https://doi.org/10.15360/1813-9779-2022-2-83-89

Reviews

Conservative Therapy of Pressure Ulcers Using Physical Methods (Review)

Elkhan G. Osmanov!, Aleksandr M. Shulutko', Aleksey A. Yakovlev?, Aleksej Y. Krylov',
Aleksandra V. Yakovleva?*, Evgeny L. Altukhov?, Elena G. Gandybina!, Ivan A. Martynov'

1. M. Sechenov First Moscow State Medical University, Ministry of Health of Russia,
8 Trubetskaya Str., Bldg. 2, 119991 Moscow, Russia
2 Federal Research and Clinical Center of Intensive Care Medicine and Rehabilitology,
25 Petrovka Str., Bldg. 2, 107031 Moscow, Russia

For citation: Elkhan G. Osmanov, Aleksandr M. Shulutko, Aleksey A. Yakovlev, Aleksej Y. Krylov, Aleksandra V. Yakovleva,
Elena G. Gandybina, Ivan A. Martynov. Conservative Therapy of Pressure Ulcers Using Physical Methods (Review). Obshchaya
Reanimatologiya = General Reanimatology. 2022; 18(2): 83-89. http://doi.org/10.15360/1813-9779-2022-2-83-89 [In Russ.
and Engl.]

Summary

In Russia and European countries, the incidence of pressure (decubitus) ulcers in sedentary patients with
severe comorbidities, spinal trauma, and cerebral accident sequelae varies from 3 to 40%, reaching 80% in
the chronic critical illness. The final result of conservative treatment of pressure ulcers (PU) with adequate
correction of comorbidities and proper care of the immobilized patient depends largely on the choice oflocal
interventions.

Aim of the review: to demonstrate the range of effective methods of physical treatment of pressure ulcers
suitable for conservative treatment.

Materials and methods. We selected and analyzed 80 scientific publications. Sources were selected from
the PubMed, Scopus, and RSCI databases of medical and biological publications. The following methods were
covered: negative pressure wound therapy, ultrasonic methods, hydrosurgical treatment, plasma flows, laser
therapy (including low-level laser therapy), <hardware» acceleration of regenerative processes, including elec-

trical stimulation, as well as a combination of these methods.

Results. The variety of physical methods of wound treatment, on the one hand, provides an opportunity
to select an individual therapy program. On the other hand, each method has its own limitations and con-
traindications. That is why in practice various combinations of these methods are reasonable.

Conclusion. For several objective reasons, no reduction of PU incidence in clinical practice is expected.
Therefore, studying the issues of evidence-based clinical effectiveness and economic feasibility of various con-
servative techniques of decubitus treatment to find best solutions in this area is warranted.
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Introduction

Bedsores, or decubitus ulcers (DU), are one of
the major health care problems worldwide. They
affect patients with severe comorbidities, spinal
trauma, and cerebral accidents. In Russia and Eu-
ropean countries, the incidence of DU in sedentary
patients with the above-mentioned comorbidities
varies from 3 to 40%, reaching 80% in chronic
critical illness due to severe brain damage [1-5].

In immobilized patients, it is extremely difficult
to completely avoid factors contributing to DUs
(e. g., constant high pressure on the skin and soft
tissues, friction and body movements, moist skin),
which complicates their treatment [1, 6-9]. In ad-
dition, the severity of the underlying disease entails
depletion of plastic reserves of the patient's body,
which is usually followed by anemia, pneumonia,

and protein-energy deficiency [10-13]. All the above
mentioned conditions dramatically slow down the
wound healing, sometimes for many months, and
due to heterogeneity of macroscopic changes one
can simultaneously observe areas of necrosis and
granulation tissue [14, 15].

