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ABSTRACT

BACKGROUND: In modern armed conflicts, wounds and injuries of various etiologies have become an inherent component of
combat operations. The main research directions concerning such injuries are aimed at identifying causal relationships be-
tween the nature of the trauma, the features of its acute phase, and the development of complications, including acute kidney
injury. A review of the literature revealed sufficient information on the leading pathophysiological mechanisms underlying the
development of acute kidney injury. However, early diagnostic methods for this complication have not yet been developed,
which prompted the conduct of this study.

AIM: To identify factors influencing the risk of acute kidney injury in combat casualties and to determine the frequency of the
leading pathogenetic mechanisms in the early phase of traumatic disease.

MATERIALS AND METHODS: A prospective analysis was conducted involving 104 patients with wounds who were admitted to
the 1602 Military Clinical Hospital of the Ministry of Defense of the Russian Federation (Rostov-on-Don) between January and
March 2024. Upon admission to the multidisciplinary hospital, the severity of patients’ conditions was assessed using the ad-
mission condition scale developed by the Department of military field surgery. Based on the assessment results, patients were
divided into three categories: 1—patients with decompensated traumatic disease (score >34; 17 patients, 16.4%); 2—patients
with subcompensated traumatic disease (score 25-34; 49 patients, 47.1%); 3—patients with compensated traumatic disease
(score <24; 38 patients, 36.5% of the total). Assessment included medical history, evaluation of vital signs, 24-hour urine output
measurement, complete blood count, urinalysis, serial blood chemical analysis (three measurements), electrocardiography,
and chest X-ray. Statistical processing of the experimental data was performed using SPSS Statistics 27 (IBM).

RESULTS: As a result of the study, diagnostic factors influencing the risk of this complication in the early phase of traumatic
disease were identified, including hemoglobin, hematocrit, creatinine, estimated glomerular filtration rate, urea, 24-hour urine
output, and potassium levels; their statistical significance was confirmed. Based on the intergroup analysis of the obtained
data, no cases of acute kidney injury were recorded in the group of patients with compensated traumatic disease. The inci-
dence of acute kidney injury was 82.3% among patients with decompensated traumatic disease and 24.5% among those with
subcompensated disease. Of the 26 patients diagnosed with acute kidney injury, 12 (46.1%) presented with a non-oliguric form.
The leading pathogenetic mechanisms were prerenal acute kidney injury due to hypovolemia (69.2%), renal injury associated
with rhabdomyolysis (23%), and metabolic acidosis (8.3%).

CONCLUSION: The results obtained in this study indicate a high incidence of acute kidney injury (up to 25%) among patients with
wounds and injuries in modern armed conflict, with prerenal mechanisms being the predominant pathogenetic variant. Due to
the limited diagnostic value of standard methods, particularly in patients presenting with the non-oliguric form, it is essential
to develop a comprehensive approach to the diagnosis of acute kidney injury in wounded and injured individuals. This approach
should incorporate modern laboratory biomarkers and be applied during the early phase of traumatic disease.

Keywords: armed conflict; acute kidney injury; pathogenetic mechanism; prerenal acute kidney injury; combat casualty; early
phase; traumatic disease.
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OcobeHHOCTM OCTPOro NOBpPEXAEeHUs noyek
Y PaHeHbIX B COBpPeMEHHOM BOOPY)XEHHOM KOHpnukTe

A.B. flzeHok, A.A. /BaHoB, M.B. 3axapos, A.B. Mapyxos, A.B. onos,
M.B. AracdoHos, J1.A. Kyapssuesa

BoeHHo-MemmunHcKas akapemus, CaHkT-lMeTepbypr, Poccus

AHHOTALIMA

AxTtyanbHocTb. B ycnousx coBpeMeHHOro BOOPYKEHHOrO KOH(MIMKTA 0COBEHHOCTM paHeHW 1 MOBPEXAEHWIA pa3NyHON
3TMONOMWM CTaNiN HEOTHEMIIEMON YacTbio 60eBbIX fencTBUI. OCHOBHbIE HanpaBieHUs UCCe40BaHUIA B OTHOLLUEHUM NOA0OHbIX
MOBPEXAEHMI CBOASATCA K YCTaHOBMIEHWUIO MPUYNHHO-CNEACTBEHHBIX CBA3EH MEX/Y XapaKTepoM TpaBMbl, 0COBEHHOCTAMM ee
OCTpOro Mepuoja U pasBUTUS OCMOXKHEHWI, B TOM YMCie OCTPOro MoBpexfeHus nodek. lpu aHanuse nuTepaTypHbIX MC-
TOYHWMKOB MOJTyYeH LOCTaTOYHbIA 06eM MHGOPMaLMKM MO BeAYLLMM NaTOdU3NONOrMYECKUM MeXaHM3MaM pa3BuTUS 0CTPOro
noBpexaeHus noyek. OAHaK0 Ha faHHbIA MOMEHT He pa3paboTaHo MeTOAMK paHHEN AMArHOCTUKM JaHHOMO OCNOMHEHUS, YEM
1 0BycnoBNEHO NpoBefiEHNE 3TOM0 UCCNeL0BaHMS.

