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ABSTRACT

The presented review highlights the peculiarities of cardiovascular system damages in burn injury. The
epidemiological data on the incidence of thermal injuries are reported. The pathogenic mechanisms of heart
disorders during various periods of burn injury, as well as pathological changes in the myocardium are examined
in detail. The main clinical manifestations of heart damage on the background of burn disease have been identified
(heart failure, myocarditis, infectious endocarditis, cardiac arrhythmias and conduction disturbances, myocardial
infarction). Special attention is paid to laboratory and instrumental methods for investigation of the heart with
a discussion of the benefits and disadvantages of each method. The manuscript discusses the main therapeutic
approaches for the management of burn patients with cardiac pathology, as well as the possibilities of using and the
effectiveness of modern treatment methods aimed at improving survival, diminishing the severity of cardiovascular
disorders and improving the prognosis of such patients.
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3 Mupnozpaockuil yeHmp nepeutHol MeouKo-CaHumapHot noMouu

Yrpauna, 85323, o. Mupnoepao, ya. Cobopnas, 20

PE3IOME

O0630p MOCBSIIEH 0COOEHHOCTSIM MOPAXKEHUI CepIeTHO-COCYANCTON CUCTEMBI IPH 0XK0roBoi 6oesnu. [Ipusene-
HBI SMHUJEMHUOJIOTHIECKHE JAHHBIC O PacHpOCTPAHEHHOCTH TEPMHYECKUX mopaxeHui. [logpobHO paccMOTpeHs
MaTOTeHETHUECKNEe MEXaHU3MBbl OBPEKACHHS Cep/Ilia B pa3IMIHbIE MEPHOJIBI 0KOTOBOH TPAaBMEL, a TAKXKE I1aTO-
MopdoTornueckue U3MEHEHUsI MHOKap/a. Breienensl oCHOBHBIE KIMHUYIECKHE TPOSIBICHUS OPAKSHUH cepia
Ha ()OHEe 0)KOTOBOH OOJIE3HH (CepieuHas HEeAOCTATOYHOCTh, MHOKAPAUT, HH(EKIIMOHHBIA HIOKAPIHUT, HapyIle-
HUS pUTMa U IPOBOJMMOCTH cepAla, HHpapKT Muokapaa). Ocoboe BHIMaHUE yIeNeHO Ja00paTOPHEIM U HHCTPY-
MEHTAJIBHBIM METO/JaM HCCIIEJOBAHUS COCTOSIHUS CepIIIia C 00CYKAeHHEM PEUMYIIECTB U HETOCTAaTKOB KasKAOTO
MeToa. PaccMOTpeHBI OCHOBHBIE TEPANIeBTUUECKUE IOAXO/IBI BEJEHHS 0)KOTOBBIX OOJIBHBIX C KapANAIbHON 1aTo-
JIoTHeH, a Takke BOSMOXKHOCTH U 3(P(EKTUBHOCTD MCIOJIB30BAHNS COBPEMEHHBIX METOJIOB JI€UEHHsI, HalIPaBJICH-
HBIX Ha yJTydIIeHNe BEDKHBAEMOCTH, BEIPAXXEHHOCTH CEPAeIHO-COCYANCTHIX HApYIICHNH 1 yITydIIeHHe IPOrHO3a
TaKHUX MaeHTOB.

KuroueBbie cioBa: TEPMUYECKUE OKOI'M, OXKOTroBas 60J'Ie3HI), cepaue npu 0’KOTOBOM TpaBM€, cepacqHas
HEAOCTATOYHOCTD, ITATOI'CHES, HaTOMOp(l)OJ'IOFI/Iﬂ, KIIMHWYCCKas KapThuHa, JUarHoCTUKa, JICUCHUE.

KonpaukT naTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX U MOTEHIMAIBHBIX KOH(OIUKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIMKaLUel HACTOsIIEeH CTaThu.

HcTounuk punancupoBanus. ABTOPHI 3asBIISIIOT 00 OTCYTCTBHY (PUHAHCHPOBAHMSI.

