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EFFECTIVENESS OF ANTI-SHOCK THERAPY IN THE TREATMENT
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Abstract. The article analyzes the effectiveness of the use of crystalloid and colloid solutions, antihypoxants, antioxidants,
and analgesics aimed at relieving the pathological processes of shock development in patients with extensive skin burns
against the background of prolonged compartment syndrome. We conducted an experimental study that included 360
adult white outbred rats of both sexes, weighing 220-240 g, divided into groups depending on the treatment method.
After modeling long-term compartment syndrome in animals, third-degree burns according to ICD-10 were reproduced,
with a total area of 5, 10, 15, 20, 25, 30% of the body surface. The results were assessed after the administration of
crystalloid and colloid solutions, as well as any substrate antihypoxants, both based on malic and fumaric acids —
reamberin, mafusol, or polyoxyfumarin. As a result of our data, the most optimal statistical group of animals in the
experiment was identified, with a skin burn area of 15% and the presence of long-term compression syndrome. During
the study, the optimal volume of antishock infusion therapy was determined, which exceeded the calculated volume of
infusions on the first day based on the Parkland scheme by almost 40% (p <0.01).
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Pe3stome. B ctaTbe npoaHanuanpoBaHa 3 MEKTUBHOCTb NPUMEHEHNS KPUCTANMOUAHBIX U KOMSTOMAHbIX PacTBOPOB,
aHTUIMNOKCAHTOB, aHTUOKCMAAHTOB, @ TaKXe aHanbreT!koB, HanpaBfEHHbIX Ha KYyNUPOBaHWE NaToNorMYyeckux npo-
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LLeCCOB Pa3BMUTMA LUOKA Y NALMEHTOB, UMEKLLMX OBLIMPHBIE OXOTU KOXU Ha POHE CUHAPOMA ANNTENbHOrO chaBne-
Husi. Hamun Gbino npoBeAeHO 3KCNepuMeHTanbHoe UCCNeoBaHue, B kOTopoe Obino BkntoyeHo 360 B3pocnbIx Oenbix
BecnopoaHbix kpbic 060ero nona maccoit 220-240 r, pacnpeAeneHHbIX Ha rpynnbl B 3aBUCUMOCTW OT METOAMKM
nevenus. Mocne MoaennpoOBaHNst CUHAPOMA ANUTENbHOTO CAABIEHNS Y XKMBOTHbIX OblNi BOCNPOU3BEAEHBI OXOTH
[l cTeneHn, obwen nnowaasko 5, 10, 15, 20, 25, 30% noeepxHocTW Tena. PesynbTaThl OLEHWBANNCH NOCIe BBEAE-
HUS KPUCTANIOMAHBIX W KONMOUAHLIX PACTBOPOB, @ Takxe NoObIX Cy6CTPaTHBIX aHTUTMMOKCAHTOB, Kak Ha OCHOBE
S6M0YHON, TaK M PyMapoBoi kUCNoT — peambepuHa, Madycona unu nonnokcudgymapura. MonyyeHHole faHHbIe
NO3BONUNY BbIAENNUTL Hanbomnee oNTUMarnbHY CTAaTUCTUYECKYHO TPYNMY KMBOTHBIX B 9KCNEPUMEHTE, C NNoLlaabto
oxora koxu 15% 1 Hanuynem cMHApOMa ANUTENBHOrO caaBneHus. B xone uccnenoBaHus 6bino NpoBEAEHO onpe-
JeneHne onTMManbHoro o6bema NpoBOAMMON NMPOTMBOLLOKOBO MHAY3NOHHOI Tepaniu, NPeBbILLALLEN PAaCYETHBbIA
06bem WHy3nit B nepsble CyTKW, Uexoas 13 cxembl Mapknanaa, noutu Ha 40% (p <0,01).

