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Ileav. Oyenumo uHMEHCUBHOCMb PENAPAMUBHBIX NPOUECCO8 8 MALKUX MKAHAX HUNCHUX KOHeYHOCMel Y NAUUeHMO08 ¢ CUHOPOMOM
duabemuueckoll cmonwt Ha ()oOHe MECMH020 NPUMEHEHUS OMPULAMENbHO20 0ABAEHUS N0 CPABGHEHUI0 CO CMAHOAPMHOIL KOHCep8a-
mueHoll mepanueil.

Mamepuaavt u memooot. [Ipoananusuposanvt Kaunuueckue (pazmepovl, OKCULEHAUUS MKAHEL), 2Ucmoao2uiecKue (c6emogas MuKpo-
ckonus) u ummyrozucmoxumuveckue (CD68S, MMP-9, TIMP- 1) ocobennocmu penapamugrsix npoyeccos Maekux mKanell HUM3CHUX
KOHeYHOCMel Y NayUeHmog ¢ Caxapuvim 0uabemom Ha ghore mepanuu OmpuyamenbHviM 0aéaeHUeM no CPABHEHUI) CO CMAHOAPMHbIM
neveruem. Obcnedosan 31 nayuenm ¢ cuHOpomMom Ouademu4ecKoil Cmonvl nocae XUpypeuueckoil 0opabomku u 00 naacmu4ecKozo
3aKpblmust paneeozo degpekma. B nepuonepayuonnom nepuode 13 nayuenmos noayuunsu mepanuio ompuyamensHoim 0dgieHuem
(-90— 120 mm pm.cm.), 18 — cmandapmuoe nevenue.

Pesyavmamuot. Ha ¢oone mepanuu ompuyamenvHbim dasaeHuem y NAuUeHmog8 y0aioco 00CMueHyms COKPauleHUs RAoOuaou U 2ay0uHbl
panesvix deghexmos Ha 26,6+ 17,2% u 40,5+25,6% coomeemcmeaenHo (0 cpagHeHuI0 ¢ UCXOOHBIMU OAHHbIMU), 8 OMAUYUE OM 2PYNHbL
KOHmMpoas, 20e dannble nokazamenu cocmaeninu 23,5£19,4 u 21,8+21,6% coomseemcmeenno. Ilo pesysvmamam mpancKymanHo
oKkcumempuu 6 epynne 1 3agurxcuposano 6onee evipasicenHoe ycuieHue A0KaAbHOU MUKPOLeMOOUHAMUKU RO CDABHEHUIO C 2DYRNOU KOH-
mposns (p<0,04). Baxchvim Kpumepuem no02omosKu pamvl K HAACMUYECKOMY 3aAKPbIMUIO AGAAEMC ee 3aN0AHeHUe ePAHYAAUUOHHOU
mkanwio 6oaee uem Ha 75%. Y 95% nayuenmoes epynnoi 1 counvie epanyasuuu 3anoansau 89, 1% 17% panesoeo degpexma. Ilo dannvim
2UCMOA0CUHECK020 UCCAL008aHUs MKAHel paHesblx deghekmog nocae nevenus, 8 epynne 1 ommeuansoce cyuecmeeHHoe ymeHbuleHue
omeka na 80% (p<0,05), opeanuzayus sxcmpayeanionsaprHoeo mampurca (p<0,05), ucueznosenue 60CnaIUmMenbHO20 UHPUALMPAMA
Ha 90% (p<0,05) u gpopmuposanue 300posoii epanyaayuonHoii mxanu (p<0,05). B xode ummyHocucmoxumuueckoeo uccie008anus
omMe4anocy boaee 8blPaiCeHHoe CHUMCeHUe Koauuecmea Mmaxkpogaeoe é depme (okpauwusanue CD6S8) (p<0,05). B obeux epynnax 610
3aghuxcuposaro crHudxicerue ypoeus MMP-9. Oonako coomnowerue MMP-9/TIMP- 1 6bi10 Huxce 6 epynne 1 (p<0,05).
3axarouenue. [lonyuennvie danHble ceudemenbcmayom o 6oaee 8blCOKOU IPphekmusHoCmU mepanuu OMpUYaAmenbHbviM 0AeAeHUEM
(-90— 120 mm pm.cm.) no cpasrenuio co CManOapMHbIM AeHeHUeM, YO 8bipaxcaemcsi 8 6osee ObiCmpoM COKpauleHulU KaxK naouaou,
mak u enyouHbl pan, NOGbIUEHUU 0K AAbHOU MUKPOUUPKYAAUUU, YMEHbUEHUU 80CnAAeHUs. Dmo nodmeepicdaemces pe3yabmamamu
2UCION02UMECK020 U UMMYHOLUCMOXUMUYECK020 UCCAe008aHUll. Bvicokas aghghekmusrnocms yKazanHo2o memooa MecmHoeo Ae4enus
n0360451eM CYUecmeeHHO COKPaAmums CPoOKU NOO20MOBKU paHeso2o degekma K cAedyiouemy Smany Xupypeuvecko2o Ae4eHus.
Karoueevte caosa: caxapmulii duabem; XpoHuveckue panvl; MeCmHoe AeveHue; mepanus OmpuyamenvHoiM dasienuem; penapayus;
UMMYHORUCIOXUMUYECKUE MAPKePbL; 2UCTNOA0US