Jast uurupoBanusi: Baryrun H.T., Urnarenko I'.A., Tapaaun I'.I'., Emenxo E.B., I'onuapyk M.C., Kynuko-
Ba C.O. INopaxeHue cepia Mpu 0XKOTOBOI Oose3Hu (0030p NUTEpaTypsl). broatemens cubupckoil mMeouyuHol.
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INTRODUCTION

Thermal damage is a serious medical, social and
economic problem. It is related to the high frequency of
burn injuries in everyday life, at work and during mili-
tary conflicts, the complexity and duration of treatment
of the patients, frequent disability and high mortality.
According to the data, 11 million people worldwide
sought medical care for burns in 2004. The risk of burns
tends to increase with lower socioeconomic status, and
up to 90% of burns occur in low- or middle-income
countries. According to WHO, about 180 thousand
cases of deaths caused by burns are registered annual-
ly worldwide [1]. In Ukraine, the overall incidence of
thermal injuries is also quite high and accounts for 152
cases per 100 thousand inhabitants. In the Russian Fed-
eration, 251,480 burns were recorded in 2018, which is
171.2 cases per 100 thousand people [3].

With widespread and deep burns, a clinically pro-
nounced generalized reaction of the body develops. It
begins in the first hours after the injury and lasts not
only the entire period of the wound existence, but also
some time after the complete restoration of the skin
covering. This complex set of interconnected patho-
physiological changes and clinical manifestations that

occurs in response to a burn injury is called a “burn
disease” [4].

Thermal trauma is accompanied by a number of
deviations and disorders in the activities of the body
as a whole and, in particular, cardiac disorders. The
diverse spectrum of morphological changes in the
myocardium is observed in extensive burns. There are
decrease in myocardial contraction, various rhythm
and conduction disturbances, and development of
heart failure (HF). Thus, according to some data, signs
of myocarditis are revealed in 20-40% of cases, and
signs of arrhythmia and heart block are seen in about
35% of cases of burn disease.

Heart damage in burn injury with underlying car-
diovascular diseases can approach significant severity
and not only be the cause of severe HF, but also the
death of injured patients [5]. The initial presence of
cardiopulmonary pathology in the burned patient in-
creases the risk of developing myocardial infarction
(MI) or death by more than 6 times. Nevertheless, de-
spite the high occurrence of burns and common heart
damage, special characteristics of cardiac pathology
are poorly highlighted in the literature, and data on
pathophysiological events, current diagnostic and
treatment methods are revealed scantily.
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PATHOPHYSIOLOGY

The burn disease has a complex multicomponent
pathogenesis, the individual links of which become
prevailing in different time periods after a burn injury.
On the first day after injury, hypovolemia, hemody-
namic shifts and disturbances of microcirculation de-
velop. Then, severe intoxication occurs (the first 1—
2 weeks) and later, infectious complications emerge.
In this regard, four periods are distinguished during
the burn disease: burn shock (first 3—5 days), acute
burn toxemia (5-10 days), septicotoxemia (from 11
days to complete wound healing), and recovery.

In the first hours of the burn injury, even in the ab-
sence of massive shifts in the body’s water spaces, the
severity of the patient’s condition is associated with
pain syndrome and psycho-emotional stress, which
serve as a trigger for the neuroendocrine response.
The primary reaction occurs at the level of the spi-
nal neural-reflex arcs with irritation of the sympathe-
tic nervous system and the release of catecholamines
into circulation, which leads to vasospasm, increased
total peripheral vascular resistance, centralization of
circulation, ultimately resulting in the occurrence of
peripheral tissue hypoxia and acidosis.

These events are exacerbated by impairment of re-
spiratory function (a decrease in the respiratory vol-
ume and vital capacity of lungs), which, in turn, leads
to a decrease in blood oxygen saturation and tissue
oxygenation, the accumulation of underoxidized met-
abolic products, and the development of respiratory
and metabolic acidosis. Simultaneously, there is a
short increase in the stroke and minute volume of the
heart, an increase in blood pressure (BP), which sub-
sequently drops as hypovolemia deteriorates.

