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Abstract

INTRODUCTION: Sepsis in patients with prolonged and
chronic critical illness (PCI/CCI) is frequently characterized
by recurrent episodes and a high incidence of severe compli-
cations; however, risk factors for adverse sepsis outcomes in
this population remain insufficiently studied. OBJECTIVE:
To identify independent predictors of sepsis unfavorable
outcomes in critically ill patients with a prolonged and
chronic critical illness. MATERIALS AND METHODS: The
analysis was based on the Russian Intensive Care Dataset
(RICD) v2.0 (FRCRR, 2017-2024). Patients with confirmed
sepsis according to Sepsis-3 criteria were included. Demo-
graphic characteristics, comorbidities, clinical scores, labo-
ratory values, and vital parameters at the onset of the first
sepsis episode were assessed. Independent predictors were
determined using multivariable Cox regression. RESULTS:
A total of 336 patients were analyzed (median age, 64 years;
male, 54.8 %). ICU mortality was 14.0 %, and the median
intensive care unit (ICU) length of stay was 44 days (30;
62). Septic shock occurred in 55 patients (16.4 %) and
was independently associated with the hyperinflamma-
tory sepsis phenotype (hazard ratio [HR] 5.23; 95% con-
fidence interval [CI] 1.61-17.04; p = 0.006) and lower di-
astolic blood pressure at sepsis onset (HR 0.975; 95% ClI
0.954-0.996; p = 0.019). Recurrent sepsis was observed in
96 patients (28.6 %); the only independent predictor was
the hypoinflammatory phenotype (HR 5.23; 95% Cl 1.29-
13.01; p = 0.002). Sepsis-induced coagulopathy occurred in
78 patients (23.2 %) and was independently predicted by
a reduced platelet count (HR 0.997; 95% Cl 0.994-0.999;
p = 0.026). CONCLUSIONS: This study is the first to
identify independent risk factors for complicated sepsis in
patients with PCI/CCI. The findings may be applied to risk
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AKTYAJIbHOCTb: Cencuc y nauuveHTOB B MPOJAJ/EHHOM
1 XPOHUYECKOM KpuTudeckoM coctosiHum (MKC n XKC) co-
NPOBOXAAeTCA PeuniVMBUPYIOWNM TeYeHMeM U BbICOKOW
4aCTOTOW Pa3BUTUA OCIAOKHEHWW, OAHAKO ¢aKTopbl pu-
CKa HebnaronpuATHOrO TeyeHWUs cemncuca y [AaHHOM Ka-
TEropuMm nNauMeHToB oOcCTalTcA ManomsydeHHoiMn. LIEJIb
MUCCJ/IEAOBAHWNA: OnpepennTb He3aBUCKMble Mpeau-
KTOpbl He6MaronpuATHOrO TeYeHWA cemncuca y nauueHToB
B NKC n XKC B otgeneHun peaHumaumn. MATEPUAJIbI
M METOADbl: AHann3 BbINOAHEH Ha OCHOBE POCCUICKOM
6a3bl faHHbIX peaHUMALMOHHbIX NauueHToB Bepcun 2.0
(besepanbHbI HAYYHO-KAMHUYECKUIA LIEHTP PeaHnMaTosio-
riu u peabuantonorum [®HKL, PP]) 8 2017-2024 rr. B unc-
CnefoBaHve BKAOYANINCh MauueHTbl C BepUPULMPOBAHHbIM
Cencucom no Kputepmam Sepsis-3. Paccmatpusanmnch gemMo-
rpaduyeckme nokasaTesnn, COMyTCTBYlOWMe 3aboneBaHus,
WKanbl, nabopaTopHble AaHHble U BUTa/bHble NapameTpbl
Ha MOMeHT Hayana NepBoro anusoja cencuca. Jna Boiasne-
HMA He3aBUCUMbIX GaKTOPOB pUCKa MCMO/b30BaCA MHOMO-
$aKTOpHbIN perpeccnoHHbin aHann3 Kokca. PE3YJ/IbTATDI:
B aHann3 BKAKOYEHO 336 nauyeHToB (MeAnaHHbI BO3pacT —
64 roga, MywumH — 54,8 %). JleTanbHOCTb COCTaBWAa
14,0 %, MeanaHa ANUTENbHOCTM roCNUTanM3aLumn B OTAe-
NIEHWAX peaHNMaLMK U UHTeHCUBHOM Tepanum (OPUT) — 44
(30; 62) aHA. CenTuyeckmii WOK pas3suaca y 55 naumeHTos
(16,4 %) 1 6bln HE3aBUCMMO CBA3AH C MMEPBOCMANNUTESIb-
HbIM (eHOTMMOM cencuca (oTHoweHwe puckos [OP] 5,23;
95%-11 nutepsan [95% AM] 1,61-17,04; p = 0,006) n 6osee
HU3KUM AMACTONMYECKMM apTepuanbHbiM gasneHuem (OP
0,975; 95% /[IM1 0,954-0,996; p = 0,019). MNoBTOPHbBIE 3M130-
Abl cencuca 3adpuKcuposaHbl y 96 nauueHTos (28,6 %); He-
3aBWCUMbIM NPEAMKTOPOM OKa3anca rmMnoBOCMasUTe/IbHbIV
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stratification and the development of dedicated prognostic
models in this high-risk ICU population.

KEYWORDS: sepsis, critical illness, septic shock,
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Introduction

Sepsis remains one of the leading causes of adverse out-
comes in intensive care units (ICUs), accounting for a sub-
stantial proportion of in-hospital mortality and long-term
disability among survivors [1-3]. Despite advances in early
diagnosis, antimicrobial therapy, fluid resuscitation strate-
gies, and vasoactive support, mortality rates associated with
sepsis remain high, reaching 25-50 % according to interna-
tional registries [4-7].

In recent years, increasing attention has been paid to
a subgroup of patients with prolonged and chronic critical
illness (PCI/CCI) [8]. This population is characterized by
persistent organ dysfunction, extended ICU stay, and a high
incidence of nosocomial infections [8, 9]. Notably, a unified
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deHotun cencuca (OP 5,23; 95% A1 1,29-13,07; p = 0,002).
Cencuc-MHAyUMpOBaHHaA  Koaryaonatua — Habaioganach
y 78 naumeHTos (23,2 %); ee NpeAnKTOPOM 6bl/l CHUMEHHDIIA
ypoBeHb TpoM6ouuTtos (OP 0,997; 95% AW 0,994-0,999;
p = 0,026). BbIBOAbI: Briepsbie onpegeneHbl He3aBUcUMble
baKTOpbl pUCKa OC/IOHEHHOIO TeYEeHUA cencuca y naymeH-
ToB B [MKC 1 XKC. Pe3ynbTaTbl MOTyT 6biITb UCMO/b30BaHbI
AN cTpaTuduMKaLuMm pucka 1 paspaboTku cneynanusnpo-
BaHHbIX MPOrHOCTUYECKMX MOJeNei B AaHHOM MOMnyaAauuu
naLmneHTOoB.

