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Ilesp HCCIEqOBAHUSA: OTIpEeJIeHIE BO3MOKHOCTH TpuMeHeHus1 C-peaktuBHoro 6eska (CPB) u xoJte-
CTepUHAa, KaK CKDUHUHT'OBBIX OMOXUMUYECKUX MapKepoOB pa3BUTUA CUHAPOMA HOHHOpFaHHOﬁ HeJ0CTaTo4-
HocTH (CIIOH) y manueHToB mocjie abfOMUHAIBHBIX XMPYPTrUYECKUX BMEIIaTe bCTB.

MarepuaJjsl 1 MeTOAbI. [TpOBesIi IPOCIIEKTUBHOE UCCIeoBaHue (C/Iydali-KOHTPOJIB) y 192 maIieHToB,
HaXOOUBIIUXCA Ha JIEYEHUHU B OTACJICHUUN aHEeCTEe3N0JIOTNU U peaHnuMaluu 1mocJjie 216,IIOMI/IHaJII)HI)IX XUpyp-
TUYeCKUX BMeINIaTe bCTB. [TarueHoB pasaenanau Ha 2 rpymnnsn: 1-a rpynmna (n=95) — namuenTts! 6e3 CITOH,
2-arpymnna (n=97) — nauuenTsl ¢ HasmuneM CITOH. Onpenesienne npusnakos CIIOH npoBoan/iv Ha 0OCHO-
BaHUU KPUTEPHEB, YCTAHOBJIEHHBIX COIACUTeIbHOU KoHpepennneir SCCM/ESICM B 2001 1. B mepBbIe 3-e
CYTOK IIOCJIe OIlepalliy OoNpeiesIsiin cojepskaHue obiero xosectepuHa u CPB, TAKeCTb COCTOSTHUSA Maly-
€HTOB I10 TporHocTudeckuM mrasaMm SOFA u Apache III. MeToj0M JIOTUCTHYECKOTO PETPECCUOHHOTO aHa-
JI3a OTeHW/IH 5 Mojiesieit mporuo3uposanusa CITOH ¢ ncnoib30BaHMEM ITOKA3aTe el coaep kanusi 001Iero
xosiectepuHa, CPB, xonecrepuna 1 CPb onHOBpeMeHHO, a Tak:ke Ikas SOFA u Apache III.

Pe3ysibTaThl. BEIABUIIN, YTO YPOBEHB XOJIECTEPHHA BO 2-1i TPYIIIIe CTATUCTUYECKHA 3HAUYNMO HIKe, YeM
B 1-i1 rpymme — 3,13 (2,6-3,74) mporus 4,09 (3,26-5,01) MMob/ 11 (p<0,05). OTMETHIN CTAaTUCTUYECKY 3HAYH-
Moe yBesnueHue copepsranusa CPB Bo 2-1 rpyIiiie Mo cpaBHEHMUIO ¢ 1-# rpymnmnoit — 168,7 (90,2-247,2) npo-
B 85,9 (35,6-172,6) mMr/a (p<0,05). YcranoBuIM 3HaYeHus rromaaeit AUC, YyBCTBUTEIBHOCTH U CIIEIIH-
¢uuHOCTH HCCileyeMbIX MojeJiedl U IIKaJd: C UCIOJIb30BaHMEM IToKa3aresiedl cofepskaHUSA OOIIero
xoaectepuHa — AUC 0,679; 95% moBepuTenbHbIN nHTEpBaJ (M) 0,625-0,732; CPB — AUC 0,67; 95%
N 0,6-0,74; xonecrepuna u CPb ognospemenno — AUC 0,819; 95% 11U 0,721-0,917; SOFA — AUC 0,786;
95% 1N 0,744-0,829 u Apache III — AUC 0,631; 95% IV 0,582—-0,68. OnTUMaJIbHBIA TOPOT COCTABUJI JIJI5I XO-
necrepuHa — 3,4 Mmmoub/ g1, g CPb — 96,5 mr/ 1.

3akiroueHue. KoHTpoJIb cofepskaHus obIiero xosecrepraa u CPB, mo3BoJisieT NCI0/IB30BaTh UX KaK
CKPHUHUHT JiJIs Tporao3upoBanusd pa3sutus CIIOH B nepssle 3-e CyTOK moc/ie abOMUHATBHBIX XUPYPTH-
YeCKUX BMelIaTesIbCTB. C IOMOIIBIO BCeX YKa3aHHBIX MOJiesIel MOsKeT OBITh pacCYNTaHa BEPOSTHOCTH pas-
Butusi CITIOH y manveHTa B 3aBUCUMOCTH OT YHCJIEHHOTO 3Ha4YeHUs (haKkTopa.

Knroueswle crosa: cunOpom noAUOP2aHHOL HedOCMAamoYHoCU; CKpUHUMe; Xoaecmeput; C-peakmueHblil
benox; Sequential Organ Failure Assessment; SOFA; Acute Physiology and Chronic Health Evaluation III; Apache ITT

Objective: to determine the feasibility of using C-reactive protein (CRP) and cholesterol levels as biochem-
ical screening markers for multiple organ dysfunction syndrome (MODS) in patients after abdominal surgery.

Materials and methods. A prospective case-control study was performed in 192 patients who received
treatment at the Intensive Care Unit (ICU) after abdominal surgery. Patients were classified into two groups:
Group 1 (n=95) of patients without MODS and Group 2 (n=97) of patients with MODS. The signs of MODS
were identified based on 2001 SCCM/ACCP consensus conference criteria. During the first three post-operative
days, total cholesterol and CRP levels were measured, and severity was assessed using prognostic scoring sys-
tems (SOFA and Apache III). Logistic regression analysis was used to evaluate five MODS prediction models
based on total cholesterol levels, CRP levels, a combination of cholesterol and CRP levels as well as SOFA and
Apache III scores.
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Results. Cholesterol levels in Group 2 were found to be significantly lower than those in Group 1 (3.13
(2.6-3.74) mmol/l vs 4.09 (3.26-5.01) mmol/l; P<0.05). Significantly increased CRP levels in Group 2 compared
to Group 1 were found (168.7 (90.2-247.2) mg/1 vs 85.9 (35.6-172.6) mg/1; P<0.05). AUC, sensitivity, and speci-
ficity values were determined for the study models and scales based on total cholesterol levels (AUC 0.679;
95% confidence interval (CI) 0.625-0.732), CRP levels (AUC 0.67; 95% CI 0.6-0.74), a combination of cholesterol
and CRP levels (AUC 0.819; 95% CI 0.721-0.917), SOFA score (AUC 0.786; 95% CI 0.744-0.829), and Apache III
score (AUC 0.631; 95% CI 0.582-0.68). The optimal threshold was 3.4 mmol/l and 96.5 mg/1 for cholesterol and

CRP levels, respectively.

Conclusion. Total cholesterol and CRP monitoring revealed them as screening biomarkers informative for
predicting MODS within the first three days after abdominal surgery. Using all these models, the probability
of MODS development in a patient can be calculated as a function of the numerical value of the biomarker.

Keywords: multiple organ dysfunction syndrome; screening, cholesterol; C-reactive protein; Sequential Organ
Failure Assessment; SOFA; Acute Physiology and Chronic Health Evaluation III; Apache IIT
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BBenenue

YBeJsinueHne KOJMYecTBa omeparyil y Juil
IIOKUJIOT0 ¥ CTap4Y€eCKOI0 BO3pacTa C COITyTCTBYIO-
UMY 3a00JI€EBAaHUAMU SIBJISIETCS MUPOBOU TEH-
JIeHIMeld B abOMUHAJIBHON XUpypruu. Bcien-
CTBHE 3TOT0 BO3PACTAET PUCK PAa3BUTHUA CUHAPOMA
nosjuopranHou HepocrarouHoctu (CITOH), koTo-
pBhIi  3HAYMTEJBHO TOBBINIAET BEPOSATHOCTH
JIETaJIbHOTO MCX0Ja, U OCTAETCS aKTyaJIbHOU Ipo-
6J1eMa BbIOOpa JJab0opaTOPHBIX MAPKEPOB JIJIA ITPO-
THO3UPOBAHUsA BeposATHOCTH padutusa CIIOH [1,
2]. PaHHee BbIsIBJIEHHE TAKMX AL[MEHTOB U OlLIEHKA
MMPOTHOCTUYECKUX PUCKOB 00eCIeYnBaET UX CBOE-
BPEMEHHYIO FOCIIUTAIN3alI0 B OTAeJIeHre aHe-
cre3uoJsiornu u peannmanuu (OAP) u He3amenin-
TeJIbHOE HayaJI0 MTHTEHCUBHOM Teparuu.

