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ABSTRACT

Diabetes mellitus (DM) is often complicated by the development of purulent-necrotic lesions
of the lower limbs, leading not only to early disability due to limb amputation, but also shortening the
life span. The Diabetic Foot Syndrome (DFS) is a pathological state of feet in diabetes mellitus, which
occurs against the background of impaired peripheral nerves, vessels, skin, soft tissues, bones and
joints and is accompanied by destructive and purulent necrotic processes. DFS is observed in various
forms in 20-80% of patients with diabetes and increases the risk of gangrene of the lower extremities
by 20 times. And amputation of the lower limbs is performed to these patients by 15-20 times more
often than in people without diabetes. The objective of the study was to evaluate the effectiveness
of applying ozonated solutions in the comprehensive treatment of diabetic foot syndrome. Methods
of research: all patients are divided into 2 groups. The main clinical trial group included 17 patients
with DM, who were admitted in the period from January to December 2016 and had DFS developed
(8-5 severity class according to F. Wagner’s classification). Clinical, hematological, bacteriological,
cytological studies were performed at admission before the beginning of treatment and on the 1-3-
5-7-10th postoperative day. Data from medical records of 20 patients admitted in the same period
of 2015 were the subjects of the study as a control group. The control group received traditional
treatment. In the main group, traditional treatment was supplemented with sessions of topical and
general ozone therapy. The treatment results of 37 patients with diabetes having DFS developed
were analyzed; the outcomes and prospects for the development of ozone therapy of this pathology in
purulent surgery were evaluated. In the main group a rapid transition from inflammatory-degenerative
processes to regenerative ones and fast complete elimination of microbial flora were observed. On
the 3rd-5th day, the patients of the main group showed normalization of Erythrocyte Sedimentation
Rate (ESR) parameters and total leukocyte count, decrease in the content of stab and segmented
leucocytes, increase in the number of lymphocytes and monocytes, a decrease in the number of
bed-days as compared to the control group. Our studies have demonstrated that supplementing the
comprehensive treatment of patients having acute purulent surgical diseases with intravenous and
topical ozone-containing medications exerted a pronounced therapeutic and economic effect.
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INTRODUCTION

Diabetes mellitus (DM) is often complicated
by the development of purulent necrotic lesions of the
lower extremities, leading not only to early disability
due to limb amputation, but also shortening the life
span':2,

Diabetic Foot Syndrome (DFS) is a
pathological state of feet in diabetes mellitus, which
occurs against the background of impairment to
the peripheral nerves, vessels, skin, soft tissues,
bones and joints and is accompanied by destructive
and purulent necrotic processes. DFS is observed
in various forms in 20-80% of DM patients and
increases the risk of gangrene of the lower
extremities by 20 times. Amputation of the lower
limbs is performed to these patients by 15-20 times
more often than in people without diabetes. In most
cases, amputations are made because of ischemia
and a deep infection or a combination of both® 4. DFS
is more frequent in case of inadequate treatment of
diabetes. It occurs in two clinical forms: neuropathic
and neuroischemic®.

With the neuropathic DFS the peripheral
nervous system is affected with a violation of
sensitivity. The main blood flow does not suffer.

With a neuroischemic form, neuropathy
is less pronounced, but decompensated, critical
ischemia always dominates. It is caused by polylocal
occlusions and stenoses mainly of distal arteries.
With the development of irreversible ischemia, moist
gangrene or uncontrolled dry necrosis is observed.
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The oxidative stress is the most important
link in the pathogenesis of diabetes; this stress is
induced by tissue damage and cell death leading to
increased production of free radicals and inhibition
of antioxidant protection®.

The objective of the research is to evaluate
the effectiveness of applying ozonized solutions in
the complex treatment of Diabetic Foot Syndrome.