Effect of negative pressure wound therapy on repair of soft tissues of the lower extremities in patients with
neuropathic and neuroischaemic forms of diabetic foot syndrome
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Aim. To evaluate the efficiency of topical negative pressure wound therapy (NPW'T) compared to standard care for the regeneration of
the soft tissues of the lower extremities in patients with diabetic foot syndrome.
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Materials and methods. The effects of negative pressure therapy on the clinical (size, tissue oxygenation), histological (light microscopy)
and immunohistochemical (CD68, MMP-9, TIMP- 1) aspects of repair of the soft tissue of the lower extremities in patients with diabetes
mellitus were compared to those who recieved standard management. Thirty-one patients with diabetic foot ulcers were included in
the study from the moment of debridement until the plastic closure of the wound. During the perioperative period, 13 patients received
NPWT (-90to - 120 mmHg) and 18 patients received standard therapy.

Results. A reduction of the wound area (26.6%*17.2%) and the depth of the defects (40.5%=*25.6%) were achieved with NPWT
compared with baseline data. In the control group, the corresponding values were 25.3%+19.4% and 21.8%+21.6%, respectively.
The results of transcutaneous oxygen monitoring showed a greater increase of the level of local perfusion in the study group (p <0.04).
An important criterion for wound preparation for a plastic closure is filling it with granulation tissue by more than 75%. In the study
group, 95% of patients had wounds were with 89.9%= 17% of mature granulation tissue. The histological data of the study group show
a significant reduction of oedema by §0% (p <0.05), improved extracellular matrix organization (p <0.05), 90% (p <0.05) dissolution
of inflammatory infiltrate and the formation of healthy granulation tissue (p <0.05). Immunohistochemical analysis demonstrated a
significant decrease in the number of macrophages in the dermis (CD68 expression) (p <0.05). In both groups, the level of MM P-9 was
decreased. However, the ratio of MM P-9/TIM P- I was lower in the study group (p <0.05).

Conclusion. The findings suggest that negative pressure therapy (-90 to - 120 mmHg) is more effective compared to standard treatment
and achieves more rapid reduction of the area and depth of the wound, increases local microcirculation and decreases inflammation.
These findings were confirmed histologically and immunohistochemically. The high efficiency of this method significantly reduced the
time required for preparing the wound for the next surgical treatment.
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histology
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~—=y, hronic wounds of the lower extremities may
[ I occur in 25% of patients with diabetes mellitus
C_ (DM), which is responsible for 20% of their hos-
pital admissions and often leads to amputation [1]. Within
5 years, 50% of previous surgical patients require amputa-
tion of the contralateral limb. Therapy in chronic wounds
of patients with diabetes is characterized by long duration,
complexity, high cost and uncertain prognosis and may not
achieve healing.