An increase in blood coagulability, microthrom-
bosis and alterations in microcirculation occur, which
deteriorates tissue hypoxia and acidosis. In this set-
ting, a paralytic expansion of capillaries emerges,
and microcirculatory and electrolyte disturbances in-
crease. Subsequently, pathological depolarization of
the cell membranes of cardiomyocytes with alteration
of their permeability develops.

Several hours post burn, a profound shock state
develops due to the loss of preload as burn edema ad-
vances [6].

Immediately post burn, cardiac function is in-
hibited due to the pro-inflammatory effect of inter-
leukin-1B and tumor necrosis factor-alpha (TNFa),
which can be blocked by CD14 knockout or slowed
down due to kappa B nuclear factor blockers [7]. In
the 48 hours post burn, tachycardia develops with

increasing cardiac output (CO) and myocardial in-
flammation occurs due to f-adrenergic influence [8].
The decrease in the right ventricular ejection fraction
[9], observed after endotoxemia, can be mitigated by
thromboxane blockade. Initially, after the increase in
total vascular resistance in catabolic phase of systemic
inflammation and sepsis, vasoplegia develops deterio-
rating cardiogenic and redistributive shock leading in
turn to multi-organ failure.

It was established [10] that, in case of burn injury,
acidosis causes the increase in the cytosolic calcium
content in cardiomyocytes, the secretion of pro-in-
flammatory cytokines by these cells, and activation
of the apoptosis and autophagy processes. Myocardial
damage in a burn injury leads to an alteration of its
contractility and the development of HF. Inflamma-
tory cytokines (TNFa, interleukin-6) contribute to the
development of diastolic dysfunction of the left ven-
tricle (LV).

At the moment of thermal exposure to the skin,
a huge number of cells are destroyed and damaged
with the release of a bulk of various biologically ac-
tive substances: inflammatory mediators (kinins, se-
rotonin, histamine, acute phase proteins, complement
factors, etc.). All of them have a vasoactive effect and
significantly increase the permeability of the vascu-
lar wall. In burn patients, metabolic imbalance along
with disorders of the endocrine, respiratory systems
and psychoemotional status affect the cardiovascular
system [11].

Another mechanism of myocardial damage in burn
disease is the hyperproduction of reactive oxygen
species and lipid radicals. An excess of free radicals
causes cardiomyocyte membrane permeability dis-
turbances, change in ionic homeostasis, damage to
their genetic apparatus and activation of programmed
mechanisms of cell death [12].

An imbalance in the acid-base state and the elec-
trolyte content (in particular, hyper- or hypokalemia),
specific to a burn disease, can lead to various distur-
bances in the cardiac conduction and heart rate, in-
cluding life-threatening arrhythmias.

In conditions of tissue destruction caused by burns,
proteins of the injured patient acquire the properties
of autoantigens. In this case, antibodies produced by
the patient’s body interact with both pathologically al-
tered and normal tissue components, cardiomyocytes,
in particular. One of the mechanisms responsible for
the development of autosensitization is the formation
of tissue and microbial antigen associations, in which
the microbial part acts as an adjuvant. All these pro-
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cesses can lead to the development of burn myocar-
ditis.

In the period of burn toxemia and septicotoxemia
due to the initiation of the secondary bacterial infec-
tions, various cardiac infective complications are also
possible. In this setting, myocarditis, pericarditis and
infectious endocarditis (IE) may develop.

PATHOMORPHOLOGY

Morphological examinations also indicate heart
damage in case of the burn disease. Those who died
in the first days of the burn injury the section show
signs of circulatory disorders, edema of the intersti-
tial and perivascular tissue, foci of protein and fatty
degeneration. During autopsy during the period of
septicotoxemia in the burn disease, heart sizes were
enlarged in the transverse direction, its walls became
flabby, the cavities were extended and were filled with
massive variegate blood clots. Histological examina-
tion of such myocardium revealed widespread dystro-
phic changes, especially pronounced in the LV wall,
small damage areas and small-focal myocyte necrosis.

