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Abstract

INTRODUCTION: Acute massive blood loss is a critical con-
dition associated with the loss of a significant volume of cir-
culating blood, leading to hemorrhagic shock and multiorgan
failure. In the setting of prehospital stage and scarce resourc-
es carrying out early and adequate intensive care may be im-
possible or significantly delayed. In these cases reduced oxy-
gen delivery to tissues leads to severe ischemia, and cellular
resistance to hypoxic damage becomes one of the key factors
determining poor outcomes. Thus, in recent years special at-
tention was given to cytoprotective properties of noble gas-
es. OBJECTIVE: To study the effect of using respiratory mix-
tures with elevated concentrations of noble gases (argon and
krypton) on survival in acute massive blood loss. MATERIALS
AND METHODS: A prospective randomized controlled study
was conducted on 16 pigs (35-50 kg). Experimental animals
were randomized into 2 groups: a control group (n = 8) (30 %
oxygen-air mixture) and an experimental group (n = 8) (“Ar-
gon-Krypton” mixture: 60 % argon, 30 % oxygen, and 10 %
krypton). Acute massive blood loss up to 50 % of the total
blood volume was simulated without infusion therapy. Ani-
mal survival over 2 hours was assessed, and hemodynamics,
acid-base balance, arterial blood gas composition, and hema-
tological parameters were monitored. RESULTS: In the ex-
perimental group, 1 animal died, compared to 3 animals in
the control group (p < 0.001). Following blood loss simulation
the experimental group showed higher rates of mean arterial
pressure 57 (53; 66) vs. 39 (20; 51) mm Hg, in the control
group (p = 0.041), partial pressure of oxygen 132 (90; 146) vs.
84 (76; 94) mm Hg (p = 0.028) and arterial blood oxy-
gen saturation 99 (97; 99) vs. 96 (94; 97) % (p = 0.015).

OYHAAMEHTAJIbHbBIE BOTTPOCHI
MHTEHCUBHOW TEPANUU

WHranaymns rasoBon cMecu ¢ aproHoM
W KPUNTOHOM yBeINYMBaeT
BbXKMBA€MOCTb MPU OCTPOI MaCCUBHOM
KpoBonoTepe: paHAOMU3UPOBaHHOE
nccnepoBaHUe Ha CBUHbAX

A.M. Hocos
K.H. JemMuyeHko

1, P.E. Jlaxun'2'12* B.A. KopoBuH =1,
1, H.A. XXupHoa“='"

1 ®rbBOY BO «BoeHHO-MeOUUUHCKas akaoemus
um. C.M. Kuposa» MO P®, CaHkm-llemep6ype, Poccus

2 @Ib0Y BO «CapamoBscKull 20cydapcmseHHbIl MeOUYUHCKU
yHUBepcumem um. B./1. Pazymoscko20» MuH3zdpasa Poccuu,
Capamos, Poccus