i onpenenenus pucka passutus CIIOH
CO3JaHbl TaKWe MPOTHOCTUYECKHUE IIKAJIbI, KaK
APACHE I-III, SUPPORT, HIS, TISS, POSSUM, SAPS
I-II, RAPS u gp. [3-9]. OgHako MX MpuUMeHeHUue
OTPAaHUYUBAIOT IKOHOMHUYECKHE MPUYUHBI U
HEeoOXOIUMOCTh OINpeeJeHusT OOJIBIIIOr0 YKCIa
KJIMTHUYECKUX U JJaO0paTOPHBIX IToKa3aresiei. i
9THIX JKE€ IIeJIEH CYIIECTBYET OOJIBIIIOE KOJIMIYECTBO
JTabOPaTOPHBIX TECTOB (HAIIPUMED, C UCITOJIb30Ba-
HHEM MoKa3areJjel cofepsKaHusi MPOKaJIbIIUTOHU-
Ha, C-peaktuBHOTO 6esika (CPB), ¢pubpuHOoTeHa,
(¢pakTOpa HEKPO3a OMYXOJH-a, JEHKOIIUTAPHOTO
WHJIeKca, aIbOYMIHA, XoJiecTeprHa u ap.) [10-18].
OnnHako ux H(GOPMATUBHOCTS Y TALIMEHTOB MOCJIE
a0IOMUHATBLHBIX XUPYPTUYECKUX BMEIIATEHCTB
OlleHHBaeTcsi HeogHO3HayHO [19-21]. PaHHue
nuarnoctudeckue kpurepuu CITOH vecnienmguy-
HbI M MOTYT OBITh paclieHeHbl KaK MPOsIBJIEeHUs
CTPeCcCcCOBOI0 OTBETA OpraHn3Ma Ha Xupyprudeckoe
BMeIIaTeJIbCTBO [22, 23]. CyliecTByeT He0OX0u-
MOCTbD BBISIBJIEHUSI CKDUHUHTOBBIX JJA00PAaTOPHBIX
MapkepoB CIIOH y marueHTOB mocJie abIoMu-
HaJIbHBIX OIlePaIlfii, KOTOPbIe OTIUYAJINCH ObI
pueMJjeMoil YyBCTBUTEJNBHOCTBIO U CIIeIuuy-
HOCTBIO. YUUTHIBAA IIPOCTOTY U 9KOHOMUYHOCTD
BBIIIOJIHEHN aHa/J M3a, HaMU B Ka4yecTBe I10J00-
HBIX KpuTepueB BbiOpadbl CPB u xosiecTepuH.

Introduction

The increasing number of surgical procedures
in elderly and senile patients with comorbidities is
a world-wide trend in abdominal surgery. It leads
to an increased risk of multiple organ dysfunction
syndrome (MODS), which results in a significantly
higher probability of death, therefore the issue of
selecting laboratory markers for predicting the
probability of MODS remains challenging [1, 2].
The early identification of such patients and prog-
nostic risk assessment ensures the timely admis-
sion to the intensive care unit (ICU) and immediate
initiation of intensive therapy.

To determine the risk of MODS, prognostic
scoring systems (e.g. APACHE I-III, SUPPORT, HIS,
TISS, POSSUM, SAPS I-1I, RAPS, etc.) have been de-
veloped [3-9]. However, their use is restricted by
both economic reasons and the need to measure a
large number of clinical and laboratory parameters.
Numerous laboratory tests are available for the
same purpose (e.g. using procalcitonin, C-reactive
protein (CRP), fibrinogen, or tumor necrosis factor-
a levels, leukocyte index, albumin or cholesterol
levels, etc.) [10-18]. However, their informative
value in patients after abdominal surgery is debat-
able [19-21]. Early diagnostic criteria for MODS are
non-specific and can be considered as manifesta-
tions of the body’s response to surgical stress [22,
23]. There is a need for establishing laboratory
screening markers for MODS in patients after ab-
dominal surgery that have acceptable sensitivity
and specificity. Given the simplicity and cost-effec-
tiveness of the assay, we chose CRP and cholesterol
levels as the possible criteria/biomarkers.

This study was performed to determine the
feasibility of using CRP and cholesterol levels as
biochemical screening markers for MODS in pa-
tients after abdominal surgery.

Materials and Methods

A prospective case-control study was performed in
patients who received treatment at the ICU of the Health-
care Institution «Mogilev Regional Hospital» in the period
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[lesbI0 MCCIETOBAHUS — OTIpeieIeHIe BO3-
MoskHOCTH TpuMeHeHus CPB u xostectepuna, Kak
CKPUHUHTOBBIX OMOXUMHUYECKUX MapKEPOB pas-
Butus CITOH y nanueHTOB mocyie abJoMUHaAIb-
HBIX XUPYPTUYECKUX BMEIIaTeTbCTB.

MarepuaJ 1 MeTobI

[IpoBesn IpOCIEKTUBHOE HCCJIefOBaHUE (CIIy-
4aii-KOHTPOJIb) y IIAIMEHTOB, HAXOIUBIINXCS Ha Jleue-
uun B OAP V3 «MoruiieBckast ob1actHast 00JIbHULIA» C
deBpansa 2014 r. no oktAOpH 2017 1. VccnenoBanue
OBLI0 0JOOPEHO KOMUTETOM 10 ATHKE (IIPOTOKOJI Nel OT
6.02.2014 1), y Bcex IallMeHTOB I0JIY4YUJId UH(POPMUpPO-
BaHHOE COIVIaCHe.

Kpurepun Br/IO4eHHUA: 1) IepeHeceHHbIe onepa-
THUBHBIE BMelllaTe/IbCTBA Ha OpraHax OpIOIIHON II0JIOCTYH;
2) manueHThl 060€ro 1MoJ1a; 3) Bo3pacT crapiie 18 jeT; 4)
TFOCHUTAIU3ALMA B ITOC/I€0NIepPalliOHHOM IIEPUOJIE B OT-
JleJleHre aHecTe3noJioruu U peanuManuu (OAP).

Kpurepun nckiodeHus: 1) XxpoHndeckas HeJo-
CTaTOYHOCTh CepJeYHO-COCYIUCTON CUCTEMBI B CTalUU
JEeKOMIIeHCaluHu, 2) XpOHUYeCKasg HegOoCTaTOYHOCThb
JbIXaTeJIbHOUM CUCTEMBI B CTaJUU JAeKOMIleHcauuu, 3)
BHETOCIIUTA/IbHAS THEBMOHUS WU TyOepKyJie3 JIerKux,
4) XxpoHUYecKasa 60J1e3Hb IMOYEK 5 CTaIUU C TIPOBeEe-
HHMEM reMOMa/In3a, 5) [UpPpO3 IeYeHN U XPOHUYeCKasa
IleyeHOYHasl Hel0CTaTOYHOCTh, 6) UMMYHOe(UITUTHBIE
COCTOSIHUA, 7) IPAEM INIIOKOKOPTUKOMHBIX IIpenapa-
TOB, 8) BUU-uHdeknus, 9) OHKoIOTHYeCcKre 3ab0JIeBa-
HusA, 10) reMarosiorudeckue 3aboseBanus (TuMdoma,
JIEKO03, MUeJIOMHasI 60JIe3HB).

Ha cooTBercTBHE KPUTEPHUAM BKJIIOYEHUA/UC-
KJIIOUEeHUsI OlleHU 1M 233 rmarueHnTa. B urore, B ucciaeno-
BaHMe BK/II0YMIM 192 nanuenta, u3 Hux 102 (53%) My»k-
yuH 1 90 (47%) skeHIIWH, B Bo3pacTte 57,6+15,6 ser,
Macca TeJsia B cpegHem cocrasuda 80,4+18,2 Kr, pocT —
168,5+6,1 cM. PeTpocIieKTUBHO BCIO BBIOOPKY pasfe-
JINJIYA HA JIBE IPyNIbl: 1-4 rpynmna (7=95) — mamueHTsl
06e3 pa3BUTHUS NOJNOPTaHHON HEJOCTATOYHOCTH; 2-51
rpynna (n=97) — mnanueHTsl ¢ HaguuneM CIIOH.
I'pynnel He pasjan4adtuch IIO IIOJY, BO3PACTy, Macce
TeJa, POCTY, NIOKa3aTeJIAAM 9KCTPEHHBIX U IIJIAHOBBIX
OIlepaTUBHBIX BMEIIATEIHCTB (TabJI. 1).

Hosoutoruio B rpynnax npeicTaBu/In B Ta0JI. 2.

B 1-ii rpynme manpieHTaM ObI7I0 BBITIOJTHEHO 87 J1a-
[1apOTOMUM, 3 JIalapOCKONIMYeCKre Ollepaliy U 5 TyHK-
IIMOHHBIX TPEHUPOBAHUH JKUJKOCTHBIX 00pa3oBaHUN
o, Y3V KOHTpoJIeM, BO 2-# rpymIie nanueHTaM 056110
BBINIOJIHEHO 4 IyHKIIMOHHBIX IPEHUPOBAHUA YKUIKOCT-
HBIX 00pasoBaHui mop Y3 KOHTpOJIeM, 4 JlamapoCKo-
NUYeCcKUe ornepanuu u 89 jarnapoToMui, U3 KOTOPhIX 4
IanyreHTaM IoTpeboBaIoCh POBeIeHNEe PeJaropoTo-
mui |, 1 manuenTty — pesnanaporomuu I1, a 8 manuentam
NpeABAPUTEBHO BBIIIOIHAINA YPE3KOYKHOE ITYHKIIAOH-
HOE JpEHUPOBAHUE.

W3 manueHToB 2-i rpynmnsl 36 yesnoBek (37,1%)
yMepJiH, B 1-1i rpymne yMepInx He ObLIO0.

