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Introduction: Outcome and predictors of early- and late-onset septic shock are still controversial. The aim of the study was to compare the
relevant predictors of 28-day mortality in early- and late-onset septic shock and other non-sepitic critical illnesses.

Material and Methods: \We conducted a prospective, observational, pilot study. A group of 46 patients with early septic shock and 42 non-
septic critically ill patients from the emergency department and 56 patients with late septic shock from the hospital were enrolled. On admis-
sion to the ICU, the most important potential predictors of 28-day mortality were assessed.

Results: In terms of predicting 28-day mortality, a higher mNUTRIC score was the only common predictor for all three groups. Multi-drug
resistant (MDR) bacterial aetiology was a common predictor in both forms of septic shock. Older age, female gender, increased neutrophil-
to-lymphocyte ratio (NLR) and increased need for vasoactive agents were common predictors in late septic shock and non-septic critically ill
patients. Increased red blood cell distribution width coefficient of variation (RDW-CV) was predictor in early septic shock and non-septic criti-
cally ill patients. Central venous-arterial carbon dioxide difference (Pcv-aCO2) was predictor in patients with early septic shock. Inflammatory
index and MDR carrier status were predictors in non-septic critically ill patients.

Conclusions:A higher mMNUTRIC score is a predictor of 28-day mortality in early and late septic shock and in critically ill non-septic patients.
MDR aetiology was predictive of 28-day all-cause mortality in both types of septic shock, and Pcv-aCO2 was predictive in patients with early

septic shock.
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Introduction
Approximately half of infected critically ill patients are es-
timated to die within 48 hours as a result of the develop-
ment of sepsis and septic shock. [1]. The EPIC 3 study on
the prevalence of infections in intensive care unit (ICU)
patients found that 54% of patients had a suspected or
proven infection, with an overall in-hospital mortality
rate of 30%, with ICU-acquired infections having a sig-
nificantly higher mortality rate than community-acquired
infections [2]. Recent studies show that while mortality in
ICU patients without hospital-acquired infections (HAIs)
is 17%, mortality in critically ill patients with one HAI ep-
isode ranges from 30% to 48%, and mortality in patients
with three concurrent HAIs can reach 63% [3,4].
However, if sepsis or septic shock occurs late in hospi-
tal and organ dysfunction develops, the absolute mortality
may be 20% higher than for septic shock diagnosed in the
ED [5]. The relationship between the timing of the onset
of sepsis complicated by septic shock and morbidity and
mortality has also been investigated in other previous stud-
ies. The results indicate a significantly higher rate of com-
plications and mortality in patients who develop late-onset
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septic shock in hospital [6-10]. Various classes of demo-
graphic, clinical, laboratory and prognostic variables have
been identified as predicting adverse outcome in sepsis and
septic shock [7,10-12]. However, the pathophysiological
complexity and highly variable interaction between host
immunity and pathogen greatly complicates this approach
[13] and conclusions are heterogeneous.

The aim of this study is to identify potential new predic-
tors of 28-day mortality in ICU patients with early septic
shock diagnosed in the emergency department and late
septic shock in patients hospitalised longer than 48 hours.
To better discriminate the value of these potential predic-
tors, a group of critically ill non-septic patients were also
compared.

Methods

Study design and population

A prospective, observational pilot study was conducted.
The data collection was conducted in a single intensive care
unit of a tertiary care hospital, from mid-February to mid-
October 2023. Patients aged 18 years or older were includ-
ed if they met the following criteria; (i) Patients presenting
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with septic shock and admitted to the ICU from the ED,
where the diagnosis of septic shock has been established
within 12 hours and in whom the onset of symptoms is less
than 48 hours: Early Septic Shock Group (ii) Patients with
septic shock who were transferred from a general medical
ward to the ICU after a minimum of 48 hours of hospi-
talization: Late Septic Shock Group (iii) Patients admitted
to the ICU from the ED for various severe conditions and
not diagnosed with sepsis or septic shock within 48 hours
of admission: Critically Il Non-Septic Group. Pregnant
women and patients declining enrolment were excluded.
Only the initial ICU admission was taken into account if a
patient had multiple admissions.

Ethical Considerations

This study was approved by the Ethics Council of the
Oradea County Hospital Nr. 20470/ 22.06.2022 and De-
cision CEFMF-1/30.06.2023 of the Research Ethics Coun-
cil of the University of Medicine and Pharmacy Oradea.

