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ABSTRACT

Aim. To study the comparative dynamics of left ventricular (LV) remodeling after on-pump and off-pump coronary
artery bypass grafting.

Materials and methods. The study included 129 patients with verified coronary artery disease (CAD) who
underwent coronary artery bypass grafting (CABG) with cardiopulmonary bypass (on-pump CABF) or beating
heart surgery (off-pump CABG). All patients underwent transthoracic echocardiography (TTE) and volumetric
compression oscillometry (VCO) before surgery, as well as one week and four months after it. The results were
compared in groups divided according to the surgical technique and the presence of previous myocardial infarction
using variation series, the Tukey’s post-hoc test, the Pearson correlation coefficient, and the Spearman’s rank
correlation coefficient.

Results. According to TTE data, no difference in hemodynamic parameters between the groups in the postoperative
period was noted. According to VCO data, a significant difference was revealed in the off-pump group without
previous MI one week after surgery: an increase in cardiac output (CO) (p < 0.001), an increase in stroke volume
(SV) and stroke index (SI) (p = 0.005), LV power (LVP) (p = 0.015), and also a rise in cardiac index and LVP four
months after the surgery. In the on-pump group of patients with previous MI a week after CABG, a decrease in the
LVP (p <0.001) and dynamic changes of energy expenditure (p < 0.001) were observed. The correlation analysis
revealed moderate correlations between the inotropic parameters of cardiac hemodynamics SV, SI, CO, LVP and
blood pressure (BP) (rr = 0.33-0.47; p < 0.001) and strong correlations between SV, SI, CO, LVP and ejection
fraction (EF) (rm = 0.63-0.68; p < 0.001).

Conclusion. Seven days after the off-pump CABG, an improvement in some hemodynamic parameters and all
inotropic parameters of the heart was revealed compared with the on-pump group. Four months after the off-pump
surgery, positive hemodynamic remodeling was observed compared with the postoperative period after the on-
pump CABG.
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PE3IOME

Hean ucciaenoBanus. M3yunTs cpaBHUTENbHYIO AMHAMUKY PEMOJIEINPOBaHHs JieBoro xenynouka (JIK) mocine
omnepanuii kopoHapHoro myHtuposanus (KII) ¢ ucnons3oBaHneM MeTOROB HCKYCCTBEHHOTO KPOBOOOpaIIeHHs
(MK) n Ha ObroreMest cep/e.

Marepuanbl u MeToAbL. B HcciieioBanne BKIFOYCHB! 129 MaMeHTOB ¢ BepH(PUIMPOBAHHON HIIEMUYECKOH 60-
ne3nsio cepana (MBC), xoropemm 6sut0 BemonHeHo KIII B ycnoBusix VK (on-pump) wim Ha Gbpromemcst cepi-
e (off-pump). Becem manmenTam nepen onepanueii, depe3 1 Hex u depes 4 Mec IPOBOIMIACH IXOKAPIHOTpadus
(OXOKT') u o6bpemuas komnpeccronHas ocumutoMerpust (OKO), pe3ynbTaTel KOTOPBIX CPaBHUBAIINCH B IPYIIIAX,
pa3leNeHHbIX 0 METOJUKE OIEPalliy U B 3aBUCHMOCTH OT HaJIM4Ms NIEPEHECEHHOro HH(papkTa MHOKap/a ¢ Huc-
HOJIb30BaHMEM BapHALMOHHBIX PSIOB, alOCTEpHOpHOro kputepus Trioku, kodddunuenta [Tupcona u koapduru-
enra CnupMeHa.