[Ipnanaku CITOH onpenesisiiu Ha OCHOBaHUU Ha-
Jau4us 2 1 00Jiee KPUTEPUEB, yCTAHOBJIEHHBIX COIVIACH-
TesbHOM KoH(pepenmmeit SCCM/ESICM B 2001 1. [24], a
MMEHHO: apTepHaJibHasg TUIOTOHUA (CHCTOJUYECKOe
apTrepuasibHOe naBjieHue <90 MM PT. CT.) MJIT HEOOXO-
JAMOCTb B Ba30IIPECCOPHON/MHOTPOIHOM IO IEPSKKeE;
aprepuanbHass runokcemus (PaO,/FiO, menee 300

from February 2014 to October 2017. The study was ap-
proved by the Ethics Committee (Minutes No. 1 dated
06.02.2014), and all patients had provided written in-
formed consents.

The inclusion criteria were: 1) abdominal surgery
undergone; 2) patients of both sexes; 3) aged >18 years;
4) post-operative stay at the ICU.

The exclusion criteria were: 1) chronic decompen-
sated cardiovascular failure; 2) chronic decompensated
respiratory failure; 3) community-acquired pneumonia
or pulmonary tuberculosis; 4) stage 5 chronic kidney dis-
ease and undergoing haemodialysis; 5) liver cirrhosis or
chronic hepatic failure; 6) immunodeficiencies; 7) gluco-
corticoid therapy; 8) HIV infection; 9) oncological dis-
eases; or 10) hematological diseases (lymphoma,
leukaemia, or myeloma).

233 patients were evaluated for inclusion. Of these,
192 patients were enrolled: 102 (53%) males and 90 (47%)
females aged 57.6+15.6 years; the mean body weight was
80.4+18.2 kg, and the mean height was 168.5+6.1 cm. The
entire study population was divided into two groups:
Group 1 (n=95) of patients without MODS and Group 2
(n=97) of patients with MODS (table 1).

Table 2 shows medical conditions in the groups.

In Group 1, patients underwent 87 laparotomies,
three laparoscopic surgeries and five US-guided punc-
ture drainages of fluid-filled lesions; in Group 2, patients
underwent four US-guided puncture drainages of fluid-
filled lesions, four laparoscopic surgeries, and 89 laparo-
tomies, of which four patients required re-laparotomy I,
one patient required re-laparotomy II, and 8 patients un-
derwent previous transcutaneous puncture drainage.

There were 36 (37.1%) fatal cases and no fatal cases
in Group 2 and Group 1, respectively.

The features of MODS were identified based on the
presence of two or more criteria according to 2001
SCCM/ACCP consensus conference [24], namely: arterial
hypotension (systolic blood pressure < 90 mmHg) or the
need for inotropes/vasodilators; arterial hypoxemia
(Pa0,/FiO, < 300 mmHg); oliguria (urine output < 0.5
ml/kg/h for two hours) or creatinine > 180 pmol/l; coag-
ulation abnormalities (international normalized ratio >
1.5 or activated partial thromboplastin time (APTT) > 60
s); thrombocytopenia (<100%10°/1); ileus; hyperbiliru-
binemia (total bilirubin > 70 nmol/l); persistent hyper-
glycaemia > 7.7 mmol/l in the absence of diabetes; or al-
tered mental status.

During the first three days of post-operative ICU
stay, total cholesterol and CRP levels were daily meas-
ured. Blood samples from the peripheral vein were har-
vested between 8 A.M. and 9 A.M. in the fasting state. In-
fusion therapy, parenteral nutrition, and hypolipidemic
medication were excluded. AU 680 clinical chemistry an-
alyzer (Beckman Coulter, USA) was used. The severity of
the patient’s condition was evaluated using two prognos-
tic scales: Sequential Organ Failure Assessment (SOFA)
and Acute Physiology and Chronic Health Evaluation III
(Apache III). To measure the clinical and laboratory pa-
rameters included in the abovementioned scales, med-
ical monitor «Integral 12-06» (Integral, Republic of Be-
larus), XP-300 (Sysmex Corporation, Japan), AU 680
(Beckman Coulter, USA), and ABL 800 FLEX (Radiometer
Medical, Denmark) analyzers were used.

All patients received the intensive therapy accord-
ing to clinical protocols, and in Group 2 treatment of pa-
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Tabsuia 1. XapakTepucTHKA MAIUEHTOB.
Table 1. Characteristics of the patients.

Parameters Values of parameters in groups p
1%, n=95 2nd, p=97
Gender
male, 1 (%) 53 (51.5) 47 (52.8) 0.85
female, n (%) 50 (48.5) 42 (47.2)
Age, years (M+SD) 55.1+14.1 56.6+£15.4 0.55
Body weight, kg ( M=SD) 80.4+19.2 79.3+17.8 0.65
Height, cm ( M+SD) 169.1+£6.5 167.4+5.9 0.1
Surgeries
planned (n,%) 42 (40,8) 32 (36,0) 0.49
emergency (1, %) 61 (59,2) 57 (64,0)
SOFA, points (Me [25% 75%]) 2 (1-3) 3 (2-6)* <0.0001
Apache III, points (Me [25% 75%]) 33.5 (23.9-43.1) 40.5 (35.7-61.6)* <0.0001

Note. * — statistically significant differences vs. the 1%t group (P<0.05)

IIpumeuanme. Parameters — mapamerpsl; value of...in the groups — 3Hauenus ...

B rpynnax; gender, male/female - mour,

MY>KCKOW/yKEHCKUI; age, years — Bo3pacr, jieT; body weight — macca tesa; height — poct; surgeries — onepanuy; planned/emergency
— IIJITAHOBBIE/ 9KCTPEHHBIE; Points — 6asIIbl. * — CTATUCTUYECKHU 3HAYUMBble OTVIMYMA OT 1-1 rpynisl (p<0,05).

Tabsuna 2. Pacnipe/iesieHyie NalHeHTOB 10 HO30JIOTHH.
Table 2. Patient distribution by nosology.

Nosology Number of patients per group
1%, n=95 2nd, p=97
Gastric ulcer and/or duodenal ulcer complicated by bleeding, perforation, or penetration 8 12
Pyloric stenosis 3 3
Acute and chronic cholecystitis 20 21
Choledocholithiasis and obstructive jaundice 16 7
Postcholecystectomy syndrome 5 3
Acute and chronic pancreatitis 15 34
Post-operative ventral hernia, including incarcerated hernia 15 5
Acute intestinal obstruction 8 3
Peritonitis - 5
Other 5 4

IIpumeuanue. Number of patients per group — uncsio nanueHToB B rpynne; gastric ulcer and/or duodenal ulcer complicated
by bleeding, perforation, or penetration — si3BeHHas 00J1€3Hb JKeJyIKa/ JBEHAIATUIIEPCTHON KUIIIKY, OCJI0’KHEHHAs KPOBO-
TeuyeHHeM, epdopalyeil uau neHerpamnuei; pyloric stenosis — cTeH03 BBIXOAHOTO OT/eJIa skeJyKa; acute and chronic chole-
cystitis — ocTpeIil u xpoHUUyeckuii xosnenuctut; choledocholithiasis and obstructive jaundice — xoJsiefoxonuTHas u MexaHuye-
cKas skeJityxa; postcholecystectomy syndrome — mocTxoenucTokToMuYeckuit cuuapom; acute and chronic pancreatitis —

OCTPBIN U XpPOHUYECKU TAaHKPeaTUT; post-operative ventral

hernia, including incarcerated hernia — nocieonepanuonnas

BeHTpaJsIbHasi IPbIKa, B T. 4. yIIeMJIeHHasT; acute intestinal obstruction — ocTpas KuIIeyHass HEIPOXOAUMOCTE; peritonitis —

IIepUTOHUT; other — mpoune.

MM.PT.CT.); 0JIUrypus (quypes MeHee 0,5 MJjI/Kr/4ac B
Te4YeHHUe IBYX YaCOB) UJIA KpeaTuHUH >180 MKMOJIb/JT;
KOaryJIAlJMOHHbIE HapylleHus (MeKIyHapoJHOe HOp-
MaJIM30BaHHOE OTHOIIIeHHe >1,5 NI akTUBUPOBAaHHOE
YaCTUYHOE TPOMOOIITACTUHOBOE BpeMsI >60 CeK); TPOM-
6oruronienust (<100xX10°/1); sHTepaIbHAsI HEAOCTATOY-
HOCTB; TUIIepOUInpydornHeMus (001l 6uIupyouH >70
MKMOJIb/JI); CTONKAasA TUIePIIUKeMUsi >7,7 MMOJIb/JI
IIPY OTCYTCTBUU CaxapHOro nuabeTra; HapyIIeHUsI MeH-
TaJIbHOIO CTaryca.