Pathological cardiac changes during septicoto-
xemia of the burn disease are characterized by wide-
spread dystrophic lesions and edema of the intersti-
tial and perivascular myocardial tissue. In persons of
young and middle age, injuries of this nature occurred
most often in the setting of sepsis. In older people with
a previous heart disease, extensive dystrophic myo-
cardial lesions were detected without generalization
of the infection.

CLINICAL PICTURE

Heart failure (HF) plays a significant role in the
clinical picture of heart damage in burn disease. In
small lesions (up to 10% of the total body surface
area (TBSA)), only moderate tachycardia and slight
increase in BP can be observed in the injured. In more
extensive and deeper burns (over 10-15% of TBSA)
in the first period of the burn disease, dyspnea, pal-
pitations and chest pain often occur. Acrocyanosis,
tachycardia and diminishing of the first sound at the
cardiac apex are clinically detected. BP rises slightly
during the erectile phase of burn shock and decreases
in the torpid phase. In some cases indicating an un-
favorable prognosis, refractory arterial hypotension
develops in the early stages after thermal injury. In
patients with initial arterial hypertension, BP during
shock usually drops to normal values and often re-
mains at the same level throughout the subsequent
period of the disease [4].

In toxemia phase injured may remain shortness of
breath, palpitations and chest pain. Due to tachycardia,
systolic murmur at the apex, the decrease in BP and
expansion of the heart borders are often determined.

In the period of septicotoxemia, pericarditis and
endocarditis often develop which may be one of the
reasons for the development and progression of HF. In
these cases, the fluid infusion in large volumes used in
the treatment of burn injured can deteriorate their condi-
tion due to the significant increase in pre- and afterload.

Electrolyte imbalance (hyper- or hypokalemia),
myocardial ischemia and MI, myocarditis or under-
lying cardiac pathology can cause various rhythm
and conduction disturbances in burn injured patients.
These changes can occur within 6-8 hours after the
injury, therefore, the sooner the measures will be
taken to prevent and compensate them, the greater
is the likelihood of a favorable course of the burn
disease and the lower incidence of its serious com-
plications [4].

A relatively rare, but very severe complication of
the burn disease is acute coronary syndrome, includ-
ing the development of MI. Vasospastic forms of acute
coronary insufficiency in burn disease are described,
in the origin of which the release of endogenous nickel
possessing a powerful vasoconstrictor effect is consid-
ered [13]. M. Caliskan et al. [14] have demonstrated
that vasoconstriction of the coronary arteries and ar-
terioles are caused by stress factors and increased ac-
tivity of the sympathetic tone attributable to the burn
injury. Moreover, the authors found that vasoconstric-
tion causes a worsening of systolic and diastolic LV
function, a decrease in the reserve of coronary blood
velocity reflecting microvascular dysfunction in the
absence of obstruction or narrowing of the coronary
arteries lumen [14].

There are also descriptions of cases of the develop-
ment of stress-induced cardiomyopathy (Takotsubo)
with severe hemodynamic abnormalities in setting of
the burn injury. Results of studies confirm the basic
concept of post-traumatic heart damage as stress-in-
duced cardiomyopathy and have demonstrated the po-
tential importance of stress in accelerating fatal out-
come in patients with injuries and thermal burns.

DIAGNOSIS

Laboratory tests. It is known that during the first
3—4 days in burn injured, there is most often an in-
crease in potassium in blood, which can be the cause
of the development of various cardiac rhythm and con-
duction disturbances including life-threatening ones.

bionnereHb cubnpckon meamumHbl. 2020; 19 (4): 198-206 201



Vatutin N.T., Ignatenko G.A., Taradin G.C. et al.

Cardiac disorders in burn injury

Estimation of troponin levels is currently used as a
standard biomarker for diagnostics MI and acute coro-
nary syndrome [15, 16]. In case of the burn disease, an
increase in blood levels of myocardial damage mark-
ers, such as cardiac troponins and creatine phosphoki-
nase MB-fractions is observed. Moreover, the degree
of their elevation reflects the severity of myocardial
damage.

