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PE3IOME

AkTyanbHicTb. Y natoreHesi GaraTbox iHTpa- Ta nicnsionepauiiHux ycknagHeHb
3HayHy ponb BigirpaTb cknag, ob’em i Temn iHdysiHoi Tepanii (IT), ocobnueo
aKkTyanbHOKW LU npobnema € Ans nauieHTiB i3 CynyTHbOK XPOHIYHOK NaTornoriern
CcepueBO-CyaANHHOI, AMXanbHOi CUCTEM Ta HWUPOK. IHOpMaTUBHUMK MOKa3HUKaMU
ONA OUHKM KOPEKTHOCTI MpoBefeHHsA IT i paHHbOI AiarHOCTUKM iHTpaonepauiiHmux
yCKNagHeHb, NOB’si3aHNX 3 noxubkamu ii NpoBedeHHSs!, € KOMMNEKCHWUA MOHITOPUHT
dYHKLOHaNbHMUX NMOKa3HWUKIB cepLeBO-CYAUHHOI Ta ANXarnbHOI CUCTEM.

MeTta po6otu. [ocnigntn 3miHM GioximiyHMX MapkepiB cepueBoi HeaocTaTHOCTI
Ta Y3[l-03Haku BEHO3HOro 3acTOK MpW OBOX pexumax iHdysinHoi Tepanii (pecTpuk-
TMBHOMY Ta nibepanbHOMy), Ha niAcTaBi MOPIBHAMNBLHOIO AOCHIAXEHHS BU3HAYUTU
ONTUManbHUI pexum nepionepauinHoi IT y nauieHTiB, sk onepyTbCa Yy NnaHOBOMY
nopsiaKy 3 NMpUBOAY 3aXBOPHOBaHb OpraHiB YepeBHOI MOPOXHWUHM Ta MatkoTb CYMyTHIO
natonorito y Burnagi iuemiyHoi xsopobu cepus (IXC) Ta cepuesoi HepoctaTHocTi (CH).
Martepianu Tta meroau. B ogHoueHTpoBe, MPOCMNEKTUBHE, paHAOMi3oBaHe Aocnifg-
XeHHs1 BkMounnu 86 nauieHTiB. Yci nauieHTu G6ynu posnogineHi Ha ABi rpynu paH-
OOMHMM LUMNSIXOM 3anexHO Bif pexumMy iHTpaonepaduiiHoi IT: B nepwin rpyni (n = 44) —
OyB 3acTOCOBaHUI PECTPUKTUBHUIA pexum 5-8 mn/kr/roguHy, B gpyrii (n = 42) —
nibepanbHM. Ha eTanax [JdoCnigXeHHs B MOPIBHIOBAHWX rpynax npoBOoaunoch
BM3HAYEHHS PiBHSI MPOropMOHY MO3KOBOro HaTpinypetuuHoro nentugy (NT-proBNP)
Ta BUKOHyBanacb exokapgiorpadis. OuiHoBanacb ckopodyBanbHa 30aTHICTb cepus,
LUeHTpanbHa remoavHamika, dpakuis Bukugy. BukoHyBanocb Y3-gocnigkeHHs
HWXHBOI NopoxHUCTOl BeHu (inferior vena cava, IVC) nig yac OuxaHHsi siK HeiHBa-
3UBHMWI CMNOCi6 OLiHKM BHYTPILLUHbOCYAMHHOTO 06’eMy KpoBi. BusHavaBcs giameTp BeHM
nig 4Yac BOoxy Ta Buamxy. Ha ocHoBi pecnipaTtopHoi 3miHu giameTpa IVC pospaxosy-
BaBCS KaBanbHWUI iHOEKC, SIKUIA BUPAXaeTbCsa Y BiAcoTKax. IHAEKE, Wo HabnmkaeTbes
fo 100%, Bkasdye Ha Maike MOBHWIA Konanc Ta WMOBIPHE BUCHAXEHHS 06’emy,
TUM YacoMm sk iHaekc, bnuabkuin 4o 0%, cnocTepiraeTbecst NPy MiHIManbHOMy pecnipa-
TOPHOMY CNafiHHi CTIHOK BEHW i BHYTPILUHbOCYAWHHOMY MepenoBHeHHi. Y3[ nereHb
nposogunu 3rigHo 3 BLUE-NpOTOKONOM KOHBEKCHUM AAaTYMKOM Yy 8 30Hax Mo nepegHin
rPYAHIN CTiHUi. TsXKKICTb NereHeBoro 3acTol OLUjiHIOBany Ha OCHOBI NigPaxyHKy Cymu
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AAS LUTYBAHHS:

B-niHii: 5 Ta MeHwe — BiAgCyTHICTb 3acTol, Bid 6 A0 15 — He3HauyHuW 3acTin,
Big 15 0o 29 — nomipHui, 30 Ta Ginblue — 3HaYHWN.

PesynbraTn Ta ix obroBopeHHs. MpoBeaeHe OOCHiMXEHHS CBiQYUUTL MPO nepesary
pecTpuKTUBHOrO pexumy IT y nauieHTiB i3 cynyTHboto IXC Ta MiHiManbHUMU o3Hakamu
3acrtiiHoi CH nig yac abgoMiHanbHUX XipypridHux onepauii. Pexum 3 obMexeHHsM
BHYTPILUHBOBEHHOTO BBEAEHHS PiAVHW BUSIBUBCS  KpalLUM, OCKIfbKM 3MEHLUYE
BEHO3HWI 3acCTiil, 3HWXKYE KiNbKICTb PIAMHW B IHTEPCTULINHOMY MNpPOCTOpPi rfereHb,
BMKINNKAE MEHLLY KOMMEHCATOpPHY peakuilo cepueBO-CYAWHHOI CUCTEMWU Ha iHAY3ito
i3 HopManbHUMK 3HayveHHsMu NT-proBNP. 3aBpaHHs aHecTesionora npu Lbomy —
peTenbHUiA KOHTPONb 4060BOro Ta KYMYNSITUBHOIO rigpobanaHcy, agekBaTHUA MOHITO-
PVIHT NOKa3HWKIB CepLEeBO-CYANHHOI CUCTEMU, BUKOPUCTAHHS cyqacHunx Y3[ TexHonorin
Ta NPOTOKOMIB KOHTPOIO BOMEMIYHOrO CTaTycCy, OLjiHka AMHaMikv Giomapkepis cepLeBoOi
HEeQOoCTaTHOCTI, WO [03BONUTL GesnevyHo NpoBecTU cknadHi abgomiHanbHi onepauii
nauieHTam 3i 3HWXKEHUM KapgianbHUM pe3epBoM.

BucHoBKW. Y pesynbrati NpoBEAEHOro AOCHIAKEHHS1 BCTAHOBMEHO, LIO 3acTocy-
BaHHS nibepanbHOro pexumy iHdysiiHOi Tepanii B nepionepauiiHomy nepiogi
y xBopux 3 IXC 1a XCH I, I-ll ®K, nopiBHSHO 3 PECTPUKTUBHUM PEXUMOM, NPU3BOAUTH
00 CTaTUCTMYHO 3HauyLloro 3pocTaHHsi GiomapkepiB cepuLeBOi HeLoCTaTHOCTI Ta
Y3[1 03HaK BONEMIYHOIO NepeHaBaHTaXEHHS.

PectpuktBHuiA pexum IT B gosi 5-8 mn/kr/roamHy, nopiBHsHO 3 nibepanbHuM,
y posi 12—-15 wmn/kr/roguHy Moxe OyTu BU3HAHUM ONTUManbHUM Ta 6e3nevyHum
y nauieHTiB 3 IXC ta XCH I, I-1l ®K npu onepauisix Ha opraHax YepeBHOT MOPOXHUHU.
3acTocyBaHHS Ta LUMPOKE BNPOBaAXXEHHS B NMPAKTUKY KOMMIIEKCHOMO BU3HAYEHHS! PiBHS
aMiHO-KIHLIEBOrO MPOTrOpMOHY MO3KOBOro HaTtpitypetuyHoro nentugy (NT-proBNP)
NT-proBNP, HeiHBasuBHMX MeTogiB Y3[ cepusi — exokapgiorpacii, Y3[ nereHb
Ta UEHTPanbHUX CYAUH — OLHKM AMHAMIYHOMO HAamOBHEHHSI HWXHBbOI MOPOXHUCTOI
BeHu (IVC) go3Bonsie CyTTEBO AOMOBHUTM KIiHIYHY iHpopMaLuilo LWoAo BOMEMIYHOro
cTaTycy, BEHO3HOIO 3aCTOK, CKOPOYyBarbHOI 34aTHOCTI cepus Ta 3aTPUMKW PigvHU
B IHTEPCTUUIHOMY NpOCTOpi NnereHb, Ta Moxe OyTu KN4oBUM Yy npodinakTuui
KapgianbHUX ycknagHeHb Y AaHoi KaTeropii nauieHTiB.
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ABSTRACT

Background. In the pathogenesis of many intra- and postoperative complications,
the composition, volume and rate of infusion therapy (IT) play a significant role.
This problem is especially relevant for patients with concomitant chronic pathology
of the cardiovascular, respiratory systems and kidneys. Informative indicators for
assessing the correctness of IT and early diagnosis of intraoperative complications
associated with errors in its implementation are complex monitoring of functional
indicators of the cardiovascular and respiratory systems.

