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Резюме. Представлен обзор научных публикаций, в которых анализируются современные подходы к диагностике острого
повреждения почек (ОПП) с применением инновационных биомаркеров у пациентов с сочетанной травмой. Авторы обзо-
ра отмечают, что патологические процессы клеточного повреждения, определяющие этиологию и патогенез синдрома ОПП,
требуют быстрого и раннего начала проведения профилактических мероприятий. Учитывая это, проблема ранней диагно-
стики острого повреждения почек и научный поиск способов ее оптимизации остаются актуальными и в настоящее время. В
случаях, связанных с возможностью формирования ОПП, а также в ситуациях, когда почечная ткань уже повреждена, очень
актуально определение в биологических жидкостях таких веществ, как маркеры острого повреждения почек.
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Abstract. A review of scientific publications analyzing modern approaches to the diagnosis of acute kidney injury using innovative
biomarkers in patients with concomitant trauma is presented. The authors of the review note that pathological processes of cellular dam-
age, which determine the etiology and pathogenesis of acute kidney injury syndrome, require prompt and early initiation of preven-
tive measures. Given this, the problem of early diagnosis of acute kidney injury and the scientific search for ways to optimize it remain
relevant at the present time. In cases associated with the possibility of formation of acute kidney injury, as well as in situations when
the renal tissue is already damaged, it is very relevant to determine markers of acute kidney injury in biological fluids.
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In recent years, there has been a steady increase in the
number of victims with injuries of various localizations,
which are the leading cause of death, as well as temporary
and permanent disability in persons under age of 40. A

characteristic feature of modern trauma is the prevalence
of multiple and combined injuries. This leads to a high and
not decreasing mortality rate. Co-injury is characterized by
simultaneous damage to several anatomical and function-
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al areas. It is observed in 50-70% of the patients with
severe mechanical injuries. In the Russian Federation, more
than 35,000 people die annually as a result of combined
trauma. Combined trauma is one of the three main causes
of death among the population. Moreover, this cause
comes first for people under age of 40. In Russia, the mor-
tality rate from combined trauma is 59-65 cases per
100,000 people [1, 2].

Mechanical trauma causes distinct changes in the func-
tioning of almost all organs and systems of the body. Thus,
changes in renal function in trauma can increase the dura-
tion of treatment, worsen the prognosis, and lead to the
development of late complications. In the pathogenesis of
traumatic shock, renal dysfunction is a constant factor.
Often they determine, in case of acute renal failure devel-
opment, the outcome of traumatic disease [2-4]. This is
especially true when the trauma is of multiple or combined
nature and is accompanied by extensive soft tissue injuries.
Acute renal failure is one of the most severe complications
of the urinary system in patients with concomitant trauma.
Unfortunately, there is still no unified approach to early
diagnosis of this disease in polytrauma patients. In routine
clinical practice, creatinine and urea are classic indicators
of acute renal failure. However, since their levels rise in
blood when more than 60% of nephrons are involved in
the pathological process (on the 3rd and 4th day of olig-
uria), creatinine and urea do not play a significant role in
the early diagnosis of acute renal failure. In particular, ele-
vated serum creatinine levels are informative neither in
terms of the exact timing of acute renal failure, nor in terms
of its localization, much less in terms of the severity of
glomerular or tubular damage [5-7]. The issues of correc-
tion of changes and prevention of renal dysfunction in com-
bined trauma also remain unresolved. Thus, there is an
urgent need to develop a technique for early diagnosis of
renal dysfunction in patients with concomitant trauma.

Acute renal injury is a syndrome in which renal dysfunc-
tion forms and develops rapidly. It leads to significant
changes in homeostasis and — sometimes — to death.
Acute kidney injury is quite frequent — 181-288 cases per
100,000 population — and the number of patients with
acute kidney injury tends to grow continuously [8-10].

The success of preventive measures directly depends on
the timely detection of these disorders. All methods of lab-
oratory diagnosis of acute kidney injury are based on
determining the concentration and/or content of biomark-
ers of acute renal injury [11]. The functional capacity of
kidneys is usually determined by detecting the quantity and
quality of serum and urine creatinine and urea. Currently,
these diagnostic methods are not sensitive enough and are
not suitable for the detection of acute renal impairment
[12]. For example, the concentration of serum creatinine
occurs only 48-72 h after damaging effect on the kidneys,
which indicates the impossibility of early diagnosis of acute
renal damage [13]. At the current stage of medical science
development, innovative methods with high sensitivity and
reliability, capable of responding immediately to the dam-
aging effect, are being developed. In the future, such meth-
ods will make it possible to evaluate the dynamics of the
features of glomerular-tubular renal dysfunction develop-
ment and to use the results in the development of methods
of preventive treatment of acute kidney damage [14].