Lienb — onpegenexune haKkTopoB, BIMSAIOLLMEX HA PUCK PA3BUTUSA OCTPOrO NOBPEXAEHUSA MOYEK Y paHEHbIX, a TaKKe yCTaHo-
BMTb YacTOTY BeJYLLMX MeXaHW3MOB NaToreHe3a pasBUTUs B PaHHUI NepUoj, TpaBMaTUUeCKoi 6onesHu.

Marepuanbl u Metogpl. [peacTaBneH NpocneKTMBHbIA aHanu3 104 MauMeHToB ¢ paHeHUsIMUM, KOTopble OblM roCIUTANN3MPOBaHbI
B OIKY «1602 BoeHHbIN KMHMYeckuin rocnutanb» MO PO, PoctoB-Ha-[loHy, B nepuof ¢ siHBaps no Mapt 2024 r. Mpu no-
CTYMNIEHUN B MHOrONPOMUIbHbINA CTALMOHAp NPOBOAMNACh OLIEHKA TAXKECTW COCTOSHMS MALMEHTOB C UCMO0JIb30BaHWEM LUKaTbI
Kadenpbl BOBHHO-MONEBOW XMPYPruuM COCTOSHUSA NpY MOCTYMN/IEHWM, N0 pe3yNibTaTaM KOTOpOii Bbinv BbigeneHbl TpU KaTeropum
paHeHbix: 1 — naumeHTbl C 4eKOMNEHCUPOBaHHBIM TeYEHUEM TpaBMaTUIeCcKol bonesHn ¢ cymMoii bannos bonee 34 (17 ve-
noBex, 16,4%); 2 — naumeHTbl ¢ CybKOMNEHCUPOBAHHBIM TeYEHMEM TpaBMaTUYecKo 6onesHu ¢ cymmoin 6annos ot 25 fo 34
(49 yenoBek, 47,1%); 3 — nauUMeHTbI C KOMMNEHCUPOBAHHBIM TEYEHMEM TPaBMaTU4ECKON DoMe3HM ¢ cyMMoi bannos ao 24
(38 yenosek, uto coctasnseT 36,5% ot obwiero umcna). OcywecTBAsAMCh cbop aHaMHe3a, OLeHKa BUTaNbHbIX QYHKLWIA NaLm-
€HTOB C MOACYETOM CYTOYHOIO AWYpe3a, BbIMONHAMCH 0BLLEKITMHUYECKUIA aHanu3 KPOBM U MOYM, TPEXKpaTHOe broxuMnye-
CKOE WCCiej0BaHUE KPOBH, 3MIEKTPOKapauorpadms, peHTreHorpadms opraHoB rpynHoi Knetku. Cratuctuyeckyto 0bpabotky
3KCNepPUMEHTaNbHbIX AaHHbIX NPOBOAMIM C UCMONb30BaHUEM NporpamMmbl SPSS Statistics 27 (IBM).

PesynbTtathl. B pesynbrate uccnefoBaHus onpefeneHbl AMarHOCTUYECKUe HaKTOpbI, BIMSIOLLME HA PUCK Pa3BUTUS OCNOX-
HEHWs B PaHHWI Nepuoj, TpaBMaTUIeCKon bonesHu (reMornobuH, reMaToKpUT, KpeaTUHWH, pacyeTHas CKOpOCTb KiybouKoBoM
QUNbTPaLUMK, MOYEBMHA, BENIMYMHA CYTOYHOTO AMYPe3a, Kanui) U UX CTAaTUCTUYECKYI0 3HAYMMOCTb. Ha 0CHOBaHUM MeXrpyn-
MOBOr0 aHanM3a NoyyYeHHbIX AaHHBIX 0TMEYEHO, YTO B rpymnmne NaLuueHToB C KOMMNEHCMPOBAHHBIM TEYEHUEM TPaBMaTUUYECKOM
bonesHu cnyyaeB pa3BUTUS OCTPOro MOBPEXAEHNSA MOYEK He 3aperucTpupoBaHo. B rpynne naumeHToB ¢ AeKOMMEHCMPOBaH-
HbIM TEYEHWEM TpaBMaTU4eCKoM 60J1e3HM YacToTa pa3BUTUS OCTPOr0 MOBPEXAEHUS NoyeK coctauna 82,3%, ¢ cybkomneH-
CMPOBaHHBIM TeYeHWeM TpaBMaTuyeckon bonesun — 24,5%. Y 12 u3 26 naumentoB (46,1%) c ycTaHOBNEHHBIM AUarHO30M
0CTpOe MOBPEX/eHNe MoYeK 0TMeYanach Heonmrypuueckas dopma. Beaylummm natoreHeTUUECKUMW MeXaHU3MaMK pasBuTUA
OCJOXHEHUSA ABUNOCH NPepeHanbHOEe 0CTPOE NOBPEXJEHNUE NOYEK, 00ycnoBneHHOe runosonemMment (69,2%); peHanbHoe, cBs-
3aHHoe ¢ pabaomuonusoM (23%) u MeTabonmyeckum aumaosoM (8,3%).