In this context, it should be noted that an increase
in troponin levels occurs under the influence of a
wide range of non-cardiac and cardiac factors, such
as physical endurance training, sepsis and other seri-
ous diseases, including stroke, pulmonary embolism
[17], pericarditis, myocarditis, Takotsubo syndrome
[18], acute coronary syndrome, acute HF, tachyar-
rhythmias, etc. It is suggested that TNFa increases
the permeability of the cell membrane under stress or
inflammation and is considered a possible mechanism
responsible for increasing troponin levels [15].

Due to the above mentioned non-cardiac causes,
many authors have shown that troponin levels can be
increased in burns of significant areas. The increase
in troponin levels usually occurs in patients with
burns affecting >15% of TBSA and during the first
72 hours after injury. In one study, no patients with
burns <20% of TBSA showed the increase in tropo-
nin, despite matched age, weight, and gender charac-
teristics with those whose burn area exceeded 20%
of TBSA. Data from the prospective study that found
correlation between elevated troponin T levels and re-
gional abnormalities of LV wall movement in patients
with the burn area > 20% of TBSA were presented.
None of the patients with identified regional impair-
ment of LV wall movement showed the normal level
of cardiac troponin. It is noteworthy that in experi-
mental studies and in burn injured, the decrease in the
troponin level was revealed after surgical escharoto-
my (surgical excision of an eschar) [15].

The concentration of brain natriuretic peptide and
its precursor (NT-proBNP) in blood plasma reflects
the degree of hemodynamic load on the heart. There
are suggestions that these indicators can be used to as-
sess the prognosis of burned patients in extremely se-
rious conditions. Thus, the level of NT-proBNP close-
ly correlates with the size of the burn area, the degree
of fluid retention, the severity of organ failure, and
mortality rates. In addition, the determination of the
level of brain natriuretic peptide in the blood serum
is considered to be a simple and informative method
for detecting HF in patients with severe burns during
resuscitation procedures in the setting of shock.

Electrocardiography (ECG). On the ECG records, a
decrease in voltage, sinus tachycardia, various rhythm
disturbances (atrial fibrillation and atrial flutter, pre-
mature cardiac beats, supraventricular and ventricular
tachycardia, ventricular fibrillation), conduction dis-
turbances and pathological changes in the initial and
final parts of the ventricular complex can be deter-
mined. There is often an increase in the QT dispersion
with close correlation of this indicator with severity of
the heart damage. Concerning the heart rate variabi-
lity determined by 24-hour Holter ECG monitoring, it
was found that abnormal heart rate variability during
the immediate postburn period is strongly predictive
of death [19, 20]. In burn injury, the inhibition of the
wave structure of the heart rhythm and the total spec-
trum power indicators are observed [21]. S.Y. Joo et
al. [20] revealed a sympathetic predominance during
daytime and a decreased parasympathetic activity
during nighttime in burn injured patients.

Transthoracic and transesophageal echocardiogra-
phy (TEE) has important diagnostic value in severe
patients, since it allows evaluate the myocardial struc-
ture and function, clarify causes of HF. According to
the results of a systematic review regarding the im-
portance of using TEE in 128 burn patients, the main
pathological findings were deterioration of systolic
and diastolic LV function, detection of vegetation on
the heart valves, pulmonary hypertension, pericardi-
al effusion and right ventricular HF. The advantages
of TEE over transthoracic echocardiography are the
possibility of a more accurate assessment of valve
function, myocardial contractility and, perhaps most
important, monitoring the adequacy of acute hemo-
dynamic recovery and preload in the acute phase of
resuscitation. TEE is especially informative in assess-
ing the structure of heart valves to confirm or exclude
IE and its complications, due to the proximity of the
location of the high-frequency ultrasonic transducer
to the heart. Given the susceptibility of burn injured
to local and general infectious complications, IE can
develop in any patient, regardless of the burn area.
Nevertheless, thorough discussion of the indications
for TEE is necessary considering the relative inva-
siveness of the method, the frequent thermal dam-
age to the oral cavity and pharynx, the infrequent but
existing probability of rupture of the esophagus and
the risk of bacteremia.

