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OPUT'MHAJIBHAA CTATBHA

RADIONUCLIDE ASSESSMENT OF CARDIOPROTECTIVE EFFICIENCY OF
HYPOXIC PRECONDITIONING

Vesnina Zh.V.1, Krivonogov N.G.!, Arsenjeva Yu.A.l,
Nesterov E.A 2, Lishmanov Yu.B.!

urpose. Using radiocardiopulmonography to evaluate the cardioprotective effective-

ness of hypoxic preconditioning (HP) during myocardial revascularization under ex-

tracorporeal circulation (EC).

Material and methods. A total of 63 patients (mean age of 52.8 + 1.4 years) who
underwent coronary bypass surgery (CABG) under EC condition were examined. All patients
had chronic heart failure of NYHA class I-III. Patients were randomized into 2 groups: study
group comprised 33 patients who received HP during CABG; comparison group comprised
30 patients. Patients of both groups were comparable in regard to clinical and intraoperative
data. The preconditioning was performed as a single-cycle 10-minute hypoxemia session
followed by S-min period of reoxygenation before global ischemia. Radiocardiopulmonogra-
phy with 99mTc-pertechnetate was performed before and 6-8 days after surgery with the
calculation of the parameters of cardiopulmonary hemodynamics.

Results. In the examined patients before CABG we observed a decrease in the mean
values of the cardiac output (MO), cardiac index (HI), stroke index (SI) and circulation effi-
ciency ratio (CER) as a consequence of a decrease in the pumping function of the heart, as
well as an increase in the pulmonary circulation time (TPUL) due to both arterial and ve-
nous components, which indicated the development of pulmonary hypertension and venous
congestion of the left heart.

In the postoperative period, positive statistically significant change in most parame-
ters of cardiopulmonary hemodynamics occurred as a result of successful myocardial revas-
cularization in patients of both groups: the values of MO, SI, CER increased, and half-
emptying period of the left and right ventricles and the value of TPUL decreased. It should
be noted that the positive dynamics of these parameters was statistically more pronounced
in the patients of the study group. Also, in contrast to the comparison group, the arterial
component of circulation in the lungs and the half-emptying period of the right ventricle
significantly decreased in patients with HP, which indicated a reduction in pulmonary hy-
pertension and a regression of right ventricular failure.

On day 2 after surgery blood levels of creatine-kinase (CK) and CK-MB were in-
creased in patients of both groups. The mean level of CK-MB was significantly higher (by
33%) in the comparison group relative to the study group (p = 0.046825), and the relative
index (RI = CK-MB/CK x 100) in the study group did not exceed 6%. This data suggested
that HP increased the tolerance of the heart to the effects of "ischemia-reperfusion”.

Conclusion. Hypoxic preconditioning exerted cardioprotective activity in patients un-
dergoing open-heart surgery under EC.
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PAAUOHYKAUAHAS OLLEHKA KAPAMQI’IPOTEKTMBHOﬁ OPPEKTUBHOCTU
TMNOKCUYECKOU AAANTALLUA

BecHuHa X.T.1, KpmeoHoros H.I.!, ApceHbera KO.AL,
Hectepos E.A.2, AvLumaHos HO.B.!

eAab. Vcrnoab3oBaHNE pagHOKapAHOIyABMOHOI'PaUH OAS OLEHKH KapAUOIIPOTEK-
TUBHOM 3(P(PEKTHBHOCTH THIOKCHYECKOro IpekoHauruonuposanus (HP) npu pe-
BaCKyAdpH3alliH MHOKapAa IIPH KCTPAKOPIIopasbHOM KpoBoobpareHuu (JK).