Data collection

Demographic data were collected at the time of admis-
sion to the intensive care unit. The Third International
Consensus Definition of Sepsis and Septic Shock (Sep-
sis-3) [1] was used to diagnose septic shock. The sever-
ity of septic shock and the severity of illness was assessed
on arrival at the ICU. A series of scores were calculat-
ed: Acute Physiology and Chronic Health Evaluation
(APACHE) II score, Sequential Organ Failure Assess-
ment (SOFA) score, Modified Nutritional Risk Assess-
ment in the Critically Il (mnNUTRIC) score, Vasoac-
tive-Inotropic Score (VIS). We assessed the burden of
comorbidities using the Charlson comorbidity index.
Routine laboratory and biochemistry samples were taken
on admission from the ED or ward. These included pe-
ripheral blood cell, inflammatory and infectious markers
(C-reactive protein, procalcitonin). We considered the
following prognostic biomarkers for mortality at ICU
admission: a).Neutrophil-to-Lymphocyte Ratio (NLR);
b).Systemic Immune-Inflammation index (SII) calculat-
ed by (NxP)/L (N, P and L represent neutrophil, platelets
and lymphocyte counts); Clinical outcome data included
bacterial actiology, length of stay in the ICU and 28-day

mortality, regardless of where it was recorded.

Statistical analysis

Statistical analysis was performed with SPSS Statistics for
Windows, version 25.0 (IBM Corp., Armonk, NY, USA).
Absolute values and percentages were used for categori-
cal variables. Continuous variables with a normal distri-
bution were expressed as mean and standard deviation
(SD), whereas those without a normal distribution were
expressed as median and interquartile range [IQR]. The
Student’s t-test, the Mann-Whitney U test and the chi-
squared test were used to assess baseline characteristics. The
association between the variables of interest and all-cause
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mortality was tested using binary logistic regression. A p-
value of less than 0.05 was considered significant.

Results

A total of 144 patients were analysed and compared in the
trial. These included 42 critically ill patients with non-septic
shock and 102 patients with septic shock: 46 patients with
early septic shock and 56 patients with late septic shock.
Table I shows the baseline characteristics of the patients
studied. Patients with septic shock were older, had signifi-
cantly worse prognostic scores and indices, and had a sig-
nificantly higher Charlson comorbidity index than patients
with non-septic critical illness. Significant changes were
seen in the peripheral blood cells of septic shock patients.
These included neutrophilia, widening of the red blood cell
distribution width (RDW-CV) and an increase in NLR.

Laboratory data show that biomarkers of inflammation
and infection, and organ damage are significantly more se-
vere in septic shock patients than in non-septic critically ill
patients. The non-septic critically ill patients spent signifi-
cantly longer in the ICU, but the overall 28-day mortality
rate was not significantly different between the septic and
non-septic groups (68.6%vs.57.1% p=0.532).

Table II shows the baseline characteristics, severity
scores, biomarkers, laboratory data and clinical details of
patients in the early and late septic shock arms. There is
a significant increase in the mNUTRIC score in patients
with late septic shock and a significant increase in the ino-
tropic vasoactive score in patients with early septic shock.
The peripheral blood cell profile showed a borderline
significant increase in red blood cell distribution width
(RDW-CV) in patients with late septic shock. The systemic
immune inflammation index (SII) was significantly higher
in patients with late septic shock. Central venous-arterial
CO, difference is significantly higher in patients with early
septic shock. In the late septic shock group, bacterial MDR
aetiology was more common but not significant. ICU stay
was significantly longer for patients in the late onset septic
shock group. However, mortality did not differ between
the early and late septic shock groups.

Furthermore, we aimed to identify the predictors of 28-
day mortality in patients from the three groups studied us-
ing a binary logistic regression model based on the data
from the descriptive analysis of the groups. Mortality was
the dependent variable, and independent variables were
potential mortality predictors. Table III shows the results.

With regard to demographic predictors, female sex is a
predictor of 28-day mortality in patients with late septic
shock [OR=6.890(95%CI=0.016-0.794);p=0.026)] in crit-
ical non-septic shock patients [OR=2.267(95%CI=0.042-
4.631);p=0.459)] and to a lesser extent for patients in the
early septic shock subgroup [OR=1.176(95%CI=0.067-
20.721);p=0.912)]. Age showed reduced ability to predict
mortality in the three patient subgroups.