In patients with prolonged and poorly controlled DM,
wound healing is slow due to low levels of local growth
factors and micro- and macrovascular complications.
Diminished peripheral sensation, impaired local perfu-
sion and chronic hyperglycaemia increase the risk of de-
veloping diabetic ulcers that may become infected [2].
Hyperglycaemia and protein glycation play critical roles
in impaired healing. In patients with DM, there is evi-
dence for the disregulation of growth factor synthesis [3],
changes in angiogenesis and collagen accumulation, im-
pairment of epidermis barrier function and low quality of
granulation tissue [4]. The disruption of keratinocyte and
fibroblast migration and nerve regeneration [5] are associ-
ated with an imbalance between the accumulation of the
extracellular matrix and its remodelling via matrix metal-
loprotease [6].

Wounds in patients with diabetes usually have a
longer phase of inflammation, decreased activity of in-
flammatory cells and slower restructuring of the extra-
cellular matrix (ECM). These conditions facilitate the
transformation of an acute wound into a chronic condi-
tion [7].

Macrophages play the primary role in healing during the
inflammatory phase. Macrophages produce platelet-derived
growth factor (PDGF), fibroblast growth factor (FGF),
transforming growth factors (TGFs) and granulocyte-macro-
phage colony stimulating factor (GM-CSF) [8] that promote
healing by mediating the organization of the extracellular and
collagen matrices. During the transition to the proliferative
phase of healing, the quantity of macrophages decreases and
keratinocytes migrate into the wound bed where the interac-
tion between matrix metalloproteases (MMPs), integrins and
cytokines mediate the production of ECM [3].

MMP levels significantly affect wound healing through
the deceleration of the restructuring of the extracellular
and collagen matrices. High levels of MMP-9 in the wound
exudate is a marker of inflammation and impaired wound
healing in patients with DM [9]. During efficient wound
healing in patients with DM, the ratio of MMP-9 to the
tissue inhibitor of metalloproteinase—1 (TIMP-1) in the
wound exudate decreases, but remains elevated in patients
with poor healing of ulcers [10, 11].

Negative pressure wound (vacuum therapy, VAC,
NPWT) is used successfully in treatment of different types
of wounds, presumably by accelerating healing. Several
hypotheses explain the efficacy of this method as follows:
reduction of wound size, stabilization of the wound envi-
ronment (by removing inflammatory mediators and cyto-
kines), reduction of bacterial contamination, reduction of
oedema by removing the exudate and stimulation of heal-
ing through cellular microdeformation [12]. However, the
data are most often based on some case reports or labora-

tory studies.
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Table 1

Clinical and laboratory characteristics of patient groups

Character Group 1 (n=13) Group 2 (n=18) p-value
|Age, years 55.3+12 59.2+9 >0.05
DM type (1/2) 3/10 1/17 >0.05
DM duration, years 18.31£8.36 12.17 £6.03 <0.05
HbA, ., % 9.2%1.8 9.0+1.5 >0.05
Cholesterol, total mmol/| 3.39+£0.71 4.05+0.96 >0.05
Hdl, mmol/I 0.70£0.13 0.73+0.16 >0.05
Cholesterol, Idl mmol/| 1.84%0.61 2.44+0.81 >0.05
Triglyceride (TG), mmol/I 1.64£0.61 1.62 £0.45 >0.05
Haemoglobin, g/I 105.13+9.3 102.8 +8.1 >0.05
Leukocytes, 10%/1 10.81 +£2.42 11.35+1.46 >0.05
Serum protein, total, g/I 64.3+4.2 65.2+3.7 >0.05
GFR (MDRD), ml/min/1.73 m? 78.3+32.0 86.0+ 33,0 >0.05
Wound areq, cm? 35.8+26 37.0+25 >0.05
Wound depth, cm 4.05+2.79 3.57+1.8 >0.05
Wagner diabetic ulcer scale, number of patients:

Grade 2 (%) 7 (54) 7 (39) >0.05
Grade 3 (%) 6 (46) 11(61)

Foot soft tissue oxygenation, mm Hg 33.7x17 32.1+£17.8 >0.05

Despite the positive clinical effects of VAC, the mo-
lecular mechanism of the tissue processes (including in pa-
tients with DM) is not fully understood. There is published
evidence indicating that by the end of the negative pressure
wound period, there is increased vascular density and ex-
pression of the endothelial-cell marker CD31, decreased
expression of macrophage-specific CD68 and lymphocyte-
specific CD45. These processes indicate the transition to
the epithelialisation phase in wound healing (determined
using immunohistochemistry, IHC) and according to clin-
ical observations.

