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Abstract: Study of the effect of heart failure on the course of hypovolemia during polytrauma with
the absence of traumatic myocardial injury. The study involved 95 patients, who were divided into 3
groups. The first Control group (C), 29 patients had no heart failure. The second group was Standard
(S), 33 patients suffered from chronic heart failure and received standard therapy according to the
protocol. The third group (E) of 33 patients with chronic heart failure who, in addition to standard
therapy according to protocol, received Ethylmethihydroxypyridine succinate. Patients of groups
S and E had equal inclusion criteria, namely the main disease leading to chronic heart failure was
arterial hypertension, which had existed for more than 5 years. Three groups of patients had no trau-
matic myocardial injury. The stroke index (SI) during admission of group C is 24.7+4.8 ml/m’, on
the 3rd day 32.8+5.0 ml/m?, (p <0.001), and on the 7th day - up to 39.1+6.0 ml/m?, (p <0.001). SI of
group S during admission was 22,9+3,7 ml/m?, on the 3rd day 26,9+4,7 ml/m? (p <0,001), and on the
7th day — 34,6+5,5 ml/m? (p <0,001). SI of group E patients during admission was 23.4+2.7 ml/m?,
on the 3rd day 26.1£1.5 ml/m? (p < 0.01), and on the 7th - up to 36.8+2.2 ml/m’ (p < 0.01). Cardiac
index (CI) of group C within admission was 2,26+0,35 [/min-m?, on the 3rd day - 2.73+0.37 l/min-m’
(p <0,001), and by the end of the study - up to 3.08+0.40 l/min-m? (p <0,001). CI of group S during
admission amounted to 1,99+0,39 I/min-m?, on the 3rd day - 2,22+0,31 I/min-m? (p <0,02), on 7th —
up to 2.67+0.33 l/min-m’ (p <0.001). CI of group E - 2,0+0,38 l/min-m* Until the 3rd day — 2,06+0,30
Umin-m? (p> 0.4), at the 7th reached 2.97+0.32 I/min-m? (p <0,001). Ejection fraction (EF) of group
C within admission amounted to 53.7+3.4%. In the future, EF has significantly increased, reaching
59.6+£5.2% (p <0.001) and 63.3£6.4% by the 7th day (p <0.01). EF of group S during admission
was 47,9+4.7%, on the 3rd day it increased to 52.2+5.2% (p <0.001), and on the 7th - to 56.8+6.9%
(p <0.001). EF of patients group E within the admission was - 47.5£6.9%. On the 3rd day, the EF
authentically increased to 52.3+5.3% (p<0.003), and on the 7th day - to 61.5+6.4% (p <0.001). The
inclusion of Ethylmethylhydroxypyridine succinate (EMGPS) in the intensive care scheme of E group
patients with chronic heart failure during polytrauma without acute myocardial injury gradually im-
proves myocardial contractility activity (MCA). On the 3rd day after patient s admission, a significant
impact of EMGPS on the study of mechanics and energy indicators was not observed. But from the
7th day there was an increase in SI on 6.4% (36.8+1.2 contrary 34.6+5.5 ml/m?, p = 0.03), an in-
crease in EF on 8.3% (61.5% 6.4 contrary 56.8+6.9%, p = 0.005), Cl increased on 11.2% (2.94%0.32
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contrary 2.67+0.33 l/min-m?, p < 0.001). Thus, the addition of EMGPS to the intensive care scheme
to patients with chronic heart failure during polytrauma without acute myocardium injury optimizes
blood circulation and its energy efficiency. Ethylmethylhydroxypyridine succinate optimizes the en-
ergy efficiency of blood circulation in patients with chronic heart failure during polytrauma without

acute myocardial injury.

Key words: blood volume, cardiac output, heart diseases, hypoxia, multiple trauma.