PesyabTartsel. 1o ganasiMm DXOKI™ He BBISBIEHO pa3HHUIBI TEMOJMHAMHYECKHX TOKa3aTeleld B Ipymmax Cpas-
HeHHs B moctonepanronHoM nepuoze. [lo ganasiMm OKO B rpymme «off-pump 6e3 moctur(apKTHOrO Kapamo-
ckieposa (ITMKC)» gepes3 1 Hex mocite onepanyuy OTMEYEHBI CTATHCTHUECKIE OTINYHMS CIIeTYIOUINX MTOKa3aTeeii:
yBenuueHne cepaednoro Beiopoca (CB) (p < 0,001), ynapusrit o6sem (YO) u yaapusiid uagexe (YU) (p = 0,005),
momraocts JOK (MJDXK) (p = 0,015), a Takxke yBenndenue cepaeunoro uaaekca u MJDK gepes 4 mec. B rpymme
narueHToB ¢ [TMKC u on-pump uepe3 1 Hen mocne KIL nHabnronanock camxenue mokaszareneit MJIDK (p < 0,001)
1 IMHAMHKH pacxoza sHepruu (p < 0,001). [Tpu npoBeneHnN KOPPEIALIHOHHOTO aHAIN3a OBUIH MTOJTYYEeHB YMEPEH-
HBIE CBS3W MEXIy HHOTPOIHBIMH ITapaMeTpamu cepaeuHoit remoguaamuku YO, YU, CB, MJIXK u aprepuans-
Horo pasieHus (rm = 0,33-0,47; p <0,001) u 3ametnbIe cBs3u Mexay YO, YU, CB, MJIX u ¢paxmueii Beiopoca
(rm = 0,63-0,68; p < 0,001).

3akmaouenne. [Tocne oneparmu K11, BeimonnenHoit off-pump, yepes 7 cyT OTMEUESHO yIIy4IICHHEe HEKOTOPBIX I'e-
MOJIMHaMHYECKHX MTOKa3aTeNeil ¥ BCeX MoKa3aTeliell HHOTPOITHOM (DYHKINY Cep/ilia 110 CPAaBHEHHIO C Tal[UeHTaM1
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on-pump. K 4-My MEC MOCJIE onepanu oﬁ-pump Ha6n}0)1anocs TOJIOKUTEIBbHOC rEMOAMHAMUYECKOE pE-pEMOIEC-
JIMPOBAHME 110 CPAaBHEHUIO C MMOCJICONEPALMOHHBIM IIEPHUOAOM IIOCJIE ON-pump.

KnrodeBble c10Ba: KopoHapHOE IIyHTHpOBaHuUE, off-pump, pemoaenpoBanue

CooTBeTcTBHE MPUHIIMIIAM THKH. Bce manueHTs! moamucamn HHGOPMUPOBAHHOE COTJIACHE HA YYaCTHE B HC-
cnenoBanuu. Mccnenopanue onobpeHo komuteroM 1o 3tike KI'MY (mporokon Ne 10 ot 03.03.2011).

KonpaukT uHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMAIBHBIX KOH()INKTOB HHTEPECOB,

CBs3aHHBIX C Hy6HI/IKaHI/I€I>‘I HaCTOSIICH CTAThH.

Hcrounuk ¢puHaHCHPOBaHUSA. ABTOPHI 3asBJIAIOT 00 OTCYTCTBMU (MHAHCHPOBAHMS IPH NPOBEACHUH MCCIIENO-

BaHUA.

Jnsa untupoBanus: MasHckas C.Jl., A63anosa ['.®., ['apaesa JL.A., AGnynbsHoB U.B., TerusikoB A.T., bepe-
3ukoBa E.H., I'pebenknna N.A. OcoOeHHOCTH peMOICTHPOBAHUSI MHOKap/1a JICBOTO XKEITyJ0UYKa U CepACIHOH Te-
MOJMHAMUKH I10CJIe KOPOHAPHOTO IIYHTHPOBAaHHS on-pump win off-pump. Browemens cubupckoii meouyunul.
2023;22(2):88-96. https://doi.org/10.20538/1682-0363-2023-2-88-96.

INTRODUCTION

In recent years, mortality from cardiovascular
diseases (CVD) has been steadily decreasing thanks
to the mass introduction of interventional methods
of treatment and diagnosis of coronary heart disease
(CHD) into clinical practice. Nevertheless, coronary
artery bypass grafting (CABG) is still the surgery of
choice in case of widespread multivessel atheroscle-
rotic lesions of the coronary arteries (CA) with signif-
icant calcification, proximal stenosis of the left CA, as
well as in patients with diabetes mellitus (DM) [1-3].
In such a group of patients, a successfully performed
open heart surgery and direct myocardial revascular-
ization lead to an improvement in the clinical condi-
tion, an improved functional class of angina pectoris,
and an increase in the left ventricular ejection fraction
(LVEF) [4, 5].

CABG can be performed both with the aid of
cardiopulmonary bypass (CPB) and pharmacologi-
cal cold crystalloid cardioplegia (PCCC) (on-pump
CABG) and on a beating heart (off-pump CABG)
[6—8]. During a surgery with the use of extracorpo-
real circulation, the heart undergoes ischemia and car-
dioplegia with further reperfusion. In this case, a con-
dition known as stunned myocardium occurs, which
causes a delay in the restoration of LV contractile
function.