Aim
The objective of this study was to evaluate the effect
of negative pressure wound on the soft tissues of patients

with diabetic foot syndrome (DFS) compared with that of
standard treatment.

Materials and methods

Thirty-one patients with neuropathic and neuroisch-
aemic forms (after revascularization) of DFU were in-
cluded in the study (10 females and 21 males). All patients
underwent wound debridement. In the study group (group
1), 13 patients received NPWT (-90 to -120 mmHg) (Viva-
noTec, Hartmann, Germany) during 8 = 4 days of the pre-
operative period before plastic closure. Wound size and
condition were checked every 3—4 days when the wound
dressings were changed.

The 18 patients were in the control group (group 2) and
standard care as follows: daily changes of an atraumatic
dressing (Inadin, Systagenix; Silcofix, Povi). The filling of
the wound with granulation tissue by at least 75% was used
as a criterion of wound preparation for plastic closure. A

wound-edge biopsy was collected from all patients for his-
tological and THC studies before and after treatment. The
patients in both groups were comparable by age, glycae-
mic control, severity of diabetic complications, DFU type,
wound area and depth and lower limb blood supply (p >
0.05). The groups did not differ significantly according to
the duration of DM.

Before treatment, histological and IHC analyses of
biopsy samples after debridement demonstrated that re-
pair was comparable in patients of both groups. Patients
in both groups had marked oedema, poorly organized ex-
tracellular matrix (ECM), a small content of fibroblast-
like cells, a severe inflammatory infiltrate (p < 0.05), high
levels of CD68 and MMP-9 and low levels of TIMP-1 ex-
pression. These results confirm stagnation of repair in the
soft tissues in both groups. All blood tests were performed
according to the standard protocols of the Endocrinology
Research Centre, Laboratory of Biochemistry (Chief II’in
A.V.)).

Wound area was determined by delineating the contours
of the wound through a transparent film (Opsite Flexigrid,
Smith and Nephew) followed by the calculation of the inner
area according to special equations. A Radiometer (Den-
mark) unit was used for transcutaneous oxygen monitoring.
Sensors were placed 0.5—1 cm from wound edges.

Morphological studies were performed at the Depart-
ment of Pathology, Endocrinology Research Centre (Act-
ing Department Head, F.M. Abdulhabirova, MD, PhD).
Biopsy materials were observed by histological and IHC
analyses before and after the treatment. Tissues were fixed
in 10% formalin and processed for paraffin embedding. Se-
rial sections 3—5-pum thick were deparaffinised and stained
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Figure 1. Wound defects clinical condition.

with hematoxylin and eosin. Accepted principles of quan-
titative analysis were used for the assessment of histologi-
cal criteria of inflammation, regeneration and condition of
granulation tissue.

IHC analyses were performed using a Leica BOND—
MAX Immunostainer. The following antibodies were used
and purchased from Dako: TIMP-1, MMP-9 and macro-
phage marker CD68. Expression levels (percentage of cells
stained) were scored as follows: 1+, <30%; 2+, >30—60%;
3+, 60—90% and 4+, >90%. The study design was com-
parative.

The Ethics Committee of the Endocrine Research
Centre approved the study protocol on 28 November 2012.
All patients were required to sign a legal informed consent
form to participate in the study.

Statistical analysis was performed using Statistics
7.0 software (Stat—Soft). The Mann—Whitney test and
Fisher’s exact test were used to compare quantitative and
qualitative parameters, respectively. Values are expressed
as the average and standard deviation. Spearman correla-
tion analysis was used. The null hypothesis was rejected if
p = 0.05.