When radical surgical correction of DU is not
feasible, prolonged conservative therapy is the only
treatment option [16, 17]. Comprehensive approach
including conservative measures aimed at stabilizing
the patient's status, eliminating the source of ex-
ternal pressure, correct positioning in bed, and
active surgical ones, such as debridement and
drainage of the infection focus [8, 17-24], should
be employed [8, 17-24]. The use of new physical
treatment methods, up-to-date wound dressings,
and pharmacological formulations to create optimal
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conditions for the healing of the wound defect are
crucial in this situation [17, 25-38]. Undoubtedly,
the success of conservative therapy directly depends
on the size of the decubitus ulcer; however, some
authors have reported cases of successful treatment
of stage III-IV DU during 4-6 weeks with the ap-
propriate addition of methods stimulating tissue
repair [17, 24, 39, 40].

The aim of the review is to show the range of
effective physical treatment methods for decubitus
ulcers suitable for conservative treatment.

To evaluate the physical methods, we searched
the English-language PubMed and Scopus databases
of medical and biological papers, as well as the
Russian RSCI bibliographic system for publications
dated within the last 20 years.

General description
of physical treatment methods

A separate vast area in conservative therapy
of chronic non-healing wounds, including DUs, in-
volves topical treatment with physical and chemical
agents. In this case, a particular method can be
used not only alone, but also as a part of an integrated
treatment, ensuring adequate forced necrolysis
(cleaning decubitus ulcers from fibrin, pus and
dead tissues), stimulating regeneration and wound
epithelialization [4, 14, 17, 41].

Physical factors of mechanical and wave en-
ergy. Vacuum therapy of wounds based on negative
pressure generation in the DU area is currently
widely available [42-45]. Its therapeutic effect is
achieved not only by forced cleaning of the lesion
from bacteria and necrotized tissues, but also due
to normalization of pH of the wound environment,
enhancement of microcirculation in the wound
area and lymph flow, control of edema and exudation.
There are also biological effects such as stimulation
of granulation tissue, microdeformation and re-
duction of inflammation [46]. This method is effective
as a part of an integrated treatment of purulent and
necrotic soft tissue lesions, including DU, fistulas,
trophic ulcers, peritonitis. In addition, vacuum ther-
apy is successfully used in highly contaminated DUs
(e. g., as aresult of fecal contamination) [47]. Advances
in technology and development of portable negative
pressure generators have promoted this technolo-
gy [25, 26, 45]. Recently, researchers suggested using
vacuum therapy with fluid (such as normal saline)
instillation (NPWTi-d) to increase the efficiency of
the procedure [48, 49]. Such a combination improves
wound cleansing and accelerates granulation tissue
formation.

The use of ultrasound is one of the well-es-
tablished methods. The therapeutic efficacy of this
technique is based on the destructive effect of os-
cillating waves without a significant increase in
tissue temperature [50]. Two ultrasound treatment

types used in DU therapy include ultrasonic blade
debridement and ultrasonic cavitation [50]. The
latter causes destruction of non-viable tissues con-
taining much fluid or calcifications due to formation
of microbubbles in liquid medium under the effect
of high amplitude ultrasound wave [28, 51]. Mean-
while, «selective destruction» is performed, because
healthy tissues contain a large number of elastic
elements such as vessels and ducts which are less
responsive to the ultrasonic wave. In addition, meta-
bolic shifts generated during ultrasonic cavitation
trigger a wide range of photochemical reactions,
which, for example, cause mast cell degranulation,
increased prostaglandin activity, disintegration of
bacterial cell membranes [50]. The bactericidal
effect of ultrasonic cavitation can be enhanced by
using an antiseptic solution acting as an acoustic
medium [28, 50]. Moreover, the use of non-contact
devices with relatively constant settings can reduce
the inflammatory response despite the lack of sig-
nificant changes in the bacterial load. Ultrasonic
devices requiring direct contact with the wound
decrease bacterial load by reducing the biofilms [51].
Thus, the physician can choose which component
of the infectious inflammation needs more attention
at a specific stage of treatment.

Mechanical debridement of pressure ulcers
also includes hydrosurgical treatment, which allows
to selectively remove bacteria and nonviable tissues
from the decubitus avoiding damage to the sur-
rounding viable tissues [52]. A high-speed (up to
1600 km/h) fine-dispersed flow of normal saline
is generated in the device under ultra-high pressure.
The jet movement is tangential to the wound. Like
a scalpel blade, it cuts necrotic tissue, fibrin
deposits, preserving surrounding viable tissues [53].
Thus, a clean and smooth surface of the decubitus
is quickly formed. This intervention, however, re-
quires general anesthesia.

