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Early clinical and laboratory predictors of in-hospital mortality
in patients with postoperative abdominal sepsis
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ABSTRACT

Aim. To identify early clinical and laboratory predictors of death in patients with postoperative abdominal sepsis
in the first 48 hours after its verification.

Materials and methods. A retrospective study was conducted on 40 patients with abdominal sepsis hospitalized
in the surgical department of Siberian State Medical University in 2019-2023. All patients were divided into
groups according to the outcome of hospitalization (discharge or death). Clinical and anamnestic data, Sequential
Organ Failure Assessment (SOFA) and quick SOFA (qSOFA) scores, and dynamic changes in biochemical and
hematological markers were evaluated (T1- at verification, T2 — after 48 hours). The Mann — Whitney U test, x>
test, Wilcoxon test, and ROC analysis were applied.

Results. The mortality rate was 45%. Statistically significant predictors of mortality were: SOFA score > 4, serum
urea > 12.1 mmol / 1, calcium < 1.8 mmol / 1, platelet count < 264 x 10° / 1, no platelet increase > 15 x 10° / I,
neutrophil reactivity intensity (NEUT-RI) > 57.6 fluorescence intensity (FI) at T1 and > 53.8 FI at T2. Prognostic
values were also established for reticulocyte parameters and reactive lymphocyte content.

Conclusion. Early assessment of clinical and laboratory parameters, especially indicators of kidney function,
calcium metabolism, blood count, and the intensity of the inflammatory response, has high prognostic value in
postoperative sepsis and can be used for risk stratification and optimization of therapy.
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PaHHMe KNNHUKO-NnabopaTopHbie NpeanNKTOpPbl rOCNUTaNbHOMN

NneTanbHOCTN Yy NALlNEeHTOB C XNpyprniyeckmm BGAOMMHaﬂbeIM cencncom

PoguoHoBa 10.0., ®epoceHko C.B., UBaHoBa A.U., ApkaHuk M.b., CemeHoBa O.J1.,
CrapoBounToBa E.A., HectepoBuu C.B., EpumoBa [1.A., Kanioxxun B.B.

Cubupckuii 2ocydapcmeennvlii meouyunckuu ynusepcumem (Cu6l’ MY)
Poccus, 634050, 2. Tomck, Mockosckuti mpakm, 2

PE3IOME

He.l]b HCCICA0OBAHMS. I/IIIGHTI/I(i)I/IKaIII/I}I paHHUX KJII/IHI/IKO-JIa60paT0pHI>IX MPESAUKTOPOB JICTAJIBHOI'O UCXOJa Y I1a-
IUCHTOB C XUPYPIruieCKUM a6I[OMI/IHaJ'II>HbIM CCIICUCOM B IIEPBLIC 48 4 OT MOMEHTa BepI/I(bI/IKaHI/II/I COCTOsSITHUA.

Matepuajbl 1 MeToAbl. [IpOBEICHO peTPOCTIeKTHBHOE HccieqoBaHue 40 TMAlMeHTOB ¢ a0IOMUHAIBHBIM CETICH-
COM, FOCHHTAIN3UPOBAHHBIX B XUpypruueckoe oraeneHrne CHOMPCKOTo rocyJapcTBEHHOTO MEIUIIMHCKOTO YHH-
Bepcutera B 2019-2023 rr. Bee manueHTs! ObIIH pa3esieHbl Ha TPYIIIBI 0 HCXOAY TOCIHTATU3AINU (BBITUCKA
WK JeTanbHBI ucxond). OneHnBaIN KIMHUKO-aHAMHECTHYECKHE TaHHBIE, ToKa3aTenn mkan Sequential Organ
Failure Assessment (SOFA) u quick SOFA, Gnoxumuueckne U reMaTojornieckue Mapkepsl B auHamuke (T1 —
Bepudukamms, T2 — gepes 48 u). [lpumensumucey U-kputepuii Manaa — YutHH, kpurepuit [lupcona y%, kpurepuit
Bunkokcona, ROC-ananus.