Purpose of the study is to investigate changes in biochemical markers of heart failure
and ultrasound signs of venous stasis in two modes of infusion therapy (restrictive
and liberal), on the basis of a comparative study, to determine the optimal mode of
perioperative IT in patients undergoing elective surgery for diseases of the abdominal
cavity and having comorbid pathology in the form of coronary heart disease (CHD)
and heart failure (HF).

Materials and Methods. 86 patients were included in a single-center, prospective,
randomized study. All patients were randomly divided into two groups depending
on the mode of intraoperative IT: in the first group (n = 44) — a restrictive mode
of 5-8 ml/kg/hour was applied, in the second (n = 42) — a liberal mode was applied.
Echocardiography was performed at the stages of the study. Heart contractility,
central hemodynamics, and ejection fraction were evaluated. An ultrasound scan of
the inferior vena cava (IVC) was performed during breathing as a non-invasive
method of assessing the intravascular blood volume. The diameter of the vein during
inhalation and exhalation was evaluated. Based on the respiratory change in the
diameter of the IVC, the caval index is calculated, which is expressed as a percentage.
An index approaching 100% indicates near-complete collapse and probable volume
depletion, while an index close to 0% indicates minimal collapse and intravascular
overflow. Ultrasound of the lungs was performed according to the BLUE protocol
with a convex sensor in 8 zones along the front chest wall. The severity of pulmonary
congestion was assessed based on the sum of B-lines: 5 and less — no congestion,
6 to 15 — slight congestion, 15 to 29 — moderate, 30 and more — significant.
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Results. The conducted study shows the advantage of the restrictive regimen of IT
in patients with concomitant coronary artery disease and minimal signs of congestive
heart failure during abdominal surgical operations. The regime with restriction of
intravenous fluid administration was better, as it reduces venous congestion, reduces
the amount of fluid in the interstitial space of the lungs, causes a smaller compensatory
reaction of the cardiovascular system to infusion with normal values of NT-proBNP.
The task of the anesthesiologist in this case is careful control of daily and cumulative
water balance, adequate monitoring of indicators of the cardiovascular system, use
of modern ultrasound technologies and protocols for controlling volemic status,
assessment of the dynamics of biomarkers of heart failure, which will allow complex
abdominal operations to be safely performed in patients with reduced cardiac reserve.
Conclusions. As a result of the conducted research, it was established that the use
of a liberal regimen of infusion therapy in the perioperative period in patients with
coronary heart disease and HF |, |-l FC compared to a restrictive regimen leads
to a statistically significant increase in biomarkers of heart failure and ultrasound
signs of volemic overload.

The restrictive regimen of IT in a dose of 5-8 ml/kg/hour, in comparison with a liberal
one in a dose of 12—15 ml/kg/hour, can be recognized as optimal and safe in patients
with coronary heart disease and HF |, I-ll FC during surgery on the organs of the
abdominal cavity.

The use and widespread implementation in practice of complex determination of the
level of the amino-terminal prohormone of brain natriuretic peptide (NT-proBNP)
NT-proBNP, non-invasive methods of ultrasound of the heart — echocardiography,
ultrasound of the lungs and central vessels — assessment of the dynamic filling
of the inferior vena cava (IVC) allows significantly supplement clinical information
on volemic status, venous stasis, contractility of the heart and fluid retention in the
interstitial space of the lungs and may be key in the prevention of cardiac complications

in this category of patients.
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BCTYN

OcTaHHE pecAaTupiyds 03HAMEHOBAHO 3HAYHUMU,
iHKONN PEBONIOLIMHUMWN LOCATHEHHAMM B MEOULUMHI 1,
30KpemMa, B Xipyprii, Ski NOB’A3aHi 3 HOBMMU MeTogamu
3HebOoeHHs, BNpoBadXEHHAM METOAIB i TEXHOMOrIN, Lo
3HAYHO 3HVKYHOTb TPAaBMaTUYHICTbL ONepaTUBHUX yTPyYaHb
i peakuito Ha nepionepaLiiHui CTpec, Ta LUMPOKE 3acTOCy-
BaHHS MiHi-iHBa3MBHUX €HOOCKOMIYHMX onepauin. AHania
OTPMMaHMX pe3ynbTaTiB CTaB HayKOBMM NiArpyHTAM Ansi
pO3pobKM Ta BNPOBALXKEHHS HANPsSIMKY pPO3BUTKY Xipypril
nig, 3aranibHOK Ha3BOK — CTpaTeris NPUCKOPEHOTO nicns-
onepauinHoro BigHoBneHHs (Enhanced recovery after
surgery (ERAS) abo fast track (uBugkui wnsx)). OctaHHi
OOCArHeHHs1 y po3yMiHHI nepionepadiiHoi naTodisionorii
nokasanw, Lo AesiKi YMHHWKM CNpUSOTb PO3BUTKY Micsi-
onepauifnHmx ycknagHeHb, 36inbLuyoTe TpMBanicTb rocni-
Tanisauii, BiaTepMiHylOTb ogyxaHHs Ta NoBHy peabiniTa-
uito. Lle uinun komnnekc nepeg-, iHTpa- Ta nicndonepa-
LiMHOrO BeAeHHs1 nauieHTiB, KU/ BignoBigae cydYacHuUM
Kputepiam  isionoridyHoCTi, MiHi-TpaBMaTU4YHOCTI  Ta
LLIaAHOrO MCUXONOrYHOro HaBaHTaXXEHHS!, MOB’SI3aHOroO 3
onepadieto. MonoeHe B ctpaTerii ERAS — ue 3BeaeHHs oo
MiHIMiMY CTpecoBMX peakLui B nepionepauinHomy nepio-
ni. MepenbayaeTbcss MakcUManbHO PaHHE BiAHOBMNEHHS
eHTeparnbHOro xapyyBaHHs W gisU4HOI akTMBHOCTI. dap-
MaKosoriyHa Kopekuisi noBmHHa OyTu iHAMBIQyanizoBa-
Ha, KOpOTKOTEepMiHOBa Ta Mae MPOBOAMTMCbL CyBOPO 3a
nokasaHHaMK. Lle nepLu 3a Bce ctocyeTbest 06’eMy iHAY-
3iHOT Tepanii, nepebinblleHHs SIKOro MoXe MNpPU3BECTU
00 PO3BUTKY YCKMagHeHb Npu XipyprivHux yTpyyaHHsx [1].

INTRODUCTION

The last decade has been marked by significant,
sometimes revolutionary, achievements in medicine and
in particular in surgery, which are associated with new
methods of anesthesia, implementation of methods and
technologies that significantly reduce the traumatization
of surgical interventions and the response to perio-
perative stress and widespread use of mini-invasive
endoscopic surgeries. The analysis of the results became
the scientific basis for the development and implemen-
tation of the area of surgery under the general name —
the strategy of enchanced recovery after surgery (ERAS)
or fast track. Recent achievements in the understanding
of perioperative pathophysiology have shown that
several factors contribute to the development of post-
operative complications, increase the duration of hospi-
talization, delay recovery and complete rehabilitation.
This is a wide complex of pre-, intra- and postoperative
management of patients, which corresponds to the
modern criteria of physiological, minitraumatic and
sparing psychological burden associated with the surgery.
The main part of the ERAS strategy is the reduction of
stress reactions in the perioperative period to a minimum.
The earliest possible restoration of enteral nutrition and
physical activity are supposed. Pharmacological correc-
tion should be individualized, short-term, and should be
carried out strictly according to indications. This primarily
concerns the volume of infusion therapy, the oversupply
of which can lead to the development of complications
during surgical interventions [1].
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CyyacHa TakTuMka iHTpaonepauiiHoi  iHdys3iiHOT
Tepanii (IT) BMKNVMKae Benuky 3auikaBneHicTb AOCHiAHU-
KiB, OCKINIbKW CyTTEBO BMNMMBAE Ha KiNbKiCTb KapgianbHuX
yCKnagHeHb, 0COBNUBO Yy XBOPWX i3 CYMYTHLOIO iLLEMIYHOD
xBopoboto cepusa (IXC), rinepToHiyHot xBopobGoto (IMX),
cepueBoto HegocTaTHicTio (CH), siki cTaHOBNSATE Yumany
YacTuHY cepef YCiX nauieHTiB XipypriyHoro npoainto.
3a CcTaTUCTUYHUMWN JaHWMK, Xo4a YCKMaAHEHHs 3 BoKy
CepLieBO-CyAMHHOI cucTtemn BUHMKaTb y 0,2-6,2% Bu-
nagkis Npu HekapAaianbHUX onepaTUBHUX BTPYYaHHSAX [2],
came BOHW € TFOfIOBHOK MPUYMHOID NeTanbHOCTI B nepi-
onepauinHoMy nepioi, TOMy OOHWM 3 FOfIOBHMX 3aBOaHb
€ MOoMNepedXeHHs, paHHA fiarHocThka Ta NiKyBaHHS
uMx ycknagHeHb [3].