KNHOYEBBIE C/IOBA: cencuc, kKputudecku 60/bHble
NaLMeHTbl, CENTUYECKMI LOK, Koaryaonatua, GakTopsbl
pucKa

* [lna koppecnoHoeHyuu: JnxsaHues Banepuii
BnaavmunpoBny — a-p Mea. Hayk, npodeccop,
3aBeAytolWwmin 1abopaTopuret KIMHUYECKMX UCCNef0BaHNUI
N VHTeNNIeKTYa IbHbIX MHPOPMALMOHHbIX TEXHONOM U
HWW peabuantonorum um. npod. MNpanukosa .B.
®rEHY «®esepanbHblii Hay4HO-KAMHUYECKUIA LeHTp
peaHVMMaTo/Iorum 1 peabunntonorum» MmHobpHayku Poccum,
MockBa, Poccus; e-mail: likO704@gmail.com

& AnayumuposaHus: Aarapos M.A., bepukawsuan J1.6.,
Monskos N.A., KagaHuesa K.K., Akosnes A.A.,
JNlnxeaHues B.B. dakTopbl prcka HebAaronpuaTHOro Te4eHns
cencuca y AgantensHo Haxoaawmxca 8 OPUT naymeHToB:
peasibHas KAMHUYECKan NpaKTuKa (PeTpoCreKTMBHOE
UCCNeA0BaHME). BECTHUK MHTEHCUBHOM Tepanum
M. A.W. CantaHoBa. 2026; 2:122-139.
https://doi.org/10.21320/1818-474X-2026-2-122-139

locmynuna: 07.10.2025
lpuHama k neyamu: 15.02.2026

DR

definition of PCI/CCI has not yet been established [10,11].
The clinical course of sepsis in these patients is frequent-
ly complicated by a range of adverse events, among which
septic shock, recurrent sepsis episodes, and sepsis-induced
coagulopathy (SIC) are of particular importance [12-18].
Septic shock is characterized by profound microcirculato-
ry disturbances and persistent arterial hypotension requir-
ing fluid resuscitation combined with vasopressor support
and remains one of the principal causes of mortality [19].
Recurrent sepsis episodes in the ICU setting may be associ-
ated with prolonged hospitalization and an increased inci-
dence of nosocomial infections [20, 21].

In recent years, sepsis-induced coagulopathy has been
increasingly recognized as an early and common manifesta-
tion of sepsis-related hemostatic disturbances. According to
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published data, laboratory signs of coagulopathy are detect-
ed in 20-60 % of patients with sepsis [22]. Sepsis-induced
coagulopathy is associated with an elevated risk of throm-
botic complications and a significant increase in mortality,
which may reach 20-30 % [22, 23].

Widely used severity scoring systems in intensive
care (Acute Physiology and Chronic Health Evaluation II
[APACHE II], Sequential Organ Failure Assessment
[SOFA], Simplified Acute Physiology Score) may be used
to predict adverse outcomes in patients with sepsis; howev-
er, their discriminative ability with respect to specific com-
plications may be limited [24-26]. This is particularly rele-
vant for patients with prolonged and chronic critical illness,
for whom independent risk factors for adverse sepsis course
have not been sufficiently studied.

Objective

The aim of the study was to identify independent pre-
dictors of adverse sepsis outcomes in patients with pro-
longed and chronic critical illness in the intensive care unit.

Materials and methods

Data source

Data for the study were obtained from the Russian
Intensive Care Dataset (RICD), version 2.0, developed and
maintained by the Federal Research and Clinical Center
of Intensive Care Medicine and Rehabilitology, Moscow,
Russia [27, 28]. RICD is a de-identified relational data-
base that includes clinical information on 3,404 ICU pa-
tients treated at the Federal Research and Clinical Center
of Intensive Care Medicine and Rehabilitology between
December 2017 and September 2024. The RICD contains
demographic data, information on comorbidities, laborato-
ry test results, continuously recorded vital parameters, data
on therapeutic interventions, severity scores, and hospital-
ization outcomes and complications occurring during the
hospital stay.

Study design

This real-world clinical practice study included patients
who stayed in the ICU for at least 24 hours and had data avail-
able for at least one assessment of sepsis according to the
Sepsis-3 criteria [29] during hospitalization. Patients who did
not develop sepsis during their ICU stay were excluded, as
were those with no available data on monitored vital param-
eters and therapeutic interventions during hospitalization.
Episodes of repeated ICU admissions were also excluded.

No formal sample size calculation was performed; all
patients meeting the selection criteria during the eight-year
observation period were included in the analysis. The study
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protocol was approved by the Local Ethics Committee of
FRCCICMR (No. 1/24/1 dated April 24, 2024) and was
conducted in accordance with recommendations for prog-
nostic factor research and the development of prognostic
models [30].

Data extraction

The analytical cohort was formed on the basis of elec-
tronic medical record data using specialized tools for work-
ing with relational databases. Primary data extraction and
calculation of variables were performed using DB Browser
for SQLite (v.3.13.1) and the Python programming lan-
guage (v.3.12). To ensure reproducibility, the program
code has been made publicly available in an open repos-
itory (GitHub: https://github.com/MikhailYadgarov/
RICDv2-sql-code).

The analysis included information on the time of sepsis
development, demographic and anthropometric character-
istics (age, sex, body mass index), data on comorbidities,
and severity scores at the time of the first sepsis episode.
Laboratory parameters and vital signs were also analyzed;
the values closest to the onset of the first septic episode
were selected within £ 24 hours for laboratory parameters
and * 3 hours for vital signs.

As hospitalization outcomes, mortality, development
of septic shock (patients receiving vasopressors before the
onset of the first sepsis episode were excluded from the as-
sessment of septic shock), ICU and hospital length of stay,
duration of sepsis episodes, presence of recurrent sepsis ep-
isodes and their characteristics, use of vasoactive support
and mechanical ventilation during the first sepsis episode,
occurrence of nosocomial pneumonia, and development of
sepsis-induced coagulopathy and disseminated intravascu-
lar coagulation (according to the ISTH SIC and DIC criteria
[31, 32]) during the first sepsis episode were evaluated. The
completion of a sepsis episode was defined as discontinua-
tion of antibacterial therapy [33, 34].