Marepuasnsr u metonsl. O6caenoBano 63 nmanueHTa (cpenHuil Bospact 52,8 = 1,4 ro-
[a), KOTOPBLIM ObIAa BBIITOAHEHA omepalius KopoHapHoro mryHTupoBaHus (CABG) B ycAoBUSAX
OK. Y Bcex malMeHTOB Oblra XpOHHYECKasd cepaedyHas HemoctaTodHocThb [-III kaacca mo
NYHA. IlamueHThl OBIAM PaHOOMH3MPOBAHBI HA 2 TPYIIBI: B OCHOBHYIO TPyIIy Boiau 33
naiyeHTa, Kortopble moaydasu HP Bo Bpema AKI; rpynmy cpaBHeHUsT cocTaBuau 30 maiu-
eHToB. [larueHTbl 06euxX IpyHIl ObIAM COIIOCTABHMBI II0 KAMHHYECKHM M HHTPAaoIepallloH-
HBIM JaHHBIM. I[IpenBapuTeapHOE KOHOUIHMOHHPOBAHHE IIPOBOAMAOCE B BHAE 10-MHHYTHOTrO
ceaHca T'HIIOKCEMHH C OIHUM IIMKAOM C IIOCAEAYIOIINM S-MHUHYTHBIM II€PHOIAOM IIOBTOPHOH
OKCHUT€HAIlMN Iiepen TaobasbHOM wumneMmueil. PamuokapauomyabMoHorpadus ¢ 99mTc-
IIepPTEeXHETAaTOM IIPOBOAMAACE OO U dYepe3 6-8 mHel Imocae oIlepalliy C pacdeToM I1apaMeTpOoB
CEpAEYHO-AETOYHON T€eMOANHAMUKH.

PesyabraTel. Y obcaemoBanubix mnarmeHToB 10 CABG MBI HabAIOOaAWM CHUXKEHHE
CpeaHUX 3Ha4YeHUU cepredyHoro Bbibpoca (MO), cepmeunoro uHpaekca (HI), ymapHoro numekca
(SI) m xoadpdpuinenTa 3pdhekTUBHOCTH KpoBooOpaiteHus (CER) kKak caegcTBHe CHUXKEHUS
HACOCHOM (QPYHKIIMH Cepala, a TaKKe YBEeAHYeHHe BpeMeHU aerodyHod nupkyadaruu (TPUL)
U3-3a apTepUaAbHBIX U BEHO3HBIX KOMIIOHEHTOB, YTO CBUIETEALBCTBYET O PA3BUTHUH AETOYHOH
TUIIEPTOHUU ¥ BEHO3HOM T'HIIEPEMUHU AEBBIX OTIEAOB CepAlia.

B mocaeomnepaliioHHOM IIEPHOJE ITOAOKUTEABHOE CTATHUCTHYECKU 3HA4YHMOE H3MeHe-
HHe OOABIIMHCTBA IapaMeTpPOB CEPAEYHO-ACTOYHOM IeMOAMHAMUKHU IIPOU30IIAO B pPe3yAbTaTe
VCIIEIITHOM peBaCKyASpH3allud MHOKApAa y IalueHToB obeux rpymnm: 3HadeHua MO, CU,
CER yBeAHYHAUCH, a IIEPHOJ IIOAYBBIBENEHUS B 0OAACTH A€BOTO H IIPABOTO 3KEAYAOYKOB U
sgadeHue TPUL ymensbimnaock. CaeAyeT OTMETHUTH, YTO ITOAOXKHMTEAbHAd AWHaAMHKAa 3THX IIO-
KazaTeAel Oblaa CTATHUCTUYECKU Ooaee BHIPAXKEHHOH y IMAIlHEeHTOB OCHOBHOI rpymmel. Kpome
TOTr0, B OTAMYHE OT I'PYIIIbl CPABHEHHUS, apTePUAABHBIH KOMIIOHEHT KPOBOOOpAIIIEHUS B A€T-
KUX U IIEPHOJ IIOAYBBIBEIEHHUS IIPABOIO JKEAyNOYKa 3HAYUTEABHO CHHU3UACH Y IIAIMEHTOB C
HP, 4uTo yKa3bIBaAO Ha CHUXKEHHE AETOYHON T'MIIEPTEH3UU U PErPECCHIO ITPaBOKEAYI0YKOBOM
HEIO0CTaTOYHOCTH.