KntoueBble cnoBa: MH¢)y3I/IOHHa$I Tepanu4d, oXXoru, CUHOPOM ANUTENbHOIO CAaBneHNs, LWOK

INTRODUCTION

Long-term compartment syndrome or crush syndrome
(CS) is a complex of pathological reactions that occur as a
result of prolonged mechanical compression of soft tissues.
A distinctive feature of this type of injury is the severity of
clinical manifestations and high mortality [2]. A specific dif-
ference in pathogenesis is the manifestation of endogenous
intoxication with products of irreversible soft tissue ischemia
or the consequences of reperfusion with components of
their breakdown [3]. In recent years, special attention of re-
searchers and clinicians has been attracted by victims with
extensive burns against the background of CS [1]. There
are algorithms for providing specialized medical care for
each of the shock conditions, but no treatment regimens in
case of their combination [4]. This determines the relevance
of research in this area.

AIM

The aim of the study is to conduct an experimental ana-
lysis of the results of shock treatment using crystalloids, col-
loids, metabolic agents and analgesics in the acute phase
of extensive burns against the background of CS.

MATERIALS AND METHODS

The experiment involved 360 white outbred adult rats
of both sexes weighing 240-250 g. CS in the experimental
animals was reproduced under anesthesia by compressing
soft tissues of the right or left thigh for 4 hours using spe-
cial metal vices. The area of compressive surface exerted
a pressure force of 8-10 kg/cm?, which corresponded to
5 cm?. After modeling ischemia, deep third-degree burns
were reproduced with an area of 5, 10, 15, 20, 25, 30% of
the body surface. Skin burns were performed using the fol-

lowing method: in the back, using a KDB-22 light lamp with a
power of 500 W, skin was heated to 85-90 °C. Thermometry
was carried out using a thermocouple sensor of Electroline
multimeter (China). The exposure did not exceed 20 s.

After reproduction of combined injury, intra-abdominal
administration of crystalloid or colloid solutions with meta-
bolic correctors of antihypoxic or antioxidant action was
performed. In this case, the volume of infusion therapy was
carried out using the Parkland formula:

V=4-M-%,

where V is the volume of infusion, ml; M is the body weight
of the animal, kg; % is the burn area (% of the total body
surface area).

Statistical processing of data was carried out in accor-
dance with generally accepted standards in scientific re-
search. Quantitative parameters of the study groups were
compared using Student’s t-test. The significance criterion
was p <0.05.

RESULTS

The results of a comparative study of the mortality rate
among animals with different volumes of infusion therapy in
shock are presented in Table 1.

Analysis of the data in Table 1 leads to the conclusion
that a group of animals with burn wounds of 15% of the
body surface area is the most adequate model for asses-
sing the effectiveness of intensive therapy.

The data on the comparative analysis of the mortality
rate of animals relative to the area of deep skin burns are
shown in Table 2. Based on them, we can conclude that
the lowest mortality rate was 61.3% with volume of infusion
therapy of about 100 ml/kg, which, in turn, correlated with
the Parkland formula. When increasing the infusion therapy
to 150 ml/kg and above, 100% mortality of experimental
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animals is determined, as in the control group. The results
obtained suggest that excessive infusion therapy disrupts
the functioning of vital organs and functional systems.

It has been established that the probability of a fatal out-
come in burn injury and long-term compartment syndrome
depends on the volume of infusion therapy. The maximum
survival of experimental animals with these lesions was
recorded with the following infusion calculation: Volume of
infusion (ml) = 6.5 - M - %, which, in turn, exceeds the Park-
land formula by almost 40% (p <0.01).

Table 3 shows that administration of synthetic colloids
(139 kDa) and crystalloid solutions in a ratio of 2:3 and

Table 1
Mortality of rats with deep skin burns
and crush syndrome
Tabnuua 1

JNletanbHOCTb KpbIC NpKn rny60|mx oXxorax Koxu
M CUHAPOMe ANUTeNbHOro caaBrieHUA

Table 2

Mortality of rats with deep skin burns
covering 15%
of the body surface against
the background
of prolonged crush syndrome, taking into account
the volume of infusions

Tabnuua 2

NeTanbHOCTb KpbIC Npw rNy60KOM 0ore KoXu
nnowagbto 15% noBepxHoCcTH Tena
Ha ¢hoHe cMHOpOMa ANUTENLHOTO
caaBneHus
C y4eToM 00bema MHdy3un