Pe3yabTarhl. YpoBeHb JeTalbHOCTH cocTaBmil 45%. CTaTHCTHYECKHM 3HAYMMBIMU HPEAUKTOPAMHU JIETAJIbHO-
ro Mcxoja SIBIINCH: oleHka o mkaire SOFA Gonee 4 0aioB, ypoBeHb MOYEBHHBI B CBIBOPOTKE KpOBH OoJiee
12,1 MMOIIB/J1, CHU)KEHUE KOHIIEHTPALMU B CHIBOPOTKE KPOBH 00IIEro Kaibius 1,8 MMOJIB/I M MeHee, KOINYECTBO
TpoMOOIIUTOB B 00I1IeM aHaiu3e KpoBu 264 X 10°/1 1 MeHee, OTCYTCTBHE MPUPOCTA KOJIUYECTBA TPOMOOLIUTOB
6oniee 15 x 10°/11, uatencuBHOCTh peakTrBHOCTH HelTpodmioB (NEUT-RI) Gosee 57,6 equHuIl HHTEHCHBHOCTH
¢dyopecuenimn (Vd) na T1 u 6onee 53,8 UD na T2. Takxke ycTaHOBIEHBI IPOTHOCTHYESCKUE 3HAUCHUSI VIS pe-
TUKYJIOLUTAPHBIX APAMETPOB M COJICPIKAHMUS PEAKTUBHBIX JTMMQOIUTOB.

3akiouenue. Panuss OLICHKa KJ'II/IHI/IKO-.]'I360paT0pHBIX HOKaSaTeJ'Ieﬁ, 0COOCHHO TOKa3aTeseit (1)yHKLII/II/I ITIO4€K,
KaJIbIITUEBOI'O 06M6Ha, napaMeTpoB reMorpaMmbl U UHTEHCHUBHOCTH BOCHAJIUTECIBHOI'O OTBETA, UMECT BBICOKYIO
MIPOTHOCTUYECKYIO 3HAYMMOCTD IIPpHU XUPYPIrU4€CKOM CEIICUCE U MOXKET OBITH UCIIOJIB30BAHA JUIsL CTpaTI/I(i)I/IKaL[I/II/I
PUCKa U ONITUMHU3ALIUU TEPAITUU.

KiioueBrble ciioBa: cerncuc, XUpyprudeckuii cencuc, abJIOMMHaIbHBIN CEICUC, JIeTalbHBIA MUCXO, IPEIUKTOPBI
JICTaJbHOIO UCXO0Ja

KonpaukTt unTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMAIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaIKeil HACTOSIIEH CTaThH.

Hcrounuk ¢puHaAHCHPOBaHUS. ABTOPBI 3asBIISIIOT 00 OTCYTCTBUH (DMHAHCUPOBAHUS IIPH NPOBEICHHN HUCCIIEN0-
BaHMUS.

CooTBeTcTBHE MPHHIUNAM ITHKH. [IpoTOKOI HccinenoBaHus 0J00pEH JIOKAIFHBIM 3THYECKHM KomuTeToM CH-
OHUPCKOT0 rOCYAAPCTBEHHOTO MEIMIIMHCKOr0 YHUBepcuTeTa (pemrenue Ne 8616/1 ot 29.03.2021).

Jast uuruposanusi: Poguonona H0.0., @enocenko C.B., lBanosa A.U., Apxxanuk M.b., Cemenona O.J1., Crapo-
BoiitoBa E.A., Hecreposuu C.B., E¢pumosa /I.A., Kanroxxun B.B. Pannne ximHnko-nabopaTopHbie MPEeanKTOPBI
TOCIUTAIBHOM JIETAJBHOCTH Y MAI[MEHTOB C XUPYPIHIECKUM a0 IOMUHAIBHBIM CETICHCOM. Broiemens cubupcrou
meouyunsl. 2025;24(3):107-115. https://doi.org/10.20538/1682-0363-2025-3-107-115.

INTRODUCTION

Early clinical and laboratory predictors of in-hospital mortality in patients

Sepsis as a complication of intra-abdominal
infections is widespread in surgical practice and
remains a leading cause of non-traumatic mortality in
emergency surgical departments both in Russia and
abroad [1]. Abdominal sepsis (AS) presents a serious

clinical problem due to the diversity of nosological
forms, the broad spectrum of pathogens (aerobic and
anaerobic bacteria, fungi), as well as limitations in
microbiological diagnosis [2].

Clinical heterogeneity complicates the assessment
of epidemiological indicators of AS. According to
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data from I. Martin-Loeches et al. (2019), mortality in
complicated intra-abdominal infections without sepsis
is 2-3%, whereas in cases progressing to sepsis and
septic shock in intensive care units, it reaches up to
50% [3].

The effectiveness of treatment for AS largely
depends on early verification of the condition,
selection of the optimal surgical approach, and timely
antimicrobial therapy [4]. In the context of nonspecific
clinical presentations and limited diagnostic value
of individual laboratory markers, the role of a
comprehensive assessment of clinical and laboratory
parameters increases for predicting outcomes.
The aim of this study was to perform a comparative
analysis of clinical and laboratory predictors of death
in patients with postoperative AS within the first 48
hours after diagnosis verification, depending on the
hospitalization outcome.