To assess phenotypic features of sepsis, an approach
based on the systemic inflammatory response syndrome
(SIRS) criteria was used. A sepsis episode was classified as
hyperinflammatory if > 2 points according to the SIRS cri-
teria were reached at any time during its course; in other
cases, a hypoinflammatory phenotype was recorded. SIRS
criteria were calculated retrospectively, while SOFA scores
were extracted directly from electronic medical records.
Given the retrospective nature of the study and the use of
routinely collected clinical data, blinding procedures were
not considered necessary.

Statistical analysis

Before analysis, the distribution of continuous vari-
ables was assessed using the Shapiro-Wilk test. Continuous
variables are presented as median and interquartile range
(IQR), and categorical variables as absolute values and per-
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centages. The y? test or Fisher’s exact test was used to com-
pare categorical variables, and the Mann-Whitney U test
was used for continuous variables. All statistical tests were
two-sided, differences were considered statistically signifi-
cant at p < 0.05, and Bonferroni correction was applied for
multiple hypothesis testing.

Time-to-event characteristics (survival) were calculat-
ed from the onset of the first sepsis episode, which made
it possible to exclude immortal time bias. Comparison of
survival curves constructed using the Kaplan-Meier meth-
od was performed using the log-rank test. To evaluate the
prognostic significance of individual risk factors, univari-
able analysis based on the Cox proportional hazards mod-
el was performed. Variables that demonstrated statistical
significance were included in multivariable analysis with
calculation of adjusted hazard ratios and 95 % confidence
intervals. Variables with more than 30 % missing data were
not included in multivariable analysis.

When several independent predictors were identified,
a prognostic model was constructed based on multivariable
Cox regression with assessment of discriminative ability us-
ing Harrell’s C-index. Missing data were not imputed.

Statistical analysis was performed using IBM SPSS
Statistics (version 29.0.1; IBM Corp., USA) and the Python
programming language (version 3.12) using specialized li-
braries (pandas, numpy, lifelines, matplotlib).

Results

Patient characteristics

A total of 336 patients with confirmed sepsis were in-
cluded in the study. The patient selection flowchart is pre-
sented in Figure 1.

RICD v2.0 database:
3607 ICU admissions; 3404 patients

Inclusion criteria:
» Sepsis-3 criteria available
e>24hinlICU

Met inclusion criteria:
1192 ICU admissions; 1164 patients

Excluded (n = 828 patients):

* No sepsis (n = 239)

* No vital sign data (n = 410)

* No therapy data (n = 159)

* Repeated admissions (n = 20)

Included in the analysis:
336 septic ICU patients

Fig. 1. Flowchart of patient selection into study

The median age of the patients was 64 years (48; 74).
The median time from ICU admission to the onset of the
first sepsis episode was 10 days (4.0; 17.0), and the median
duration of the first episode was 9.7 days (4.3; 16.8). Most
patients were in prolonged/chronic critical illness, the me-
dian ICU length of stay reached 44 days (30; 62), and more
than 98 % of patients were transferred from ICUs of other
institutions. The most common comorbidities were arterial
hypertension (7 = 269; 80.1 %) and coronary artery disease
(n = 209; 62.2 %). Pneumonia was present in more than
70 % of patients at ICU admission.

Hospital outcomes

ICU mortality was 14.0 % (47 patients), and the median
time from the onset of the first sepsis episode to death was
36 days (27; 53). Septic shock during the first sepsis episode
developed in 55 patients (16.4 %), with a median time of
13 days (6; 25) from the onset of the episode. The presence
of septic shock was associated with a longer duration of the
first sepsis episode (median 35 days vs 18 days, p < 0.001)
and a higher incidence of nosocomial pneumonia (100 % vs
85.6 %, p < 0.001) and was also associated with a higher in-
cidence of sepsis-induced coagulopathy (40.0 % vs 14.8 %,
p <0.001), Table 1.

DIC criteria were assessed in 21 patients, and dissem-
inated intravascular coagulation was confirmed in 15 cases
(71.4 %). The hyperinflammatory sepsis phenotype was
recorded in 243 patients (72.3 %) during the first episode.
Mechanical ventilation during the first sepsis episode was
required in 319 patients (94.9 %). Nosocomial pneumonia
developed in 299 patients (89.0 %).

Recurrent sepsis episodes were observed in 96 patients
(28.6 %), and the median time from the end of the first sep-
sis episode to recurrence was 29 days (19; 40). Recurrences
of sepsis were associated with a longer ICU length of stay
(median 58 days vs 38 days, p < 0.001) and a longer total hos-
pital length of stay (median 69 days vs 55 days, p < 0.001),
Table 2.

Sepsis-induced coagulopathy was recorded in 78 pa-
tients (23.2 %), and the median time from the onset of the
sepsis episode to its development was 10 days (3; 22). The
presence of sepsis-induced coagulopathy was associated
with increased mortality (28.2 % vs 7.3 %, p < 0.001), as
well as with a higher frequency of vasopressor/inotrope use
(53.8 % s 21.0 %, p < 0.001),

Predictors of septic shock

In univariable analysis, predictors of septic shock de-
velopment were the hyperinflammatory sepsis phenotype
(HR 6.74, p = 0.001), shorter time to sepsis onset (HR
0.998, p = 0.011), lower diastolic blood pressure at the
onset of the sepsis episode (HR 0.976, p = 0.024), and the
presence of pneumonia at admission (HR 2.35, p = 0.026),
Table 4. In multivariable analysis, two independent pre-
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Table 1. Comparison of baseline characteristics and hospitalization outcomes of ICU patients depending on the development

of septic shock during the first sepsis episode

Parameters No septic shock Septic shock® p-value*
(n=243) (n=55)
Time to first sepsis episode, h 240 (96; 384) 120 (48; 216) <0.001T
Time from onset of sepsis episode to development of septic shock, — 13 (6; 25) —
days
Sepsis phenotype (first Hyperinflammatory 155;63.8 % 52;,94.5 % <0,0013
episode) Hypoinflammatory 88;36.2% 3;55%
Sex Male 134;55.1% 32,582 % 0,72
Female 109; 44.9 % 23;41.8 %
Age, years 61(48;73) 69 (52;76) 0.1
BMI, kg/m? n=205;24.8 (22.5; 28.9) n=51;26.4(21.9;30.9) 0.4
Transfer from another ICU 240;98.8 % 53;96.4 % 0.23
Pneumonia at admission 169; 69.5 % 47, 85.5 % 0.0192
Scores at the time of the first sepsis episode
APACHE I, score n=15;15 (12;17) n=6; 20 (15; 27) o.M
NUTRIC, score n=15;4(2;5) n=6;5(4;5) 0.21
SOFA, score 5(4;6) 5 (4;6) 0.1
SIRS, score 1(1;2) 1(1;2) 0.31
FOUR, score n=31;13(10; 16) n=6;15 (10; 15) 0.9
GCS, score n=39;11(9;12) n=7;11(8;14) 0.7
CRS-R, score n=19;17 (11; 21) n=4;18 (14; 30) 0.71
Laboratory parameters at the time of the first sepsis episode