B niepBeie 3-e cyTok siedeHus B OAP nocae onepa-
I[UY €KeTHEBHO OMPENEIsIH CoJep KaHrue 00IIEero Xo-
snecrepuHa u CPB. Basitue KpoBu U3 nepudepudeckoi
BEHBI IIPOU3BOAUIN B IPOMeEsKYTKe Mexxay 8.00 7o 9.00
JacaMu, Harolak. [Ipu aToM UCK/II0YaIu IpoBeieHne
MH(MY3NOHHOH Tepanuu U NapeHTepaIbHOro NUTaHUs,
a Taky)Ke NpYeM FUIoJIMIIAIeMUYeCKUX Ipernaparos. Vc-
MMOJb30BAJIM OMOXMMUYECKUN aHaiaudarop AU 680
(Beckman Coulter, CIIIA). Takske MIpOU3BOLUIN OLIEHKY
TAKECTU COCTOSIHUA MTAIlUEHTOB I10 JBYM IIPOTHOCTUYe-
ckuM mkanaMm: Sequential Organ Failure Assessment
(SOFA) u Acute Physiology and Chronic Health Evalua-
tion III (Apache III). /Tyist usMepeHUs1 KITUHUKO-J1abopa-

tients followed the international recommendations [25,
26]. Patients with localized sites of infection were admit-
ted to the ICU after surgical sanitation. Thereafter, they
underwent daily examinations by the surgeon, and meas-
ures were taken to further treat the source of infection.
The biomaterial for bacterial culturing was collected in-
traoperatively before the antibacterial therapy initiation.
For instant pathogen detection, bacterioscopy of the bio-
material was performed on the first day. Empirical antibi-
otic therapy was prescribed in accordance to clinical pro-
tocols. After no more than five days, it was replaced by
targeted antibacterial therapy based on bacteriological
findings. The patients showing signs of hypovolaemia
and hypoperfusion on the first day received infusion
therapy until hemodynamic targets were achieved; crys-
talloids and albumin were administered. Subsequently,
infusion therapy and parenteral nutrition were pre-
scribed to the extent necessary to maintain a zero fluid
balance. Norepinephrine was a drug of choice in unsta-
ble haemodynamics. Epinephrine and dobutamine were
also used where medically required. During mechanical
ventilation, a «recruitment maneuver» was regularly per-
formed, and sedation and anesthesia were provided.
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TOPHBIX HOK&SaTeJIefI, BXOJANINX B YKa3aHHbIE IIKAJIbI,
NPUMEHSIIN MeJUIUHCKUI MOHUTOp «[HTerpas 12-06»
(MuTerpasn, Pecriybsimka Besnapych), anaimmaaropsl XP-
300 (Sysmex Corporation, fIinonwus), AU 680 (Beckman
Coulter, CIITA), ABL 800 FLEX (Radiometer Medical,
Jlanust).

VHTEeHCHBHYIO Tepanunio NanueHTaM IPOBOIUIN B
COOTBETCTBUU C KIIMHUYECKUMHU ITPOTOKOJIAMH, a ITalu-
€HTaM 2-1 IPYIIIbl — TAKKe C y4eTOM MesKIyHapOJHbIX
pexomenaanuii [25, 26]. [TarueHThI C HAJIMYKMEM Oodara
uHpexnuu nocrynanu B OAP riocsie Xupyprudeckou ca-
Hanuu. B majpHeNIeM OHM e)KeIHEeBHO OCMaTpuBa-
JINCh XUPYPTOM U BBITIOJTHAJNCH MEPbI, HallpaBJIE€HHbIE
Ha TaTbHeHIIee JeyeHre oyara MHpeKIuu. 3adop 6mo-
Marepuasa Iy 6aKTepPHUOJIOTrTIECKOT0 UCCIeT0BaAHMSA
TIPOM3BOUJIN MHTPAOIIEPAIIOHHO 10 Hayasla aHTHOAaK-
TeprualbHOU Tepanuu. C 1eJIbI0 IKCIIpecc-IUarHoCTUKN
BO30yIHTEI ST TH(EKIINH B 1-€ CYTKY IMTPOM3BOIMIHN OAK-
TEPUOCKONHIO OroMareprasa. OMINPUIECKYIO aHTH-
OGakTepHaIbHYIO TEPANINIO HA3HAYAIN B COOTBETCTBUU
C KIIMHUYECKIMU IpoToKoaMu. He 6osiee 5 CyToOK ciy-
CTsI ee CMEHsJIN [leJIeHalIpaBJIeHHOM aHTHOAaKTeprasTb-
HOH Tepamnwuew, C y9eTOM pe3ysIETaToB OaKTepHoJIoTHYe-
CKUX wuccienoBaHuil. [lanueHTaM ¢ INpU3HAKaMu
TUIIOBOJIEMUH U runonep@ysuu B 1-e CyTKU IPOBOIU/IN
UH(}Y3MOHHYIO Tepaluio 10 JOCTUKEHUs 1eJIeBbIX 110-
KasaTeJiell reMOJUHAMUKHY, IPUMEH /I KPUCTAJJIONI-
HBIe IIpemnapaTsl U anbOyMUH. B manbHeinieM mHQY-
3UOHHYI0 Tepalui0 U IapeHTepajJibHOe IHUTaHUe
MMPOBOAMJIA B 00beMe, He0OXOMUMOM JIJIsT TIOJIep Ka-
HUA HyJIeBOT0 OajlaHca SKUAKOCTH. [1pn HecTabnibHOM
reMoAFTHAMIKe 0a30BBIM IIperapaToM ObIJI HopagpeHa-
JuH. Takske, 110 TIOKA3aHUAM, IPUMEHS/IN aJpeHaINH U
noOyTamuH. [Ipu IpoBeIeHUH NCKYCCTBEHHON BEHTH-
JaAnun jgerkux (MBJI) peryiasapHO NPOBOAWIIA «PEKPYT-
MEHT-MaHeBp», a TaKKe 00eCIeyrnBa/d CENaIvio U
ob6e3bosmmBanue. [Ipy HATMYNY TOKA3aHU ITAIEHTaM
TIPUMEHs1JIA MEeTObI 9KCTPOKOPIIOPAIbHOU IEeTOKCUKA-
nuu (IOCTOSIHHAsI BeHO-BeHO3Hasl reMOuIIbTpanus,
reMoauanua, miasmadgepes).

CrarucTrueckyio 060paboTKy TaHHBIX IIPOBOIUIIH
npu nnomouu nporpamm Ms Excel u Statistica 7.0. Coot-
BETCTBUeE II0Ka3aTesel 3aKOHY HOPMaJIbHOI'O pacipe-
[leJIeHns onpenesisian o kpurepuam llannpo-Yuikca
u Konmoroposa-CmupHoOBa. /laHHbIE IIPEICTABUIN B
BUJIe CpeJHero 3Ha4yeHus1 U CTaHJapPTHOI'O OTKJIOHEHUs
(HOpMaJTbHOE pacrpe/iesieHre), MeINAHbI U KBAPTUJIEN
(pacnpenesieHre OTJIMYHOE OT HOPMAJIbHOTO), KOJIMYe-
CTBa M J0JU (KareropuajgbHble BeJWYUHBI). [l1a
CpaBHEHHUA HE3aBUCHUMbIX BI)I60pOK IpUMeHAJIN KpUuTe-
puun T-TeCT UJjaIn MaHHa—yI/ITHI/I, IJIA KaTeropuajabHbIX
BeJIMUUH — KpUTepuil Xu-KBaapar. Y pOBeHb CTaTUCTHU-
4eCKOH 3HaYMMOCTHU CYUTaIX Kak p<0,05.

J17151 OLleHKU alloCTePUOPHOU BEPOSTHOCTU IIPU-
HaJJIe)KHOCTU IIalleHTa K OIIpeJie/IeHHOU I'pyIIie Ipu-
MEeHs1JI UHCTPYMEHT JIOTUCTUYecKoU perpeccui. C 11o-
MOIIBI0 MeETOJa MaKCHMAaJIbHOTO IIPaBIONOL00MsA
OIeHI 1 K03 PUITUEHTHI ITSATU YyPaBHEHUH JIOTUCTUYE-
CKOU perpeccuu.

OneHuBaIu MOJe/IU JIOTUCTUYECKOU perpeccuu
BUJA:

1

l1+e

2

P(Z)=

-z

e Z SIBJISIeTCSI TUHENHON (DYHKITNENH 00 bSCHSIIO-

OIX IIepeMEeHHbIX:

Where medically required, extracorporeal blood purifi-
cation was used (continuous veno-venous haemofiltra-
tion, haemodialysis, or plasmapheresis).

Statistical data processing was performed using the
Excel and Statistica 7.0 software package. Normal distri-
bution of the data was verified by Shapiro-Wilk and Kol-
mogorov-Smirnov tests. Data is shown as mean values
and standard deviations (normal distribution of vari-
ables), median values and quartiles (distribution of vari-
ables distinct from normal), and numbers and percent-
ages (for categorical data).The t-test or Mann—Whitney
test were used to compare independent samples; for cat-
egorical data, the Chi-square test was employed. The dif-
ferences were considered significant at P<0.05.

To assess a posterior probability of a patient be-
longing to a specific group, a logistic regression tool was
used. The coefficients of five logistic regression equations
were estimated by maximum likelihood.

A logistic regression model written as

1

P(Z)=
l1+e*

>

was estimated, where Z is a linear function of ex-
plicative variables:

Z =c + B -Chol,
Z,=c,+f,-CRP;
Z,=c;+ B, -Chol + p, - CRP;
Z,=c¢,+p, - Sofa,
Zs=c5+ B - Ap3.

