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Pe3rome

Ilesan ucciieJOBaHUA: U3YUUTh IPEAUKTOPHYIO 3HAYMMOCTD [TapaMeTPOB IeHTPAIbHON reMOIUHAMUKY
B OTHOILIEHUU JIETAaJbHOCTHU U OL[EHUTh UX ITOTEHINAJIbHYIO IPUEMJIEMOCTD JJIs1 11e/1b-OPUEeHTUPOBaHHON
Tepanuy Ha MPOTKEHUH ITePBBIX YeThIPEX CYTOK JIeUeHHsI O0JIbHBIX C CETICHCOM.

MarepuaJsl 1 MeToAbl. [IpoaHan3npoBaIu pe3ysIsTaTbl 00C/IeJOBAaHUSA U JIeYeHNsI 62 60JIBHBIX B BO3-
pacte 50,9+2,13 j1eT ¢ abJOMUHAIBHBIM CEIICUCOM. TS3KeCcTb COCTOSIHUA IIPU IIOCTYILJIEHUU B OT/ieJIeHe pea-
"HuMaroJioruu o mkajae APACHE II cocraBasia 13 [10-15] 6aJioB, no nikajae SOFA — 8 [6,75-9,25] 6aJ1J10B.
JleTanbHBIN HCcXO[ Yepes 15,6+1,4 CYTOK IOCsIe MOCTYIIeHUsA HacTynua y 19 (31%) 601bHBIX. [leHTpasibHyIo
reMOJUHaMUKY U3y4YaJ/Iu C IIOMOIIBIO TPAHCIyJIbMOHA/JbHON TEPMOAUIIONUY 110 CTAHAAPTHON METOIUKe.
VHdysuu 1 HadHayeHWe CUMIIATOMUMeTHYeCKUX IIperapaToB BbIIIOJIHAIN B COOTBETCTBUU C PEKOMEH/1a-
nuamu Cencuc-3. IIpy cTaTUCTHYECKOM aHa/IM3€e IPUMEHAIN JIOTUCTUYECKYIo perpeccuto 1 ROC-ananus.

Pesynbrarsl. MequaHHbIe 3HAUEHNST OCHOBHBIX TIOKa3aTesiel KpOBOOOPAIIleHNs B TeUeHNe ITePBhIX Ye-
ThIpEX CYTOK JIeueHUsI CellCrca HaX0JUJIUCh B IIpefesiax (pranosiorndeckoil HOpMbl. Ha Bcex aranax jieueHust
MPeUKTOPaMU JIETATLHOCTHU SIBJISIJIMCH 3HAYEHUSI CEPIEYHOT0 UH IEKCa, TPOU3BOAUTETLHOCTHU CEPIIa, 00-
YCJIOBJIEHHOM ITOCTHATPY3KOH, ITI00AIBHOM (hpaKINH H3THAHUSA Cep/lia U MHaeKca GyHKIuy cepana. OmHaKko
TepBbIE TPU MIOKA3aTeJis He 06ecrieynBasIn JIUOO0 TOCTAaTOYHOTO KauyeCcTBa MOjiesiel Ha Tarax UCCIIeTOBAHMS,
JI60 CTaOMIIFHOTO IIOPOTOBOT0 3HAYEHUS C IIPUEMJIEMO YyBCTBUTEJIFHOCTHIO U CIenU(UIHOCTHI0. IHIeKe
yHKIMM cepJlia coXpaHsiJ Ha BCeX dTarax NCcjieJOBAaHUs X0polllee KayecTBO MogeIu (1ommaab nog ROC-
KpuBoii 0,708-0,753) 1 cTabMIIBHOE ITOPOTOBOE 3HaUeHNe (<5,75-<5,81 MUH!) C yIOBJIETBOPUTEJIHHOM U cOa-
JIAHCUPOBAHHOU YyBCTBUTEJIBHOCTBIO U CIIEU(UIHOCTHIO, COCTABUBIIIUMU OKOJIO0 70%.

3axkJrodyeHnue. 3HaUeHUsI CEpAEYHOr0 NHeKca, IPOU3BOAUTEIbHOCTU Cepilia, 00yC/I0BJI€HHOM ITI0CTHA-
Ipy3Ko#, II1o6aTbHON (PpaKIINK N3THAHUS CEP/La U UHeKca (DYHKIIUY CepAlla Ha IIPOTs)KEHNH ITePBBIX Ye-
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ThIpeX CyTOK MHTEHCUBHOTO JICUCHHUS CeIIChca ABJAIOTCA IPEeJUKTOPAMH JIeTaJIbHOTO HcXoza. BMecre c TeM,
TOJIbKO MHJEKC (DYHKIHUH CepJlia COXpaHseT Ha BCeX aTallax UCCaeoBaHuA Xopolllee Ka4eCTBO MOJeIu 1
cTabIIBbHOE TOPOTOBOE 3HAYEHNE C IPHEeMJIEMBIM YPOBHEM YyYBCTBUTEIHHOCTH U crerudmarocty. Heobxo-
JIUMO JaJIbHelIIIee N3ydyeHrne BO3MOKHOCTH NCII0/Ib30BaHuA MHIEeKca (DyHKIIUU Cep/illa KaK OHOI0 U3 KOp-
pUrUpyeMbIX IOKa3areJiel IIpu Lie/Ib-OpPUeHTUPOBAaHHOU Tepaluy, HallpaBJIeHHON Ha OIITUMU3AIUI0 (DyHK-
LM CepIeYHO-COCYAUCTOM CUCTEMBI IIPHU CeTICHCe.

Katouesvte crosa: underc giyHkuuU cepoua; Cencuc; Cenmuueckas kapouonamusi; yeib-opueHmupo-
8AHHASL MEPanusy; UeHMPAIbHASL 2eMOOUHAMUKA

KoHQINKT HHTEPeCOB. ABTOPHI 3asIBJISIIOT 00 OTCYTCTBUU KOH(JIMKTA UHTEPECOB.

Summary

Aim of the study: to determine the predictive value of central hemodynamic parameters in relation to mor-
tality and evaluate their potential acceptability for goal-directed therapy during days 1-4 of treatment in pa-
tients with sepsis.

Material and methods. The results of investigation and treatment of 62 patients aged 50.9+2.13 years with
abdominal sepsis were analyzed. The patient severity on admission to the intensive care unit was 13 [10-15] on
the APACHE Il scale, 8 [6.75-9.25] on the SOFA scale. Lethal outcome 15.6+1.4 days after admission occurred in
19 (31%) patients. Central hemodynamic parameters were studied by transpulmonary thermodilution according
to the standard technique. Infusions and administration of sympathomimetic drugs were performed according
to Sepsis-3 guidelines. Statistical analysis was performed using logistic regression and ROC analysis.

Results. The median values of the main circulatory parameters during days 1-4 of sepsis treatment were
within normal ranges. Cardiac index, afterload-related cardiac performance, global cardiac ejection fraction
and cardiac function index were predictors of mortality at all stages of treatment. However, the first three pa-
rameters did not provide either sufficient model quality at the study stages or a stable cutoff value with ac-
ceptable sensitivity and specificity. The cardiac function index maintained good model quality (area under
the ROC curve 0.708-0.753) and a stable cutoff value (<5.75 to <5.81 min™!) with acceptable and balanced sen-
sitivity and specificity of about 70% at all study stages.

Conclusion. The cardiac index, afterload cardiac performance, global cardiac ejection fraction and cardiac
function index during days 1-4 of intensive care of sepsis are predictors of lethal outcome. At the same time,
only the cardiac function index maintains good model quality and consistent cut-off point value with accept-
able sensitivity and specificity at all stages of the study. The feasibility of using the cardiac function index as
one of the parameters of goal-directed therapy aimed at cardiovascular function improvement in sepsis needs
further investigation.

Keywords: cardiac function index; sepsis; sepsis-induced cardiomyopathy; goal-directed therapy; central
hemodynamics
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BBenenue

Posib  11€JIb-OPUEHTUPOBAHHOU Tepanuu
(IIOT) B MHTEHCUBHOM JIeYEeHUU IIAIIMEHTOB C
CEIICCOM U CENITUYECKUM IIIOKOM OCTAETCs IIpe-
MeTOM aKTHUBHOH quckyccu [1, 2]. Tem 6os1ee, uTo
naydenue apdexrusHoctu 11OT B HacrosIee
BpeMsA CTAHOBUTCSA 3aTPyIHUTEJIbHBIM, TaK KaK €€
3JIEMEHTHI BOIILJIU B pYTUHHYIO IIPAKTUKY OT/eJIe-
HUI peaHUMAllUd W WHTEHCUBHOU Tepamuu
(OPUT) u cranu cTaHAApPTHBIM KOMIIOHEHTOM
Je4eHUus IMalueHTOB ¢ cencucoMm [3, 4]. Kpome
TOTO, TPUYNHOU HEOTHOPOAHBIX MHEHUM 0 [1OT
SIBJISIETCSI OTCYTCTBYE OOIIETPUHATOTO KOMILJIEK-
ca rmokasareJieil, Ha KOpPEeKINIO KOTOPBIX CIeTyeT
OpueHTHUpoBaThcA (1, 2, 5, 6]. LleneBsle mokasare-
JI1 BapBUPYIOTCS OT MPOCTEUIINX, HAIPUMED,
«BpEMEHU 3all0JIHeHUs NATHA» [2] 1 apTepuab-
Horo AasjeHus (AJl) [1, 2], ;o mapaMeTpoB IIEHT-
panbHoOU remonuHamMurd (LII]]), onpenesieHHBIX C

Introduction

The role of goal-directed therapy (GDT) in the
intensive care of sepsis and septic shock has been
actively debated [1, 2]. Moreover, efficacy assess-
ment of GDT is now becoming difficult, since its el-
ements have entered the routine practice of inten-
sive care units (ICU) and have become a standard
component of sepsis treatment [3, 4]. In addition,
lack of universally accepted set of indices which
could be the targets for correction explains the con-
troversial opinions on GDT [1, 2, 5, 6]. Target param-
eters range from the simplest ones, e. g., capillary re-
fill time [2] and blood pressure (BP) [1, 2], to central
hemodynamic parameters measured using
Swan-Ganz catheter [7, 8]. Only a few publications
have attempted to use transpulmonary thermodilu-
tion (TPTD) results for guiding GDT in sepsis [9, 10].

The most current algorithms of GDT include
successive correction of central venous pressure
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noMmouipo Karerepa Ceana-lansa [7, 8]. B equ-
HUYHBIX TyOJMKANIHAX 1€/Tal0T TOTBITKU UCIIOJTh-
3oBars a1 LIOT nipu cernicuce pesaysisraTbl TDAHC-
nyJIbMOHaJIbHOU Tepmoautonuu (TIITH) (9, 10].

Hamnbosee coBpemenHble anroputmbl 1[OT
BKJIIOYAIOT [10CJIE0BaTeJIbHYI0 KOPPEKIUIO IEHT-
paJibHOr0 BeHo3Horo gasJienud (LIBM), AL, carypa-
WY IeHTPaIbHON BEHO3HOU KPOBH, JIAKTATEMUH,
TeMIa guypesa [5, 11]. HecMoTps Ha o4eBUIHYIO
11eJIeCO00PA3HOCTh ITUX KOPPUTHUPYIOIIUX Mep,
ykasbiBatoT, uyto 1[OT, Gs1aronpusiTHO BIUSASA HA
TeueHre Ha4aIbHBIX CTaIHH CEeIICHCa, He OKa3bIBa-
€T BJIMSHUS Ha OOIIYIO JETAaTbHOCTh M PUCK pas-
BUTHSI BRIPAQYKEHHOM MTOJIMOPTAHHOM HEJI0CTATO4-
HOCTU ITIPU TAXKEJOM TedeHuu cericuca [11-13].
Kpowme Toro, 1esiecoo6pa3HoCTh UCIOIb30BAHUS
i LHHOT yposaa LIB/I B mocsienHue rogsl noaBep-
raloT akKTUBHOM KpPUTHKe [6, 14].

