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ABSTRACT

BACKGROUND: Bedsores or decubital ulcers are significant medical and social problems in patients with serious brain damage.
The majority of local treatments are ineffective and do not ensure their healing. Therefore, the search for nondrug methods as
part of the complex treatment of decubital ulcers is extremely relevant.

AIM: To assess the morphological picture of bedsores against the background of an improved method of treatment using high-
frequency electrical stimulation with pulsed currents in chronically immobilised patients who survived a cerebral catastrophe.
MATERIALS AND METHODS: Biopsies of bedsores were examined in 12 patients with severe neurological disorders that
developed after a cerebral catastrophe. The initial status of all patients was a ‘chronic critical condition’ (CCC). In all patients,
the bedsore defect was located in the sacral region, with a length of 7-25 cmZ The depth of the bedsore corresponded to
grade Il according to the classification of the Agency for Health Care Policy and Research. Two groups of patients were formed:
the main group of five patients (three men + two women), with an average age of 49.0 years, who were subjected to electrical
stimulation with pulsed currents of the radiofrequency range. A control group of seven patients (three men + four women),
with an average age of 60.1 years, who underwent traditional treatment. The duration of the chronic wound process ranged
from 2 months to 1.5 years. The immediate cause of CCC was more often a massive ischemic stroke (8), less often a severe
traumatic brain injury (3) and radical operations to remove brain tumours (1) of various prescriptions from 3 months to 1.5 years.
Morphological studies were conducted in both groups to assess the complicated wound process.

RESULTS: The complex morphological study revealed that in the presence of high-frequency electrical stimulation, an earlier
appearance of foci of fibroblastic proliferation, an increase in the regenerative potential of tissues due to increased production
of type | and Ill collagens, and myofibroblastic and endothelial growth factors were noted.

CONCLUSION: In the case of CCC of cerebral genesis, the wound process in bedsores inevitably becomes complicated and,
according to morphological research, is characterised by severe endothelial dysfunction, deep microcirculation disorders,
depletion of the potential of myofibroblastic cells and deficiency of their growth factors. Local high-frequency electrical
stimulation in patients with severe brain damage and decubital ulcers as a component of complex ulcer therapy significantly
optimises cellular and tissue reactions in the area of bedsores.
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AHHOTALIMA

06ocHosanue. OpHOW U3 3HAUYMMBIX MeAMKO-COLManbHbIX MPOBNEM Y NULL, MEPEHECLUMX TSKENOe MOBPEXAEHWE FONIOBHO-
ro Mo3ra, fIBNSKTCA NPONEXHN UMK eKybuTanbHble A3Bbl. BONBLUMHCTBO CPeACTB MECTHOrO neyeHUs Mano3heKTUBHI,
He 00eCneymBaloT UX 3aXKMBNEHNS. B CBA3M € 3TUM NOMUCK HEMeMKAMEHTO3HbIX METOZ0B Tepanum NPOJIEXHEN KaK COCTaBHOM
YacTV KOMMJIEKCHOTO JIeYeHNs LeKyOUTaNbHbIX 3B Ype3BbIYANHO aKTyaseH.

Llene uccnedosarus — oueHka MophONOrMHecKom KapTUHbI NposieXkHeid Ha (OHe YCOBEpPLUEHCTBOBaHHOIrO cnocoba ne-
YeHWs! — BbICOKOYACTOTHOW 3MEKTPOCTUMYJIAILMA UMMYNIBCHBIMU TOKaMW — Y LJIUTENIbHO UMMOBWIM30BaHHbIX NaLMEHTOB,
nepexuBLLMX LiepebpanbHyto KatacTpody.