Ha 2-#1 meHp mocae omepalyiy y HAIlMEHTOB O0EHX TPYII OBIAM ITOBBIIIEHbI YPOBHHU
kpeatuHkuHa3kel (CK) u CK-MB B kpoBu. Cpenuuii ypoBens CK-MB 6bla 3HaYHUTEABHO BBIIIE
(Ha 33%) B rpymnme cpaBHEHHS 10 CPaBHEHHIO C OCHOBHOM rpymmo# (p = 0,046825), a oTHO-
cuteabHBIN MHAEKC (RI = CK-MB / CK x 100) B oCHOBHOM rpymIe He HIpeBblmlaa 6%. OTH
[NaHHbIE CBUIETEABCTBYIOT O TOM, 4To HP moBEBIlIaeT ToA€paHTHOCTH cepana K adderraMm
«HUIIEMHUH-PEIIEPPYIUU».

BeiBoapl. urokcmyueckoe NPEKOHAWUIIMOHHUPOBAHME OKa3bIBaAO KapIHOIIPOTEKTOP-
HYIO0 aKTHBHOCTD y IIAIIMEeHTOB, [IEPEHECIIINX Ollepalltio Ha OTKPBITOM cepalle Irpu K.

KarouyeBble caoBa: IIYHTHPOBaHHE KOPOHAPHBIX apTepHi, TMIIOKCUYECKOe IIPEKOHIU-
IIHOHUPOBaHUE, KapANOIIPOTEKTUBHASA 3(P(PEKTUBHOCTD, PaANOKapANOIyABMOHOTpadud.
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ntroduction.

One of the most effective methods of treat-

ment of coronary heart disease is coronary

bypass surgery (CABG) with the use of ex-

stracorporeal circulation (EC). Unfortunate-
ly, in some cases, EC becomes the cause of ad-
verse physiological disorders, leading to ischemia
or infarct of the internal organs [1, 2].

The high intensity of metabolism in the
brain, and the heart and, accordingly, the high
demand of these organs for oxygen is well known
[3]. These features determine the sensitivity of
these organs to ischemia-reperfusion (IR) injury.
Neurons die when the duration of ischemia is
more than 2 min [4]; irreversible injury of cardio-
myocytes occurs when the duration of IR exceeds
10 min [5]. Such sensitivity to hypoxia predeter-
mines the onset of damage to the heart and the
brain during surgical interventions with EC [6, 7].

Thus, the problem of providing cardioprotec-
tion during open heart surgery under EC condi-
tions remains relevant. In our opinion, hypoxic
preconditioning is promising for protection of the
myocardium from the adverse effects of systemic
inflammatory response and ischemia in cardiac
surgery.

Hypoxic preconditioning (HP) means an in-
crease in the tolerance of organs and tissues after
severe long-term hypoxia (ischemia) by means
preliminary modeling of one long (2.5-3 h) or sev-
eral short sessions of hypoxia (2-10 min) and re-
oxygenation (2-10 min). The term "hypoxic pre-
conditioning" was first proposed in 1992 by re-
searchers from the group of Professor H.F.Downey
from Texas [9]. Cardioprotective effect of HP has
been studied widely. The pioneering works focus-
ing on this problem showed that preconditioning
promotes an increase of tolerance of the heart to
ischemia and reperfusion [9, 10]. The cardiopro-
tective effect of HP is judged by the ratio between
infarct size and the area at risk [11, 12]. The area
at risk corresponds to a hypoperfusion zone in the
area supplied by the occluded coronary artery. It
was established that after the HP 3 times decreas-
es the index of "area of infarction/area of risk"
compared with control [9]. Hypoxic precondition-
ing in vivo not only helps to limit the infarct zone,
but also prevents the appearance of reperfusion
contractile myocardial dysfunction [10, 12, 13].

Delayed HP, in which an increase in the re-
sistance of organs and tissues to hypoxia is ob-
served 16-24 hours after hypoxia-reoxygenation is
most studied [11-13].

Early HP, when it is possible to achieve an
increase in tolerance to ischemia immediately af-
ter exposure to hypoxia and reoxygenation is less
investigated [9, 10, 14]. Both early and delayed
variants of HP are associated with infarct-limiting
effect. At the same time, a more pronounced in-
crease in heart tolerance to the action of IR can be
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achieved with early HP [15].

