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Kidney damage in burn disease.
Part 1. Pathomorphophysiology
(literature review)

Abstract. Acute kidney injury (AKT) is a common complication in crfically il burm patients and is assoclafed
with sefious adverse oufcomes, including increased length of hospifal stay. development of chronic kidney
disease, andincreased risk of mortality. The incidence of AKI among bum patients In the intensive care units
is 38 (30-445) %. A high percenfage of the fofal bum swfoce area and a number of individual predisposing
factors are consideredfo be the leading risk factors for AKL. Pathophysiologicoland morphological changes
in the body under the combination of bum disease and kidney damage have cerfain discrepancies with
the classical course of the pathological process in some nosological forms. Despite significant progress in
the fechnologles of fiuid resuscitafion, infensive care and renal replocement therapy in recent years, the
morbidify and morfalify rate in such patients remain quite significant. A beffer undersfanding of clinical
characteristics, early detecfion and prevention of risk foctors for kidney damage In bumns, as well as fimely
medical infervention can effecfively reduce morbidify and progression of the pathological process, and
also opfimize the prognosis in the long run.
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A burn is not only a regional, but also a systemic injury
significantly affecting the entire body, especially with an in-
crease in the surface area and depth of the burn [1]. Acute
kidney injury (AKI) is a common complication in critically
ill burn patients admitted to the intensive care unit (ICU)
and is associated with serious adverse outcomes, including
increased length of hospital stay, development of chronic
kidney disease (CKD), and increased mortality risk with
burns of 9—50 % of the skin surface [2—6]. Electric burns
are deeper and their area does not correspond to the severity
of the injury [7—9]. The AKI incidence after burns varies
widely in the literature [10], being 4.64 % in all hospitalized
patients and 20.73 % in those with burns of more than 20 %
total body surface area (TBSA) [11]. Lesions of no more
than 40 % TBSA mostly lead to the development of stage 1
AKI, while patients with large burns, over 40 % TBSA, may
develop severe forms [8, 12]. The frequency of AKI deve-
lopment among burn patients in the ICU is 38 (30—46) %
[8, 11—17]. Although the morbidity in patients with mild,

moderate, and severe AKI doesn’t differ much, the morta-
lity is significantly higher compared to those without AKI
and increases significantly with the increasing severity of the
pathological condition [3, 12, 14, 18, 19]. Even those vic-
tims who are admitted to the specialized burn centers have
a mortality rate of 3—8 %, and 75 % of these deaths occur
within 72 hours of hospitalization [20]. The relationship be-
tween AKI and 30-day mortality in the ICU was specified
[21—-23]. In this study cohort, AKI was independently asso-
ciated with high 28- and 90-day mortality. Thus, in patients
with severe burns, renal dysfunction serves as an additional
predictor of a significant risk of mortality [2, 13, 18, 24].
Historically, AKI has had little effect on the fatal outcome
in the burn population. Most studies report a mortality of
B0—83 % and the earliest report demonstrated a 100% mor-
tality [6, 8, 12]. Since the 1950s, the AKI incidence in burn
patients has ranged from 1 to 40 %. Different criteria for de-
tecting AKI provide an explanation for this wide range of
incidence and hinder research efforts to accurately define
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or classify patients with AKI. Burn patients are often not
considered ones with renal dysfunction until they require
renal replacement therapy (RRT) [12, 19]. Approximately
12—50 % of these patients received RRT, but the mortality
rate remained high [12, 14, 18, 19]; the main cause of mor-
tality in burn medicine is sepsis — 50—60 % [20].

Male gender [2] and older age (over 60 years) [2, 5, 10,
13, 20, 24—28] are risk factors for the development of AKI
in burn patients. Comorbidities (hypertension and diabe-
tes), which can be exacerbated by the response to catecho-
lamines and endocrine dysfunction, affect the body’s abi-
lity to resist pathophysiological damage, which increases
the incidence of AKI and mortality [2, 5, 13, 18, 20, 25,
27, 28]. Respiratory dysfunction negatively affects kidney
function due to a decrease in oxygenation [3]. The presence
of inhalation trauma (including poisoning by combustion
products) is a significant prognostic indicator of mortality
in burn patients with AKI syndrome [4—6, 13, 18, 20, 26].
During the initial hospitalization, AKI in combustiology
was associated with an increase in lung failure, mechanical
ventilation, pneumonia, myocardial infarction, length of
hospital stay, cost of treatment, and mortality [11, 13, 25].
Mechanical ventilation is also a risk factor for the develop-
ment of AKI in burn patients [5, 13, 18, 25]. Reduction
in cardiac output, caused by mechanical ventilation due
to the continuous regime of positive pressure in the respi-
ratory system, changes the renal blood flow [3]. Another
important factor is cardiac dysfunction [8, 12] caused by
atherosclerosis [28], existing coronary disease, congestive
heart failure [2, 8, 13]. including hemodynamic changes
[6] and hypovolemic shock of early burns [2, 8]. Kidney
hypoperfusion is accompanied by a consistent decrease in
glomerular filtration rate (GFR), and secondary hypoxia
leads to irreversible ischemia and tubular necrosis, whose
pathophysiological mechanisms are triggered by ischemia
or nephrotoxins [8]. Renal hypoperfusion in burns can be
caused by intra-abdominal hypertension (abdominal com-
partment syndrome), which in 82.6 % is caused by exces-
sive fluid resuscitation [2, 8, 10, 13, 21], and the frequency
of early AKI increases to 69.9 % [19, 21, 24, 27, 29].