Introduction

Around the world, the cardiovascular system
diseases occupy the leading first place among the
mortality of the population (Giuseppe M C Rosa-
no and others, 2021). Thus, according to Ukraine,
about 68% of cases are caused by diseases of the
circulatory system, due to them 52.5% of'the adult
population suffer and 37% of working age people
do (Nazli Ozcan Yazlamaz and others, 2021). It is
considered that combined injuries play an equal-
ly important role in the causes of death and dis-
ability. According to WHO, 12 million people are
dying in the world (Frederich Mun and others,
2022). Moreover, in these latter days the death
rate from injuries continues growing, in Ukraine
at least 40,000 people die annually as a result of
trauma, and 250,000 receive disability. (Zacha-
ry T Sharfman and others, 2020). In our coun-
try, a particularly important place is occupied by
polysystemic injuries, which are combined with
such a concomitant pathology as cardiovascular
diseases. In addition, massive bleeding leads to
hypovolemia, hypoxia of all tissues, especially
the myocardium. (Michael R. Zemaitis, 2022).
At the moment, medicine is progressively gain-
ing momentum in the treatment of this patient’s
category, but still there remains an incomplete-
ly studied problem of combining traumatic inju-
ries with concomitant cardiovascular pathology.
Therefore, we consider it relevant to finalize the
intensive care scheme in such patients.

Aim

Studying the effect on the body of a polytrau-
ma combination with concomitant chronic heart
failure, as well as improving the standard proto-
col of intensive care.

Methods

The study was performed on the clinical basis
of Emergency Medicine, Anesthesiology and In-
tensive Care Department of the Kharkiv Nation-
al Medical University - 95 patients, who were
examined and treated in polytrauma department

CNE «Kharkiv City Clinical Hospital of Emer-
gency Medical Care named after Prof. O.1. Mesh-
chaninov» of the KhCC. The study was approved
by the Commission on Ethics and Bioethics of
Kharkiv National Medical University and met
the ethical standards of the Bioethics Commit-
tee, developed in accordance with the Helsinki
Declaration of the World Association “Ethical
Principles for Conducting Scientific Medical Re-
search Involving Humans”, as amended in 2013.
All patients provided written informed consent to
participate in the study.

The recruitment of patients was carried out
from 2018 to 2021. All 95 patients were divided
into three groups. The first group included 29 pa-
tients of the Control (C) group who had no chronic
heart failure, aged 58.7+9.4 years, receiving stan-
dard protocol therapy. The second group included
33 patients of the Standard (S) group, who had
a concomitant pathology - chronic heart failure.
Which was confirmed by the level of NT-proB-
NP more than 125 pg/ml, aged 60,0+£9,6 years.
Group S patients received standard protocol ther-
apy too. The third group included 33 patients
of group (E) with concomitant chronic insuffi-
ciency, aged 62.8+8.8 years, in whose standard
therapy by protocol was included Ethylmethyl-
hydroxypyridine succinate. Patients of all groups
did not have traumatic myocardial injury, which
was confirmed by the level of troponin I, which
was less than 0.3 ng/mg.

Inclusion criteria: patients with combined
trauma, patients in two groups (S and E) had
chronic heart failure, all patients had hypovole-
mia, the level of consciousness on the Glasgow
coma scale was not lower than 14 points, all pa-
tients gave written consent. Pregnant women and
children were not included in the study.

Body mass index (BMI) was calculated in
the generally accepted way by Quetelet (1835)
as a ratio of body weight per kg to the square of
growth per m.
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The volume of the heart chambers was deter-
mined using the ULTIMA PA ultrasonic appara-
tus using wide-band sensors 3.5/2.7 MHz, S4, S8.
Standard projections were used: parasternally on
a long and short axis, apically - 2, 4 and 5 cham-
ber positions.

The Tnl level was determined using the bio-
chemical automatic analyzer «Cobas Integra
400» (Germany).

The NT-proBNP level was measured by im-
munochromatographic method.

Blood pressure (BP) was measured in a rou-
tine way using the “Membrane Meter of BP
General Use Modernized” IADM-OPMM No.
80897, heart rate - using a stopwatch, central ve-
nous pressure - direct Waldman method (1947)
through a kawakatheter.

With the help of measured indicators SI, EF,
CI were calculated according to generally accept-
ed methods.