MNnowaab Mokasatens netansHocTu, % /
oxora, % n.t./ Mortality rate, %
Burn area, 6e3 neyenus / C UHGDY3NOHHON Tepanuel /
%bs. without treatment with infusion therapy

5 25 _
10 85 -
15 100 77
20 100 90

Effect of infusions of crystalloid and synthetic colloid solutions on the mortality rate in deep burns
of 15% of the body surface area against the background of crush syndrome

O6wen Michyanm 0,9% NaCl, wn / MokasaTenb neTansHoOCTH
Infusion volume 0.9% NaCl (Mem), % 1
Mortality rate (M£m), %
0 100£7,1
5 92,4491
10 90,7+8,8
15 77,149,3
20 72,348,1
25 63,148,8
30 73,1474
35 79,649,1
40 100£10,3
Table 3
Tabnuua 3

BnusHue MHbe3Mﬁ KpuUcTannonaHbIX U CUHTETUYECKUX KONNMOUAHbLIX PaCTBOPOB Ha NOKa3aTesb J1IeTaJibHOCTU NMpu rny60KOM
oxore nnowagbko 15% NOBEPXHOCTH TeNla Ha (boue CUHOPOMa AnuTenbHOro caaBneHnA

Mokasatens netansHocT (M+m, %) npu uHdy3umn no chopmyne /
Mortality rate (M+m, %) with infusion according to the formula
I'pynnbl HabmopeHns / "
Observation groups YCINOBHO pacyeTHOM dopmyne
grotp nizkri?:rﬂja/ (Mapknanaa + 40%) / conditionally
calculated formula (Parkland + 40%)
KoHTponsb (6e3 neyenus) / Control (no treatment) 10010 10010
0,9% NaCl 77,1£9,3 63,118,8"
0,9% NaCl + '3K 130 (0,8:0,2) / 0.9% NaCl + HES 130 (0,8:0,2) 41,746,1":2 54,147,2"
0,9% NaCl + 'K 130 (0,6:0,4) / 0.9% NaCl + HES 130 (0,6:0,4) 36,4+5,9"2 39,346,7"2
0,9% NaCl + 'K 130 (0,4:0,6) / 0.9% NaCl + HES 130 (0,6:0,4) 58,1+6,2" 62,3+7,4'
0,9% NaCl + 'K 130 (0,2:0,8) / 0.9% NaCl + HES 130 (0,2:0,8) 66,2+5,6' 77,248,5
9K 130/ HES 130 86,1+7,3' 87,118,12

Notes. Student's t-test: ' — p <0.05 compared with the untreated group; 2 — p <0.05 compared with NaCl. HES — hydroxyethyl starch.
MpumeyaHus. t-kputepuit CTblogeHTa: ' — p <0,05 no cpaeHeHMIo ¢ rpynnoit 6es neyenus; 2 — p <0,05 no cpasHeHutio ¢ NaCl. FOK — ruapokeuaTunkpaxman
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crystalloids (0.9% NaCl) and synthetic colloid solutions
of hydroxyethyl starch (130 kDa) in a ratio of 3:2 reduces
the mortality rates of this category of animals by 40.7%
(p <0.05) and 23.8% (p <0.05), respectively, compared to
infusion with only physiological saline (0.9% NaCl solution).

CONCLUSION

1. The proportion of fatal outcomes in treatment of ex-
perimental animals with mechanical and thermal injury
caused by extensive burns of the skin and CS of tissue in
the acute phase can be reduced by adequate infusion the-
rapy with colloid and crystalloid solutions. It was found that
in the comparison group, where adequate infusion therapy
was carried out according to the conditional formula (Park-
land formula + 40% of the volume of infusion therapy), a
tendency to a decrease in the number of fatal outcomes
was noted.

2. The solution to the issue of the effectiveness of shock
treatment in the acute phase of mechanical and burn shock
is directly related to the performance of adequate infusion,
including combined use of crystalloid and colloid solutions.
At the same time, the mortality rate in the groups studied
was reduced by 1.5-2 times (p <0.01) compared to the
group of animals where only crystalloid solutions were used.
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