It should be noted that the above mentioned
works were performed on experimental animals.
Potencial capabilities of clinical application of HP
remain virtually unexplored. Only a few studies
concerning the use of preconditioning in clinical
practice are available to date [16, 17]. Moreover,
clinical studies assessing the cardioprotective ef-
fectiveness of preconditioning did not use highly
informative methods of nuclear medicine. In par-
ticular, radionuclide cardiopulmonography, which
is based on dynamic registration of the passage of
the radiopharmaceutical bolus through the cavi-
ties of the heart and the lungs, allowing to acquire
objective information about these central hemo-
dynamic parameters such as stroke and minute
volumes, and cardiac and stroke indices [18]. Ob-
taining these values may allow integrated assess-
ment of the central hemodynamic parameters. In
addition, radiocardiopulmonography is a unique
method of non-invasive evaluation of pulmonary
circulation (PC), allowing to estimate a number of
speed indicators of blood circulation in the lungs
[19].

Thus, the purpose of this investigation was
to perform the radionuclide assessment of cardio-
protective efficacy of HP during open heart surgery
with extracorporeal blood circulation.

Material and methods.

The study included 63 patients with coro-
nary artery disease of angina functional classes
2-4 complicated by chronic heart failure (CHF) of
NYHA classes I-III (average age of 57.20 + 1.49
years) who underwent CABG with EC. Of these
patients, 56 suffered one or more acute myocardi-
al infarction with the formation of post-infarction
cardiosclerosis. All patients were divided into 2
groups: 33 persons underwent HP during CABG
(study group), comparison group comprised 30
patients. Patients of both groups were comparable
in regard to age, clinical characteristics and in-
traoperative parameters (Table 1).

Hypoxic preconditioning was performed as
follows: after the beginning of EC and the cessa-
tion of artificial lung ventilation before aorta
cross-clamping, a 10-minute hypoxemia cycle is
performed by supplying a gaseous mix to the oxy-
genator with a reduced oxygen content to 21-22%,
followed by a 5-minute period of reoxygenation
before global ischemia. This gaseous mix provides
reduction of paO2 to 30-35 mm Hg and SaO2 to
55-65%. According to cerebral oximetry (Oximeter
INVOS Somanetics), rSO2 decreased to 52-59%.
These parameters could not be reduced below the
critical levels: the saturation of arterial blood of
50%, and the corresponding oxygen tension of 27
mm Hg in arterial blood.

Patients of both groups underwent a radio-
cardiopulmonography (RCPG) with 99mTc-
pertechnetate. The method is based on a sequen
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Table Nel. Clinical and intraoperative data of patients enrolled in the study.
Variables Study group Comparison group
n =33, abs. % n =30, abs. %
Age, years 56.24 +1.17 58.16 + 1.81
CHF (NYHA): | 3 9.1 2 6.7
1l 23 69.7 22 73.3
11 7 21.2 6 20.0
AMI in anamnesis 29 88 27 90
CA with stenosis >50% 3.05+0.21 3.05+0.28
Cardiopulmonary bypass time* (min) 132.11+£11.93 140.11 £10.71
Cross-clamp time* (min) 84.45+9.60 9526 +8.21
LV plasty 7 21.2 9 30.0
Grafts per patienf’ 2.90 +0.23 2.74£0.26
IABP use 1 3.0 1 3.3
LITA graft 31 %4 28 93
RITA graft 2 6.0 2 6.7

Study group: patients with hypoxic preconditioning (HP); Comparison group: patients without HP; CHF: chronic heart
failure; AMI: acute myocardial infarction; CA: coronary arteries; LV: left ventricle; IABP: intra-aortic balloon pump; LITA:

left internal thoracic artery; RITA: right internal thoracic artery; *: differences between groups are not statistically significant.

tial registration of bolus passage of the radio-
pharmaceutical (RP) through the compartments of
the heart and lungs after its injection into the me-
dian cubital vein.