Direct myocardial revascularization on a beat-
ing heart (off-pump CABG) was developed to avoid
reperfusion complications, increase the effectiveness
of surgical treatment, and reduce postoperative mor-
tality. The advantages of this approach include the
absence of traumatic damage to blood cells, shorter
surgery duration, and the absence of complications as-
sociated with CPB [9, 10].

However, there are still insufficient data in the
modern literature on differences in remodeling of the
heart and blood vessels in patients with CHD who
underwent on-pump and off-pump direct revascular-
ization. Such data are extremely important, since they
would allow to plan postoperative rehabilitation of pa-
tients, taking into account the structural and functional
remodeling of the LV of the heart, namely changes in
the mass of the myocardium, the heart chambers, heart
anatomy, its systolic and diastolic function, EF, etc.

The aim of this study was to conduct a compara-
tive study of the changes in LV remodeling in patients
with CHD after on-pump and off-pump surgical myo-
cardial revascularization to optimize postoperative re-
habilitation.

MATERIALS AND METHODS

The study included 129 patients with CHD aged
39-76 years (mean age 57.2 + 8.6 years) with severe
stenotic changes in CA, confirmed by coronary angi-
ography (CAG), with different systolic LV function,
who were scheduled for CABG.

The exclusion criteria from the study were con-
sidered to be acute coronary syndrome (ACS), acute
cerebrovascular accident (ACA), cooccurring valvu-
lar pathology requiring surgical intervention; aneu-
rysm of the aorta and LV, conditions after pacemaker
implantation, as well as cancer, acute inflammatory,
broncho-obstructive, rheumatic, endocrine, and infec-
tious diseases. All patients underwent coronary artery
or mammary artery bypass grafting with the place-
ment of one, two (36.1%), and more than three shunts
(63.9%).

All the examined patients were divided into four
groups: group 1 — patients with postinfarction car-
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diosclerosis (PICS), who underwent on-pump CABG
with the aid of CPB (n = 47); group 2 — patients with-
out PICS, who underwent on-pump CABG (n = 27);
group 3 — patients with PICS, who underwent off-
pump CABG (n = 28); group 4 — patients without

PICS who underwent off-pump CABG (n =27). CHD
was confirmed by CAG. Comparative characteristics
of patients by gender, age, presence of risk factors for
CVD and concomitant diseases in the groups are pre-
sented in Table 1.

Table 1
Comparative characteristics of patients in groups, n (%)

Parameter Group 1, n=47 Group 2, n=27 Group 3, n =28 Group 4, n=27
Average age, years, M = SD 60.5+ 1.0 613+1.2 57.6+22 64.8+£2.8
Men 37 (78.7) 19 (70.3) 10 (35.7) 13 (48.1)
BMI, kg / m?> M + SD 29.4+4.7 27.8+43 28.9+4.1 29.2+4.7
Smoking 25(53.2) 14 (51.8) 10 (35.7) 14 (51.8)
EH 25 (53.2) 22 (81.5) 10 (35.7) 13 (48.1)
One damaged CA 12 (25.5) 10 (37.0) 8 (28.6) 10 (37.0)
>2 damaged CAs 31(65.9) 17 (62.9) 6(21.4) 6(22.2)
Left coronary main trunk stenosis 4 (8.5) - - —
Diabetes mellitus 14 (29.8) 6(22.2) 2(7.1) 4(14.8)
CABG (1-2 shunts) 14 (29.8) 15 (55.5) 10 (35.7) 10 (37.0)
CABG (=3 shunts) 33 (70.2) 12 (44.4) 4(14.3) 6(22.2)

Note: EH — essential hypertension, BMI — body mass index, LCA — left coronary artery.

Transthoracic echocardiography (TTE) and
volumetric compression oscillometry (VCO) were
performed three times: before CABG, as well
as7 days and 4 months after the surgery to assess
remodeling and hemodynamics of the heart. The
study was conducted with patients receiving stan-
dard drug therapy for CHD and chronic heart failure
(CHF).