The key triggers contributing to the development of
AKI in patients with burns are nephrotoxic drugs, amino-
glycosides and some cephalosporins, the use of high doses
of methotrexate, glycopeptides, hydroxocobalamin, vaso-
pressors [6, 10, 21, 30], acute or chronic intoxication with
alcohol, barbiturates, chlorpromazine, toluene and other
solvents [3]. Some of the common drugs used to treat AKI
can have negative side effects. [t was found that furosemide,
depending on the dose, increases the nephrotoxicity of cer-
tain drugs and provokes oxidant stress in patients with sep-
ticotoxemia [18]. Excessive fluid resuscitation, especially
with large doses of ascorbic acid (the lethal synthesis is the
formation of nephrotoxic oxalic acid) and blood products,
is associated with a greater likelihood of AKI. Additional
risk factors are gunshot injury and surgical intervention
(including tracheotomy) [3, 13, 18], and also increased
preoperative neutrophil-to-lymphocyte ratio, metabolic
acidosis, significant water-electrolyte disorders, apopto-
sis, hemolysis, rhabdomyolysis, hepatic and multiple organ

failure — multiple organ dysfunction syndrome (MODS), a
history of chronic inflaimmatory and renal diseases, cathe-
ter-associated urinary tract infection, primary increase in
the level of nitrogen impurities [2, 5,6, 8, 13, 18, 26, 28, 31].

A high percentage of TBSA, a high Abbreviated Burn
Severity Index, high scores on Acute Physiology and
Chronic Health Assessment Il and Sequential Organ Fai-
lure Assessment (SOFA) are considered to be the leading
risk factors for AKI [2, 5, 13, 18, 25, 30]. Stage 1 AKI
predominantly develops in patients with burn of less than
40 % TBSA, while more severe AKI occurs in patients with
extensive burn injuries (over 40 % TBSA). AKI is asso-
ciated with combustiological mortality under TBSA of no
more than 40 % [12]. Any degree of AKI is independently
associated with in-hospital mortality even for small burns
(no more than 10 % TBSA), but only severe AKI corre-
lates with mortality in medium-sized burns (10—40 %).
AKI is independently associated with a three-fold risk of
in-hospital mortality in patients with major burns (over
40 % TBSA) |2, 5, 10, 12, 25]. AKI is also independently
associated with an increased length of hospital stay [8, 12,
18, 30]. Burn-induced AKI leads to a significant increase
in treatment costs, especially those associated with the
use of RRT [13]. The frequency of re-hospitalization of
burn patients with AKI 30 days after discharge for outpa-
tient treatment is 29.93 vs. 11.51 % in people without AKI
[11]. Mortality increases when long-term RRT is required.
Among individuals with burns and AKI, a 1-year mortality
was 36.10 % for all patients and 63.07 % in burns over 20 %
TBSA compared to 3.16 and 20.00 %, respectively, for pa-
tients without AKI.

A recent single-center study showed a mortality rate of
up to 81.5 % in a population of burn patients treated with
RRT for 7 years [11, 27). The severity of AKI and the use
of RRT were associated with a negative prognosis. A higher
risk of mortality was observed in patients with stages 2 and 3
AKI [8]. Improvements in the treatment of acute burns may
have contributed to a decrease in mortality in recent years
[10], but the problem of multiple organ failure remains re-
levant, since acute renal failure is the most common cause of
death after severe thermal injury [32].

Burn disease (BD) is a set of clinical symptoms of ge-
neral pathological reactions of the body due to thermal
damage to the skin and underlying tissues. lis course is de-
fined by 4 periods of burn shock, acute toxemia. septicoto-
xemia, convalescence, according to which the syndrome of
AKI is formed [4, 32].