Mamepuanel u Memodbsl. ViccnepoBaHbl GronTathl NponexxHen y 12 NauMeHToB ¢ rpydbiMU HEBPONOTMYECKUMI HapYLUEHN-
AMY, pasBuBLLUMMMCA Nocne LepebpanbHoii KaTacTpodbl, U C UCXOLHBIM CTAaTyCOM «XPOHUYECKOE KPUTUYECKOE COCTOSIHUEN»
(XKC). Y Bcex naumeHToB MposieHeBblid AedeKT NPOTSKEHHOCTbIO OT 7 A0 25 cM? pacnonaranica B KPecTLoBon 061acTu.
nybuHa nponexHs cootsetctoBana Il crenequ no knaccudmkaumm Agency For Health Care Policy and Research.
CdhopmupoBaHbl 2 rpynnbl: OCHOBHas (N=5), COCTOALLAA M3 TPEX MYIKUYMH U ABYX KEHLUMH (cpesHuii BospacT — 49,0 rofa),
Y KOTOpbIX MPUMEHSW 3IEKTPOCTUMYTIALMI0 UMMYNIBCHBIMU TOKaMW PaMo4acToTHOrO AMana3oHa; KOHTPObHas (n=7) U3 Tpéx
MYXUMH 1 YeTbIPEX XeHLWMH (cpenHuin BospacT — 60,1 rofia), KOTOPLIM NPOBOAUAM TPAAULMOHHOE NieveHue. [InuTensbHoCTb
XPOHWYECKOr0 paHeBoro npoLecca coctasuna ot 2 Mec fo 1,5 net. HenocpeactsenHoi npuunHoid XKC yaue 6bin 06LwmpHbIi
ULIEMUYECKMI MHCYNBT (8), pexe — TAXENaN YepenHo-Mo3roBas TpaeMa (3) M paguKanbHble onepauymm no yaaneHuo HoBo-
0bpa3oBaHuit ronoBHoro Mo3ra (1) pasnuuHoii fasHoctm (0T 3 Mec Ao 1,5 fer).

[lns oLeHKN 0CNOXHEHHOTO paHeBOro npouecca B obenx rpynnax npoBefeHbl Mopdonornieckme McciefoBaHms.
Pe3ynemamei. Mo faHHBIM KOMMEKCHOrO MOp(hOOrMYeckoro UccnefoBaHns Ha hoHe BBICOKOYACTOTHOW 3NEKTPOCTUMYNIA-
LM oTMeYeHo bonee paHHee nosBneHue o4aros Gubpobnactuyeckomn nponudepaLym, NoBLILLEHWE PereHepaTopHOro NoTeH-
uMana TKaHer 3a CHET ycuneHHoi BbipaboTku KonnareHos | u Il Tuno., a Takke MUodubpobnacTMyecKnx 1 sHAOTENNANBHBIX
(akTopos pocTa.

3axsmoyenue. Ha pone XKC uepebpanbHoro reHesa paHeBoM NpoLEecC B NPOJIEXHSAX HEM30EKHO CTAHOBUTCS OCIIOKHEHHBIM
1 N0 AaHHbIM MOpPdOOTMYECKOr0 UCCNe0BaHNS XapaKTepuayeTcs TAXKENON SHA0TENMaNbHON AUCHYHKLMENH, FTyBoKUMM Ha-
PYLLEHUAIMU MUKPOLMPKYNIALMM, UCTOLLEHWMEM MOTEHLMana KeTok Muodmbpobnactuieckoro pspa U aeduumutoM daktopos
ux pocTa. [pUMeHeH1e METOAMKY NOKaNbHOM BbICOKOYACTOTHOM 3MIEKTPOCTUMYALMK Y NALMUEHTOB C TSKEMBIM MOPaXKEHUeEM
rOIOBHOr0 MO3ra M AeKybuTabHbIMM S13BaMU B Ka4ecTBe KOMMOHEHTA KOMMNEKCHOM Tepanuu 3TUX A3B 3aMETHO ONTUMM3M-
PYeT KNETOUYHO-TKaHEBbIE PeaKLMn B 30HE MPOJSIEXHEN.
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BACKGROUND

Pressure ulcers are a special form of chronic, long-term
nonhealing wounds with various pathogenetic triggers [1].
They accompany many severe post-traumatic conditions
and systemic diseases, such as massive stroke, infarction,
diabetes mellitus, Parkinson's disease, paraplegia, and
inanition [2-4]. The increase in the number of man-made
disasters and the globalization of armed conflicts using
new weapons cause a snowballing increase in the number
of wounded and victims with severe damage to the spinal
cord and brain. In the latter, a severe neurodystrophic process
inevitably results in the development of multiple pressure
ulcers or decubital ulcers (DU) resistant to local therapy
[5-8]. Several studies have shown that starting from stage 2,
DUs become the main source of surgical infection with a high
risk of dystrophic and septic conditions. Mortality among
such patients varies widely (21.0%-88.1%) [9, 10].

