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The purpose of the review is to highlight clinically hidden variants of hormonal dysfunctions in burn disease,
which strongly determine the peculiarities of the course of the pathological condition but are often overlooked
by clinicians. Based on available literary sources, this study provides a comprehensive analysis of specialised
medical reports from both domestic and foreign researchers. The focus of this analysis was on compensatory
and pathological shifts in hormonal regulation of the body in individuals suffering from local heat injury. The
collected scientific data is expected to be useful to practitioners in the field of combustiology in their practical
activities. Damage to the endocrine glands is one of the key pathogenetic factors of local thermal injury, but the
intracellular mechanisms of the influence of burn disease on these processes remain poorly understood. The
criticality of burn injuries often leads to hypodiagnosis of endocrine disorders, which are indeed typical and
rapidly developing. The neuroendocrine response to severe burns is a multisystem coordinated response of the
body, which can not only maintain homeostasis and play a protective role in critical conditions but also cause
tissue damage, realising the properties of a “double-edged sword.” Burns covering more than 40 % of the total
surface area of the body are accompanied by a stress reaction and hyperinflammation with a steady increase in
the secretion of catecholamines, glucocorticoids, and cytokines. Classic studies confirm that a sharp post-burn
increase in stress hormones (adrenaline, norepinephrine, glucagon, and cortisol) contributes to the develop-
ment of hyperglycemia, a systemic catabolic state, and multiple organ dysfunction. It has been established that
the hypothalamic-pituitary axis is responsible for fluctuations in the content of pituitary hormones in the blood
serum of patients with local thermal lesions. After severe burns, the plasma renin-angiotensin-aldosterone sys-
tem is activated, and the level of some hormones increases for more than 2 months after the injury.
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Burns are a serious public health problem, with 11
million cases worldwide each year, resulting in more
than 300,000 deaths [4]. According to the WHO,
burns rank third among other injuries. Invalidation
of victims, depending on the nature of injuries, is
caused in (2.3—49) % of cases [39]. Studies of endo-
crine disorders in patients with burn injuries began
in the early 50s of the last century [48]. Currently,
there is increasing interest in the mechanisms of en-
docrine dysregulation during local thermal injury,
since this system plays a leading role in the develop-
ment of the body’s reverse reaction to burns [31, 32].
Damage to the endocrine glands is one of the key
pathogenetic factors of local thermal injury, but the
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intracellular mechanisms of the effect of burn disease
(BD) on these processes remain poorly understood
[19]. So far, most studies of such disorders have been
conducted on patients with severe burns. However,
modern scientific reports claim that victims of any
age with mild burns also suffer from such dysfunc-
tions [18, 21]. The criticality of burn injuries often
leads to hypodiagnosis of endocrine disorders, which
are indeed typical and rapidly developing [16].

OgjecTIVE — to highlight clinically hidden vari-
ants of dysfunctions of hormonal regulation in BD,
which strongly determine the peculiarities of the
course of the pathological condition but quite often
fall out of the field of view of clinicians.
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During a BD, a reaction is noted on the part of
all body systems, in particular the relationship be-
tween the hypothalamus, pituitary gland, and ad-
renal glands [38, 48, 55]. The neuroendocrine reac-
tion to severe burns is a multisystem coordinated
response of the body, which can not only maintain
homeostasis and play a protective role in critical
conditions but also cause tissue damage, realising
the properties of a «double-edged sword» [36].

In BD, the development of adrenal gland reac-
tions, which are crucial for catabolism and physio-
logical adaptation to various environmental factors,
is undeniably significant [33]. Severe burns cause
excitation of the sympathoadrenal system (the lo-
cus coeruleus) and the adrenal medullary response,
resulting in central emotional reactions (tension
and alertness) and an increase in the level of cat-
echolamines in the peripheral blood [36]. Structural
changes of the adrenal glands and adenohypophysis
depend on the degree of intoxication, when part of
the cells die by apoptosis, necrosis, and autophagy
[25]. Urinary epinephrine and norepinephrine lev-
els after a burn injury initially increase and then
decrease to normal levels approximately 2 months
after the injury [24].