Severe burn shock develops with deep burns of 21—40 %
TBSA and lasts 48—72 hours. Primarily, AKI under severe
burn shock occurs reflexively as a result of significant af-
ferent impulse from the burn zone and vasospasm [31]. In
the first hours after a burn, the volume of extracellular fluid
decreases by more than 15—20 % due to intensive evapora-
tion from the burn surface [32]. Burn stress and the asso-
ciated circulatory disturbance cause increases in the levels
of catecholamines, angiotensin [1, aldosterone, antidiuretic
hormone.

This leads to an increase in the reabsorption of water and
sodium in the renal tubules, which results in a decrease in di-
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uresis, and metabolic acidosis gradually develops |3, 32—34).
The level of atrial natriuretic polypeptide in plasma is ele-
vated for a long time after burns. This polypeptide balances
the effects of stress-related hormones through vasodilation
and natriuresis [3, 32]. AKI in the first 24 hours of severe
burn shock is caused by a decrease in renal perfusion due to
dysregulation of pre- and post-capillary tone by a release of
stress hormones and inflammatory mediators under [32]:

— circulating blood volume deficiency;

— alteration of the rheological properties of blood;

— an increase in the amount of denatured protein;

— the action of endotoxins and free hemoglobin.

In the presence of endotoxins or thermal damage, myo-
cytes synthesize tumor necrosis factor o2, which contributes
to the alteration of the myocardial response to catecho-
lamines and lefi- or biventricular dilatation with a limita-
tion of the ejection fraction [3, 7, 8]. Prostaglandins, leu-
kotrienes B,, D,, thromboxane A,, proteases, and biogenic
amines are hyperproduced in burned tissues, which is the
basis of degenerative-destructive changes in nephrons up
to necrosis with the development of AKI [31]. Kidney hy-
poperfusion and activation of the sympathoadrenal system
cause activation of reactive oxygen radicals with activation
of lipid peroxidation; damage to renal tubular cell junctions
and inhibition of antioxidant protection is a typical univer-
sal pathophysiological mechanism of cell death [36]. The
composition of nephron membranes includes a significant
amount of polyunsaturated fatty acids, which are easily
oxidized under the action of reactive oxygen radicals. Most
lipid peroxidation products are cytotoxic and genomotoxic.
Oxidant modification of lipoproteins and nucleic acids of
the nephron leads to violation of membrane integrity of
nephron cells and their death [31]. Lipid peroxidation ac-
tivation contributes to tubular obstruction and backflow of
urine, which leads to an even greater decrease in GFR [8,
12]. Mixed hypoxia induces kidney damage directly and
indirectly (extra-renally) through changes in the functions
of other organs, which become a source of underoxidized
metabolites and oxidant stress. Suppression of mitochon-
drial oxidative phosphorylation leads to energy deficit with
inhibition of phosphofructokinase (the key enzyme of gly-
colysis). Anaerobic glycolysis leads to lactic acidemia, while
the phosphate buffer is depleted, and the release of H*, re-
absorption of Na* and HCO~ are realized mostly due to
ammoniagenesis. Acidosis reduces the hemoglobin affinity
for oxygen, which leads to the activation of acetylcholine,
histamine, serotonin, and bradykinin that participate in the
development of pain syndrome, capillary diapedesis, and
decreased renal perfusion [3, 31]. Kidney shock is the main
component in the formation of multiple organ failure syn-
drome [31].

In the acute toxemic period, kidney function cannot be
restored, and renal oligoanuria develops [32]. Normaliza-
tion of renal blood flow after recovery from shock is real
with burns of less than 30 % of the body surface. Two main
mechanisms are involved in the pathophysiological changes
in the kidneys: impaired filtration and tubular dysfunction
[3]. The leading factors of BD are endogenous intoxication,
dyscirculatory hypoxia, histotoxic ischemia [31, 36].

Non-inflammatory AKI is the most dangerous compli-
cation, which reduces the chances of survival with TBSA
over 15—20 % [30]. Inflammation due to ischemia is a com-
mon response to burns [18], but the levels of hormones and
inflammatory mediators are significantly different from
those in other injuries |2]. Increased synthesis of Toll-like
receptors 2 and 4, which recognize pathogen-associated mi-
crobial structures, promotes the release of chemokines and
activation of the alternative complement pathway, which
stimulates the synthesis of interleukin-6, tumor necrosis
factor o and chemokines and promotes the development of
leukocytosis and direct vasoactive effect [27]. Some studies
indicate that the basis of AKI is a persistent inflammatory
reaction not associated with a decrease in renal perfusion
[11, 18]. After tissue damage, inflammatory cells accumu-
late at the site of injury and differentiate into many subtypes
whose proportions can change over time. In early AKI, most
macrophages are polarized to the M1 subtype to clear mi-
crobes and necrotic tissue, and later — to the M2 subtype
(to promote tissue regeneration) [3, 32]. Dysregulation of
blood coagulation status can cause the development of dis-
seminated intravascular coagulation syndrome, which is a
frequent complication of BD. Disseminated intravascular
coagulation syndrome develops more ofien and is more se-
vere against the background of renal-hepatic dysfunction
and in most cases ends fatally [31].