Local treatment of pressure ulcers takes time and
often does not produce tangible results. Most modern
physicochemical technologies and means of “hardware”
acceleration of the reparative process (RP) have questionable
efficiency because of the lack of clear morphological data
[11, 12]. The above fully applies to the treatment of pressure
ulcers in patients with an aggravated neurological status.

This study aimed to assess the morphological
presentation of pressure ulcers in the course of
high-frequency electrical stimulation (HFES) with pulsed
currents in chronically immobilized patients who survived
a cerebral accident.

METHODS
Study design

In this interventional, single-center, prospective,
controlled, unblinded, non-randomized study, randomization
was performed using the “envelope method.”

Compliance criteria

The study included patients in chronic critical condition
(CCC) with persistent neurological deficits that arose after
severe brain damage and pressure ulcers in the sacral area.
The depth of the pressure ulcers corresponded to grade |l
according to the classification of the Agency for Health Care
Policy and Research (1992). This grade is characterized by
a loss of thickness of the integumentary tissue in the zone
of constant compression no deeper than the native fascia.

Conditions

A comprehensive morphological assessment of the
efficiency of HFES for a complicated wound was performed
by a group of researchers, including employees of Sechenov
University and the Federal Scientific and Clinical Center for
Reanimatology and Rehabilitation.
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Study duration

The results were assessed for the period from November
2021 to March 2022. The study is currently ongoing.

Description of the medical intervention

In all cases, local treatment was started with treatment
of the DU to remove fibrin plaque, exudates, and necrotic
tissues (debriding). Patients were blindly randomized into
two groups. In the control group (n=7), treatment was
performed according to the traditional regimen using
conventional antiseptics and polyethylene oxide-based
ointments. In the main group (n=5), the HFES procedure
for pressure ulcers was also performed using a certified
electrosurgical device EHVCh-250 (KiKMedimaster, Russia),
generating alternating currents in the radio frequency
range (0.3-3.0 MHz) with power of 4 W and 4 s of
exposure (Fig. 1).

The stimulation session of pressure ulcers was performed
using a monopolar needle electrode (0.3 mm in diameter)
inserted into the tissue to a depth of 4 mm in appropriate
zones: healthy skin around the DU and granulating areas in
the bottom of the pressure wound in a checkerboard pattern,
at a distance of 0.8-1.0 cm (Fig. 1).

HFES was performed after preliminary sanitation of
the DU surface once every 3 days or earlier (according
to indications), followed by covering the wound with
a non-absorbent bandage.

To assess the complicated wound healing process in both
groups, morphological studies were performed before the
start of treatment and on days 14 and 28 of treatment. Tissue
biopsies from the edges and bottom of the wound (one sample
from each zone) were fixed in a 10% formalin solution and
then embedded in paraffin. Sections (thickness of 3-4 pm)
were stained with hematoxylin and eosin before viewing.
For a more detailed characterization of RP activity against
exposure to “high” currents, biopsy sample microscopy was
supplemented with immunohistochemical (IHC) analysis in
three cases. Monoclonal antibodies at a dilution of 1:100
(Santa Cruz Biotechnology, USA) and universal polymer
systems N-Histofine® Simple Stain MAX PO (MULTI)

Fig. 1. Stage of high-frequency electrical stimulation of the bedsore.
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(Nichirei, Japan) were used. During the IHC analysis,

the dynamics of the following RP markers were studied:

« Collagen types I and IlI.

 Vascular endothelial growth factor (VEGF).

» Smooth muscle actin (SMA) as a biochemical marker
expressed by vascular smooth muscle elements and
myofibroblasts.

Main outcome of research

The main outcome was the emergence of morphological
signs of RPs, namely, neoangiogenesis, polymorphonuclear
leukocytes of the interstitial tissue, and fibroblast
proliferation.