The tasks of the research are as follows:

1. To study the effect of ozonized solutions on
the course of the nearest postoperative period
in patients with Diabetic Foot Syndrome;

2. To determine the effect of ozonized solutions
on the endotoxicosis indices and the level of
microbial bodies in smears-prints;

3. To identify the economic effect of including
ozonized solutions in the treatment of patients
with DFS

MATERIALS AND METHODS

Medical supervision involved 37 patients
with diabetes, who had DFS developed (of the
31-5 DFS severity class according to F. Wagner’s
classification®). All patients are divided into 2 groups.
The first, control group (n = 20) were patients
who received traditional treatment. In the second,
main group (n = 17) traditional treatment was
supplemented with sessions of local and general
ozone therapy.

The patients of both groups matched by
sex, age, primary and concomitant diseases and
developed complications.

Table 1: Volume of surgical treatment of DFS

DFS severity Extent of operations
class Phlegmon Astragalar Foot Lower
according lancing amputation amputation extremity
to F. Wagner (resection) amputation
Main Control Main Control Main Control Main Control Total
group group group group group group group  group
Il severity class 19 15 1 2 37
IV severity class 4 5 2 1 12
V severity class 6 5 11
Total 19 15 4 5 2 7 8 60
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The main group of the clinical trial included
patients who were admitted in the period from
January to December 2016. Clinical, hematological,
bacteriological, cytological studies were performed
at admission before the beginning of treatment and
on the 1-3-5-7-10th postoperative day. Data from
medical records of 20 patients admitted in the same
period of 2015 were the subjects of the study as a
control group.

The comprehensive treatment was
carried out by several specialists (a surgeon, an
endocrinologist, and an intensivist) and included
conservative therapy and surgical correction.

Conservative therapy began with correction
and/or compensation of diabetes mellitus with
obligatory transfer to insulin therapy, antibacterial
and symptomatic therapy, measures to reduce the
critical ischemia manifestations.

The surgical treatment was based on
the principle of tissue conservation and maximum
preservation of the length of the foot. Wide lancing
of purulent necrotic foci, removal of necrotic and
purulence-impregnated tissues and adequate
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drainage were carried out. However, single surgical
intervention did not always allow achieving radical
surgical treatment, repeated surgical treatment with
necrectomy was required.

The volume of surgical interventions, taking
into account the severity of DFS, is given in Table 1.

In the main group, the traditional treatment
complex was supplemented by sessions of local and
general ozone therapy.

For the general ozone therapy, 200 ml of
ozone-saturated 0.9% sodium chloride solution was
injected intravenously daily with ozone concentration
being 800-1000 mcg/L. The duration of the treatment
course depended on the general condition of the
patients, the wound process progress, the dynamics
of the biochemical, clinical and immunological
parameters of the body.

In the postoperative period local ozone
therapy included daily dressings of wounds and the
introduction of ozonized saline with concentrations
of 3.3-4 mg/L in drains.

Table 2: Age and sex characterization of patients

Age Main group(n=17) Control group(n=20)
Males Females Males Females Total

21-30 1 - - - 1
31-40 - 1 - - 1
41-50 1 - 1 - 2
51-60 1 2 2 5
61-70 3 5 4 2 14
>70 - 5 3 6 14
Total 6 11 10 10 37

Table 3: Characterization of cytological and bacteriological changes in the wound

Cellular composition Main group(n=17)

Control group(n=15)

of smears 1day 3days b5days 7 days 1day 3days 5days 7days
Neutrophils 90% 58% 36% 20% 91% 70% 62% 55%
Macrophages 1.4% 5% 18% 32% 1.2% 1.2% 10% 25%
Fibroblasts - 3% 15% 30% - - 5% 15%
Microorganisms 107 107 - - 107 107 10¢ 10°
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The timing of the regenerative processes
in a purulent wound and the number of microbial
bodies in smears-imprints were evaluated as the
main outcome of the study.

The endotoxicosis rates and the number
of bed-days were evaluated as additional outcomes
of the study in the main group as compared to the
control one.