MATERIALS AND METHODS

A retrospective comparative study was conducted
based on a protocol approved by the local Ethics
Committee of Siberian State Medical University
(Minutes N0.8616/1 dated March 29, 2021). The study
included a consecutive sample of 40 patients with
postoperative AS hospitalized in the surgical department
of Siberian State Medical University clinics from
January 1, 2019 to April 30, 2023. The patients were
divided into two groups according to the hospitalization
outcome (discharge or death) for analyzing clinical,
anamnestic, and laboratory parameters within the first
48 hours after AS verification.

Inclusion criteriawere the presence of an abdominal
bacterial infection focus and a score of > 2 on the quick
Sepsis-Related Organ Failure Assessment (QSOFA)
scale, which considers systolic blood pressure (BP)
< 100 mm Hg, respiratory rate > 22 per minute, and
altered mental status (Glasgow coma score < 15). The
diagnosis of sepsis was confirmed using the Sequential
Organ Failure Assessment (SOFA) scale, with a score
of >2.

The study evaluated the duration of hospital stay
and hospitalization outcome, anthropometric data,
comorbidities (including immunodeficiency states),
gSOFA and SOFA scores, duration of sepsis, data
from intensive care unit stay, including mechanical
ventilation and vasopressor support. A dynamic
assessment of key clinical parameters was performed:
BP, heart rate, level of consciousness, peripheral
oxygen saturation. Biochemical blood parameters
were also measured: C-reactive protein (CRP),

lactate, procalcitonin (PCT), creatinine, urea, total and
direct bilirubin, sodium, potassium, and calcium (at
verification and after 48 hours).

Statistical analysis was performed using the
Statistica 12.0 software (StatSoft, USA). Quantitative
data were presented as the median and the interquartile
range Me (Q,; Q,). Qualitative data were presented as
n (%). Independent samples were compared using the
Mann — Whitney U test for continuous variables and
the y? (Fisher’s exact) test for categorical variables.
Dependent variables were analyzed using the
Wilcoxon signed-rank test. The Receiver Operating
Characteristic (ROC) analysis was performed in
MedCalc 18.9.1 to calculate the area under the curve
(AUC), with a 95% confidence interval (CI), Youden’s
index for cutoff points, sensitivity, and specificity. The
significance level was set at p < 0.05.

RESULTS

A total of 40 patients were included in the study, of
whom 27 (67.5%) were men and 13 (32.5%) — women.
The overall mortality rate was 45%, with 18 deceased
patients and 22 survivors. The groups did not differ
significantly in age (median 59.5 years [45.0; 72.0] vs.
65.0 years [61.0; 76.0]; p = 0.068), body mass index
(BMI) (24.81 vs. 24.02 kg / m?; p = 0.815), or gender
distribution (p = 0.435).

Most patients (» = 37) were admitted in the
emergency room, while only 3 were hospitalized
electively. In the group with fatal outcomes, 16 patients
had emergency admissions and 2 —elective admissions;
in the survivor group, these numbers were 21 and
1, respectively. Surgical intervention was required
in 36 patients (90%). Among survivors, 20 patients
underwent surgery (1 patient required reoperation),
whereas in the deceased group, 16 patients underwent
surgery (with 5 patients undergoing reoperation).

Comorbid conditions included: ischemic heart
disease in 12 patients (30%), hypertension in 23
patients (57.5%), history of myocardial infarction
in 8 patients (20%), stroke in 5 patients (12.5%),
type 2 diabetes mellitus in 6 patients (15%), chronic
heart failure in 5 patients (12.5%), bronchial asthma
in 1 patient (2.5%), chronic obstructive pulmonary
disease in 1 patient (2.5%), liver cirrhosis in 2 patients
(5%), and chronic kidney disease in 2 patients (5%).
Alcohol abuse was identified in 4 patients (10%), and
drug addiction — in 2 patients (5%). No significant
differences between the groups were found in the
prevalence of comorbid conditions or results of
objective examinations (p > 0.05, Table 1).
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Table 1

Objective Data at the Time of Sepsis Verification, Me (Q,; Q)

Patients with . .
Patients with a
Parameter a favorable p
fatal outcome
outcome

Body temperature 38 (38; 38) 38 (37.8;38) | 0.302
HR in 1 min 100 (89; 102) | 101 (80; 109) | 0.643
RR in 1 min 25 (24; 26) 25 (24; 28) 0.490
SPB, mm Hg 97.5(90; 102) | 100 (92; 105) | 0.657
DBP, mm Hg 60 (50; 60) 60 (60; 70) 0.253
Pulse pressure, mm Hg 40 (30; 42) 40 (30; 40) 0.966
Sp02, % 94 (93; 96) 95 (90; 97) 0.891

Note. HR — heart rate; RR — respiratory rate; SBP — systolic blood
pressure; DBP — diastolic blood pressure; SpO. — peripheral oxygen
saturation (measured during breathing ambient air).