3aksitoueHue. MonyyeHHble B paboTe pesynbTaThl YKas3blBaloT Ha BbICOKYH pacrpoCTPaHEHHOCTb OCTPOr0 MOBPEXAEHMS MO-
YeK Cpefu MALMEHTOB C PaHEHUSMU W MOBPEXAEHUAMU B YCNOBUAX COBPEMEHHOIO BOOPYXEHHOrO KOHGMMKTa (no 25%),
BeAYLLMM MaToreHeTUYeCKUM BapuaHTOM KOTOPOro SBNSETCS NpepeHanbHbli. C y4eToM HU3KOM MHOPMaTUBHOCTY CTaHAAPT-
HbIX METO[OB AMAarHOCTUKU OCTMOXHEHWS, 0COBEHHO Yy MaLMEHTOB C HEONMIYPUYECKUM BapuaHTOM, TpebyeTcs paspaboTka
KOMMJIEKCHOr0 MOAX0Aa K AWarHOCTUKE OCTPOro MOBPEKAEHWUS MOYEK Y PaHEHbIX U MOCTPaAaBLUMX C MUCMONIb30BaHUEM CO-
BpEMeHHbIX labopaTopHbix 61OMapKepoB B paHHUIA NepUOL TpaBMaTMYeCKon BomnesHu.

KnioueBble cnoB.a: BOOPY)'KEHHI:IVI KOHCIJJ'IVIKT; 0CTpoe noBpexaeHne no4ex; naToreHeTUYeCKUI MexaHusMm; I'IPEPEHaJ'IbeIVI
naToreHeTUYeCKUN BapUuaHT; paHEHbIVI; paHHVIVI nepuon; TpaBMatu4ecKas bonesHb.
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BACKGROUND

The mortality rate of patients with severe multiple
and combined trauma (polytrauma) depends on vari-
ous factors, including morphology and severity of single
injuries, number of affected anatomical areas, speed
and quality of pre-hospital care, delivery time of the
injured person to a qualified and specialized healthcare
facility, patient’s age, comorbidity, condition severity,
and general level of healthcare organization, and can
reach >30%. Considering the specific features of the
traumatic disease (TD) course, detection of complica-
tions at Stages | and Il of the pathological process is rel-
evant in determining the patient’s prognosis and quality
of life.

In modern military conflict situations, the sanitary
loss structure analysis at the stage of first aid measures
indicates the predominant character of missile injuries,
accounting for 79.3%, and blast injuries, occurring with
a frequency of 15.1%. The prevalence of severe and ex-
tremely severe injuries is 26% and 8.6%, respectively.
Statistics show an increase in the severe and extremely
severe injuries rate compared with other military con-
flicts, particularly in North Caucasus, with the total num-
ber of such injuries not exceeding 20%. More than 90%
of injuries are combined and multiple injuries. Several
studies showed that 5.3% of injured individuals suffer
from thermal and thermomechanical injuries, mostly
sustained inside attacked vehicles or combat vehicles [1].
The changes observed in the sanitary casualty structure
are explained by progress in weapon development and
introduction of high-energy munitions into the armory
[2-4].

Scientific data reveal that the complication rate in pa-
tients with multiple and combined trauma is >70%, mainly
in the TD early period. Acute kidney injury (AKI) is a life-
threatening complication frequently diagnosed in injured
individuals. Studies have reported that AKI likelihood de-
pends on trauma type, wound and injury location, and the
time of delivery to qualified and specialized healthcare
facilities. AKI is commonly observed in abdominal mine
blast wounds and combined injuries [2-6].

The major factors contributing to AKI include trau-
matic shock, hypovolemia, rhabdomyolysis, sepsis, met-
abolic acidosis (MA), and urinary tract obstruction due to
trauma [4-6].

There are three main AKI pathogenetic variants: pre-
renal (associated with renal hypoperfusion); renal (asso-
ciated with direct damage to the main compartments of
the organ, i.e., intrarenal vessels, glomeruli, tubules, and
interstitium); and postrenal (associated with urinary tract
obstruction). In patients who are brought to the hospital
after a wounding or an injury directly from the battle-
field, prerenal AKI is more common, whereas renal AKI
is more likely to occur as a hospital complication. The
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continuity disruption between medical care stages can

lead to undiagnosed complications. It should be consid-

ered that the risk of AKI is increased in injured patients
with pre-existing renal disease, diabetes mellitus, and
arterial hypertension and in those on or already taking

potentially nephrotoxic drugs [6, 7].

Prerenal kidney damage causes include:

+ Hypovolemia caused by increased fluid loss (due to
bleeding, burns, massive vomiting and diarrhea);

+ Decreased cardiac output in heart failure, cardiac tam-
ponade, massive pulmonary embolism;

+ Intrarenal vasomodulation due to hypercalcemia,
hepatorenal syndrome, abdominal compartment syn-
drome; and

» Systemic vasodilation due to sepsis, systemic inflam-
matory response syndrome, and hepatorenal syndrome
[4, 6].

Acute blood and plasma loss in burns, leading to
gross hemodynamic disturbance, negatively affects or-
gan perfusion. Ischemia leads to decreased glomerular
filtration, toxic substance accumulation in the blood, and
water—electrolyte balance disruption. To compensate for
hypovolemia, the renin-angiotensin—aldosterone sys-
tem is activated; however, this may lead to additional
damage. Increased renin levels contribute to increased
angiotensin Il production, causing renal vasoconstriction
and further renal perfusion deterioration [8—10]. Nota-
bly, AKI severity depends on blood loss volume and rate.
The complication risk significantly increases at a >30%
blood volume loss [10, 11].