XipypriuHi MaHinynsuii, 3aranbHa aHecTesis Ta pexum
iHy3inHOI Tepanii BANMBalOTb Ha iHTpaonepauinHuii
rigpo6anaHc. Byab-sika 3aranbHa aHecTesisi CynpoBOaXKY-
€TbCS1 MEBHO [ENpeciel0 Miokapaa, 3HWKEHHSIM cepue-
BOrO BWKWUAY, 3MiHAMW TOHYCY NEepUGEPUYHUX CYLAUH.
Mpu aboomiHanbHMX onepauisx cuTyauilo yCcKnagHe Li-
na Hu3ka gopatkoBux dakTopiB: 0cobnMBoCTi nepegone-
paLiiHOT NiArOTOBKM LUMYHKOBO-KULLKOBOTO TpakTy (LLUKT),
natodisionorias  Ta ocobnueocTi nepebiry OCHOBHOIO
3axBOpPOBaHHSA, (hbakTopu nepen- 1 iHTpaonepauinHoro
cTpecy, TpaBMaTU4HICTb onepauii, KpoBoBTpaTa, nepcni-
pauisi [3]. Bce ue Mae ocobnuBuiA BNNMB Ha MNauieHTIB
3 oOMexeHUM KapgianbHUM pesepBoM. [NauieHTn 3 nepi-
onepadiHoto roctpoto abo xpoHiyHoto CH matoTb nigeu-
LEHUA pU3NK CMEPTHOCTI Nif Yac HekapgianbHuUX YyTpy-
YaHb. Y HelwloaaBHoO onybnikoBaHoMy aHanisi 21 rocni-
Tanisauii 3 npuBoAy HekapaianbHUX YTpyyYaHb y NauieHTiB
3 HasBHicTi0 byab-skoro ctyneHs CH 6Gyna nokasaHa
3HaYyHO BMLWA BHYTPIWHBOMIKAPHAHA CMEPTHICTb Big
yCciX npuWyMH, nopiBHSHO 3 nauieHtamn 6e3 CH
(4,8% npotn 0,78%). Cepen nauieHTiB 3 AiarHo3om
XpoHivyHoi CH nepionepauiiHa cmepTHiCTb OGyna BuLLOO
y MauieHTiB i3 3arocTpeHHsiM XpoHiyHoi CH, nopiBHsHO
i3 nauieHTamm 3 KOMNEeHCcoBaHO XpoHivHoto CH. Y Hepas-
HbOMY BENMKOMacLUTabHOMY KOrOpTHOMY [OCHiKEHHI
ocib, skum npoBoaunu XipypriyHe BTpyYaHHs, Npubnma-
HUA nokasHWK cmepTHocTi 3a 90 AgHiB ctaHoBuB 2,0%
cepeq nadienTiB i3 CH i 0,4% cepen naujieHTiB 6e3 CH.
BaranbHui pusnk 30-AeHHMX nicrisionepauinHmMx ycknaga-
HeHb cTaHoBMB 5,7% i 2,7% BianosiaHo. Cnig 3a3HaunTy,
WO PWU3MK CMEPTHOCTI MPOrpecuBHO 3poCTaB 3i 3HW-
XKEHHAM cucTonivHoi cyHKUiT [4]. Lia kaTeropis nauieHTis
0co6nMBO 4yTnMBa A0 36iMbLUEHHSA BHYTPILUHLOCYAWH-
Horo 06’emy pianHu.

OpHVM i3 OCHOBHMX IHCTPYMEHTIB aHecTtesionora B
onTMMI3aUii iHTpaonepauinHoi reMoguMHaMikn, TKaHUHHOT
nepdysii Ta okcureHauii € iHdy3itHa Tepanisa. Hasitb
nomipHa iHTpaonepauiiHa rinosonemis (10-15% aedi-
unty ob’emy umpkyntotodoi kposi (OLIK)) moxe 3ymos-
noBaTK NOpYLUEHHS KaninsapHoi nepdysii, Wo HecnpusaT-
NMBO BMNMMBAE Ha KiNbKiCTb nicnsonepauiiHux ycknag-
HeHb Ta Ha pesynbraT ofnepaTMBHOrO BTpy4aHHs [4, 5].
Haenaku, npu nepeHaBaHTaXXeHHi piguHO, 0cobnMBo
y MauieHTiB 3i 3HWKEHUMU YHKLIOHANbHUMU MOXIN-
BOCTSIMM  CEpLEeBO-CYAUHHOI cucTemun, BiabyBaeTbcs
3aTpUMKa piavHU Yy BEHO3HOMY pycni, Lo MNpU3BOAUTL
0O 3HWKEHHs1 apTepio-BEHO3HOMo rpagieHTa TUCKY B
XUTTEBO-BAXMUBMX OpraHax, Ta MOPYLUEHHS afeKBaTHOI
TKaHWHHOT Nepdysii [5]. TpvBane nigBULLEHHSA Kaninsp-
HOro riApOCTaTUYHOrO TUCKY MNPU3BOAMTL OO PO3BUTKY

Modern tactics of intraoperative infusion therapy (IT)
are of great interest to researchers, since it significantly
affects the number of cardiac complications, especially
in patients with comorbed coronary heart disease (CHD),
hypertension, heart failure (HF), which make up a consi-
derable part among all patients of the surgical profile.
According to statistics, although cardiovascular compli-
cations occur in 0.2-6.2% of cases with non-cardiac
surgical interventions [2], they are the main cause
of mortality in the perioperative period, therefore, one
of the main tasks is the prevention, early diagnosis
and treatment of these complications [3].

Surgical interventions, general anesthesia and infu-
sion therapy regimen affect the intraoperative fluid
balance. Any general anesthesia is accompanied by
a certain depression of the myocardium, a decrease in
cardiac output and changes in the tone of the peripheral
vessels. In abdominal operations, the situation is compli-
cated by a great number of additional factors: specifics
of the gastrointestinal tract (GIT) preoperative prepa-
ration, pathophysiology and specifics of the underlying
disease, factors of pre- and intraoperative stress, trauma
of the surgery, blood loss, perspiration [3]. All this has
a special effect on patients with the limited cardiac
reserve. Patients with perioperative acute or chronic HF
have an increased risk of mortality during non-cardiac
interventions. In a recently published analysis of 21 hospi-
talizations for non-cardiac interventions, patients with
any grade of HF were shown to have significantly higher
in-hospital all-cause mortality rate compared to patients
without HF (4.8% versus 0.78%). Perioperative mortality
was higher in patients with exacerbation of chronic HF
compared to patients with compensated chronic HF
among all patients diagnosed with chronic HF. In a recent
large-scale cohort study of individuals who underwent
surgery, the approximate 90-day mortality rate was 2.0%
among patients with HF and 0.4% among patients
without HF. The overall risk of 30-day postoperative
complications was 5.7% and 2.7%, respectively. It should
be noted that the risk of mortality increased progressi-
vely with a decrease in systolic function. [4]. This category
of patients is highly sensitive to increased intravas-
cular fluid volume.

One of the main tools of the anesthesiologist in
optimization of intraoperative hemodynamics, tissue
perfusion and oxygenation is IT. Even moderate intra-
operative hypovolemia (10-15% deficit in the circulating
blood volume) can cause an capillary perfusion
impairment, which adversely affects the number of post-
operative complications and the result of surgical
intervention [4, 5]. On the contrary, with fluid overload,
especially in patients with reduced functional capabilities
of the cardiovascular system, fluid retention occurs in
the venous bed, that leads to a decrease in the arterio-
venous pressure gradient in vital organs and an adequate
tissue perfusion impairment [5]. Prolonged increase of
capillary hydrostatic pressure leads to the development
of interstitial edema, which significantly impairs blood
circulation and oxygenation of encapsulated organs,
such as kidneys, brain due to compression, and lungs,
due to the deterioration of ventilation-perfusion relations.
This is of a great importance for patients who initially
have signs of CHF and limited cardiac reserve. Patients
undergoing non-cardiac surgery are at risk of developing
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iHTEpCTULIAHOrO HabpsiKy, LIO 3Ha4YHO MOripLlye KpOBO-
o6ir Ta okcureHauito iHKancynbOBaHWX OpraHiB, Takux
SIK HUPKW, TOMOBHWUIA MO30K 3a PaxyHOK CTUCKaHHSA, Ta
nereHb, 3a paxyHOK MOripLEeHHS BeHTUNSAUinHO-nepdy-
3iHMX BigHOCKMH. Lle mae ocobnuBe 3HayeHHs Aans
nauieHTiB, WO y BWUXiQHOMY cTaHi matTb o3Hakn XCH
Ta OoOMeXeHuln KapgianbHui pesepB. Y NauUieHTiB, ski
nepeHocATb He KapAioXipypridHi BTpyYaHHs!, iCHYE pU3nK
pO3BMTKY rocTpoi AekomneHcoBaHoi CH 3i wBuakoto
nosiBoto abo MoripLeHHsM cuMnToMiB Ta/abo o3Hak CH,
CNPUYMHEHMX HaKOMWYEHHSAM piguHW Ta/abo cynyTHIMU
3axBoptoBaHHAMM [6]. Ockinbku nepionepauiiHuin pu3nk
CepLeBMX YCKMagHeHb 3anexuTb BiA4 HasIBHOCTI Ta
CTYNeHs1 CepLEBOro 3axBOPHOBAHHSA, LUMPOKOAOCTYIHI
Ta npocTi Giomapkepu, ki BUSBNSAOTb i KiNbKiICHO BU3Ha-
YalTb BaXIMBi MPOrHOCTUYHI acMeKTU YpaXeHHs cepus,
MOXYTb AOMOMOITM B OUiHUI CTaHy nauieHTa. Bucoko-
4YyTnMBMIA cepueBuin TponoHiH T/l (Hs-cTn T/I) kinbkicHO
OLiHIOE MOLIKOMKEHHA Miokapga, a BNP i NT-proBNP
KifTbKICHO BW3Ha4yalTb FEMOAMHAMIYHUIA CTPEeC CTiHKK
cepusi. Kinbka Benuvkux nNPOCNEKTUBHUX OOCHioKEHb
nokasanu, wo sk hs-cTn T/l, Tak i BNP/NT-proBNP
MalTb BUCOKY Ta [J0OATKOBY MPOrHOCTMYHY UiHHICTb
ana  nepionepauiiHuX cepueBuX YCKragHeHb, BKIHO-
YalwuMm CepueBO-CyAVMHHY CMepTb, 3YNWHKY Cepus,
roctpy CH i Taxiaputmii [7].