Results

The course of the clinical condition of wound defects
after 8 + 4 days of therapy is shown in Figure 1.

Negative pressure wound achieved a reduction of
wound area and depth by 26.6% * 17.2% and 40.5% =+

Wound depth dynamics
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25.6%, respectively, compared to baseline (p < 0.05). In
the control group, the respective values were 23.5% *
19.4% and 21.8% =+ 21.6% (p < 0.005).

Unlike the wound depth dynamics, wound area dy-
namics were not significantly different between the groups
(p = 0.064). Patients who received NPWT a significant re-
duction in the depth of the wound compared to those in
the control group (p = 0.037). According to the results of
transcutaneous oxygen monitoring, patients in group 1 had
a more severe increase of local perfusion as compared to
the control group (p < 0.05).

Plastic closure can be performed when the wound bed is
filled with more than 75% of granulation tissue. In group 1,
95% of the patients’ wounds were filled with mature granu-
lation tissue (89.1% £ 17%). In the control group, 89% of
the patients’ granulation tissue was present in 54.3% * 18%
of the wound area (p < 0.05).

A correlation was established between the duration
of VAC and wound size dynamics. The difference in the
ulcerated area had higher correlation values with the ap-
plication of NPWT and duration of therapy (correlation
coefficients, 0.34 and 0.55, respectively). In the control
group, the correlation coefficients between the area and
depth of the wound as a function of therapy duration were
0.18 and 0.46, respectively (Figures 2 and 3).

Histological analysis of wounds in group 1 showed a
significant reduction of oedema by 80% (p < 0.05), extra-
cellular matrix organization (p < 0.05), reduction of in-

_3/2014 KAL)

Diabetes Mellitus
[



Diabetes Mellitus

Diabetic Foot

0 2 4 6 8 10 12 14 16
days
‘ Control group M Control group

Figure 2. Correlation between wound surface area changes (%) and
therapy duration (days).
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flammatory infiltrate in 90% (p < 0.05) and the formation
of healthy granulation tissue (p < 0.05). The results of IHC
studies using antibodies against CD68 demonstrated a de-
crease in the number of dermal macrophages in group 1. In
both groups before treatment, the CD68 expression score
was 2.5 £ 0.5 (p < 0.05). After treatment, CD68 expres-
sions score were 1.5 £ 0.3 (p < 0.05) and 2.0 £ 0.6 (p <
0.05) in groups 1 and 2, respectively. The MMP-9 expres-
sion level scores averaged 3.5 = 1 (p < 0.05) in both groups.
After treatment, MMP-9 expression scores decreased in
both groups as follows: 3 = 0.5 in group 1 and 2.8 £ 0.4 in
group 2. These differences were not statistically significant
(p =0.05). The TIMP-1 expression score increased signifi-
cantly in group 1 from 2.5+ 0.5t03.3 £ 0.3 (p <0.05) and
decreased from 2.5 £ 0.6 to 1.8 = 0.6 points (p < 0.05) in
the control group. The MMP-9/TIMP-1 ratio was lower
in group 1 (p < 0.05).

Discussion

In the present study, the characteristics of lower limb
soft tissue repair were studied in 31 patients with neuro-
pathic and neuroischaemic forms (after blood flow res-
toration) of DFU. The patients received either negative
pressure therapy or standard treatment during the periop-
erative period. The patient characteristics were similar ac-
cording to age, duration of DM, degree of microvascular
DM complications, soft tissue oxygenation and the size and
condition of wounds. Histological studies of the wound tis-
sue before treatment demonstrate impaired repair, which
was manifested by marked intercellular oedema, extra-
cellular matrix disorganization and severe inflammation.
These findings correspond with those of published studies,
which show evidence of slow healing in patients with DM
[2, 3, 5].