The most common causes of renal AKI include acute
interstitial nephritis, pigment nephropathies, rhabdomy-
olysis and massive hemolysis, and acute tubular necrosis
with ischemia due to shock and sepsis [6, 12].

Traumatic rhabdomyolysis (RM) is characterized by
striated muscle sarcolemma damage with myocyte con-
tents leaking into the blood. The main indicator in the
pathogenesis of injury-related pigment nephropathy is
myoglobin. This complication is common in patients with
crush syndrome (CS) [4, 6, 13].

CS is a serious injury involving soft tissue compres-
sion. It may occur in combat conditions involving falling
of building debris, use of military vehicles, barricades,
and roadblocks. Myoglobin release in sarcolemma dam-
age leads to renal tubular necrosis. In addition to its abil-
ity to penetrate the glomerular basal membrane and bind
to Tamm-Horsfall protein, it damages the convoluted tu-
bule epithelium. The urine acidic pH in the distal tubule
lumen creates conditions for the formation of poorly
soluble cylinder shape precipitate, which causes tubular
obstruction [4, 6, 14].

Unlike in crush syndrome, muscles are damaged in
compartment syndrome by the body weight of the patient
who is unconscious due to poisoning or fainting [4, 13,
15-171.
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In addition to trauma, RM may be caused by improper
application of tourniquet for limb wounds and injuries.
Noncompliance with clinical guidelines for tourniquet
use is characterized by ischemic muscle damage, lead-
ing to hypermyoglobinemia and systemic disorders after
its withdrawal. The myoglobinemia level correlates with
tourniquet exposure duration. RM-associated AKI occurs
in 10%-40% of cases [6, 18].

Postrenal causes include bladder and ureter trauma,
bladder strictures and its blockage with blood clots, pap-
illary necrosis in the renal pelvis, and ureter and renal
pelvis obstruction by concretions [5-7].

In addition to the above-described pathogenesis
chains in burns, MA is a critical physiologic change trig-
gering renal dysfunction [19].

MA is manifested by an increase in the hydrogen ion
blood concentration and results in a pH decrease. Burns,
especially severe burns, cause complex physiologic
changes, including fluid and electrolyte loss, which con-
tributes to acidosis and AKI as a consequence of meta-
bolic imbalance [6, 20, 21]. AKI in burn injury occurs at
a frequency of up to 30%.It is classified into early (up to
72 hours after the injury) and late (4—14 days after the
injury).

AKI progression depends on the total burn area.
According to published data, the risk of AKI increases
by 10%-15% for every 10% increase in the burn area
(4, 21].

Analysis of studies provided sufficient data on AKI
development mechanisms in early TD. Considering the
high frequency of various etiologies of renal dysfunction,
resulting in worse prognosis for wounded and injured
individuals, the search for early diagnostic criteria for
complications in early TD should be a priority.

This study aimed to identify factors affecting the risk
of AKl in injured patients and determine the frequency of
the leading pathogenesis mechanisms of AKI in early TD.

MATERIALS AND METHODS

The study examined 104 patients with wounds and
injuries admitted for qualified medical care in a multidis-
ciplinary hospital (Federal State Institution “The 1602nd
Military Clinical Hospital of the Ministry of Defense of
the Russian Federation, Rostov-on-Don) between Janu-
ary and March 2024.

At admission, the patients’ condition severity was as-
sessed using the Department of Military Field Surgery
scale (Military Field Surgery Scale for assessing the se-
verity of the condition at admission) in the reception unit.
This method was used to further categorize patients into
risk groups for early TD complications. Chronic somatic
pathology, nephrotoxic drug use, blood component trans-
fusion, and tourniquet application were evaluated based
on medical records from previous healthcare levels.
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The impact of these factors on potential renal dysfunction
complications were investigated. In the multidisciplinary
hospital, the patients’ vital functions were determined
by calculating daily diuresis as the simplest and most
informative renal function assessment method; complete
blood count and urinalysis were performed; a three-time
blood chemistry study with determination of the calculat-
ed glomerular filtration rate (GFR) using the new Chronic
Kidney Disease Epidemiology (CKD-EPI) creatinine for-
mula was conducted; and electrocardiography and chest
X-ray were registered.

The patients were grouped by condition severity.
The AKI time indexes were obtained and analyzed, as well
as the frequency of prevalent AKI pathogenetic mechanism

In the study, the inclusion criteria were a wound or
injury history of <120 hours prior to hospital admission
and a nursing care facility stay of at least 72 hours.
The choice of wounding time of <120 hours before hospi-
tal admission is explained by the need to cover the period
of the highest risk of TD complications, which starts from
48 hours after wounding and lasts up to 3-5 days.

Study setting

This study was performed in a multidisciplinary clini-
cal hospital (Federal State Institution, 1602nd Military
Clinical Hospital of the Ministry of Defense of the Russian
Federation, Rostov-on-Don).

Study duration

Patient follow-up lasted 72 hours, which corresponds
to the early TD period. The rationale for the choice of
follow-up duration was associated with the activation of
main AKI pathogenetic mechanisms in any variant (pre-
renal, renal, and postrenal) within 72 hours.

Intervention

History data from available medical records, Military
Field Surgery Scale scores, and investigation results
were evaluated.