Radiocardiopulmonography was conducted
in clinostatic position of a patient. The gamma-
camera detector was installed above the chest in
the left anterior oblique projection (LAO 45°) with
a caudal angle of 15°, in the position of the best
visual "separation" of the right and left ventricles
of the heart. The radiopharmaceutical was admin-
istered intravenously at a dose of 260-300 MBk
(7.0-8.0 mCi) and a volume of 1-1.5 mL. Record-
ing was continued for 80-100 seconds with frame
frequency of 2 frames per second and 2 frames of
1 min to reach the plateau of RP dilution.

The result of the RCPG consists in a series
of scintigrams with visualization of the aorta,
heart and lungs at different time intervals. With
the help of applied programs for processing scinti-
graphic images, the following areas of interest
were identified: the right and left ventricles of the
heart, and the upper lobe of the lung. Activity-
time curves were plotted for each of the selected
zones of interest.

The following basic hemodynamic parame-

| www.rejr.ru | REJR. 2019; 9 (3):65-72

DOI:10.21569/2222-7415-2019-9-3-65-72

ters were calculated: cardiac minute output (MO);
stroke volume (SV); blood volume in the PC
(BVPC); heart and stroke indices (HI, SI); circula-
tion efficiency ratio (CER); arterial modal time
(TAM), which characterizes mainly blood flow in
the large and small arteries, arterioles and capil-
laries of the lungs; venous modal time (TVM), re-
flecting the circulation of blood in the veins of the
PC and the left heart cavities; pulmonary time
(TPUL) — the sum of TAM and TVM - reflects the
time of passage of the maximum amount of indi-
cator through the lungs; ventricular half ejection
times of the right ventricle (T1/2RV) and the left
ventricle (T1/2LV), as indirect criteria of the con-
tractile ability.

All scintigraphic studies were performed
with gamma-camera Philips Forte (Philips Medical
Systems, Netherlands). Processing of the acquired
scintigrams was performed using JetStream®
Workspace Release 3.0 software package (Philips
Medical Systems).

Statistical analysis was performed with
STATISTICA software (version 8.0.360.0.) using
descriptive statistics (Descriptive statistics), non-
parametric Wilcoxon rank-sum test and Mann-
Whitney test (U test).
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Table Neo2.

Scintigraphic parameters of cardio-pulmonary hemodynamics in patients

with coronary artery disease before and after coronary artery bypass grafting.

Parameters Study group Comparison group
Before CABG 6-8 days after Before CABG 6-8 days after
CABG CABG
TruL (sec) 9.86 +0.51 7.98 +0.48 9.19+0.51 7.43 +0.42
p =0.001 p =0.004
Tam (sec) 4.59 +0.24 4.19+0.24 4264+ 0.25 3.67+0.25
p =0.035 p = 0.062
Tvm (sec) 5.27+0.30 3.80 +0.31 4.92+0.32 3.76 £ 0.24
p =0.001 p =0.003
T1/2rv (SEC) 3.29+0.53 2.38 £0.10 2.72 +£0.38 2.38+0.23
p =0.016 p=0.328
T1/0v (SEC) 5.88+0.48 4.58 £0.32 5.29+0.37 4.80 £0.32
p =0.009 p =0.033
MO (L) 423 +0.27 497 +0.28 448 +0.31 5.08+0.29
p =0.002 p =0.016
SV (mL) 65.29 +3.85 68.21 £3.72 67.73 + 3.88 67.18+£4.93
p=0.114 p =0.610
HI (L/m?) 2.18 +0.13 2.59 +0.15 2.18+0.11 2.45+0.10
p =0.001 p =0.008
SI (mL/m?) 33.81+2.08 35.53+£2.07 32.96 +1.08 32.74 £ 1.70
p =0.099 p=0.721
CER (L/min) 0.85+0.06 1.01+£0.06 0.82 £0.04 0.99 +£0.05
p =0.002 p =0.016
BVpc (ml) 702.14 + 67.08 664.64 £+ 59.49 666.18 +£41.30 662.95 + 38.87
p =0.056 p =0.859

Study group: patients with hypoxic preconditioning (HP); Comparison group: patients without HP; CABG: coronary ar-

tery bypass grafting; TAM: - arterial modal time; TVM: - venous modal time; TPUL: - pulmonary time (the sum of TAM and

TVM); MO: cardiac minute output; SV: stroke volume; HI: heart index; SI: - ymapusiit uanekc; T1/2RV, T1/2LV: periods of

ventricular half ejection; BVPC: - blood volume in the pulmonary circulation; CER: circulation efficiency ratio; p: - signifi-

cance of differences in relation to the preoperative value.