It is known that hormones affect the immune
system. Modern data indicate numerous second-
ary pathologies in burn injury, which are the re-
sult of synergistic dysfunctions in these systems,
and changes in endocrine homeostasis contribute
to long-term suppression of immunity [4]. After
a burn, there is a rapid release of proinflammatory
cytokines, catecholamines, and cortisol, which initi-
ates a hypermetabolic response and a catabolic state
[28]. A recent study of children with severe burns
showed that urinary norepinephrine and cortisol
levels remained significantly elevated even three
years after the burn [4, 28]. Burn injury disrupts
endocrine homeostasis, and this has long-term con-
sequences for immune function. Stress hormones
inhibit the proliferation of lymphocytes, the activ-
ity of CD8 thymocytes, natural killer cells, and acti-
vated macrophages. They also stimulate mast cells,
causing degranulation and the release of histamine,
which promotes the production of T-helper type 2
(Th2) and the interleukin cytokine IL-10, resulting
in further vasodilation. The stress response system
suppresses the T-helper type 1 (Th1) immune re-
sponse (cellular immunity, usually pro-inflamma-
tory) and promotes the Th2 response (humoral
immunity, mostly anti-inflammatory). Growth hor-
mone levels, which decrease after burn, also modu-
late Th1/Th2 responses [4]. Thi-derived proin-
flammatory cytokines transmit their signal through
three major transcription factors that promote the
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phosphorylation of serine residues, thereby impair-
ing insulin receptor function. In this way, a vicious
circle is formed [6].

Metabolic changes after a severe local thermal
injury are similar to those observed in other major
injuries. However, severe burns are characterised
by a more intense and prolonged hypermetabolic
response accompanied by insulin resistance [38, 48,
55]. Patients with severe burns affecting 25—65 %
of their entire body surface experienced an increase
in energy expenditure at rest from the 1st to the
30th day. This increase was correlated with hor-
monal changes [57]:

increase in the levels of cortisol, renin, and insulin;

decrease in the level of thyroid hormones;

«low triiodothyronine» syndrome;

the absence of significant changes in sex hormones.

A severe burn injury is accompanied by a deep
hypermetabolic reaction that persists up to 2 years
after the injury. This is mediated by a 50-fold in-
crease in the level of catecholamines, cortisol, and
glucagon in the blood plasma, which causes [59]:

hypercatabolism throughout the body;

increased resting energy expenditure;

multiple-organ dysfunction.

The hypermetabolic state after a burn injury per-
sists up to 36 months after the initial stroke. Stress
hormones such as catecholamines, glucocorticoids,
and glucagon increase peripheral insulin resistance,
glycogen breakdown, and the synthesis of acute-
phase proteins (insulin-like growth factor IGF-1,
which has an anabolic effect), which ultimately
leads to a catabolic state associated with organ dys-
function and death [8, 27, 28, 51]. An excess of cat-
echolamines can suppress the secretion of prolactin,
thyroxine, and growth hormone [36]. Bone and
mineral metabolism is profoundly disturbed and
requires correction of mineral ions (calcium, mag-
nesium, and phosphate) to prevent bone loss and
other disorders [16].

Dysregulation of the adenohypophysis causes
long-term complications of BD and exhaustion of
the adrenal glands, a possible path to the develop-
ment of secondary hormonal insufficiency and dam-
age to thymus cells [29, 62], which develops within
a few days after thermal damage to the skin and is
a prerequisite for the development of immunodefi-
ciency [47]. Intracellular DNA damage of adeno-
hypophysis and adrenal gland cells develops in the
first days after thermal damage and is accompanied
by increased apoptosis [19], which in many patho-
logical conditions (including BD) is a mechanism
of cell population renewal [20, 43]. If synthetic
processes in the adenohypophysis at the subcellular
level significantly decrease from the first day and
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then constantly increase, reaching peak values after
21 days, then the phenomenon of apoptosis reaches
a maximum after 14 days [19].

Cell damage is more pronounced in the cells of
the adrenal glands compared to the adenohypophy-
sis. Local thermal trauma impairs the functions of
the adrenal cortical layer, even when the exposure is
short-term. This is manifested by the hyperactivity
of the adrenal cortical substance, which is charac-
terised by increased intracellular synthesis and cell
apoptosis, both of which contribute to the func-
tional exhaustion of the adrenal glands [19]. In an
animal model with skin burns, the cortical layer had
significant ultrastructural damage observed mainly
in the glomerular and fascicular zones. Nuclear cor-
ticocytic damage was noted as a result of:

the growth of heterochromatin in the karyoplasms;

the expansion of the perinuclear space;

the formation of intussusceptions of the karyo-

lemma;

a decrease in the number of nuclear pores.