Physical factors of thermal energy include
laser radiation and plasma technology. Over the
past 15-20 years, plasma flows (PF) have become
widespread in clinical practice. The studies have
shown such advantages of the technology as virtually
bloodless dissection of necrotic tissue, high quality
hemostasis due to high-energy exposure, wound
surface sterilization due to «hard» ultraviolet irradiation
(A<250nm), high ozone concentration (>0.5 mg/m?)
in the operating field [54]. More importantly, optimal
conditions are created for tissue regeneration primarily
due to the stimulating effect of intermediate ionization
products and exogenous nitric oxide (II) of the air-
plasma jet (NO-therapy). According to A. Shulutko
et al. (2018), the use of plasma «scalpel» in 290
patients with purulent necrotic soft tissue lesions
reduced the number of surgical debridement sessions
by 1.5-2 times (P<0.05) with the significant reduction
of intraoperative blood loss [55]. As a result of va-
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porization of necrotized areas, purulent wound trans-
forms into a predominantly burn wound, which ac-
celerates the healing process (duration of all phases
of the wound healing decreases by 1.5-1.8 times)
and increases the likelihood of favorable outcome.
Qualitative changes were also confirmed by cytological
and histological examination. The non-contact char-
acter of procedures in all modes, absence of any
side effects, full «compatibility» with topical med-
ications, various wound dressings and other physical
treatment methods should be considered undeniable
advantages of PF [54].

In recent years, the use of laser energy in
surgery has been the most popular due to laser-in-
duced wide range of optical and photobiological
effects. Both surgical and therapeutic laser modes
are used in the treatment of DU. In the contaminated
surgery, YAG-Ho-, CO2-, and YAG-Nd-laser systems
have proved to be highly effective [56]. Due to the
superthermal effect, reliable hemostasis, high quality
debridement and high-energy necrolysis of the ul-
cerated wound surface (vaporization effect), as well
as total decontamination of DU are provided. As a
result of these effects, the duration of suppurative
inflammation phase significantly decreases [57].
The use of a high-power and high-density laser
beam is indicated for debridement [58].

Low-energy laser technology (LELT) is now
successfully used for local treatment of pressure
ulcers, as well as chronic non-healing purulent
wounds and trophic ulcers [59-62]. The therapeutic
efficacy of this technique is due to its positive
effect on energy metabolism, decrease in the in-
tensity of peroxidation, normalization of pH of
the wound environment, improvement of tissue
regenerative potential, lymph circulation and mi-
crocirculation in the area around the wound [61,
63] Specific biochemical mechanisms of the positive
effect of LELT have been shown in the study by J.
Taradaj et al. (2018) who reported expression of
anti-inflammatory cytokines and increased con-
centration of angiogenesis factors induced by low-
energy laser [62]. In addition, an antibacterial
effect due to the free radical and reactive oxygen
species production in the target area can be ob-
served, which helps to combat antibiotic resist-
ance [64]. Even a local immunomodulating effect
of the technique has been noted. Thus, in the
paper by M. Brauncajs et al. (2018), the anti-in-
flammatory effect of LELT was demonstrated when,
after comparing the results of 6 patients who re-
ceived a course of laser stimulation, a significant
decrease in the level of protein cathelicidin LL-37
(chemoattractant for immune cells) in DU tissues
was noted [65]. The authors emphasize the im-
munomodulatory and indirect antimicrobial prop-
erties of the technique. The use of various modes
of laser energy in combination with other con-

servative methods allows more complete and
faster preparation of deep decubitus for plastic
intervention [60].

Several publications on the use of therapeutic
laser in the treatment of pressure ulcers have been
published recent years. Thus, S. Palagi et al. (2015)
described a case report of successful conservative
treatment of a patient using modern wound dressings
and LELT, which reduced the size of a large decubitus
ulcer from 7x6 cm to 1.5%x1.1 cm [56].

