum-assisted closure (VAC) therapy, plastic closing surgical techniques, etc. The aim of the study was to analyze
the results treatment of chronic non-healing wounds of lower limb with have used with VAC therapy. The retro- and prospective
study included a review of data collected from 127 patients in 2011 - 2020 of both sexes with mean age of 59.8 years. All patients
were divided into three groups: the 15 group (49), who after opening and sanitizing the purulent cavity was prepared the wound
for the application of secondary sutures or for autodermoplasty by an open method using bandages with proteolytic enzymes, oint-
ments on water-soluble basis, antiseptics; the 2" group (57), who underwent VAC therapy after necrectomy, and the 3" group (21),
who underwent preparation of long-existing infected granulating wounds for autodermoplasty. The patients had initial local and
systemic treatment, followed by VAC therapy, and were statistically analyzed. In 62 patients additional treatment was not required,
in 25 patients were needed including a surgical plastic closing of your own skin. The 2 patients died before final closure due to other
complications (myocardial infarction and stroke). In all the other patients, their wounds are completely healed. In order to eradicate

the infection and close the wound the duration of VAC averaged 6.3 * 0.32 days (from 2 to 16 days). The study confirmed the safety

and effectiveness of VAC bandages in patients as to primary treatment and preparing this patients for autodermoplasty.
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Introduction

Healing the wounds throughout the history of civilization has
not lost its medical and social significance. The economic and tech-
nological progress was not guarantee that the individual will be
spared both natural and techno-genetic factors capable of causing
severe damage nowadays. In addition, a number of chronic dis-
eases, compounded by chronic wounds such as diabetes mellitus,
chronic vascular and neurological pathology, trauma have a signifi-
cant upward trend in injuries. Lesions of the lower extremities oc-

cur in 30 - 80%, often facilitated by violations of carbohydrate and

other types of exchange [1]. According to epidemiological studies,
amputations are performed by patients with diabetes mellitus 10
- 15 times more frequently than in the total population, accounted

for 50 - 70% of all performed surgery interventions [2].

Skin wounds are a heterogeneous group of diseases with a wide
varities of causes. Most wounds heal through well-known patho-
physiological stages, and those that do not heal for a long time are
considered chronic. Despite the lack of consensus on the definition,

most wounds are called acute if they are present only for a short
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period of time before the intervention (< 4 weeks to a maximum
of 6 weeks) and show signs of normal wound healing [3]. Chronic
wounds are defined as those that are present from one month to 6
weeks prior to the intervention without any tendency towards nor-
mal wound healing. These wounds either take a long time to heal,
or do not heal completely, or they often recur [4]. Studies of chronic
wounds have highlighted that numerous factors, such as a deficien-
cy of local systemic growth factors, changes in the extracellular ma-
trix, decreased function of fibroblasts, decreased antimicrobial ac-
tivity of leukocytes, presented of biofilms and impaired macro- and
microcirculation, are responsible for slowing the healing of these
wounds [5]. Physical factors for healing wounds have the longest
history of use. All the more interesting is the fact that, at the begin-
ning of the twenty-first century, a breakthrough in the treatment of
wounds was linked to what has long been a known phenomenon
with used of treatment of low pressure. Even more impressive are
the successes of the use of VAC therapy recent years. It is known
that a wound is a defect of internal organs, skin coverings, mucous
membranes and the tissues, developed to results of a mechanical,
physical, chemical, or biological action, as well as by a disorder of
blood supply or innervation. The wound is a dynamically develop-
ing formation that undergoes certain structural changes from its
formation to its healing. In the first stages, the wound cavity is filled
with the wound contents (in transudate or exudate, necrosis), then
with granulation tissue, and finally with an epithelium in the result
of healing. All wounds, although they have common measures of
the character of their development and healing, are nonlinear in
origin, size, localization, depth, peculiarities of the clinical course of
the wound-process, etc. It particular difficult in clinical practice are
wounds that do not heal for a long time and often constitute lesions
not only of the skin but also of its appendages. The bottoms of such
wounds often are fat fiber and deeper underlying tissues (fascia,

muscles, bones, internal organs, etc).

Wound healing is a natural process that consists of a series of
morphofunctional changes in tissues occurring at the molecular,
cellular and tissue levels and effecting the whole body to varying
power. Regardless of the cause and type of the wound, its healing
follows a standard pattern and has the same structural-functional
changes that begin with blood clotting, formation of eschar, wound
cleansing from micro-organisms, foreign bodies, primaries or sec-
ondary dead tissues and ending with the formation of a new granu-

lation tissue subsequently covered by the epithelium. VAC is one of

the treatment methods used to improved results of treatment. It
was used for primary treatment of chronic and complex wounds,
as well as for supplementing conservative therapy or preparing the
wound for surgery. The method is widely and successfully used in
most clinics, although the full physiological basis of the method is

not clear nowadays.