The cytoplasm of cells was characterised by a low
electron density of lipid inclusions with cellular re-
modelling, a decrease in secretory activity, and regu-
latory capacity [33]. Burns are complex injuries that
cause a stress response and lead to an increase in
blood glucose levels [29]. Burns covering more than
40 % of the total body surface area (TBSA) are ac-
companied by a stress reaction and hyperinflamma-
tion with a persistent increase in the secretion of cate-
cholamines, glucocorticoids, and cytokines [8, 24, 41].

Increased levels of epinephrine, norepinephrine,
dopamine, and cortisol are also associated with
increased hepatic gluconeogenesis and decreased
insulin-mediated glucose uptake by skeletal muscle
and adipose tissue. These phenomena can lead to an
increase in the level of glucose in the blood in com-
bination with a normal or increased concentration
of insulin in the blood serum, forming a clinical con-
dition that is usually defined as insulin resistance
[24]. Hyperglycemia and hyperinsulinemia peaked
7—14 days after the injury. Oral glucose tolerance
and insulin resistance tests further support these
findings for moderate (20 % to 40 % TBSA) and se-
vere burns (over 40 % TBSA) [55].

Classic studies confirm that a sharp post-burn
increase in stress hormones (adrenaline, norepi-
nephrine, glucagon, and cortisol) contributes to
the development of hyperglycemia, a systemic cata-
bolic state, and multiple organ dysfunction [6]. Re-
gardless of its proximal trigger in burn pathology,
peripheral insulin resistance results from impaired
receptor signalling for accurate transduction of
the hormonal message, resulting in hyperglycemia
and catabolism. An increase in the level of stress
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hormones and pro-inflammatory cytokines, togeth-
er with the spread of free radicals obtained from mi-
tochondria, leads to a violation of insulin receptors,
which counteracts its anabolic effect [6].

Burns are associated with a higher prevalence of
complications, mortality, and hospitalisation out-
comes in patients with concomitant diabetes mellitus
(DM). In addition, morbidity and mortality are asso-
ciated with diabetes in burn patients [61]. Critically
ill patients with hyperglycemia without a previous
diagnosis of diabetes face worse outcomes than pa-
tients with preexisting DM. A growing body of evi-
dence suggests that insulin resistance and hypergly-
cemia worsen outcomes in burn patients with acute
and transient clinical illnesses [12, 40, 46]. Popula-
tion studies have shown that children and adults with
mild and severe burns show an increased susceptibil-
ity to dysregulation of glucose metabolism and exac-
erbation of diabetes. Burn patients may suffer from
impaired glucose metabolism and insulin resistance
for at least three years after injury [27, 28] and are
therefore at risk for premorbid diabetic pathophysiol-
ogy [6, 18]. The burn cohort had 2.21 times more DM
readmissions compared to the non-injured cohort.
This increase was comparable between the paediatric
and adult patient cohorts and remained at a high level
for 5 years after the burn [4, 18].

DM can develop directly as a result of an un-
regulated stress response to a burn. The released
adrenaline prevents the release of insulin and, si-
multaneously, with cortisone, promotes glycogenol-
ysis in the liver. Growth hormone is released dur-
ing stress and also counteracts the action of insulin.
Prolonged hypersecretion of these hormones in re-
sponse to a burn can lead to DM. As a result, if the
patient does not have DM before, post-burn blood
glucose must be carefully adjusted with insulin to
prevent the development of DM [49].

In case of burn sepsis, there is a progressive in-
crease in insulin resistance and a decrease in thy-
roid hormones and parathormones. Hyperglycemia
without preexisting DM over 11 mmol /L (untreat-
ed) or insulin resistance causes a 25 % increase in
insulin requirements [53].

Hyperglycemia occurs as a result of enhanced
glucose synthesis, increased glucose delivery to in-
flamed tissues, and the development of peripheral
insulin resistance or reduced glucose clearance [37,
58]. The effect of insulin resistance on glucose me-
tabolism is manifested in two main ways [6, 59]:

unsuppressed gluconeogenesis in the liver;

impaired peripheral utilisation of glucose by skel-
etal muscles and adipose tissue.