To introduce factors into the equation, we used the
following notation: Const — constant term of the model;
Chol — total cholesterol level; CRP — C-reactive protein
level; Sofa — SOFA score; Ap3 — Apache-III score.

The goodness-of-fit of the models with the ob-
served rates in the study population was evaluated using
the Hosmer-Lemeshow test. To determine the diagnostic
utility, a receiver operating characteristic (ROC) curve
was plotted, and an area under the curve (AUC), sensitiv-

ity, specificity, and the optimal threshold were calculated
for each marker.

Results and Discussion

Apache III and SOFA scores during the first
three post-operative days were significantly higher
in Group 2 (P<0.05, table 1).

Patients in Group 2 required treatment for
organ dysfunction. Unstable haemodynamics oc-
curred in 39 patients (40.2%). They received norepi-
nephrine at an average dose of 0.08+0.05 pg/kg/min
and/or dobutamine at 2.6+0.4 pg/kg/min, and/or
epinephrine at 0.06+0.04 pg/kg/min. 12 patients re-
quired two medicinal products, and one patient re-
quired three medicinal products. In Group 2, me-
chanical ventilation was performed in 45 patients
(46.4%). In Group 1, 15 patients (15.8%) required
short-term (less than 24 hours) mechanical ventila-
tion in the post-operative period. Renal replacement
therapy was used in 24 patients in Group 2 (24.7%).
Signs of hepatic dysfunction were seen in 14 patients
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Z =c + B -Chol,
Z,=c,+f,-CRP;
Z,=c;+ B, -Chol + p, - CRP;
Z,=c,+p, - Sofa,
Zs=c5+ B - Ap3.

Vcnonb3oBanu cieayiomye 0003HaAYeHUs AJIs
BBeJleHUs1 (aKTOPOB B ypaBHeHHE: Const — cBOOOAHBIN
uwjieH B Mojiesiy; Chol — peaysibraT aHanusa Ha 001U
xoJiectepuH; CRP — pesysbrar ananuaa Ha C-peakTuB-
HbIHN OeJIoK; Sofa — KosIMYecTBO 6AJJIOB IPU OIIEHKE 110
mikaJe Sofa; Ap3 — kosimuecTBO 0a/1JI0B IPU OIIEHKE 110
mikaJse Apache-III.

OmeHKy comacusi Mojesiell ¢ peajibHO Cylile-
CTBYIOIIMMHU B BBIOOPKE YaCTOTaMU OCYILIECTBJISIN C
MMOMOIIbI0 KpuTepuss Xocmepa-JlemeroBa. C 1eJibio
OIIpeJie/IEHUS IMAarHOCTUYECKO 3HAYUMOCTH JIJTsT KasK-
JIOTO W3 TMOKasaTeJsied MPOU3BOIUJIN TTOCTPOEHUE Xa-
pakrepuctudecko kpuBoil (ROC-kpuBOI), ompee-
JISTH TII01aAb noj kpuBoi (AUC), 4yBCTBUTEIBHOCTD
U crieru(pUYHOCTh, ONITUMAIbHBIN ITOPOT.

Pe3ysbTaThl U 00CY:KI€HUE

KosnmuecTBO 0a/1710B 110 IPOTHOCTUYECKUM
mkasnaM Apache III u SOFA B nepBble 3-e CyTOK
1ocJie ollepaTUBHOrO BMellaTeIbCTBA OBLJIO CTa-
TUCTAYECKU 3HAYMMO BhIIIIe (p<0,05) BO 2-ii rpym-
e (tadJ. 1).

[NTarrenTam Bo 2-1i rpynie TpeboBaJstachk Kop-
peKIusA opraHHOU HejlocTaToyHOCTH. HecTabuiib-
HYI0 TEMOJWHAMUKY OTMedasu y 39 ManueHToB
(40,2%). IM poBOOU/IA TUTPOBAHUE HOPaJgpeHa-
JiHa B cpenHeit nose 0,08+0,05 MKT/ KT/ MUH U/ AN
nobyramuHa — 2,6+0,4 MKI/Kr/MUH U/WIU agpe-
HajimHa — 0,06+0,04 MKr/Kr/MuH. TuTpoBanue 2-x
JIeKapCTBEHHBIX CPeJICTB TOTpeboBaioch 12 naru-
€HTaM, 3-X JICKapCTBEHHBIX CPEACTB — 1 ITaI[UEHTY.
WBJI Bo 2-#i rpymme mpoBoguiau 45 manueHTaM
(46,4%). B 1-i1 rpynne 15 maruentam (15,8%) B
IocJieoNepallioOHHOM Iepuoje NoTpeboBasach
KparkoBpeMeHHasa VBJI — wMeHee 24 4Yacos.
[ToueuHy10 3aMECTUTEJIBHYIO TePAIUI0 OCYILECTB-
JIIN Y 24 alieHToB 2-i rpynnsl (24,7%). I1pu-
3HAKU MeYeHOUYHOH AucyHKINN oT™Mevuanu y 14
nanueHToB (14,4%), us Hux 9 (9,3%) HyKJaInucCh B
npoBeAeHnN Iy1a3Madepesa. [laHkpeaTHuecKyio
IucyHKIUIO Hab/monan u y 41 namuenTa (42,3%),
HapylIeHUA MEHTAIbHOr0 cTaryca — Yy 20 manueH-
TOB (20,6%). KoarynsanuoHHbIe HapyIIEHUs YCTa-
HOBUJIU y 4 manueHToB (4,1%), a TpoMOOIIUTOIE-
HUI0 —y 10 manuenTos (10,3%).

KosmnuecTtBo Koiiko-gHel B OAP cocTtaBuio B
1-#t rpymnme 2 (2-3) CyTOK, YTO CTaTUCTHUYECKU
3HaunMo Hpke (p<0,05), uem Bo 2- rpytre 6 (4-12)
CYTOK. YCTaHOBUJIU, YTO B TEUECHUE IIEPBBIX 3 CYTOK
II0CJIe OIlepaTUBHOTO BMeIllaTe/IbcTBa B 1-1 rpytie
84 nanuenTa (88,4%) ObLIU IlepeBeleHbl B XUPYP-
rudeckoe otaesnenune. Takum obpasom, tabopaTop-
HbIe MapKepbl Iporao3uposanusa CIIOH u ucxona

(14.4%), of which 9 patients (9.3%) required plasma-
pheresis. Pancreatic dysfunction was observed in 41
patients (42.3%), and altered mental status was seen
in 20 patients (20.6%). Coagulation abnormalities
and thrombocytopenia were seen in four patients
(4.1%) and 10 patients (10.3%), respectively.

The number of inpatient days at the ICU in
Group 1 was significantly lower than that in Group
2 (2 (2-3) days vs 6 (4-12) days; P<0.05). During the
first three post-operative days 84 patients (88.4%)
in Group 1 were transferred to Surgery Department.
Therefore, laboratory markers for prediction of
MODS and the outcome of the disease were most
informative during the first three post-operative
days considering that later the patients developed
clinical sings of MODS rendering laboratory predic-
tion unnecessary.

Cholesterol levels in Group 2 were found to be
significantly lower than those in Group 1 (3.13
(2.6-3.74) mmol/l vs 4.09 (3.26 5.01) mmol/];
P<0.05). A significant increase in CRP levels in
Group 2 compared to Group 1 was found (168.7
(90.2-247.2) mg/l vs 85.9 (35.6-172.6) mg/];
P<0.05).

In addition, patients in the study groups sta-
tistically differed in a number of clinical and labo-
ratory findings. In Group 2, decreased mean arterial
pressure (93.0 (84.3-105.0) mmHg vs 104.0
(96.7-114.0) mmHg), increased heart rate (91.0
(76.0-103.0) BPM vs 78.0 (70.0-90.0) BPM), and in-
creased body temperature (37.0 (36.6-37.5)°C vs
36.7 (36.6-36.9)°C) were found (P<0.0001). In
Group 2, decreased haematocrit (33.7 (30.3-38.8)%
vs 37.9 (33.5-40.8)%; P=0.0002), decreased total
protein levels (58.7 (53.8-67.5) g/l vs 65.3
(59.8-70.8) g/1; P<0.0001), increased glucose levels
(8.3 (6.1-10.6) mmol/l vs 6.6 (5.5-8.6) mmol/l;
P=0.0002), increased lactate levels (2.4 (1.7-3.9)
mmol/lvs 1.9 (1.5-2.6) mmol/l; P=0.004), increased
APTT (32.8 (27.6-41.4) s vs 28.3 (25.8-30.7) s;
P=0,0005), increased urea levels (7.7 (4.7-15.2)
mmol/l vs 5.1 (3.7-6.8) mmol/l; P<0.0001), and in-
creased creatinine levels (107.0 (71.0-163.0) pymol/1
vs 84.5 (67.6-103.0 ymol/l; P=0.006) were seen.
Leukocytosis was reported in Group 1 patients 13.9
(10.0-17.3)X10%/1 and in the Group 2 patients as
12.4 (9.6-18.0)x10°/1 with no significant differences
(P=0.35). There were also no differences in platelet
counts and bilirubin levels. Therefore, the observed
changes in clinical and laboratory findings were
non-specific, provided low clinical significance as
a screening method for MODS when taken inde-
pendently, and could only be used as a part of prog-
nostic scales.