The modern VAC was developed by staffs at Wake Forest Medi-
cal University (USA) in the 1990s [6], which had been used an addi-
tional treatment of wounds to remove the exudate from the wound
through an airtight bandage and a special tube connected to the
container. The pathogenesis of the formation of chronic wounds
has not been studied enough, although much is already known in
this direction. One of its main links is a violation of the blood supply
to tissues as a result of the following main reasons: a decrease in
blood flow and oxygen supply, blood shunting, disorders of venous
and lymphatic outflow, metabolic disorders, infectious and autoim-
mune processes, etc. Physicochemical conditions in which healing
takes place are of great importance in the normal tissue repair. The
studies of G. Winter (1962) had been showed the special effect of
a moist environment on self-cleaning of the wound, proliferation
and migration of epithelial cells. It was found that with a sufficient
amount of water in the extracellular matrix, a looser fibrous tissue
is formed with the subsequent formation of a less coarse but more
durable scar. Currently, a large number of wound dressings have

been created that retain a certain power of influence in the wound

[7].

It is known that the wounds healing process can be divided into
main stages: 1) hemostasis (control of bleeding); 2) inflammation
(removal of debris, control of infection, clearance of inflammation);
3) proliferation (angiogenesis, formation of granulation tissue, con-
traction); and 4) remodeling (remodeling of the connective tissue
matrix, and maturation). Because growth factors, cytokines, pro-
teases, and cellular and extracellular elements plays of important
roles in different stages of the healing process, imbalances of one
or more of these components may account for the impaired heal-
ing observed in chronic wounds [8]. The levels of various MMPs
(collagenase, gelatinase A and B) and be also serine proteases are
markedly increased in fluids from chronic wounds, whereas MMP
levels are lower in acute wound healing. Other proteases, such as
neutrophil elastase, have also been observed to be significantly

higher in chronic wounds. Elevated levels of serine proteases de-
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grade fibronectin, an essential protein involved in the remodeling
of the extracellular matrix (ECM) [9].

Analysis of various publications showed that VAC effects data
can be divided into the following groups: 1. Extracellular, when
there are an increase in extracellular blood flow and a decrease
in edema, which has a positive effect on the wound environment
[10-12]. 2. Cellular, when the formation of ranulation tissue and
cell synthesis occurs [13-17]. 3. Complex, when the body is able to
carry out wound processes such as healing, infection control and
exudate control [18-21].

Given the positive impact of VAC-therapy on the course of the
infected processes, this method has become widely have been used
in the treatment of wounds with complications in various areas
of surgery [22-28]. Several authors have noted the clinical and
economic efficiency of VAC for various types of wounds [29]. In-
deed, VAC recommended when surgical treatment, reconstructive
surgery, or autodermoplasty under local or general anaesthesia is
contraindicated [30]. However, other authors point out the nega-
tive aspects of VAC in some patients, such as the sense of depen-
dence on the device, reduced mobility, sleep disturbances, and pain
upon removal of film or sponge. Thus, an individualized approach
to patient management, as well as additional training for both pa-
tient and staff is suggested [31-35]. Nevertheless, the results of sev-
eral meta-analyses demonstrate a higher efficiency of local nega-
tive pressure therapy compared with that of other methods in the
treatment of various wounds, particularly with respect to prevent-
ing wound infections, improving perfusion of wound tissues, and
shortening the wound-healing period [36,37]. The method can be
tailored for an outpatient setting with the use of portable suction
devices [38].

Aim of the Study

The aim of the study was to analyze the results treatment of
chronic non-healing wounds of lower limb with have used a VAC

therapy.

Materials and Methods

The retro- and prospective study included a review of data
collected from 127 patients in 2011 - 2020 of both sexes with an

average age of 59.8 years, who were treated in the Department
of Surgery in Kharkiv Regional Hospital and in Merefyanska Cen-
tral District Hospital, Ukraine. All patients were divided into three
groups: the 1% group (49), who after opening and sanitizing the
purulent cavity was prepared the wound for the application of sec-
ondary sutures or for autodermoplasty by an open method using
bandages with proteolytic enzymes, ointments on water-soluble
basis, antiseptics; the 2" group (57), who underwent VAC therapy
after necrectomy, and the 3™ group (21), who underwent prepa-
ration of long-existing infected granulating wounds for autoder-
moplasty. Criterias of inclusion to VAC therapy were: existence of
chronic non-healing wounds that requires surgical intervention;
the wound area is > 50 cm?; presence of signs of systemic inflam-
matory reaction and disorders other systems due to intoxication.
Criterias of exclusion to VAC therapy were: eczema around the en-
tire wound; malignant degeneration of the wound; blood clotting
disorders; dementia and other mental disorders. On admission, all
patients underwent clinical and biochemical blood tests, assessed
the functional state of the cardiovascular, respiratory, urinary sys-

tems, as well as liver functions.