At the time of AS diagnosis, the SOFA score for
patients with fatal outcomes was 6 (5; 7), whereas for
survivors, it was 4 (3; 5) (»p = 0.001).

Among the biochemical parameters assessed within
the first 48 hours, statistically significant intergroup
differences were observed only in serum calcium and
urea levels (Table 2).

Table 2
Dynamics of Biochemical Serum Test Results, Me (Q,; Q)

Endof Table 2

Patients with a fa- | Patients with a
Parameter p
vorable outcome | fatal outcome
C-reactive protein, 198.0 198.0 0.784
mg/1, T2 (154.4; 320.0) (140.0; 289.0) '
DT,T, 0.001 0.064 -
Procalcitonin, . .
ng /ml, T1 3.39(0.72; 7.44) | 4.71 (0.48; 8.68) | 0.479
Procalcitonin, . 3.81
ng / ml, T2 2.16 (0.70; 7.28) (0.65; 10.30) 0.515
PT,-T, 0.170 0.600 -
Lactate, . )
mmol /1, T1 4.5 (3.6;5.0) 4.5 (3.7;4.8) 0.848
Lactate, . .
mmol /1, T2 3.9(2.9;4.9) 3.9(3.5;4.8) 0.957
PT,T, 0.039 0.021 -

Note. Here and in Tables 3-5: T — time point of measurement (T1 -

baseline value; T2 — after 48 hours).

In both groups, baseline serum calcium levels
indicated hypocalcemia (normal range: 2.15-2.50
mmol / 1); however, in survivors, calcium was
significantly higher than in non-survivors (Table 2).

In the group with fatal outcomes, serum urea levels
upon admission and after 48 hours exceeded reference
values; at the time of AS diagnosis, urea was 2.3
times higher than in survivors (p = 0.012). Only in

; t Patients with a fa- | Patients with a Fhe survivor group was there_a significant decrease
arameter vorable outcome | fatal outcome | 7 in serum creatinine concentration after 48 hours (p =
Calcium 0.005) (Table 2).
: 2.02 (1.80; 2.05) | 1.80 (1.76; 2.01) | 0.040 . -
mmol /1, T1 ( ) ( ) All patients exhibited elevated levels of
glidlu/ml’ - 2.01 (1.80; 2.15) | 1.90 (1.80; 2.12) | 0.685 inflammatory markers: CRP and PCT. Diﬂ“er_en'ces
o T, Ol between the groups did not reach statistical
fjr th_alebilirubin : - — significance; however, in survivors, a significant
umol /1, T1 21.0(9.0;27.0) |16.5(12.0;30.0) | 0.945 reduction (p = 0.001) in CRP was observed after 48
Total bilirubin, , , hours (Table 2).
pmol /1, T2 16.1(8.1;245) | 117(9.0;22.0) | 0581 Elevated serum lactate concentrations persisted in
PT,T, 0.306 0.022 - both groups throughout the observation period, with
Conjugated biliru- | o (7.0:158) | 95(6.0:148) | 0.891 no intergroup (ﬁﬁ‘erences (Table 2). .
bin, pmol /1, T1 The analysis of the blood count did not reveal
;?lnlugq"gle‘;lb'gu' 9.2(4.0:163) | 6.8(2.0:103) | 0569 statistically significant differences between the groups
M : for most parameters (Table 3).
PT,-T, 0.277 0.116 - ble 3
-
Urea, T 6.9(4.3;12.1) | 155(7.6,19.9) | 0.012 TP ane
. ) ynamics o eriphera: 00 rytiropoiesis rarameters
Urea, T2 70(33,131) 12.2(4.8,226) | 0.076 within the First 48 Hours from Sepsis Verification, Me (Q,; Q)
L 0178 0.683 _ Patients with . ith
Creatinine, : 143.4 Parameter a favorable Patients witha 1\
wmol /1, T 8LO(6B6.7:16L0) | gy3.5190) | 0070 ravorab] fatal outcome
Creatinine, X 70.9 Erythrocy‘[es’ . .
umol /1, T2 80.0(55.0:1074) | (59 0. 160.0) | O-3%6 102/1, T1 3.09 (2.70; 4.02) | 3.59 (2.82; 4.18) | 0.549
LG _ 0.005 0.060 N Erythrocytes, 3.13 (2.64; 3.84) | 3.42 (2.58; 3.83) | 0.891
C-reactive protein, 300.7 262.5 0.683 10%/1, T2
mg /1, Tl (201.0;487.0) | (198.9;480.0) | P, 0.149 0.040 -
110 BlonneteHb cMbupckoit MeguumHbl. 2025; 24 (3): 107-115
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Endof Table 2