To assess the MODS prediction biomarkers,
logistic regression models were generated. The re-
suts are shown in Table 3.

Five logistic regression models were estimated

(Z,—Z5). All models were found to be suitable for
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3abosieBaHMsI HanboJIee MH(OPMATUBHBI B IIEPBbIE
TpOe CyTOK II0CJIe OIlepalluy, IIOCKOJBKY B JaJlb-
HelI11eM y TallueHTOB IIPOSIBJISIIOTCA KIIMHAYECKYe
npusnaku CITOH, u 1aboparopHoOe MPOTHO3UPO-
BaHUeE yTPavYnBaeT HEOOXOTUMOCTD.

YCTaHOBWJIY, UTO KOHIIEHTPAIHSI XOJIeCTePU-
Ha BO 2-1 rpynne — 3,13 (2,6-3,74) MMoJIBb/JI CcTa-
TUCTUYECKU 3HAYMMO HUKe, 4eM B 1-Ii rpymmne —
4,09 (3,26-5,01) mmouin/ a1 (p<0,05). OTmMeTHIHU CTa-
TUCTUYECKU 3HAYMMOE YBeJIMYCHUE COLePIKaHusA
CPb Bo 2-11 rpynine — 168,7 (90,2-247,2) Mr/Jj1 1o
cpaBHeHU1o c 1-ii rpynnoii — 85,9 (35,6-172,6)
mr/a (p<0,05).

Kpome Toro, manueHTsl B UCCJIeAyeMbIX IPYyII-
Max UMeJu CTaTUCTUYECKU 3HAYMMble Pa3Inuus
10 Py KJIMHUKO-1a00paTOPHBIX MTOKa3aTeJIex.
Bo 2-ii rpynne oTMeTHJIM CHUSKEHHE CpegHero
aprepuaJibHOro nasjaenud 93,0 (84,3-105,0) MM pT.
cT. npotuB 104,0 (96,7-114,0) MM PT. CT., yBeJI4e-
HHE YacTOThl CEpJleYHbIX COoKpalneHuii — 91,0
(76,0-103,0) yn/mmu nporusB 78,0 (70,0-90,0)
yI/MUH U IOBBIIIEHUE TeMIlleparypsl Tejaa — 37,0
(36,6-37,5)°C MIPOTHUB 36,7 (36,6-36,9)°C
(p<0,0001). Bo 2-ii rpynmne 3aperucTpupoBaiu
CHUYKeHHMe remarokpura — 33,7 (30,3-38,8)% npo-
B 37,9 (33,5-40,8)% (p=0,0002), ob111eTO OETKa —
58,7 (53,8-67,5) r/n1 nporus 65,3 (59,8-70,8) r/a
(p<0,0001), yBemnuyenue rimroxko3bl — 8,3 (6,1-10,6)
MMOJIB/J1  TpoTtuB 6,6 (5,5-8,6) MMOJB/J
(p=0,0002), naktara — 2,4 (1,7-3,9) MMOJIb/JI IPO-
tuB 1,9 (1,5-2,6) mmoJib/a (p=0,004), AUTB — 32,8
(27,6-41,4) c nporus 28,3 (25,8-30,7) ¢ (p=0,0005),
MO4YeBUHBbI — 7,7 (4,7-15,2) MMOJIB/JI IPOTUB 5,1
(3,7-6,8) mmoab/a (p<0,0001), KpeaTHHHUHA —
107,0 (71,0-163,0) mnporuB 84,5 (67,6-103,0
MEKMOJIB/J1 (p=0,006). Y TTaIriieHTOB OTMEeYaJIu Jiek-
kouuToa: 13,9 (10,0-17,3)X10°%/ 41 B 1-ii rpynne u
12,4 (9,6-18,0)X10°/ 1 BO 2-#1 rpymnme, 6e3 3HAYM-
MBbIX CTaTUCTUYeCKUX padnuduil (p=0,35). Takske
OTCYTCTBOBAJIM PA3/IA4USA 110 KOJIUYECTBY TPOM-
00IMTOB M copepskaHuIo OmmpybonHa. Takum
o0pa3oM, WMeIoNIecss W3MeHEeHUsI KJIUHUKO-
JabopaToOpHBIX TOKasaTresjel Hecnenu(pUIHbI,
HMMEIOT I10 PasAesIbHOCTH HU3KYIO KJIMHUYECKYIO
3HAUYUMOCTh B KadecTBe ckpuHuHra CIIOH u
MOTYT IIPAUMEHATHCS TOJBKO B COCTABE IIPOTHO-
CTHUYEeCKHUX IIKaJI.

J1J11 O1leHKW BO3MOYKHOCTH IPOTHO3UPOBA-
Husa CIIOH nmocTtponan Mojesin JIOTUCTAYEeCKUX
perpeccuii, Ko3(QPUIMEHTHI U CTaHJAAPTHBIE
OIMUOKYM KOTOPBIX MMPEACTABUIN B TA0J. 3.

[IpoananuaupoBaau 5 MofeJiel JOTuCTAYIE-
CKol perpeccuu (Z,—Zs). YCTaHOBUJIU, YTO TPU-
eMJIeMbIMU JIJI1 IIPOTHO3a 0 KPUTEPUIo XoCcMe-
pa-JlememoBa MOTYT OBITH NIpU3HAHBI BCe
mopnesin. [Ipu aToM B Mofiesiu Z, TIpU OIleHKE Bepo-
atHoctu pasputusa CIIOH acumMnroTrnyeckas
3HAUUMOCTh KpuTepusi XocMmepa-JlemenioBa

BBIIIIE, YeM B MOJeJIsAX Z, U Z,. C TOMOIILIO BCEX

prediction based on the Hosmer-Lemeshow test.
However, when estimating the probability of
MODS, the asymptotic significance of the Hosmer-
Lemeshov test in Model Z; was higher than that in
Models Z, and Z,. Using all of these models, the
probability of MODS in a patient can be calculated
as a function of the numerical value of the factor.
To compare the diagnostic yield of the tests as
markers for MODS, ROC curves were plotted for
each model (fig. 1, a, b).

Table 4 shows AUC, sensitivity, and specificity
values obtained for the models. The optimal thresh-
old was 3.4 mmol/l and 96.5 mg/1 for cholesterol
and CRP levels, respectively.

Measuring the severity of the patient’s condi-
tion and disease prognosis is one of the important
challenges of intensive care [9, 22, 23, 25]. Over the
past 20-30 years, attempts have been made to iden-
tify the optimal criteria indicative of the severity of
the condition and outcome of the disease [3 18, 27].
In post-operative patients, prediction is compli-
cated by the need to differentiate the body’s surgi-
cal stress response from the development of infec-
tious sequalae, systemic inflammatory response
syndrome, and MODS [22, 28].

A number of papers have described the use of
prognostic markers in post-operative patients. For
example, Nazaretyan et al. [12] found CRP fibrino-
gen, albumin, and tumor necrosis factor-a levels to
be predictors of unfavorable outcome in patients
with abdominal sepsis. Gumanenko et al. [29]
showed that a decrease in CRP levels on the third
day was indicative of a favorable disease progres-
sion in patients with polytrauma, whereas CRP lev-
els > 120 mg/l during the first week were typical in
patients who subsequently developed sepsis. This
is comparable to our findings. Surovikina et al. [10]
studied plasma CRP levels in surgical and thera-
peutic patients and reported an association be-
tween increased CRP levels and abnormal total
protein, albumin, AST, ALT, CPK, LDH, and choles-
terol levels. Recently, papers were published on the
prognostic value of decreased cholesterol levels in
critical patients [11, 19, 30]. Total cholesterol and
high density lipoproteins were found to be involved
in regulation of the body’s response to inflamma-
tion. An increase in mortality in sepsis is accompa-
nied by a decrease in their levels [11, 19, 30]. Os-
ipenko [31] reported a decrease in polyunsaturated
fatty acids and an increase in monounsaturated
fatty acids in blood plasma and erythrocytes in pa-
tients with MODS. The use of various combinations
of prognostic markers is discussed. Yang et al. [32]
proposed a combination of CRP, procalcitonin and
SOFA score for prediction of sepsis and MODS.

A well established practice is to use prognostic
scoring systems to assess the severity of a patient’s
condition. The most commonly used of them are
Apache II/1II, SOFA, LODS, MODS, and SAPS II
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Tabsauiia 3. Moie/ia JIOTHCTUYECKHX Perpeccuii.
Table 3. Logistic regression models.