Additional outcomes of research

Additional outcomes were the results of cytological
examination, wound reinfection, and results of IHC
analysis.

Methods of outcome registration

An increase in the level of the above indicators was
considered a reliable criterion for increasing RPs in
a pressure wound. A semiquantitative assessment of the
intensity of marker expression was performed by collagen
scores (from 0 to 6), and the percentage of stained
cell units per 300 wound stromal cells was calculated
(for VEGF and SMA).

Ethical considerations

The study was approved by the Local Ethics Committee of
the Federal Scientific and Clinical Center for Reanimatology
and Rehabilitation (extract from Protocol No. 1/21/5
of March 17, 2021).

Statistical analysis

The sample size was not previously calculated.
Statistical analysis was performed using Statistica 10.0
(StatSoft Inc., USA) and Microsoft Office Excel.

Fig. 2. Biopsy of the bottom tissue of the bedsore before treatment.
Stained with hematoxylin and eosin.
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RESULTS

Study participants

The study included 12 patients, namely, 7 men and
5 women (average age, 47.5 years; age range, 38-67 years).
The distribution according to demographic criteria was
asymmetrical. In the initial assessment, all patients had
a CCC, which was characterized by protein-energy deficiency,
persistent immobilization, infectious and septic complications
(chronic pyelonephritis, chronic bronchitis, pneumonia, etc.),
spastic syndrome, degenerative changes in the joints, and
the need to use prosthetic invasive systems. The immediate
cause of the CCC was more often extensive ischemic
stroke (8) and less often severe traumatic brain injury (3)
and radical surgeries to remove brain tumors (1) of varying
duration (3 months to 1.5 years).

In all patients, the pressure ulcer was located in the sacral
region and measured 7-25 cm? long (average, 18.6 cm?).

Main research results

Initially, all pressure ulcers appeared as open, chronic
nonhealing ulcerative-necrotic defects with pronounced
inflammation and obvious signs of RP stagnation, such as
fibrin deposits, foci of necrosis, rare loci of flaccid granulation,
edematous rigid edges, lack of marginal epithelization,
exudation. Histological examination of biopsy specimens
of the wound edges from both groups revealed a zone of
fibrinoid—necrotic changes with an underlying layer of slightly
pronounced granulation tissue, interstitial tissue edema,
scattered infiltration of polymorphonuclear leukocytes with
an admixture of eosinophils (Fig. 2).

No newly formed capillary-type vessels were noted.

On day 14 in the main group, microscopy revealed signs
of RP activation. In the zone of fibrinoid—necrotic changes,
neoangiogenesis in the form of granulation tissue fragments
was detected, and elements of polymorphonuclear leukocytes
of the interstitial tissue were visible (Fig. 3).

In the control group, the histological presentation of the
lesion was almost unchanged over the same period. Fibroblast
proliferation was extremely weak, and fibrinoid—necrotic
changes persisted and were comparable with baseline.

On day 28 of HFES therapy, sites with maturing granulation
tissues and mature connective tissues clearly dominated the
DU biopsy samples. Pronounced regenerative changes in
the integumentary multilayered squamous epithelium were
observed (mainly at the edges) with acanthosis and increased
neoangiogenesis of the capillaries (Fig. 4).

Maturing granulation tissue replaced the foci of
fibrinoid—necrotic changes. In the control group, during
standard therapy, the morphological presentation proceeded
slowly and gradually into the structuration phase, where
granulations were visible, but more sluggish and scanty than
in the main group. Very weak marginal epithelialization was
noted, and sites of necrosis and microcirculatory disorders
remained (Fig. 5).
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Fig. 3. Biopsy of the bottom of the bedsore on day 14 of treatment
using high-frequency electrical stimulation. Stained with hematoxylin
and eosin.

ST
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Fig. 4. Biopsy specimen of the bottom of the bedsore on day 28 of

treatment using high-frequency electrical stimulation. Stained with
hematoxylin and eosin.

Fig. 5. Histology of the edge of the decubital ulcer (control group): @ — day 1, x300; b — day 14, x400; c — day 28, x400.