Table 4

or changes over time (Table 3). At baseline and
after 48 hours, all patients were diagnosed with
normocytic normochromic anemia accompanied
by erythropoiesis and anisocytosis — an increased
red cell distribution width — coefficient of variation
(RDW-CV), which, in the context of medical history,
corresponds to compensatory posthemorrhagic
anemia. In patients with unfavorable outcomes, a
significant decrease (p < 0.05) in erythrocyte count,
hematocrit, and hemoglobin levels was noted over 48
hours in the context of increasing RDW-CV.

Patients with Patients with a i i i i
Parameter a favorable fatal outoorme P Dynamics of Peripheral Blood Leu!(ocyte.: Cot{nts in the F-‘lrst 48
outcome u Hours from the Moment of Sepsis Verification, Me (Q,; Q,)
Hemoglobin, g /1, T1 | 89 (75;106) 91(78;120) | 0.663 Parameter Patientswitha | Patients witha |
Hemoglobin, g /1, T2 | 825 (76; 109) | 85 (74; 108) | 0.745 — favorable outcome fata'l‘;uézome
euKocytes, . .
P, 0.232 0.028 - 109/1, T1 1193 (785 17.75) | (7 5. 99.77) | 0314
40, . .
Hematocrit, %, T | 26.7 (24.5; 33.5) | 27.7 (25.7; 34.8) | 0.422 Legukocytes, 9.49 (6.80; 14.43) 1318 0.076
Hematocrit, %, T2 | 25.9 (23.7; 32.9) | 26.6 (23.0; 30.5) | 0.986 10°/1, T2 (10.19; 23.97)
prT, 0.211 0.034 - ﬁ%;iophns 0.016 0.600 =
ESR, mm /h, T1 55(40;67) | 50.5(29;57) | 0.086 % T 84.0(77.4,876) | 89.7(71.9,92.3) | 0.079
%, T2 FATEE B AT I :
PT,-T, 0.506 0.906 -
MCV, f:T1 86.4 (83.1; 92.1) | 85.9 (83.3; 89.2) | 0.900 Pty 0.016 0.753 -
MCV, fI:T2 87.1(84.1;91.8) | 87.2 (79.6; 88.7) | 0.562 'I'(‘;‘jt{ogﬁ"s' 9.24 (6.32; 13.68) | 15.98 (5.14: 25.1) | 0.254
2 0.0 o972 — Neutrophils, 7.26 (4.66; 10.78 10.59 0.056
MCH, pg: T1 28.7 (27.4;31.2) | 28.5 (26.4; 29.5) | 0.455 10°9/1, T2 26(4.66,1078) | (91.9135) | O
MCH, pg: T2 28.7 (27.5; 30.7) | 28.7 (26.7; 29.3) | 0.516 pr-T, 0.017 0.422 _
DT, 0.305 0.433 - IG, %, T1 1.4 (0.5; 2.4) 2.0(1.0;3.0) |0525
MCHC, g/ 1: T1 332 (321;337) | 327 (313;339) | 0.398 1G, %, T2 2.9(0.7; 4.8) 2.0(0.6;9.8) |0.749
MCHC, g/ I: T2 329 (319;333) | 329 (320;335) | 0.973 proT, 0.043 0.345 -
P, 0.117 0.875 - IG, 10°/1, T1 0.25 (0.09; 0.26) | 0.14(0.13;0.65) | 0.874
RDW-CV, %: T1 14.7 (13.4; 17.3) | 16.3 (14.9; 19.0) | 0.143 IG, 10°/1, T2 0.40 (0.16; 0.69) | 0.09 (0.05; 0.95) | 0.749
RDW-CV, %: T2 15.1 (14.0; 16.3) | 15.2 (14.0; 18.6) | 0.446 PI,T, 0.237 0.463 -
prT, 0.035 0.017 - i']it/e:e“' 311 (234;370) | 252 (133;394) |0.422
MicroR, %: T1 39(27,44) | 85(2.3;133) | 0.153 . Tl
MicroR, %: T2 39(15;45) | 6.8(2.3;11.4) |0.142 E('J"’;t/e:et;'z 356 (254;397) | 212 (120;264) |0.011
Tt 0.345 0.345 - proT, 0.487 0.028 -
MacroR, %: T1 2.9 (2.7;4.5) 3.7(3.1;5.0) | 0.491 076 978
- - - Platelets, % o - 0.035
MacroR, %: T2 3.7 (2.9;5.4) 39(2.8;45) |0.898 (-10.78; 14.15) | (-31.34;1.33)
PT,-T 0.046 0.237 - y 156.1 156.3
L NEUT-GL Tl (1520;159.7) | (151.7;1575) | 249
. 1545 154.5
Note. MCV, fl — mean corpuscular volume, femtoliters (fl); MCH — NEUT-GI, T2 . . 0.592
; : (151.9; 160.4) (152.4; 156.2)
mean corpuscular hemoglobin content; MCHC — mean corpuscular
hemoglobin concentration; RDW-CV - red cell distribution width — P, 0.422 0.086 -
coefficient of variation; microR — microcyte ratio; macroR —macrocyte NEUT-GI, % 0.25(-1.04; 2.37) | 1.38(0.26; 2.91) | 0.367
ratio; ESR — erythrocyte sedimentation rate. NEUT-RL T1 52.0 (49.1;56.6) | 58.3 (53.2; 64.8) | 0.032
NEUT-RI, T2 50.1 (48.7;53.6) | 62.9 (58.0; 64.4) | 0.002
In both groups, at admission and after 48 hours PIT, 0.363 0.594 -
fror_n the _onset of sepsis, elevated erythr_ocyte NEUT-RI, % 2,93 (-6.60: 3.32) 6;%_92 | 0900
sedimentation rates were observed without (-6.98; 4.11)
Statlstlcally Slgnlﬁcant 1ntergroup differences Note. IG, % — relative number of immature granulocytes; I1G —