Coronary angiography is used in patients with a
clinical picture of acute coronary syndrome or acute
myocardial infarction, which, as already noted, can
develop against a background of the burn injury.
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MANAGEMENT

In addition to the appropriate treatment of burn
wounds during a shock period, the burn disease treat-
ment includes the management of pain and patient
exaltation, hypovolemia amelioration, replacement
of the circulating blood volume, hemodynamic stabi-
lization, metabolic disorders correction and infection
control [22].

Procedural pain complicates the patient manage-
ment and leads to the use of aggressive methods to
combat it such as administration of potent opioids,
ketamine, and regional or general anesthesia. Unfor-
tunately, high doses of opioids are associated with
several serious adverse effects such as depressed con-
sciousness and the risk of developing delirium, hypo-
tension, respiratory depression and not infrequently
obstipation. Therefore, there is an obvious need to
reduce the number of doses of opioid administrating
throughout treatment, and at the same time to provide
a tolerable level of pain [23].

It was shown that intravenous infusion of lidocaine
starting with a bolus dose (1 mg/kg) and then in the
form of a continuous infusion (180 mg/hour) is not
accompanied by adverse effects and had a 25% opioid
sparing effect [23].

Given massive volumes of solution transfusions
during this period, it is recommended to provide ino-
tropic myocardial support with dopamine at a dose of
5-10 mg/kg/min. At this dosage dopamine improves
myocardial contractility and increases CO. When
signs of congestive HF appear, the volume of infusion
therapy should be reduced and diuretics should be ad-
ministered.

Detoxification, the infection control and the cor-
rection of homeostasis are the main targets in the
treatment of burn toxemia [22]. It is necessary to con-
duct timely and adequate correction of the acid-base
state and electrolyte imbalance emerging in patients
with severe burn injury. With the development of
life-threatening disorders of cardiac rhythm and con-
duction (ventricular fibrillation, ventricular tachycar-
dia, asystole, electromechanical dissociation, some
forms of supraventricular tachycardia), active antiar-
rhythmic therapy is indicated and emergency resusci-
tation measures are fulfilled.

Non-emergency antiarrhythmic therapy is pre-
scribed in cases where arrhythmia or heart block
do not influence significantly a patient’s condition.
Therefore, in sinus tachycardia, B-blockers (propran-
olol, bisoprolol) or calcium antagonists (verapamil,
diltiazem) are usually used.

For the treatment of hemodynamically relevant si-
nus bradycardia, atropine (0.5-2.0 mg), isoprenaline
(2-20 pg/min by intravenous administration) or pac-
ing are applied.

Extrasystoles usually do not require active antiar-
rhythmic therapy, since the prognosis for this form of
arrhythmia depends entirely on the basic underlying
process and the degree of structural damage of the
heart. Class II and III of antiarrhythmic drugs, oma-
cor are used to terminate extrasystoles of high grades
(coupled, salvos, early) that cause hemodynamic dis-
turbances in people with severe cardiac pathology
(M1, myocarditis, severe LV dysfunction).

With the aim to terminate atrial fibrillation (AF)
or flutter, electric cardioversion (ECV) or antiarrhyth-
mic drugs (propafenone, procainamide, amiodarone
or sotalol) are administered. If it is impossible to ter-
minate AF, digoxin, verapamil or -blockers are used
to control the ventricular rate. Due to the high risk of
thromboembolic complications, the treatment by anti-
coagulants is considered.

Paroxysms of atrioventricular tachycardia are
stopped by vagal tests, intravenous infusion of ade-
nosine triphosphate (10-30 mg), adenosine (6—12 mg)
or verapamil. Transesophageal pacing and ECV are
also effective. Radiofrequency catheter ablation is
considered as a radical way to treat this arrhythmia.

The most effective treatment for acute coronary
syndrome and MI is an urgent percutaneous coronary
intervention with the maximally rapid restoration of
coronary blood flow.