Pegpepam

AKTYAJIbHOCTb: Octpas MaccveHas kposonoTeps (OMK)
npeAcTaBnfeT cobol KpUTMYECKOe COCTOAHWE, CBA3aHHOE
C NnoTepeln 3Ha4YNTeNbHOro obbemMa LMPKYAMPYHOLLe KPOBU
(OLK), nprBoAsiiee K reMOpparMyeckoMy LIOKY 1 Noavop-
raHHOW HegocTaTo4yHOCTW. B ycnoBuAx gorocnuTanbHoro
3Tana M orpaHUYeHHbIX PeCypcoB NPOBe/AeHVe CBOEBpeMeH-
HOW M MOJIHOLLeHHOM MHTEHCMBHOW Tepanum MOXeT 6biTb He-
BO3MOXHO W/IN CYLLLeCTBEHHO OTCPOYeHO. B nogobHbIx cutya-
LMAX YMeHblUeHWe A0CTaBKM KUCI0POAA K TKaHAM MPUBOANT
K BbIpa)KeHHOW WLIEMUW, @ YCTONYMBOCTb KAETOK K TMMOK-
CMYECKOMY MOBPEX/AEHWNIO CTAHOBUTCA OHWUM U3 KNIOYEBbIX
dakTOpOB HebNaronpuATHLIX MCXOA0B. B CBA3M C 3TUM B no-
cNefiHve roAbl 0cob0e BHMMaHWe y/enaeTca LUTONpOTeKTHB-
HbIM CBOMCTBaM MHepTHbIX rasos. LLEJIb UCC/IEAOBAHUA:
N3y4nTb BAMAHWE NPUMEHEHWA AblXaTe/IbHON CMeCcH C NOBbI-
LIEHHbBIM COZEPMaHMEM MHEPTHbIX ra30B (aproHa U KpUNToHa)
Ha BbhKMBaeMocTb npu OMK. MATEPUAJIbI N METO/bl:
MpocneKTMBHOE paHAOMM3MPOBaHHOE KOHTPOMPYeMOe UC-
cnesoBaHue Ha 16 cBuHbAX (35-50 Kr). DKCnepuUMeHTaNbHble
KMBOTHbIE 6blIM PaHAOMM3MPOBaHbI Ha 2 FPYMMbl: KOHTPO/Ib-
Has rpynna (n = 8) (30 % KWC/IOPOAHO-BO3AYLWIHAA CMECh)
n onbiTHas rpynna (n = 8) (gbixaTenbHas cMecb «AproH-
KpunToH»: 60 % aproHa; 30 % kucnopoga un 10 % Kpunto-
Ha). Mogennposaan OMK go 50 % OLIK 6e3 nposeaeHust
MHPY3MoHHOW Tepanuun. OLeHNBaAW BbPKMBAEMOCTb KUBOT-
HbIX B Te4eHWe 2 4, MOHUTOPUPOBA/IN FEMOAMNHAMUKY, 13Me-
HEHWA KMCIOTHO-OCHOBHOIO paBHOBECWSA, ra3oBOro cocTa-
Ba apTepua/ibHON KPOBM W reMaTO/NIOrMYecKme nokasatesm.
PE3Y/IbTATbI: B onbiTHOW rpynne norn6ao 1 »uBOTHOe,
B KOHTPO/IbHOM rpynne — 3 #uBoTHbIX (p < 0,001). Mocne
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Acid-base status remained stable in the experimental group,
whereas progressive metabolic acidosis was observed in the
control group; statistically significant intergroup differenc-
es were found within 2 hours of monitoring (p = 0.005).
CONCLUSIONS: The use of a gas mixture containing argon
and krypton in acute massive blood loss is associated with in-
creased survival in large laboratory animals (pigs), promotes
systemic hemodynamics stabilization and reduces the sever-
ity of metabolic acidosis.

KEYWORDS: hemorrhagic shock, survival rate, argon,
krypton, oxygen, animals
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Introduction

Acute massive blood loss (AMBL) is a life-threatening
condition, characterized by 40 % and more loss of circulat-
ing blood volume (BV) that commonly results in compli-
cations such as hemorrhagic shock, multiorgan failure with
high likelihood of lethal outcome. Every year more than
5.8 million people die of severe injuries and their conse-
quences, AMBL prevailing among them [1-5].