absolute number of immature granulocytes; NEUT-GI — neutrophil
granularity intensity, scattering intensity; NEUT-RI -neutrophil
reactivity intensity, fluorescence intensity.

At the time of sepsis diagnosis, neutrophilic
leukocytosis was observed in both groups. In patients
with fatal outcomes, the leukocyte count was nearly
twice the upper limit of reference values. Despite
the absence of statistically significant differences in
leukocyte and neutrophil levels (including immature
forms) at both measurement points, survivors showed
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a reduction in the severity of neutrophilic leukocytosis
after 48 hours (Table 4). In the group of diseased
patients, a significant decrease in platelet count was
observed over time, which after 48 hours resulted in
statistically significant differences between the groups
(p =0.011).

Both groups exhibited a pronounced inflammatory
response in the blood (leukocytosis, neutrophil shift).
However, in survivors, a positive dynamic was
observed after 48 hours: the leukocyte level decreased
from 11.93 (7.85; 17.75) to 9.49 (6.80; 14.43) x 10°/
I (p = 0.016), neutrophil percentage decreased from
84.0 (77.4; 87.6)% to 74.9 (70.9; 83.7)% (p = 0.016),
and their absolute count decreased from 9.24 (6.23;
13.68) to 7.26 (4.66; 10.78) x 10° /1 (p = 0.017).

At the time of sepsis diagnosis, NEUT-RI was
higher in the group of deceased patients: 58.3 (53.2;
64.8) vs. 51.95 (49.10; 56.60) FI in survivors (p
= 0.032). After 48 hours, NEUT-RI decreased in
survivors to 50.05 (48.70; 53.60) FI and increased in
non-survivors to 62.9 (58.0; 64.4) F1, with differences
between the groups persisting (p = 0.002). Regarding
NEUT-GI, no significant differences between the

groups were found at either time point (p > 0.05;
Table 3).

Verification of potential early predictors of
mortality in postoperative sepsis using ROC analysis.
The following should be considered as significant
clinical and anamnestic factors associated with the
risk of death in postoperative sepsis: duration of
hospitalization <11 bed- — days (AUC 0.720 (0.555;
0.850); p = 0.009, with sensitivity of 44.4% and
specificity of 95.45%), as well as such indicators at
the time of sepsis diagnosis as SOFA score >4 (AUC
0.795 (0.638; 0.906); p < 0.001 with sensitivity of
77.78% and specificity of 72.73%), the Glasgow
score <12 (AUC 0.616 (0.449; 0.785); p = 0.049 with
sensitivity of 27.78% and specificity of 95.45%),
as well as baseline serum urea concentration > 12.1
mmol / | (AUC 0.732 (0.569; 0.960); p = 0.004 with
sensitivity of 61.11% and specificity of 67.27%)
and serum calcium < 1.8 mmol / 1 (AUC 0.765
(0.525; 0.923), p = 0.013 with sensitivity of 70% and
specificity of 70%). A number of potential predictors
of an unfavorable outcome were identified during the
analysis of hemogram parameters (Table 5).