The intoxication severity was judged by the
parameters of the average molecular weights (AMW)
and the leukocytal intoxication index (LIl) according
to Kalf-Kalif.

Cytological examination of the material
was carried out by applying a defatted sterile slide
to the wound surface cleaned from the exudate.
Wound imprints were fixed with 96% ethyl alcohol
and stained by Romanovsky-Giemsa procedure. To
obtain a more authentic view of the wound process
dynamics, the cellular composition was expressed
as a percentage, the quantitative characteristics
of the basic cellular elements were reduced to a
common cytogram taking into account microflora,
leukocytes (lymphocytes, monocytes, macrophages,
and neutrophils).

When carrying out hematological studies,
the following parameters of peripheral blood were
studied: the dynamics of the total leukocyte count,
leukogram, ESR.

The statistical analysis was performed
using the StatGraphics 5.0 program.

RESULTS

Age and sex composition of patients is
given in Table 2.

Diabetes mellitus, type Il, severe form,
decompensation stage was diagnosed in 80% of
patients.

According to the form of purulent-necrotic
lesion of the limb, our patients were distributed as
follows:

. Foot phlegmon and abscess (the 3 severity
class according to Wagner) — 23;
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o Gangrene of one or more toes (the 4" severity
class) — 7;

. Disseminated foot gangrene, with pronounced

intoxication, requiring amputation of the lower
limb in an emergency order (the 5" severity
class) — 9.
Of these, one patient has both feet simultaneously
affected.

After a traditional surgical intervention
(opening and drainage of abscesses, amputations
of toes, feet or limbs” 8) and local visual examination
of wounds of soft tissues of patients was performed
daily during dressings. Before the treatment,
purulent discharge, pronounced fibrinous plaque
on the wound bottom, edema and hyperemia of the
surrounding tissues were noted. In the process of
ozone treatment, medicinal manipulations in the
wound region did not cause any painful sensations in
patients by 34-5" day. When analyzing the treatment
results, it was found that under the influence of ozone
therapy, there was significant reduction in pain, more
intensive decrease in swelling and hyperemia of the
tissues, early clearance of wounds compared with
the control group.

On the first day after the operation the
analysis of hematological parameters revealed that
the patients of the study groups had high ESR, a
leukogram showed high neutrophil count with a
shift to the left, and the total lymphocyte count was
decreased. On the 3-5" day, the patients of the main
group showed normalization of ESR parameters and
total leukocyte count, decrease in the content of stab
and segmented leucocytes, increase in the number
of lymphocytes and monocytes, a decrease in the
number of bed-days as compared to the control

group.

According to our data, St.Aureus (55.8%),
St.epidermidis (28.4%), and Ps.aurugenosea
(12.2%) were causative agents of the purulent
process, and the associations of microorganisms
(St.aureus + St.epidermidis) were inoculated in
42.8%. In the main group, against the background
of the ozone application, the growth of pathogens
was absent in the wounds already on the 5" day.

In the cytograms before the treatment, the
cellular elements of the smears were presented
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predominantly (90%) by neutrophilic leukocytes,
mostly with manifested degeneration and rare
cases of macrophages (1.4%); fibroblasts were not
detected. Morphologically, necrotic detritus was
noted.
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The dynamics of cytological and
bacteriological changes is presented in Table 3.

As Table 3 demonstrates, there was a rapid
transition from inflammatory-degenerative processes
to regenerative one and fast, complete elimination of

1 day

3 days

5 days

| B Control group

O Main group

B Normal range

Fig. 1: Dynamics of the AMW level

3days

5 days

| mControl group  mMain group  mNormal Ange

Fig. 2: Dynamics of the LIl level

Control group

Fig. 3: Ratio of bed-days in patients of study
groups

microbial flora in the main group, while in the control
group the cytograms dynamics and the infestation of
wounds by microorganisms testified to the sluggish
flow of regeneration processes.