In situations associated with AMBL, adequate oxygen
delivery to cells is critically important. The study shows
that monitoring of mixture proportion of respiratory gas
during acute period of traumatic disease can have a signif-
icant effect on metabolic processes occurring in the body,
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MOZE/IMPOBaHNA KPOBOMOTEPU B OMbITHOM Fpynne perucTpu-
poBann 60/iee BbICOKME 3HAYEHUsA CPeAHEro apTepuanbHoro
aasnenus (57 [53; 66]vs 39 [20; 51] MM pT. CT. B KOHTPO/ILHO;
p = 0,041), napumnansbHoro Aasnexua kucnopoga (132 [90;
146] vs 84 [76; 94] MM pT. cT.; p = 0,028) 1 caTypauum ap-
TepuanbHol Kposw (99 [97; 99] vs 96 [94; 97] %; p = 0,015).
KUCNOTHO-OCHOBHOE COCTOSIHWME B OMBITHOWM rpynne ocTa-
BaNOCb CTabW/bHbIM, TOTAA Kak B KOHTPO/IbHOW rpynne Ha-
611043/10Cb MPOrpeccMpoBaHve MeTabo/IMYECKOro almna03a;
Yepes 2 Y Hab/IIOAEHNA BbISIBNEHbI CTATUCTUYECKM 3HAYMMble
MeXrpynnossle pazanyus (p = 0,005). BBIBOAbI: MprimeHe-
HMe rasoBOMN CMecK C aproHoM u KpuntoHom npu OMK co-
NPOBOMAAETCA MOBLILIEHWEM BbIXKMBAEMOCTU KPYMHbIX 1360~
PaTOPHbIX }KMBOTHbIX (CBUHE), CNOcO6CTBYET CTabuUAMU3aLmm
CUCTEMHOW FeEMOAMHAMUKM M CHUMEHWIO BbIPAXKEHHOCTMN Me-
Tab0o/IMYECKOro aumaosa.

K/TFOYEBBIE C/TOBA: reMopparmyeckuii Lok,
BbIXXMBAEMOCTb, aproH, KPUMTOH, KUCIOPOJ, UBOTHbIE
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and hence, expected outcome for patients suffering from
severe trauma and blood loss [6-8]. In case of blood loss
leading to BV reduction and organs and tissues hypoxia, a
cascade of pathophysiological processes develops, which
include activation of inflammatory reactions and oxidative
stress. Oxidative stress caused by free radical excess can re-
sult in cell structure damage which includes lipids, proteins
and nucleic acids, which in turn can promote cell apopto-
sis and necrosis [9, 10]. Cytoprotective properties of noble
gases, such as argon and krypton, when used in the case of
blood loss, present a new area of exploration in pathophysi-
ology and clinical medicine. These gases possessing unique
physicochemical nature demonstrate a number of biological
effects facilitating reduced cell damage and improved func-
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tional outcome in the presence of acute massive blood loss
and its complication in the form of hemorrhagic shock [11].

Argon has an antioxidant effect, reducing free radicals
formation and protecting cells from oxidative stress [12].
The studies showed that this noble gas can have a protective
action on neurons during hypoxia [13, 14]. In cases when
brain blood supply is temporarily disturbed, the use of argon
can promote reducing cell damage and prevention of neu-
ronal death [15]. The mechanisms of action of krypton are
not fully understood, however, the studies demonstrated its
cytoprotective, anxiolytic and analgesic activity [16-18].

Thus, the use of air mixtures with high noble gases con-
centration can be beneficial in reducing cell damage and im-
proving patients’ outcomes.

Objective

To study the effect of respiratory mixtures with high
concentration of noble gases (argon and krypton) on sur-
vival rates in cases of acute massive blood loss.

Materials and methods

Contents and ethical considerations

This study was approved by the local independent
Ethical Committee at the Kirov Military Medical Academy
(reference number 279-27.06.2023).

The experimental work was conducted subject to the
rules of animal care and use in accordance with the Russian
Federation law “On Veterinary Medicine” N 4979-1 of
14.05.1993, GOST 33215-2014, and recommendations pre-
sented by Board of the Eurasian Economic Commission
Ne 33 of 14.11.2023 “Guidelines for Dealing with Laboratory
(Experimental) Animals in the Process of Nonclinical
Studies”.

Before the study began, the animals were kept in a box
for one day for the adaptation. At first, visual examination
of the animals was carried out in order to exclude sick and
weak animals. The experiment exclusion was performed in
the setting of continuing anesthesia.

The study design

Controlled prospective randomized study on exper-
imental animals was carried out at the base of the Kirov
Military Medical Academy, Ministry of Defense, the Russian
Federation, in the period from September to November 2024.