TTE was performed using Vivid 7 Dimension Pro,
a high-performance ultrasound system. TTE was car-
ried out immediately before the surgery, as well as 7
days and 4 months after CABG. The following param-
eters were evaluated during TTE: the LV end-diastolic
diameter (EDD), the LV end-diastolic volume (EDV),
the LV end-systolic volume (ESV), LVEF (using the
Simpson’s method), the interventricular septal thick-
ness at end-diastole (IST), the left ventricular posterior
diastolic wall thickness (LVPDWT), and the left atrial
volume. The geometric remodeling of LV was evalu-
ated by calculating indices for relative wall thickness
(RWT), EDV, LV myocardial mass (LVMM), and left
atrial volume (LAV).

VCO was performed using the APCO-8-RIC
blood circulation parameter analyzer (Setal compa-
ny, Kazan) [11]. This method is based on estimat-
ing changes in the volume of large arteries using an
original measuring system. The examination method
consists in automatic injection of air into the cuff at
a controlled speed and simultaneous observation of

oscillations on the monitor until the compression
threshold and subsequent automatic decompression
are reached. Patients undergoing this examination
should be in the sitting position. They should fast pri-
or to examination. The cuff is adjusted for every pa-
tient. Then, using the device software, the following
hemodynamic parameters were calculated: cardiac
output (CO); cardiac index (CI); stroke volume (SV);
stroke index (SI); left ventricular power (LVP) (the
product of SV and mean hemodynamic pressure);
left ventricular ejection time (LVET) — the time in-
terval from aortic valve opening to aortic valve clo-
sure and the phase of systole during which the left
ventricle ejects blood into the aorta; volumetric flow
rate (VFR) — the volume of blood being pumped by
a single ventricle of the heart per one minute; energy
for the displacement of one liter of blood (EDB). The
values of the LV contractility, CO per minute, and the
total ejection time per one minute allow to determine
the energy spent for displacement of one liter of blood
through the LV per one minute.

A statistical analysis was carried out using the IBM
SPSS Statistics 20 software, which was used for the
parametric and nonparametric analysis. Testing the
compared aggregates for normality of distribution
was evaluated by the Mann — Whitney — Wilcoxon
test. The Fischer’s exact test was used to study qual-
itative characteristics. The differences between the
groups were considered statistically significant at
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p < 0.05. When statistically significant differences
were found between the groups, a pairwise compar-
ison of aggregates was performed using the Tukey’s
post hoc test. Paired correlations were assessed by the
Pearson’s correlation coefficient (rm) for interval vari-
ables and by the Spearman’s rank correlation coeffi-
cient for ordinary values. The data were presented as

absolute and relative values of n (%) and as the mean
and the standard deviation M = SD.

RESULTS

The analysis of myocardial remodeling parameters
according to the TTE data, depending on the presence
or absence of PICS, is presented in Table 2.

Table 2
Changes in myocardial remodeling parameters according to the TTE data depending on the surgery type and the presence of PICS,
M+ SD
Parameter Period Group 1, n=47 Group 2, n=27 Group 3, n=28 Group 4, n=27
Before CABG, 239.5+11.5 178.8+7.0 220.8 £20.4 188.6 £ 6.2
LVMM 7 days after and 219.0 + 11.0* 163.1 + 8.8* 193.5 + 14.5* 170.3 + 5.7%*
4 months after the surgery 195.5 +9.3% 152.1 + 5.3 167.1 + 10.8" 151.7 + 5.4
Before CABG, 1.10 £ 0.04 1.10 +£0.04 1.15+0.07 1.14 £0.05
IST, cm 7 days after 1.06 + 0.04* 1.07 £0.03* 1.10 £ 0.06 1.09 +£0.05
and 4 months after the surgery 1.0 + 0.03% 1.02 + 0.027 1.02 + 0.05" 1.01 £0.03"
Before CABG, 0.99 +0.04 1.0£0.02 1.06 £ 0.06 1.01 £0.04
LVPW, cm 7 days after 0.99+0.03 1.0+0.02 0.98 +0.05 1.01 +0.03
and 4 months after the surgery 0.93 £0.02% 0.98 £0.02 0.95+£0.03% 0.96 £ 0.02%
Before CABG, 0.37+£0.02° 0.41+0.01 0.43 £0.02 0.44 £ 0.02
LVRWT 7 days after 0.36 +0.01 0.41+0.02 0.39 +0.02* 0.41 +£0.01
and 4 months after the surgery 0.34+£0.01%# 0.40+0.01% 0.36 £0.02% 0.39+£0.01%
Before CABG, 133.5+8.8 82.4+4.1 102.8 +8.2 78.8+3.5
LVEDV, ml 7 days after 113.2 £ 6.6%** 73.9 £ 3.6%** 92.1 +£ 8.7%* 69.5 +3.4%*
and 4 months after the surgery 104.2 + 5.3*# 71.3 +£3.0% 85.3 £ 6.2 63.9 + 2.6
Before CABG, 72.9+3.8 583+23 85.0+9.2 60.4+2.8
LAV, ml 7 days after 66.8 £ 3.4%** 54.5£2.2%%* 75.1£6.8*% 56.7 £ 2.6%**
and 4 months after the surgery 64.4 +£2.6" 52.1 + 1.9 57.3 +4.2* 52.5+£2.5%
Before CABG, 450+ 1.4° 58.7+0.7 52.5+2.0 60.7+0.9
EF, % 7 days after 447+1.5 57.0+0.7 50.5+1.7 58.7+13
and 4 months after the surgery 48.5+1.6" 61.9+0.8 544+1.8 61.8+1.0