Table 5
Hemogram Parameters as Early Predictors of a Fatal Outcome in Postoperative Sepsis
Parameter AUC 95% ClI P Cutoff point Sensitivity Specificity
Neutrophils, 10°/1, T2 0.696 (0.518; 0.839) 0.046 >10.15 69.23 72.73
Monocytes, %, T1 0.711 (0.536; 0.849) 0.038 <438 66.67 85.71
Eosinophils, %, T2 0.730 (0.541; 0.872) 0.017 <12 81.82 60.00
Platelets, 10°/ 1, T2 0.760 (0.587; 0.888) 0.003 <264 76.92 72.73
Platelets, 10°/ 1 (T2-T1) 0.733 (0.556; 0.867) 0.006 <15 100.00 45.45
PCT, %, T2 0.782 (0.604; 0.906) 0.001 <0.27 75.00 76.19
RET-He, pg (T2-T1) 0.766 (0.493; 0.936) 0.036 <0.8 75.00 75.00
RET-He - RBC-He, pg, T1 0.903 (0.680; 0.990) <0.0001 >-15 81.82 87.50
RET-He — RBC-He, pg, T2 0.821 (0.543; 0.966) 0.012 >-19 100.00 62.50
NEUT RI, FI, T1 0.736 (0.540; 0.881) 0.019 >57.6 77.78 85.71
NEUT RI, FI, T2 0.889 (0.688; 0.91) <0.0001 >53.8 53.85 93.75
RE LYMP, %, T1 0.730 (0.534; 0.877) 0.016 <0.28 83.33 58.82

Note. PCT — plateletcrit; RET-He — hemoglobin concentration in reticulocytes; RET-He — RBC-He — the difference between the measured
mean concentration of hemoglobin in reticulocytes (RET-He) and mature erythrocytes (RBC-He); NEUT-RI — neutrophil reactivity intensity;

RE LYMP — reactive lymphocytes.

Particular attention is drawn to potential predictors
of a fatal outcome recorded in the dynamics of AS.
Thus, an increase in the level of neutrophils > 10.15 x
10° / 1 after 48 hours, a relative number of monocytes
< 4.8% at the time of AS detection, eosinophils
< 1.2% after 48 hours, as well as a decrease in the
number of platelets to <264 x 10° /1 or the absence
of their increase by more than 15 x 10° / | from the
baseline level may indicate an unfavorable prognosis.

Predictors also include: platelet count < 0.27% after
48 hours, a decrease in reticulocyte hemoglobin
concentration by > 0.8 pg and / or > 5.38%, a decrease
in the difference in hemoglobin content between
reticulocytes and mature red blood cells to -1.5 pg
at baseline and > —1.9 pg after 48 hours, an increase
in NEUT-RI > 57.6 FI when sepsis is detected and /
or > 53.8 FI after 48 hours, and a relative number of
reactive lymphocytes < 0.28% at baseline (Table 5).
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DISCUSSION

The results of the study confirm the significance
of the early assessment of clinical and laboratory
parameters in patients with AS for predicting
outcomes. The mortality rate in the studied cohort was
45%, which exceeds the average values (30-38%)
reported for patients with sepsis and septic shock
[6]. This may be associated with a larger number
of emergency surgeries in the deceased group, the
severity of condition upon admission, and pronounced
multiple organ failure.

The SOFA score is traditionally used to evaluate
the risk of mortality in sepsis, demonstrating high
sensitivity (89%) and specificity (69%) [7]. In the work
by R. Garg et al., SOFA score of > 9 was associated
with increased mortality [8]. In our study, the SOFA
score > 4 predicted mortality with sensitivity of
77.78% and specificity of 72.73%.

Hypocalcemia, previously described in critical
conditions, including sepsis [9], was also observed in
our patients. In the group with fatal outcomes, calcium
levels were significantly lower compared to survivors.
According to the literature, during sepsis, active forms
of oxygen and proinflammatory mediators are released,
which activate calcium-sensitive receptors, potentially
contributing to the development of hypotension and
endothelial dysfunction [10].

Acute kidney injury (AKI) is a frequent and
severe manifestation of organ dysfunction in sepsis,
detected in 60% of patients [11]. It is associated with
an increase in in-hospital mortality up to 18% and an
independent rise in the risk of death [12]. Indicators
such as creatinine, urea, and diuresis are used to assess
AKI [13]. In our patients with fatal outcomes, urea
levels were statistically higher, and the value > 12.1
mmol / | was an independent predictor of death in AS.

