UDC 617.586:616.379-008.64-08

«Art of medicine»

PROBLEMS OF DIABETIC FOOT SYNDROME TREATMENT AND POSSIBLE WAYS OF
THEIR SOLUTION

A.A. Kyzymenko, V.I. Lyakhovskiy, T.V. Gorodova-Andreeva, A.N. Liulka, O.V. Zaporozchenko

Ukrainian Medical Stomatological Academy, Department of Surgery Mel,

Poltava, Ukraine,

ORCID ID: https://orcid.org/0000-0003-1551-4891,
ORCID ID: https://orcid.org/0000-0001-7482-2646,
ORCID ID: https://orcid.org/0000-0002-4093-5607,
e-mail: oleksijkizimenko@gmail.com

This work is a fragment of the research work "Optimi-
zation of diagnosis, medical tactics and prevention of acute
surgical pathology and its complications" (state registration
reference number 0116U005024)

Abstract. A number of patients with diabetes mellitus
worldwide increases with geometric progression, which means
that a number of complications increases as well. Diabetic foot
syndrome is the leading cause of early disability of patients.
Therefore, the search for new therapeutic tactics is a constant
process that motivates surgeons and in turn opens new opportu-
nities in the treatment of various forms of purulent-necrotic
processes in patients with diabetes mellitus. Therapy with nega-
tive pressure is one of the most promising nowadays. A number
of conducted randomized clinical trials have already proved its
effectiveness in practice. The use of vacuum therapy as an inte-
gral component of the combined treatment of purulent-necrotic
lesions in diabetic foot syndrome can significantly accelerate
reconvalescence and reduce % of high amputations in the future.
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Introduction. Diabetes mellitus (DM) is a widespread
multisystem disorder with numerous potential complications and
significant socio-economic implications. Attempts in recent
years to stop the diabetes pandemic yet to succeed [23]. Accord-
ing to the International Diabetic Federation, the number of
patients with diabetes will reach 552 million by 2030. For com-
parison, it should be noted that in 1980 their number was 108
million. Moreover, according to the WHO by 2030, every seven
deaths will be due to the DM complications. In different coun-
tries, the growth rate of the diabetic population is changing
averaging 2.2-6.1%. Some authors have established that the rate
of spread of diabetes depends on the population income level. In
the middle and high-income countries, the pace of its dissemina-
tion is much higher. Thus, in Japan, there are more than 10% of
patients ill with diabetes and in Ukraine their number reaches
9.1% out of the total population [28].

One of the terrible DM complications is diabetic foot
syndrome (DFS), depending on age statistics, reaches 30%-80%
in patients with persistent hyperglycemia [19]. According to a
number of authors, it can be argued that the DFS includes any
purulent-destructive processes on the lower extremities. It is a
main cause leading to early patients’ disability. Up to 85% of all
nontraumatic amputations occur in patients with this pathology
[13]. So, only in the United States, 82,000 of annually per-
formed extremities amputations are directly related to diabetes.
In addition, among patients with DFS a significant place is
occupied by trophic ulcers, which account for 85% of all le-
sions. The prevalence of foot ulcers for different population
groups ranges from 2% to 43%. Most of them heal while 10%-
15% remain active out of which 5%-24% will eventually lead to
limbs’ amputation within 6-18 months after their formation. In
the remaining 15% of DFS patients there is a pathology such as
osteomyelitis, abscess, phlegmon, tendovaginitis, purulent ar-
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thritis and so on that may occur either on their own or as a result
of a trophic ulcer [34].

According to WHO, estimated 2.5% to 15% of annual
national health budgets are spent only on diseases associated
with the progression of DM [10]. The cost of treatment for such
patients also increases [26, 46], which in the USA ranges from
3959 to 188 thousand dollars [201]. The above socio-epidemic
indicators indicate a generally high level of importance of this
topic. In Ukraine, the cost of treatment for one such patient
varies from 10 thousand hryvnias to hundreds of thousands of
hryvnias, in the case of prosthetics.

All of the aforementioned purulent-necrotic lesions are
a constant "headache" for surgeons who have been in a constant
process of improving their therapeutic and tactical approaches
for years to solve the problems of the patient cohort [17].

Main section. The choice of the treatment method for
patients with DFS is directly determined by the degree of severi-
ty of vascular and neuropathic disorders, the stage and nature of
the inflammatory process, the degree of compensation and DM
severity [5], activity and the number of concomitant diseases.
Initial therapy includes efforts intensification aimed at compen-
sating for hyperglycemic disorders as well as targeted empirical
and corrected antibiotic therapy taking into account the features
of microbial profile of purulent necrotic processes, minimization
of the phenomena of critical limb ischemia, foot discharge, and
local use of modern adsorption bandages and treatment of con-
comitant pathology.