The study of noble gas mixture “argon-krypton” was
carried out on 16 big animals — pigs of one breed, weighing
35-50 kg. The size of the sample was calculated with the
help of specialized software (G*Power 3.1, Germany). The
calculation was based on large animal survival rate during
120 minutes. Considering the findings of previous stud-
ies the expected effect (d) amounted to 1.45. The power

capacity being 80 % and significance level being a = 0.05,
the necessary sample size was 8 animals in a group (total
16 animals). For AMBL simulation the animals were ran-
domized into two groups, 8 animals in each. Randomization
sequence was formed using random number generator.
Oxygen-air mixture with O, concentration —30 % was used
in the control group. Respiratory mixture containing high
noble gases concentration (argon = 60 %, oxygen = 30 %,
krypton = 10 %) was used in the experimental group.

Medical treatment description

In the setting of an operating room anaesthesia was in-
duced by intramuscular administration of the drug “Zoletil
R 100” (dose of 20 mg/kg of animal weight) injected into
the thigh. The trachea was intubated at the operating room
while the animal was in a prone position in order to prevent
aspiration and regurgitation. Then the animal was placed
into a dorsal position, and ultrasound guided femoral can-
nulation according to Seldinger method using the introduc-
ers 6Fr was carried out. Catheters installed were used for
invasive blood pressure monitoring, blood loss simulation,
as well as for blood sampling in laboratory studies. Then gas
mixture supply was delivered using the mechanical respira-
tor Mindray WATO EX-35 (Shenzhen Mindray Bio-Medical
Electronics Co., Ltd., China) in the appropriate group. Gas
mixture “argon-krypton” was supplied to the artificial respi-
rator breathing circuit using the device “Lifeguard-mix” (re-
spiratory gas mixer, LLC “Research Institute GEROPRO?,
Russia), connected to gas balloon filled with “argon-kryp-
ton” mixture (argon 60 %, oxygen 30 %, krypton 10 %) and
to balloon filled with medical oxygen. The mixer was con-
nected to the artificial respirator breathing circuit providing
dosed gas supply to the circuit with the rate of supply up
to 15 L/min while maintaining preset parameters of com-
ponent concentration in the inhaled mixture. Gas mixture
composition was controlled by means of gas detector built
into the device “Life-guard — mix”, calibrated to be used
with a given mixture.

Blood loss simulation was carried out with the help of
a plasmapheresis device “Gemma” (Russia). Not less than
45 % and not more than 50 % of BV was collected through
left femoral artery, taking into consideration systolic arteri-
al pressure decrease in the animal down the rates not lower
than 50 mm Hg. Total blood loss volume in ml and % versus
total BV was calculated according to the formula:

Vev=M x 0.07,
where: Vyy — circulating blood volume; ml; M — animal
weight, gr.

The rates of systolic, diastolic and mean arterial blood
pressure (MAP), heart rate (HR), respiratory rate were re-
corded at 6 points before blood loss, during blood loss of
20 % of BV, 45 % of BV in 30, 60 and 120 minutes after blood
loss. At the same time, venous blood sampling for clinical
assessment of blood, blood gases, acid-base balance and ar-
terial lactate concentration was carried out. Gas mixture in-
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halation was continued for 2 hours after blood loss, followed
by euthanasia and postmortem examination of animals.

Outcome registration procedure

Survival assessment of animals was considered to be a
primary endpoint. Secondary endpoints were clinical as-
sessment of hemodynamics indices (MAP, HR), the anal-
ysis of difference in hematologic markers dynamics (to-
tal erythrocytes, thrombocytes, HGB level, hematocrit),
blood-gas tension (PaCO, and Pa0,), arterial saturation
(520,), acid-base balance (blood pH), base deficit (BE), ar-
terial bicarbonate (HCOj5) and lactate concentration.

Recording of systemic hemodynamics (arterial blood
pressure, HR) was performed with the help of the sensor
system to monitor vital animals functions. Gas composi-
tion and arterial acid-base balance as well as blood lactate
was measured with operative analyzer “VetScan i-STAT 17
(Abbott, USA). General blood test was made with veteri-
nary hematology analyzer MicroCC-20 Plus (veterinary
version) (High Technology, Inc., USA).