Among the prognostic scores, the mNUTRIC score
has the best predictive ability for death at 28 days in pa-
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Table I. Baseline characteristics at time of ICU admission
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Variable Septnc(ﬁZ:)glz()Group Non-Sept: =S4I12<))ck Group P value
Demographics

Age (years) 70.0[56.0-76.0] 63.0[50.5-70.3] 0.007
Male sex nr.(%) 61(59.8) 25(59.5) 0.975
Scores and comorbidities

APACHE Il Score 27.73(7.4) 20.4(8.2) <0.001
SOFA Score 11.15(2.9) 7.4(3.5) <0.001
mNUTRIC Score 7.0[5.0-8.0] 4.0[2.0-6.0] <0.001
Vasoactive Intropic Score 43.5[26.5-93.25] 0.0[0.0-10.5] <0.001
CCl 5.0[3.0-7.0] 3.0[1.0-6.0] 0.018
Pheripheral blood cells profile

Hemoglobin (g/dL) 10.4(2.8) 11.0(3.3) 0.202
Leukocytes (109/L) 17.0[8.9-26.5] 12.3[(9.5-17.2] 0.089
Neutrophils (109/L) 15.0[7.7-23.5] 10.6[7.6-14.0] 0.048
RDW-CV (%) 15.3[14.1-16.6] 14.6[13.5-15.6] 0.009
NLR 15.7[9.2-22.9] 11.6[6.9-17.6] 0.006
SitIndex [1332?26156.4] [9331?—2??7.233.6] 0.061
Laboratory values

Albumin (g/dL) 2.2(0.6) 2.67(0.7) <0.001
Blood urea nitrogen (mg/dL) 42.0[28.0-58.0] 23.0[12.0-41.0] <0.001
Creatinine (mg/dL) 1.9(1.3-3.6) 1.1[0.7-1.9] <0.001
C Reactive Protein (mg/L_) 224.1(100.2) 96.7(95.3) <0.001
Procalciton in (mcg/L) 13.8[7.6-35.7] 0.5[0.2-2.0] <0.001
Clinical Data

ICU length of stay (days) 6.0[3.8-13] 9.0[6.0-14.3] 0.021
Mortality at 28 days nr. (%) 70(68.6) 2(57.1) 0.247

Table Il Comparisons of baseline characteristics, severity scores, biomarkers and clinical data between groups of patients with septic

shock.

Variable Early Sept(i:jg;)ck Group Late Sept:z =85hs())ck Group P value
Demographics

Age (years) 71.00[54.00-75.25] 69.50[61.00-77.75] 0.801
Male sex nr. (%) 26(56.5) 35(62.5) 0.542
Scores and comorbidities

APACHE Il Score 27.8(7.6) 27.6(7.1) 0.602
SOFA Score 11.4(3.0) 11.0(2.8) 0.396
mNUTRIC Score 6[5.00-7.00] 7[5.00-8.00] 0.011
CCl 5[2.00-7.00] 5[3.00-7.00] 0.554
Pheripheral blood cells profile

Hemoglobin (g/dL) 10.6(2.8) 10.2(1,9) 0.316
Leukocytes (109/L) 17.8[6.2-24.1] 15.9[9.6-29.0] 0.459
Neutrophils (109/L) 15.7[5.2-21.7] 12.6[8.0-25.8] 0.532
RDW-CV (%) 14.8[13.7-16.4] 15.6[14.4-17.2] 0.050
NLR 15.5[8.8-27.9] 16.6[9.9-30.1] 0.484
Sll Index 2095.4[1202.5-4162.6] 3823.9[1375.7-6250.0] 0.048
Laboratory values

Albumin (g/dL) 2.2(0.6) 2.2(0.5) 0.617
Creatinine (mg/dL) 1.9[1,2-3.5] 1.97[1.4-3.7] 0.482
C Reactive Protein (mg/L_) 221.3(93.3) 226.2(106.1) 0.809
Procalcitonin (mcg/L) 20.5[9.0-39.0] 13.0[7,5-29.6] 0.362
Pv-aCO2 (mmHg) 7.0[5.0-9.0] 6[4.0-7.0] 0.011
Clinical Data

MDR bacterial etiology of septic shock nr.(%) 8(17.3) 17(30.3) 0.167
ICU length of stay (days) 5.5[2.0-13.2] 7.0.0[4.0-13.0] 0.066
Mortality at 28-days nr.(%) 35(76.1) 35(62.5) 0.198

tients with late septic shock [OR=1.773 (95% CI=0.302-
1.053);p=0.072)], followed by patients without septic
shock [OR=1.626 (95% CI=0.338-1.117);p=0.110)]
and patients with early septic shock [OR=1.520 (95%
CI=0.266-1.615);p=0.359)].