In the period of sepricotoxemia, inflammatory media-
tors participate in the formation of microthrombi in the
capillaries of glomeruli and renal tubules. Kidney function
after a burn is impaired due to a decrease in cardiac out-
put, respiratory failure, acidosis, sepsis, and toxemia under
cellular immunity dysregulation [5, 8, 18, 20]. A decrease
in the renal blood flow is accompanied by tubular necrosis
[3]. Severe burns can cause systemic inflammatory response
syndrome/cytokine storm, and systemic inflammatory re-
sponse syndrome can lead to multiple organ failure. Even
after a patient is discharged from the hospital, inflamma-
tion can persist for months or years. Constant inflammation
caused by burns is the main factor in the development of
AKI and cell aging, which accelerates the development of
CKD [6, 8, 10, 18].

Sepsis is the main cause of AKI, MODS and increased
burn mortality. The high/low flow state is determined by the
presence of bacteria that induce a cytokine response with
direct effects on the initiation of endothelial damage, pro-
coagulation, and vasoplegia, which contribute to excessive
hypotension. To balance the hypotonic state, cardiac output
increases due to activation of the sympathetic and renin-
angiotensin-aldosterone systems. For sepsis, significant tu-
bular inflammation and microvascular damage, rapid and
frequent development of bacteremia are typical [12, 13, 18,
25, 30, 37—39]. Plasma toxins in patients with burns caused
by septic shock and AKI can increase the permeability of
renal vessels for albumin, reduce the expression of nephrin
and have a pro-apoptotic effect on podocytes and tubular
cells; 10 % of burn patients develop an infectious complica-
tion of BD — pvelonephritis [27, 32, 39].

During the convalescence period, kidney damage can
be restored slowly. Proximal cells of the tubular epithelium
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have strong proliferative properties and can gradually re-
generate. Other cells (podocytes) have a weaker ability to
regenerate, so their loss and exfoliation occur constantly. In
general, kidney function gradually declines with age onto-
genetically. As patients with mild kidney disease age and ex-
perience some risk factors or accidental injury, kidney func-
tion further will decline rapidly, eventually progressing to
CKD, sometimes even end-stage renal disease |8, 18, 39].
Renal damage is due in part to aging-related, profibrotic
and inflammatory factors that contribute to renal fibrosis
and vascular damage, which accelerates the progression of
CKD [18]. Peripheral lipolysis after local thermal injury
contributes to both hepatomegaly and fatty infiltration of
the liver and is associated with an increased incidence of
sepsis [20].

The absence of AKI symptoms does not mean that the
kidneys are not damaged [18). Burns can accelerate the
progression of CKD due to pre-existing AKI, aging, and
persistent inflammation even after the patient is discharged
from the hospital [18]. In patients who have suffered deep
burns, kidney function remains reduced both after surgi-
cal restoration of the skin and for a long time after clinical
recovery [32).

Severe burns lead to kidney damage, but are not neces-
sarily accompanied by significant changes in kidney func-
tion (subclinical renal processes). This explains why AKI
occurs only in some patients with severe burns and a history
of kidney disease, since the reserve capacity of their kidneys
is reduced [18].

Sometimes in clinical settings, doubts arise: was there
kidney damage in a patient with severe burns without diag-
nosed AKI? When studying only biomarkers of biological
fluids, their normal levels do not exclude kidney damage.
Specific morphological signs are:

— mesangial expansion;

— proliferation and hypertrophy of glomerular mesan-
gial cells;

— increase in endothelial cells of capillaries and accu-
mulation of neutrophils or monocytes in their lumen.

Severe burns cause narrowing or occlusion of capillary
loops with glomerlar acute glomerulopathy. Renal tubules
show varying degrees of degeneration, necrosis, and con-
glomerate formation, and acute glomerulopathy is associ-
ated with azotemia. Renal proximal tubular epithelial cells
are capable of repair by proliferation, but damage to podo-
cytes is usually permanent. Therefore, in the long term, it is
believed that severe burns can lead to renal dysfunction due
to glomerulopathy [18, 39).