Statistical analysis

Data collection and statistical analysis were made with
Microsoft Excel software (Microsoft Corp., USA) and
Statistica 7 and 10 (StatSoft Inc, USA). The median value
(Me) and lower quartile Q1 (25 %) and upper quartile Q3
(75 %) values presented here as Me (Q1; Q3), were used as
descriptive statistics due to limited sample size. Assessment
of statistical significance was performed in accordance with
Mann-Whitney, Moses, Friedman test and Wilcoxon signed-
rank test. Survival of the groups is presented using Kaplan-
Meier curve. The comparison of survival curves was carried
out with the help of log-rank test and Peto & Peto’s modified
Wilcoxon test. The level of statistically significant difference
was determined as a = 0.05. In multiple intra-group compari-
son procedures of points being studied (background, 50 % BV,
120 minutes after AMBL simulation) Wilcoxon T-criterion
was applied with Bonferroni adjustment (a = 0.025).

Results

Primary endpoint

Survival assessments showed that the best results were
recorded in the experimental group. One animal died in
the experimental group during the experiment, while 3 an-
imals died in the control group. Survival function based
on Kaplan-Meier curves is presented on the diagram
(Figure 1). According to log-rank test and Peto & Peto’s
modified test there was no statistical difference between
these groups found. However, taking into account compar-
ison of critical outcomes in the control and experimental
groups, Moses criterion was used that showed the presence
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of statistical differences (p < 0.001). Relative risk of the de-
velopment of unfavorable outcome in the control group was
3 times higher (RR 95 %) = 3.0 (0.390-23.073) with sensi-
tivity 0.750 and specificity 0.583.

Secondary endpoint

In the experiment, arterial pressure decrease was
found in the setting of persistent blood loss. MAP dynam-
ics is shown on the diagram (Figure 2). In AMBL simula-

Survival, %

-

50 T T T T T
20 40 60 80 100 120
Time, min

- Control group - - - - Experimental group

O Completed + Censored

Fig. 1. Animal survival within 120 minutes after acute massive
blood loss simulation
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80+

70

MAP, mm Hg
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30
20

T T T T
Baseline 20% CBV 50% CBV 30 min

—é— Control group

-0~ Median

T T
60 min 120 min

-§- Experimental group

T 25-15%

Fig. 2. Mean arterial pressure dynamics in the experiment

Note: CBV — circulating blood volume; MAP — mean arterial
pressure.

* Statistically significant differences.
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tion process there was no blood loss compensation done,
hence there was significant decrease of MAP in both
groups (from initial level to blood loss of 50 % BV): in the
experimental group it decreased from 99 (74; 117) down
to 57 (53; 66) mm Hg (p = 0.012), in the control group —
from 94 (85; 106) down to 39 (20; 51) mm Hg (p = 0.018).
Yet, statistical analysis demonstrated, that MAP at the end
of blood loss process was much higher in the group where
noble gases were inhaled in contrast to the control group
(p = 0.041). At the stages of 30, 60 and 120 minutes after
blood loss significant differences between groups were not
registered.

When arterial pressure decreased in both groups, com-
pensatory increase of HR was observed (Figure 3). At the
same time, in the control group animals demonstrated more
pronounced tachycardia, especially 1 hour after AMBL,
when differences became statistically significant (p = 0.008).
In the experimental group HR increased by the end of mon-
itoring period from 86 (74; 107) up to 165 (161; 198) beats
per minute, while in the control group — from 102 (84; 145)
up to 226 (210; 233) beats per minute.

Comparative analysis of laboratory findings in both
study groups at different stages of experiment is shown in
Table 1.

Arterial pH dynamics in both groups is shown in the
diagram (Fig. 4). Primary rates were within the reference
limits (7.330-7.480) and statistically did not differ in both
groups (p > 0.05). In 60 minutes after AMBL simulation sig-
nificant pH decrease was recorded from 7.386 (7.350; 7.414)
down to 7.301 (7.281; 7.341); p = 0.042 in the control group.
Significant pH decrease from 7.460 (7.330; 7.495) down to
7.348 (7.330; 7.350); p = 0.043 was also registered in the ex-
perimental group.