Results.

Before CABG the results of the initial RCPG
of the included in the study patients showed sig-
nificant negative changes in the main parameters
reflecting the functional state of cardiopulmonary
hemodynamics (Table 2).

Thus, a decrease in cardiac minute volume
below normal values was detected in 49 (78%) of
63 patients, cardiac index - in 59 (94%), stroke
index - in 52 (82.5%) patients and circulation effi-
ciency ratio - in 84% cases (53 patients). The state
of contractility of both the left and right ventricles
of the heart can be indirectly assessed by the val-
ues of the period ventricular half ejection (T1/2RV
and T1/2LV), which in patients with CHF were
markedly increased compared with the norm (Ta-
ble 2). At the same time, T1/2LV exceeded the
normal value in all examined cardiac patients
(100%), and T1/2RV - in more than half of the pa-
tients (67%).
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Table 2. Scintigraphic parameters of cardio-
pulmonary hemodynamics in patients with coro-
nary artery disease before and after coronary ar-
tery bypass grafting.

Pulmonary hemodynamics in the examined
patients was characterized by slowing the passage
of the radiopharmaceutical from the right heart
chambers to the left ones, mostly due to an in-
crease in the minimum blood circulation time in
the lungs (TPUL) and, in particular, in the arteries
(TAM) (Table 2). So, prolongation of TAM was ob-
served in the vast majority of patients (96%); 71%
of patients had an increase in TVM.

Successful myocardial revascularization in
patients of both groups led to positive changes in
most cardiopulmonary hemodynamics indices (in-
creases in the mean values of MO, SI, and CER,;
decrease in RP pulmonary circulation; and in-
crease in the left ventricular half ejection time)
within 6-8 days after surgery (Table 2).
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Initially, before surgery, the mean values of
the left ventricle ejection fraction (LVEF) (accord-
ing to ultrasound) did not significantly differ be-
tween the study group (with preconditioning) and
the comparison group (46.04 £ 2.46 and 43.18 +
2.49 %, respectively). After CABG, there were sta-
tistically significant increases of this variable in
both groups to 54.52 + 2.19 and 48.73 = 2.31%,
respectively.

It should be noted that, in the study group,
the positive dynamics of the majority of hemody-
namic parameters (Table 2), as well as an increase
in LVFF due to surgical treatment were statistical-
ly more pronounced: the significance levels (p)
were 0.000013 and 0.013906 for the study group
and the comparison group, respectively. The rate
of patients requiring inotropic support during im-
mediate post-perfusion and early postoperative
periods was lower (by 65%) in the group of pa-
tients who underwent HP.

In our study, the determination of the levels
of creatine kinase enzymes (CK) and CK-MB - iso-
enzyme showed that on the day 2 after open heart
surgery using EC and cardioplegia, patients of
both groups had an increase in these enzymes in
the blood (Table 3). Thus, there were higher than
normal levels of CK (as a result of damage to skel-
etal muscle cells during surgery), as well as CK-
MB, which serves as a marker of damage to the
heart muscle. It should be noted that the average
level of CK-MB was significantly higher (by 33%)
in the comparison group relative to the study
group (p = 0.046825) (Table 3).

In our study, after surgery, the group of pa-
tients who underwent HP, in contrast to the com-
parison group, had a significant decrease in the
right ventricular half-ejection period (T1/2RV) -
an indicator indirectly characterizing the contrac-
tility, as well as a decrease arterial time of the in-
dicator circulation in the lungs (TAM), which sug-
gesting a reduction of pulmonary hypertension
and regression of right ventricular failure [19].

In 2008, German physiologists [20] found
that 24-hour exposure of rats to hypoxia results
in an increase in tolerance of the isolated heart to
the action of ischemia-reperfusion, and is associ-
ated with improved parameters of contractility of
the right ventricle.