Note: LVPW —left ventricular posterior wall; LVEDV — left ventricular end-diastolic volume; LVMM — LV myocardial mass; ISP —interventricular
septum; RWT — relative LV wall thickness; LAV — left atrial volume; EF — ejection fraction.

* statistical differences between the baseline parameters in groups 1 and 3: LVRWT p = 0.023; EF p = 0.009; statistical differences between the
groups in baseline parameters and on day 7 after CABG: * p < 0.05; **p < 0.005; p < 0.001***; statistical differences between the groups in
baseline parameters and 4 months after CABG: # p < 0.05; # p < 0.005 ## p < 0.001.

When assessing the differences in baseline
TTE parameters between the groups of patients, we
obtained statistically significant data on only two
parameters — RWT and LVEF. Thus, in patients
with a history of MI who underwent off-pump
CABG (group 3), the thickness of the LV wall was
less than in the group of patients who underwent on-
pump surgery (group 1), while the EF was slightly
higher. However, the differences in these parameters
between the groups in the postoperative period were
insignificant.

During the follow-up period, in all groups of pa-
tients, regardless of the presence of PICS and the type
of surgery, a significant decrease in LVMM was ob-
served as early as one week after CABG and espe-
cially by the 4th month postoperatively (Table 2). At

the same time, the LV mass decreased evenly in all
groups, regardless of the type of CABG. Changes in
LVRWT compared to the baseline level became sta-
tistically significant only 4 months after the surgery.
LVED and LAV decreased as early as one week after
the surgery, and an even more pronounced decrease
was observed after 4 months. The changes in EF in the
early postoperative period were insignificant. Howev-
er, 4 months after CABG, a statistically significant in-
crease in this parameter was observed in the group of
patients with PICS operated with the use of CPB and
PCCC — from 45.0 = 1.4 to 48.5 = 1.6% (p = 0.004),
which was probably due to the fact that myocardial
contractility was initially lower in this group. The
parameters of cardiac hemodynamics obtained using
VCO are presented in Table 3.
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Table 3

Hemodynamic parameters at baseline, 7 days after, and 4 months after the surgery in patients
who underwent CABG, M = SD