Some authors suggest combining the thera-
peutic laser treatment with other physical methods
described earlier (magnetotherapy, photodynamic
treatment, ultrasonic cavitation, etc.) [28, 59]. In
particular, L. Rosa et al. (2017) succeeded in achieving
complete epithelialization of a deep decubitus of
the heel area in an 82-year-old diabetic woman
using a combination of photodynamic therapy,
LELT and topical cellulose-based membranes for
wound healing [66].

In a review by R. Machado et al. (2017), all
known laser studies concerning DU were analyzed
with a total of 386 publications found in Medline,
PEDro, Cochrane, and CENTRAL databases [59].
The 4 selected and analyzed papers described LELT
variations with various wavelengths (658, 808, 904,
and 940 nm). The authors of the review concluded
that the most significant clinical effect can be ex-
pected with regular treatment of DU with a mono-
chromatic wave of 658 nm for 1 month. Positive ex-
perience of the use of LELT to treat various types of
chronic wounds can be found in the earlier publi-
cations of Russian specialists [54, 55].

Device-based methods for accelerating the
regeneration. Being the most extensive and het-
erogeneous group in terms of technology, these
methods are widely used in phase 2 of the compli-
cated wound process in DU. They include high-
frequency low-power impulse therapy, magnetic
therapy, photodynamic therapy, periodic exposure
to direct electric current, hyperbaric oxygenation,
ozone therapy, phonophoresis with antiseptics,
ultraviolet irradiation in suberythemic doses, elec-
trophoresis with antibacterial and anti-inflamma-
tory drugs, treatment of pressure sores with pul-
sating jet [67-75]. The last three techniques have
also proven to be beneficial in controlling inflam-
mation around the wound. Although data on effi-
cacy of individual techniques were reported in
2016-2020, the Cochrane reviews do not always
confirm this positive effect. The reason may lie in
methodological limitations, lack of quality funda-
mental works, insufficient number of observations,
and/or incorrect study design. This is especially
relevant for various techniques of electromagnetic
stimulation and local thermal treatment of decu-
bitus [69, 74]. Thus, when evaluating the effect of
high amplitude pulsed current on decubitus ulcer,
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the authors concluded that despite the positive
effect of reducing the area of pressure ulcers when
using complex therapy, the data needed to be con-
firmed by more high-quality studies due to the
small number of included research trials [76]. In
most studies, the assessment of effectiveness of
physical methods and comparative analysis were
performed on small samples (up to 40 cases).
Whereas some researchers are cautiously positive
about efficacy of electrostimulation for healing of
pressure ulcers, but the level of evidence is not
high enough for definitely recommending it to
treat decubitus ulcers [77].

Combination techniques. Researchers are in-
creasingly aware that monotherapy for treating
chronic non-healing wounds has limited efficacy,
so combinations of different local treatment tech-
niques are proposed. The combination of vacuum
therapy, ultrasound cavitation and hydrosurgery
(«VivanoTec» system, «Sonoca-180» machine and
«Versajet» system, respectively) showed good results
in the treatment of stage III-IV DU in 49 patients
with spinal trauma (S. Shapovalov et al., 2016). The
use of this combination approach reduced the treat-
ment period by 3 times and thus accelerated the
preoperative preparation for decubitus defect re-
construction [53].

Yu. Tsupikov (2007) described the results of
the combined technique of DU management based
on the combination of interactive or specialized
wound dressings and local ozone therapy. According
to the authors, this technique provides 1.3 times
shorter healing time and 1.5 times shorter prepa-
ration time for reconstruction of pressure ulcers [78].
Similar studies can be found in the international
literature [79]. W. Baek et al. (2020) based on sta-
tistical analysis of a small prospective sample (72=38)
indicated a significant (P=0.001) acceleration of
DU reduction with vacuum therapy (NPWT) and
lipid-colloid wound dressings when compared with
NPWT alone [26].
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