TouHa pgiarHocTMka nepionepauinHUX nopyLleHb pi-
OVHHOTO romeocTasdy 3a [OMOMOro cyyacHux bBioxi-
MiYHMX MapkepiB Ta Y3[l [o3Borfsie cBOevyacHO niar-
HOCTYyBaTW NATOMOrYHI 3MiHW, KOMKU LWe HeMae iX SBHUX
KNiHIYHMX O3HaK, Ta obpaTu pauioHanbHy TakTuky IT.
Pesynbtat meTaaHanisy, B $KOMY BWKOHanu mnopis-
HANMbHY XapakTepucTuky 18 pgocnigxeHb, nokasanu, Lo:
nigsueHHs pisHa NT-ProBNP y paHHboMY nicnsionepa-
LinHOMY nepioAi — HaNCUMbHILMN He3anexHUn npeavk-
TOp BMHWKHEHHS1 yCKNagHeHb 3 OOKy cepLieBO-CyAMHHOT
cuctemn (cepueBa HefocTaTHICTb, HedaTtanbHWUA iH-
cdapkT miokapaa Ta cmepTb) i Yepes 30, i 180 gHiB nicns
onepaTMBHOIO BTpyYaHHS. ABTOpU MeTaaHanisy npunyc-
KalTb, Wo niaBuweHHa piBHa NT-ProBNP y nepeg-
onepauinHoMy nepiogi € BUCOKONPOrHOCTUYHUM (PaKTo-
pOM CEpPUO3HUX CEPLIEBO-CYAMHHUX YCKMNagHeHb nicns
HeKkapaioXipypriyHMx onepauii i mMoxe OyTu kpawmm
npeavkTopoM Lmx nogdin, Hix iHgekc RCRI [8]. CyyacHi
npoTokonu Y3[ 0o3BonsoTb WBMAKO Ta SIKICHO OLHUTK
BONEMIiYHWIA cTaTyc, CKOpoYyBarbHY 34aTHICTb Miokapaa,
HasiBHICTb BEHO3HOro 3actoto [9]. Ynbrpa3sBykoBe CKaHy-
BaHHSA nereHb 6ina nikka — AyXXe UiHHWIA JiarHOCTUYHUIA
METOZ, OCKiNbKW BiH [LO3BOMSE BUSBUTWM PaHHi BigMiHHI
XapaKTepHi O3Haku rigpocTaTuyHoro HabpsKy (Hanpuk-
nap, piBHOMIpHWIA pO3MNoain iHTepCTULIHOTO Habpsiky,
noe’a3aHoro 3 > 3 niHiamu B) Ta MP3[ (Hanpvknag, 3MeH-
LUEHHS «KOB3aHHSA» IereHb, 30HM KOHconigauii, nynsc,
noBiTpsiHi GpoHxorpamu, noToBLLeHHs nnespu) [10, 11].
LlikaBo, wWwo dikcauis 306inblueHHsA KinbkocTi B-niHin
Bignosigae 30inblUeHHIO MacKu Tina, NigBULLEHHIO PiBHSA
HaTPiNypeTUYHUX NenTuaiB Yy KPOBi Ta 3HWKEHHIO ChiB-
BigHoweHHs PaO,/FiO, y nepwi aHi nicnsa onepadii [12].

Taknm 4YMHOM, 3HaAYHa KiMbKiCTb XipypriyHuX nadi-
€HTIB 3 naTonoriel cepueBo-CYAMHHOI CUCTEMMU, BUHUK-
HEHHs1 Y HUX came KappianbHUX yCKnagHeHb, siKi 4acTo
npu3BoaaTb [0 36iNblUeHHs NeTanbHOCTI, pa3oM
3 BIOCYTHICTIO €QuHOro nigxody B paHHin AiarHocTuui
M Kopekuii nepionepauiiHux ycknagHeHb, WO 3yMOBMEHi

acute decompensated HF with rapid onset or worsening
of symptoms and/or signs of HF caused by fluid
accumulation and/or comorbidities [6]. Since the peri-
operative risk of cardiac complications depends on the
presence and grade of cardiac disease, widely available
and simple biomarkers that identify and quantify impor-
tant prognostic aspects of cardiac involvement can help
in assessing patient’s condition. Highly sensitive cardiac
troponin T/l (Hs-cTn T/I) quantifies myocardial injury,
BNP and NT-proBNP quantify hemodynamic stress of
the heart wall. Several large prospective studies have
shown that both hs-cTn T/I and BNP/NT-proBNP have
high and additional predictive value for perioperative
cardiac complications, including cardiovascular death,
cardiac arrest, acute HF and tachyarrhythmias [7].

Accurate diagnosis of perioperative disorders of
liquid homeostasis with the help of modern biochemical
markers and ultrasound studies allows us to diagnose
pathological changes promptly when there are no obvious
clinical signs of them yet and choose rational IT tactics.
The results of the meta-analysis, in which a compa-
rative characterization of 18 studies was performed,
have shown: an increase in the level of NT-ProBNP
in the early postoperative period is the strongest inde-
pendent predictor of the occurrence of cardiovascular
complications (heart failure, non-fatal myocardial
infarction and death) in 30 and 180 days after surgery.
The authors of the meta-analysis suggest that
an increased NT-ProBNP level in the preoperative
period is a highly prognostic factor for serious cardio-
vascular complications after non-cardiac surgeries
and may be a better predictor of these events than
the RCRI index [8]. Modern ultrasound protocols allow
to assess the volemic status, myocardial contractility,
the presence of venous congestion quickly and qualita-
tively [9]. Ultrasound scanning of the lungs near the
bed is a very valuable diagnostic method because it
allows to identify early distinctive characteristic signs
of hydrostatic edema (for example, an equal distribution
of interstitial edema associated with > 3 B-lines) and ARI
(for example, a decrease in the «sliding» of the lungs,
consolidation zones, pulse, air bronchograms, pleural
thickening) [10, 11]. Interestingly, the fixation of
an increase in the number of B-lines corresponds
to an increase in weight, the level of natriuretic peptides
in the blood and a decrease in the ratio of PaO,/FiO,
in the first days after surgery [12].

Thus, a significant number of surgical patients with
pathology of the cardiovascular system, the occurrence
of cardiac complications in them, which often leads
to an increase in mortality, together with the lack of
a unified approach to early diagnosis and correction
of perioperative complications due to the state of
liquid homeostasis, as well as the desire to improve
diagnostic and treatment programs, aroused our i
nterest in solving this problem. Accurate identification
of the required volume of infusion in the perioperative
period, together with monitoring of its effectiveness,
provides hemodynamic stability, adequate tissue
perfusion and oxygen delivery to tissues and, as
a result, reduces the incidence of perioperative cardiac
complications in this category of patients [13, 14].
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CTaHOM piAMHHOTO roMeocTasy, a TaKoX MparHeHHs
0O YOOCKOHamneHHs OiarHOCTUYHO-MiKyBarbHUX Nporpam
BUKIMKANN Hal iHTepec A0 BUPILLEeHHSsI AaHoi npobnemu.
ToyHe BM3HaYeHHs NoTpibHoro ob’emy iHdy3ii B nepi-
onepauriHomMy nepiogi pasomM 3 MOHITOPUHroMm Ti edek-
TMBHOCTI 3abe3nevye remoguHamiyHy cTabinbHiCTb,
afekBaTHy TKaHWHHY nepdysito Ta [OCTaBKy KUCHIO
TKaHMHaM i, SIK HacnigoK, J03BONSAE 3HU3UTU HLUWOEHT-
HiCTb  nepionepauinHux  KapgianbHUX  YCKNagHeHb
y 3a3HayeHol kaTteropii nauieHTis [13, 14].

MeTta po6otu — gocnigntn 3miHm GioxiMidHMX map-
KepiB cepueBoi HegocTaTHOCTI Ta Y3[1-03Hakn BEHO3HOro
3acTol Npu ABOX pexumax iHdysinHoi Tepanii (pecTpuk-
TMBHOMY Ta nibepansHoMy). Ha niactasi nopiBHsiNbHOrO
OOCNIMKEHHS BU3HAYUTU ONTUMArbHUMA PEXUM nNepi-
onepadinHoi IT y nauieHTiB, sKi onepyoTbCs y nnaHo-
BOMY MOPsiAKy 3 MpUBOAY 3axBOPHOBaHb OpraHiB
YepeBHOI MOPOXHWHWM Ta MatTb CYMNyTHIO NaTosorio
y BUMsAi iwemiyHoi xBopobu cepus (IXC) Ta cepuesoi
HepocTtaTHocTi (CH).