An increase in the level of glucose in the plasma
leads to a noticeable stimulation of catabolism.
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Reduced effectiveness of insulin as an anabolic agent
of muscle protein promotes sustained protein catab-
olism and whole-body proteolysis. A burn that cov-
ers more than 40 % of the TBSA can lead to a period
of increased hypercatabolism and changes in insulin
sensitivity that can persist for up to 3 years [54].
Catecholamine levels can increase up to 10-fold af-
ter burns and are thought to contribute to the initial
stages of the hypermetabolic response. Mechanisti-
cally, catecholamines exert their effects by binding
to a,, a,, B;, and B, receptors, causing hypergly-
cemia and muscle catabolism. The maximum rise
of catecholamines was long-lasting (11—20 days)
and did not reflect changes in cortisol production
[2, 6, 41]. Cortisol is a well-known stress hormone
capable of contributing to hyperglycemia by mobil-
ising energy stores. The hyperglycemic response is
more intense and exacerbated when cortisol levels
rise simultaneously with other counterregulatory
hormones, such as catecholamines [22]. Hypercor-
tisolemia after a severe burn injury is immediate,
long-lasting, and directly related to the severity of
the burn. Cortisol reduces peripheral glucose up-
take by inhibiting insulin signalling [6, 34].

While insulin has the opposite effect, hyperglyce-
mia itself can amplify the inflammatory response. The
liver begins to produce pro-inflammatory cytokines.
Hyperglycemia caused by insulin resistance induces
the expression of pro-inflammatory cytokines, mainly
in the form of mitochondrial reactive oxygen species.
Each ingredient can individually increase insulin re-
sistance and, as a result, hyperglycemia [3, 6].

Under large burns, adrenocorticotropic hormone
(ACTH) is often produced in excess relative to the
cortisol response, and «ACTH — adrenal» feedback
may be impaired. A very high positive correlation
between plasma vasopressin and ACTH levels was
determined. Osmostimulants can cause stimulation
of ACTH and cortisol secretion in burn patients.
The release of cytokines can inhibit the synthesis of
ACTH. During the long recovery phase after severe
burns, a dissociation was determined between high
plasma concentrations of mineralocorticoids and
low levels of ACTH, which indicates that ACTH
does not mediate the regulation mechanisms of the
adrenal cortex [48]. Additional circulating cyto-
kines can suppress the synthesis and secretion of
ACTH. Endothelin-1 and atrial natriuretic peptide
levels rise with ACTH suppression [41]. The normal
circadian rhythm of serum cortisol is lost after a se-
vere burn, so urinary cortisol is considered a more
accurate indicator of total daily cortisol production
[41]. The total 24-hour level of cortisol in the urine
increases in the initial post-burn phase by 4—6
times. The level then declines over time, returning
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to the normal range 3—36 months after injury [24,
41]. The more severe the burn, the greater the dys-
function: one study found that children with burns
over 80 % TBSA had higher resting energy expen-
diture and urinary cortisol levels than patients
with lesser burns [27, 28]. Males had significantly
greater increases in urinary cortisol levels that per-
sisted approximately 40 days postburn compared
to females, and declines to the normal range were
similar for both groups approximately 3 months af-
ter the initial injury. No correlation was found be-
tween hypercortisolemia, normocortisolemia, and
mortality or burn area at any time point [41]. As
recombinant hypophysial growth hormone (thGH)
stimulates protein synthesis, it is frequently admin-
istered to burn wounds with more than 40 % TBSA,
where protein synthesis is reduced and proteolysis
is elevated. However, the use of thGH is associated
with an increased risk of hyperglycemia [7]. Higher
levels of ACTH and cortisone were found among
men after a stressful situation, which correlates
with lower testosterone levels. The inhibitory effect
of progesterone on the action of growth hormone in
women has been confirmed [38].

Acute post-burn pancreatitis is an easily over-
looked complication that occurs more often in pa-
tients with inhalation injuries and deep burns. Pan-
creatitis develops 3—4 weeks after an infected burn.
One of the reasons for its development is ischemia of
the pancreas as a result of hypovolemia after a large
burn. According to this theory, acute pancreatitis
should develop soon after a burn injury. Ischemia of
the pancreas can provoke its cellular damage, and
bacteremia due to burn sepsis can cause infectious
damage to the compromised pancreas [44]. Proen-
zymes are activated during acute pancreatitis, re-
sulting in the necrosis of autodigestive tissue. This
necrosis is classified as mild or oedematous and
severe or necrotic, ranging from oedematous and
indurative to haemorrhagic and necrotic. Oedema
is more pronounced in fibrous and fatty tissues. Pa-
renchymal haemorrhages, acinar destruction and fat
necrosis, dilation of ducts containing detritus, and
thrombi in capillaries and vessels indicate active
inflammation. Amylase and lipase levels increased
in 40 % of patients with burns, and symptoms of
pancreatitis were observed in 82 % of patients with
TBSA over 20 % [14].