In IHC analysis of RP markers before treatment, collagen
types | and Il in the bottom and edges of the pressure
ulcer were found in the extracellular matrix only as minor
deposits of amorphous structures without fiber formation.
The minimal expression of VEGF in the endothelium of a few
vessels (up to 15% of pressure wound stromal cells) and SMA
was typical.

On day 14 of HFES therapy, the amount of collagen
types | and Il (up to 4 points each) increased moderately at
the bottom and edges of the pressure ulcer, which formed
clear fibrous structures in the extracellular matrix. Moreover,
higher collagen contents were registered in DU edges than
at the bottom. At the bottom and edges of the wound, the
expression level of VEGF was increased compared with the
expression at the initial stage, particularly in the endothelium
of capillaries, that is, the number of stromal cells in the
wound increased by 30%. The amount of SMA also increased
compared with that before treatment (60% of wound stromal
cells). The highest expression of this marker was noted in
the intermediate stage.

On day 28, in the hiopsy samples of the bottom and
edges of the pressure ulcer of the main group, the amount
of collagens increased moderately (up to 6 points each),
which formed clear fibrous structures in the extracellular
matrix. The collagen content was noticeably higher at the
edges of the pressure ulcer than at the bottom. The collagen

DOl https://doiorg/10.17816/medjrf472099

content was comparable to that at day 14 of treatment. VEGF
expression in the endothelium of the vessels at the bottom
and edges of a pressure ulcer was higher than at day 14
of treatment (70% of wound stromal cells). The number of
capillaries also increased. The dynamics of SMA expression
were also positive compared with the baseline but somewhat
worse than that at the intermediate period (day 14 of therapy)
(30% of wound stromal cells).

The dynamics of RP markers in the control group were
not assessed.

Adverse events
No adverse events were recorded.

DISCUSSION

Pressure ulcers are a great challenge for patients with
severe neurological disorders. The systemic neurodystrophic
process inhibits RP, with greatly extended phases [7, 8].
“Aging,” depletion of regenerative cells, presence of severe
microcirculatory disorders, often extending beyond the
paravulnar zone, and poor healing dynamics against traditional
therapy are noticeable. During examination, necrotic and
granulation tissues are often observed [13, 14]. In patients on
a serious condition, prolonged wound exhaustion often leads
to sepsis with a lethal outcome [2].
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The hypothesis of “wound exhaustion” was confirmed in
the morphological study of the control group, where increased
granulation tissue formation and sluggish epithelialization
were noted.

In the main group receiving HFES therapy, accelerated
normalization of the microvasculature and more pronounced
growth and maturation of granulation tissue with the
formation of collagen types | and Il were observed, and
more pronounced accumulation was noted at the edges
of the pressure ulcer. A pronounced activation effect was
noted from day 14 to day 28 of treatment. This treatment
also stimulates neoangiogenesis, as the most pronounced
expression of VEGF by the vascular endothelium was noted
on day 28. Higher quantities of myofibroblastic elements
(SMA) in tissues accumulate 2 weeks after the start of
combined local treatment of DUs, which correlates with the
acceleration of RPs and marginal epithelialization according
to morphological data in the main group.

Nowadays, various therapeutic measures are available
for the local treatment of DUs, including the use of special
dressings, antiseptics, ointments, multicomponent wound
covering, and physicochemical technologies. However, the
efficiency of these methods does not always correspond to
clinical tasks, and their high cost and laboriousness do not
bear practical value to them. Thus, the search for non-drug
methods of treating pressure ulcers as an integral part of the
complex treatment of DUs is extremely relevant. One of the
promising non-drug methods on a complicated wound, and
in particular on DUs, is the activation of RP in the tissues
of the defect area through interstitial exposure to electric
currents of various frequencies. Previous studies have noted
the important role of interstitial cold plasma discharges
initiated by radio frequency current using a specialized
device. According to A.l. Pshelenskaya (2014), in patients with
purulent wounds of the perineum and sacrococcygeal zone,
HFES stimulated metabolic processes and local immunity [15].
In addition, electrical stimulation “revives” the complicated
process, stimulates the growth of young cellular elements
of the fibroblastic series and their migration from the
paravulnar zones (the so-called galvanotaxis), and increases
the collagen-synthetic activity of cells over the entire area of
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