The SII index is a significant independent variable in the
prediction of death at 28 days in critically ill non-septic
patients [OR=1.002(95% CI=0.998-1.000);p=0.041)],
but the Inotropic Vasoactive Inotropic Score shows a
relatively low value in predicting death in any of the
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Tabel lll.Predictors of mortality in the studied groups
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Early septic shock (n=46)

Late septic shock (n=56) Critically ill non septic (n=42)

Variable 0dd Ratio (95%Cl) P value 0dd Ratio (95%Cl) P value 0dd Ratio (95%Cl) P value
Age 1.040(0.916-1.182) 0.543 1.051(0.970-1.139) 0.222 1.005(0.909-1.087) 0.929
Female gender 1.176(0.067-20.721) 0.912 6.896(0.016-0.794) 0.026 2.267(0.042-4.631) 0.495
mNUTRIC Score 1.520(0.266-1.615) 0.359 1.773(0.302-1,053) 0.072 1.626(0.338-1.117) 0.110
Sl Index 1.001(1.000-1.002) 0.124 1.000(1.000-1.000) 0.513 1.002(0.998-1.000) 0.041
VIS 1.022(0.941-1.016) 0.253 1.011(0.971-1.007) 0.390 1.025(0.937-1.015) 0.224
RDW-CV 1.460(0.380-1.224) 0.199 1.007(0.739-1,373) 0.965 1.127(0.494-1.593) 0.689
NLR 1.024(0.870-1.095) 0.675 1.011(0.960-1.085) 0.682 1.205(0.990-1.466) 0.062
Pv-aCO2 1.736(0.324-1.021) 0.059 1.077(0.721-1.194) 0.560 1.010(0.125-1.352) 0.950
MDR etiology/carriage 6.756(0.005-4.335) 0.267 3.594(0.453-28.510) 0.226 3.989(0.278-57.216) 0.309

subgroups studied. Looking at peripheral blood cells,
an increase in RDW-CV showed a potential for predict-
ing mortality in the early-onset septic shock subgroup
[OR=1.460(95%CI=0.380-1.224);p=0.199)] and in criti-
cal non-septic shock [OR=1.127(95%CI=0.494-1.593);
p=0.689)]. The increase in NLR is more predictive of
mortality in non-septic critically ill patients [OR=1.205
(95%CI=0.990-1.466); p=0.062)] than in those with late
[OR=1.101 (95%CI=0.960-1.085); p=0.682)] or early
[OR=1.024 (95%ClI=0.870-1.095); p=0.675)] septic
shock. The predictive value of increased venous-arterial
CO, difference (Pcv-aCO2) for mortality is highest in pa-
tients with early septic shock [OR=1.736 (95%CI=0.324-
1.021); p=0.059)], followed by late septic shock [OR=1.077
(95%ClI=0.721-1.194); p=0.560)]. MDR sepsis predicted
mortality in both early [OR=6.756(95% CI=0.005-
4.335); p=0.267)] and late [OR=3.594 (95% CI=0.453-
28.510); p=0.226)] septic shock patients. MDR bacterial
carriage on ICU admission also predicts mortality in non-
septic critically ill patients [OR=3.989 (95%CI=0.278-
57.216); p=0.309]. Receiving antibiotic therapy in the
last 14 days prior to ICU admission is a strong predictor
of mortality in patients with late septic shock [OR=6.250
(95%CI=0.023-1109); p=0.064)], in patients without sep-
tic shock [OR=4.081(95% CI=0.180-3.346); p=0.292)]
and to a lesser extent in patients with early septic shock

[OR=1.139 (95%CI=0.180-72.252); p=0.951)].

Discussions

This prospective exploratory pilot study aimed to identify
predictors of 28-day mortality in patients with early septic
shock admitted from the ED and late septic shock hospi-
talised for more than 48 hours. Mortality at 28 days was
not significantly different between critically ill septic and
non-septic patients, or between the two septic subgroups
(early or late). A meta-analysis by Vicent JL et al. claims
that overall mortality from septic shock may be as high
as 52% at 28/30 days in ICU patients with septic shock
defined by Sepsis-3 criteria [14]. Other studies have shown
that all-cause mortality in ICU patients in the first 28 days
after admission is closely related to the presence of sepsis
and/or the presence of three or more organ dysfunctions,

regardless of the cause of their occurrence [15,16]. Septic
shock patients in our study were older and sicker than non-
septic shock patients, as shown by a significant increase in
severity scores. This may explain the higher overall 28-day
mortality than reported in previous studies.