AKI occurs either immediately as a result of hypovole-
mic severe burn shock, or later, when sepsis develops [2—4].
Kidney damage associated with burns is usually classified
as early (0—3 days after injury) or late AKI (no less than 4
days after injury) [2, 5, 6, 21]; a progressive type of AKI was
defined separately [19, 30]. Early AKI occurs in 22.2 % of
patients, late — in 17.7 %, and in 7.2 %, the process has a
progressive course [30].

Early AKI, formerly known as acute renal failure, is a
frequent fatal complication in patients with severe burns. In
74 % of victims, the average period of AKI development is

3 days (interguartile range, i.e. the difference between the
penultimate and first quartiles of the distribution, which is
equal to 1—7 in the graphic representation) [2, 22, 23]. When
the full thickness of the skin is dead (third-degree burns),
water loss increases to 200 ml/m?/g; this increase in water
deficit leads to hypertonic dehydration [31]. Early AKI is
usually associated with inadequate primary fluid resuscita-
tion, hypoperfusion, inflammation. release of proinflam-
matory cytokines, hemodynamic changes, release of stress
hormones, increased inflammatory mediators, denatured
protein liberalization, cardiac dysfunction, rhabdomyolysis,
etc. [4, 68, 37, 40]. This leads to ischemia and ischemia-
reperfusion injury of tubules and glomemli and, ultimately,
induces AKI [2, 3, 5]. Rhabdomyolysis is a serious condi-
tion responsible for 10 % cases of AKI [2, 3, 5]. The odds
ratio of developing AKI in burn patients with and without
rhabdomyolysis was 16.074/3.056, respectively [7, 40]. Un-
til recently, it was thought that the early development of
burn-related AKI was associated with negative short-term
consequences, both for mortality and morbidity [8, 12]. Al-
though early renal dysfunction is reversible, tissue damage
is irreversible [43]. AKI itself does not increase metabolic
raie, but posi-traumatic stress reaction induces an early hy-
percatabolic state that accelerates hormonal dysregulation,
which has pronounced effects on the pulmonary, renal, he-
patic, cardiovascular, and coagulation systems [3, 8, 20].

In recent years, the incidence of early stage 3 AKI has
decreased significantly due to advances in fluid resuscitation
and RRT technologies, but the overall incidence of AKI
remains high. Recent studies suggest that persistent renal
tissue damage may result from AKI after burn injury, even
though early AKI-related renal dysfunction is mild and re-
versible [7]. Patients with AKI spent more than one week
longer in the ICU compared to people without AKI [13]. In
the early post-burn period due to the formation of stage 3
AKI, the mortality rate is 35—55 % [8, 13, 24], but survival
in early AKI is better (79.6 %) than in the late one (64.1 %)
[19]. Prevention of early AKI includes correction of hypo-
volemia and avoidance of nephrotoxic drugs [18].

Lare-onset AKT causes irreversible damage to renal tissue
and lowers the threshold for further damage, even if renal
function can be restored [8]. Infection progressing to sepsis
is a major concern due to loss of the skin barrier along with
marked dysregulation of the humoral and innate immune
systems [5, 18, 20]. This type of AKI is associated with both
early and late organ failure [19] and occurs mostly in the
context of sepsis and MODS, or as a result of fluid over-
load and the use of nephrotoxic drugs [4, 5, 8, 12, 18]; it
is characterized by greater severity and worse prognosis [2].
Late AKI occurs more than 3 days after the burn and, de-
spite its multifactorial origin, is usually secondary to sepsis;
it is caused by fluid overload, multiple organ dysfunction
syndrome and the use of nephrotoxic drugs, and is associ-
ated with higher mortality than early AKL. Increased vascu-
lar permeability causes significant dyshydria manifested by
both local and generalized edema. This leads to hypovole-
mia and centralization of blood circulation, causing oliguria
in the early stages of BD. Retention of sodium in collagen fi-
bers and disruption of the sodium-potassium pump are also
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involved in the occurrence of generalized edema [3]. Tubu-
loglomerular feedback can play a beneficial role, as there is
a limitation in the flow of sodium to damaged tubules when
glomerular filtration rate is reduced [8].

The literature describes 5 possible ways of explaining the
effect of fluid overload on the occurrence of late AKI [12, 13):

1. Intra-abdominal hypertension, defined as an increase
in intra-abdominal pressure of more than 12 mm Hg, is an
important risk factor. With the development of abdominal
compartment syndrome, renal perfusion and GFR decrease.