After surgical treatment of the purulent focus, local treatment
of the wounds in patients of the 1% group was carried out using lo-
cal antiseptics and ointments on a water-soluble basis; in patients
of the 2" and 3™ groups the VAC therapy was used in continuous
mode with a vacuum of 125 mm Hg with dressing change after
48 - 72 hours. A porous polyurethane material was applied to the
prepared wound surface, cut out exactly along the contour of the
wound so that the dimensions and contours of the wound cover
corresponded to the contours of the wound defect at all bends of
the limbs (Figure 1 and 2).

The bandage was prepared, transferred and straightened on a
flat surface which was preliminarily photographed using a digi-
tal camera along with a predetermined area standard for which a
centimeter ruler was used as a marker. To calculate the area of the
wound, the resulting image of the wound covering was processed
using the lpSquare computer application. The prepared vacuum
bandage was applied to the wound and vacuum therapy was per-
formed [39].
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Figure 1: Infected wound of the right groin and right thigh: a)
installation of the VAC; b) the wound on the 8" day of treatment

was prepared for the formation of secondary sutures.

Figure 2: Extensive purulent-necrotic wound of the right thigh:
a) installation of the VAC; b) the type of wound on the 14" day

of the treatment; c) plastic closure of the wound.

Bacteriological studies of biopsy specimens included qualita-
tive (species) and quantitative analyses of the microflora in the soft
tissue. The identification of isolated microorganisms was carried
out on the basis of their morphological characteristics. The level
of bacterial contamination was determined in 1g of wound tis-
sue. The bacterial contamination of the wound tissues from both
groups averaged 6.84 + 0.67 CFU/ml on a logarithmic scale.

All patients were analyzed using statistical methods and the
‘Biostatistics’ program package (Russia). In the study of quantita-

tive traits for comparison of 3 groups used the Student’s t-test, and

for a small number of groups, nonparametric Mann-Whitney test.
For comparison of indicators within one group at different points
in time - paired Student’s t-test, and comparisons between groups.

The results were considered significant at 95% or more.

Results

After admission to the hospital, according to clinical analyzes of
pronounced inflammatory changes, the WBC was averaged 13.5 +
2.2 x 10°/L (from 9.6 to 14.8). The results of microbiological stud-
ies of wounds discharge taken during the surgical treatment of
purulent foci was an important criterion, including for the use of
rational antibiotic therapy. Various microorganisms were isolated
from the wound discharge both in monoculture and in associations.
The leading place in all patients (n = 127) was occupied by gram-
positive microorganisms: Staphylococcus aureus and epidermidis -
in 74 (58.3%) patients; gram-negative microflora was represented
by E. coli - in 27 (21.3%) patients, Enterobacter - in 9 (7.1%), P
aeruginosa - in 4 (3.3%). In 13 (10.2%) patients of the 3™ group
cultures from wounds did not reveal microorganisms. The level of
bacterial contamination was 6.84 + 0.67 CFU/ml, 6.53 * 0.48 CFU/
ml, 5.78 + 0.87 CFU/ml in all groups (p, = 0.007, p, = 0.000, p, =
0.000, respectively). The area of trophic ulcers at the initial stage of
treatment averaged 34.22 + 4.17 cm?, 54.43 £ 4.12 cm? and 58.34 +
3.1 cm? (p, = 0.000, p, = 0.000, p, = 0.000, respectively). On the 14®
day of the treatment in patients of the 1% group WBC were 11.23 +
1.2 x 10°/L, in the 2" were 9.14 + 1.1 x 10°/L, in the 3®were 7.21
+0.98 x 10°/L, respectively (p, = 0.000, p, = 0.000, p, = 0.000). The
level of bacterial contamination were 4.72 + 0.62 CFU/ml, 3.65 *
0.73 CFU/ml and 2.89 + 0.43 CFU/ml, respectively (p, = 0.000, p, =
0.000, p, = 0.000).

At the same time in the 1% group S. aureus and Staphylococcus
epidermidis were most often detected - in 31 (63.3%) patients, as
well as Providencia - in 5 (10.2%), P. aeruginosa - in 5 (10.2%), En-
terobacter - in 3 (6.1%), Proteus - in 3 (6.1%), E. coli - in 2 (4.1%).
The area of the wounds averaged 32.7 + 11.14 cm?. In the 2" group
S. aureus and Staphylococcus epidermidis were most often detected
in 39 (68.4%) patients, in addition Provincia - in 7 (12.3%), En-
terobacter - in 5 (8.8%), E. coli - in 4 (7.02%), P. aeruginosa - in 2
(3.5%). The area of the wounds averaged 46.54 + 10.56 cm? dur-
ing that period of treatment of the patients. In the 3™ group of pa-
tients the wound area was 55.67 * 10.56 cm? by the 14" day of
the treatment. Of the 57 patients in the 2™ group, VAC was used
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once in 39 (68.4%) patients, twice in 14 (24.6%) patients, and
thrice in 4 (7.02%) patients. On average, 1.4 = 0.11 bandages of lo-
cal negative pressure were used a patient. Of the 21 patients in the
3rdgroup, VAC was used once in 19 (90.5%) patients and twice in 2
(9.5%) patients. On average, 1.2 = 0.1 VAC dressings were applied
to patients in the 2" group and 1.13 + 0.08 VAC dressings in the 3™
group (p = 0.002). The duration of VAC ranged from 2 to 16 days
and averaged 6.3 + 0.32 days. The average number of dressings per
patient was 13.4 + 1.12 in the 1% group, 1.84 *+ 0.34 in the 2" and
3 groups (p = 0.000).