MATEPIAAU TA METOAU AOCAIAXEHHSA

B opgHoueHTpOBe, NpPOCNEKTMBHE, paHAOMi3oBaHe
JocnigkeHHst BKMoumMnu 86 nauieHTiB, ki nepebysanu
Ha nikyBaHHi y XapkKiBCbKill KMiHIYHIN nikapHi Ha 3anis-
HuU4HOMY TpaHcnopTi Ne 2 dinii LeHtpy OxopoHu
3popoB’a AkuioHepHoro ToBapuctBa «YkpaiHCbka 3a-
nisHmuys»  (2018-2021 pp.). Ycim naudieHtam  Gynu
npoBeAeHi NNaHoBi onepaTuBHi BTPyYaHHS 3 MPUBOAY
XipypriyHMX 3aXBOPIOBaHb OpraHiB YepeBHOI NOPOXHUHM:
»KOBYHOKaM'siHOi XBOpoOM, xonegoxonitiady, nicnsionepa-
LiHOT BeHTpanbHOI  Kunu, AdiadparManbHOi  Kumnu,
cnneHekToMii 3 manapoToMHOro Aoctyny. AHecTesiono-
rivHa NpoTeKuiss — ToTanbHa BHYTPILUHbOBEHHA aHecTe-
3is (TBBA) Ha ocHoBI nponodony, aHanresis — deHTaHin,
Miopenakcauisg — Tpakpiym. YCiM XBOpuMM npoBoAuMnacs
WTy4yHa BeHTUnAUia nereHb (LUBJT) y pexumi Hopmo-
BeHTUnALiT 3 FiO, = 0,3.

KpiM UbOro, KpUTEpPiIIMM BKITHOYEHHS B AOCHILKEHHS
6ynu: Bik noHag 60 pokiB, aHamHe3 IXC 3i cTyneHem
xpoHiyHoi CH 3a NYHA I-l, puauk 3a RCRI 2-3, ouiHka
3a LWKanow KriHiyHoro craHy xsoporo 3 XCH (LLUOKC)
I-1l ®K (3-5 BaniB); nokasaHHsi ANSA BUKOHAHHSI PO3LUK-
peHoro abgoMiHambHOrO  OMepaTMBHOTO  BTPYyYaHHS,
knac 3a ASA |lI-lll, iHTpaonepauinHa kpoBoBTpaTa
He BinbLue Hix 10% OLK. KpuTepii BukntoyeHHs: BigMoBa
nauieHTa Big yyacTi B AOCHiKEHHI, ypreHTHICTb onepa-
TUBHOTO BTPYYaHHS, TOCTPUA KOPOHAPHWIA CUHAPOM
B aHaMHe3i MpOTAromM ocTaHHix 6 wmicauis, XCH 3a
NYHA 1l i 6inbwe, iHTpaonepauiiHa KpoOBOBTpaTa
noHag 10%, nopyLleHHs cepLieBOro puTmy.

JocnigxyBaHi rpynu nauieHTiB He Manu BiaMiHHOC-
Tel 3a BUXiAHMMMW aHTPOMOMETPUYHUMW AaHUMMU, BiKOM,
cTaTTio, iHOeKCOM Macu Tina, nepenikom XipypridHmx
3axBOPOBaHb, BUAAMN Ta METOAAaMU OMNepaTUBHUX BTPY-
YaHb Ta aHecTesionoriyHoro 3abesneveHHsi, aHecTesio-
NOriYHMM  Ta  KapaianbHWM  PU3WKOM, KOPOHapHUM
pesepBoM (Tabn. 1).

Y xogi [ocnigkeHHs nauieHTn Oynu posnoAineti
pPaHOOMHMM LUMSIXOM Ha ABi IPpynu, 3anexHo Big pexvmy
iHTpaonepauiiHoi IT: B nepwin rpyni (n = 44) — 6yno
3aCTOCOBaHO PEeCTPUKTUBHUIA pexum IT, Wwo gopiBHIOBaB
5-8 wmn/kr/roguHy, B apyrii (n = 42) — nibepanbHui,

The objective of the work is to investigate changes
in biochemical markers of heart failure and ultrasound
signs of venous congestion in two modes of infusion
therapy (restrictive and liberal), on the basis of a compa-
rative study to determine the optimal mode of peri-
operative IT in patients who are operated in a planned
manner for abdominal diseases and have concomitant
pathology in the form of coronary heart disease (CHD)
and heart failure (HF).

MATERIALS AND METHODS

A single-center, prospective, randomized study
included 86 patients who were treated in Primary Trade
Union Organization «Kharkiv Clinical Hospital at Railway
Transport 2» Branch of the Center for Health Care
Ukrzaliznytsya (2018-2021 years). All patients underwent
planned surgical interventions for surgical diseases of
the abdominal cavity: cholelithiasis, choledocholithiasis,
postoperative ventral keel, diaphragmatic keel, splenec-
tomy from laparotomy access. The operative inter-
ventions were performed using total intravenous anes-
thesia (TIVA). TIVA based on propofol, analgesia —
fentanyl, muscle relaxation — tracrium. All patients
underwent mechanical ventilation in normoventilation
mode with FiO2 = 0.3.

In addition, the criteria for inclusion to the study were:
age over 60 years, history of coronary artery disease
with a degree of chronic HF according to NYHA | — I,
risk according to RCRI 2 — 3, score on the scale of the
clinical state of the patient with CHF I-1l FC (3-5 points);
indications for extended abdominal surgery, ASA
class Il — Ill, intraoperative blood loss no more than
10% BCC. Exclusion criteria: patient's refusal to
participate in the study, surgery urgency, history of acute
coronary syndrome during the last 6 months, CHF
by NYHA Ill and more, intraoperative blood loss of
more than 10%, cardiac rhythm disturbance.

The investigated groups of patients had no differences
in initial anthropometric data, age, sex, body mass index,
list of surgical diseases, types and methods of surgical
intervention and anesthesiological support, anesthesio-
logical and cardiac risk, coronary reserve (Table 1).

During the study, patients were randomized into
two groups, depending on the intraoperative IT regimen:
in the first group (n = 44) a restrictive IT regimen was
applied, that was equal to 5-8 ml/kg/hour, in the
second group (n = 42) liberal IT regimen, at a dose
of 12-15 ml/kg/hour, was applied. IT in both groups
was carried out using balanced crystalloids solutions.
After completion of the surgery, stabilization of the
patient’s condition and the function of external respiration
restoration, all patients were transferred to the intensive
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Ta6nuus 1. KniHiko-aHTpononoriyHa xapakTepucTuka rpyn nauieHTis
Table 1. Clinical and anthropological characteristics of patient groups

Xapaktepuctuka / Characteristics

Ipyna I/Group | I'pyna 1l/Group I

Kinekicte / Number 44 42
Cratb / Gender

Yonosikn / Male 24 20
XKiHkn / Female 20 22
Bik / Age 69,6 +1,3 68,9+ 1,1

MegiaHa iHaekcy macm Tina, kr/m?
Median of body mass index, kg/m?

32,4 [27,7; 38,4] 33,1[26,1; 37,2]

MNaniHHs / Smoking, n (%) 15 18
AptepianbHa rinepTonia / Arterial hypertension, n (%) 44 46
CTaui_OHapHe nikyBaHHSA 3 npusoay XC_H 3a nonepeHi 12 wmic, n (%) 29 19
Hospital treatment for CHF in the previous 12 months, n (%)

IHdapkT Miokapaa B aHaMHesi / Anamnesis of myocardial infarction, n (%)

Pibpunsauia nepeacepap / Atrial fibrillation, n (%)

Llykposuii giabet / Diabetes mellitus 11 12
OuiHka 3a ASA / ASA class

Knacll / Class Il 21 24
Knac lll / Class Il 23 18
OuiHka kapgianbHoro pusuky 3a RCRI / RCRI score

2 6anun / Score 2 24 20
3 6anmn / Score 3 20 22

y posi 12—15 mn/kr/roguHy. IT B 060x rpynax nposoau-
nacb 3 BMKOPUCTaHHAM 30anaHCoBaHWMX PO34YMHIB KpUC-
Tanoigis. llicna 3aBeplUeHHs onepauii, cTabinisauii
CTaHy Ta BiQHOBMNEHHS (YHKLii 30BHILUHBOIO AMXaHHS
BCi MauieHTM NepeBOOUNNCL OO0 BiAAINEHHs peaHimadii
Ta iHTeHcuBHOI Tepanii (BPIT). TepmiH nepebyBaHHsA y
BPIT gns koxHoro nawieHTa Bu3HadaBcs iHAUBIQYyanbHO.
[un3anH gocnigXeHHs BKoYaB TpU eTany KOHTPO —
nepen onepatMBHUM BTpy4YaHHAM (1 KT), yepes 6 roguH,
KOnu yci nauieHTn 6ynu ekcTyboBaHi i AMxanu camocCTilNHO
(2 KT), yepes 24 rognnu nicns onepadii (3 KT). Mpu ubomy
B XOAi OOCHIIKEHHS KOHTpOmBanuM napameTpu remo-
avHawmikn (AT, ATcp., YCC), nposognnu EKI-MoHiTOpWHT,
KinbkiCHe OLiHIOBaHHsSI GioMapkepiB cepueBoi HegocTar-
HOCTi — aMiHO-KiHLLEBOro NPOropMOHYy MO3KOBOIO HaTpin-
ypeTtuyHoro nentuay (NT-proBNP), 3poctaHHs skoro cBif-
YnTb NPO NepeHaBaHTaXeHHsA NpasBux BiAAiNiB cepusa Ta
Y3[-0uiHKy BONIEMIYHOIO CTaTyCy Ta BEHO3HOO 3acTOH.
Ha Bcix 3a3HayeHUx eTanax OOCRIgXEHHS NpoBoau-
nacb exokapgiorpadisi. OuiHioBanacb CKopovyBanbHa
30aTHICTb cepus, NapameTpu LLeHTparnbHOI remoanHaMiky,
dpakuis Bukuay. BukoHysanoch ynerpassykoBe AOCiA-
XKEHHS HWKHBOI NMOpOXHUCTOI BeHu (inferior vena cava,
IVC) nig yac AMxaHHS K HeiHBa3MBHUIM CMoci® OUiHKM
BHYTpILLHbOCYAMHHOro ob’emy kposi. OuiHioBaBca Aia-
METP BEHW MiA4 Yac BAMXY Ta Buauxy, 6asyloumncb Ha
ToMy, Wo giameTp IVC Ha BMAMXY 32 YyMOB HOPMOBOSEMIi
ctaHoBuTb 1,5-2,5 cm, cTyniHb cnagiHHa IVC B Hopwmi
nig Yyac BAMXy — MeHwe Hix Ha 50% ceoro pgiametpa
Buauxy. Ha ocHoBi pecnipatopHoi 3MiHu giametpa IVC
po3paxoByBaBCsA KaBanbHUW iHAEKC, KU BUpPaXaeTbCA
y BiiCOTKax, 3a (bopMyrioto:
niameTp euauxy IVC — giameTtp sauxy IVC
giameTp suauxy IVC

*x100% .

care unit (ICU). The period of staying in the ICU for
each patient was determined individually.