B nipontecce peanmuaanmu 10T, kak npasuio,
PEKOMEHIYIOT TOCTUTATh U IIOAICPyKUBATh YPOBEHb
psifia YMO3PUTEIHLHO BHIOPAHHBIX ITOKa3aTesel B
Jania3oHe HOpMaJIbHBIX 3HaUYeHuH [2, 6]. KoppeKkTt-
HOCTb NMPHUMEHEHUsI KOHKPETHBIX 3HAYEHUHN TOTO
WJIA WHOTO MOKa3aTeJsIsl OIIEHUBAIOT 9SMIIMPUYECKHU
Ha OCHOBE Pe3YJIBTAaTOB JiedeHNsI O0IbHBIX [15].

BMmecTe c TeM, oThe/ibHbie KJUHUIIKCTbI
MOAYEPKUBAIOT, UTO OIIEHKA COCTOSTHUA KPOBO-
oOpalmieHuss C TO3UIHUHA (PU3UOJOTUUECKOU
HOPMBI TIPU CEICUCe MOKeT OBITH HeaJaeKBarT-
HOU [16, 17]. ABTOphl [16] TOAYEepPKUBAIOT
HeoOXOOMMOCTh IIOMCKa HOBBLIX IOKasaTeJsei,
b6oJiee TH(GOPMATHUBHO OTPA’KAIOIINX CIIEITUPHU-
Ky Hapywmenuii LI'J] npu cencuce. Mbl Takske
OTMeYaJsH, YTO HOpMaJbHble 3HAaYeHUA I[eJIOT0
psAla mapaMeTpoB, PErHCTPUPYEMBIX C IIOMO-
b0 TIIT/I, ABJIAIOTCA IPU CEIICUCe IIPESUKTO-
pamMu JieTaJabHOTO Ucxona [18].

Takum 06pasoM, BEIOOP IeJIEBBIX TeMOIIHA-
MHWYECKUX ITOKa3aTesiel 1 UX KOHKPETHBIX 3Have-
Huii 1A LHHOT nipu cericuce ocTaeTcst akTyaabHON
Hay4YHO-IIPaKTU4YeCKO! 3ajaueil [6]. BO3MOYKHBIM
MMOAXOJ0OM K ee PellleHUIO SIBJISIETCS BhIsIBJICEHUE
rmapaMeTpoB KpOBOOOpaIeHusi, KOTOphIe, C
OHOM CTOPOHBI, 00JIaTAI0T HANOO0JIee OTUYETIIH-
BOU MPEMKTOPHON 3HAYMMOCTBIO B OTHOIIIEHUH
PUICKa JIETAJILHOCTY, a C JPYTOA — MOTYT OBITh
KOPPUTHUPOBAHBI C ITOMOIITHIO N3BECTHBIX Jieueh-
HbIX Mep. [loslaraem, 4To BasKHBIM YCJI0BHAEM IIPU
MIOMCKe TaKUX IIeJIEBBIX ITOKa3aTeJsJeld JOJIPKHO
OBITH COXpaHEeHWe UX MPEeIUKTOPHON 3HAYNMO-
CTU B OTHOIIIEHWHU JIETAJIbHOCTH, HECMOTPS Ha
IIepBUYHBIEe KOPPUTUPYIOIIHE MePhI U (pOpMaJIb-
HYIO HOpMaJ/In3alHIO CTaHLAPTHBIX [IapaMeTpPOB
KpOBOOOpaleHus.

enb nccnenoBanus — U3yYUTh IPEJAKTOP-
HYIO0 3Ha4MMOCTE LII'J] B OTHOIIIEHUY JIETAJILHOCTHU
Y OLEHUTHh UX IOTEHIMAJbHYIO IIPUEMJIEMOCTb
1A HOT Ha npoTaskeHnn IIepBhIX YeThIPeX CYTOK
JedeHus1 00JIbHBIX C CEIICKCOM.

(CVP), BP, central venous blood saturation, lac-
tatemia, urine output [5, 11]. Despite the obvious
feasibility of these corrective measures and favor-
able effects of GDT in early stages of sepsis, it has
no impact on overall mortality and the risk of ad-
vanced multiple organ failure in severe sep-
sis [11-13]. In addition, the appropriateness of
using the CVP level for guiding GDT has been
strongly criticized in recent years [6, 14].

While implementing GDT, several hypotheti-
cal indices have generally been suggested to be
achieved and maintained within normal ranges [2,
6]. The validity of specific values of a particular
index is evaluated empirically based on the results
of patients' treatment [15].

At the same time, some clinicians emphasize
that the assessment of circulation based on normal
physiology in sepsis may be inadequate [16, 17].
Some authors [16] underline the need to search for
new parameters, reflecting more adequately the
specific features of central circulation disturbances
in sepsis. We also pointed out that normal values of
some parameters registered by TPTD could be pre-
dictors of lethal outcome in sepsis [18].

Thus, the choice of target hemodynamic pa-
rameters and their specific values for DGT in sepsis
remains a relevant scientific and practical issue [6].
A possible solution approach includes the identifi-
cation of circulatory parameters, which, on the one
hand, have the most distinctive predicting value for
mortality risk, and, on the other hand, can be cor-
rected by the known therapeutic measures. We be-
lieve that the search for such targets should always
associate with the preservation of their predictive
significance with regard to mortality, despite the
primary corrective measures and formal normal-
ization of the standard circulatory parameters.

The aim of this study was: to study the predic-
tive value of central hemodynamic parameters for
mortality and evaluate their potential acceptability
for GDT during days 1-4 of treatment of patients
with sepsis.

Materials and Methods

This simple observational prospective study, per-
formed in accordance with the approval of the Ethical
Committee of the M.E Vladimirsky Moscow Medical and
Research Institute, protocol No. 11 of December 13, 2018,
included 65 patients with abdominal sepsis who met the
following criteria:

— age from 18 to 85 years;

— no clinical or instrumental signs of septic shock
on admission to intensive care unit (ICU): mean blood
pressure was >65 mm Hg, lactate <2 mmol/l with fluid
and (in some cases) sympathomimetic therapy;

— written informed consent for the use of invasive
monitoring and treatment, including transpulmonary
thermodilution.

The non-inclusion criteria were:

— terminal stage of cancer;

GENERAL REANIMATOLOGY, 2021, 17; 5
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MaTepnaJI H ME€TOAbI

B npocTtoe o6cepBaIiuoOHHOE IPOCHEKTUBHOE UC-
cJeJoBaHUe, BBIIIOJIHSAEMOe B COOTBETCTBUU C paspe-
menueM Jrudeckoro komurera ®YB I'BY3 MO MO-
HWKU nm. M.®. BiraguMupckoro, n1potokoJt Ne 11 ot
13.12.2018, BKIIOYMIN 65 OOJBHBIX C a0JOMUHAJIBHBIM
CEeICHCOM, COOTBETCTBYIOIINX KPUTEPUSAM:

— BoO3pacr ot 18 o 85 seT;

— OTCYTCTBUe IIPU ITOCTYIJIEHUU B OT/leJIeHHe pea-
HUMAaIWH 1 UHTeHCUBHOH Tepanuu (OPUT) KIMHUKO-TU-
arHOCTUYECKUX INPU3HAKOB CENTHYECKOro IIOKa: Ha
¢one nH(GY3NOHHOU U B OTAETHHBIX HAOTIOIEHUSIX CUM-
MaTOMUMETUYECKOU Tepanuu ypoBeHb All, 6Lt Gostee
65 MM pT. CT., @ JJaKTaTeMUU — MeHee 2 MMOJIb/JT;

— HaJIM4#e MUChbMEHHOro HHPOPMUPOBAHHOIO
comIacus Ha UCI0JIb30BaHUEe NHBAa3UBHBIX Mep HAO0JIIO-
JIeHUs U JIeYeHUs, BKJIIoYas IpUMeHeHne TPaHCIyIb-
MOHAJIbHOY TepMOJIUJTIONHH.

Kpurepuu HeBK/IIOYEHUS:

— TepMUHa/IbHAA CTAIUA OHKOJIOTHYeCKHe 3a00-
JIeBaHUS;

— HaJU4He COMYTCTBYIOIINX KIallaHHBIX 3a00J1e-
BAHUU cepjlla U OCI0KHEHHBIX (POPM HIIIeMUYeCKOn
00J/1e3HU CEPALIA, XPOHUYECKOU HEJJOCTATOYHOCTHU KPO-
BoOOpaIeHusi B aHaMHE3E;

— 0epeMeHHOCTb;

— HEBO3MO)KHOCTB BBINOJHUATH KaTeTepPU3aI[Hiio
OegpeHHON apTEPHUU.

Kpurepuu UCKJIIOYEHUA:

— JIeTaJIBHBIA UCXOJ B IepBble 4 CYyTOK OT IIO-
crynsienus B OPUT;

— mepeBoj 00JIBHOTO B APyroe OTAesJeHUe UId
CTaIlMoOHAap.

— BBIHY)KJ€HHOe IpeKpalleHne MOHUTOPUHTA
LI’ B nepBble 4 cyTok OT nocryiienuss B OPUT.

Ha ocHOBaHUU KpPUTEPHUEB U3 UCCIeJOBAaHUSA UC-
KJIIOYMITH 3 00/IBHBIX. [IpoaHa/IM3uPOBAIN PE3yIbTaThl
ob6cyenoBaHusA U edeHus1 62 60JIbHBIX, JeMorpadude-
CKUe U 00IIeKJINHIYeCKIe XapaKTePUCTUKNA KOTOPBIX
npencTaBuId B TabJ1. 1. [IppuyuHaMu celcuca sABJIS-
JINCH: OCTPBIN eCTPYKTUBHBIN NaHKpearuT (n=31), oct-
PBIi TAaHTPEHO3HBIN anmneHguIuT (1n=6), nepgopaTus-
Has s13Ba JIBEHAIATUNIEPCTHON KUIIIKY WU KeJIyaKa
(n=8), mepdopanus KulleuHuKa (n=7), KAIIeYHasi He-
TIPOXOJUMOCTb (11=2), OCTPBIN JeCTPYKTUBHBIN XOJIEI1-
cTUT (n=2), X0AaHTUT (n=3), 0O6CTPYKTUBHBIN MHUEJIO-
HedpurT (n=2), A3BEHHBIN KOJIUT (n=1).

ITpu OCTPOM JeCTPYKTUBHOM ITaHKpeaTUTe Ha Ha-
YJaJIbHBIX dTallax JIeUeHUsA OIepaTUBHBIE BMeIlaTelb-
CTBa He BBINOJIHAMU. B 1-e cyTku Haxoskaenusa B OPUT
60JIBHBIM C XOJIAHTUTOM BBITIOJTHAIN 3HIO0CKOIINYECKYIO
peTporpasHyIo XoJaHIHOIaHKpeaTorpaduio ¢ mamui-

— history of valvular heart disease and compli-
cated coronary heart disease, chronic failure;

— pregnancy;

— impossibility of performing the femoral artery
catheterization.

The exclusion criteria:

— death during days 1-4 of ICU stay;

— patient transfer to the other ward or hospital;

— forced discontinuation of central hemodynamic
monitoring during days 1-4 after admission to the ICU.

Based on the criteria, 3 patients were excluded from
the study. The results of the investigation and treatment of
62 patients were analyzed, the demographic and general
clinical characteristics are presented in Table 1. The causes
of sepsis were acute destructive pancreatitis (n=31), acute
gangrenous appendicitis (n=6), perforated duodenal or
gastric ulcer (n=8), intestinal perforation (n=7), intestinal
obstruction (n=2), acute destructive cholecystitis (n=2),
cholangitis (n=3), obstructive pyelonephritis (n=2), ulcer-
ative colitis (n=1).