The nature of cardiac recovery and the de-
gree of inotropic support are among the main in-
dicators of adequate myocardial protection after
global ischemia [21]. Based on the results of he-
modynamic assessment, it can be argued that HP
prevents necrosis of cardiomyocytes and improves
cardiac contractile function during the reperfusion
period of long-term ischemia and reperfusion [15].

Determination of the activity of creatine ki-
nase MB-isoenzyme is of great importance in the
diagnosis of myocardial infarction. The average
level of increased activity of CK-MB in patients
with AMI is 10-25 times greater than the upper
limit of the reference values.

However, researchers note that CK-MB is
not 100% specific to the myocardium, and the di-
agnostic value of the method is drastically re-
duced in cases where CK is derived from the skel-

Table Ne3.
after coronary artery bypass surgery.

Indicators of enzymatic activity in patients with coronary artery disease

Parameters Study group Comparison group Norm

CK (U/L) 1062.21 +93.82 1223.52 +137.91 <167
CK-MB (U/L) 53.78 £ 7.30 80.72 1051 <25
RI1, % 5.46 +£0.54 7.39+£0.75 <6

CK (in percentage).

Study group: patients with hypoxic preconditioning (HP); Comparison group: patients without
HP; CK: creatine kinase; CK-MB: CK isoenzyme; RI: relative index — calculated as the ratio of CK-MB to

Discussion.

The abnormalities in the majority of hemo-
dynamic parameters of the circulatory system
(MO, HI, SI and CER) suggested a decrease in the
contractile ability of the heart due to the develop-
ment of CHF [19]. The prolongation of TAM im-
plied the formation of pulmonary hypertension in
combination with right ventricular failure, and an
increase in TVM suggested the venous overload of
the left heart and adjacent large pulmonary veins,
as a manifestation of the left ventricular failure
[18].
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etal muscle. Therefore, the determination of CK-
MB in cardiac surgery patients may increase the
number of false-positive results [22].

In this regard, for an adequate assessment
of damage to the myocardium, calculation of the
ratio of CK-MB concentration to a total creatine
kinase activity (relative index (RI)) was intro-
duced: RI = CK-MB / CKtot. x 100 (%), which
normally should not exceed 6%. In case of myo-
cardial damage, RI ranges from 6 to 25%. As can
be seen from Table 3, the average value of RI in
the study group (with preconditioning) did not ex-
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ceed 6% in contrast to the comparison group. This
suggests that HP increases the tolerance of the
myocardium to the damaging effects of "ischemia-
reperfusion”, increases the resistance of vital or-
gans to ischemic and reperfusion stress, and,
consequently, reduces the number and severity of
postoperative complications [8, 15].

Our results, indicating the cardioprotective
effect of HP in patients who underwent CABG with
EC, are consistent with the data of other re-
searchers [8, 16, 17]. Indeed, the group of Wu et
al. [16, 17] showed that ischemic preconditioning
(IP) with two 2-min episodes of global ischemia
followed by 3-minute reperfusion has a significant
protective effect, which manifests, in particular, as
a lower concentration of troponin I in the postop-
erative period and high values of the left and right
ventricular ejection fraction and cardiac index.
Also, decreases in the frequency of supraventricu-
lar tachyarrhythmia, mechanical ventilation time,
and the degree of inotropic support were observed
in patients with IP. Prut D.A. et al. [23] used lac-
tate level in blood plasma as an indirect indicator
of myocardial hypoxia and anaerobic glycolysis.
The blood lactate level reached the maximum val-
ues 1 h after removal of the aortic clamp in both
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groups of patients, however, in the group with the
use of HP, the concentration of lactate in the
blood was lower than in the patients of the com-
parison group. Consequently, HP reduces the in-
tensity of anaerobic glycolysis in the myocardium,
which can also be regarded as a positive effect of
preconditioning.

Thus, the use of hypoxic preconditioning
during coronary bypass surgery with extracorpo-
real blood circulation can reduce damage to cardi-
omyocytes and improve the contractile function of
the heart in the reperfusion period after prolonged
ischemia and reperfusion.
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