The study design included three stages of control —
before surgery (CP 1), 6 hours after, when all patients
were extubated and breathing independently (CP 2) and
24 hours after surgery (CP 3). In this case hemodynamic
parameters (BP, MAP, HR) were monitored, ECG moni-
toring, quantitative assessment of heart failure bio-
markers- amino-terminal prohormone of brain natriuretic
peptide (NT-proBNP), the growth of which indicates
the right chambers of the heart overload, and ultrasound
assessment of volemic status and venous congestion
were performed.

Echocardiography was performed at all these stages
of the study. The contractility of the heart, parameters
of central hemodynamics, ejection fraction were
evaluated. Ultrasound examination of the inferior vena
cava (IVC) during breathing was performed as a non-
invasive way to assess intravascular blood volume.
The diameter of the vein during inhalation and exhalation
was estimated, based on the fact that the diameter
of the IVC on exhalation under the conditions of
normovolemia is 1.5-2.5 cm, the degree of IVC collapse,
normally during inhalation, is less than 50% of its
exhalation diameter. Based on the respiratory change
in the IVC diameter, the caval index was calculated,
which is expressed in percent by the formula:

IVC exhalation diameter — IVC inhalation diameter
IVC exhalation diameter

An index approaching 100% indicates a near-
complete collapse and a significant decrease in the
circulating blood volume, while an index close to 0% in-
dicates a minimal decrease in the diameter of the vein
during inhalation, which is a sign of fluid overload [10, 11].

x100% .
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IHaekce, wo HabnwkaeTbesa Ao 100%, Bkasye Ha Maixe
MOBHUWI KoMnarnc Ta 3HavyHe 3HWKEHHS 06’eMy LMpKyItoto-
Yoi KpoBi, a iHgekc, 6nuabkuii o 0%, cBigYUTL NPO MiHi-
MarnbHe 3MEHLUEHHs AiaMeTpa BeHW nig 4ac BAWXY,
O € O03HaKOoKW nepeHaBaHTaXeHHsA piguHoto [10, 11].
Y3[ nereHb nposogunu 3rigHo 3 BLUE-npoTokonom
KOHBEKCHUM AaTyMKoM Yy 8 30Hax no nepegHin rpyaHin
CTiHUi. TsKKiCTb nereHeBOro 3acTol OLjiHOBanu Ha oc-
HOBI MigpaxyHKy cymu B-niHiii: 5 Ta MeHLe — BiACYTHICTb
3acToto, Big 6 0o 15 — He3Ha4yHun 3acTin, Big 15 oo 29 —
nomipHwuia, 30 Ta Ginblue — 3Ha4Hun [12].

Ipynu Gynn NOpiBHSAHHI 3a KiNbKiCTHO NaLieHTiB, Tpu-
BanicTio Ta ob6’eMamu onepaTMBHMX BTpy4YaHb. [ocnia-
XKyBaHi rpynu Bigpi3Hsnuck 3a 06’emoM iHdy3inHoT Tepanii
iHTpaonepauiHO Ta 3a nepwy AoOy nicna onepadii,
noboBuM pigMHHMM GanaHcoM Ta 3araflbHUM 4acom
nepebyBaHHs B KNiHiLji, W0 BigobpaxeHo B Tabn. 2.

Tabnuus 2. XapaktepucTuka

Lung ultrasound was performed according to the
BLUE protocol with a convex sensor in 8 zones along
the front chest wall. The severity of pulmonary congestion
was assessed based on the sum of B-lines: 5 or less —
the absence of congestion, from 6 to 15 — slight
congestion, from 15 to 29 — moderate, 30 or more —
significant [12].

The groups were compared in number of patients,
duration and volume of surgical interventions. The study
groups were different in the volume of infusion therapy
intraoperatively and at the first day after surgery, daily
fluid balance, and the total time spent in the clinic,
that is reflected in Table 2.

nepionepadinHoro nepiogy

Table 2. The perioperative period characteristics

OsHaka / Characteristics Ipyna | / Group | lpyna Il / Group Il
KinbkicTb nauieHTiB / The number of patients n=44 n=42
TpuvBanicTb onepaTMBHOIO BTPyYaHHs, xB / Surgery duration, min 1245+71 118,6 £ 6,5
|HTpaOI‘Iepa‘LI,II7I‘Ha IH.beSIVIHa Tepanisi, Mn 1614,3 + 67,0* 25478 +73.9"
Intraoperative infusion therapy, ml
Temn iHTpaonepauinHoi IT, mn/kr/roa . .
Intraoperative IT rate, ml/kg/h 7.0£0.2 13.9£06
Mepionepauiina IT, 1-wa goba, mn " .
Perioperative IT at the first day, ml 2681+ 92 3668,5 £ 125,5
Temn nepionepauinHoi IT, 1-wa goba, mn/kr . "
Perioperative IT rate at the first day, ml/kg 40.8+1.3 50,1£25
Hiypes 3a 1-wy no6y, mn / Urine output for the first day, ml 1421,4 £ 81,4 1619,5 + 128,9
BogHun 6anaHc, 1-wa goba, mn / Fluid balance, first day, ml +192,9 + 120,3* +575,2 + 179,3*
Yac nepebyBaHHs y BPIT, gi6 / Time spent in ICU, days 4,4+0/1 45+0,1
Yac nepebyBaHHs B kniHiui, 4i6 / Time spent at the hospital, days 16,8 £ 0,7 18,4 +0,6*

TMpumimka: *BiporigHi BiaMiHHOCTI Mix rpynamm (p < 0,001)
Notes: *likely differences between groups, p < 0,001

HocnigxeHHsa Bynu BUKOHaHI BiANOBIAHO 40 OCHOBHUX
bioeTnyHnx Hopm lenbCiHCbKOI Aeknapadii BcecBiTHbOI
Meau4yHoi acouiauii Npo eTWUYHi NpUHUUNK 34INCHEHHA
HayKOBO-MeANYHUX JocnimkeHb 3i 3miHamu (2000 p.
Ta 2008 p.). Bxuto BCiXx 3axopiB ana 3abesneyeHHs
aHOHIMHOCTI  nauieHTiB. CTaTtucTU4He oOnpauloBaHHSA
AaHuX 30INCHUNMKM napamMeTpuyHMMKM Ta HenapameTpuy-
HUMK MeTodamu BinkokcoHa (ansa NopiBHAHHSA B AMHAMIL
y nauieHTiB ogHiei rpynu) Ta ManHa — YiTHi (ansa ouiHto-
BaHHSA BiAMIHHOCTEN MiX rpynamu). Pesynstatu HaBegeHi
AK cepefHe apudmeTnyHe 3HadveHHsa (M) Ta ctangapT-
He BigxuneHHs (SD), abo sk mepiaHa i 25%, 75% ksap-
Tuni, Me [Q1; Q3].

PE3YABTATU TA IX OBTOBOPEHHS

B o6ox gocnigkyBaHux rpynax nig yac onepadii Ta
B nicrisonepauvinHoMy nepiogdi MOKasHWKNU CUCTEMHOI W
LEeHTpanbHOI remoaMHaMiki 3anuwianucb cTabinbHUMK
Ta He notpebyBanu gogaTtkoBoi kopekuii. [ig Yac npo-
BegeHHss EKIT MOHiTOpuHry 3Hadywmx enizogis iwemii
MiokapAa Ta nopyLleHb cepLeBoro putMmy B o6ox rpynax

The studies were carried out in compliance with the
fundamental bioethical principles established by the
Declaration of Helsinki of the World Medical Association
regarding the ethical principles of scientific and medical
research, with adjustments made in 2000 and 2008.
All measures have been taken to ensure the anonymity
of patients. Statistical data processing was carried out
by parametric and non-parametric methods of Wilcoxon
(for comparison in dynamics in patients of the same
group) and Mann-Whitney (for assessing differences
between groups). Results are given as arithmetic
mean (M) and standard deviation (SD), or as median
and 25%, 75% quartiles, Me [Q1; Q3].