The main obstacle to the normal course of the wound
process is hyperglycemia, which directly affects the rate of
infection elimination and wound epithelization [6]. Therefore,
the main condition for a successful start of conservative treat-
ment is to achieve a normal glycemic profile level. The next
equally important component in the treatment of purulent-
necrotic DFS lesions is the use of antibiotics. Prior to commenc-
ing the antibiotic therapy application, it is necessary to deter-
mine the potential microbial associations in the wound. The
empirical approach relies on the use of 3-4 generations of cepha-
losporins and to a lesser extent fluoroguinolones or combina-
tions thereof [15]. According to the latest data, metronidazole
should be added to the therapy. In the osteomyelitis treatment,
the best results can be obtained with the use of linzamides and
high doses of cephalosporins with fluoroquinolones. Etiotropic
antibiotic therapy is a result of successive repeated wound cul-
tures and can vary in quantity and quality depending on their
results.

Modern pharmacotherapy for critical lower limb is-
chemia involves the use of drugs from the groups of glucosa-
mineglycans, prostaglandins and pentoxifylline and low molecu-
lar weight heparins in the treatment of neuropathic DFS forms
are less effective [34]. In addition, in the treatment of diabetic
polyneuropathy, the drugs that improve the nervous tissue me-
tabolism and support the fight against paresthesia and pains are
used. In this case, the best results are noted with the use of a-
lipoic acid, vitamins B, gabapentin and tricyclic antidepressants.
An important component in the treatment of purulent-necrotic
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DFS lesions is a complete discharge of the limb [36]. An active
use of non-removable unloading bandages from polymeric
fixing materials allows almost no limitation of motor freedom of
the patient and if necessary allows applying bandages through
special openings [10]. Such bandages can reduce up to 90% of
the pressure on wound soft tissue [66, 68]. However, the use of
local stage surgical wound treatment can significantly activate
and enhance the effectiveness of planned conservative therapy.
The essence of the consistent approach to the purulent-necrotic
processes treatment is prompt abscesses disclosure, permanent
wound cleansing, quality control and the amount of exudates,
perseverance against microbial contamination [4].

Today, special interactive coatings that have a number
of advantages over a classic gauze bandage and antiseptic are
actively used in the treatment of purulent DFS complications.
They are well ventilated and are atraumatic, provide thermal
insulation and maintain moisture in the wound, remove excess
of exudate and create a bacterial barrier, prevent injury to the
wound [21]. A higher rate of purulent wounds healing after their
disclosure in surgical hospitals is achieved by means of mini-
mizing surgical intervention, conducting local treatment on a
wet basis, preventing the onset of intradermal wound infection
and stimulating reparative processes [27]. The challenges of
purulent-necrotic DFS lesions treatment unfortunately cannot be
solved solely by surgical invasion [20]. Many discussions have
been prompted on the back of the cooperation of doctors from
different specialties, which will eventually allow to significantly
reducing the number of trophic ulcers of the feet and the lower
extremities amputations [16].

The choice of surgical tactics depends on the DFS
form, the nature and distribution of purulent-necrotic complica-
tions and the general condition of a patient [11]. Timely inter-
ventions are aimed at preserving the lower limbs [3]. At the
same time, most specialists adhere to the principles of stage
treatment. The first stage involves a disclosure and drainage of
abscesses with non-cresecastrectomy while the next (its scope
will depend on the results of the previous one) - may be in the
form of stage sanation or reconstructive-plastic interventions
[29]. In the presence of necrotic tissues, all non-chic keratomy is
performed within healthy tissues [4].

The latest option for surgical treatment is amputation
of the gangrene of the lower extremities. However, different
authors’ opinions on the level is divided into those who consider
the optimal level of amputation of the thigh in moist and organ-
saving operations in dry gangrene [12]. It should be noted that
the five-year survival after such operations is less than 50% [7].
All amputations are conventionally divided into "low" and
"high" the boundary of which is the joint of Lesfranca. When
choosing the level of amputation the presence of occlusion or
stenosis of the major artery is determined. Depending on condi-
tions, endovascular revascularization is conducted [7].