In acute destructive pancreatitis no surgical interven-
tions were performed during the initial stage of treatment. On
day 1 of ICU stay patients with cholangitis underwent endo-
scopic retrograde cholangiopancreatography with papil-
losphincterotomy, and those with obstructive pyelonephritis
had percutaneous puncture nephrostomy done. The remain-
ing patients were admitted to the ICU from the operating
room after surgical interventions for their primary disease.

All 56 patients on the ventilator received planned
sedation with propofol 0.8-3.1 (2[1-1.9]) mg/kg/h, no
other sedatives or muscle relaxants were used.

Lethal outcome on days 8-31 (15.6+1.42) in ICU oc-
curred in 19 (30.6%) patients, 14-day mortality was
12.9%, 28-day — 27.4%.

On day 1 of intensive care the patients underwent
catheterization of the central vein (subclavian and/or in-
ternal jugular) and femoral artery using Pulsiocath
PV2015L204F catheter (Pulsion Medical Systems com-
pany), which was connected to the PiCCO-plus module
(Pulsion Medical Systems company) of Drager monitor-
ing system. Cardiac output was determined using TPTD
according to standard technique [19]. TPTD and central
hemodynamic parameters were recorded during the first
12 hours after the patient's admission to ICU, and later
daily in the morning between 9.00 and 11.00 a.m.

All patients received standard treatment, including
infusion of balanced crystalloid solutions, de-escalation
antibiotic therapy with subsequent drug changes accord-
ing to the results of microbiological studies of biological
fluids. Administration and infusion of sympathomimetic
drugs were performed according to the protocol of circu-
latory disturbances correction in agreement with the
Sepsis-3 guideline [20].

Tabsauna 1. lemorpaguueckue ¥ 001ye KIMHUYECKHE TOKA3aTe I 00CIeJOBaHHbBIX MAI[UEHTOB.
Table 1. Demographic and general clinical characteristics of studied patients.

Parameter

Value

Me [P25-P75] (M+m)

Age, years

22-83

50.9+2.13
48 [39.25; 63.75] (50.9+2.13)

Male/female, n (%)

39/23 (62.9%/37.1%)

SOFA Score 2-14 8,0 [6.75-9.25] (8.1+0.3)
APACHE II Score 6-20 13 [10; 15]
Surgery on day 1 of treatment, n (%) 31 (50%)

Mechanical lung ventilation, 7 (%) 56 (90.3%)

IIpumeuanne. Value — 3HaueHUe; age, years — Bo3pacr, jieT; male/female — mysxunH/»xenuius; surgery on day 1 of treatment —
omeparnus B 1-e cyTkH siedenust; mechanical lung ventilation — rncKyccTBeHHASA BEHTHIIAINSA JIETKUX.

www.reanimatology.com

GENERAL REANIMATOLOGY, 2021, 17; 5



https://doi.org/10.15360/1813-9779-2021-5-9-22
KianHu4YecKkue UCCIEeN0BaHUA

JocuHKTEpOTOMIEN, @ OOJBHBIM C OOCTPYKTUBHBIM
nuesoHe()PUTOM — YPECKOYKHYIO TYHKIUOHHYIO Hed-
poctomuio. OcranbHbIe 60bHBIE TocTynanu B OPUT s
OHepaHHOHHOfI I10CJI€ BBITIOJTHEHU S OII€epaTUBHBIX BME-
I1aTeTHCTB 10 ITOBOY OCHOBHOTO 3a00JIeBaHUA.

Bce 56 60sbHBIX, HaxoauBIuxcs Ha UBJI, mosry-
4JaJiy IJIAHOBYIO cefanuio: mpomogoJt B fosax 0,8-3,1
(2 [1-1,9]) Mr/Kr/4, Pyrux CeJaTUBHBIX IIPeNapaToB 1
MHOPEJIAKCAaHTOB He HadHadaJ/Iu.

JlerasbHbIi ncxon Ha 8-31-¢ (15,611,42) CyTKM HAXOK-
nenvst B OPUT wactynmn y 19 (30,6%) 60JIbHBIX, 14-CcyToU-
Has JIeTaIbHOCTBb cocTaBmia 12,9%, 28-cyrounas — 27,4%.

B 1-e CyTKM MHTEHCUBHOTO JIEYeHUS OOJIbHBIM BbI-
MOJIHAJIM KaTeTepu3aldio MaruCTpaJbHOU BeHBI (I101-
KJTIOYMYHAs ¥/ WJIN BHYTPEHHASA sspeMHast) ¥ 0epeHHOHN
aprepuu karetepom Pulsiocath PV2015L204F (pupma
«Pulsion Medical Systems»), KOTOpPBIi COEIUHSIIN C MO-
nynem PiCCO-plus (pupma «Pulsion Medical Systems»)
MOHUTOPHOU cuctembl Drager. Onipenenenue cepiey-
HOTO BBIOpOCA OCYIIECTBJIsIN ¢ rToMoInbio TIIT]I mo
crangaptHoi metoguke [19]. TIIT]] u perucrpamuio mo-
kasaresieit LII7] BBITOTHSAINA B TIepBble 12 4acoB OT MO-
MeHTa ITOCTyIIeHuA 6oapHOTO B OPUT, a 3aTem — exxe-
JTHEBHO YTPOM B uHTepBasie Mexay 9.00 1 11.00.

Bce 6oJibHEBIE ITOJTy9aIn CTAaHAAPTHOE JIEYeHHe,
BKJIIOYaBIIIee MHPY3UIO cOaTaHCHPOBAHHBIX KPUCTAJI-
JIOUJHBIX PACTBOPOB, CTAPTOBYIO Ae3CKaJallMOHHYIO
AHTHOMOTHUKOTEPANNIO C JaJbHeHIel CMeHo Ipemna-
paToB, COIJIACHO pe3yJIbTaTaM MHUKPOOMOJIOTHIECKUX
HCC/IeIOBaHNM OMOJIOTHYEeCKHX cpef. MHdy3uio u Ha-
3HAaYEeHNE CUMIIATOMHUMETUYECKHUX IIpernaparoB BbI-
MOJIHAJIU B COOTBETCTBUM C IIPOTOKOJIOM KOPPEeKLIUU
HapyIIeHWH B CHCTeMe KPOBOOOPAIeH s 10 PeKOMEH-
nmanusm Cencuc-3 [20].

B aman3 BKJIIOYHUJIN II0JI ¥ BO3PACT OOJIBHBIX, a
TaK)Ke OLEHKY TSYKEeCTH UX COCTOSIHUSI IIPU I1OCTYILIe-
auy B OPUT no mikane APACHE II (6asuibl) 1 1o TITKaJte
SOFA (6a/1bl) B IEpBBIe 24 4 OT MOMEHTA IIOCTYIIJIEHHS
1 Ha 2-€ U 4-e CYTKU JIEYEHU .

B 1-e, 2-e 1 4-e CTYKHM JiedeHU PeTUCTPUPOBATINA
cpefHee aprepuanbHoe nasiaenue (All ), gacTory cep-
neuyHbIx cokpamenuii (YCC), cepaevnsblii BIopoc (CB),
cepaeunblii nanekc (CH), obinee mepudepruieckoe co-
cynucroe conporusJjenne (OIICC), nHAeKCUpOBaHHBIE
OIICC (MOTICC), ymapHbIi 00beM (MYO), rmodaabHbIH
KOHEYHO-auactosimdeckuii oobem (MI'KI0), rmobasib-
Hyl0 ¢parknuio usrHanus cepaua (FPUC), mHIekc
¢yukuuu cepaua (MPC) u UHAEKC MOITHOCTHU Cepla
(MMC = CH X All., /451). Bbraucisiiv mokasareJib «I1po-
M3BOIUTETHHOCTh CepfIia, OO0yCJIOBJIEHHAsl IOCTHA-
rpyskoii» (IICOII, %) (anri. «afterload-related cardiac
performance») [16], Kak OTHOIIIEHE BeJIMYNH N3MepeH-
uoro CB (CB,) u pacyernoro CB (CB)):

IICOII (%) = CB,, (1/muH) / CB, (s1/MmuH) X 100 (%),
rae CB, = OIICC*5* X 394,07.

st xpaHeHUus1 M1 00pabOTKY JAHHBIX UCIIOJIb30-
Basi 0as3y JAaHHBIX, CGOPMUPOBAHHYIO B IIPOTpaMMe
Microsoft Office Excel. Pa3BepHYTBIi CTaTHCTUYECKUN
dHaJIN3 BBIITOJ/JTHUJN C IIOMOINBIO ITPOTPAMMHBIX ITaKe-
ToB «Microsoft Office Excel», u «MedCalc 15». Hopmasib-
HOCTb paclnpejeseHnsl JaHHBIX ONpelesIsiii C IIOMO-
mplo  KpurepueB  KosamoropoBa-CMupHOBAa U
[Manmmpo-VYuinka. [Ipn HOpMaJIBHOM pacupeleeHun
laHHbIE MIPeJCTaBUJIN B BUJe B BHUAe MequaHsl (Me),
25% u 75% kBapTuiei (P25-P75), a TakKe CpeJHUX Be-

The analysis included sex and age of patients, as well
as their severity assessment on admission to the ICU using
APACHE II scale (in points) and SOFA scale (in points) in
the first 24 hours of admission and on days 2 and 4.

On days 1,2, and 4 the mean arterial pressure
(MAP), heart rate (HR), cardiac output (CO), cardiac
index (CI), total peripheral vascular resistance (TPVR),
and indexed TPVR (TPVRI), stroke volume (SVi), global
end-diastolic volume (GEDVi), global cardiac ejection
fraction (GCEF), cardiac function index (CFI), and car-
diac power index (CPI = CI X MAP / 451). We calculated
the afterload-related cardiac performance (ACP, %) [16]
as the ratio of measured CO (CO,,eq5ureq) and estimated
CO (Coeslimaled):

ACP (%) = COyyeasured A/min) / COgimacea (/min) X 100 (%),
where CO . matea = TVPR64 X 397.07

A database generated in Microsoft Office Excel was
used to store and process the data. Detailed statistical
analysis was performed using the Microsoft Office Excel
and MedCalc 15 software packages. Normality of data
distribution was determined using Kolmogorov-Smirnov
and Shapiro-Wilks tests. For normal distribution, data
were presented as median (Me), 25% and 75% quartiles
(P25 to P75), and mean values (M) and errors of the mean
(m); for non-normal distribution, data were presented as
median (Me) and 25% and 75% quartiles (P25 to P75).
Frequency of the variables was represented as the mean
frequency (P). Stepwise differences were assessed using
Student's test for paired comparisons and Wilcoxon's test
with Bonferroni correction. Frequency differences were
compared using Pearson's y? test. Differences were con-
sidered significant at P<0.05.

To evaluate the prognostic significance of the in-
dices, we assessed the influence of independent variables
on the binary-coded dependent ones using logistic re-
gression. When performing logistic regression, we calcu-
lated odds ratio (OR), 95% confidence interval (CI), and
significance of influence (P). ROC analysis was per-
formed to assess the discrimination (distinguishing be-
tween patients with favorable and unfavorable out-
comes) of independent variables. It included only those
indexes which demonstrated predictive significance ac-
cording to logistic regression data. We analyzed the char-
acteristics of ROC-curves and calculated the area under
the curve (AUC). Model quality was considered to be ex-
cellent in AUC>0.9, very good in 0.8-0.89, good in
0.7-0.79, medium in 0.6-0.69, poor in 0.5-0.59. The AUCs
were compared with each other, and their differences
were considered to be significant at P<0.05. The cut-off
point, i.e., the value of the variable indicating the risk of
an adverse outcome, was determined according to the
Youden index (sum of maximum sensitivity and speci-
ficity requirement), the test sensitivity requirement ap-
proaching 80%, and the balance requirement between
sensitivity and specificity (minimum difference between
these values). The value that corresponds most closely to
all three requirements was chosen as the cut-off point. In
assessing sensitivity and specificity, the confidence inter-
val (CI) of these parameters was calculated.