RESULTS AND DISCUSSION

During the surgery and in the postoperative period
the indicators of systemic and central hemodynamics
remained stable and did not require additional correction
in both studied groups. The ECG monitoring had shown
that there were no significant episodes of myocardial
ischemia and heart rhythm disturbances in both groups
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Ha eTanax AocnimkeHHs He 6yno. KniHiyHux o3Hak npo-
rpecyBaHHsi cepLeBoi HeJOCTaTHOCTI TakoX He crocTte-
piranocb. MNokasHukn Na, Ht, 3aranbHoro 6inka, kpeatu-
HiHy B [OCNifKyBaHUX rpynax 3anuwanicb B Mexax
pedepeHTHNX 3HAYEHb.

Mpu nopiBHSAHHI piBHIB BiomapkepiB cepLeBoi Heaoc-
TaATHOCTI — MNPOrOpMOHY MO3KOBOIMO HaTpilypeTUyHOro
nentuay (NT-proBNP), B nepwin rpyni nauieHTiB 3 pe-
CTPUKTUBHUM PEXMMOM iHOY3iNHOI Tepanii Ha eTanax
[OChigKEeHHA crnocTepiranocs nNoMipHe 3pOCTaHHSA PiBHSA
6iomapkepa 3 67,9 nr/mn B KT 1 go 72,9 nr/mn y KT 2
Ta 78,0 nr/mn y KT 3. lMpote y apyrin rpyni 3 nibepans-
HAM pEeXMMOM iHTpaonepaLliiHol iHdy3inHOI Tepanil
BUSIBUIM 3HA4YHO Oinbwe 3pocTaHHA NT-proBNP 3
62,8 nr/mn B KT 1 go 120,9 nr/mn y KT 2 1a 183,1 nr/mn
y KT 3, wo moxe cBig4MTn Npo NOMIpHY rinepBonemito
Ta NiaBULLIEHUIA CUMHTE3 FOPMOHY Yy BiAnNoBiAb Ha nepe-
pO3TSIryBaHHSA CTIHOK cepusi (Tabn. 3).

at the study stages. Clinical signs of heart failure pro-
gression were also not observed. Na, Ht, total protein,
creatinine in the study groups remained within the
reference values.

Comparing the levels of biomarkers of heart failure —
prohormone of brain natriuretic peptide (NT-proBNP),
in the first group of patients with a restrictive infusion
therapy regimen a moderate increase in the level of
biomarker from 67.9 pg/ml at CP 1 to 72.9 pg/ml at CP 2
and 78.0 pg/ml at CP 3 was observed at the study
stages. However, in the second group with a liberal
intraoperative infusion therapy regimen, NT-proBNP
increased significantly from 62.8 pg/ml at CP 1 to
120.9 pg/ml at CP 2, and — 183.1 pg/ml at CP 3, that
may indicate moderate hypervolemia and increased
hormone synthesis as a response to overextension
of the heart walls (Table 3).

Tabnuusa 3. bioximiuHi Ta PYHKLiOHaNbHI NOKa3HWKK B rpyrnax Ha eTanax AOoCMimKeHHS
Table 3. Biochemical and functional parameters in the groups at the study stages

MokasHuk / Parameter

lpynal / Group | Ipyna ll / Group Il

NTpro-BNP (KT 1) / NTpro-BNP (CP 1)

67,9 [52,3; 72,1] 62,8 [53,9; 67,3]

NTpro-BNP (KT 2) / NTpro-BNP (CP 2)

72,9 [68,9; 53,6]* 120,9 [114,1; 128,9]*

NTpro-BNP (KT 3) / NTpro-BNP (CP 3)

78,0 [68,6; 87,7]** 183,1 [157,9; 220,9]**

IVC diameter, exhalation, cm (CP 3)

OB JIK, % (KT 1) / EF of the LV, % (CP 1) 55 [43; 60] 53 [41; 58]
OB JIK, % (KT 2) / EF of the LV, % (CP 2) 52 [43; 60] 48 [43; 60]
B JIK, % (KT 3) / EF of the LV, % (CP 3) 50 [43; 60] 44 [30; 51]
Oiametp HIMB, Bugwmx, cm (KT 1) . .

IVC diameter, exhalation, cm (CP 1) 1.711,6:1.8] 18[1,5,2.3]
HiameTp HIMB, Buagwnx, cm (KT 2) . .

IVC diameter, exhalation, cm (CP 2) 24[2:4,26] 25[23:27]
OiameTp HMB, Bugwmx, cm (KT 3) 2.3[2.1: 2,5] 2.712,5; 3,3]

KasanbHun iHgeke, % (KT 1) / Caval index, % (CP 1)

42,2 [36,4; 44,1] 43,6 [40,2; 46,1]

KaBanbHui iHaeke, % (KT 2) / Caval index, % (CP 2)

36,4 [31,1; 40,2]* 28,1 [24,3; 33,5]*

KasanbHui iHaeke, % (KT 3) / Caval index, % (CP 3)

30,8 [22,4; 36,5]** 12,6 [9,8; 16,7]**

Cyma B-nixitt, n (KT 1) / B-lines sum, n (CP 1) 8 [4; 11] 10 [6; 13]
Cyma B-ninint, n (KT 2) / B-lines sum, n (CP 2) 12 [8; 16] 1519; 19]
Cyma B-niHiit, n (KT 3) / B-lines sum, n (CP 3) 15[11; 18]* 21[18; 27]*

lpumimka:
*3HauyLwi BigMiHHOCTI Mk rpynamm p < 0,01;
**BiporigHo 3HauvyLWi BiAMIHHOCTI Mk rpynamu p < 0,001
Notes:
*significant differences between groups p < 0,01;
**likely significant differences between groups p < 0,001

lMpu BWKOHaHHI exokapaiorpadii B gocnigxyBaHUX
rpynax CyTTEBUX 3MiH CKOPOTNMBOCTI Ta cppakuii BUKK-
ay (®B) Ha ertanax OocnigXeHHA He crnocTepiranochb.
MokasHukn ®B y nepuwiin rpyni manu 3HadeHHs 55%,
52% T1a 50%, BignosigHO B 1, 2 Ta 3 KOHTPOSbHNX TOYKAX,
a B apyrii 3amiHoBanucsa 3 53% no 48% T1a 44% B 1, 2
Ta 3 KT. OpgHak 6ynu BusBneHi Y3[-03Hakn BEHO3HOMO
3aCTOK 3i 3POCTaHHAM fiamMeTpa HUMXKHbLOI MOPOXHUCTOI
BEHW Ha BMAMXY B nepuwin rpyni 3 1,7 cm go 2,4 cm
Ta 2,3 cmy 1, 2 Ta 3 KT BignosigHo Ta B apyrii rpyni —
318cmy 1 KT po25cmy 2 KT 1a27cmy 3 KT
Binbl 3HauyLWMMKN BUSBUNNCE 3MiHW KaBanbHOro iHAEK-
Cy, SIKMN BigoOpaxae 3anexHiCTb CTyrneHs cnagiHHA

There was no significant changes in contractility
and ejection fraction (EF) in the study groups at the
study stages during the echocardiography. EF rates in
the first group was 55%, 52% and 50%, respectively,
at the control points 1, 2 and 3, and in the second group
changed from 53% to 48% and 44% at the CP 1, 2
and 3. However, ultrasound signs of venous congestion
were found with an increase in the diameter of the
inferior vena cava on exhalation in the first group from
1.7cmto2.4cmand2.3cmat CP 1, 2 and 3, respectively,
and in the second group — from 1.8 cm at CP 1 to 2.5 cm
at CP 2 and 2.7 cm at CP 3. The changes of the caval
index, which reflects the dependence of the degree of
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CTIHOK HWXHbOT MOPOXHUCTOI BEHW MpWU AWXaHHi Big i
HanoBHeHoCTi. Moro 3HayeHHs 3MiHIOBaNUCh y nepLuiii
rpyni Bin 42,2% B 1 KT po 36,4% B 2 KT 1a 30,8%
B 3 KT. Y ppyri rpyni 3miHn Bigbynuce 3 43,6%
no 28,1% B 2 KT 1a oo 12,6% B 3 KT, wWo cBia4MTb
Npo BEHO3HUM 3acTil Ta Mae CTaTUCTUYHO 3HauyLly
BigMiHHiCTb. TakoX nigTBEepAXeHa 3aTpyMKa piguHn B
nereHsix y rpyni 3 nibepanbHuM pexmmom y apyrin (15)
Ta TpeTin (21) KOHTPOMbHMX TOYKaX 3a KiMNbKiCTHO
B-niHiiA, nopiBHAHO 3 BuMXxigHUM piBHem (10), Ta Mix
rpynamm — B rpyni 3 PeCTPUKTUBHUM PEXUMOM Kifb-
KicTb B-niHin — 8, 12, 15 B 1, 2 Ta 3 KOHTPONbHNX TOYKAxX
BiOMOBIAHO, WO TakoX CKNano CTaTUCTUYHO 3HaudyLly
pisHMUt0 MiX rpynamu (Tabn. 3).

lMpoBegeHe pocnigXeHHA CBiAYUMTL MpPO  CyTTEBE
3pOCTaHHS MapKepiB CepLeBOi HEAOCTATHOCTI Ha eTanax
JocnigxkeHHa y nauieHTiB i3 cynyTHboto IXC Ta MiHi-
ManbHUMWU oO3Hakamu 3acTinHoi CH nig 4ac a6aomi-
HanbHUX XipypriYHMx onepauinn npu 3actocyBaHHi nibe-
panbHOro pexuMmy iHdysivHoi Tepanii. B uii rpyni Takox
crnocTepiranicb siBMLA BEHO3HOIO 3acTol B CUCTEMI
HWKHBOI MOPOXHUCTOI BEHW Ta HAKOMWYEHHS pPianHN B
iHTEepCTULIMHOMY NpOCTOpi nereHi, wo gosegeHo Y3[-
JocnigkeHHsM. HaBnaku, pexum 3 OOMEXEHHSM BHYT-
PiLUHBOBEHHOrO BBEAEHHS piAVHM y daHoi KaTteropil
XBOPUX HEe MpU3BOAMB OO0 3POCTaHHS pPiBHA MapkepiB
cepueBOoi HedoCTaTHOCTI, BEHO3HOMO 3aCTOK Ta HaKomu-
YEHHS1 PiAWHN B NEreHsx.