Discussion

Treatment of various wounds and the use of negative pressure
(NTWP) is widely used in clinical practice in patients with acute
and chronic wounds, when a vacuum source creates continuous or
periodic negative pressure inside the wound, which promotes the
removal of fluid and infectious substrates, healing and closure of
wounds [40-42].

By the end of the 19' century, Professor August Bier defined the
concept of cupping by a method of igniting alcohol within a glass
and placing a rubber tube on the skin prior to application of the
heated cupping glass. In 1908, Bier’s hyperemic treatment method
was described and since then vacuum therapy has been used for
the treatment of all types of open wounds (traumatic, chronic, and
postoperative) as well as for the treatment of infections [43]. In
the treatment of grave wounds, two interrelated tasks are solved:
these are the suppression of the microbial causative agent of infec-
tion and the creation of favorable conditions for the healing of the
wound defect. The components of the treatment program are: sur-
gical debridement of the focus of infections, antibacterial therapy,
detoxification and transfusion therapy, nutritional support [43].
One of the new methods used in the treatment of wounds is the lo-
cated prolonged use of negative pressure. VAC therapy reduces the
intensity of the wound by helping to maintain the wet environment
in the wound to create optimal healing conditions. The methodol-
ogy is based on the use of special sponges and vacuum generator,
which creates negative pressure in the wound, resulting in the re-
moval of pathological exudate, reducing the bacterial burden of the
wound and stimulating the growth of the granulation tissue and
epithelia. One of the reasons for the change in treatment tactics in

favor of the use of skin grafts is the development of a large number

of complications during healing of wounds, as well as the impos-

sibility of full using of the legs by these patients when they walking.

With the long-term existence of the defect, the probability of
reinfection increases many times. The timing of surgical closure
of skin defects in patients depends on the severity of purulent-
necrotic lesions, the area of the lesion and compensation for con-
comitant pathology. During VAC therapy, there is an active removal
of excess wound exudate, including the removal of substances that
slow down the wound healing process. The elimination of bacte-
rial contamination and the reduction of the wound are accelerated,
as research has shown. When talking about the economic benefits
of VAC therapy it should be noted of vacuum dressings. Using this
method of treatment reduces the chance of wound reinfection,
which eliminates the need for frequent dressings over a long peri-
od of time, and readmission to the hospital, which reduces the risk
of infection of the wound with hospital strains of microorganisms
[44-46]. In addition, the duration of the systemic antibiotic therapy

is reduced and funds for treatment are significantly saved.

Conclusion

To sum up, we would like to point out that in many studies it was
concluded that when using VAC therapy it promotes an increase in
the rate of formation of granulation tissue and when using autoder-
moplasty methods to close large wounds, overall graft survival and
patients compliance are significantly better in the group of patients
who were treated with vacuum closure bandage versus the tradi-
tional bandage group. It have been using of VAC for patients with
chronic non-healing wounds helps to speed up wound clearance
and decontamination, eliminates inflammation, hospital stay and
reduces wound size, and minimizes the risk of increased cost of
treatment and secondary infection nowadays. In addition, the use
of this method makes it possible to shorten the preparation time
for various methods of autodermoplasty with a significant skin
deficiency. It was also noted by most investigators that the total
time of hospital stay and the percentage of postoperative compli-
cations were significantly less in the vacuum dressing group. Thus,
a vacuum-assisted dressing can be considered the best treatment
for chronic wounds. But in the future, further research with more
patients will be required before a vacuum dressing can be added to
the wide range of treatments available in chronic wound manage-

ment.

Citation: Kryvoruchko IA, et al. “The Use of Negative Pressure Wound Treatment of Chronic Non-Healing Wounds". Acta Scientific Medical Sciences 5.3

(2021).



The Use of Negative Pressure Wound Treatment of Chronic Non-Healing Wounds

Ethical Approval

The work cleared by the Ethics Committee of Kharkiv National

Medical University, Ukraine (the protocol N8, October 12, 2020).

Conflict of Interest

The authors declare no conflict of interest.

Bibliography

1.

10.

Lazarus GS,, et al. “Definitions and guidelines for assessment
of wounds and evaluation of healing”. Archives of Dermatologi-
cal Research 130.4 (1994): 489-493.

Reiber GE. “Epidemiology of foot ulcers and amputations in
the diabetic foot”. In: Levin and O'Neal's The Diabetic Foot (6%
edition). Mosby (2001): 13-32.