Main study outcome

The criteria for early diagnosis of AKI at the stages of
care were defined. Moreover, the complication incidence
rate was calculated, and the leading complication patho-
genetic mechanisms in the wounded in TD periods |-l
were determined.

Additional study outcomes

As an additional outcome of the present research, the
prognostic model for early diagnosis of AKI should be
considered as an outcome of this study.

Subgroup analysis
The main groups of participants were formed: wounded
and injured patients with compensated, subcompensated,
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and decompensated TD. Injury time and the patient’s age
and healthcare characteristics during the evacuation
stages were assessed.

Outcomes registration

The condition of the injured was examined using the
Military Field Surgery Scale, assessment of vital func-
tions (heart rate, blood pressure, blood oxygen satu-
ration, and daily diuresis), blood chemistry (creatinine,
urea, and potassium), complete blood count, urinalysis,
electrocardiogram, and chest X-ray.

The Military Field Surgery Scale comprises 12 crite-
ria: skin color, respiratory pattern, auscultatory changes
in the lungs, speech contact, pain reaction, pupillary
reflex, pupil size, pulse pattern, pulse rate, systolic
blood pressure, estimated blood loss, and intestinal
peristalsis [5].

To estimate the diuresis in patients with wounds and
injuries, daily diuresis was counted rather than the rate
(mL/kg/h) in accordance with the 2012 KDIGO Practical
Clinical Guidelines owing to care organization peculiari-
ties at this stage.

Statistical analysis

Statistical analysis of experimental data was per-
formed using SPSS Statistics 27 (IBM). Quantitative trait
distribution was examined for conformity to the normal
distribution law using the Shapiro—-Wilk test and descrip-
tive statistics analysis. In normal or near-normal distri-
bution, parametric analysis methods were employed to
compare the distributions of quantitative indicators in the
groups (analysis of variance to compare three or more
groups and Student’s t-test to compare two groups). Re-
sults were presented as mean of the trait and standard
deviation (M+SD). In cases of non-normal distribution,
nonparametric criteria were utilized, and results were
presented as median and interquartile range (Me [Q;; Q,]).
The Pearson chi-squared test of independence was used
to compare qualitative measures. For assessing chang-
es in the nitrogen metabolism parameters by groups,
analysis of variance with repeated measurements (gen-
eral linear model) was used. The time factor with three
measurements (on admission and after 24 and 48 hours)
corresponded to a change in the in-group variance of the
controlled parameter, and the group factor (patients with
decompensated, subcompensated, and decompensated
TD) corresponded to the change in the in-group variance.

RESULTS

Participants

The characteristics of the patients’ wounds and inju-
ries were determined by assessing the objective status
and accompanying medical documentation. Most of the
cases were mine blast injury (MBI), which were detected
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in 67 patients (64.4%); missile injury (MI) in 20 patients
(19.2%); bullet injury (BI) in 12 patients (11.5%); CS in
3 patients (2.8%); and burns with >40% skin damage in
2 patients (1.92%) (Table 1).

Notably, analysis of the wound and injury structure
depending on the main (dominant) lesion location showed
that chest and abdomen injuries were the most common
(Table 2). This distribution is possibly due to explosive
munitions (heavy artillery systems, cluster munitions,
and reconnaissance and strike drones) used by the
enemy.

The Military Field Surgery Scale was utilized to as-
sess severity of the patient’s condition on admission. As-
sessment results revealed that the injured were grouped
as follows: group 1, patients with decompensated TD (to-
tal score: >34, n=17, 16.4%); group 2, patients with sub-
compensated TD (total score: 24-33, n=49, 47.1%); and
group 3, patients with compensated TD (total score: <24,
n=38, 36.5%).

Primary results

Based on the 2012 KDIGO Clinical Practice Guidelines,
AKI was diagnosed in 26 wounded and injured patients
(25% of all patients). In the group of decompensated TD
patients, AKIl was detected in 14 patients, accounting for
82.3% of all patients in this group. In analyzing the di-
agnostic time indicators, complications were observed in
11 patients upon admission and within the first 24 hours
after admission in 3 patients. In the group of subcom-
pensated TD patients, AKI was diagnosed in 12 patients,
which is 24.5% of all patients in this group. Notably, this
complication was diagnosed in 3 patients upon admis-
sion, in 5 patients after 24 hours, and in 4 patients after
48 hours. In the group of compensated TD patients, no
evidence of AKI was found (Table 3).

At the initial stage, the patients were assessed for
age, admission time after injury (trauma), and history of
chronic pathology. One-factor analysis of variance was
used. No differences were noted between the groups re-
garding age and wounding time. According to medical
documentation, 27 patients had a history of chronic pa-
thology. When comparing the groups with decompensat-
ed and subcompensated TD (p, , <0.05) and subcompen-
sated and compensated TD (p, 5 <0.05), the differences in
the trait frequency were significant. When comparing the
groups with decompensated and compensated TD course,
the history of chronic pathology was not statistically sig-
nificant (p, ; >0.05) (Table 4).