Hemoglobin, g/L n=172;99 (91; 110) n =40; 92 (87;101) 0.0157
Leukocytes, x10°/L n=164;8.8(6.8;11.2) n=37,9.9(7.6;11.4) 0.2
Neutrophils, x10°/L n=164;59 (4.3;87) n=37,7.0 (5.6; 8.8) 0.08'
Lymphocytes, x10°/L n=165;1.4 (1.1; 2.0) n=37;1.4(0.8;1.9) 0.37
Eosinophils, x10%/L n=165;0.2(0.1;0.3) n=37;0.1(0.1,0.2) 0.071
Neutrophil-to-lymphocyte ratio n=164;42(2.8;6.8) n=37,53(3.4;,9.0) 0.08!
Platelets, x10°/L n=165; 277 (209; 367) n=37; 259 (185; 334) 0.2
Lactate, mmol/L n=34;13(0.9;1.8) n=13;1.0(0.8;1.2) 0.1
Creatinine, pmol/L n=160;72.8 (59.2;102.6) n=36;84.2(52.5;111.3) 0.9
C-reactive protein, mg/L n=150; 49.4 (27.6; 112.3) n=38;65.0(42.7,123.8) 0.097
Albumin, g/L n=108; 27.7 (24.0; 30.8) n=26;26.1(22.9; 29.0) 0.1
Total protein, g/L | n=155;56.4 (51.8; 60.9) n=36;55.9 (51.9; 59.5) 0.5
Procalcitonin, ng/mL n=10; 0.4 (0.2; 25.1) n=7;0.2(0.1;0.3) 0.3
D-dimer, mg/L n=28;26(1.4;6.2) =1,79(7.9,7.9) 0.4
Arterial blood pH n=36;7.49 (7.46;7.52) =13;7.51(7.48;7.51) 0.67
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End of the tabl. 1

Parameters No septic shock Septic shock® p-value*
(n=243) (n=55)
Vital parameters at the time of the first sepsis episode
Heart rate, bpm n=235; 83 (73;91) n=55;81(73;90) 0.41
Respiratory rate, per min n=168;17.0 (16.6; 18.0) n=38;17.0 (16.8; 17.5) 0.4
Body temperature, °C n=236;36.7 (36.5; 36.9) n="53;36.7 (36.6; 37.0) 0.3
Systolic blood pressure, mmHg n =240;125 (110; 137) n=55;121(107; 139) 0.6
Diastolic blood pressure, mmHg n=240;75 (66; 84) n="55;70 (64;77) 0.009"
Mean arterial pressure, mmHg n=171; 97 (86; 108) n=43;92 (80;102) 0.1
SpO,, % n=234; 99 (98; 99) n=52;99 (98; 99) 0.21
Comorbidities
Cerebral infarction 109; 44.9 % 26; 473 % 0.92
Hemorrhagic stroke 52,214 % 10;18.2 % 0.72
Traumatic brain injury 47;19.3 % 8;14.5 % 0.52
Type 2 diabetes mellitus 38;15.6 % 8;14.5% 0.92
Chronic kidney disease 27; 1M1 % 10;18.2 % 0.22
Chronic obstructive pulmonary disease 10;4.1% 1,1.8% 0.73
Coronary artery disease 149; 61.3 % 36;65.5 % 0.72
Arterial hypertension 194;79.8 % 49;89.1% 0.22
Chronic heart failure 46;18.9 % 12, 21.8 % 0.82
Outcomes and complications

Hospital mortality 21,86 % 13,236 % 0.0022
Recurrent sepsis episodes 79;32.5% 11;20.0 % 0.083
Number of sepsis episodes 1(1;2) 1(1;1) 0.071
Duration of first sepsis episode, days 18 (9; 32) 35(23; 49) <0.001
Duration of all sepsis episodes, days 24 (14; 38) 39 (23;55) <0.007
ICU length of stay, days 42 (29; 59) 53 (35; 67) 0.0387
ICU length of stay after first sepsis episode, days 31(21; 47) 44 (25; 61) 0.005
Total hospital length of stay, days 59 (42; 71) 55 (35; 69) 0.41
Nosocomial pneumonia# 208;85.6 % 55;100 % <0.0013
Mechanical ventilation# 225;92.6 % 55;100 % 0.0533
Sepsis-induced coagulopathy (SIC)# 36;14.8 % 22;40.0 % <0.0012
Disseminated intravascular coagulation (DIC)# 8,33% 6;10.9 % 0.042

Note: APACHE Il — Acute Physiology and Chronic Health Evaluation Il; CRS-R — Coma Recovery Scale-Revised; FOUR — Full Outline of
UnResponsiveness; IQR — interquartile range; NUTRIC — Nutrition Risk in the Critically Il; SIRS — systemic inflammatory response syndrome;
SOFA — Sequential Organ Failure Assessment; BMI — body mass index; ICU — intensive care unit; GCS — Glasgow Coma Scale.

" The Mann—Whitney criterion.

2 Criterion x?

® Fisher's exact test.

# During the first episode of sepsis.

"The critical significance level, taking into account the Bonferroni correction: < 0.001.
T Excluded patients who received vasopressors before the onset of the first episode of sepsis.
Continuous variables are presented as the median (Q1; Q3); if there are missing data, the number of patients (n)

is indicated.
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Table 2. Comparison of baseline characteristics and hospitalization outcomes of ICU patients depending on the development