2. Interstitial edema leads to increased interstitial pres-
sure, limitation of renal oxygenation, and disruption of
cellular junctions. The response of the kidneys to the com-
partment is inadequate due to the restriction of the renal
capsule. This contributes to the occurrence of renal con-
gestion, a decrease in renal perfusion, and a significant de-
crease in GFR [8].

3. Endothelial dysfunction leads to disruption of the
glycocalyx and capillary leakage, which causes interstitial
edema, and also reduces the systemic intravascular volume,
which results in a decrease in renal perfusion and AKI [8].

4. Atrial natriuretic peptide is synthesized as a result of
hypervelemia, which leads to distension of the atria and
blood vessels. Atrial natriuretic polypeptide activation con-
tributes to the disruption of the glycocalyx and subsequent
capillary leakage [8].

5. Swelling of the intestinal wall contributes to the entry
of bacteria into the systemic circulation, which leads to sep-
sis and AKI [12].

Intoxication with products of tissue decay in combina-
tion with bacteriotoxemia create favorable conditions for
the development of degenerative inflammatory changes in
the kidneys [42].

Late AKI can form even before the diuresis changes. In
patients with late AKI on the day of initial diagnosis, urine
output did not decrease (100 ml/h), but serum creatinine
{sCr) increased up to 156 pmol/l. It is likely that renal blood
flow was not reduced, but sCr clearance was already mar-
kedly reduced. This confirms that the hyperproduction of
inflammatory mediators and microcirculatory dysfunction
are mainly caused by sepsis and infection and contribute to
the development of late AKI [8, 42].

The frequency of sepsis, septic shock, the need for va-
sopressors, and also mortality in patients with late AKI
were significantly higher than in those with early AKI [2].
Patients with late AKI had the longest length of stay in the
ICU (~ 71 days) [19]. Compared to early AKI, patients with
late AKI had a higher 28-day (34.9 %) and 90-day morta-
lity (57.1 vs. 27.4 %), a higher incidence of sepsis (74.2 vs.
32.6 %) and septic shock (55.6 vs. 13.7 %) [2, 8].

Prevention of late AKI involves prevention and early re-
cognition of sepsis, as well as avoidance of nephrotoxins [18].

Patients with advanced AKT had more comorbidities, the
worst rates of organ failure, and the lowest survival (18.8 %)
compared to the early or late AKI group [19, 30). Patients
with progressive AKI had the shortest lengih of stay in the
ICU (27 days), as many of them die relatively early [19].

In terms of cost of treatment and ongoing use of expen-
dable resources, among patients receiving hemodialysis,

only 23.1 % with late AKI required dialysis at discharge
compared to 62.5 % of patients with advanced AKI [19].

Most combustiologists use specific consensus classifica-
tions to determine AKI [14].

The classification of AKI severity includes 3 main stages:

— stage 1 — an increase in serum creatinine level no
less than 0.3 mg/dL or 1.5—1.9 times higher than the initial
value:

— stage 2 — an increase in the level of creatinine in the
bloed serum more than 2—2.9 times higher than the initial
level:

— stage 3 — an increase in serum creatinine level more
than 3 times or more than 4 mg/dL compared to the initial
level, or the need to initiate RRT [8].

In the last decade, a revised classification of AKI based
on KDIGO (Kidney Disease: Improving Global Outcomes)
guidelines was proposed for such patients in order to opti-
mize the understanding of the risk of progression to CKD:

— AKI develops within no more than 7 days, is cha-
racterized by an increase in serum creatinine by more than
50 % within 7 days or by no less than 0.3 mg/dL within 2
days, or oliguria lasting more than 4 hours (at this stage,
structural changes are not determined);

— acute renal dysfunction is characterized by a duration
of no more than 3 months, the presence of AKI or GFR
less than 60 ml/min/1.73 m?, or a decrease in GFR by more
than 35 % from the initial value, or an increase in sCr by
50 % above the initial value (various structural abnormali-
ties, albuminuria, hematuria, pyuria, etc. may be noted).
After 3 months of renal dysfunction, CKD is diagnosed
(GFR less than 60 ml/min/1.73 m?).

Early prediction and risk stratification of AK] in patients
with severe burns play an important role in timely interven-
tion and improvement of prognosis [41]. The severity and
incidence of AKI were assessed according to the KDIGO
criteria [41). Severe AKI was defined as stage 2 AKI. Because
preinjury sCr was not measured in most patients, baseline
sCr was the first available. Life-threatening organ dysfunc-
tion can be represented by an increase in the SOFA score of
no less than 2 points [41, 43], but when this tool was used, the
AKI score did not include urine output, so it was defined as
a SOFA score without a renal component [44]. According to
the RIFLE and AKIN criteria, the mortality of patients with
severe burns and AKI ranges from 29 to 35 % [12].