In evaluating interventions during previous health-
care stages, differences contributing to AKI frequency
should be noted. Table 5 shows that in the groups with
decompensated and subcompensated TD, tourniquet was
applied in 9 and 12 patients, accounting for 52.9% and
24.5% of patients in the groups, respectively, which is
statistically significant (p, , <0.05). When comparing the
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Table 1. Group distribution of patients by type of wounds and injuries
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Ta6nuua 1. MpynnoBoe pacnpezieneHye NaLYeHTOB Mo TUMY PaHEHWIA U MOBPEXAEHUI

Type of wound/injury
Frequency of occurrence - Total
MBI M Bl cS Burn disease
Number of cases 67 20 12 3 2 104
Percentage of patients, % 64.4 19.2 11.6 2.9 1.9 100

Table 2. Frequency of wounds and injuries by major clinical groups (based on the localization of the primary dominant injury)
Ta6nuua 2. Yactota paHeHuii M NOBPEXKLEHUA N0 OCHOBHBIM KIIMHUYECKMUM TPyNnaM (B 3aBMCMMOCTY OT JIOKa/IM3aLMM OCHOBHOMO AOMUHUPY-

rouiero nopa»(eva)

Location of the dominant or single lesion/
the leading injury mechanism

Number of patients Percentage of patients, %

Head

Chest

Abdomen

Limbs

Soft tissues

Spine with spinal cord injury
CS

Burn disease

Total

20 19.2
25 24.1
25 24.1
18 17.3
7 6.7
4 3.8
3 2.9
2 1.9
104 100

subcompensated and compensated TD groups, this in-
dicator was also significant (p, ; <0.05). No significant
differences were observed in tourniquet application be-
tween the compensated and decompensated TD groups
(p; 5=0.05). Intergroup analysis revealed significant differ-
ences in blood substitute solutions administration at the
previous evacuation stage in all groups (p <0.05). No sig-
nificant differences were found between the groups regard-
ing administration of nephrotoxic drugs (p =0.640) (Table 5).
The mean hemoglobin value on admission was
114.4+14.8 g/L in the compensated TD patients, 99.7+17.8 g/L
in the subcompensated group, and 81.2+7.9 g/L in the
decompensated group (Table 6). The average hemato-
crit value was 38.5+3.1% in the compensated group,
35.2+3.4% in the subcompensated group, and 32.1 + 1.7%
in the decompensated group, indicating severity of inju-
ries. No significant differences were observed in the re-
sults of the urinalysis, namely, specific gravity, between
the groups. Focus was directed to hyperkalemia that co-
occur with AKI in injuries. Based on hiochemical blood
test results, the highest values of this index were noted
in the decompensated patients group. In intergroup anal-
ysis, significant differences were observed in potassium
levels when comparing the decompensated and subcom-
pensated TD groups (p, , <0.001) and the decompensated
and compensated TD groups (p, ; <0.001). No significant
differences were found between the subcompensated and
compensated TD groups (p, ; =0.991) (Table 6).
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Analysis of variance with repeated measurements
(general linear model) was utilized to examine the chang-
es over time in creatinine, GFR, urea, and daily diuresis
by groups. The time factor with three measurements
(on admission and after 24 and 48 hours) corresponded
to the change in the in-group variance of the controlled
index, and the group factor (patients with compensated,
subcompensated, and decompensated TD) corresponded
to the change in intergroup variance. The statistical hy-
potheses were tested in analysis of variance with re-
peated measures:

1. The mean values of the dependent indicators for
significance at all three time points are the same regard-
less of the group.

2. The mean values of the dependent indicators are
the same between groups at each time point.

3. The mean values of dependent indicators do not
differ by time, indicating no interaction between time and
the group factor (Table 7).

Table 7 shows an increase in creatinine levels in
all three groups (p, <0.001); this change is statistically
significant. Compared with the established reference
values (76—110 umol/L), significant overrange values
were observed in the decompensated TD group. An in-
significant outlier compared with reference values was
noted in the subcompensated TD group 24 hours after
admission. Moreover, other differences were found be-
tween the groups (p, <0.001). The creatinine levels in the
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Table 3. Comparative analysis of the incidence of acute kidney injury depending on the course of traumatic disease, n

Tabnuua 3. CpaBHVITEJ'IbHaFI XapaKTepUCTUKa 4acToTbl Pa3BUTUA OCTPOro NOBPEXXAeHUA NOYEeK B 3aBUCUMOCTU OT TeYEHUA T6,n

Groups of patients

AKI, h with decompensated TD, With subcompensated TD, With compensated TD,
n=17 n=49 n=38
On admission 1 3 -
24 3 5 _
48 - A -
Total 14 12 -

Ta6nuua 4. CpaBHUTENbHAsA XapaKTEPUCTUKA BXOASLLEr0 MOTOKA PaHEHbIX M NOCTPaZaBLUMX MO BO3PACTY, BPEMEHMU OT MOJyYeHUst paHeHNs
(TpaBMbl), HaNMYMS XPOHMYECKOW NaTonoruy B aHaMHese, M+SD

Table 4. Comparative characteristics of wounded and injured individuals by age, time from injury (trauma), and history of chronic condi-

tions, M+SD
Indicator, Patients with Patients with Patients with _value
measurement units | decompensated TD, n=17 | subcompensated TD, n=49 compensated TD, n=38 p
p=0.402
Time since 28.2:8.4 33.314.1 31.6214.1 P1,20.05
wounding, h p; 320.05
P, 320.05
p=0.827
p; ,20.05
Age, years 37.54.4 37.415.2 36.7+7.8 Py 53005
Py, 320.05
Chronic - E[l]]([]]lé
pathology in history 1(5.9) 20 (40.8) 6(158) 5 ~0.05
absolute, % v
P, 3 <0.05