Biological substances, the levels of which in the urine

and blood are of great importance for diagnosis and prog-
nosis in the treatment of patients with renal dysfunction,
were given the unified name of biomarkers of acute kidney
damage. Their timely detection requires the use of unified
techniques, which is possible in any medical treatment
organization. Thanks to scientific developments performed
at the end of the 20th-beginning of the 21st centuries, a list
of possible biological markers of acute kidney damage
was created, classification of these compounds was devel-
oped, and their informative role in pathological process
detection was revealed, including determination of dam-
age level (glomeruli or tubules) and etiology of biological
marker synthesis [15, 16].

Biological compounds used as markers of acute kidney
injury must meet certain requirements [17]. First of all, bio-
logical material should be easily accessible, and sample
detection should be noninvasive and atraumatic. In addi-
tion, standardization of the used methods of laboratory
diagnosis is necessary. Detectable markers must have a
high tropicity to the localization of the site of nephron dam-
age (vessels, tubules, glomeruli). Also, they should corre-
spond to: causes of damage and time since its receipt; clin-
ical features of the development of the pathological
process; patient's need for hemodialysis; final stage of
pathology (reconvalescence, lethal outcome, transition to
chronic course); presence of an adequate response to the
ongoing therapy [18]. At present, it has been proved that
a number of markers of acute kidney injury absolutely com-
ply with the above requirements [19, 20]. In spite of this,
the problem of scientific research on the search for bio-
markers of acute kidney damage is still relevant [21-23].

Scientists have developed 4 classifications of biomarkers
of acute kidney damage - pathophysiological, topical,
clinical and working (Table 1).

According to the pathophysiological classification,
markers of acute kidney injury are divided into groups
depending on their ability to determine one or another
stage of the development of the pathological process in
kidneys. For example, renal dysfunction can be determined
by creatinine and cystatin C in blood; fat peroxidation by
4-ON-2-nonenal and 8-A2α-isoprostane; damaging
effects on nephrons and interstitial tissue by IKM-1, L-FABP,
NGAL; immune response by immunogram; annexin-5 is a
marker of apoptosis of cell structures [26].

Topical classification divides markers into 5 groups: α1-
microglobulin, β2-microglobulin, albumin, s-cystatin C —
indicate glomerular nephrocyte alteration; cystatin C,
NGAL (neutrophil gelatinase-associated lipocalin-2),
interleukin-18 (IL-18), IKM-1 (renal damage molecule-1),
α-GST (α-glutathione-S-transferase), L-FABP (protein-
binding fatty acid BSA), etc. are markers of proximal tubule
damage.etc.; π-GST (π-glutathione-S-transferase) togeth-
er with NGAL can identify damage to the distal parts of the
tubule system. In F.G.Henle loop damage, sodium hydro-
gen exchanger-3 acts as a marker, and OPN (osteopon-
tin) is an indicator of collecting tubule alteration [26].

The clinical classification considers the ability to use
these markers for: early diagnosis of acute kidney injury;
monitoring of factors that determine the risk of pathological
process; identification of characteristic features in the etiol-
ogy and pathogenesis of acute kidney injury; dynamics of
treatment and effectiveness of ongoing therapeutic meas-
ures, etc. [28].
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For the purpose of preventive diagnosis of ischemic
acute tubular necrosis it is appropriate to detect the number
of granular cylinders, tubular enzymes (α-glutathione-S-
transferase, leucinaminopeptidase, alkaline phosphotase,
N-acetyl-β-D-glucosaminidase (NAG), γ-glutamyl
transpeptidase), cells of tubular epithelium in the urine.
Currently, for the early detection of acute kidney damage
the most promising are biological markers associated with
renal parenchyma damage, cell proliferation, apoptosis,
differentiation, immune disorders, formation of chemokines
and cytokines, but not with a decrease in glomerular filtra-
tion rate. The study of biomarker excretion processes is
used to investigate preventive diagnosis and other clinical
problems of acute renal failure, which cannot be solved
using conventional functional tests. The latter include: early
differentiation of prerenal, renal, postrenal acute renal fail-
ure; study of its causes (renal toxins, sepsis, ischemia, acute
inflammation of renal parenchyma in nephropathy and

The working classification is represented by 4 groups:
Group 1 are proteins whose formation is significantly
increased in acute kidney injury (L-FABP, NGAL, IL-18,
IKM-1); Group 2 is a marker of renal dysfunction, serum
cystatin C; Group 3 is a number of low molecular weight
urinogenic proteins, such as α1-microglobulin, β2-
microglobulin, cystatin C. Group 4 includes intracellular
enzymes (alkaline phosphatase (ALP), lactate dehydroge-
nase (LDH), NAG (N-acetylglutamate), α- and π-GST,
GGTP-γ-glutamyl transpeptidase [28].