A thyroid crisis is an exacerbation of hyperthy-
roidism, which leads to serious systemic disorders
and can end fatally. The combination of hyperthy-
roidism and burn injury raises the question of the
need for urgent optimisation of hyperthyroid status
before surgery and constant monitoring in the in-
tensive care unit [52].
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The thyroid gland in BD becomes a highly sensi-
tive target organ among the mechanisms of neurohu-
moral regulation, which is documented by significant
changes in the activity of its hormones. Changes in
the structure and functional thyroid activity usually
occur against the background of hypovolemia [31,
32, 60]. It has been proven that under BD, the or-
ganometric dimensions of the thyroid gland decrease
compared to the initial ones, which, accordingly, in-
dicates suppression of hormonal activity [42]. In an
experiment on an animal model of a thermal burn in
the acute period (up to the 7th day), it was proven
that there were initial and adaptive-compensatory
destructive changes in the histological structure of
the wall of the vessels of the thyroid gland:

thickening of the walls of arteries and arterioles;

a certain expansion and filling of veins;

the sludge phenomenon of erythrocytes in the

microcirculatory channel.

In late toxaemia and septicotoxaemia (from the
14th to the 21st day), changes in blood vessels
manifested destructive, degenerative, and sclerotic
signs [31]. Trophic disturbance is manifested by the
destruction of the follicles and stroma of the organ.
There is a deep degeneration of thyrocytes with
their necrosis and desquamation into the lumen of
the follicle with dense colloid and DNA fragmenta-
tion (apoptosis) [56]. Damage to nuclear, plasma,
and intracellular membranes, a decrease in the num-
ber of microvilli, and an increase in the number of
phagosomes ultrastructurally reflect a decrease in
the secretory activity of endocrinocytes and a hypo-
functional state of the organ [39]. Histopathological
examination of the thyroid gland in patients with
fatal burns demonstrated morphologic changes in
the thyroid gland as a result of the burn-induced
hypermetabolic state, indicating a high likelihood
of hypothyroidism among severely burned patients
[11]. Distinct histopathological changes were ob-
served in most specimens, including:

mononuclear cell infiltration (65.62 %);

distortion of follicular architecture (59.37 %);

thyroglobulin accumulation (21.87 %);

depletion of thyroid follicles (17.18 %).

Infiltration by mononuclear cells and follicular ar-
chitecture distortion increased as the TBSA exceed-
ed 50 % and the duration of survival extended [11].
Metabolic damage causes histopathological changes
in the thyroid gland after severe burns. These chang-
es predominantly manifest as distortion of the fol-
licular architecture and infiltration of mononuclear
cells, with the latter being a consequence of the in-
flammatory response after the burn [11].

A decrease in the concentration of triiodothyro-
nine (T3) is observed in the blood plasma of burn
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patients during the first few days after the injury
[11]. Serum levels of thyroid-stimulating hormone
are increased in the late stages of BD [48]. The level
of free triilodothyronine does not indicate functional
hypothyroidism but may reflect adaptation to the
metabolic control of the sympathetic nervous system
[48]. Elevated thyroid-stimulating hormone and
areduced level of free thyroxine (T4) correspond to
hypothyroidism. Establishing the diagnosis depends
on the patient’s presence of such characteristic signs
as hypothermia, changes in mental status, labora-
tory data characteristic of hypothyroidism, and the
exclusion of other causes [5, 11, 18].

Myxedema coma (MC) is a rare and life-threat-
ening disease that should be recognised early to pre-
vent morbidity and mortality. Patients with a his-
tory of endocrine disorders, especially those who do
not take medication, are at high risk for endocrine
complications from local thermal injury. The diag-
nosis is reliable when the patient is in a comatose
state, especially with a known history of hypothy-
roidism, and has one of the symptoms of the MC tri-
ad: hypothermia, hyponatremia, and hypercapnia.
On the basis of the clinical picture and an increase
in the level of thyroid-stimulating hormone, a diag-
nosis of MC can be made [16, 26].