Cohen I, et al. “Wound care and wound healing”. 7% edition.
New York: McGraw-Hill (1999).

Lazarus GS., et al. “Definitions and guidelines for assessment
of wounds and evaluation of healing”. Wound Repair and Re-
generation 2.3 (1994): 165-170.

Falanga V., et al. “Workshop on the pathogenesis of chronic
wounds”. Journal of Investigative Dermatology 102.1 (1994):
125-127.

Zajceva EL and Tokmakova AYU. “Vakuum-terapiya v lechenii
hronicheskih ran”. Saharnyj Diabet 3 (2012): 45-49.

Goryunov SV, et al. “Rukovodstvo po lecheniyu ran metodom
upravlyaemogo otricatel'nogo davleniya” M: Aprel’ (2013):
130.

Gabriel A., et al. “A Clinical Review of Infected Wound Treat-
ment with Vacuum Assisted Closure® (V.A.C.®) Therapy: Expe-
rience and Case Series”. International Wound Journal 6 (2009):
1-25.

Antony S and Terrazas S. “A retrospective study: clinical ex-
perience using vacuum-assisted closure in the treatment of
wounds”. Journal of the National Medical Association 96.8
(2004): 1073-1077.

Wackenfors A, et al. “Effects of vacuum-assisted closure thera-
py on inguinal wound edge microvascular blood flow”. Wound
Repair and Regeneration 12.6 (2004): 600-606.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Chen SZ., et al. “Effects of vacuum assisted closure on wound
microcirculation: an experimental study”. Asian Journal of Sur-
gery 28.3 (2005): 211-217.

Timmers MS,, et al. “The effects of varying degrees of pressure
delivered by negative-pressure wound therapy on skin perfu-
sion”. Annals of Plastic Surgery 55.6 (2005): 665-671.

Fabian TS., et al. “The evaluation of subatmospheric pressure
and hyperbaric oxygen in ischemic full-thickness wound heal-
ing”. The American Journal of Surgery 66.12 (2000): 1136-
1143.

Walgenbach K] and Starck JB. “Induction of angiogenesis fol-
lowing vacuum sealing”. Zero-Fuel Weight 13 (2000): 9-10.

Isago T, et al. “Effects of different negative pressures on re-
duction of wounds in negative pressure dressing”. Journal of
Dermatology 30.8 (2003): 596-601.

Genecov DG, et al. “Pressure dressing increases the rate of
skin graft donor site reepithelization”. Annals of Plastic Sur-
gery 40.3 (1998): 219-225.

Kopp ., et al. “Application of VAC therapy upregulates growth
factor levels in neuropathic diabetic foot ulcers”. Wound Re-
pair and Regeneration 11.5 (2003): 007.

Buttenschoen K Fleischmann W, et al. “The influence of vac-
uum-assisted closure on inflammatory tissue reactions in the
postoperative course of ankle fracture”. The Journal of Foot
and Ankle Surgery 7.3 (2001): 165-173.

Morykwas M]., et al. “The effect of experimentally applied
subatmospheric pressure on serum myoglobin levels after a
prolonged crush/ischemia injury”. The Journal of Trauma 53.3
(2002): 537-540.

Schintler MV. “Negative pressure therapy: theory and prac-
tice”. Diabetes/Metabolism Research and Reviews 28.1 (2012):
72-77.

Expert Working Group. “World Union of Wound Healing So-
cieties’ Initiative. Vacuum assisted closure: recommendations
for use. A consensus document”. International Wound Journal
(2008): 10.

Citation: Kryvoruchko IA, et al. “The Use of Negative Pressure Wound Treatment of Chronic Non-Healing Wounds". Acta Scientific Medical Sciences 5.3
(2021).