In recent years, in acute kidney injury, it became possi-
ble to detect parenchymal damage 24-48 h before the
appearance of clinical signs of disease. In acute kidney
damage, the effect of ischemic, toxic and other causes on
kidneys initially provokes molecular transformations that
turn into damage of cellular structures. The latter begin to
form specific markers, and only then the pathognomonic
symptomatology of renal pathology appears.
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urinary tract infections, ischemia-reperfusion syndrome);
completion of terminal uremia as a prognosis of possible
fatal outcome; reaction to the ongoing therapy. Of great
importance are markers associated with the early stage of
acute kidney injury.

Among the markers of acute kidney injury, the detection
of which is increasingly used, we should mention lipocalin
associated with neutrophil gelatinase (NGAL), a protein
with a molecular weight of 25 kDa, initially detected in
neutrophils and subsequently — in a small volume — in the
tubular epithelium. Due to ischemia and toxic effects on the
kidneys, its excretion in tubule cells increases significantly,
its excretion in the urine also increases, indicating in one to
two days an increase in serum creatinine blood levels.
Increased amount of NGAL in serum and urine is detected
2-6 hours after cardiac surgical treatment and reflects the
initial stage of postoperative acute kidney injury.

The sensitivity and specificity of this study are over 90%.
As a predictor of renal transplant ischemia-reperfusion syn-
drome, an increased number of NGAL indicates delayed
functional capacity and the need of the recipient for urgent
hemodialysis.

The first clinical studies on this issue were performed in
pediatric practice in patients after cardiac surgical inter-
ventions. The role of this marker as a sensitive predictor of
the development of acute kidney damage after surgical
intervention with the use of a heart-lung machine as well as
after coronarography was proved. In clinical practice, in
the diagnosis of acute kidney injury, a number of limitations
of NGAL use should be considered. There is evidence that
serum NGAL levels can increase in chronic kidney disease,
arterial hypertension, infections, anemia, hypoxia, and
malignant neoplasms. In addition, there is experimental
and clinical data showing the dependence of NGAL
excretion with urine on the level of proteinuria. The latter
fact is particularly important in the diagnosis of acute kid-
ney damage in patients with nephrotic syndrome, who are
known to be initially predisposed to prerenal acute kidney
damage. Examination of 79 patients with primary

glomerular pathology revealed that proteinuria above 3.5
g/day significantly increased urinary NGAL excretion.
Table 2 presents data on the diagnostic significance of
serum and urinary NGAL determination in the diagnosis of
acute kidney injury.

Dynamic monitoring of urinary NGAL level is informative:
when building a prognosis of the severity of acute kidney
damage due to post-diarrheal hemolytic-uremic syndrome
in childhood; in patients of intensive care units; in X-ray-con-
trastinduced nephropathies. An increase in blood serum
α1-microglobulin, which also belongs to the lipocalin
group, is specific in the early diagnosis of acute tubular
necrosis (specificity — 81%, sensitivity — 88%) and in the
diagnosis of the need for acute hemodialysis (Table 3).

Cystatin C is a cysteine protease inhibitor formed in a
significant number of cells containing the nucleus and is fil-
tered by the glomeruli. Because serum cystatin C concen-
tration is unrelated to age, muscle mass volume, and gen-
der identity, it is a significantly better determinant of the
functional state of renal filtration capacity compared with
creatinine. The increase of serum cystatin C outstrips the
increase of creatinine level in blood for 24-48 hours, it is
considered as I-II stages of acute kidney damage in
patients after surgical treatment and patients of intensive
care units. This method, unlike the determination of N-
acetyl-β-D-glucosaminidase (NAG) and β1-microglobulin
in urine, belongs to the most specific and highly sensitive
diagnostic methods. It should be noted that in acute kidney
injury, an increase in serum concentration of cystatin C
occurs 10 h after the detection of increased NGAL excretion.

Cystatin C is a 13 kDa polypetide chain consisting of
120 amino acids. It belongs to the inhibitors of lysosomal
proteinases and is produced by all nuclear cells of the
body, protecting it from uncontrolled activation of proteol-
ysis of its own proteins. Cystatin C enters the bloodstream
uniformly from the cells, and its serum concentration is
maintained at a constant level [14, 25]. The small molecu-
lar weight and low affinity to other serum proteins deter-
mine the ability of this molecule to filter freely in the renal
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tubules, enter the tubules, where it is reabsorbed by mega-
lin-cubulin-mediated endocytosis and then completely
metabolized in the proximal tubule epithelial cells. As a
consequence, cystatin C is excreted in minimal amounts in
the urine in normal conditions.