Statistical data processing was carried out
using the Statistica 6.0 software package and
Microsoft Excel Office 10. Hypotheses about
the equality of the three groups means were test-
ed using parametric methods Student’s t-test.
The measurement was considered significant at
p<0.05. The statistical significance of differenc-
es between two quantitative indicators were de-
termined using the Pearson correlation criterion.
Differences were considered statistically signifi-
cant at p<0.01.

Results

The stroke index (SI) of the Control group
patients was mostly reduced on all research
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24.744 8 ml/m?, on the 3rd day - authentically
increased to 32.8+5.0 ml/m?, (p < 0.001), and
on the 7th day - to 39.1+£6.0 ml/m?, (p < 0.001).
The ejection fraction (EF), which most informa-
tively reflects the contractile myocardium ability
(CMA), fluctuated in wide range within admis-
sion and averaged was 53.743.4%. Subsequently,
the EF authentically increased, reaching by the
3rd day 59.64+5.2% (p < 0.001) and 63.3+6.4% to
the 7th (p <0.01).

The indicators described above determined
cardiac index (CI). During admission, it was re-
duced, being at the level 0f 2.26+0.35 //min-m? on
the 3rd day authentically increased to 2.73+0.37 [/
min-m? (p <0.001), and by the end of the study —
to 3.08+0.40 I/min-m? (p < 0.001).

The dynamic of stroke index, cardiac index
and ejection fraction is presented in Table 1.

SI within admission the Standard group (S)
was significantly reduced, amounting to 22.9+3.7
ml/m?, on the 3rd day it increased authentically to
26.94+4.7 ml/m? (p < 0.001), and on the 7th day -
up to 34.6+5.5 mli/m* (p < 0.001).

A similar dynamic was observed in relation to
EF. During admission it was in group S 47.9+4.7%,
on the 3rd day it increased to 52.2+£5.2% (p <
0.001), and on the 7th - to 56.8+6.9% (p < 0.001).

The main kinetic indicator is CI — within ad-
mission was 1.994+0.39 //min-m?, on the 3rd day
it was increased to 2.22+0.31 I/min-m? (p < 0.02),
on the 7th — to 2.67+0.33 I/min m* (p < 0.001).

The dynamic of stroke index, cardiac index
and ejection fraction is reflected in Table 2. The
effect of CHF on the contractile ability of the

stages. During admission, it amounted to myocardium during polytrauma is shown in Fig-
Table 1. Stroke index, cardiac index and ejection fraction of group K patients (M*c)
Research stage
Indicator
Admission 3rd day 7th day
SI, ml/m? 24,7+4.8 32,845,0 1 39,146,0 11
EF, % 53,7+3,4 59,6452 63,3+6,4 11
CL Vmin-m? 2,26+0,35 2,73+0,37 + 3,08+0,40 +1
Here and beyond: { — p <0,05 compared to the previous stage

I —p <0,05 compared to the original level
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Fig. 1. The effect of CHF on the contractile
ability of the myocardium during polytrauma.
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Fig. 2. The effect of CHF on stroke index,
cardiac index and ejection fraction during
polytrauma.

ure 1. The effect of CHF on stroke index, cardiac
index and ejection fraction during polytrauma is
presented in Figure 2.

SI during admission of group E patients
was significantly reduced, amounting to
23.4£2.7 ml/m?, on the 3rd day it is insignifi-
cant, but authentically, increased to 26.1£1.5
mil/m* (p < 0.01), and by 7th to 36.8+2.2 mi/m?
(p < 0.01), only 3 patients (9.1£5.0%) had SI
below 40 mil/m?.

EF within admission of group E patients was
also reduced, being at the level of 47.5+£6.9%.
On the 3rd day, the EF authentically increased to
52.3£5.3% (p < 0.003), and on the 7th day - to
61.5+6.4% (p < 0.001).

The integral kinetic indicator of CI during ad-
mission of group E was at a low level - 2.0+0.38
I/min-m?. By the 3rd day, it was not significantly
changed - 2.06+0.30 //min-m? (p > 0.4), but on
the 7th it reached 2.97+0.32 //min-m?* (p < 0.001).