of sepsis recurrence

Parameters Single sepsis episode Recurrent sepsis episodes p-value*
(n = 240) (n=96)
Time to first sepsis episode, h 228 (96; 420) 192 (84; 348) 0.51
Time from onset of sepsis episode to development of septic shock, — 29 (19; 40) —
days
Sepsis phenotype (first Hyperinflammatory 183,763 % 60; 62.5 % 0.0162
episode) Hypoinflammatory 57,23.8% 36;37.5%
Sex Male 140; 583 % 50;52.1% 0.32
Female 100; 41.7 % 46;47.9 %
Age, years 64 (48;74) 64 (49;74) 0.81
BMI, kg/m? n=203;24,9 (21,8; 29,1) n=281;24.6 (22.4,287) 0.9
Transfer from another ICU 237,98.8% 93;96.9 % 0.43
Pneumonia at admission 175,729 % 68;70.8 % 0.82
Scores at the time of the first sepsis episode
APACHE I, score n=19;16 (13; 21) n=5;15(15; 16) 0.5
NUTRIC, score n=19; 4 (3;5) n="5;4(4;5) 0.51
SOFA, score n=240;5 (4; 6) n=96;5 (4; 6) 0.4
SIRS, score n=240;1(1;2) n=96;1(1;2) 0.31
FOUR, score n=3113(12;16) n=11;9(8;16) 0.09"
GCS, score n=40;11(10;13) n=14;9 (8 1) 0.0341
CRS-R, score n=21;18 (16; 20) n=5;16 (11;16) 0.09'
Laboratory parameters at the time of the first sepsis episode
Hemoglobin, g/L n=178;98 (89; 109) n=67;98 (88; 105) 0.6
Leukocytes, x10°/L n=172;9.3 (7.4;13.4) n=61;8.8(6.4;10.8) 0.032"
Neutrophils, x10%/L n=172;7.1(5.0;10.3) n=61,59(4.3;8.3) 0.08
Lymphocytes, x10°/L n=173;14(1.0;1.9) n=671,1.3(0.9; 2.0) 0.41
Eosinophils, x10%/L n=173;0.12 (0.06; 0.28) n=61,0.13 (0.03; 0.30) 0.9
Neutrophil-to-lymphocyte ratio n=172;4.8(2.9;8.2) n=61,43(3.2,7.9) 0.81
Platelets, x10°/L n=173; 282 (209; 377) n=61; 262 (185; 333) 0.1
Lactate, mmol/L n=44;12(0.9;1.8) n=19;1.0(0.9;1.3) 0.21
Creatinine, pmol/L n=166;76.3 (57.6;113.9) n=62;73.1(60.2;102.4) 0.6
C-reactive protein, mg/L n=154;71.7 (35.0; 132.6) n=64; 45.5 (27.8;106.7) 0.068!
Albumin, g/L n=111;26.9 (23.0; 30.3) n=47;26.5(23.1,30.6) 0.71
Total protein, g/L | n=160; 56.0 (51.6; 61.0) n=62;55.0 (50.6; 58.9) 0.41
Procalcitonin, ng/mL n=23;0.8(0.2;3.2) n=28;0.5(0.2; 4.0) 0.61
D-dimer, mg/L n=9;3.4(1.4;6.5) n=114(1.4;1.4) 0.6
Arterial blood pH n=45;7.49 (7.47,7.52) n=20;7.50 (7.46;7.52) 0.8

128




Risk factors for adverse sepsis outcomes in patients with prolonged ICU stay: a real-world clinical practice (retrospective study)

End of the tabl. 2

Parameters Single sepsis episode Recurrent sepsis episodes p-value*
(n=240) (n=96)

Vital parameters at the time of the first sepsis episode

Heart rate, bpm n=235;84.0(73.3; 93.0) n=093;819(73.8; 89) 0.1
Respiratory rate, per min n=158;17.0 (16.5; 18.0) n=65;17.0 (17.0;17.7) 0.2
Body temperature, °C n=232;36.7 (36.5; 37.0) n=93;36.7 (36.6; 36.9) 0.9"
Systolic blood pressure, mm Hg n=239;121.6 (107.9; 134.4) n=94;124.7 (112.3;136.1) 0.21
Diastolic blood pressure, mm Hg n=239;73.5(63.2;82.6) n=94;73.3 (66.3; 83.6) 0.5
Mean arterial pressure, mm Hg n=173;93.3 (83.7;104.6) n=72;95.5 (87.3;109.3) 0.21
SpO,, % n=230; 98.9 (97.9; 99.4) n=93;99.0 (97.7; 99.3) 0.9"

Comorbidities

Cerebral infarction 13; 471 % 40; 41.7 % 0.42
Hemorrhagic stroke 46;19.2 % 20;20.8 % 0.82
Traumatic brain injury 40;16.7 % 24, 25.0 % 0.12
Type 2 diabetes mellitus 38,158 % 15;15.6 % 0.92
Chronic kidney disease 30;125% 16;16.7 % 0.42
Chronic obstructive pulmonary disease 11, 4.6 % 1,1.0 % 0.23
Coronary artery disease 147,613 % 62;64.6 % 0.72
Arterial hypertension 192; 80.0 % 77,80.2 % 0.92
Chronic heart failure 50; 20.8 % 15;15.6 % 0.32

Outcomes and complications

Hospital mortality 33;13.8% 14;14.6 % 0.92
Septic shock® 44,183 % 11,15 % 0.22
Number of sepsis episodes — 2(22) —
ICU length of stay, days 38 (28; 55) 58 (44;76) <0.001
ICU length of stay after the first episode, days 28 (18; 41) 48 (36; 64) <0.0017"
Total hospital length of stay, days 55 (35; 66) 69 (56; 90) <0.001"
Nosocomial pneumonia#* 216;90.0 % 83;86.5% 0.52
Mechanical ventilation# 229;95.4 % 89;92.7 % 0.52
Vasopressor/inotrope use# 76;31.7 % 17,17.7 % 0.0142
Sepsis-induced coagulopathy (SIC)# 64;26.7 % 14;14.6 % 0.0262
Disseminated intravascular coagulation (DIC)# 12;5.0% 3;31% 0.63

Note: APACHE Il — Acute Physiology and Chronic Health Evaluation II; CRS-R — Coma Recovery Scale-Revised; FOUR — Full Outline of
UnResponsiveness; IQR — interquartile range; NUTRIC — Nutrition Risk in the Critically Ill; SIRS — systemic inflammatory response syndrome;
SOFA — Sequential Organ Failure Assessment; BMI — body mass index; ICU — intensive care unit; GCS — Glasgow Coma Scale.

" The Mann—Whitney criterion.

2 Criterion ¥

® Fisher's exact test.

# During the first episode of sepsis.

*The critical significance level, taking into account the Bonferroni correction: < 0.001.

T Excluded patients who received vasopressors before the onset of the first episode of sepsis.