Despite the fact that after an episode of AKI, kid-
ney function is restored in most patients, the risk of de-
veloping CKD remains high [8]. One year after injury,
AKI has been associated with the development of CKD,
conversion to chronic dialysis, rehospitalization, and
high mortality [11, 16, 45]. Patients who have survived
AKI are prone to the development of CKD and have in-
creased long-term morbidity and mortality [1, 13, 15].
About 35 % of patients need temporary continuation of
hemodialysis, 10 % of them need RRT lasting more than
6 months. Burns increase the risk of developing cardio-
vascular failure, a disease in which CKD develops in the
late stage; the morbidity index is 3.11 %e for women and
1.89 %e for men. Severe burns are a high-risk factor for
developing end-stage renal disease. About 35 % of patients
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treated with RRT during hospitalization required chronic
hemodialysis as continuous RRT can alleviate the decline
in renal function after AKI [6].

In response to a burn injury, a blood circulation disor-
der immediately develops in the kidneys, which is mani-
fested in the movement of the main mass of blood to the
system of juxtamedullary pathways and stagnation in them.
In this setting, dystrophic and, in the elderly people, due
to nephrosclerosis — necrotic damage to the epithelium of
renal tubules with interstitial edema appears very quickly.
Secondary nephrotic syndrome in large bums is caused by
some kidney diseases (glomerulonephritis). Nephrosis, py-
elitis, and urolithiasis are observed in the advanced stages of
BD. In some patients, pathological changes in the kidneys
are guite persistent and remain for a long time. This is most
often associated with septic and circulatory complications
of BD [42, 46].

Electron microscopy of the kidneys revealed that 3
hours after a severe burn injury, the endotheliocytes of the
proximal parts of the nephron undergo a rearrangement of
submicroscopic architecture, which is the characteristic of
functional stress [47]. Cell death occurs only in some renal
tubules, especially as a result of apoptosis rather than ne-
crosis. In addition, disruption of the actinic cytoskeleion is
characterized by cell detachment and reduced adhesion of
the cell matrix. which leads to the accumulation of tubular
cells in tubules. Loss of binding proteins and adhesion mo-
lecules leads to backflow of filtrate to the renal interstitium.
This anomaly is especially noticeable in severe forms of
acute tubular necrosis, which are determined [8, 42, 48, 49]:

— with the expansion of the lumen of the proximal tu-
bules and variety of their forms;

— the partial loss of eosinophilic substance on the apical
surface of the nephrothelium;

— the partial destruction of the fringe.

The consequence of necrosis of the endothelial cells of
the renal capillaries is the formation of paravasal hemor-
rhages and lympho-leukocyte infiltrates, which is evidence
of impaired filtering and reabsorption functions of the kid-
neys, as well as the progression of the inflammatory process
with the accumulation of NO,~. Intense pink granules, uni-
form in appearance, are diffusely located in the cytoplasm of
epithelial cells, which is a sign of hyaline-droplet protein pa-
renchymal dystrophy. This is due to coagulation of structural
proteins of the cytoplasm of nephrocytes with insufficiency
of the vacuole-lysosomal apparatus of tubular epitheliocytes
[31, 36. 49]. AKI in BD caused by renal ischemia-reperfu-
sion leads to an overload of protein folding mechanisms in
the lumen of the tubules of the granular endoplasmic reticu-
lum, resulting in a folding imbalance and accumulation of
pathologically folded proteins, which causes endoplasmic
reticulum stress. Prolonged endoplasmic reticulum stress
activates the apoptotic cell death pathway, which eliminates
dysfunctional cells but prevents necrosis. Excessive cyio-
plasmic vacuolization ends with necrotic death of endothe-
lial cells [31, 36]. As a result of ischemia-reperfusion, the
metabolic process in the cells of the tubular epithelium shifis
from P-oxidation of fatty acids to glycolysis due to disrup-
tion of cellular functions and pathways. Although this shifi

increases adenosine triphosphate production, it also causes
inflammation, lipid accumulation, and tubulointerstitial fi-
brosis [18].