Carboxyhaemoglobin causes damage to the su-
praoptic nucleus, leading to decreased antidiuretic
hormone (vasopressin) secretion. There is another
combustion product, such as cyanide, that plays
a role in this process [9]. Severe burns stimulate
the posterior pituitary gland to release antidiuretic
hormone, which promotes water reabsorption in
the renal collecting duct and distal tubule to main-
tain sufficient circulation. At the same time, the
hypothalamus-pituitary-adrenal axis is activated,
stimulating the adrenal glands to synthesise and
secrete glucocorticoids, allowing the body to adapt
to post-traumatic inflammatory reactions and local
and systemic oedema. Patients in the late stages of
severe sepsis as well as those who died from severe
burns due to exhaustion of the hypothalamic-pi-
tuitary system often have a significant decrease in
the aforementioned hormone levels. After severe
burns, the plasma renin-angiotensin-aldosterone
system (RAAS) is activated, and the level of some
of these hormones increases for more than 2 months
after the injury [36]. The level of antidiuretic hor-
mone (vasopressin) increases significantly in the
shock stage of BD and can return to a normal level
4—5 days after the injury. Extremely elevated lev-
els of vasopressin in the plasma contribute to vas-
cular complications, increased systemic vascular
resistance, and decreased contractility of the myo-
cardium and cardiac output [48]. The endocrine
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response is characterised by significant changes in
several points of the hypothalamic-pituitary-hor-
monal axis. The reaction of the anterior lobe of the
pituitary gland is biphasic [16, 48]:

in the acute phase, low levels of effector hor-
mones caused by target organ resistance are ob-
served; these changes can persist for a long time;

in the long-term phase, low levels of target or-
gan hormones may occur as a result of hypothala-
mus suppression.

After a burn injury, hormonal regulation of me-
tabolism occurs in two «ebb» and «flow» phases,
which are described as an initial decrease and sub-
sequent increase in metabolic activity:

the «ebb» phase (hypometabolic response),
which lasts ~72—96 hours, is characterised by a de-
crease in cardiac output, oxygen consumption, and
metabolic rate; glucose tolerance is broken, and gly-
cemia begins to rise;

the «flow» phase is characterised by a gradual
increase in metabolism, associated with hyperdy-
namic blood circulation and insulin resistance; in
response to the glucose load, the release of insulin
increases, and the level of glucose in the plasma
rises markedly.

The hypermetabolic response (the «flow» phase)
can last more than 12 months after the initial event
and does not fully resolve after wound closure.
Modern studies have proven the impact of the hy-
pothalamic-pituitary axis in local thermal lesions on
fluctuations in the content of pituitary hormones
in blood serum [3, 27, 48]. Stimulation of this axis
may be partly related to the internal cooling of the
patient, which leads to increased resting energy ex-
penditure under the influence of catecholamines to
restore normal body temperature [41]. Angiotensin
IT receptor blockade increased insulin sensitivity in
an animal model of BD [36].

In this context, proinflammatory cytokines and
high levels of stress-induced hormones such as glu-
cagon, cortisol, and catecholamines may play an
important role in maintaining a catabolic state. The
activity of thyroid hormones is not important for de-
termining the degree of catabolism in BD. Exhaus-
tion can lead to a permanent decrease in thyroid
function, producing clinical signs of euthyroid dis-
ease syndrome (EDS) [3, 23]. EDS is a clinical con-
dition characterised by low serum levels of free triio-
dothyronine (fT3) with characteristic elevations of:

reverse triiodothyronine T3 (rT3);

free thyroxine (fT4) — from normal to low levels;

thyroid-stimulating hormone (TSH).

Such changes in thyroid hormones have been
interpreted as an adaptive compensatory re-
sponse to reduced energy expenditure due to
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hyperstimulation of the sympathetic nervous sys-
tem or, alternatively, as insufficient neuroendocrine
adaptation to stress, leading to an adverse effect on
clinical outcome. This condition has been proposed
as a prognostic factor for worse outcomes in criti-
cally ill patients, whereas definitive data on burns
are lacking [23, 45].

The concentration of follicle-stimulating hor-
mone, secreted by the anterior pituitary gland, was
low on the second day after the burn. This hormone
is considered a very sensitive marker of local ther-
mal injury in both male and female patients. Low
follicle-stimulating hormone levels can persist for
many weeks after a major burn and correlate with
very low testosterone levels in men. If a burn injury
occurs in a woman during the preovulatory phase of
the menstrual cycle, it disrupts the endocrine bal-
ance and ovulation [48].