Table 5. Characteristics of interventions at earlier stages of care and relevant history data, abs., %
Tabnuua 5. XapakTepucTika MeponpusTHiA, NPOBEAEHHbIX Ha NPeAblAYLLMX 3Tanax OKa3aHWs NOMOLLM, U aHAMHECTUYECKUX AaHHbIX, abe., %

Parameter Patients with Patients with Patients with value
decompensated TD, n=17 | subcompensated TD, n=49 compensated TD, n=38 p

p=0.008
. p; 2 <0.05
Tourniquet 9 (52.9) 12 (24.5) 2(55.3) p; 520.05
Py, 3<0.05

p <0.05
Injection of blood p; 2 <0.05
substitute solutions 1588.2) 19 (38.8) 4(105) p; 3<0.05
Py 3<0.05
Injection p=0;£[>]4[l]]5
of nephrotoxic 17 (100) 47(95.9) 36 (94.7) g” ~0.05

1,320

drugs Py, 3 20.05

decompensated TD group were higher than those in other
groups upon admission and after 24 and 48 hours; the
difference between the compensated and subcompensat-
ed groups was insignificant as far as confidence intervals
overlapped. Notably, the level of creatinine increase in
the decompensated TD group after 24 hours was more
dynamic compared with that in other groups (p; <0.001).

DO hitps://doi.org/ 1017816/ rmmar643630

GFR levels decreased in all three groups (p, <0.001).
Considering a correlation between creatinine and GFR
(calculated using the CKD-EPI formula), overlapping
confidence intervals between the compensated and
subcompensated TD groups were observed. This re-
sults in low statistical significance within both groups.
Similar to creatinine levels, the low initial GFR level in
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Table 6. Comparative analysis of clinical examination findings and the Military Field Surgery Admission Scale, M+SD
Ta6nuua 6. CpaBHuTENbHAs XapaKTePUCTUKA NOKa3aTenew, Noy4eHHbIX Npy 06cneL0BaHM NALMEHTOB, U OLeHO4HOM WKanbl BITX-CI, M+SD

Parameter Patients with Patients with Patients with —value
decompensated TD, n=17 | subcompensated TD, n=49 compensated TD, n=38 p
Military Field P sgbogg”
Surgery Scale, 36.7+1.3 30.0£3.4 21.7£2.6 Pr2 \0'001
scores Pra s>

Py, 3 <0.001

p <0.001
. p;, , <0.001
Hemoglobin, g/L 81.2+7.9 99.7+17.8 114.4+14.8 Py 3 <0.001
Py, 3<0.001

p <0.001
Hematocrit, % 32.1:17 35.2:3.4 38.5:3.1 P1,20.002
Py, 3<0.001
Py, 3<0.001

p=0.029
Urine specific 1.02+0.01 1.02:0.01 1.02:0.00 P, 20772
gravity P, 5=0.070
p,, =0.092

p <0.001
Potassium, p; , <0.001
mmol/L 4.9+1.2 4,0£0.4 3.9+0.2 D, <0001
p,, 7=0.991

the decompensated TD group progressively decreased
throughout the examination (p;=0.014).

In estimating the average urea level in the biochemi-
cal blood test and daily diuresis level in the decompen-
sated TD group, high indices at the first measurement
and their progressive increase (p, <0.001) are expected.
No significant difference was observed between the com-
pensated and subcompensated TD groups.

Notably, 12 of 26 patients (46.1%) with AKI had a non-
oliguric form. This indicates the low informativeness of
the daily diuresis parameter in isolation at the initial
stage of TD and the need for clinical observation over
time in injured patients at high risk for complications.

DISCUSSION

Summary of Primary Results

The main factors that can be used for early AKI di-
agnosis are routine blood serum creatinine and urine
output; Military Field Surgery Scale score; hemoglobin
content; and hematocrit, urea, and potassium levels in
the blood serum.

Early verification of the leading AKI pathogenetic
mechanism at the initial healthcare stages allows for de-
termining the patient evacuation destination and choosing
the optimal treatment strategy for complication manage-
ment.

The main AKI pathogenetic mechanisms were hypo-
volemia (69.2% of total AKI cases), rhabdomyolysis (23%
of total AKI cases), and MA (8.3% of total AKI cases).

DA hitps://doi.org/ 1017816/ rmmar643630

Hypovolemia is one of the most common mechanisms
leading to prerenal AKI. This mechanism is prevalent in
combined trauma, accompanied by external blood loss
and internal bleeding in the cavity, without proper cir-
culating blood volume replenishment at the healthcare
stages. Renal AKI due to rhabdomyolysis and MA was
significantly less common. This mechanism was of-
ten seen in CS and mine blast injuries of the extensive
muscle layers. MA was prevalent in 8.3% of cases. This
mechanism was most relevant for burn injuries of >40%
of the skin.

CONCLUSION

The main diagnostic factors identified in this study
can be used in developing a prognostic model for AKI
early diagnosis when patients are admitted to a qualified
healthcare facility.