Continuous variables are presented as the median (Q1; Q3); if there are missing data, the number of patients (n)

is indicated.
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Table 3. Comparison of baseline characteristics and hospitalization outcomes of ICU patients depending on the development
of sepsis-induced coagulopathy (SIC) during the first sepsis episode

Parameters No SIC SIC p-value*
(n=219) (n=78)
Time to first sepsis episode, h 240 (120; 408) 144 (72; 288) 0.011"
Time from onset of sepsis episode to development of septic — 240 (75; 528); from 22 to —
shock, days 1728
Sepsis phenotype  Hyperinflammatory 154.70.3 % 66.84.6 % 0,022
(first episode) Hypoinflammatory 65.29.7 % 12.15.4 %
Sex Male 120.54.8 % 51.65.4 % 0,42
Female 99.45.2 % 27.346 %
Age, years 62 (47, 72) 70 (53;76) 0.013"
BMI, kg/m? n=185;25.1(22.5; 29.8) n=68;24.2 (20.5; 28.4) 0.068
Transfer from another ICU 214;97.7 % 77;98.7 % 0.93
Pneumonia at admission 153;69.9 % 65;833 % 0.0312
Scores at the time of the first sepsis episode
APACHE I, score n=15;16 (14; 17) n=7;16 (13; 23) 0.8
NUTRIC, score n=15;4(3;5) n=7;4(47) 0.41
SOFA, score 5(4;6) 6 (5; 8) <0.001
SIRS, score 1(1;2) 1(1;2) <0.001"
FOUR, score n=31,13 (10; 16) n=7;15 (11;16) 0.71
GCS, score n=39;11(9;12) n=10;11(10; 14) 0.9
CRS-R, score n=19;17 (11;19) n=4;20(17; 23) 0.2
Laboratory parameters at the time of the first sepsis episode

Hemoglobin, g/L n=162;98.0 (90.0; 109.0) n=60;93.5 (85.5; 105.5) 0.1
Leukocytes, x10°/L n=156;9.1(7.1;11.4) n=56;10.4 (7.0;14.7) 0.1
Neutrophils, x10°/L n=156;6.7 (4.8;8.8) n="56;8.3(4.9;12.4) 0.051
Lymphocytes, x10°/L n=156;1.5 (1.1; 2.0) n=56;1.1(0.8;1.5) 0.007"
Eosinophils, x10%/L n=156;0.2 (0.1;0.3) n=56;0.1(0.0;0.2) <0.001
Neutrophil-to-lymphocyte ratio n=156;4.3(2.8;6.9) n="56;6.5(3.3;13.9) 0.0021
Platelets, x10°/L n=156;305.5(228.0;378.5)  n=56;215.0 (133.0; 293.5) <0.001
Lactate, mmol/L n=32;1.2(0.9;1.6) n=26;1.2(0.8;1.4) 0.71
Creatinine, pmol/L n=151;72.3 (55.6; 105.0) n=55;85.8 (64.2;125.3) 0.031
C-reactive protein, mg/L n=144;535 (28.4;112.8) n="52;87.0(51.7;168.6) 0.0017
Albumin, g/L n=108;27.2 (23.4; 30.6) n=38;25.7 (22.9; 29.8) 0.2
Total protein, g/L | n=149;56.4 (51.8; 61.0) n=>54;54.1(48.8;57.6) 0.0071
Procalcitonin, ng/mL n=14;03(0.1;0.5) n=14;15(0.3;7.5) 0.0141
D-dimer, mg/L n=7.59(1.4;7.9) n=2;14(1117) 0.31
Arterial blood pH n=32.7.50 (7.47;7.52) n=27;7.49 (7.45;7.53) 0.81
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Parameters No SIC SIC p-value*
(n=219) (n=78)
Vital parameters at the time of the first sepsis episode
Heart rate, bpm n=213;83(73.2;91) n=77,82.9 (72.5;93.0) 0.67
Respiratory rate, per min n=148;17.0 (16.6; 17.7) n=48;17.4 (17.0;18.1) 0.0467
Body temperature, °C n=213;36.7 (36.5; 36.9) n=174;36.7 (36.6; 37.0) 0.21
Systolic blood pressure, mm Hg n=217;122.0 (107.9; 135.7) n=78;120.7 (110.1; 137.1) 0.9
Diastolic blood pressure, mm Hg n=217;73.3 (65.6; 83.0) n=78;717 (61.7,79.2) 0.08?
Mean arterial pressure, mm Hg n=160;94.3 (83.7;106.1) n=59;94.4 (84.2;105.1) 0.8
SpO;, % n=211;99.0 (97.9; 99.5) n=75;98.9 (98.0;99.2) 0.7
Comorbidities
Cerebral infarction 106; 48.4 % 35;449 % 0.72
Hemorrhagic stroke 43;19.6 % 11;14.1 % 0.42
Traumatic brain injury 45;20.5 % 13;16.7 % 0.62
Type 2 diabetes mellitus 37;16.9 % 9;11.5% 0.32
Chronic kidney disease 27,123 % 15;19.2 % 0.22
Chronic obstructive pulmonary disease 10; 4.6 % 2,26 % 0.73
Coronary artery disease 135;61.6 % 49;62.8 % 0.92
Arterial hypertension 180; 82.2 % 57,731% 0.12
Chronic heart failure 38;17.4 % 21,269 % 0.12

Outcomes and complications

Hospital mortality 16;7.3 % 22,282 % <0.0012
Septic shock® 32,146 % 22;282 % 0.0122
Recurrent sepsis episodes 70;32.0 % 14;17.9 % 0.0272
Number of sepsis episodes 1(1;2) 1(1;1) 0.027
Duration of first sepsis episode, days 21(11;34) 28 (15; 38) 0.025!
Duration of all sepsis episodes, days 27 (15; 47) 29 (18; 47) 0.5
ICU length of stay, days 44 (32; 63) 42 (30; 61) 0.3
ICU length of stay after the first episode, days 35(22;51) 32 (22; 49) 0.5
Total hospital length of stay, days 60 (44;76) 51(35; 64) 0.006"
Nosocomial pneumonia# 190; 86.8 % 76;97.4 % 0.0083
Mechanical ventilation# 209;95.4 % 76;97.4 % 0.73
Vasopressor/inotrope use# 46;21.0 % 42;53.8% <0.001°
Disseminated intravascular coagulation (DIC)# 9,41% 6,77 % 0.33

Note: APACHE Il — Acute Physiology and Chronic Health Evaluation II; CRS-R — Coma Recovery Scale-Revised; FOUR — Full Outline of
UnResponsiveness; IQR — interquartile range; NUTRIC — Nutrition Risk in the Critically Il; SIRS — systemic inflammatory response syndrome;
SOFA — Sequential Organ Failure Assessment; BMI — body mass index; ICU — intensive care unit; GCS — Glasgow Coma Scale.

" The Mann—Whitney criterion.

2 Criterion x*

® Fisher's exact test.

# During the first episode of sepsis.

"The critical significance level, taking into account the Bonferroni correction: < 0.001.

*Excluded patients who received vasopressors before the onset of the first episode of sepsis.