Model Variable Regression coefficients Standard errors 14
Z1 Const 1.4860 0.0828 <0.0001
Chol -0.3029 0.005 <0.0001
72 Const 0.0049 <0.0001 0.003
CRP -0.3736 0.1176 0.138
73 Const -2.64038 1.0827 0.006
CRP 0.0119 <0.0001 <0.0001
Chol 0.1025 0.0316 0.28
74 Const -1.9349 0.1620 <0.0001
SOFA 0.5149 0.0092 <0.0001
75 Const -0.9066 0.1298 0.006
Apache III 0.0219 <0.0001 0.004

Note. Const — constant term of the model; for table 3, fig.: Chol - cholesterol; CRP — C-reactive protein.
IIpumeuyanue. Model — Mmoziesib; variable — mepemennas; regression coefficients — koaddunuents! perpeccuy; standard errors —
CTaHJapTHBIE OMIUOKY; cOnst — CBOOOAHBIH 4iieH B Monesiu. J{jis1 Tab. 3, puc.: chol — xonectepun; CRP — C-peakTUBHBIN OeJIOK.

TaGsuma 4. Peaybrarsl aHanan3a ROC-KpHUBBIX pa3IHYHBIX MOJEJIEMH.
Table 4. The results of the analysis of the ROC curves of various models.

Model AUC 95% confidence interval P Se, % Sp, %
7, 0.679 0.625-0.732 <0.0001 65.1 67.5
Z, 0.670 0.600-0.740 0.0009 73.9 54.5
Zg 0.819 0.721-0.917 <0.0001 70.3 68.6
Zy 0.786 0.744-0.829 <0.0001 74.1 70.8
Zs 0.631 0.582-0.680 <0.0001 61.2 55.7

Note. AUC - area under the ROC curve.

IIpumeuanne. AUC — mitomans nox ROC-kpuBoit; confidence interval — moBepuTeIbHBIN HHTEPBAJ.

YKa3aHHBIX MOJeJIell MOKeT OBITh paccyuTaHa
BepoATHOCTh pa3Butusa CIIOH y nanuenra B
3aBUCUMOCTH OT YUCJIEHHOT0 3HaYeHus (pakTopa.
751 cpaBHUTEJBHOU XapaKTEPUCTUKU THUATHO-
CTUYECKON MOIIHOCTU TECTOB, KaK KPUTEPUEB
pa3Butusi CITOH, njist kKask104 MOIes I TIOCTPOU-
au ROC-kpusbsle (puc.).

3navenus miomanei AUC, 9yBCTBUTEJIBHO-
CTU U CIIelIU(PUIHOCTU MOJIeJIel MpeICTaBUIU B
TabJ1. 4. ONTUMAIBLHBIN TOPOT COCTABUJI JIJI5I XOJIe-
crepuna 3,4 MMmoJib/J1, ajist CPb — 96,5 mr/ 1.

KosmyecTBeHHas1 OlleHKa CTEeNEeHU TSYKEeCTU
COCTOSsTHHS TAIIUEHTOB U IIPOTHO3a 3a00JIeBaHUSA
SIBJISIETCSI OMMHOM M3 BayKHBIX TPOOJIEM MHTEHCHUB-
HOU Tepanuu [9, 22 23, 25]. [IonbITKY onpeaesie-
HUA OITHUMaJbHBIX KPDUTEPUEB, XapaKTepU3ylo-
IIUX TAXKECTh COCTOSTHUS U UCX0JI 3a00JIeBaHUS,
IIPOBOIATCA HA NPOTsAYKEeHUM nocjiegHux 20-30
Jert [3-18, 27]. C10KHOCTb IPOTHO3a Y I10CJIeoIIe-
PaIMOHHBIX NAITUEHTOB 3AKJI0YAETCS B TOM, UTO
HeoOxogumo nuddepeHpoBaTh CTpecc-peak-
LMI0 OpraHu3Ma Ha Xupypru4eckoe BMeulare/ib-
CTBO C pa3BUTHEM UH(PEKITMOHHBIX OCJIOKHEHUH,
CUHPOMA CUCTEMHOTO BOCITQJIMTEJILHOTO OTBETa
u CIIOH [22, 28].

B psie nyOsuKanuii oNMcaHo MCIIOJb30Ba-
HMe IPOTHOCTUYECKUX MapKepoB Yy Ilocjeonepa-
IIMOHHBIX 60JbHBIX. Tak B. B. HasapeTbssHOM C
CoaBT. [12] ycTaHOBJIEHO, YTO IpegUKTOpaMu
HeOJIaroNMPUsTHOTO MCXO0/A Y MTAIllueHTOB C abI0-
MUHAJIBHBIM ceTlcucoM sABJIsiIoTcst CPB, hubpuHo-
reH, aabOyMUH M (aKTOpP HEKPO3a OMYXOJIH-

[3-7]. They are notable for their high sensitivity,
specificity, and predictive value. For example, ac-
cording to various authors [3-8, 27], when predict-
ing mortality, AUCis 0.62 to 0.92 for Apache II scale,
0.771 to 0.825 for Apache III scale, 0.61 to 0.897 for
SOFA scale, 0.73 to 0.88 for LODS scale, 0.62 to 0.869
for MODS scale, and 0.77 to 0.89 for SAPS II scale.
Various studies found no significant differences in
diagnostic strength between these scales. For one,
Shrestha et al. [8] compared Apache III and SOFA
scales with regard to predicting the risk of death
and reported AUCs of 0.885 and 0.879, respectively.
A positive Spearman correlation was found be-
tween the estimates based on these scales, where R
equaled 0.866 (P<0.001). Godinjak et al. [4] ana-
lyzed the prediction of the disease outcome in ICU
patients using SAPS II and Apache Il scales; no sta-
tistically significant differences in the predictive
value were found (P=0.501). A positive Spearman
correlation was found between the scores, where R
equaled 0.708 (P=0.001). According to 2016
SCCM/ESICM consensus (Sepsis-3) [9], SOFA (AUC
0.74) and quick-SOFA (AUC 0.66) scales can be used
to screen for sepsis and septic shock. According to
ameta-analysis of 50 observational studies [33], the
use of sepsis screening and implementation of
treatment protocols were associated with a signifi-
cant decrease in mortality (odds ratio 0.66; 95% CI
0.610.72).

These prognostic scales are used depending
on the preferences adopted by a specific medical
institution. However, in our opinion, cost-effective-
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anb@da. E. K. ['yMaHeHKo ¢ coaBT.
[29] mokasaHo, YTO CHHUKEHUE
ypoBaa CPB ¢ 3-mx cyrTok
XapakTepHO [Jisi OJjarompu-
SATHOTO Te4YeHUsi 0OO0JIe3HU Y
MalMeHTOB C IOJIUTPaBMOH, a
ypoBeHb CPbL B 1-10 HegeJsro
bosiee 120 Mr/J xapakTepeH
V1S ITAMEeHTOB C IIOCJeNylO-
IIUM pasBUTHEM cellcuca. ITo
COIIOCTAaBUMO C II0JIy4YCHHBIMU
HaMu peayiasraramMu. M. C.
CypoBUKMHOH € coaBT. [10]
n3y4yeHo cogepskanne CPb 0
I1J1a3MBbl Y IAIIEHTOB XUPYPIU-
YEeCKOIr0 U TepaleBTUYeCKOIO
po@uJis U BbIsIBJIEHA B3AUMO-
CBA3b MEKAY IOBBILIEHUEM
ypoBHs CPb u oTR/I0HEHUAMU
OT HOPMBI TaKuX Jaboparop-
HbIX [TOKa3areJjei, Kak OOl
besiok, anpbymmH, ACT, AJIT,
K®K, JIAI, xonecrtepuH. B
IocJIeJHUE IOAbl IOSABUJINCH
myOJ/IMKamuyu O MPOTHOCTUYe-
CKOU 3HAQYMMOCTHU CHUSKEHWUsI
YPOBHS XOJiecTeprHa y 00JIb-
HBIX B KPUTHUYECKHUX COCTOA-
Husax [11, 19, 30]. YcTanoBJieHo, 10
4YTO OOIIUI XOJIeCTEPUH U 0
JIMIIONIPOTEU 1bI BBICOKOH IJIOT-
HOCTH 33/1eliCTBOBAHbI B pery-
JALWM OTBeTa OpraHu3Ma Ha
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Bocrnajenue. PocT jietaibHOCTH

IIPU CeTiCHCe CONPOBOKIAETCA
CHUKEHHEM HUX COJIEePsKAHUA B
opranusame [11, 19, 30]. A.

ROC-kpussble s 1-3 mopeaetii (a) u mopaeJeii 3-5 (b).

Fig. ROC curves for Models 1-3 (a) and Models 3-5 (b).

Note. For fig., table 4: Se — sensitivity; Sp — specificity.

IIpumeuanwue. J[714 puc., TabJ. 4: Se — I9yBCTBUTEIBHOCTD; Sp — CIENU(PUIHOCTB.

Osipenko [31] nmokasaJ, 4TO y
nanueHToB ¢ CITOH ormeueno
CHU’KEHHE IOoJMHeHaChIIeH-
HBbIX U yBeJIMYCHHE MOHOHEHACBIIIEHHbIX KUP-
HBIX KUCJIOT B IJ1a3Me U apuTponuTax. Obcysxa-
ercs TpUMeHeHWe Pas3JUuYHbIX KOMOWHAIIMN
IIPOTHOCTHYECKUX MapKepoB. Yang Y. et al. [32]
npejJiaraeT Ojsi MPOTHO3UPOBAHUS CelCcuca u
CIIOH rkom6wuHaruio CPB, mpokaJabIIUTOHUHA U
mraJjbl SOFA.