Results and Discussion

Moderate tachycardia, which persisted on all
subsequent days, decreased versus normal median
TPVRi and GEDVi (Table 2) were noted on day 1.
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JUYUH (M) 1 omubOoK cpenHuX (m), IpH pacrpeese-
HUH, OTVIMYHOM OT HOPMAJILHOTO — B BUJie MeUaAHBI
(Me) u 25% u 75% kBaptunei (P25-P75). Yacrory npu-
3HAKOB IPEJICTABJISA/IN B BUle cpeiHel yacToThl (P). T1o-
9TanHble OTVIMYMS OLIEHUBAJIU C IOMOIIbIO KPUTEPUST
CrhIO[eHTa [JIs1 IApPHBIX CPAaBHEHUU U KpuTepus Bui-
KOKCOHa ¢ nonnpaskoil boudepponu. OTinyus 4acToT-
HBIX IPU3HAKOB CPABHUBAJIU C IOMOIIBIO KPUTEPUS >
[Tupcona. Omnunsa cuuTaau sHa4uuMbiMu ipu p<0,05.

JI7151 OLIEHKHW TPOTHOCTUYECKON 3HAYMMOCTH T10-
KasareJsiell OIeHNBaJ/IM BJAWUSHUE He3aBUCUMBIX Iepe-
MEHHBIX Ha 3aBHUCUMYIO, 3aKOIMPOBAHHYI0 OMHAPHO, C
TIOMOII[HI0 METO/Ia JIOTUCTUYECKOU perpeccud. [Ipu BbI-
TIOJTHEHUY JIOTUCTUYECKON perpeccum pacCYuThIBaIN
oTHouIeHue 1maHcoB (OII), 95% moBepuTeJIbHBIN UH-
TepBaJs (IM) n 3HaYNMOCTb BAUAHUA (p). [1y1a onleHKH
pasaesnuTeIbHON CIIOCOOHOCTH (pasrpaHnyeHne 60JIb-
HBIX C 6JIArONPUATHLIMU U HEOJIarOMPUSTHBIMHU UCXO-
JlaMH) He3aBHCHUMBIX IlepeMeHHBbIX BbIOoJHAan ROC-
a”Haimm3. B mocaegHWN  BRJIOYAIA  TOJIBKO Te
ToKa3areJiu, KOTOpbIe IMPOIeMOHCTPUPOBAJIH IIPEIHK-
TOPHYIO 3HAYMMOCTD 110 TaHHBIM JIOTUCTUYECKOU pe-
rpeccud. AHaIM3upoBanu xapakrepuctuku ROC-kpu-
BbIX C pacderoM Iuiomaau mox Kpusou (TIIIK).
RauectBo Mogenu cumranu npu [11IK>0,9 — ornny-
BbIM, 0,8-0,89 — ouens xopomuwm, 0,7-0,79 — xopomum,
0,6-0,69 — cpegnum, 0,5-0,59 — HEyIOBJIETBOPUTEb-
HbIM. Beinmostasanu cpaBaenue [11K; ommune [TT1K cun-
Tanu 3HauuMbIM npu p<0,05. IloporoBoe 3Havenue
(I13) mepeMeHHO# (MTOPOT OTCEYEHUsI, TOUKA «cut-off»),
T. €. 3HaYeHHe [IepeMeHHOH, YKa3bIBaloIllee Ha PHUCK He-
6JIarONPUATHOTO WCXO/a, OMpPeNessiIu 10 WHIEKCY
IOnena (TpeboBaHme MaKCIMAIbHONW CYMMBI YyBCTBH-
TEJIbHOCTU U CIENU(PUIHOCTH), TPEOOBAHUIO YYBCTBU-
TeJIbHOCTH TeCTa, mpudImsKanieiics k 80%, u Tpedo-
BaHWIO 0ajaHca MeKJQy YYBCTBUTEJIbHOCTBIO U
crienu(pUIHOCTHIO (MUHUMAJIbHASA Pa3HOCTb MEKIY
aTUMU 3HaueHuAMH). 3a [13 npuHUManu 3HadeHue, B
HaAUOOJIBINIEH CTEeHN COOTBETCTBYIOIEE BCEM TPEM
TpeboBaHUAM. [IpH OlleHKe YYBCTBUTEILHOCTH U CITe-
U (UYHOCTUA PACCUUTHIBAIN JOBEPUTEJbHBINA UHTEP-
BaJ (1) aTux mokasaTesieu.

Pe3ynbTaThl ¥ 00CYK/IEHHE

B 1-e cyTku oTMeTH/IM YMEPEHHYIO TaxuKap-
[0, COXPaHABIIYIOCS Ha BCEX IIOCJIEeIYIOIINX 3Ta-
I1aX, yMEHbIICHNE OTHOCUTEIbHO HOPMbI MeJaHbl
HOIICC u UTKJO (tabs. 2). IICOII ObLI CHUMKEH
10 OTHOIIIEHUIO K OIITUMAJIbHOMY YPOBHIO (=80%).
Ha 2-e cytku yBesuuuBanucs CH, I[ICOII, 1VO,
NMC un T'®UC. [Ipu aTOM MenuaHbl BCEX 3TUX
rokasareJsed HaXOAWJIUCh B Ipejiesiax HopMaJib-
HbIX 3HaueHul. Ha 4-e cyTku 3apeructTpupoBaiu
JanbpHeiee yBeanuenue MYO. Ha atoMm aTame
3Ha4YeHUs1 60JIBIITUHCTBA TapamMeTpoB L], BKJIO-
4asi All.,, ObLIN BBIIIIE, Y€M B 1-€ CyTKH; HEU3MEH-
HBIMHU ocTaBaJjiich ToJibK0o UCC, MOIICC u UPC.

YCC Ha Bcex Iaramax HCCJead0oBaHHUs He
obJramasia pasgeauTeTbHON CIIOCOOHOCTHIO B
OTHOIIIEHWH JIeTaJTBbHOCTY MpHU cerncuce (TadJr. 3).
HexoTopble mokasaTeau ObLIN IPETUKTOPAMU
He6JIarONPUATHOTO MCXO0Ia TOJBKO HAa OJHOM
u3 aranoB uccjaenosanus: YO u MOIICC — Ha

ACP was decreased versus the optimal level (>80%).
On day 2, CI, ACP, SVi, CPI and GCEF increased. At
the same time, medians of all these indices were
within normal values. On day 4, we recorded a fur-
ther increase in SVi. At this stage the values of the
majority of central hemodynamic parameters, in-
cluding MAP were higher than on day 1; only HR,
TPVRi and CFI remained unchanged.

HR at all stages of the study had no discrimi-
nating power with regard to mortality in sepsis
(Table 3). Some indices were predictors of adverse
outcome only at one stage of the study: SVi and
TPVRIi on day 2, while MAP and GEDVi on day 4.
CPI had predictive significance on days 2 and 4. CI,
ACP, GCEF and CFI had robust discriminating
power for sepsis mortality during the whole study
period.

The indices that had predictive significance
only on day 2 of the study (SVi, TPVRi) in ROC
analysis (Table 4) provided good quality models,
with a sensitivity of about 60%. Only cut-off point
of TPVRi, which was close to the upper normal
limit, had a specificity exceeding 80%. MAP and
GEDVi on day 4 proved moderate quality models
with unsatisfactory sensitivity and specificity. Thus,
all four of these parameters had no discriminating
power to reliably predict the risk of mortality. The
CPI on days 2 and 4 of follow-up provided good
quality models. However, the cut-off point of the
index exceeding 0.7 W/m? had insufficient balance
of sensitivity and specificity (the difference be-
tween them was about 20%).

Of the four central hemodynamic parameters
with consistent predictive value, only the CFI in all
stages of the study provided good quality models with
almost robust cut-off point (5.75-5.8 min!) and bal-
anced sensitivity and specificity, in most cases ex-
ceeding 70%. The cut-off point of ACP and GCEF
being decreased on day 1, increased significantly later
in the study, reaching normal levels by day 4. Cl had a
fairly consistent cut-off point (3.5-3.7 1/min/m?), but
its sensitivity and specificity were low and/or unbal-
anced on days 1 and 4 of follow-up.

The hemodynamic profile of the studied pa-
tients was similar to one of sepsis, described in nu-
merous studies. The most persistent abnormalities
were moderate decrease in TPVRi and tachycardia,
characteristic of sepsis [17, 21]. Sinus tachycardia in
the clinical situation under consideration has a com-
plex origin, which includes the effects of bacterial
lipopolysaccharides and proinflammatory cytokines
on cardiac pacemaker [22, 23], increased sympa-
thetic activity due to excess of endogenous and ad-
ministration of exogenous catecholamines [24],
changes characteristic of septic myocarditis [25], and
pathophysiological response to absolute or relative
hypovolemia [26].

Based on the values of medians of central he-

modynamic parameters, there was no marked in-
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Ta6mmia 2. [TokasaTes KPOBOOOpaLleHUs Y TAMEHTOB C a0OMHHAIBHBIM CEIICHCOM B IIEPBbIE YETBEPO CYTOK

MHTEHCHBHOIO JIEYEHHSI.

Table 2. Circulatory parameters in patients with abdominal sepsis during days 1-4 of intensive care.

Parameter Values on various days of treatment, Me [P25 - P75] (M+m) Differences
Day 1 Day 2 Day 4 Days 1-2 Days 1-4 Days 2-4
MAP, mm Hg 89 [76.25-105.3] 97.75[88.5-106.88] 102.7 [91.1-109] P=0.086  P=0.012 P=0.643
HR, min! 102 [90-112] 99 [88.4-108] 97 [88.25-105] P=0.939 P=0.243 P=0.892
(100.7+2.3) (98.2+1.8) (96.2+2.06)
CI, I/min/m? 3.5[2.58-4.01] 3.78 [3.08-4.39] 4.02 [3.43-4.65] P=0.027 P=0.0001 P=0.157
ACP, % 77.02 [68.2-87.4] 85.35[79.69-91.63] 87.16 [80.2-94.6] P=0.0003 P=0.0001 P=1.0
SVi, ml/m? 37.16 [25-44.31] 40 [33-47.66] 44.5 [40-50] P=0.007 P<0.0001 P=0.004
(36.2+£1.63) (40.3+1.46) (44£1.18)
TPVRI, dynxsxcm®/m? 1896 [1590-2561] 1901 [1685-2471] 1795 [1510-2216] P=1.0 P=0.092 P=0.143
CPI, W/m? 0.62 [0.52-0.85] 0.795 [0.643-0.992] 0.88 [0.69-1.01] P=0.0125 P=0.0001 P=0.099
GEDVi, ml/m? 573.7 [475-708.8] 619.1 [512.7-761.1] 636 [560-749.5] P=0.526  P=0.024 P=0.292
GCEE % 24.9[18.3-29.1] 27.1[21.26-31] 27.88 [22.7-32.5] P=0.015 P=0.0001 P=0.654
CFI, min! 6.04 [5.16-6.81] 6.19 [4.95-7.78] 5.91 [5.04-7.85] P=0.127 P=0.08 P=1.0
(5.9+0.22) (6.31£0.27) (6.3+0.26)

Note. For table 2-4: MAP — mean arterial pressure; HR — heart rate; CI — cardiac index; ACP — afterload-related cardiac perform-
ance; SVi — stroke volume index; TPVRi — total peripheral vascular resistance index; CPI — cardiac power index; GEDVi — global
end-diastolic volume index; GCEF — global cardiac ejection fraction; CFI — cardiac function index.