The average parameters of diagnostic significance of
cystatin C in patients with acute kidney injury are present-
ed in Table 4.

L-FABP (liver fatty acid binding protein) is a cytoplasmic
protein with a molecular weight of 15 kDa that is
expressed in tissues with increased fatty acid metabolism. It
belongs to the family of fatty acid transporter proteins that
are involved in the transport of long-chain fatty acids
between the intra- and extracellular space and regulate
oxidative stress by binding lipophilic products, limiting their
damaging effects on cell membranes.

In humans, this molecule is mainly synthesized in the liv-
er; in small amounts, it is found in the kidneys and small
intestine. Under normal conditions, L-FABP is not present in
the urine. Since, filtered in the glomeruli, it is then com-
pletely reabsorbed in the proximal tubules, which allows
the diagnosis of acute kidney damage. This was first
demonstrated in an animal model of ischemic tubular
necrosis. This marker proved to be a sensitive predictor of
acute kidney damage in children after cardiac surgical
interventions with the use of a heart-lung machine. In
patients with acute kidney damage against the back-
ground of septic shock, L-FABP levels are elevated and
determine the relative risk of mortality. The study of urinary
concentrations of this marker suggested it as an acceptable
biomarker of acute kidney damage in patients admitted to
intensive care units (AUC, 0.95; PPV, 100%; NPV, 85%) -
[21, 25].

KIM-1, the renal injury molecule or cell receptor-1 of
hepatitis A virus, is also a biomarker of early renal dam-
age. It is a membrane protein that is not detected in normal
renal tissue and urine, but is detected in damaged proximal
tubule epithelium due to ischemia or nephrotoxic effects.
High sensitivity of KIM-1 determination in urine enables to
differentiate acute kidney damage of ischemic and toxic
origin from prerenal hyperazotemia, chronic kidney dis-
ease, urinary tract infection, X-ray-contrast-induced
nephropathy. In acute kidney injury, a high concentration
of KIM-1 in the urine is prognostically unfavorable.

Interleukin-18 is a proinflammatory cytokine that is local-
ized in renal macrophages, podocytes, and dendritic cells.
An increase in interleukin-18 provokes the formation of
free oxygen radicals, which alters the epithelium of the

convoluted tubules. Increased urinary excretion of inter-
leukin-18 in ischemic acute tubular necrosis and ischemia-
reperfusion syndrome is correlated with enzymuria (α-glu-
tathione-S-transferase, NAG) and preempts changes in
serum creatinine concentration. Given its high (over 90%)
specificity and by dynamically monitoring IL-18 levels, we
can distinguish between: ischemic acute kidney injury,
including renal transplant ischemia-reperfusion syndrome;
chronic kidney disease; urinary tract infection; prenatal
acute renal failure. In patients who are in the intensive
care unit with adult respiratory distress syndrome (ARDS),
increased urinary excretion of interleukin-18 becomes a
marker of acute renal failure, outpacing hyperazotemia
by two days.
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Other marker proteins are used in experimental work on
acute renal failure and have not yet been tested clinically.
These include, for example, uromodulin or Tamm-Horsfall
protein found in the epithelium of the distal renal tubules. In
the early stages of acute renal failure, the concentration of
uromodulin is significantly reduced.

The detection of several markers in the urine at the same
time is very promising. In particular, detection of NGAL,
KIM-1, matrix metalloproteinase makes it possible with
high sensitivity to early diagnose acute renal failure as a
consequence of cardiac surgery in pediatric patients.

In a multicenter study, simultaneous assessment of uri-
nary excretions of NGAL and KIM-1 has been shown to

predict the initiation of renal replacement therapy and the
relative risk of mortality [11, 25]. A two-center study of
529 patients admitted to the intensive care unit compared
the role of 6 urinary biomarkers-Gamma glutamyl
transpeptidase, alkaline phosphatase, NGAL, cystatin C,
KIM-1, and IL-18. The biomarkers NGAL, cystatin C, and
IL-18 were predictors of the need for dialysis therapy,
whereas all markers except KIM-1 were predictors of mor-
tality risk [16, 25]. Currently, there is no answer to the
question which combination of biomarkers is optimal.
According to some authors, that should be a combination
of markers with high sensitivity on the one hand, and with
specificity on the other.
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