However, it is not possible to significantly reduce a
number of amputations of the lower extremities despite a stand-
ardized multidisciplinary approach to solving the problem of
purulent necrotic DFS lesions treatment [1]. A relatively new
method is the use of nitric oxide (NO-therapy). The basis of
NO-therapy is the effect on tissues of the air plasma flow to
obtain a surgical effect (sterilization, destruction of non-viable
tissues, coagulation). Flow of gas formed because of air plasma
cooling and contains nitrogen oxide molecules (NO) gives a
therapeutic effect due to bactericidal action, anti-aggregate and
anticoagulant action. In addition, nitric oxide activates antioxi-
dant defense, regulates apoptosis, stimulates proliferation of
fibroblasts and synthesizes collagen, regulates immune disor-
ders, promotes secretion of cytokines and induces phagocytosis
[33]. One of the main advantages of NO therapy is the influence
of polyfunctional NO on all phases of the wound process. NO
therapy accelerates vascular proliferation and creates favorable
conditions for the formation of granulations. The use of plasma
flow has a pronounced antibacterial effect in an experiment with
staphylococcus and blue-purulent rod, and the treatment with its
purulent wounds reduces the cost of treatment and improves the
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quality of life of patients without unnecessary surgical interven-
tion. Nitric monoxide and ozonotherapy accelerates the for-
mation of fibroblast cells, increases the activity of collagenase,
increases the number of cells of the basal layer of the epithelium
1, 5-2 times and reduces the number of infectious postoperative
complications threefold. NO-containing air-plasma streams and
ozone therapy have a pronounced bactericidal effect and reduce
the bacterial contamination of the wound surface [22].

According to some authors, the use of NO-therapy
improves the results of a comprehensive treatment of soft tissue
infections of the lower extremities in patients with diabetes
mellitus. At the same time wound healing is accelerated, their
repair, microbial contamination decreases, which leads to a
shortening of treatment periods [32]. Other scientists point out
that wound healing from the deviated tissues takes place after
the application of nitric oxide in patients with purulent wounds;
the emergence of granulations and marginal epithelization oc-
curred 3.2 + 1.1 days sooner compared to traditional methods of
treatment [4].

Nowadays, one of the new methods of treatment of
purulent wounds in DFS patients is a use of vacuum therapy [2].
Vacuum therapy can be used at any stage of purulent complica-
tions treatment [8]. Every year this methodology acquires a
wider application in surgical practice, although positive effects
are not always confirmed at the cellular level [36]. Preliminary
data on the effectiveness of this method can be divided into the
following components: 1) extracellular (increased blood flow,
decreased edema), 2) cellular (granulation tissue formation and
cellular synthesis), 3) complex (wound healing and infection
control). When conducting scientific literature analysis at the
Kochran library starting from 2011 and AWMA (Association of
the Scientific Medical Societies in Germany) from 2006, M.
Augustinb and M. Herberger discovered more than 650 original
publications that proved the effectiveness of the use of negative
pressure therapy in a treatment of DFS patients [37]. Of these,
more than 350 studies had 1b level of evidence. The World
Wound Study Organization developed the first clear recommen-
dations regarding the use of vacuum therapy in early 2008 [38].

These are as follows:

1. Firstly, it is necessary to pay attention to the etiolo-
gy of the process, as well as the presence of concomitant pathol-
ogy, which will be the basis for stabilizing the process physiolo-
gy. This will allow establishing individual therapy to a maxi-
mum extent.

2. Prior to the vacuum therapy appointment, goals,
priorities and possible clinical effects need to be identified. In
parallel, symptomatic therapy is performed allowing minimizing
complications.

3. The main vacuum therapy goals are as follows:

- strengthening of microcirculation in soft tissues;

- Reduction of around-red edema and elimination of
excessive exudates from a wound;

- Reduction of the wound size and depth;

- Activation of granulation tissue growth;

- reducing the number of possible complications and
reducing further surgical activity in the wound area.

4. Vacuum therapy supports a damp wound healing
principle that increases patients comfort and mobility.

5. Ahead of vacuum therapy application, it is neces-
sary to clean the wound to the maximum extent by mechanical
means and to determine its depth.

6. An important element of therapy is constant moni-
toring of the wound size.

7. Indicators of the effectiveness of vacuum therapy
are

- no increase in the wound area;

- the appearance of epithelium in the boundary zone of
the defect;

- the appearance of "juicy" granulations in the wound.
Daily amount of granulations should increase on average by
3%-5%.
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An example of a successful vacuum therapy use is a
reduction of the wound size by 15% on a weekly basis [26]. If
the healing rate slows down, the treatment should be stopped or
replaced by an alternative method [30].

Vacuum therapy cannot be used as a monotherapy
[18]. When applied, permanent monitoring of the wound condi-
tion, its bottom, monitoring of the quantitative and qualitative
state of the exsudate is required. Should the infectious process
tend to increase when applying vacuum therapy, the procedure
should be stopped and another approach should be applied [31].
To date, the greatest experience in the application of vacuum
therapy according to the literature is based on the example of
treatment of patients with DFS, but it is necessary to take into
account the clinical form of the syndrome. Vacuum therapy is
not recommended should there be deep neuroishemic defects of
soft tissues [25].