IIpumeuanue. Values on various days of treatment — 3HaueHus TOKa3aresel B pa3jinyHble cyTky jedenuns; differences — pas-
am4ust; 111 Tabut. 2-4: MAP — cpeniHee apTepuaibHOe naBjenue, Ancp; HR — vacrora cepaeunbix cokpartenuii, YCC; CI — cep-
nevyHbii uHaekc, CU1; ACP — npou3BOIUTENIBHOCTE Cep/ilia, 00ycaoBaeHHas mocTHarpyskoi, IICOIT; Svi — uHAeKC yaapHoro
o6beMa, IVO; TPVRi — ungekc obmero nepugepudeckoro cocyaucroro conporusienus, FIOIICC; CPI — uHeKC MOIIHOCTH
cepaua, UMC; GEDVi — nHiekc I00aIbHOTO KOHEYHO-auacrosimdeckoro oobema, UI'KJ10; GCEF — rmobanbHast ppakius us-
rHanwus cepan, 'OUIC; CFl — unpekc pynknum cepama, UDC.

Tabmuia 3. [I[peTuKTOpHAA 3HAYUMOCTh IMOKa3aTe el
KPOBOOOpaIieH!us y NalfHeHTOB ¢ a0 JOMHHAJIbHBIM

2-e cytru, a All , u UTTKJIO — Ha 4-e cytkn. UMC
“MeJT TPEIUKTOPHYIO 3HAYNMOCTh Ha 2-€ U 4-e
CYTKH. YCTOWYMBOU pa3/iesIMTeIbHOH CIoco0-
HOCTHIO B OTHOIIIEHUY JIETAJILHOTO UCXO/Ia Cell-
crca B TedeHUe BCero Mepuoja ucCaeqoBaHusA
obusagaau CU, ITCOII, T®NC u UPC.

ITokasaresu, 06JamaBIIe TPETUKTOPHON
3HAYMMOCTBIO TOJBKO Ha 2-€ CYyTKH HCC/IeT0BAHMSA
(YO, NOTICC), mpu ROC-ananmae (TadJr. 4) obec-
MeYNIM MOJIESTA XOPOIIIero Ka4ecTBa, C ypoOBHEM
4yBCTBUTENBHOCTU OKOJI0 60%. Tosbko II3
HOIICC, 6m13koe K BepxXHeH rpaHWIle HOPMHEI,
oOJragano crenupUUHOCTHIO, TIPEBBIIIABIIEN
80%. All,, n UTKJIO Ha 4-e CyTKM IPOJAEMOHCTPH-
pOBaIM MOJIeJIN CpelHero KauecTBa ¢ HeyJloBJIe-
TBOPUTEJBHBIM YPOBHEM UYyBCTBUTEJIbHOCTHA U
cienuuyHocT. Takum 06pasoM, Bce YeThIpe
YKa3aHHBIX [TapaMeTpa He 00Jamaan pasjesu-
TeJIbHOW ClTOCOOHOCTHIO, IT03BOJISABIIIEN YBEPEHHO
IIPOrHO3UPOBATh PUCK JieTanbHOCTH. IMC Ha 2-¢
" 4-e cyTKM HaOJOMeHUs obecredns MOJesn
xopoiero kadectBa. OgHako [I3 mokasareuis,
npeBbImmaBinye 0,7 Br/m?, He 06J1a1a2/T1 JOCTATOY-
HOM c0a/TaHCUPOBAHHOCTHIO YYBCTBUTETHHOCTH 1
crienupryHOCTH (PA3HOCTDH YyBCTBUTEJIHHOCTU 1
crienrryHOCTA TpHOJIIRAIach K 20%).

N3 getpipex mapamerpos LTI, o61amaBmmx
YCTOHYMBOU IPEIUKTOPHON 3HAYNMOCTBIO, TOJIBKO
N®C Ha Bcex gramax MCC/AeI0OBaHUsI 00eCIednI
MOJIeJTA XOPOIIIeT0 KavyecTBa C MMPaKTUYECKH CTa-
ommbabM 13 (5,75-5,8 MuH) 11 cOaTaHCPOBAHHBI-
MU YYBCTBHUTEJIHHOCTHIO M CHENU(UIHOCTHIO, B
OOJIBIIMHCTBE CIy4aeB NpesblmaBmmMu 70%. I13
[ICOIl uI'®B, cHn)xeHHBIE B 1-€ CyTKH, CyIIeCTBEH-

CEICHCOM B IIepBbI€ YE€TBEPO CYyTOK MHTEHCHBHOTO
JiedeHHus (JIOTUCTHYeCKas perpeccus).

Table 3. Predictor significance of blood circulation pa-
rameters in patients with abdominal sepsis on days 1-4
of intensive care (logistic regression).

Parameter  Day OR 95% CI Pvalue
MAP 1 1.0042 0.9765-1.0326  0.7689
2 0.9986 0.9608-1.0380  0.9439
4 0.9547 0.9127-0.9986  0.0432
HR 1 0.9906 0.9612-1.0209  0.5402
2 1.0207 0.9814-1.0617  0.3064
4 0.9915 0.9584-1.0257  0.6205
CInd 1 0.5199 0.2790-0.9687  0.0394
2 0.3667 0.1793-0.7500  0.0060
4 0.3647 0.1724-0.7713  0.0083
ACP 1 0.9488 0.9030-0.9970  0.0377
2 0.9376 0.8860-0.9921  0.0254
4 0.9122 0.8562-0.9719  0.0045
SVi 1 0.9781 0.9354-1.0228  0.3323
2 0.9241 0.8722-0.9791  0.0074
4 0.9413 0.8841-1.0022  0.0586
TPVRi 1 1.0005 0.9999-1.0012  0.1110
2 1.0014 1.0004-1.0024  0.0044
4 1.0006 0.9998-1.0014  0.1307
CPI 1 0.2772 0.0382-2.0108  0.2044
2 0.0771 0.0063-0.9356  0.0442
4 0.0032 0.0001-0.1113  0.0015
GEDVi 1 1.0026 0.9998-1.0053  0.0650
2 1.0023 0.9992-1.0053  0.1424
4 1.0044 1.0009-1.0080  0.0149
GCEF 1 0.9181 0.8466-0.9956  0.0389
2 0.8687 0.7939-0.9506  0.0022
4 0.8939 0.8217-0.9724  0.0090
CFI 1 0.5797 0.3963-0.8479  0.0049
2 0.6421 0.4638-0.8889  0.0076
4 0.6067 0.4293-0.8575  0.0046

Note. OR — odds ratio; CI — confidence interval.
IIpumeuanue. OR — orHomeHue maucos, OILL Jljis Ta6a. 3, 4:
CI — noBepuTe/bHBIN UHTEPBAJI, [{U.
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TaGuma 4. Pa3aesureTbHasi CHOCOOHOCTH IOKa3aTeJ el KpOBOOOpAIeHNs Y 00JIbHBIX C a0IOMIHAJIBHBIM Cell-
CHICOM B IIepBhIe YeTBePO CYyTOK HHTEHCUBHOrO JieueHus1 (ROC-ananus).
Table 4. Discriminating power of circulation parameters in patients with abdominal sepsis on days 1-4 of intensive

care (ROC-analysis).

Parameter Day AUC 95% CI Pvalue Cut-off % (CI)
Sensitivity Specificity
MAP 4 0.670 0.540-0.783 0.0256 <103 73.7 (48.8-90.9) 55.8 (39.9-70.9)
CInd 1 0.670 0.540-0.783 0.0299 <3.575 73.7 (48.8-90.9) 55.8 (39.9-70.9)
2 0.748 0.622-0.849 0.0010 <3.655 73.7 (48.8-90.9)  74.4 (58.8-86.5)
4 0.707 0.578-0.816 0.0057 <3.773 68.4 (43.4-87.4) 66.7 (50.5-80.4)
ACP 1 0.653 0.566-0.804 0.0391 <71.257 47.4 (24.4-71.1) 69.8 (53.9-82.8)
2 0.703 0.557-0.797 0.0098 <82.145 57.9 (33.5-79.7)  69.8 (563.9-82.8)
4 0.737 0.623-0.851 0.0004 <86.412 73.7 (48.8-90.9) 61.9 (45.6-76.4)
SVi 2 0.700 0.571-0.809 0.0081 <39 63.2 (38.4-83.7) 60.5 (44.4-75.0)
TPVRi 2 0.736 0.609-0.839 0.0016 >2353 63.2 (38.4-83.7)  81.4 (66.6-91.6)
CPI 2 0.725 0.598-0.830 0.0046 <0.794 79.0 (54.5-93.9) 62.8 (46.7-77.0)
4 0.782 0.659-0.877 <0.0001 <0.727 63.2 (38.4-83.7) 85.7 (71.5-94.6)
GEDVi 4 0.646 0.514-0.763 0.0816 >639.5 57.9 (33.5-79.7)  59.5 (43.3-74.4)
GCEF 1 0.657 0.526-0.772 0.0683 <21.458 63.2 (38.4-83.7) 74.4 (58.8-86.5)
2 0.749 0.624-0.850 0.0004 <24.855 63.2 (38.4-83.7) 69.8 (53.9-82.8)
4 0.690 0.560-0.802 0.0118 <26.385 63.2 (38.4-83.7)  61.9 (45.6-76.4)
CFI 1 0.708 0.580-0.816 0.0086 <5.806 73.7 (48.8-90.9) 67.4 (51.5-80.9)
2 0.708 0.580-0.816 0.0097 <5.794 73.7 (48.8-90.9) 72.1 (56.3-84.7)
4 0.753 0.627-0.854 0.0009 <5.746 79.0 (54.4-93.9)  73.8 (58.0-86.1)

Note. AUC — area under curve.

IIpumeuanue. AUC — mutomans nog kpusoi, I1ITK; Cut-off — orceuenne; Sensitivity — uyBcTBUTENBHOCTE; Specificity — cienu-

¢uuHOCTE.

HO BO3pacTaJ/Iy Ha gTanax uccjiel0BaHusd, JOCTUTase
K 4-M cyTKaM HopMaJbHOTro ypoBHA. CU obmamgan
JOCTAaTOYHO cTabmnbHBIM [13 (3,5-3,7 51/ MuH/M?), HO
B 1-e u 4-e cyTku HabOJTIOAEHNSA YYBCTBUTEIHHOCTD
Y Crienu(pUIHOCTD OB HU3KUMU W/WJIH Hecha-
JIAHCUPOBAHHBIMU.

lemoguHamMudeckuit Tpopuab ob6ciieno-
BaHHBIX OOJILHBIX COOTBETCTBOBAJ COCTOSIHUIO
KpPOBOOOpAIIeHNUs TPU CETICHCE, ONMMCAHHOMY B
MHOTOYMCJIEHHBIX HccaenoBannsx. Hanbomee
CTOUKMMU HapyUIeHUSIMHU SIBJISIJIUCH: XapaKTep-
HOe 115 cericuca ymepeHHoe cHuskeHue MOTICC
u Taxukapausa [17, 21]. CurycoBast Taxukapaus
B paccMaTpuBaeMOl KJIMHUYECKOU CHUTyaluu
UMeeT KOMIIJIEKCHBIM I1aToreHe3, KOTOPbIX
BKJIIOYaeT BJMAHNE Ha BOAUTEJb CEPAEYHOIrO
pUTMa JIMIIONIOJIMCAXapHAAA U IIPOBOCIAJIUTEIb-
HBIX IUTOKUHOB [22, 23], IOBBIIIIEHNE CUMIIATH-
YeCKOHW aKTUBHOCTU NPU U30BITKE 9HAOTEHHBIX
M BBeJEeHHUM 9K30TeHHBIX KaTex0JIaMHUHOB [24],
W3MEHEHUs, XapaKTepHbIe NJIA CEITUYECKOIro
MHOKapanTa [25], a TaksKe matopu3noJIoTuYIe-
CKHU OTBET Ha aOCOJIOTHYIO MJIM OTHOCHUTEb-
HYIO TUIIOBOJIEMHUIO [26].