An increase in the level of luteinizing hormone oc-
curs during the first 48 hours, which significantly de-
creases from 14 to 30 days after the burn, returning to
its normal value. The level of gonadotropin decreases
significantly and still remains subnormal on the 30th
day in patients with TBSA over 30 % [48].

Serum prolactin levels often increase after a burn
injury. Its positive correlation with over 20 % TBSA
was determined. It is known that prolactin is more
sensitive to stressful stimuli than other hormones.
Also, prolactin counteracts the immunosuppressive
effect of cortisol, which becomes important in the
late post-burn period. Thus, an increase in the level
of prolactin after a burn injury can increase the pa-
tient’s resistance to infection [48].

An increase in serum progesterone levels up to
2 years after the burn indicates a long-term hormon-
al imbalance in these patients [4, 27, 28]. Progester-
one increases in patients long after the initial heal-
ing process and has an immunosuppressive effect,
reducing the activity of macrophages and T-Kkillers
but promoting a type 2 (Th2) immune response [1].

Other hormonal changes occurring after burn in
paediatric studies included significant decreases in
serum osteocalcin, parathyroid, growth factor, in-
sulin, protein-3 (BP3), binding insulin-like growth
factor (IGF), and somatotropin that persisted for
3 years [4, 27, 28].

Burn wound healing is slower in men compared to
women [50], and this gender difference suggests that
sex hormones may play an important role in wound
healing. Androgens exert inflammatory properties
by mediating the expression of various cytokines.
Furthermore, androgens prolong inflammation dur-
ing wound healing by promoting both local expres-
sion of pro-inflammatory cytokines, such as TNF-a.
and IL-6, and wound infiltration by inflammatory
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cells. A significant reduction in circulating potent
androgens reduces inflammation by preventing ex-
cessive infiltration of immune cells and the produc-
tion of key pro-inflammatory cytokines, highlighting
the negative role of androgens as natural inhibitors
of wound healing that delay the proliferative phase.
At the moment, the role of safe androgens in wound
healing after severe burns is not well understood, so
further research is needed [10, 35, 50].

Some of the hormones are very sensitive indica-
tors of burn stress:

- T3 levels (very low);

- testosterone in men (very low);

- angiotensin II;

- cortisol (high);

- 17-B-estradiol in men (usually elevated).

Other hormones are usually elevated, but not
always (ACTH, aldosterone, prolactin, glucagon,
immunoreactive insulin, B-endorphin), but there
are hormones whose levels are unusually low (an-
drostenedione, progesterone — the latter especially
in women); sometimes elevated calcitonin, parathy-
roid hormone, and growth hormone. Levels of sensi-
tive indicators of burn stress can be used to assess
the effect of the treatment. If the burn patient is
properly treated, the indicators may return to nor-
mal earlier [17].

Diabetes insipidus is a rare complication of burn
injuries due to the destruction of neurons involved
in the secretion of antidiuretic hormone (vasopres-
sin) by the pituitary gland. In the literature, there
are only 8 cases of diabetes insipidus in burns, which
occurred in younger patients with a TBSA of more
than 30 % [15, 30]. Diabetes insipidus is an endocrine
disease characterised by excessive urination and poly-
dipsia due to either insufficient release of antidiuretic
hormone or resistance to antidiuretic hormone (va-
sopressin) in the renal collecting tubules [13]. Mani-
fested by polyuria and urine osmolality less than 300
mosml/L, this increases plasma osmolality over 300
mosml/L, which slightly increases thirst. There are
no obvious signs of dehydration if fluid intake has not
been disturbed. When the volume of urine increases,
the possibility of developing diabetes insipidus should
be suspected after determining the level of glucose in
the urine [15, 30].

Based on available literary sources, this study
provides a comprehensive analysis of specialised
medical reports from both domestic and foreign re-
searchers. The focus of this analysis was on compen-
satory and pathological shifts in hormonal regula-
tion of the body in individuals suffering from local
heat injury. The collected scientific data is expected
to be useful to practitioners in the field of combusti-
ology in their practical activities.
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EHIOKPHHHI pO3/Iai1 IPU OIIiKOBiM XBOPOOiI.
Orag jiireparypu
0. B. Kpaseup, B. B. €xanos, B. B. Topoynnos