Conclusions. Thus, based on the available literature, it
can be concluded that vacuum therapy is an effective remedy for
a number of purulent-necrotic DFS complications and may be
useful in the complex treatment of such patients. However, it is
necessary to continue studying the mechanisms of vacuum
therapy influence on different parts of the wound process with
specific purulent-necrotic complications, and to improve the
schemes with the use of negative pressure therapy.
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Pe3ome. KommmuecTBo ManueHTOB ¢ caXapHbIM Jrade-
TOM BO BCEM MHpPE yBEIMYHBACTCS C TEOMETPUUECKON Mporpec-
CHEH, a 3TO 03HAYAET, YTO TAKKE YBEIMUUBACTCS P OCIOKHE-
Huil. CUHIPOM JHAa0CTUYECKOH CTOMBI SBJISETCS OCHOBHOM
MPUYMHON paHHEW WHBaNIMAM3alMK nauueHToB. [losToMy mo-
HCK HOBOW TEpaneBTUYECKON TaKTHKH — 3TO MOCTOSHHBIN Ipo-
LecC, KOTOPBIH MOTHUBUPYET XHPYpProB U, B CBOIO O4Yepeb,
OTKPBIBACT HOBBIC BO3MOXKHOCTH JIJISI JICUCHHS PA3IUUHBIX (HOpPM
THOHHO-HEKPOTHYECKUX IPOIECCOB y TMAIMEHTOB C CaXapHBIM
nmuaberoM. Tepamusi OTPUIIATEILHOTO TABJICHUS SBJISCTCS OJTHOMN
U3 CaMbIX NEPCHEKTHUBHBIX B Haie Bpems. Psi mpoBeIeHHBIX
PaHIOMHU3UPOBAHHBIX KIMHHMYECKUX HCHBITAHUH yKe OKa3al
cBOI 3(h(EKTHBHOCTh Ha MpaKTHKE. VICHONb30BaHUE BaKyyM-
HOU Tepamuu B Ka4eCTBE HCOTHEMJIEMOTO KOMIIOHEHTa KOMOU-
HUPOBAaHHOU TEpanuy THOMHO-HEKPOTUYECKUX MOpPaKEHUM Ipu
CHHIpPOME AWa0ETHYECKOl CTOMBI MOXET 3HAYUTEIBHO YCKO-
PUTh PEKOHBAJICCIICHIIMIO W CHHU3HUTh B OYAYIIEM KOJHYECCTBO
BBICOKHX aMITyTallUH.

KoroueBble ci10Ba: caxapHblii 1nabeT, CHHAPOM JIUa-
GeTnuecKoil CTOMBI, paHEBOH MPOLIECC, BAKYYMHAs Teparus paH.
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Pe3tome. KinpkicTh Mari€HTiB i3 IyKpOBUM Ii-
abeToM y BCHOMY CBITi 30UIBLIYETHCS 3 TEOMETPUIHOIO
MPOTPECIEIO 1 1€ 03HAYAE, MO 30UTBIIYETHCS 1 KUTBKICTh
ycknagHeHb. CHHIPOM iabeTHYHOT CTONH € TPOBITHOIO
MPUYMHOK PaHHBOI iHBamimu3amii mnamieHTiB. Tomy
TIOUIYKH HOBOi TEpareBTUYHOI TAKTHKU € IOCTIHHHM
IpoLecoM, SKUil MOTHBYE XipypriB i, y CBOIO uepry,
BIIKpPHUBAa€E HOBI MOXJIMBOCTI MJS JIKYBaHHS Pi3HUX
(¢opM THIHHO-HEKPOTUYHHMX IIPOIECIB Yy XBOpUX Ha
IyKpoBHi niabet. Teparist HETaTUBHOT'O TUCKY € OIHIEI0
3 HaWOUIBII MEpCHeKTUBHUX B Hami 1aHi. [IpoBemeHi
paHIoMi30BaHi KJIIHIYHI BHIPOOYBaHHS BXKE IOBENM ii
e(eKTHBHICTh Ha IpakTHIi. BukopucranHs BakyyMHOI
Tepamii K HeBiI'€MHOI CKIIaI0BOT KOMOIHOBAaHOTO JIKY-
BaHHS THIHHO-HEKPOTUYHHX YypaXKeHb IPHU CHHIPOMI
niabeTHYHOI CTOIHM MOXKE 3HAYHO TPHCKOPHUTH PEKOHBA-
JIECUICHITIIO Ta 3MEHIIUTH BiJJICOTOK BHCOKHX aMITyTaIlii
y Maii0yTHBOMY.

Kaiwouosi cioBa: mykposuii niaber, cHHIpOM

niabeTHYHOI CTOIHN, PAaHOBHH TpOIleC, BAKYYMHA Teparis
paH.
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