Table 2. Stroke index, cardiac index and ejection fraction of group S patients (M+oc)

Research stage
Indicator
Admission 3rd day 7th day
SL, mUm? 22.9+3.7 26.9+4.7 34,6+5.5 11
EF. % 47,9447 5224527 56,8+6,9 11
CI, Vmin-m? 1,99+0,39 2,22+0.31 7 2,67+0.33 i1

Table 3. S

troke index, cardiac index and ejection fraction of E group patients (M=o)

Research stage

Indicator
Admission 3rd day 7th day
SI. mlm? 23,4427 26.1%1,5 36,8422 T1
EF, % 47.5+6.9 52,3+53 T 61,5+6,4 71
CL, Vmin-m? 2.00+0,38 2.06+0.30 2,97+0,32 T1
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Fig. 3 The impact of EMGPS on the contractile
capacity of the myocardium.
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Fig. 4 Comparison of MCA indicators in the
surveyed groups.

The dynamic of stroke index, cardiac index and
ejection fraction is reflected in Table 3. The im-
pact of EMGPS on the contractile capacity of the
myocardium in group E patient is shown in Figure
3. Comparison of myocardial contractility ability
(MCA) indicators in the surveyed groups is pre-
sented in Figure 4. The authenticity of differences
between SI and EF in groups is shown in Table 4.

Discussion

The oxidative stress with activation of the
apoptosis mechanisms and cell necrosis plays the
leading role in myocardial mjury during poly-
trauma 1n the absence of myocardial trauma (S V
Kozin and others, 2021). Therefore, Ethylmeth-
ylhydroxypyridine succinate was chosen by us as
a drug with antioxidant activity that reduces oxi-
dative stress. Our results showed an authentically
positive effect (EMGPS) on the myocardium. To
distinguish chronic myocardial injury from acute
at the present stage is not serious difficult due to

the ability to control the markers level of acute
myocardial disorder, one of which is troponin I
(Theresea A McDonagh, 2021). In spite of the
myocardium state, polytrauma leads to a general
energy deficiency of the body, including the myo-
cardium, and the myocardium loses the ability to
transfer the chemical energy of the substrates into
the mechanical energy of contractions at a suffi-
cient rate (Alexander Maitz, 2021). The oxidative
stress reduces the antioxidant capacity of cells,
mncluding cardiomyocytes (Pengran Liu, 2021).
Knowledge of this pathogenesis process justifies
the usage of antioxidant drugs, such as EMGPS
for polytrauma, optimizing the metabolism of
cardiomyocytes and preventing the development
of urreversible processes in the myocardium (Jes-
sica E. Tullington, 2021).

Conclusion

The presence of chronic heart failure in pol-
ytrauma without acute injury of the myocardi-

Table 4. The authenticity of differences between SI and EF in groups

Stages
Groups Admission 3rd day 7th day
SI EF SI EF SI EF
E/S 0,57 0,8 0,32 0,9 0,03 0,005
C/E 0,18 0,001 0,001 0,001 0,04 0,26
C/S 0,1 0,001 0,001 0,001 0,003 0,001
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um aggravates acute hypovolemia, which man-
ifests itself primarily in a lower SI (34.6+5.5
contrary 39.1+6.0 ml/m?, p = 0.004), lower EF
(56.8+6.9 contrary 63.3+6.4%, p = 0.003), low-
er CI (2.67+0.33 contrary 3.08+0.40 //min-m?,
p = 0.005). The inclusion of Ethylmethylhy-
droxypyridine succinate (EMGPS) in the inten-
sive care scheme of patients with chronic heart
failure during polytrauma without acute myocar-
dial injury gradually improves MCA. On the 3rd
day after patient’s admission, a significant impact
of EMGPS on the study of mechanics and ener-
gy indicators was not observed. But from the 7th
day there was an increase in SI on 6.4% (36.8+1.2
contrary 34.6+5.5 ml/m?, p = 0.03), an increase
in EF on 8.3% (61.5+ 6.4 contrary 56.84+6.9%,
p = 0.005), CI increased on 11.2% (2.94+0.32
contrary 2.67+0.33 [/min-m?, p < 0.001). Thus,
the addition of EMGPS to the intensive care
scheme to patients with chronic heart failure
during polytrauma without acute myocardium
injury optimizes blood circulation and its ener-
gy efficiency. Ethylmethylhydroxypyridine suc-
cinate optimizes the energy efficiency of blood
circulation in patients with chronic heart failure