OOIIETPUHATHIM SIBJISIETCSI IPUMEHEHME JJTsT
OLIEHKU TSYKECTH COCTOSIHUS MalfueHTOB NPOTHO-
CTUYecKUX 1IKkaj. HanboJsiee monysisipHble U3 HUX
— arto Apache II/11I, SOFA, LODS, MODS u SAPS 11
[3-7]. OHU OTIMYAIOTCS BBICOKON YyBCTBUTEJIb-
HOCTBIO, CIIENU(PUIYHOCTBIO U MPOTHOCTUYECKOH
3HAYMMOCTBIO. Tak, IO JAaHHBIM PAa3JIMYHBIX ABTO-
poB [3-8, 27], 11py IPOTrHO3MPOBAHUY JICTAJIbHOCTA
AUC pgis mikasibel Apache II cocrasaiisiet ot 0,62 10
0,92, nuisa mkasbl Apache III — or 0,771 o 0,825,
s mkaabl SOFA — or 0,61 7o 0,897, mJ1s IKAJIBI

LODS — ot 0,73 mo 0,88, 14 mkaabl MODS — ot

ness should also be considered. When used simul-
taneously, the proposed biochemical markers are
not inferior to the main prognostic scales (SOFA
and Apache III) in terms of sensitivity and speci-
ficity. However, the cost of reagents used for assay
of total cholesterol and CRP levels is only 34.18
rubles.

Conclusion

Total cholesterol and CRP monitoring may be
used as a screening method for predicting MODS
(AUC 0.819; 95% CI1 0.721-0.917) in patients within
the first three days after abdominal surgery.

When using these laboratory tests, additional
assay of procalcitonin and other MODS markers as
well risk assessment by other prognostic scales
should be considered in patients with decreased
total cholesterol levels <3.4 mmol/l and increased
CRP levels >96.5 mg/1.
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0,62 1o 0,869, gy mkaabsl — SAPS I1 ot 0,77 o 0,89.
B pasimuHBIX HCCIEOBAaHUAX HE BBISBJIECHO
3HAYMTEJIbHBIX Pa3JUYUN B JUArHOCTUYECKOU
3(p(PEeKTUBHOCTH MEK]Y YKA3aHHBIMU IIIKAJIaMU.
Tak G. S. Shrestha et al. [8] mpoBelieHO cpaBHEHUE
mikas Apache III u SOFA nj1s1i nporHO3upoBaHus
PHCKa JIeTaJbHOI'0 HUCXONA U YCTAHOBJICHO, YTO
AUC 651712 0,885 1 0,879 cooTBeTCTBEHHO. Mesray
OLIEHKaMU 110 9TUM IIKaJIaM yCTaHOBJIEHA I10JI0-
SKUTEJIbHASA  KOPPEeJIAMOHHAS  3aBUCHUMOCTH
CrniupmeHa, rae R pasen 0,866 (p<0,001). A. Godin-
jak et al. [4] mpoBesin aHA/JIM3 MPOrHO3a MCXOAA
3aboseBanus y nanreHToB OAP ¢ TOMOIIIBIO IITKAT
SAPS II u Apache II, craTucTuyeckd 3HAYMMBIX
pasIUYNiA B TPOrHOCTUYECKOU IEHHOCTH He OOHa-
pyxeHo (p=0,501). Mexay 3HaYeHUAMHU 110 JaH-
HBIM IIIKaJIaM UMeJIach MOJIOKUTEIbHASI KOPppeJsi-
nusa Cnmpmena, roe R pasen 0,708 (p=0,001).
CornacHo noJsoykenussM Koucencyca SCCM/ESICM
2016 r. (Cenicuc-3) [9] 111 CKpUHUMHTA CEIICUCa U
CEeNTUYECKOr0 IIOKa MOTYT IPUMEHATHCS IIKAJIbI
SOFA (AUC 0,74) u quick-SOFA (AUC 0,66). Meta-
a"asmm3 50 o6cepBaIlMOHHBIX UCCIET0BAaHNN [33]
MMOKAa3aJI, 4YTO IPUMEeHeHe CKDUHUHTA Cerncuca 1
BHEJpeHUe MPOTOKOJIOB JIeYeHUs CBSI3aHbI CO CTa-
TUCTUYECKU 3HAYUMbIM CHUKEHHEM JIETAJIbHOCTHU
(otHOMIEHUE 1IAHCOB 0,66; 95% HOBEpPUTETbHBIN
uHrepsaJi 0,61-0,72).

YKasaHHbIe IPOTHOCTUYECKHE IITKAJIbI IPU-
MEHSIOTCS B 3aBUCHUMOCTH OT TIPEeINOYTeHUH,
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MIPUHATHIX B TOM WJIM HTHOM JieueOHOM yUupeskie-
Huu. OgHaKo, Ha HAIl B3TISI, BaYKHBIM MOMEHTOM
ABJSETCS 9KOHOMUYecKas 9(PEPeKTUBHOCTb.
[TpencraBiieHHbIE HAMU OMOXUMHUYECKHE MapKe-
PBl IIpU UX OJHOBPEMEHHOM IIPUMEHEHNUH He YCTY-
Mal0T OCHOBHBIM NPOTHOCTUYECKUM IIKajIaM
(SOFA u Apache III) B 4yBCTBUTEILHOCTH U CHEIU-
¢duyHOCTHU. B TO 7K€ BpeMsi CTOUMOCTh PEAKTUBOB
IUIsT oTipefeJieHus 001ero xosecrepuna u CPb
cocraBJsieT Bcero 34,18 pyo.

3akJrouenue

KoHTpoJIb cofiepskaHusi 0OIIETO X0JIeCTEPH-
Ha 1 CPB MOKeT OBITH MCITOIb30BAaH KaK CKPU-
HUHTOBBIN MeTOJ JIJisl MPOTHO3UPOBAHUS PA3BU-
tuss CIIOH (AUC 0,819; 95% noBepuTeabHbIN
nHTepsat 0,721-0,917) y naneHToB B IepBLIe 3-€
CYTOK Tocje abJOMUHAJIbHBIX XUPYPTUYECKUX
BMeIIaTeJILCTB.

IIpu ncnoJib30BaHWM yKa3aHHBIX Jtabopa-
TOPHBIX TECTOB y ITAIMEHTOB CO CHUYKEHUEM
comepskaHUsA OOIIero xoJjiecrTepuHa MeHee 3,4
MMOJIB/JI 1 noBbIIeHreM CPB 6oJiee 96,5 mr/a
HeoOX0IMMO pacCMOTPETH BOTIPOC 00 M3MEeHEHU U
CTPYKTYpbl MHTEHCUBHOU Tepamnuu, JONOJHU-
TeJbHOM ONpeleJIeHUN COAepP KaHUusA MPOKAJIb-
nuToHuHA U npyrux mapkepos CIIOH, a Taxske
OIleHKe PUCKOB IO TOIIOJIHUTEJbHBIM MTPOTHO-
CTUYECKHUM IIKaJIaM.
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ObIIAA PEAHUMATOJIOI'U A

HayuyHo-TipakTHYeckuii ;kypHas «O011ass peaHuMaToJIOTHsI»,
BXOI AN B lepedeHb BAK P®, B Scopus u apyrre 6a3bl JaHHBIX,
TpeHa3HavYeH JJIs Bpadeli-peaHnMaTosI0T0B U HayYHBIX COTPYTHUKOB

TemaTuka )KypHaJia: IaTOTeHe3, KJIWHNAKA, UarHOCTUKA, JIedeHre, TPO(MHUIaKTUKA U [TaTOJIOTMYeCKast
aHaTOMUA KPUTUYECKUX, TEPMUHAJIBbHBIX U ITIOCTPEAaHNMAIINOHHBIX COCTOHHPIfI; OKa3aHue JOroCIIuTaJb-
HOH IOMOIIY IIPYU KPUTUYECKUX COCAHUSAK; 00yueHre HaceJeHUs U MeJUIITHCKOTO IIepCcoHaIa IprueMaM
OKa3aH¥s HEOTJIOKHON ITOMOIIY TP KPUTHYECKUX COCTOSHUSAX; onTUMu3anusa padborer OPUT; opugmnde-
CKUe€ ¥ 3TUYECKUE BOIIPOCHI B ACTH aHECTE3MO0JIOI MU -PEeaHMAaTO/JIOI UK.

AyauTopust: TedeOHbIe yUpesKkIeHUs; BbICIINe yueOHble 3aBeJJeHIsA MEJUIITHCKOTO IPOdUIIS; Mean-
LMHCKHE YIpesKIeHHs II0CTIeJUIIJIOMHOTO 0Opas3oBanus, PefepanbHble U PETHOHAIbHBIE OPTAHbI YIIPaB-
JIeHUs 3/IpaBOOXpaHeHNeM, MeIUIIMHCKIEe HayYHO-UCCIeJ0BaTeIbCKIe HHCTUTYThI; MEIUIIMHCKIEe 610-

MOJMNUCKA

B J1Ir000M IMOYTOBOM OT/I€JIEHUH CBSI3H O KaTajory «Kaura-CepBuc»

JIMOTEKH.
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