PCT and CRP are among the most studied markers
of bacterial infection [14]. Although levels of both
markers were elevated in all patients, no statistically
significant differences were found between the
groups. This may be explained by the universal nature
of the inflammatory response in sepsis. However, the
dynamics of these indicators had prognostic value:
in survivors, a decrease in CRP was observed after
48 hours, reflecting the effectiveness of therapy. In
the group with fatal outcomes, levels of CRP and
PCT either did not decrease or increased, indicating
progression of inflammation and organ dysfunction.
Thus, a comprehensive assessment of inflammatory
markers in combination with clinical and biochemical
data is essential.

Lactate is an important marker of tissue
hypoperfusion and metabolic dysfunction in sepsis
[15]. According to Sepsis-3 criteria, septic shock
is diagnosed in the presence of persistent systemic
arterial hypotension requiring vasopressor support,
combined with a lactate level > 2 mmol / 1 after fluid
resuscitation [5]. In our study, lactate levels were
elevated in all patients upon admission and remained
elevated after 48 hours, with no significant differences
between the groups. This may reflect similar early
metabolic disturbances across the cohort.

Theanalysisoftheerythrogramrevealed normocytic
normochromic anemia, typical of inflammation and
blood loss. At baseline, all patients exhibited decreased
hemoglobin, erythrocyte count, and hematocrit levels,
with more pronounced reductions in the deceased
group, and further declines observed after 48 hours.
This supports existing literature data on septic anemia,
which is caused by the effects of proinflammatory
cytokines, impaired erythropoiesis, and surgical blood
loss [16].

The red cell distribution width (RDW-CV) was
elevated in both groups; however, a significant increase
was observed after 48 hours in the patients who died.
This may indicate activation of erythropoiesis and iron
redistribution in response to inflammation. Elevated
RDW-CV has been previously associated with a poor
prognosis in sepsis [17].

Evaluation of reticulocyte parameters revealed
a decrease in hemoglobin concentration within
reticulocytes (RET-He) among patients with fatal
outcomes, along with a decrease in the difference
between RET-He and hemoglobin levels in
mature erythrocytes. This indicates impaired
hemoglobinization and suppression of erythropoiesis,
consistent with the pathogenesis of septic anemia and
disturbances in iron metabolism [18].

Coagulopathy is a key prognostic factor in
sepsis, ranging from isolated thrombocytopenia
to disseminated intravascular coagulation (DIC).
In our study, 48 hours after diagnosis, deceased
patients showed a statistically significant decrease
in platelet count (212 (120; 264) x 10° / 1, p =
0.028). These findings align with existing literature:
thrombocytopenia occurs in 10-70% of sepsis patients,
especially in intensive care units. Mechanisms include
consumption of platelets in microcirculation, impaired
production, sequestration in the liver and spleen, and
apoptosis [19]. A critical level below 150 x 10° /1 is
associated with an increased risk of mortality [20].
Our data support this conclusion.
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Leukocytosis in sepsis is an important criterion
of systemic inflammatory response syndrome
(SIRS), characterized by high sensitivity (0.85) but
low specificity (0.41) [21]. Both groups exhibited
neutrophilic leukocytosis; however, it was more
pronounced among the deceased. In survivors, the
leukocyte count decreased from 11.93 (7.85; 17.75) to
9.49 (6.80; 14.43) x 10° /1 (p = 0.016) after 48 hours,
and neutrophil percentage decreased from 84.0 (77.4;
87.6) to 74.9 (70.9; 83.7)% (p = 0.016), which may
indicate a positive response to treatment.

The value of NEUT-RI at diagnosis was higher
among deceased patients (58.3 [53.2; 64.8] FI)
compared to survivors (51.95 [49.10; 56.60] FI) (p =
0.032). After 48 hours, NEUT-RI continued to increase
in the deceased group, whereas it tended to decrease
among survivors (p = 0.002). Elevated NEUT-RI has
been previously associated with a poor prognosis in
sepsis [22], a finding confirmed by our study results.

CONCLUSION

The results of this study confirm the clinical
significance of the early comprehensive assessment
of clinical and laboratory parameters for predicting
hospital outcomes in patients with postoperative AS.
The most prognostically valuable indicators within
the first 48 hours after sepsis verification included:
the severity of organ dysfunction (SOFA score >
4), hypocalcemia (< 1.8 mmol / 1), hyperuricemia (>
12.1 mmol / 1), a decrease and insufficient increase in
platelet count, elevated neutrophil reactivity, as well
as reduced hemoglobinization of reticulocytes and
levels of reactive lymphocytes.

Additionally, the absence of positive dynamics
in inflammatory markers (CRP, procalcitonin),
neutrophilic  leukocytosis, and  hematological
parameters during the first two days were associated
with unfavorable outcomes. These parameters can
serve as accessible and informative criteria for risk
stratification and personalized therapy in patients with
AS. The obtained findings require confirmation in
larger cohort and prospective clinical trials.
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