ISSN 1996-353X
ISSN 2311-6951

during polytrauma without acute myocardial
injury. This action develops slowly, during the
week, but is authentically, so the inclusion of
Ethylmethylhydroxyridine succinate in the in-
tensive care scheme of this patient’s category is
advisable.
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BnuiuB XpoHiYHOI cepueBol HEJOCTATHOCTI HA yIapHMi iHaeKe Ta ppaKLilo BUKHIY
MiJ 4ac moJirpaBMu

Jlyubka CaiTiiana

Kadenpa Mmenuiinay HEBIIKIIaIHUX CTaHIB, aHECTE310JI0T1i Ta IHTEHCUBHOI Teparii XapKiBChKOTO
HAI[IOHAJIBHOTO MEIMYHOTO YHIBEPCHUTETY, XapKiB, YKpaiHa

AHoTanis: BuB4eHHS BIUIMBY CEpLIEBOI HEJOCTATHOCTI Ha epedir rinoBosieMii B OJIITPaBMi MpH
BIICYTHOCTI TPaBMAaTHYHOTO ypa)K€HHS MioKapza. ¥ TOCIIKEHHI B3sUIM ydacTh 95 marfieHTiB, sKi
Oynu po3aineni Ha 3 rpymnu. [lepma konTponbsHa rpyna (K), 29 nauieHTiB He Manu cepueBoi HeIo-
cratHocTi. Jlpyra rpyna Oyna cranmaptHoro (C), 33 mamieHTH CTpaKIadd XPOHIYHOK CEPIIEBOIO
HEIOCTATHICTIO 1 OTPUMYBAJIM CTaHIAPTHY TEpaIiio 3rigHo 3 mpotokosnoM. Tpets rpyma (E) 3 33
TMAIIE€HTIB 3 XPOHIYHOIO CEPIIEBOI0 HEIOCTATHICTIO, 5K, KpPIM CTaHAApTHOI Teparmii Mo MpOTOKOIY,
JI01aTKOBO OTpuMyBanu Etunmerurinpokcunipuauny cykiusar. [amientu B rpynax S i E manu pis-
HI KpUTEpii BKIIOYCHHS, @ CaM€ OCHOBHUM 3aXBOPIOBAHHSM, IIIO MTPU3BEJIO A0 XPOHIYHOI CEpIIeBOT
HEIOCTAaTHOCTI, OyJ0 aprepiajbHa TinepTeHsis, sika iCHyBaia Ouiblie 5 pokiB. Y MAIi€eHTIB TPhOX
rpyIn TpaBMaTU4YHOI TpaBMHU Miokapaa He Oyno. Ymapuuii iHaekc (YI) npu HaaxomxeHHi rpynu K
ckiaB 24,7+4,8 mi/m?, Ha 3-Ti0 100y 32,8+5,0 Mi/m?, (p <0,001), a Ha 7-y 100y — 10 39,1£6,0 mu/
Mm%, (p <0,001). VI rpynu C npu HagxomkenHi 0ys 22,943,7 mu/m?, Ha 3-T10 100y 26,94+4,7 mu/m?
(p <0,001), a Ha 7-y mo0y — 34,6+5,5 mur/m? (p <0,001). VI npu HaaxomKeHHI manieHTiB rpynu E
ckmangan 23,4+2,7 ma/m?, Ha 3-Tr0 100y 26,1£1,5 ma/m? (p <0,01), a ma 7-y — mo 36,842,2 mu/m?
(p <0,01). Cepuesuii ingexc (Cl) rpynu K npu nanxomkenni 0yB 2,26+0,35 n/xB'M?%, Ha 3-Tt0 100y -