T T T T T T
Baseline 20% CBV 50% CBV 30 min 60 min 120 min

—%— Control group

=-O- Median

-§- Experimental group
T 25-75%
Fig. 3. Heart rate dynamics in the experiment

Note: CBV — circulating blood volume.

* Statistically significant differences.

The endpoint monitoring in the control group (oxy-
gen-air mixture) showed that the level of pH remained at
the level of pronounced acidosis — 7.299 (7.277; 7.356),
whereas in the experimental group there was tendency of
incremental recovery — 7.380 (7.377; 7.430). The differenc-
es between groups were statistically significant (p = 0.005).
In both animal groups increased arterial lactate concentra-
tion occurred (Table 1). More pronounced increase in lac-
tatemia level was recorded in case of 50 % BV loss in the
control group from 1.91 (1.49; 2.91) to 6.10 (5.43; 7.71)
mmol/l (p = 0.012). At this stage intergroup differences
were statistically significant (p = 0.005).

After 120 minutes of monitoring lactate concentra-
tion maintained the stable high level in the control group.
At the same time gradual increase in the lactate level
up to the values comparable with control ones, — 7.65
(3.42; 11.69) mmol/l were recorded (at this stage statis-
tically significant differences between groups were not
found — p > 0.05).

Primary rates of O, partial pressure were comparable
within the groups (Table 1). However, when BV was de-
creasing to 50 % statistically significant intergroup differ-
ences were detected (p = 0.028). In the experimental group
PaO, remained stable during the period of monitoring
(p > 0.05), while in the control group it decreased consider-
ably from 110 (94; 150) mm Hg down to 84 (79; 93) mm Hg
(p = 0.027). Intergroup differences of SaO, also were statis-
tically significant (p = 0.015) and were compliant with PaO,
dynamics (Table 1).

To compare the groups under study the following
data in the complete blood count were used: total eryth-
rocyte count, hemoglobin level, hematocrit, total throm-
bocyte count, their dynamics being presented in the table

7.55 -
7.50
7.45

T 7.40

7.35+

T T T T
Baseline 50 % CBV 60 min 120 min

—%— Control group

-0~ Median

-§- Experimental group

T 25-75%

Fig. 4. Changes in arterial blood pH during the experiment
Note: CBV — circulating blood volume.

* Statistically significant differences.
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(Table 1). Statistical analysis did not show significant differ-
ences in these findings between groups (p > 0.05).

Discussion

Acute massive blood loss remains one of the most ur-
gent challenges in the critical care medicine, posing a threat
to the patient life [19-22]. Special attention should be given
to the situations associated with long-time patients’ evacua-
tion to the hospital or patients’ evacuation from active com-
bat zone, when time period to providing competent medical
care can significantly exceed critical time limits instituted
by the rule of “golden hour”. According to estimates, about
half of the patients with AMBL die before reaching a hos-
pital [23, 24], therefore pre-hospital care is critical to ear-
ly detection and adequate treatment of blood loss [25]. At
present the search for techniques capable to extend the sur-
vival period and stabilize the AMBL patient’s condition be-
fore reaching specialized medical facility remains important
scientific and practical problem to be solved.

The received data on survival rate increase in the ex-
perimental group, more stable hemodynamics and less
pronounced changes in the gas and acid-base arterial blood
composition in the setting of gas mixture (argon and kryp-
ton) inhalation in the simulation of AMBL without infu-
sion-based resuscitation suggest that the key cytoprotective
effect occurs at the level of ischemic damage cell protec-
tion. The following hypotheses for molecular mechanisms
of these processes can be offered:
= Apoptosis suppression. The main cytoprotective effect

of noble gases can be associated with intracellular sig-
naling pathway activation (such as PI3K/Akt, ERK1/2,
increase in anti-apoptotic protein Bcl-2 level, decrease
in pro-apoptotic protein Bax level etc.), that inhibit mi-
tochondrial apoptotic pathway [26-28]. Argon exhibits
cardioprotective properties which presumably are real-
ized owing to increase in microRNA-21 expression level
which in its turn inhibit pro-apoptotic protein synthesis
PDCD4 and PTEN in cardiomyocytes [29, 30]. This pro-
motes longer-term maintenance of viable cells in vital or-
gans (myocardium, brain, kidneys) in the setting of deep
ischemia.