MpoBeneHe [OCNIMKEHHA OEMOHCTPYE, LO KOMI-
nekcHe Bu3HavyeHHs NT-proBNP, ouiHka AvHaMiYHOro
HamnoBHEHHS1 HWXHbOT nopoxHucToi Berun (IVC) ta Y3[
nereHb MOXYTb AaBaTW BWYepnHy iHdopmaLio wWwoao
06paHHs pexuMmy iHdysinHOT Tepanii y AaHoi kateropil
nauieHTiB, MOHITOpyBaTW peakuii remoguHamikv Ang
cBoevacHoi kopekuii IT, a TakoX npu MNpPOrHo3yBaHHI
Ta npodpinakTuui KapaianbHUX ycknagHeHb. Y3[-03Haku
BEHO3HOTO 3acTo Ta 3aTPUMKM PiaMHU B JereHsx
y rpyni 3 nibepanbHUM pexXuMMOM Yy Jpyrin Ta TpeTin
KOHTPOIBbHUX TOYKaX AEMOHCTPYOTb MOXMUBICTb NioBu-
LWEeHOro pU3MKy pPO3BWUTKY KapAianbHUX YCKMNagHEeHb
y BUMAA4I NporpecyBaHHs cepueBOi HegoCTaTHOCTI Ta
BMCOKOI BipOrifHOCTi po3BUTKY Habpsiky nereHb y rpyni
3 nibepanbHUM peXnMoM iHdy3iiHOI Tepanii, Wwo nia-
TBEpAXYeTbCs NiaBuwWeHHAM piBHS NT-proBNP. Pusnk
HECNPUATANBUX MicnsaonepauinHux nogih, noB’sa3aHnX
i3 CH, 3anexuTb Big Toro, un 3bepexeHa abo 3HMKeHa
cuctoniyHa dyHkuia I, Big remoguHamivyHOT KOMMNEH-
cauji Ta Big HasBHoCTi abo BigcyTHocTti cumnTomisa CH
y BUXiQHOMY CTaHi. 3acToCcyBaHHS HeiHBa3VBHWX, LIBUA-
KMX Ta TOYHUX CyvacHUX MeToadiB Y3-giarHoCcTuku, ki
BMKOHYHOTbCSI 6insi nixkka XBOPOro 3a NiYeHi XBWUMWHW,
[O3BONSATL  CBOEYACHO OTPMMYBATU BaxNMBI - AaHi
WoAo CTaHy naujieHTa Ta, 3a HeoOXigHOCTi, MpoBoAMTH
KOpekKLito Tepanii.

BUCHOBKHU

B pesynbraTti npoBedeHOro OOCHIgXeHHS BCTaHOB-
NIeHO, WO 3acTOCyBaHHA NiGepanbHOro pexumy iHgy-
3iHOT Tepanii B nepionepauiiHOMy nepiogi y XBOPUX
3 IXC 1a XCH I, I-ll ®K, nopiBHSHO 3 pPeCTPUKTUBHUM
PEXUMOM, MNPU3BOAWUTL [0 CTATUCTUYHO 3Ha4yLloro
3pocTaHHsA GiomapkepiB cepueBoi HegoCTaTHOCTI Ta Y3[
03HaK BONEMIYHOTO NepeHaBaHTaXEHHS.

the inferior vena cava walls collapse during breathing
on its fullness, were more significant. Its values varied
from 42.2% at CP 1 to 36.4% at CP 2 and 30.8% at CP 3
in the first group. In the second group changes occurred
from 43.6% to 28.1% at CP 1 and 2 and up to 12.6%
at CP 3, which indicated venous stagnation and had
a statistically significant difference. Also fluid retention
in the lungs in the group with a liberal regimen was
confirmed at the second (15) and third (21) control points
by the number of B-lines in comparison with the
baseline (10) and between the groups — in the group
with a restrictive regime, the number of B-lines was
8, 12, 15, at the control points 1, 2 and 3, respectively,
that was also statistically significant difference between
the groups (Table 3).

The study showed a significant increase in heart
failure markers at the study stages in patients with
concomitant coronary artery disease and minimal signs
of congestive HF during abdominal surgical operations
when a liberal infusion therapy regimen was used.
In this group the phenomena of venous congestion
in the inferior vena cava system and the accumulation
of fluid in the lung interstitial space were also observed,
that was proved by ultrasound examination. On the
contrary, a restrictive intravenous fluid administration
regimen in this category of patients did not lead to
an increase in the level of heart failure markers, venous
congestion and fluid accumulation in the lungs.

The study demonstrated that a complex detection
of NT-proBNP, assessment of dynamic inferior vena
cava (IVC) filling and ultrasound of the lungs can provide
comprehensive information for the choice of infusion
therapy in this category of patients, monitor hemody-
namic reactions for prompt correction of IT, as well as in
the prediction and prevention of cardiac complications.
Ultrasound signs of venous congestion and fluid
retention in the lungs in the group with a liberal regimen
at the second and third control points demonstrated
the possibility of an increased risk of developing cardiac
complications in the form of a heart failure progression
and a high probability of a pulmonary edema developing
in the group with a liberal infusion therapy regimen, that
was confirmed by an increase in the level of NT-proBNP.
The risk of adverse postoperative events associated
with HF depends on whether the systolic function of LV is
preserved or reduced, on hemodynamic compensation,
and on the initial presence or absence of symptoms
of HF. The use of non-invasive, fast and accurate modern
methods of ultrasound diagnostics, which are performed
at the patient’'s bedside in a matter of minutes, allow
to obtain important data on the patient's condition
promptly and, if necessary, to correct the therapy.

CONCLUSIONS

Based on the study, it was discovered that
the use of a liberal regimen of infusion therapy in
the perioperative period in patients with coronary heart
disease and HF |, |-l FC compared to a restrictive
regimen leads to a statistically significant increase
in biomarkers of heart failure and ultrasound signs of
volemic overload.
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PectpuktuBHuin pexum IT B gosi 5-8 mn/kr/roguHy,
NnopiBHAHO 3 nibepanbHUM B [03i 12—15 mn/kr/roguHy,
Moxe OyTu BM3HaHMM onTUManbHUM Ta 6e3nevyHuM
y nauienTiB 3 IXC 1a XCH I, |-l ®K npu onepauisx
Ha opraHax YepeBHOI MOPOXHUHW.

BukopuctaHHA Ta LIMPOKE BMPOBAMKEHHS B Mpak-
TUKY KOMMIIEKCHOrO BW3HAYEHHS1 PIiBHA aMiHO-KiHLe-
BOrO MPOrOpPMOHY MO3KOBOIO HaTpilypeTUYHOro nentuay
(NT-proBNP), HeiHBasuBHux meTogie Y3[ cepus —
exokapgiorpadii, Y3[] nereHb Ta LEHTpanbHUX CyOWUH —
OLiHKM OAMHAMIYHOrO HaMOBHEHHS HWXHBOI MOPOXHUCTOI
BeHn (IVC) po3BOnsitoTb CYTTEBO [AOMOBHUTU KITiHIYHY
iHdbopMauilo Woao BOMEMIYHOro CTaTycy, BEHO3HOro
3acTOl, CKOPOYYyBanbHOI 30aTHOCTI cepusi Ta 3aTPUMKM
PiAVMHN B iHTEPCTULIAHOMY NPOCTOPI fereHb Ta MOXYTb
OyTV KMHYOBUMK B NPOdMMaKkTULi KapgianbHUX yckna-
OHeHb y AaHoi KaTeropil nauieHTiB.
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The restrictive regimen of IT in a dose of 5 — 8 mi/kg/hour,
in comparison with a liberal one in adose of 12— 15 ml/kg/hour,
can be recognized as optimal and safe in patients with
coronary heart disease and HF 1, I-1l FC during surgery
on the organs of the abdominal cavity.

The use and widespread implementation in practice of
complex determination of the level of the amino-terminal
prohormone of brain natriuretic peptide (NT-proBNP)
NT-proBNP, non-invasive methods of ultrasound of the
heart — echocardiography, ultrasound of the lungs and
central vessels — assessment of the dynamic filling of the
inferior vena cava (IVC) allows significantly supplement
clinical information on volemic status, venous stasis,
contractility of the heart and fluid retention in the inter-
stitial space of the lungs and may be key in the prevention
of cardiac complications in this category of patients.
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Prospects for further research

Further study of the correlations of biochemical markers of heart
failure and ultrasound signs of venous stasis in different modes
of infusion therapy in patients undergoing planned or urgent
surgery for diseases of the abdominal cavity and having con-
comitant pathology in the form of coronary heart disease (CHD)
and heart failure (HF) is appropriate/advisable.
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