Various combined, multiple, and penetrating injuries
and severe limb injuries require a comprehensive treat-
ment approach. It implies the development and practical
implementation of advanced AKI verification techniques
based on laboratory biomarkers to avoid misinterpreta-
tion of standard biochemical and instrumental studies
during the diagnostic window (72 hours).

The leading pathophysiological mechanism of AKI was
prerenal AKI characterized by hypovolemia (69.2% of the
total AKI cases). Renal AKI due to rhabdomyolysis was
detected in 23% of patients with AKI, and MA was de-
tected in 8.3% of patient with AKI.
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Table 7. Renal function parameters over time and across patient groups, Me [Q;; Q;]

Ta6nuua 7. MNokasatenm GyHKUMOHaBEHOTO COCTOSIHMS MOYEK B 3aBUCUMOCTY OT BPEMEHH 1 MPUHAZIEXHOCTH K rpyninam, Me [Q;; Q,]

Parameter Patients with Patients with Patients with p-value
decompensated TD, n=17 | subcompensated TD, n=49 compensated TD, n=38
0 226 96 90 p, <0.001
[126; 416] [90; 108] [86; 98]
Creatinine, 2% h 273 110 94 p, <0.001
pmol/L [174; 588] [97; 129] [94; 99]
48 h 229 118 105.5 p, <0.001
[203; 522] [104; 167] [98; 110]
0 3.4 86.7 91.2 p, <0.001
[15.5; 60.2] [73.2; 92.3] [86.7; 99.8]
GFR, . 2% h 24 72 86.8 p, <0.001
mL/min/1.73 M? [9.7; 41.9] [59.0; 86.1] [79.5; 92.3]
48 h 22.6 67.1 77.4 p;=0.014
[11.8; 34.8] [47.1; 82.1] [73.2; 87.6]
0 8.4 6.2 5.4 p, <0.001
[6.9; 10.8] [5.7; 6.9] [4.8; 6.2]
12 6.4 5.7 <0.001
Urea, mmol/L 24 h [8; 14.2] 5.8, 7.1 5.2 6.2] &
48 h 11.3 6.8 5.6 Py <0.001
[8; 18.7] [5.6;7.3] [5.2; 6.0]
0 1 1.6 1.8 p,=0.167
[0.7; 1.4] [1.4;1.7] [1.6; 2.3]
. . 0.7 1.5 1.6 =0.196
Diuresis, L 26k 04 1.3] 13 18] [14;2.3] &
48 h 0.7 1.4 1.6 p, <0.001
[0.5; 1.2] [1.1; 1.5] [1.4;1.8]

Note. p,, value for hypothesis 1; p,, value for hypothesis 2; p,, value for hypothesis 3
[pumeyaHue. p, — 3Hayenne ans runotesbl 1; p, — 3HayeHWe ANA TUNOTE3bl 2; p; — 3Ha4YeHWe ANA TUnoTessl 3.
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LaKTupoBaHue cTaTbu; A.A. VBaHOB — HamucaHue TeKcTa
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W pefaKTMpoBaHue cTaTbW, 0630p JMUTEpPaTypbl, MaTEMATUYECKUI
aHanu3 nosyyeHHbIx pesynbtatos; [1.B. AradoHoB — HanucaHue
TeKCTa M pefakTMpoBaHue cTatbu; M.B. 3axapos — HanucaHue
TEKCTa W peflakTupoBaHue ctatbi; A.B. MapyxoB — cbop u aHa-
N3 NIMTepaTypHbIX UCTOYHMKOB; A.B. MonoB — 0630p nuteparty-
pbl, peaakTvpoBanme ctatby; J1.A. Kyapssuesa — cbop v aHanm3
NTepaTypHbIX MCTOYHUKOB. Bce aBTOpbI MOATBEPKAAKT COOT-
BETCTBME CBOEro aBTOPCTBA MEXAyHapoAHbIM Kputepuam ICMJE
(BCe aBTOpbI BHEC/M CYLLLECTBEHHbIV BKMAL, B pa3paboTKy KoHLen-
UMM, NPOBefEHNe UCCNeAOBaHMA M MOAFOTOBKY CTaTbW, NMPOYIM
1 08o6punmn GuHanbHY Bepcuto nepes nybnvKaumen).
KoHdnuKT MHTepecoB. ABTOpbI AeKNapupylT OTCYTCTBUE SIBHBIX
U NOTEHLMANbHBIX KOHQIIMKTOB MHTEPECOB, CBA3aHHbIX C NybnnKa-
LiMei HacTosILLLIEN CTaTbu.

WHdopMupoBaHHoe cornacMe Ha y4acTve B MCC/ef0BaHUM.
Bce yuacTHMKM MccrnefoBaHUs A0 BKIKOYEHUS B UCCNeAOBaHWe
pobpoBonibHO noanucany GopMy MHGOPMUPOBAHHOMO Coriacus,
YTBEPXKAEHHYIO B COCTaBe MPOTOKOMA WUCCNELOBaHUA 3TUHECKUM
KOMUTETOM.

UcTouHnk duHaHcupoBaHus. OuHaHCMpoBaHWe AaHHOW paboTbl
He NPOBOAMIIOCh.

Jtnyeckas akcneptusa. CobniofeHre aTMYECKUX HOPM W MpaBun
0[100peHo 3TUyeckuM KomuteToM BMepA (npotokon N2 274 ot
21 anBapsa 2023 r.).
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