A prolonged inflammatory phase, decreased inflam-
matory cell activity and slow restructuring of ECM are
characteristic of wounds in the presence of poor glycaemic
control and contribute to the transformation of an acute
injury into a chronic ulcer [7]. Furthermore, in patients

Diabetes mellitus. 2014,(3):113-121
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Figure 3. Correlation between wound depth changes (%) and
duration of therapy (days).
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with DM, collagen production is decreased, which slows
the process of wound healing. During the inflammatory
phase, the most important cells involved in the healing
process are macrophages that produce growth factors such
as PDGF, FGFs, TGFs and GM-CSF [8]. Macrophages
and these growth factors play a key role in the organization
of the extracellular matrix and collagen network and in the
transition from inflammation to healing. After the tran-
sition from the inflammatory to the proliferative phase,
the number of macrophages decreases, keratinocytes start
migrating into the wound bed and the interaction between
MMPs, integrins and cytokines mediate ECM production
[3]. IHC studies of soft tissues demonstrate an increased
number of macrophages (high levels of CD68 expression),
elevated MMP-9 levels and low levels of TIMP expres-
sion.

Thus, clinical and morphological findings demonstrate
the impaired process of wound healing in patients with
DM. We suggest therefore that the cause of slow healing
is wound ‘stagnation’ in the inflammatory phase, and this
was confirmed by the results of histological and THC tests.

There is evidence of increased cellular (granulation
tissue formation), extracellular (increased blood flow,
decrease of oedema and proteolytic activity in the wound
environment) and cumulative (wound cleansing, infection
control, possibility of exudate analysis) effects of VAC [13].
We show here that negative pressure wound achieved a re-
duction in wound area and depth by 26.6% % 17.2% and
40.5% * 25.6%, respectively, compared with the control
group. In contrast, the corresponding values were 23.5%
+19.4% and 21.8% + 21.6% for the control group. There-
fore, we conclude that negative pressure therapy is more
efficient for reducing wound size.

During the course of treatment, more intensive
growth of granulation tissue was observed in group 1,
making it possible to perform the next step of surgery
at earlier times. Patients in group 2 who underwent
daily atraumatic changes demonstrated slower rates of
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Figure 4. Wound before
negative pressure
therapy.

Figure 5. Wound defect on day
6 after negative pressure
therapy (-100 mmHg).

wound reduction. Thus, 89% of these patients had low
quality granulation tissue, severe exudates and required
repeated debridement and longer hospitalization (Fig-
ures 4—7).

According to the transcutaneous oximetry results, the
partial pressure of oxygen was 23.2% in the study group and
18% in the control group. Neovascularization and strong
local hemodynamics are important factors that contribute
to wound healing. For example, Dinh et al. demonstrated
that patients with faster epithelization of DFS ulcers have
more blood vessels in the dermis [14].

We conclude that the significant decrease in edema,
ECM organization, almost complete the disappearance of
an inflammatory infiltrate and the formation of healthy
granulation tissue observed here were achieved through
improved hemodynamics. These healing processes were
significantly more severe in group 1 (p < 0.05), according
to the the results of histological and THC analyses.

ITHC analysis of group 1 demonstrates a more severe
decrease in the number of macrophages, indicating a tran-
sition to the proliferative phase of wound healing. F. Bas-
setto et al. reported a similar and significant reduction of
CD68 expression on day 7 of negative pressure therapy [13]
(Figure 9).

MMP-9 and TIMP-1 are directly involved in the for-
mation of ECM. These collagenases, which are produced
by endothelial cells and fibroblasts, participate in the
formation of ECM and subsequently in the formation of
the cicatrix [9—11]. In patients with DM and lower-limb
wounds, the MMP-9/TIMP-1 ratio is increased and is one
of the causes of slow wound healing [9]. In the present
study, although there was a downward trend in MMP-9
levels in both groups of patients, the MMP-9/TIMP-1
ratio was lower in group 1 (p < 0.05), leading us to con-

Figure 7. Wound on day 12
after standard therapy.

Figure 6. Wound before
standard therapy.

clude that negative pressure therapy facilitates better orga-
nization of ECM.