Parameter Group 1, n =47 Group 2, n =27 Group 3, n =28 Group 4, n =27
CO, 1/ min
Before CABG; 5.1£0.1 52+02 56+03 4.8+0.2
after 7 days; 49+02 51+0.2 55+03 55+0.2%
after 4 months 54+0.2e 6.1 £0.3%* 6.1 £0.3e 6.5+ 0.2%*
SV, ml:
Before CABG; 83.1+2.7 79.9 +£3.7 92.9+5.2 78.6+5.5
after 7 days; 63.2+2.7* 66.1 + 3.8% 84.1+6.9 85.8 £4.7*
after 4 months 79.4+28 87.6 £ 4.3%* 903+ 6.4 97.2 £ 5.5%*
SI, 1/ m?
Before CABG; 424+1.5 43.7+1.8 482+32 43.0+2.7
after 7 days; 349 + 1.5% 36.3 £2.2% 43.1+£4.5 48.5+£2.5%
after 4 months 41.1+14 48.1 £ 2.4%* 472+39 54.8 £2.8%*
LVP, W:
Before CABG; 35+£0.2 34+0.3 3.6+0.4 29+0.2
after 7 days; 2.6+£0.1% 3.0+0.2 35+04 3.5+£0.2%
after 4 months 33+£0.2 3.7+0.2 40+04 4.1 +£0.3%*
CL 1/ min%
Before CABG; 2.7+0.1 2.8+0.1 3.0+0.2 2.7+0.1
after 7 days; 2.6+0.1 2.7+0.1 29+0.3 3.0+£0.1*
after 4 months 2.9+ 0.1%* 3.3 £0.2%* 33+0.2 3.6 £ 0.2%*
LVET, sec:
Before CABG; 300.3 +10.1 309.0+17.3 365.9 £40.7 309.8 £16.1
after 7 days; 297.4+11.6 268.0£17.6 409.9 £55.1 326.9+33.2
after 4 months 322.6+13.0 326.8+17.1 331.2+33.7 378.8 £28.2
VFR, ml / sec:
Before CABG; 285.1+14.1 280.8 £19.7 2949 +£29.8 2359+273
after 7 days; 235.6+12.2 261.3+£16.8 306.0 £29.1 252.1+37.2
after 4 months 267.6+11.8 296.9 +16.9 2943 £27.0 292.8 +£36.2
EDB, W-sec:
Before CABG; 122+0.2 11.7+0.3 12.1+£0.5 11.5+£0.3
after 7 days; 11.1+£0.2* 11.2+£0.3 11.6+0.4 11.7+0.4
after 4 months 12.4+0.3 12.9 + 0.4%* 129+0.5 12.7 £ 0.5%*

* statistical differences between baseline values and values on day 7 after the surgery:
CO, SV, SI p <0.001 (group 4 p <0.005); LVP (group 1 p <0.001; group 4 p = 0.015); CI (group 4 p < 0.001);

EDB (group 1 p <0.001).

**statistical differences between baseline values and values 4 months after the surgery: CO p < 0.05; p <0.01;
SV p <0.005; SI p<0.001; CI1 <0.005; EDB p < 0.05; e statistical differences between the groups, p < 0.05.

According to the data obtained one week after the
surgery, CO practically did not change, with the ex-
ception of patients in group 4 (off-pump CABG with-
out PICS), in which this parameter increased from
48+ 0.2t055+021/min (p <0.001). However,
already 4 months after CABG in all patients, the mean
value of LV CO was higher than before the surgery,
and in the groups after off-pump CABG, this param-
eter was higher compared to patients who underwent
on-pump surgery (p < 0.05). However, statistically
significant differences were found only in the groups
of patients without PICS.

One week after the surgery, LV SV and SI signifi-
cantly decreased in patients operated with the aid of

CPB and PCCC (p < 0.001), whereas in group 3, a
decrease in these parameters was not significant (p =
0.164), and in group 4, on the contrary, their increase
was statistically significant (p = 0.005). Four months
after CABG, these parameters of LV hemodynamic
remodeling in patients with a history of MI increased
to values comparable to the baseline level. At the
same time, the most pronounced increase in LV SV
and SI was observed in group 4 without PICS.

In group 1 (with PICS), one week after CABG with
the use of CPB and PCCC, there was a significant de-
crease in LV power (p <0.001), whereas in groups
2 and 3 this parameter was comparable to the base-
line values (p = 0.093 and p = 0.397, respectively). In
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group 4 (without PICS after beating heart CABG), the
level of LVP on day 7 after the surgery increased sig-
nificantly (p = 0.015). Four months after the surgery,
this parameter in all groups, except for group 4, turned
out to be comparable to the baseline level, whereas in
the latter, its further increase was observed. In group
4, there was a similar increase in CI.

Finally, changes in the energy spent for the dis-
placement of one liter of blood through the LV one
week after the surgery were characterized by a sta-
tistically significant decrease from 12.2 + 0.2 to
11.1 £ 0.2 W * sec in patients of group 1 (with PICS
and after on-pump CABG) (p <0.001). In groups 1,
2, and 3, the values of EDB were comparable to the
baseline level. Four months after the surgery, the av-
erage values increased in all groups, but a statistically
significant increase was revealed in patients without
MI. During the correlation analysis, moderate associa-
tions were obtained between the inotropic parameters
of cardiac hemodynamics SV, SI, CO, LVP and blood
pressure (rm = 0.33-0.47; p < 0.001), and noticeable
associations were found between SV, SI, CO, LVP
and EF (rr = 0.63-0.68; p <0.001).