https://pubmed.ncbi.nlm.nih.gov/8166487/
https://pubmed.ncbi.nlm.nih.gov/8166487/
https://pubmed.ncbi.nlm.nih.gov/8166487/
https://www.researchgate.net/publication/312892183_Epidemiology_of_foot_ulcers_and_amputations_in_the_diabetic_foot
https://www.researchgate.net/publication/312892183_Epidemiology_of_foot_ulcers_and_amputations_in_the_diabetic_foot
https://www.researchgate.net/publication/312892183_Epidemiology_of_foot_ulcers_and_amputations_in_the_diabetic_foot
https://pubmed.ncbi.nlm.nih.gov/8166487/
https://pubmed.ncbi.nlm.nih.gov/8166487/
https://pubmed.ncbi.nlm.nih.gov/8166487/
https://pubmed.ncbi.nlm.nih.gov/8288905/
https://pubmed.ncbi.nlm.nih.gov/8288905/
https://pubmed.ncbi.nlm.nih.gov/8288905/
https://pubmed.ncbi.nlm.nih.gov/19811550/
https://pubmed.ncbi.nlm.nih.gov/19811550/
https://pubmed.ncbi.nlm.nih.gov/19811550/
https://pubmed.ncbi.nlm.nih.gov/19811550/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2568493/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2568493/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2568493/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2568493/
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1067-1927.2004.12602.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1067-1927.2004.12602.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1067-1927.2004.12602.x
https://www.sciencedirect.com/science/article/pii/S1015958409603468
https://www.sciencedirect.com/science/article/pii/S1015958409603468
https://www.sciencedirect.com/science/article/pii/S1015958409603468
https://pubmed.ncbi.nlm.nih.gov/16327472/
https://pubmed.ncbi.nlm.nih.gov/16327472/
https://pubmed.ncbi.nlm.nih.gov/16327472/
https://pubmed.ncbi.nlm.nih.gov/11149585/
https://pubmed.ncbi.nlm.nih.gov/11149585/
https://pubmed.ncbi.nlm.nih.gov/11149585/
https://pubmed.ncbi.nlm.nih.gov/11149585/
https://www.researchgate.net/publication/331829869_Induction_of_angiogenesis_following_vacuum_sealing
https://www.researchgate.net/publication/331829869_Induction_of_angiogenesis_following_vacuum_sealing
https://www.researchgate.net/publication/10604965_Effects_of_Different_Negative_Pressures_on_Reduction_of_Wounds_in_Negative_Pressure_Dressings
https://www.researchgate.net/publication/10604965_Effects_of_Different_Negative_Pressures_on_Reduction_of_Wounds_in_Negative_Pressure_Dressings
https://www.researchgate.net/publication/10604965_Effects_of_Different_Negative_Pressures_on_Reduction_of_Wounds_in_Negative_Pressure_Dressings
https://www.scienceopen.com/document?vid=e0ceef24-7aea-4712-b6da-17ed562bef5c
https://www.scienceopen.com/document?vid=e0ceef24-7aea-4712-b6da-17ed562bef5c
https://www.scienceopen.com/document?vid=e0ceef24-7aea-4712-b6da-17ed562bef5c
https://www.researchgate.net/publication/229670513_The_influence_of_vacuum-assisted_closure_on_inflammatory_tissue_reactions_in_the_postoperative_course_of_ankle_fracture
https://www.researchgate.net/publication/229670513_The_influence_of_vacuum-assisted_closure_on_inflammatory_tissue_reactions_in_the_postoperative_course_of_ankle_fracture
https://www.researchgate.net/publication/229670513_The_influence_of_vacuum-assisted_closure_on_inflammatory_tissue_reactions_in_the_postoperative_course_of_ankle_fracture
https://www.researchgate.net/publication/229670513_The_influence_of_vacuum-assisted_closure_on_inflammatory_tissue_reactions_in_the_postoperative_course_of_ankle_fracture
https://pubmed.ncbi.nlm.nih.gov/12352493/
https://pubmed.ncbi.nlm.nih.gov/12352493/
https://pubmed.ncbi.nlm.nih.gov/12352493/
https://pubmed.ncbi.nlm.nih.gov/12352493/
https://pubmed.ncbi.nlm.nih.gov/22271727/
https://pubmed.ncbi.nlm.nih.gov/22271727/
https://pubmed.ncbi.nlm.nih.gov/22271727/
https://pubmed.ncbi.nlm.nih.gov/18713128/
https://pubmed.ncbi.nlm.nih.gov/18713128/
https://pubmed.ncbi.nlm.nih.gov/18713128/
https://pubmed.ncbi.nlm.nih.gov/18713128/

The Use of Negative Pressure Wound Treatment of Chronic Non-Healing Wounds

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

Tarzia V., et al. “Impact of vacuum-assisted closure therapy
on outcomes of sternal wound dehiscence”. Interactive Cardio
Vascular and Thoracic Surgery 19.1 (2014): 70-75.

De Feo M, et al. “Is post-sternotomy mediastinitis still devas-
tating after the advent of negative-pressure wound therapy?”
The Texas Heart Institute Journal 38.4 (2011): 375-380.

Yu AW, et al. “In patients with post-sternotomy mediastinitis
is vacuum-assisted closure superior to conventional therapy?”
Interactive CardioVascular and Thoracic Surgery 17.5 (2013):
861-865.

Fleck TM,, et al. “The vacuum-assisted closure system for the
treatment of deep sternal wound infections after cardiac sur-
gery”. The Annals of Thoracic Surgery 74.5 (2002): 1596-1600.

Phillips DE and Rao S]. “Negative pressure therapy in the
community: Analysis of outcomes”. Wound Care Canada 2.1
(2003): 42-45.

Food and Drug Administration (FDA) Guidance for Industry:
chronic cutaneous ulcer and burn wounds developing prod-
ucts for treatment [report on the Internet] U.S. Department of
Health and Human Services (2006).

Joseph E,, et al. “A prospective randomized trial of vacuum-as-
sisted closure versus standard therapy of chronic non-healing
wounds”. Wounds 12.3 (2000): 60-67.