Continuous variables are presented as the median (Q1; Q3); if there are missing data, the number of patients (n)

is indicated.
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~
Table 4. Univariate and multivariable Cox regression analysis (outcome: septic shock)
Parameter N Missing, % Univariable analysis Univariable analysis

HR 95% Cl p-value aHR 95% Cl p-value
Sepsis phenotype 298 0 6.74 2.10; 21.62 0.001 5.23 1.61;17.04 0.006
(hyperinflammatory)#
Time to first sepsis episode#, h 298 0 0.998 0.997;0.999 0.0M11 0.999 0.998; 1.000 0.073
Diastolic blood pressure#, mm Hg 295 1.0 0.976 0.955; 0.997 0.024 0.975 0.954; 0.996 0.019
Pneumonia at admission# 298 0 2.35 1.11; 4.98 0.026 2.10 0.99; 4.47 0.053
Note: 95% Cl — 95% confidence interval; aHR — adjusted hazard ratio; SOFA — Sequential Organ Failure Assessment.
Variables included in the multivariable analysis (< 30 % missing data).
Equation (prognostic index):
Pl = exp (1.867 x sepsis phenotype (1= hyperinflammatory, 0 = hypoinflammatory) — 0.023 x diastolic blood pressure (mmHg)).
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Fig. 2. Kaplan-Meier survival curves: comparison of septic shock-
free survival in patients with hyperinflammatory and
hypoinflammatory sepsis phenotypes

dictors of septic shock development were identified: the
hyperinflammatory sepsis phenotype (adjusted HR 5.23,
95% CI 1.61; 17.04, p = 0.006) and lower diastolic blood
pressure (adjusted HR 0.975 [risk increase: 1.025], 95% CI
0.954; 0.996, p = 0.019, Table 4). Survival curves free from
septic shock comparing patients with hyperinflammatory
and hypoinflammatory sepsis phenotypes are presented in
Figure 2.

Predictors of sepsis recurrence

In univariable analysis, the presence of the hypoinflam-
matory sepsis phenotype (HR 2.07, p = 0.001), lower plate-
let count (HR 0.998, p = 0.024), and a lower SOFA score
at the onset of the first sepsis episode (HR 0.49, p = 0.034)
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were associated with a higher risk of sepsis recurrence
(Table 5). In contrast, in multivariable analysis, only the hy-
poinflammatory phenotype remained an independent pre-
dictor of recurrence (adjusted HR 5.23, 95% CI 1.29; 13.01,
= 0.002).

Predictors of sepsis-induced coagulopathy

In univariable analysis, the development of sepsis-in-
duced coagulopathy was associated (parameters at the
onset of the first sepsis episode) with lower platelet count
(HR 0.993, p < 0.001), higher SOFA score (HR 1.216,
p < 0.001), increased neutrophil-to-lymphocyte ratio
(HR 1.021, p = 0.001), higher absolute neutrophil count
(HR 1.057, p = 0.002), C-reactive protein level (HR 1.005,
p =0.002), SIRS score (HR 1.450, p = 0.003), lower total
protein level (HR 0.943, p = 0.006), decreased absolute lym-
phocyte count (HR 0.585, p = 0.007), higher procalcitonin
level (HR 1.032, p = 0.009), increased body temperature
(HR 1.786, p = 0.014), higher leukocyte count (HR 1.046,
p = 0.016), creatinine level (HR 1.005, p = 0.017), as well
as the presence of pneumonia at admission (HR 2.006,
p =0.022) (Table 6).

In the multivariable model, only platelet count re-
mained an independent predictor (adjusted HR 0.997;
95% CI0.994; 0.999; p = 0.026).

Discussion

Main findings

A total of 336 patients with confirmed sepsis from
the RICD v2.0 database were included in the study, and
ICU mortality was 14.0 %. Septic shock developed in
55 patients (16.4 %); its independent predictor was the
hyperinflammatory sepsis phenotype, and septic shock
was also characterized by lower diastolic blood pres-
sure at the onset of the episode; the presence of septic
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Table 5. Univariate and multivariable Cox regression analysis (outcome: sepsis recurrence) b
Parameter N Missing, % Univariable analysis Multivariable analysis
HR 95% Cl p-value aHR 95% Cl p-value
Sepsis phenotype 336 0 2.07 1.36;3.14 0.001 5.23 1.29; 13.01 0.002
(hypoinflammatory)#
Platelets, x10°/L 234 30.4 0.998 0.996; 0.999 0.024 — — —
SOFA#, score 336 0 0.49 0.26; 0.95 0.034 0.94 0.84;1.06 0.305
Note: 95% Cl — 95% confidence interval; aHR — adjusted hazard ratio; SOFA — Sequential Organ Failure Assessment.
#Variables included in the multivariable analysis (< 30 % missing data).
~
Table 6. Univariate and multivariable Cox regression analysis (outcome: sepsis-induced coagulopathy)
Parameter N Missing, % Univariable analysis Multivariable analysis

HR 95% Cl p-value aHR 95% Cl p-value
Platelets#, x10%/L 212 28.62 0.993 0.990; 0.996 < 0.001 0.997 0.994; 0.999 0.026
SOFA¥#, score 297 0 1.216 1123;1.316 < 0.001 0.878 0.759; 1.017 0.082
Neutrophil-to-lymphocyte 212 28.62 1.021 1.009;1.034 0.001 0.971 0.905; 1.041 0.406
ratio#
Neutrophilst, x10°/L 212 28.62 1.057 1.020; 1.095 0.002 — — —
C-reactive protein, mg/L 196 34.01 1.005 1.002;1.008 0.002 - — -
#SIRS, score 297 0 1.450 1.136; 1.851 0.003 0.915 0.643;1.301 0.621
Total protein, g/L 203 31.65 0.943 0.905; 0.983 0.006 — — —
Lymphocytest, x10°/L 212 28.62 0.585 0.395; 0.866 0.007 — — —
Procalcitonin, ng/mL 28 90.57 1.032 1.008; 1.057 0.009 — — —
Body temperature#, °C 287 3.37 1.786 1.127;2.832 0.014 1.215 0.751;1.965 0.428
Leukocytes#, x10°/L 212 28.62 1.046 1.009; 1.086 0.016 1.013 0.933;1.099 0.762
Creatinine, umol/L 206 30.64 1.005 1.001;1.009 0.017 — — —
Pneumonia at admission# 297 0 2.006 1.106; 3.639 0.022 0.890 0.457;1.735 0.733
Note: 95% Cl — 95% confidence interval; aHR — adjusted hazard ratio; SIRS — systemic inflammatory response syndrome; SOFA — Sequential
Organ Failure Assessment score.
#Variables included in the multivariable analysis (< 30 % missing data).
tNot included in the multivariable model due to strong collinearity with WBC and the neutrophil-to-lymphocyte ratio.

shock was associated with a longer duration of the sep-
sis episode and a higher incidence of nosocomial pneu-
monia and sepsis-induced coagulopathy. Recurrent
sepsis episodes were observed in 96 patients (28.6 %);
the hypoinflammatory phenotype was an independent
predictor; sepsis recurrences were also associated with
longer ICU stay and longer total hospital length of stay.
Sepsis-induced coagulopathy was recorded in 78 patients
(23.2 %); its independent predictor was a reduced plate-
let count; the development of coagulopathy was associ-
ated with increased mortality and more frequent use of
vasoactive support.