Macroscopically, the kidneys are enlarged, swollen and
soft-elastic, and the fibrous capsule is stretched and easily
removed; the yellowish-gray cortex clearly differs from
the light-red color of the medulla caused by vascular sta-
sis [50]. During optical microscopy, pronounced desola-
tion of the vessels of the cortical layer and vasodilation of
the medullar microcirculatory bed with focal hemorrhages
were revealed. The outer contour of Bowman's capsule
is indistinct, scalloped, with dystrophy and desquama-
tion of podocytes, endothelial cells, and fragmentation
of the basement membrane. The total volume of neph-
rons is almost twice over normal due to the high content
of eosinophilic protein masses in the capsule with freely
located cellular elements and fragments of nuclei. Damage
to the structure of glomerular capillaries and the absence
of gaps between them are associated with compression of
the pathological contents of Bowman's capsule [42, 48].
The phenomenon of juxtamedullary shunting occurs [33]:
there is a significant decrease in blood flow in the cortical
layer of the kidneys, the preservation or increase of medul-
lary blood flow, which plays the role of an emergency fuse
for the total cessation of blood filtration by the kidneys and
maintains the water-electrolyte balance of the body [43].
In burn patients, AKI is associated with an extremely poor
short- and long-term prognosis [6].

Despite the significant progress in the technologies of
fluid resuscitation, intensive care and RRT, in recent years
the level of morbidity and mortality in such patients re-
mains quite high [7, 50]. A better understanding of clinical
characteristics, early identification and prevention of risk
factors for AKI in burns, as well as timely medical inter-
vention can effectively reduce morbidity, progression of
the pathological process, and optimize the prognosis in the
long run [7].

Biochemical markers of AKI and CKD under BD will
be discussed in Part 2 of the article.
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AHNDOBCLKIN ASDMOBHMA MEAMYHWIA YHIBEDCHTET, M. AHINDO, YkpaiHa
MNowkKo AMEeHHA HUPOK NPpKW oNiKOBIA xBopobi.
Yactuua 1. Naromopdodizionoria

(OrARA AiTepatypu)

Peawome. loctpe nomkomsxenna wupok ([TTH) € nommpenis
VOKTATHEHHAM ¥ BUKKOXBOPHX 3 OMIKAMH, NOB'AZAHHMH i3 cep-
HOZHUMM HECTIPHATAMBHMN HACTUIKAME, BKITHOUAKWH 300LTEIeH-
HA TPHBANOCTI NepeGVBAHHA B CTALIOHAPI, POSBMTOK XPOHIYHOT
XBOPOOH HHPOK T4 MIABHILIEHHI pH3HK cMepTHOCTL. YacToTa pos-
BuTky I'TIH cepen onikoBHMX XBOPHX ¥ BULILTEHHAX IHTEHCHEHOT
Tepanil cTanosHTE 38 (30—46) %. TonosHNMEl aKTopaMH pHIHKY
['TIH BRAXAKTLCA BHCOKWI BIICOTOK OMIKY 3aransHOl NOBEpPXHi
TiNA Ta HHU3KA (pAKTOPIE CXWIEHOCTI IHAMBLIYANEHOID XapaKkTepy.
[Marogizionorivumi i Mophonorivmi 3MIHK B OpraHizMi MpH MOET-
HaHHI OMKOBOI XBOPOOH T4 NOWKMDKEHHA HHPOK MAIOTh NMEBHI
PO30LKHOCTI i3 KIACHYHMM NepediroM naTtonorivHore mpoLecy

33 OKPeMHXN Ho30moriuHHX dhopu. Hespamaum Ha 3IHAYHMIH po=-
rpec ¥ TEXHOMOTIAN PIIMHHOI pecvcuMTamii, INTEHCHBHOL Tepanii
Ta 3aMiCHOI HHPKOBOI TEPAnil B OCTAHHI POKH, piBeHb 3AXBOPIOBA-
HOCTI T4 CMEPTHOCTI ¥ TAKHX MALIEHTIE 3ATHILAETECH JOCHTE BH=
cokuM. Kpawe posymiHHg KIIHIYHHX XapaKTePHCTHE, PAHHE BH-
ARIEHHA Ta 3anodiranss aKTopaM pHIMKY NOWKOTKEHHS HH-
POK NPH ONIKAX, 4 TAKO®X CBOCYACHE MeIHYHE ETPYYAHHA MOXYTh
¥ MepcnekTHR ede KTHBHO 3IMEHIIMTH 3aXBOPIOBAHICTE i nporpe-
CYEAHHA MaTONOrYHOTO MPOLECY il ONTHMIZYBATH NPOTHOS.
Kmo4oBi cAOBA: ornsn; rocTpe NOMKOTKSHHA HHPOK, ONiKOBa
xBOpODa; XpoHivHA XBopoba HHpOK: naroMopdonoria; narodi=
sionoria
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