DISCUSSION

It is known that after direct myocardial revas-
cularization, the heart adapts to new functioning
conditions, which causes structural and function-
al remodeling [12]. The effect of the CABG type
(on-pump or off-pump) on the parameters of
intracardiac hemodynamics and cardiac remodeling
is yet to be studied, since data on the changes in car-
diac parameters in the postoperative period can be
used both to assess the effectiveness of surgical treat-
ment [13, 14] and to select a rehabilitation program
for patients after bypass surgery, depending on the
surgery type.

It is still not entirely clear how functional and
anatomical remodeling of the LV occurs in the post-
operative period and what role the surgery type (on-
pump or off-pump) plays in it. However, already one
week after CABG, and especially by the end of the
4th month, regardless of the type of surgery and MI
in history, a decrease in LVMM, IST, LVPWT, and
RWT was noted. Apparently, processes occurring af-
ter revascularization, which preserved the viability of
the myocardium, contribute to rapid normalization of
the structural and anatomical parameters of the myo-
cardium and improvement of LV pumping function,
which is confirmed by a significant increase in these
parameters by the end of the follow-up.

Similar changes were noted in the volume parame-
ters of the heart — LVED and LAV, which decreased.
All this was accompanied by regular changes in the
main parameter of myocardial contractility — EF,
which first decreased and then reached the baseline
level or even slightly increased [15]. However, all
these changes were rather general and did not allow
to identify differences in cardiac remodeling in both
on-pump and off-pump CABG. In the end, surgical
revascularization, regardless of the surgery type, led
to positive structural and anatomical changes in the
heart. In this situation, it seemed important to evaluate
not only structural, but also hemodynamic cardiac re-
modeling in the groups after different types of CABG.

In this regard, a number of cardiac hemodynamic
parameters were evaluated using VCO. This method is
available, has no technical limitations, and can be eas-
ily reproduced in practice, which is especially import-
ant for consistent observation of changes. According
to the results of this study, a significant difference was
revealed in almost all the main hemodynamic parame-
ters, such as CO, CI, SV, and SI of the LV, depending
on the type of CABG. Thus, in group 1 (with PICS and
after on-pump CABG), a decrease in these parameters
was observed for 1 week, while in patients in groups
3 and 4 (off-pump CABGQG), the parameters decreased
slightly. On the contrary, in group 4 (without PICS), a
statistically significant increase in the parameters was
noted. Four months after the surgery, hemodynamic
parameters stabilized in all groups. However, in group
4, these parameters were significantly higher.

We did not reveal a close correlation between the
parameters of TTE, VCO, and nonparametric data re-
flecting risk factors, concomitant diseases, PICS, and
the number of shunts in the arteries. Therefore, we
can assume that such dependence on the surgery type
is associated not only with different severity of CHD
in the groups, but also, probably, with the duration of
surgery, traumas from surgical intervention, ischemic
and reperfusion injuries, the fact that the procedure is
not physiological and, of course, the cardiodepressive
effect of the on-pump surgery.

According to various researchers, in on-pump
CABG, suppression of cardiac hemodynamic parame-
ters is noted almost two hours after surgery and leads
to a decrease in EF on average from 50 to 30%. At the
same time, cardiac contractility can be restored by the
end of day 1 after CABG or even much later [16, 17].
Our data also confirm the cardiodepressive effect of
on-pump CABG, which leads to a rapid decrease in
LV power and a decrease in its EDB per 1 minute. At
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the same time, after off-pump CABG, this decrease
was practically not observed, which may be due to
relatively rapid recovery of myocardial activity after
hibernation, even in severe patients. At the same time,
the history of MI significantly slowed down resto-
ration of the inotropic function of the heart, regardless
of the CABG type. Nevertheless, the systolic function
stabilized much faster in the group of patients who un-
derwent a beating heart CABG.

CONCLUSION

Thus, the surgery type affects not only the struc-
tural and anatomical remodeling of the heart, but
also, largely, the parameters of cardiac hemodynam-
ics in the postoperative period. In patients with CHD
7 days after off-pump CABG, there was a significant
improvement in all parameters of inotropic heart
function compared to patients who underwent on-
pump surgery. Four months after off-pump CABG,
the parameters of positive hemodynamic remodeling
became even more noticeable than in patients after
on-pump surgery. This indicates faster and better
recovery of the myocardium and allows to opti-
mize the rehabilitation program depending on the

surgery type.
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