JlHINpOBCHKUIT Iep:KaBHIN METUYHUIA YHIBEPCUTET

BHCBiTIEHO KIIHIYHO NPUXOBAHI BAPiaHTH JUCQYHKIIIM FTOPMOHAIBHOI PETY/IALLi IIPU OMIKOBil XBOPOO6i, AKi
BU3HAYAIOTb OCOOIMBOCTI 1i niepebiry, aj1e 4acTo HE BPAXOBYIOTBC KIHIIMCTAMU. [IpOaHaIiz0BaHO JOCTYIIHI
JIITEpATYpHi JuKepesa. [TpoBeeHO y3aranbHEHHS ITOBiIOMIECHD BITUM3HAHUX T4 3APYyODKHUX JTOCIJHHUKIB OO
KOMIIEHCATOPHMX i ITATOJIOT YHMX 3MiH FTOPMOHAIBHOI PETY/IAL OPIaHi3MY B HAIIIEHTIB i3 IOKA/IbHOO TEIVIOBOIO
TpaBMOIO. CIIOAiBAEMOCH, 11O HABEJEHI [JAHi CTAHYTb Yy IPUTO/i JIKAPAM-KOMOYCTIiONOIaM B iXHil ITPAKTHYHIN
JIsUIBHOCTL. YPaK€HHA €HAOKPUHHUX 347103 — OJMH i3 KIIOYOBUX IATOICHETUYHHX YUHHUKIB JIOKAIBHOL
TEPMiYHOI TPABMH, AJI€ BHYTPITHbOKIITUHHI MEXAHi3MH BILIMBY OIIiIKOBOI XBOPOOH H4 I1i POLIECH HEJOCTATHHO
BUBYEHO. KPUTHUYHICTD OIMIKOBUX YIIKO/PKEHD YACTO IIPU3BOAUTD JIO IIIOAiarHOCTUKY EHAOKPUHHUX IIOPYIIEHD,
AKi € TUIIOBUMH T4 MBUJIKO PO3BUBAIOTHCA. HEMPOEHTOKPHUHHA PEAKILiA HA TKKI OIIKA — 1€ 6araTOCUCTEMHA
CKOOP/IMHOBAHA BiJJIIOBi/Ib OPI'aHi3My, IKd MO’KE HE JIMIIE IiTPUMYBATH I'OMEOCTA3 T4 BilirpaBaTH 3aXUCHY
POJIb Y KPUTUYHUX YMOBAX, 4 M CIIPUYUHATU TKAHUHHI ITOIMIKO/PKEHHS, PEATiI3YIOUU BJIACTUBOCTI «IBOCIYHOIO
Me4da». OHiKY, 00 OXOIUIOIOTE MOHAA 40 % 3arajbHOI IUIONII IIOBEPXHI T, CYIIPOBOKYIOTBCS CTPECOBOIO
PEAKIII€IO TA TINEP3ANAIEHHAM 3i CTIMKUM IMiIBUILEHHAM CEKPELlii KATEXOJIAMiHIB, ITTIOKOKOPTUKOI/IB i IIUTO-
KiHiB. KimacnuHi AOCTPKEHHA HiATBEP/PKYIOTD, IO Pi3Ke ITiC/IAONIKOBE IiJBUIIIEHHA TOPMOHIB CTpeECy (aape-
HAJIiHy, HOPaAPEHJIiHY, ITIIOKAIOHY Td KOPTU30/1y) IIPHU3BOJUTD /10 PO3BUTKY TillepIVIiKEMii, CHCTEMHOI'O KaTd-
OOMYHOIO CTAHY T4 MOJIOPraHHOI JUCHYHKILiL JJOBEAEHO POJIb IIOTAIaMO-TioMi3apHOi BiCi NP JIOKAIbHUX
TEPMIUYHMX yPAKEHHAX. ITpO 1€ CBiYaTh 3MiHM BMICTY rinodizapHUX TOPMOHIB y CUPOBATILi KPOBI. ITiC/1 TsK-
KHX OMNiKiB aKTUBYETHCA IJIA3MOBA PEHiH-aHIIOTEH3UH-AIbJOCTEPOHOBA CUCTEMA, i PiBEHD JIEIKMX I'OPMOHIB
HiBUITYETHCS IIPOTAIOM OUIbLIE 2 MiC i/ TPABMH.

KJiIro4oBi cJ10Ba: TOPMOH, €HAOKPUHHE MOPYIIEHHS, 3aITaJICHHS, KaTa60J1i3M, OMHIK.
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