Antony S and Terrazas S. “A retrospective study: clinical ex-
perience using vacuum-assisted closure in the treatment of
wounds”. Journal of the National Medical Association 96.8
(2004): 1073-1077.

Negosanti L., et al. “VAC(®) therapy for wound management in
patients with contraindica- tions to surgical treatment”. Der-
matology and Therapy 25.3 (2012): 277-280.

Keskin M, et al. “Vacuum-assisted closure of wounds and anxi-
ety”. Scandinavian Journal of Plastic and Reconstructive Sur-
gery 42.4 (2008): 202-205.

Ottosen B and Pedersen BD. “Patients’ experiences of NPWT in
an outpatient setting in Denmark”. Journal of Wound Care 22.4
(2013): 197-198.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

. Upton D and Andrews A. “Negative pressure wound thera-

py: improving the patient experience. Part 1 of 3". Journal of
Wound Care 22.10 (2013): 552-557.

Upton D and Andrews A. “Negative pressure wound thera-
py: improving the patient experience. Part 2 of 3”". Journal of
Wound Care 22.11 (2013): 582.

Andrews A and Upton D. “Negative pressure wound thera-
py: improving the patient experience. Part 3 of 3”. Journal of
Wound Care 22.12 (2013): 671-680.

Holle G., et al. “Vacuum-assisted closure therapy and wound
coverage in soft tissue injury”. Clinical use Unfallchirurg 110.4
(2007): 289-300.

Ubbink DT, et al. “A systematic review of topical negative pres-
sure therapy for acute and chronic wounds”. British Journal of
Surgery 95.6 (2008): 685-692.

Schintler MV. “Negative pressure therapy: theory and prac-
tice”. Diabetes/Metabolism Research and Reviews 28.1 (2012):
72-77.

Veligockij AN, et al. “Izmenenie ploshchsdi ranevoj poverh-
nosti pri vozdejstvii nizkodozirovannogo vakuuma”. Kliniches-
kaya Hirurgiya 7 (2016): 40-42

Laney |, et al. “Topical negative pressure wound therapy (TN-
PWT): current practice in New Zealand”. New Zealand Medical
Journal 122.1295 (2009): 19-27.

European Wound Management Association, “Topical negative

pressure in wound management”. Position Document (2007).

Banwell PE and Musgrave M. “Topical negative pressure thera-
py: mechanisms and indications”. International Wound Journal
1.2 (2009): 95-106.

Ivanusa SYA,, et al. “Sovremennye principy lecheniya gnojnyh
ran: Uchebnoe posobie dlya slushatelej fakul'teta podgotovki
vrachej i ordinatorov po special'nosti «Hirurgiya». SPb.: «Onli-
Press». (2017): 36.

Moffatt CJ., et al. “The experience of patients with complex
wounds and the use of NPWT in a home-care setting”. Journal
of Wound Care 20.11 (2011): 512.

Citation: Kryvoruchko IA, et al. “The Use of Negative Pressure Wound Treatment of Chronic Non-Healing Wounds". Acta Scientific Medical Sciences 5.3
(2021).