s Inflammatory response modulation. Argon and es-
pecially krypton may affect the activity of key pro-in-
flammatory transcription factors (NF-kB), decreasing
pro-inflammatory cytokines (TNF-a, IL-1f, IL-6]. It
could have a limiting effect on the development of sys-
temic inflaimmatory response syndrome, aggravating
multiple organ dysfunction in the presence of shock [31].

In the study of AMBL simulation survival rate appeared
to be much higher in animals receiving respiratory gas mix-
ture with elevated noble gas concentration compared with
the group receiving oxygen-air mixture. MAP plays a major
role in the assessment of adequate vital organs blood supply,
e.g. heart, brain, kidneys. Low levels of MAP are indicative

of insufficient tissue perfusion, that can result in organ fail-
ure. To compensate AMBL in the presence of BV decrease
in animals, compensatory tachycardia develops. During
the experiment more stable findings of MAP (at the end
of blood loss) and HR (during monitoring) were recorded
in the group receiving respiratory mixture with increased
noble gases concentration compared to oxygen-air mixture.
This difference in the hemodynamic findings in the setting
of equal blood loss volume in animals may be due to spe-
cific systemic response to hypovolemic changes. The noble
gases studied possess cytoprotective properties, krypton
has additionally anti-stress effect, which can promote less
pronounced sympathoadrenal response and pathological
vasoconstriction. Under these circumstances more effective
MAP maintenance may occur thanks to more rational dis-
tribution of vasomotor tone and improved microcirculation
maintenance, not only because of compensatory tachycar-
dia. Moreover, MAP stabilization may be associated with
endothelium protective properties of noble gas caused by
general reduction in oxidative stress which potentially pro-
motes improvement of organs and tissues microperfusion.

When using gas mixture with argon and krypton one
could note less pronounced acid-base balance changes by
the end of monitoring, improved arterial blood gas com-
position (Pa0,, Sa0,) and much more gradual increase in
lactate level after AMBL. When AMBL occurs in the setting
of hypovolemia, metabolic acidosis develops which is due
to BV decrease and tissue oxygen supply deficit. Because of
this, anaerobic metabolism activation occurs, that is accom-
panied by lactate accumulation. In case of AMBL arterial
PaO, decrease occurs because of acute and significant BV
decrease and, as a consequence, cardiac output reduction,
pulmonary perfusion and gas exchange impairment. Since
respiratory support was delivered with minimal adjustment
of ventilator parameters during the experiment, changes in
PaO0, reflected the effects of AMBL and its complications.
At the same time SaO, decrease occurred due to oxygen
transport function deficiency, pulmonary function impair-
ment and oxyhemoglobin dissociation curve bias to the
right caused by tissue hypoxia. Less pronounced metabolic
acidosis and better maintaining blood gas composition indi-
cate more effective aerobic metabolism in tissues of animals
of the experimental group. This is a direct consequence of
anticipated cytoprotective effect of the mixture — mainte-
nance of mitochondrion function in the presence of isch-
emia provides maintenance of oxidative phosphorylation in
cells, reducing dependence on anaerobic glycolysis, as well
as lactic acid accumulation.

Study limitations

It is highly likely that the absence of statistical differ-
ences in the traditional analysis of survival was associated
with animals small sample in the experiment, because of
this Moses test, where extreme outliers are cut off, demon-
strated the presence of statistical differences.
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Conclusion

The present study showed that the use of respiratory
mixture with elevated noble gases content (60 % argon,
30 % oxygen and 10 % krypton) promotes survival growth
of large laboratory animals in acute massive blood loss
simulation. This effect was accompanied by oxygenation
enhancement and improvement of acid-base balance, that
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