2,7340,37 n/xB-M* (p <0,001), a 1o KiuIs gocmimkenss — a0 3,08+0,40 a/xB-m? (p <0,001). CI rpymm.
C npu HanxomkeHHi ckias 1,99+0,39 j/x8-M?, Ha 3-10 100y - 2,22+0,31 n/xB-M? (p <0,02), Ha 7-y —
10 2,67+0,33 n/x-M? (p <0,001). ITokazuuk CI npu HagxomkenHi B rpymi E — 2,0+0,38 1/x8-m%. Ha
3-10 100y — 2,06+0,30 n/xB-M? (p> 0,4), Ha 7-y nocsar 2,97+0,32 n/xB-M?* (p <0,001). ®pakiiist BUKH-
ny (®B) rpynu K npu naaxomxkensi ckiana 53,7+£3,4 %. Hapani @B noctoBipHO miaBuUIlyBaiacs,
nocsrayBIH a0 3-1 1o6u 59,6+5,2 % (p <0,001) 1 63,3+6,4 % mo 7-i (p <0,01). ®B Benuuuna npu
HaaxomkeHH1 B Tpymi C cknana 47,9+4,7 %, na 3-tio0 100y BoHa 3pocina 1o 52,2+5,2 % (p <0,001),
a Ha 7-y — 10 56,8+6,9 % (p <0,001). ®B npu HagxomkeHHi xBopux rpynu E - 47,5+6,9 %. Ha
3-ty 100y ®B noctoBipHo nmigsuumiacs a0 52,3+5,3 % (p <0,003), a na 7-y no0y — no 61,5+6,4 %
(p <0,001). Bxmtouennst Erunmernnrigpoxcunipuauny cykuunary (EMITIC) no cxemu iHTEeHCUBHOT
Teparii MalieHTiB 3 XPOHIYHOIO CEPIIEBOI0 HEOCTATHICTIO M1/ Yac MOJIITPaBMU 0€3 TOCTpoi TpaBMHU
MiOKap/ia MOCTYIIOBO MOKPAIIy€e CKOPOTIUBY 31aTHICTh Miokapaa (C3M). Ha 3-1o 1oy micist Haixo-
JoKeHHS rnaiienTa 3aaqdoro BIutnBy EMITIC Ha BUBYCHHS MEXaHIYHUX Ta EHEPTeTUYHUX MTOKA3HUKIB
He crnoctepiranocs. Ane 3 7-01 mobu cnocrepiranocst 3poctanns yaapHoro inaekcy (Y1) nHa 6,4%
(36,8+1,2 Bcynepeu 34,6+5,5 ma/m?, p = 0,03), mpupict dpakuii Bukuay (PB) Ha 8,3% (61,5+ 6,4
Beyneped 56,8+6,9%, p = 0,005), cepueswii inaekc (Cl) 36impmmBest Ha 11,2% (2,94+0,32 naBnaku
2,67+0. 33 a/xe'm*, p <0,001). Takum unroMm, nogaBanus EMITIC mo cxemu cTaHAapTHOTO IMPOTOKO-
Jy MAIi€HTaM 3 XpPOHIYHOIO CEPLIEBOIO HEOCTATHICTIO IPH MOJIITpaBMi 6e3 rocTpoi TpaBMHU MioKap/a
ONTUMI3y€ KPOBOOOIT 1 HOT0 €HeproePeKTUBHICTh. ETHIMETHITIAPOKCUITIPUINH CYKIIMHAT ONITHMI-
3y€e eHeproe)eKTUBHICTh KPOBOOOITY y MAIi€HTIB 3 XPOHIYHOIO CEPIIEBOI0 HEAOCTATHICTIO MMiJ Yac
noyiTpaBMu 0€3 roCTpoi TpaBMH MioKap/a.

Kuro4oBi ci1oBa: rinokcis, 00>eM KpoBi, MO€JHAHA TPaBMa, CEPIICBUI BUKH]I, XBOPOOU CEPIIS.
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