Cynsa no meguanaM napamerpos LI, B nep-
BbI€ CYTKH HaAOJIOAEHNs BBIPAYKEHHOI'O yTHETE-
HUSI HACOCHOH (PYHKIIMU cep/iia He 6b1710. BMecTe
c TteM, perucrpuposanu ymeHbmenue [1COII u
I'®NC, xoropble YyKasblBaIWM Ha HEKOTOPYIO
JIeIIpeCcCUI0 COKparuMocTu cepaua [16, 19]. Ity
JIEeTIPEeCCHI0 TPAJAUIIMOHHO 00 BSCHSIOT YMEHbIIIe-
HUEM IIpeJHarpy3ku (yMEpeHHOe CHU)KCHUE
NT'KJO) Ha poHe quCTpUOYTUBHBIX HAPYIIEHUH
KpoBoobOparenun [19].

hibition of cardiac pump function during the first
24 hours of the follow-up. At the same time, re-
duced ACP and GCEF were found, which indicated
certain depression of cardiac contractility [16, 19].
This depression is traditionally explained by de-
creased preload (moderate reduction of GEDVi)
with the underlying distributive circulatory de-
rangements [19].

Starting from day 2 of intensive care, all circu-
latory indices, including ACP and GCEE were prac-
tically normal. Obviously, the corrective measures
based on Sepsis-3 guidelines [20] allowed achieving
formal normalization of most hemodynamic pa-
rameters, including MAP and CI.

MAP during the initial stages of treatment was
not a predictor of mortality, i. e., achieving the goal
(MAP>65-70 mm Hg), used in all GDT protocols [1,
2], was not naturally associated with the outcome
of sepsis. Only on day 4 of follow-up the risk of mor-
tality increased in patients with MAP <103 mm Hg.
However, maintenance of elevated MAP by high
doses of vasopressors is currently strongly discour-
aged [2]. Probably, apparent predicting ability of
CPI regarding mortality on days 2—-4 of follow-up
was also due to a slightly decreased MAP level in
patients who died later with constant CI value. CPI
might not be considered as a potential target indi-
cator in sepsis, in contrast to heart failure [27].
Other parameters, whose predictive significance
appeared only at one of the stages of the study (SVi,
TPVRI, and GEDVi), could not be considered as the
target indexes as well. In addition, all these param-
eters had insufficient sensitivity and/or specificity,

indicating poor quality of the prognostic model.
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HaunHas co 2-X CyTOK HTHTEHCUBHOTO Jiede-
HUsI, BCe TTOKa3aTeJIl KpoBOOOpaIeHus, BRJIIO-
qas [ICOIl u TPUC, cTaHOBUIUCH TPAKTUYECKHU
HOpMaJbHBIMUA. OYeBUIHO, YTO KOPPUTHUPYIO-
e Mepbl, OCHOBaHHbIe Ha PEKOMEHIAINAX
Cericuc-3 [20], TO3BOJUJIN TOCTUYb (POpMaIb-
HOU HOpMaJIM3aruu OOJILITMHCTBA TeMOIMHA-
MHUYeCKHUX NapaMeTpoB, Bkaodasa Allcp u CU.

AJl, Ha HAYaJIbHBIX 9TAIIAX JIEYEHVS HE SABJIS-
JIOCh IPETUKTOPOM JIETAIBHOCTH, T. €. TOCTHUKEHNE
neJiu (A,Z[Cp>65—70 MM PT. CT.), UCIIOJIb3YEMOU BO
Bcex npotokosax 10T [1,2], He 6b1710 3aKOHOMEPHO
CBsI3aHO C UCXOIOM cencrca. ToJIbKO Ha 4-e CyTKU
HaOoeHns1 y 60IbHBIX € ypoBHEM AJl,<103 MM
PT. CT. pPUCK JIETAJIbHOCTH Bo3pacTasi. OJTHaKO MO/I-
JiepskaHue MOBBIIMIEHHOTO All, 3a CYeT BBICOKMX
JI03 BA30IIPeCCOPOB B HACTOAIee BpeMs OIHO-
3HAYHO HE PEKOMEHAYIOT [2]. BepoATHO, IposBJIe-
HUe TIpeAUKTOpHON 3HaunMocT MC B oTHoII1€e-
HUM JIETAJTbHOCTH Ha 2-4-€ CyTKHM HabJIIoeHus
TakKsKe OBLIO 0OYCJIOBJIEHO HECKOJIBKO CHUKEH-
HbIM ypoBHeM AJl,, y yMepumux B JajabHenIemMm
OoJTbHBIX Ha (poHE TocTOsTHHOTO YpoBH: CU. Brios-
HE BEPOATHO, UTO IIPU CEIICUCe, B OTJINYHE OT Cep-
nmeuyHoir HemocrtatoyHocTu [27], UMC He MOKeT
paccMaTpuBaThCs Kak NOTEHIMAIbHbBIN 11e1eBOH
MOKa3areJib. Takske He MOIVIA MPeTeHA0BaTh Ha
POJIb I1eJIeBBIX ITOKa3aTe el U Ipyrue napaMeTphl,
MIPEeIUKTOPHASA 3HAYMMOCTb KOTOPBIX MPOSIBJISA-
JIach TOJIBKO Ha OJHOM 13 3Ta0OB MCCJIETOBAHUS —
YO, NOIICC u UTKJO. Kpome ToOro, y BCcex aTux
TOKa3areJieil ObIT HEYIOBIETBOPUTETHHBIM YPO-
BEHb UyBCTBUTEJIbHOCTH U/MWJIU CIEIU(DUIHOCTH,
4YTO yKa3bIBaJIO HA HEJOCTAaTOYHO BBICOKOE Kade-
CTBO IMPOTHOCTUYECKON MOJIEJIH.

YuuThIBasg TAaTOTeHEe3 IUCTPUOYTUBHBIX
HapyIIeHUH KPOBOOOpaIIeHnsI MPU CEelCcuce u
BasKHEUIITYI0 pOJIb IpeJHAarpy3Ky B 9TOU KIWHU-
4yecKoU cutyanuu [17, 28], BIIoJIHe 3aKOHOMEpPeH
uatepec k UT'KJ1O. [TocnegHnii cCAuTaOT 4YyBCTBU-
TeJBHBIM IIOKa3aTejieM IIpegHarpysku [19].
NT'KIO nbITanuch IPUMEHUTH B KAYECTBE OPUEH-
tupa nia 11OT, Ho He moJy4n/n yooBJeTBOpe-
HuA [29]. Anroputm kKoppeknuu UT'K/I0, kak npa-
BHJIO, IIpefyCMaTpUBAET yBeJWYEHUE HCXOLHO
CHU’KEHHOTO ItapameTpa. Hanpumep, pekoMeH-
IYIOT BBIOMPATh JIEeYeOHYIO TAKTUKY, OPUEHTHPY-
sace Ha UTKIO>740 mu1/m? [6], T. €. ypOBEHb, COOT-
BETCTBYIOIIUH cepeHe Araa30Ha HOPMaJIbHbIX
3HaueHuiu [19].

Ilo HamIMM JAHHBIM, C JIeTAJIbHBIM MCXOJI0M
acconuupoBasIics 00Jee BLICOKHH, YeM Y OCTaJTh-
HBIX 00JIBHBIX, HO HOpMaTbHBIHA ypoBeHb UTKIO.
ITO MOJIHOCTHIO MPOTUBOPEUYUT TPAKTOBKE aBTO-
poB [28], yka3bIBaBIIIUX, YTO YBEJIMUYEHUE KOHEY-
HO-MACTOJINYECKOT0 00'beMa JIEBOTO SKeTyI0IKa
(T. e. IpUPOCT IpenHAarpy3Ku) IIPU CeIlCHuce
SIBJIAETCS OJIarONMPUATHBIM IPOTHOCTUYECKUM

IIPU3HAKOM. HeOI[HOSHa‘IHOCTb B OII€HKE OIITU-

In view of the pathogenesis of distributive cir-
culatory disturbances in sepsis and the crucial role
of preload in this clinical situation [17, 28], the in-
terest in GEDVi is quite natural. This index is con-
sidered to be a sensitive indicator of preload [19].
There have been attempts to use GEDVi as a land-
mark for GDT, but they were unsuccessful [29]. As
arule, the algorithm of GEDVi correction includes
augmentation of initially decreased parameter. For
example, it is recommended to choose treatment
strategy guided by GEDVi>740 ml/m? [6], i. e., cor-
responding to the mid-point of the normal value
range [19].

Our data showed that a higher than in other
patients but normal level of GEDVi was associated
with the lethal outcome. It completely contradicts
the interpretation of some authors [28], who
pointed out that the increase in left ventricular end-
diastolic volume (i. e., preload increase) in sepsis is
a favorable prognostic sign. Ambiguity in the as-
sessment of the optimal level of GEDVi in complex
hemodynamic disorders in sepsis [17], probably,
makes it difficult to use this indicator as a target
one. Obviously, a normal GEDVi level cannot be re-
garded as an indication for the initiation of any cor-
rective measures that can reduce it, such as restric-
tive infusion strategy and/or diuretic therapy. Thus,
control of GEDVi does not always pave the way for
an effective therapeutic strategy.

The CI, ACP, GCEFE, and CFI had consistent
discrimination power with respect to mortality. At
the same time, the quality of models (AUC), as well
as sensitivity and specificity of cut-off point at dif-
ferent stages varied. For example, on day 1, the
risk of mortality was increased in patients with
CI<3.57 L/min/m?, but the model quality was aver-
age, and the specificity of the cut-off point was 56.8%,
indicating an extremely high risk of false negative re-
sults. On day 4, decreased CI provided good model
quality, but the cut-off point (<3.77 L/min/m?) also
had insufficient sensitivity and specificity (<70%).
The difficulty of adequately interpreting «<normality»
or «reduction» of CI in sepsis is quite obvious. Ac-
cording to some authors, in most patients with re-
duced afterload due to vasodilatation CI could be
significantly elevated, especially after active fluid
therapy [16, 17]. Nevertheless, the specific extent of
such an increase remains unclear, and the proper
Cl values have not been established. Some authors
recommend maintaining moderately reduced CI
(2.5-2 L/min/m?) without using it as a target [2].
Other clinicians use its value of >2.5-2 L/min/m? as
target [7], with no specified upper normal limit.
However, maintenance of SI values above normal
limit (>4.5 L/min/m?) has not been shown to im-
prove sepsis outcome [30].