https://academic.oup.com/icvts/article/19/1/70/660837
https://academic.oup.com/icvts/article/19/1/70/660837
https://academic.oup.com/icvts/article/19/1/70/660837
https://www.researchgate.net/publication/51571691_Is_Post-Sternotomy_Mediastinitis_Still_Devastating_after_the_Advent_of_Negative-Pressure_Wound_Therapy
https://www.researchgate.net/publication/51571691_Is_Post-Sternotomy_Mediastinitis_Still_Devastating_after_the_Advent_of_Negative-Pressure_Wound_Therapy
https://www.researchgate.net/publication/51571691_Is_Post-Sternotomy_Mediastinitis_Still_Devastating_after_the_Advent_of_Negative-Pressure_Wound_Therapy
https://pubmed.ncbi.nlm.nih.gov/23912622/
https://pubmed.ncbi.nlm.nih.gov/23912622/
https://pubmed.ncbi.nlm.nih.gov/23912622/
https://pubmed.ncbi.nlm.nih.gov/23912622/
https://www.annalsthoracicsurgery.org/article/S0003-4975(02)03948-6/pdf
https://www.annalsthoracicsurgery.org/article/S0003-4975(02)03948-6/pdf
https://www.annalsthoracicsurgery.org/article/S0003-4975(02)03948-6/pdf
https://www.woundscanada.ca/docman/public/wound-care-canada-magazine/2004-vol-2-no-1/233-wcc-2004-vol2n1-negative-pressure-therapy-in-the-community-analysis-of-outcomes/file
https://www.woundscanada.ca/docman/public/wound-care-canada-magazine/2004-vol-2-no-1/233-wcc-2004-vol2n1-negative-pressure-therapy-in-the-community-analysis-of-outcomes/file
https://www.woundscanada.ca/docman/public/wound-care-canada-magazine/2004-vol-2-no-1/233-wcc-2004-vol2n1-negative-pressure-therapy-in-the-community-analysis-of-outcomes/file
https://www.fda.gov/media/71278/download
https://www.fda.gov/media/71278/download
https://www.fda.gov/media/71278/download
https://www.fda.gov/media/71278/download
https://www.researchgate.net/publication/279563837_A_Prospective_Randomized_Trial_of_Vacuum-Assisted_Closure_Versus_Standard_Therapy_of_Chronic_Nonhealing_Wounds
https://www.researchgate.net/publication/279563837_A_Prospective_Randomized_Trial_of_Vacuum-Assisted_Closure_Versus_Standard_Therapy_of_Chronic_Nonhealing_Wounds
https://www.researchgate.net/publication/279563837_A_Prospective_Randomized_Trial_of_Vacuum-Assisted_Closure_Versus_Standard_Therapy_of_Chronic_Nonhealing_Wounds
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2568493/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2568493/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2568493/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2568493/
https://pubmed.ncbi.nlm.nih.gov/22913447/
https://pubmed.ncbi.nlm.nih.gov/22913447/
https://pubmed.ncbi.nlm.nih.gov/22913447/
https://pubmed.ncbi.nlm.nih.gov/18763197/
https://pubmed.ncbi.nlm.nih.gov/18763197/
https://pubmed.ncbi.nlm.nih.gov/18763197/
https://pubmed.ncbi.nlm.nih.gov/23702673/
https://pubmed.ncbi.nlm.nih.gov/23702673/
https://pubmed.ncbi.nlm.nih.gov/23702673/
https://pubmed.ncbi.nlm.nih.gov/24142077/
https://pubmed.ncbi.nlm.nih.gov/24142077/
https://pubmed.ncbi.nlm.nih.gov/24142077/
https://pubmed.ncbi.nlm.nih.gov/24225598/
https://pubmed.ncbi.nlm.nih.gov/24225598/
https://pubmed.ncbi.nlm.nih.gov/24225598/
https://pubmed.ncbi.nlm.nih.gov/24335891/
https://pubmed.ncbi.nlm.nih.gov/24335891/
https://pubmed.ncbi.nlm.nih.gov/24335891/
https://pubmed.ncbi.nlm.nih.gov/17404700/
https://pubmed.ncbi.nlm.nih.gov/17404700/
https://pubmed.ncbi.nlm.nih.gov/17404700/
https://pubmed.ncbi.nlm.nih.gov/18446777/
https://pubmed.ncbi.nlm.nih.gov/18446777/
https://pubmed.ncbi.nlm.nih.gov/18446777/
https://pubmed.ncbi.nlm.nih.gov/22271727/
https://pubmed.ncbi.nlm.nih.gov/22271727/
https://pubmed.ncbi.nlm.nih.gov/22271727/
https://pubmed.ncbi.nlm.nih.gov/19648983/
https://pubmed.ncbi.nlm.nih.gov/19648983/
https://pubmed.ncbi.nlm.nih.gov/19648983/
https://pubmed.ncbi.nlm.nih.gov/16722882/
https://pubmed.ncbi.nlm.nih.gov/16722882/
https://pubmed.ncbi.nlm.nih.gov/16722882/
https://pubmed.ncbi.nlm.nih.gov/22240846/
https://pubmed.ncbi.nlm.nih.gov/22240846/
https://pubmed.ncbi.nlm.nih.gov/22240846/

The Use of Negative Pressure Wound Treatment of Chronic Non-Healing Wounds

45. Othman D. “Negative Pressure Wound Therapy Literature Re-
view of Efficacy, Cost Effectiveness, and Impact on Patients’
Quality of Life in Chronic Wound Management and Its Imple-
mentation in the United Kingdom”. Plastic Surgery Internation-
al (2012): 374-398.

46. Steingrimsson S., et al. “Negative-pressure wound therapy for
deep sternal wound infections reduces the rate of surgical in-
terventions for early re-infections”. Interactive Cardiovascular
and Thoracic Surgery 15.3 (2012): 406-411.

Assets from publication with us

e Prompt Acknowledgement after receiving the article
¢ Thorough Double blinded peer review

* Rapid Publication

¢ Issue of Publication Certificate

¢ High visibility of your Published work

Website: www.actascientific.com/

Submit Article: www.actascientific.com/submission.php
Email us: editor@actascientific.com

Contact us: +91 9182824667

Citation: Kryvoruchko IA, et al. “The Use of Negative Pressure Wound Treatment of Chronic Non-Healing Wounds". Acta Scientific Medical Sciences 5.3
(2021).


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3369418/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3369418/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3369418/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3369418/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3369418/
https://pubmed.ncbi.nlm.nih.gov/22691377/
https://pubmed.ncbi.nlm.nih.gov/22691377/
https://pubmed.ncbi.nlm.nih.gov/22691377/
https://pubmed.ncbi.nlm.nih.gov/22691377/

	_GoBack