Comparison with previous studies

To our knowledge, this is the first study to identify risk
factors for adverse sepsis outcomes in patients with pro-
longed ICU stay. The results obtained are generally consis-
tent with previously published data. The hyperinflamma-
tory sepsis phenotype has previously been described as a
significant risk factor for adverse outcomes, including the
development of septic shock [35]. Low diastolic blood pres-
sure also demonstrated a statistically significant association
with the risk of septic shock, which is supported by litera-
ture data suggesting its potential use as an indicator of early
decompensation and as a rationale for timely initiation of
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vasoactive support [34]. Moreover, low values of both sys-
tolic and diastolic blood pressure are associated with an in-
creased risk of death in patients with septic shock [36].

Particular attention should be paid to the fact that a
number of clinical and laboratory parameters tradition-
ally considered predictors of adverse outcomes in sepsis
did not demonstrate statistically significant independent
associations in our cohort. These include age, presence of
comorbidities, and markers of systemic inflammation and
organ dysfunction (leukocytosis, lactate level, creatinine,
C-reactive protein, procalcitonin, etc.). On the one hand,
the absence of independent associations between these
parameters and the studied outcomes may reflect the high
degree of homogeneity of the included population: most
patients had prolonged ICU stays, had a pronounced co-
morbid background, and relatively high severity scores,
which limits variability in both baseline scores and labora-
tory parameters and reduces their discriminative ability. On
the other hand, a strict level of statistical significance was
applied due to the use of Bonferroni correction, which may
have led to attenuation of small effect sizes in a relatively
limited sample.

From a practical perspective, the findings emphasize
that in patients with prolonged and chronic critical illness,
conventional severity scores and individual laboratory
markers may be less informative for predicting complicated
sepsis than characteristics reflecting the immuno-inflam-
matory phenotype and hemostatic status.

It should be noted that in the present study, the median
time from the onset of the septic episode to the develop-
ment of shock was 13 days, which substantially exceeds the
time frames typical of standard ICU cohorts (mean time to
shock development — within the first two days) [37]. This
time gap likely reflects the characteristics of the included
population, namely the predominance of patients with
prolonged and chronic critical illness, which is character-
ized by pronounced immunosuppression and reduced in-
flammatory reactivity [9]. In our study, the development
of septic shock was associated with a higher incidence of
sepsis-induced coagulopathy, which is consistent with data
from Tanaka et al. (2021), who reported more frequent de-
tection of coagulopathy in patients with shock (66.4 % vs
42.2 %) [38].

In the study by van Vught L.A. et al. (2016), it was
shown that some ICU patients with sepsis develop recur-
rent episodes of organ dysfunction during a single hos-
pitalization associated with new infections, which is ac-
companied by an increased risk of death [39]. In a large
multicenter study by Xu Z. et al. (2022), which included
more than 20,000 patients, four sepsis subphenotypes were
identified based on SOFA score trajectories during the first
72 hours after ICU admission: Rapidly Improving, Delayed
Improving, Delayed Worsening, and Rapidly Worsening
[40]. The authors demonstrated that unstable clinical
course and recurrent episodes of organ dysfunction were
associated with increased mortality. In our study, recurrent
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sepsis episodes were associated with prolonged ICU stay,
and the only independent predictor of recurrence was the
hypoinflammatory phenotype. A possible explanation is
competing risk: patients with the hyperinflammatory phe-
notype more often died before a recurrent sepsis episode
could develop. In addition, recurrences in patients with
the hypoinflammatory phenotype may be related to pro-
nounced immunosuppression, which is characteristic of
chronic critical illness [9].

In our study, the development of sepsis-induced coag-
ulopathy was associated with increased mortality and more
frequent use of vasoactive agents, which is consistent with
previously published data [38]. Among the multiple risk
factors identified in univariable analysis, only a low plate-
let count at the onset of the septic episode remained an
independent predictor of coagulopathy. In a multicenter
retrospective study by Kasugai et al. (2021), both a relative
decrease in platelet count > 11 % and an absolute platelet
count < 100 x 10°/L on the second day of hospitalization
were significantly associated with the development of sep-
sis-associated coagulopathies [41]. Furthermore, in a study
by Cheng et al. (2024), which included patients with sep-
sis-induced coagulopathy between 2014 and 2022, the de-
velopment of thrombocytopenia was significantly associat-
ed with increased in-hospital mortality [42].

It should be noted that most existing studies are based
on parameters obtained at the time of ICU admission,
whereas in our study the analysis was performed at the on-
set of the septic episode. This approach may improve prog-
nostic accuracy; however, direct comparison of results is
limited due to the lack of studies conducted in patients with
comparable ICU length of stay.

Clinical implications

The study identified independent risk factors for septic
shock, sepsis recurrence, and sepsis-induced coagulopathy
and demonstrated their association with adverse outcomes.
These predictors may be used both for the development of
specialized prognostic models in patients with prolonged
and chronic critical illness and for direct risk stratification
at the onset of the septic episode, thereby providing a basis
for more accurate prognostication and optimization of clin-
ical decision-making in the ICU.

Strengths and limitations

The present study has several strengths. First, it is
based on real-world clinical data collected over an eight-
year observation period, which ensures a high representa-
tiveness of the patient cohort. Second, the use of real-world
treatment data provides high external validity. In addition,
the analysis of predictors and outcomes in the subgroup of
patients with prolonged and chronic critical illness enhanc-
es internal validity by reducing heterogeneity of the study
population.



Risk factors for adverse sepsis outcomes in patients with prolonged ICU stay: a real-world clinical practice (retrospective study)

At the same time, several limitations should be consid-
ered when interpreting the results. First, the RICD database
is single-center, which limits the generalizability of the find-
ings. Second, no external validation was performed. Third,
the analysis was limited to the first sepsis episode: septic
shock and sepsis-induced coagulopathy were assessed with-
in a single episode. Moreover, the retrospective design does
not allow definitive conclusions regarding causality of the
identified associations. It should also be considered that
the retrospective study design and the exclusion of patients
with incomplete data may have introduced selection bias.

Future research directions

The findings define several directions for future re-
search. First, the development and dissemination of spe-
cialized databases of patients with prolonged and chronic
critical illness are needed to enable external validation of
study results. In addition, prospective multicenter studies
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