ACP reflecting the adequacy of CI elevation in
response to reduced afterload was developed in an
attempt to optimize the evaluation and interpreta-
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MasnbHOro ypoBHsa UI'KJIO B yCJIOBHUAX CI0MKHBIX
HapylleHU# reMOAMHAMUKHU IIpU cercuce [17],
BEPOATHO, 3arpyAHseT WCIO0JIb30BAHHWE JTOrO
okKaaaTeJisl Kak 1eJieBoro. BriojiHe oueBUIHO, 4YTO
HopManibHbIN ypoBeHb T'KJIO He MOsKeT paciieHu-
BaThCs KaK TIOKa3aHMe K HavaJry KaKux-JIu00 Kop-
PUTHPYIONIAX MEP, CIOCOOHBIX €T0 YMEHBIINTD,
HaIlpUMep, peCTPUKTUBHON NUH(PY3MOHHOU TaKTU-
KU U/WJIH TAypeTHdecKkol Tepanun. Takum oopa-
30Mm, koHTpoJIb MI'K/1O He Bcerga co3maer mpeamo-
CBLJIKH JIJIs1 palliOHAJIbHOM JIe4eOHOM TaAKTUKH.
YcTOWYMBON  pasaesIuTeIbHON  CIIOCO0-
HOCTBIO B OTHOIIIEHUH JieTaJabHOCTH oOJtagasu CH,
IICOII, I'dB u NPC. BmecTe ¢ TeM, KaueCTBO MOJie-
Jgeit (IITIK), a Takske YyBCTBUTEJIBHOCTD U CHEIN-
¢duyHoCTh 13 Ha pa3/IMYHBIX 9Tarax BapbUpoOBa-
Jgu. Hanipumep, B 1-e CyTKM PUCK JIETaJbHOCTHU
OB TOBBIIIEH y 00/IbHBIX ¢ C1<3,57 J1/MUH/M?, HO
IIPY 9TOM Ka4eCTBO MOJEeJH ObLIIO CPETHUM, a CITe-
muduruHocTs [13 cocraBuna 56,8%, 4To yka3bIBaIOo
Ha KpaliHe BLICOKUH PUCK OITUOOK BTOPOTO poja.
Ha 4-e cytku camskenne CH obecriednsio xoporiee
KayecTBO Mofesn, Ho 113 (<3,77 j1/MuH/M?) TaKk:ke
XapaKTepHU30BaJI0Ch HENOCTATOYHBIMU YyBCTBHU-
TEJBbHOCThIO W  crenuduyHocThio  (<70%).
CJIO3KHOCTD aJleKBAaTHOM TPAKTOBKU MPU CEIICHUCE
«HOPMAJIbHOCTU» WJIN «CHUKeHUs»» CH BmoJiHe
OYeBHIHA. YKA3bIBAIOT, UTO IIPU CHUYKEHHOU TTOCT-
Harpyske Ha ¢oHe Bazonunaranuu CU y 60J1b-
IITHCTBA OOJTBHBIX MOJIKEH OBITH CYIIECTBEHHO
TIOBBIIIIEH, OCOOEHHO IOCJEe AKTUBHBIX HHQY-
3uii [16, 17]. Tem He MeHee, KOHKpeTHasI CTeleHb
TAKOT'0 MOBBIIIIEHN OCTAETCSI He BIIOJIHE SICHOM, a
JoJskeble 3HadeHusa CU He ycraHoBseHbl. OnHU
aBTOPbI PEKOMEHIYIOT IO JEePsKUBATH YMEPEHHO
cHmwkeHHbIN CU (2,5-2 j1/MUH/M?), HE UCII0JIb3Ys
IOCJeIHUN B KauecTBe IeJ1eBOro ITokasaress [2].
Jpyrue KJIMHUALKCTBI HCIOJIB3YIOT B KadecTBe
nesaeoro CU >2,5-2 j1/muH/M? [7], IpU 3TOM BEPX-
Hss IPaHULIa PEKOMEHIYyeMOI0 rarna3oHa 3Have-
HUH He YRa3bIiBaeTcs. BMecTe ¢ TeM, ObLJIO TOKa3a-
HO, YTO IIOofJepskaHue cynpasopmanbHoro CHU
(>4,5 y1/MuH/M?) He yay4inaeT ucxog cerncuca [30].
[TonbITKOM ONITUMU3UPOBATH OIIEHKY U TPAK-
TOBKY HapylIeHUHl HACOCHOU (PyHKIMU cepala
TIPU CETICHCE SIBJISIETCS pa3paboTaHHbIN [16] moKa-
3areJib [1COIT, oTpaskaroiuii aieKBaTHOCTb ITOBBI-
menusa CH B oTBeT Ha yMeHbIIIEHUE [IOCTHATPY3KHU.
CHukeHHbIN [ICOIl coxpaHsl HpeIuKTOPHYIO
3HAYMMOCTH B OTHOIIIEHUY PHACKA JIeTAJIbHOCTHU Ha
MPOTSKeHNHU BCETo Tepuoa Habsronerus. OgHa-
KO Ka4eCTBO MOJIeJIY, YyBCTBUTEJILHOCTD U CIICIU-
¢duuHOCTE 113 OBLIN aHAJIOTUYHBI 9TUM XapaKTe-
pUCTHKaM y MoJiesiu, ocHOBaHHOI Ha CU. Kpome
TOrO, ecyu B 1-e cytku [13 cooTBEeTCTBOBAIO ONN-
CaHHOMYy paHee [16] B KadecTBe IIpeIUKTOpa
JeTaJbHOCTH (0K0JI0 70%), TO K 4-M cyTkam II3
BO3PACTAJIO0 J0 MPAKTAYECKN HOPMaJIbHBIX 3HaYe-
HUHA (0K0JI0O 90%), KOTOpBbIe HE JOJIKHBI OBLIN

tion of cardiac pump dysfunction in sepsis [16]. Re-
duced ACP retained its predictive value regarding
the risk of mortality throughout the whole period
of observation. However, the model quality, sensi-
tivity, and specificity of the cut-off point were sim-
ilar to those of the CI-based model. In addition,
while on day 1, the cut-off point was consistent
with that previously described [16] as a predictor of
mortality (about 70%), by day 4, the cut-off point
increased to near normal values (about 90%),
which were not supposed to associate with mortal-
ity. Thus, ACP turned out to be quite acceptable for
screening of patients with reduced cardiac function
but did not provide effective assessment of blood
circulation over time after the initial corrective
measures.

A similar situation was characteristic of GCEE
whose cut-off point increased from a reduced (21%)
to anormal level (26%) as a result of treatment [19].
Such changes in GCEF can be interpreted as an in-
dicator of complete treatment efficacy. At the same
time, by day 4 of follow-up, the physiological value
of GCEE characteristic of preserved systolic heart
function [19, 31], associated with an increased risk
of mortality. As a result, the issue of the appropriate
GCEF level, the necessity and the options of its cor-
rection remained unsolved.

The only hemodynamic index that maintained
acceptable model quality (AUC>0.7) and consistent
cut-off point value throughout the study was CFIL. We
have previously reported this index as an early pre-
dictor of adverse outcome of abdominal sepsis [32,
33]. In addition, in the clinical situation under con-
sideration, CFI correlates with the age of patients [33,
34]. There are few studies on the diagnostic value of
this index in sepsis. The CFI in patients with septic
cardiopathy has been reported to be as informative
as echocardiographic indices and invasive hemody-
namic evaluation using Swan-Ganz catheter [31, 35].
According to our data, CFI in early period after pa-
tients' admission to ICU has better prognostic value
with regard to mortality than standard bedside
echocardiographic parameters (ejection fraction
and left ventricular volumes) [36].

The cut-off point for CFI remained practically
unchanged throughout the study and was within
the middle of the normal range (4.5-6.5 min-') [19].
This is consistent with the concept of a favorable
role of moderate increase of cardiac pump function
in sepsis [16], which indicates, above all, an ade-
quate response of myocardial inotropy to reduced
afterload [16, 17]. At the same time, when using the
cut-off point of CFI as a guide for GDT there will be
no need to provide supranormal level of cardiac
performance, which can facilitate the choice of op-
timal treatment strategy.

Previously, CFI has not been considered as a pa-
rameter of GDT. Normal values of this index (about

6 min!) were reported in the general group of pa-
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OBITh aCCOIIMUPOBAHBI C JIETAJBHOCTHIO. TaKuM
o6pasomM, IICOIT okasajicsi BIIOJTHE TPUEMJIEM [IJIST
CKpUHUHTA OOJIBHBIX CO CHUKEHHOU (QPYHKI[MEH
cep/ria, HO He o6ecreunst 9P PeKTUBHON TUHAMU-
YeCKOU OIIeHKH KPOBOOOPAIlleHHsI TOC/Ie Hadaslb-
HBIX KOPPUTHUPYIOIUX Mep.

CxomHas cuTyanusi Oblja XapakTepHa IJIs
I'®UC, I13 koTOpoii B peaysbsTare JeueHUsI BO3-
pacTaJjio co CHUKeHHOrO (21%) 10 HOpMaJIbHOTO
ypOBHA (26%) [19]. Takasa nuaamuka [@VIC moskeT
TPAKTOBATHCS KaK MOKa3aTeJib MOJHOU addek-
TUBHOCTHU JIedeHUus1. BMecTe ¢ TeM, K 4-M CyTKaM
HaOJTIOMeHnsT  (QU3UOJIOTUUECKOe  3HAYEeHUe
I'®UC, xapakTepHOe 1151 YA0BJIE€TBOPUTEIbHON
cucTosmyeckoi pyHKIMA cepana [19, 31], 66110
ACCOLMMPOBAHO C MOBBIIIIEHHBIM PUCKOM JIETAJIb-
HOCTHU. B pesysbrare BOIIpoC 0 JOJPKHOM YPOBHE
I'®UC, Heo6X0TUMOCTH U BapHaHTe KOPPUTHPYIO-
e Tepanuy 0CTaBaJICS OTKPBITHIM.

EnuHCcTBEHHBIM FreMOAWMHAMUYEeCKUM TI0Ka3a-
TejleM, COXPAHAIIIMM IIpUeMJeMOe KadeCTBO
Mopnes (ITTTK>0,7) u crabuiibHOe 3HaveHue [13 Ha
ararnax uccjenoBanus Ob11 1P C. Panee MbI oTMeda-
JIW, 4TO 3TOT TTOKAa3aTe b IBJISETCA pAHHUM NPeIUK-
TOPOM HeOJIarOMPUATHOTO MICX0Ia aOJJOMIHAIHHO-
ro cericuca [32, 33]. Kpome Toro, B paccMarpruBaeMoi
KJUHUYecKol cutyaruu P C koppesnupyer ¢ Bo3-
pacTtoM 60JbHBIX [33, 34]. MccienoBanms, TOCBSI-
IeHHbIEe TUAarHOCTUYECKOU IIEHHOCTH IT0KAa3aTe s
TIpY CeTIChce HEMHOTOUUCAeHHBI. COOOIIaIn, 9YTo
N®C y 60/IbHBIX C CEITUYECKON KapAuonaTuei He
yCTyIiaeT o “H(pOpMaTUBHOCTH IXOKapAuorpadpu-
yecknM (IxoKI') mokasaresisiM 1 THBa3UBHOI OIIEH-
ke LII']] c momomipio kateTepa CBana-lTansa [31, 35].
[To mammM nasHbIM, UDC B paHHMEe CPOKH TTOCTe
noctyruienusi 60abHBIX B OPUT obstagaet Jrydrmnei
MIPOTHOCTUYECKOH CIIOCOOHOCTHIO B OTHOIIEHUU
JIeTATbHOCTH, YEM CTaHIaApPTHBIE ITapaMeTPhI TIPU-
kpoBarHoi IXOKI' (ppakivst usarHaHUS U 00HEMBI
JIEBOTO JKeJIyIouKa) [36].

[13 niia UPC npakTUYeCKH HE MEHAJOCH B
TedyeHUe BCEero Meproaa Hab I0IeHsI U COOTBET-
CTBOBAJIO CepegWHE IHWalla30Ha HOPMAJIbHBIX
3gayeHuun (4,5-6,5 mumu!l) [19]. 9TO BIIOJHE
VKJIa[IbIBAETCS B KOHIIEMIINIO O O/IarONpUATHON
poJii IpU CelCcHuce yMepPeHHO IOBBIIIeHHOU
HacOCHOU (pyHKLIMU cepalia [16], uTo cBUIeTe b-
CTBYET, IpeskIe Bcero, 06 aJeKBaTHOU peakIuu
MHUOKapAUaJbHOTO MHOTPONIM3Ma Ha CHUKEHUe
IIOCTHArpy3KH [16, 17]. BMecre ¢ TeM, IpU UCIIOJIb-
3oBaHuu 13 UPC B kavecTBe OpueHTHpA s
[IOT ne OymeT HeoOXOMMMOCTU OOECHEYHBATH
CyIIpaHOPMAJIbHBIN YPOBEHb IIPOU3BOIUTEIBHO-
CTH Cep/Ila, YTO MOSKET 00JIETYUTH BHIOOP paItio-
HaJIbHOU JIe4eOHOM TaKTUKU.