The dynamics of endotoxicosis indices
(AMW, LII) in both groups is shown in Figures 1 and
2, which illustrate that faster detoxification occurred
under the influence of general and local application
of ozone.
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Figure 3 shows the ratio of bed-days in
patients of both groups, which indicates that the
application of ozone therapy enabled to reduce the
number of bed-days by an average of 7 days for the
main group of patients.

One patient died, whose postoperative
period was complicated by the development of
pulmonary artery thromboembolia.

DISCUSSION

The clinical picture improved earlier in the
main group of patients under the influence of ozone
therapy. Restoration of endotoxicosis results and
cessation of the wound microflora growth occurred
on the 5" day, whereas in the control group the
recovery period took 10 days or more.

As is known, medical ozone increases the
permeability of cellular membranes for glucose,
which is achieved by stimulating the pentose
phosphate shunt and aerobic glycolysis which
are suppressed in diabetes, and this helps reduce
hyperglycemia by better glucose entering the tissue.
Glucose is oxidized to the final products, and as a
result, the basic function of carbohydrates — the
energy function — is restored. The energy hunger
of tissues is removed. Catabolic processes are
oppressed, LPO is normalized* ® °.

Another important circumstance is that,
under the action of ozone, glucose metabolism in
erythrocytes is more active, hemoglobin releases
oxygen to tissues better, oxygen supply is increased,
and hypoxia is eliminated, which plays almost a
key role in the treatment process. Ozone therapy
contributes to prevention of the development and
progression of processes associated with low entry
of glucose into the cell, such as neuropathies,
arthropathies, angiopathies® '°.

It is necessary to take into account the
immune-modulating effect of ozone, especially for
the insulin-dependent form of diabetes, which is
characterized by the liability to chronic infections
and pustular lesions against the background of
suppressed immunity.
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The therapy is based on the intravenous
administration of ozonized normal saline (ONS)
in a volume of 200 ml with ozone concentration
at the output of 1000 mg/L, which are conducted
every other day in the amount of 10-14 procedures.
Infusions can be replaced with rectal ozone
introductions according to the same schedule as the
ONS, in an amount of 500 ml with the ozone dose
of 1000 mcg.

Additional ozone therapy procedures
are prescribed depending on the type of diabetes
mellitus and the available complications. With
the signs of secondary immunodeficiency, minor
autohemotherapy (MiAHT) with ozone is performed
in 6-8 sessions 2-3 times a week; with diabetes
mellitus of the second type, ozone reflexotherapy is
additionally used according to the common formula™®.

In this paper, the authors investigated
the persistent characteristics of strains isolated
in the patients’ wound culture. The purulent
process was caused by St.aureus (55.8%),
St.epidermidis (28.4%), and Ps.aeruginosa (12.2%),
and associations of microorganisms (St.aureus +
St.epidermidis) were revealed in 42.8% of wound
culture. The main group showed a rapid transition
from inflammatory-degenerative processes to
regenerative ones and fast, complete elimination
of microbial flora. On the 37-5" day, normalization
of ESR parameters and total leukocyte count,
decrease in the content of stab and segmented
leucocytes, increase in the number of lymphocytes
and monocytes were observed in the main group in
comparison with the control group, which coincides
with the literature data'’: 12 13.14.15. 16,

Factors that could significantly affect the
findings of the study were not identified. In the
course of the treatment, minor autohemotherapy
was used to prevent postinjection complications and
reflexology in the absence of special equipment.

CONCLUSION

Thus, our studies have shown that
supplementing the comprehensive treatment of
patients having acute purulent surgical diseases
in the main group with intravenous and topical
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application of ozone-containing medications resulted

in:
1.

Earlier improvement in the general condition
of patients,

Decrease in endotoxicosis indices,
acceleration of regenerative processes in
the purulent wounds, decrease in the number
of microbial bodies in smears-prints,
Reduction of bed-days.

It should be noted that ozone therapy

methods have a pronounced curative effect in
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