Decreased serum albumin concentration in septic shock
patients is reflected in changes in certain prognostic ra-
tios or scores correlated with short-term mortality [17].
Biomarkers of infection and inflammatory response repre-
sented by procalcitonin and C-reactive proteine, metabolic
and organ dysfunction represented by albumin, blood urea
nitrogen, creatinine, are strongly associated with the sever-
ity of organ dysfunction and mortality [18]. In our study,
all these parameters were significantly altered when septic
shock patients entered the ICU compared to critically ill
non-septic patients. The relationship between the timing
of the onset of septic shock and the subsequent outcome
has been a topic of ongoing debate and remains incom-
pletely understood.

Sakr and colleagues showed that patients who develop
late septic shock have more severe organ dysfunction, high-
er dopamine requirements, and higher mortality [9]. Ro-
man-Marchant et al. found that septic shock with ICU on-
set less than 24 hours is associated with more severe organ
dysfunction, higher vasopressor requirements, but shorter
hospital stay and slightly lower mortality than septic shock
with onset more than 24 hours after ICU admission [6].

In our study, the use of vasopressors during ICU ad-
mission was also significantly higher in the septic group
than in the critical nonseptic group, but the ability to pre-
dict mortality was not statistically significant between the
groups. In a retrospective study in which septic shock mor-
tality reached 57%, Huang et al. suggest that time of septic
shock onset is an independent predictor of in-hospital out-
come [7]. In another retrospective study, Sato et al. showed
that the risk of mortality in patients with septic shock rep-
resents a ,,temporal continuum” in relation to the time of
admission, with mortality increasing gradually over time
[10]. In our regression analysis model, patient age was not
significant in predicting mortality. Women with late septic
shock had a higher risk of mortality than those with non-
septic shock and those in the early septic shock subgroup.
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Furthermore, a recent study found that the risk of death
among older women with critical illness is multifactorial
[19]. The mNUTRIC score has been shown to be an ef-
fective predictor of all-cause mortality in critically ill pa-
tients and at 28 days in patients with sepsis [20], findings
that were confirmed in our study in septic and non-septic
critically ill patients. The immunoinflammatory index was
identified as a significant predictor of mortality in patients
with late-onset shock and in nonseptic critically ill patients.

Altered ratios of peripheral blood cellular elements,
represented by widened RDW-CV and increased NLR,
are more significant in septic shock patients compared to
non-septic critically ill patients. These results are in line
with recent studies that have correlated all-cause mortality
in septic shock patients [21-22]. We found that the in-
crease in RDW-CV was an indicator of mortality in both
the early septic shock subgroup and the critical non-septic
cohort, in agreement with previous studies. In our study,
in the non-septic critically ill group, the NLR value was
recorded to predict mortality. This agrees with previous re-
search where NLR was shown to be effective in predicting
progression to septic shock and late mortality as shown in
a previous study [12]. The difference between venous and
arterial carbon dioxide (Pcv-aCO,), considered a surrogate
marker of cardiac index and tissue perfusion (23), was pre-
dictive of 28-day mortality in our patients with early septic
shock. The MDR acetiology of septic shock has been shown
to be a strong predictor of morbidity and mortality in our
septic shock patients in both subgroups. This is strongly
supported by the literature [3,24]. In addition, MDR car-
rier status in critically ill non-septic patients is a predictor
of 28-day mortality on admission. This is a warning sign
that these patients are likely to develop serious infections
during their hospital stay.

Our study has strengths. As a prospective pilot study, it
may suggest directions for future research to identify new
predictors of outcome for categories of sepsis and septic
shock with time-sensitive onset. Comparison of predictors
between critically ill septic and non-septic patients may
contribute to the identification of common risk predictors
and specific short-term mortality predictors.

Our study had several limitations. The pilot study was
conducted in small groups of patients at a single medical
center. The management of patients in the admission ar-
eas was the responsibility of physicians of other specialties
than intensivists, in accordance with local hospital proto-
cols. In some cases, patients were admitted to the intensive
care unit (ICU) under particularly difficult conditions due
to a lack of ICU beds.. Also, the short follow-up of the

outcome is an important limitation of the study.

Conclusions

An elevated mNUTRIC score and an MDR bacterial ae-
tiology/carrier status have been identified as common pre-
dictors of 28-day mortality after admission to the ICU in
critically ill patients with both septic shock and non-septic
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conditions. In patients with early-onset septic shock, cen-
tral venous-arterial carbon dioxide difference (Pcv-aCO,)
and RDW-CV widening were predictors of 28-day mortal-
ity. Older age, female gender, increased vasoactive demand
and increased NLR were predictors of mortality in patients
with late septic shock admitted to the ICU. Predictors of
28-day mortality in critically ill patients without septic
shock at the time of ICU admission were older age, female
sex, increased inflammatory status, increased vasoactive
demand, widening RDW-CV, increased NLR and MDR

carrier status.
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