Panee U®C He paccMaTpuBaIv B Ka4eCTBe
mapamerpa L[OT. B o01me#i rpymnme 60JbHBIX C
CercucoM OBLJIM OMMCAaHbl HOpMaJIbHbIE 3HAYE-
HUs TTIOKa3aTesisi (OK0JI0 6 MUH™'), a ITPU TAKeJT0U

tients with sepsis, and while in severe septic car-
diopathy it dropped down to less than 4.5 min-' [31].
In a mixed population of general ICU patients, a
sharp decrease in left ventricular ejection fraction is
associated with a CFI of about 3.2 min™ [35, 37]. Our
data suggest that while correcting CFI in sepsis, one
should maintain it within 5.7-6.5 min‘!, using the es-
tablished cut-off point and the upper normal limit as
the desirable range of values.

It follows from the formula of CFI calculation
(CI/GEDVi) that this parameter reflects not only
myocardial systolic function [31, 35], but also the
efficiency of preload performance, i. e., heteromet-
ric regulation of cardiac work according to the fun-
damental Franck-Starling law [38]. The most im-
portant condition for adequate preload is normal
myocardial relaxation, which can be disturbed in
septic cardiopathy. The extremely unfavorable role
of diastolic dysfunction in sepsis is currently be-
yond doubt [39]. We believe that the decrease of
CFI below 5.7 min-! can be considered as an early
manifestation of septic cardiopathy and using CFI
as one of the correctable parameters of GDT aimed
at optimizing blood circulation in sepsis could be
reasonable.

Limitations of the study: the study group in-
cluded both the operated patients with various ab-
dominal and retroperitoneal surgical diseases com-
plicated by sepsis and non-operated patients with
acute destructive pancreatitis; thermodilution
study of central hemodynamics was performed
once a day.

Conclusion

Thus, we conclude that despite satisfactory
median values of circulatory indices achieved as a
result of correction therapy, specific levels of CI,
ACP, GCEF and CFI during days 1-4 of ICU stay are
predictors of fatal outcome in sepsis. At the same
time, the only hemodynamic index that retained
fair quality (AUC 0.708-0.753) and consistent cut-
off point (<5.75 — <5.81 min™!) with acceptable and
balanced sensitivity and specificity, reaching 70%,
at all stages of the study was CFI. Considering that
this index reflects not only systolic myocardial
function, but also the efficiency of heterometric
regulation of cardiac work according to the
Frank-Starling law, it can be assumed that a de-
crease in this index down to 5.7 min! and less is an
early manifestation of myocardial dysfunction
characteristic of septic cardiopathy. Further re-
search into the feasibility of using CFI as one of the
correctable indices in GDT aimed at optimizing the
cardiovascular function in sepsis is required.

CENTUYECKOU KapJAUOIAaTUU — CHHKEHHUE 0
ypoBHA MeHee 4,5 muH! [31]. I3BecTHO, 4TO B
cMernanHoi nonynsuuu 6oabHbIX OPUT 06111€TO
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nmpodus pe3roe CHU)KeHre PpakIuyu U3THAHU S
JIeBOIr0 JKejaymodka accopuupyercsa ¢ HNPC
okoJio 3,2 muH! [35, 37]. Hamu ganHble JAiOT
OCHOBAaHUA IPEAINOJIOKUTh, YTO B Ipollecce
roppekuuu LI'J] npu cerncuce ciaenyer noggep-
skuBaTh NP C B npenenax 5,7-6,5 MUH"!, UCITOJIB-
3y B KaueCTBe I'PaHUI] JKeJlaTeJIbHOTO Juaraso-
Ha 3HaYeHUH ycTaHOBJIeHHOe [13 u BepxHIOIO
rpaHuny GU3n0JI0ru4eCKO HOPMBI.

N3 dopmynsr pacuera UPC (CU/UTKIO)
CJIelyeT, 4TO 9TOT IapaMeTp OTpakaeT He TOJbKO
CHUCTOJINYECKYIO (PYHKIIUIO MUOKapAa [31, 35], HO
U1 3(p(PeKTUBHOCTh pean3alnuy IpegHarpy3Ky,
T. €. TeTePOMETPUYECKON peryassnuu paboTsl
cepana 1o (pyHIamMeHTaJIbHOMY 3aKOHY PpaHka—
Crapausra [38]. BasknelimmMm ycioBueM hopMu-
poOBaHUA aeKBAaTHOU IIpefHATrPYy3KU SBJSIETCS
HOpMaJbHOE pacciabiieHre MIUOKap/a, KOTOpoe
IIpY CENTUYECKOW KapAUOIaTUU MOsKeT Hapy-
mrarbes1. Kpaittie HebJraronmpusiTHast poJib ITPHU CeTl-
cHce AUACTOJINYECKON MTUCHYHKINHU B HACTOSIIIee
BpeMs He BbI3bIBaeT comHeHUU [39]. Tlosaraem,
uro cHIKenue M1PC no ypoBHA MeHee 5,7 MUH!
MOJKHO pacCcMaTpUBaTh KaK paHHee IIPOsABJICHUE
CEeNTUYECKON KapAuOIIaTHUH, IIPU 3TOM eCTh OCHO-
BaHUs anpooupoBaTh IPC B Ka4ecTBe OTHOTO U3
KOPPUTHPYEMBIX IIapaMeTpoOB IpHU peaju3anuu
anroputmoB 11OT, HanpaB/IeHHOW Ha ONITUMM3a-
U0 KPOBOOOPAIIlEeHUsT ITPU CETICHCE.

OrpanuyeHusI UCCIEOBAHMS: B 00C/IeI0BaH-
HYIO TPYIITy OBITN BKJIIOYEHBI KaK ONEepUPOBaH-
HbIe O0JIBHBIE C PA3JITMYHBIMU XUPYPrUIEeCKUMU
3a00J1€BaHUSIMU OPTaHOB OPIOITHON MOJIOCTH U
3a0pIONITMHHOTO IMTPOCTPAHCTBA, OCIOKHUBIITIMU-
Jlureparypa
1. Rivers E., Nguyen B., Havstad S., Ressler J., Muzzin A., Knoblich B.,

Peterson E., Tomlanovich M. Early Goal-Directed Therapy
Collaborative Group. Early goal-directed therapy in the treatment of
severe sepsis and septic shock. N Engl J Med. 2001; 345 (19): 1368—

1377. DOI: 10.1056/NEJM0a010307. PMID: 11794169

2. Greenwood J. C., Orloski C. J. End points of sepsis resuscitation.
Emerg. Med. Clin. North Am. 2017; 35 (1): 93-107. DOI: 10.1016/
j.emc.2016.09.001. PMID: 27908340

3. Park S.K, Shin S.R., Hur M., Kim W.H., Oh E.A., Lee S.H. The effect of
early goal-directed therapy for treatment of severe sepsis or septic
shock: A systemic review and meta-analysis. J. Crit. Care. 2017; 38:
115-122. DOI: 10.1016/j.jcrc.2016.10.019. PMID: 27886576

4.  Zhou X., Tang G., Wu F Early goal-directed therapy is not equivalent
to goal-oriented therapy or protocol-directed therapy. J. Crit. Care.
2017; 38:371. DOI: 10.1016/j.jcrc.2016.12.009. PMID: 28063752.

5. Nguyen H.B., Jaechne A.K., Jayaprakash N., Semler M.W., Hegab S.,
Yataco A.C., Tatem G., Salem D., Moore S., Boka K., Gill ] K., Gardner-
Gray J., Pflaum J., Domecq J.R, Hurst G., Belsky J.B., Fowkes R., Elkin
R.B., Simpson S.Q., Falk J.L., Singer D.J., Rivers E.P. Early goal-directed
therapy in severe sepsis and septic shock: insights and comparisons
to ProCESS, ProMISe, and ARISE. Crit Care. 2016; 20 (1): 160. DOI:
10.1186/s13054-016-1288-3. PMID: 27364620;

6. Saugel B., Huber W., Nierhaus A., Kluge S., Reuter D.A., Wagner J.Y.
Advanced Hemodynamic Management in Patients with Septic
Shock. Biomed Res Int. 2016; 2016: 8268569. DOI: 10.1155/
2016/8268569. PMID: 27703980

7. Bethlehem C., Groenwold EM., Buter H., Kingma W.R, Kuiper M.A., de
Lange E, Elbers R, Groen H., van Roon E.N., Boerma E.C. The Impact
of a Pulmonary-Artery-Catheter-Based Protocol on Fluid and
Catecholamine Administration in Early Sepsis. Crit Care Res Pract.
2012; 2012: 161879. DOI: 10.1155/2012/161879. PMID: 22454764

8. Velissaris D., Karamouzos V., Kotroni 1., Pierrakos C., Karanikolas M.
The Use of Pulmonary Artery Catheter in Sepsis Patients: A Literature
Review. J Clin Med Res. 2016; 8 (11): 769-776. DOI:
10.14740/jocmr2719w. PMID: 27738477

CsI CETICHCOM, TaK U HeOoTleprupOBaHHbIE OOJIbHBIE
OCTPBIM JeCTPYKTHUBHBIM IaHKPEAaTUTOM; TePMO-
JIIOJIJTIOIIUOHHOE nccijienoBanue LI'/] BbImoaHAImn
1 pa3 B cyTKH.

3akJrouenue

TakuM 006pa3oM, MOYKHO 3aKJIIOYUTH, UTO,
HEeCMOTpPS Ha yI0BJIETBOPUTEJIbHbIE MeIMaHHbIE
3HaUeHUsI IIOKasaresjed KpOBOOOpaAIeHus,
JIOCTUTAaeMble B pe3yJibrare KOppUTUPYIOLIUX Mep,
onpenesiensble yposHu CU, IICOIT, I'dB u MPC
Ha MIPOTSI’)KEHUM IEPBBIX YEThIPEX CYTOK SIBJISIOT-
Cs TIPEeIMKTOPaMHU JIeTaJIbHOT0 MCX0/la Cercuca.
BMecTe ¢ TeM, eqTMHCTBEHHBIM TeMOJHWHaAMHYe-
CKUM ITOKa3aTeJsieM, COXPaHSBIIIUM Ha BCeX aTamnax
Hnccaen0BaHusA Xopolee kadyecTBo monesn (ITTTK
0,708-0,753) u craduibHoe [13 (5,75 —<5,81 MuH")
C mpueMJIeMOH 1 cOaTaHCUPOBaHHBIMU YyBCTBU-
TeJbHOCTHIO U CIIENU(PUIHOCTHIO, JOCTUTABIITUMU
ypoBHSA okoJi0 70%, 6611 UDC. YunuThiBasi, 4TO
TOCJAeHUN OTPasKaeT He TOJIbKO CUCTOJIUYECKYIO
(pYHKIIMIO MUOKAP/1a, HO U 9 (PEeKTUBHOCTH reTe-
pOMETPUYECKOH peryisnuu paboThl cepama Mo
3akoHy Ppanka-CrapJ/mnHra, MOKHO M0Jararh,
YTO CHMJKEHHMEe JTOr0 II0Kasaressl 10 YPOBHS
MeHee 5,7 MUH! ABJISIETCS PAHHUM TIPOSIBJIEHUEM
MHOKapIUaJbHOU NOUCHPYHKIUU, XapaKTepHOU
IUISI CeNTUYEeCKOW Kapmuomatuu. HeobGxommmo
JaibHellIee n3y4yeHne BO3MOKHOCTH UCIIOJIb30-
BaTh ®C Kak oIMH U3 KOPPUTHPYEMBbIX ITIOKa3a-
teseit ipu L{OT, HanpaB/IeHHOM HA ONITUMHU3AINIO
(yHKIMU CepAeyHO-COCYIUCTONH CHUCTEMBI IIPHU
Cericuce.
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