In recent years, the effectiveness of various ap-
proaches to the prevention of myocardial damage and
dysfunction arising from burns has been actively stu-
died. The possibility of using angiotensin-converting
enzyme inhibitors, drugs that modulate ion channels,
anti-inflammatory agents, antioxidants, metabolic
drugs and cardioprotectors, has been considered for
this purpose.

The issue of prescribing propranolol to adult pa-
tients who suffered thermal injury is being actively de-
bated in order to reduce the hypermetabolic response
[24-27]. Propranolol is being successfully used to
block the effects of endogenous catecholamines which
are involved as the first mediators of the hypermeta-
bolic response. In the first stages of the burn injury,
the level of catecholamines in the blood is increased
by 10 times. The hyperdynamic type of circulation,
an increase in the level of basal metabolism and the
catabolism of skeletal muscle proteins taken togeth-
er produce distinctly negative effect on the patient’s
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organism. The effects of propranolol in the burn pa-
tient include a decrease in thermogenesis, terminat-
ing or slowing down tachycardia, a decrease in CO
and energy consumption at rest. The dosage used is
individual for each patient, however, a reduction in
heart rate by 20% causes a decrease in heart load and
fatty infiltration (secondarily to a decrease in periph-
eral lipolysis). It has been shown that propranolol
enhances the intracellular circulation of amino acids,
which leads to a decrease in atrophy of muscle tis-
sue, thereby increasing muscle mass. Carvedilol may
have additional advantages due to its ability to block
a-adrenergic receptors and remove free radicals [6].

The use of ozone therapy is scientifically grounded
for the treatment of thermal lesions. Medical ozone
has bactericidal and analgesic effects. It improves
microcirculation, normalizes immunity and the oxi-
dative-antioxidant state of blood and cells. There is
the evidence that, during ozone therapy of patients
with severe thermal injuries, the functional activity of
the myocardium and CO increase. Moreover, an an-
tiarrhythmic effect is observed, myocardial ischemia
decreases (with an improvement in the processes of
myocardial repolarization on the ECG), hemodyna-
mic parameters improve.

A number of studies have shown that early surgi-
cal intervention (necrotomy, necrectomy, dermabra-
sion with xenoplasty, autodermoplasty), optimization
of the wound process using a culture of fetal human
embryonic fibroblasts, stem cells [28, 29], adequate
transfusion and antibacterial therapy can reduce com-
plications of the burn disease and decrease mortality.

The beneficial effect of listening to music on the
course of a burn disease is shown. Thus, according to
a meta-analysis [30], which covered 17 randomized
controlled trials and 804 patients with burn injury,
listening to music helped alleviate pain, decrease in
anxiety and reduce heart rate.

PROGNOSIS

Although the most obvious consequences of ther-
mal injury are associated with damage of the skin, sys-
temic reactions that occur during burn disease affect
many organs and tissues, including the heart, often
causing an unfavorable outcome at the onset of the
disease and having a negative effect in the long term.
Therefore, according to data provided by J.M. Duke et
al. [31] who compared individuals without a history
of burns, patients with burn injuries over the age of 45
years were 1.46 times more often (95% confidence in-
terval (CI): 1.36—1.56) and almost 3 times longer (95%

CI: 2.60-3.25) were hospitalized due to pathology of
the cardiovascular system. Patients with a history of
burns were more often hospitalized for coronary heart
disease (1.21, 95% CI: 1.07-1.36), HF (2.29, 95% CI:
1.85-2.82), cerebrovascular pathology (1.57, 95% CI:
1.33-1.84), and had higher mortality rates from car-
diovascular diseases (1.11, 95% CI: 1.02—1.20). Simi-
lar data were obtained among pediatric patients under
the age of 15 years who suffered from thermal trauma
[32]. According to L. Knowlin et al. [5] derangements
in cardiac function can last for two years in pediatric
patients post burn.

CONCLUSION

In summary, it should be emphasized that timely di-
agnosis of heart damage in burn disease, treatment and
prevention of its occurrence, including correction of
electrolyte disorders, adequate antibiotic therapy, and
the use of cardiovascular drugs can improve the quality
of treatment and reduce the mortality of such patients.
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