Muller et al. suggest that the MMP-9:TIMP-1 ratio
predicts the course of wound healing [10]. Li et al. found
that MMP—-9/TIMP-1 ratio in the wound exudate de-
creased during successful treatment of patients with DM2
but remained elevated in the group of patients whose ul-
cers were difficult to heal using conservative treatment
[15]. Dinh et al. also found that the MMP-9 level in-
creased significantly in the group of patients with DFS
and poor wound healing as compared to that in the group
of patients without DFU and the group of patients with
successful conservative treatment of ulcers. [14] (Figures
10 and 11).

VAC may effect wound healing by inhibiting proteases.
However, there is no definitive evidence indicating whether
the effects of growth factor synthesis or protease inhibition
predominate during negative pressure wound [16].

Despite the small sample of patients studied here, we
suggest that negative pressure therapy effectively facili-
tates the repair of soft tissues of the lower extremities in
patients with diabetes mellitus and may be considered as
the method of choice in preparation for subsequent sur-
gery. However, further research is required to support this
assumption.

Conclusions

1. Local use of the negative pressure wound (-90 to -120
mmHg) more rapidly reduced wound depth in patients
with different clinical forms of DFU and allowed
earlier subsequent treatment.

2. NPWT (-90 to -120 mm Hg) significantly increased local
soft tissue oxygenation (p < 0.05), which increased the
speed of wound healing in patients with neuropathic and

neuroischaemic forms of DFU.
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A1l. Wound and soft tissues before treatment (hematoxylin—eosin,
%x200). The surface leukocyte—necrotic layer comprises mainly
leukocytes and detritus of granulation tissue cells. Significant
intercellular oedema.

B1. Wound defect, soft tissues after 10 days of VAC (hematoxylin—
eosin, x200). Reduced number of inflammatory cells, decreased
oedema, increased number of capillaries and formation of a fibrotic
field and connective tissue.

A2. Wound and soft tissues before treatment (hematoxylin—eosin,
%x200). The surface layer comprises mainly necrotic detritus,
lymphoid cells in different stages of development and colonies of
microorganisms.

B2. Wound and soft tissues after 11 days of standard therapy
(hematoxylin—eosin, x400). Reduced oedema and inflammatory
infiltrate. Some oedema and inflammatory cells are present. Blood
vessels show perivascular oedema.

Lol
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Figure 9. IHC analysis of CD68 expression.
A1l and A2. CDé68 expression in both groups before treatment.
B1. The decrease in CD68 expression (x200) after negative
pressure therapy was more pronounced compared with that of the
control group B2, (x200).

Diabetes mellitus. 2014,(3):113-121
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Figure 10. IHC analysis of MMP-9 expression.
A1 and A2. High level of MMP-9 expression in tissue samples from
the wound before treatment (x200).
B1. Significantly decreased MMP-9 expression after 8 days of
negative pressure therapy (x200).
B2. Undetectable MMP—-9 expression after 10 days of standard
therapy (x200).

AT B2

Figure 11. Immunohistochemistry of TIMP-1 expression.

A1 and A2. Weak TIMP-1 expression in both groups of patients
before treatment (x200).

B1. In the study group, the number of cells expressing TIMP-1 was
greater compared with that of the control group B2, (x200).

VAC may effect wound healing by inhibiting proteases. However,
there is no definitive evidence indicating whether the effects of
growth factor synthesis or protease inhibition predominate during
negative pressure therapy [16].

Despite the small sample of patients studied here, we suggest
that negative pressure therapy effectively facilitated the repair

of soft tissues of the lower extremities in patients with impaired
carbohydrate metabolism and may be considered the method of
choice in preparation for subsequent surgery. However, further
research is required to support this assumption.
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VAC facilitated the transition of the healing process
from the inflammatory to the proliferative phase, which
reduced the number of inflammatory cells, reduced
oedema, improved extracellular matrix formation and
reduced the expression of the macrophage-marker
CD68.

Expression of MMP-9 or TIMP-1 was significantly
increased and decreased (p < 0.05), respectively,
following VAC that accelerated the formation of the
extracellular matrix and healthy granulation tissue.
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