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Diagnostic accuracy of 24-hour interleukin-1f levels for predicting
sepsis-associated encephalopathy in critically ill patients with sepsis
Sri Rinia Sari Iswanti', Haizah Nurdin'’, Andi Adil"?, Syamsul Hilal Salam’?, Faisal Muchtar'’, Charles

Wijaya Tan"’

Abstract

Background: Sepsis-associated encephalopathy
(SAE) is a neurological complication of sepsis
characterized by acute brain dysfunction in the
absence of direct central nervous system
infection. Interleukin-1 beta (IL-1B) is a
proinflammatory cytokine that may play an
important role in this process.

Objective: To  evaluate the diagnostic
performance of IL-1p in predicting SAE among
patients with sepsis admitted to the intensive
care unit.

Methods: This observational study included
adult patients with sepsis admitted to the
intensive care unit (ICU) at Dr. Wabhidin
Sudirohusodo General Hospital, Makassar.
Serum IL-1p was measured at 24 hours,
alongside procalcitonin and C-reactive protein.
Neurological status and disease severity were
assessed using the Glasgow Coma Scale (GCS),
Sequential Organ Failure Assessment (SOFA),
and Acute Physiology and Chronic Health
Evaluation II (APACHE II) scores. Diagnostic
performance was evaluated using receiver
operating characteristic (ROC) curve analysis,
including area wunder the curve (AUC),
sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), positive
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likelihood ratio, negative likelihood ratio, and
diagnostic accuracy.

Results: From a parent cohort of 123 consecutive
septic ICU patients, 25 patients who developed
SAE and 25 non-SAE controls were included in
the final biomarker analysis. At 24 hours, IL-1p
levels were significantly higher in patients with
SAE than in those without encephalopathy. ROC
analysis showed that IL-1p had an AUC of 0.935
(95% confidence interval [CI]: 0.872-0.990;
p<0.001). At a cutoff value of >28.5 pg/ml, IL-1p
showed 84.0% sensitivity, 80.0% specificity,
80.8% PPV, 83.3% NPV, and 82.0% accuracy.
Procalcitonin and C-reactive protein (CRP)
showed lower diagnostic performance, with
AUC values of 0.827 and 0.782, respectively. In
adjusted Firth penalized logistic regression
models, 24-hour IL-1p remained associated with
SAE after separate adjustment for age, SOFA
score, and APACHE II score.

Conclusion: 1L-1p measured at 24 hours
demonstrated excellent discriminatory
performance for predicting SAE in critically ill
patients with sepsis and may serve as an
adjunctive biomarker to support early
neurological  risk  stratification. = Larger
multicenter studies with adjusted analyses are
required to validate its clinical utility.

Keywords: Interleukin-1p,  sepsis-associated
encephalopathy, sepsis, intensive care unit,
procalcitonin, C-reactive protein, diagnostic
accuracy.
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Introduction

Sepsis is a life-threatening organ dysfunction caused
by a dysregulated host response to infection. This
condition remains a major cause of mortality and
morbidity in the intensive care unit (ICU). (1) Neu-
rological impairment is common in sepsis and is
usually described as sepsis-associated encephalopa-
thy (SAE), a diffuse cerebral dysfunction that occurs
secondary to systemic infection without direct cen-
tral nervous system infection. (2) Clinically, SAE
may present across a wide spectrum, ranging from
mild confusion, disorientation, reduced attention,
and delirium to somnolence, impaired conscious-
ness, seizures, or coma. (3) SAE can occur at any
stage of sepsis. A study by Krzyzaniak et al has
shown that 54% of septic patients experience en-
cephalopathy. (4)

The pathophysiology of neurological impairment in
sepsis is multifactorial. Systemic inflammation pro-
motes the release of pro-inflammatory cytokines,
endothelial activation, blood-brain barrier disrup-
tion, microglial activation, oxidative stress, cerebral
microcirculatory dysfunction, metabolic disturb-
ances, and neurotransmitter imbalance. These mech-
anisms impair neuronal function even in the absence
of direct brain infection. As a result, septic patients
may develop acute changes in consciousness and
cognition, which may fluctuate during the course of
critical illness. (2)

One of the key mechanisms in SAE is blood-brain
barrier dysfunction. Under physiological conditions,
the blood-brain barrier protects the central nervous
system by regulating the passage of cells, molecules,
and inflammatory mediators from the systemic cir-
culation into the brain. In sepsis, activation of innate
immune pathways promotes the release of inflam-
matory cytokines, including interleukin-1 beta (IL-
1B) that can disrupt endothelial tight junction pro-
teins, increase vascular permeability, and allow in-
flammatory mediators to enter the brain paren-
chyma. (5)

Microglia are the resident immune cells of the cen-
tral nervous system. These cells are activated by IL-
1B. Once activated, microglia may release pro-in-
flammatory cytokines, nitric oxide, reactive oxygen
species, glutamate, and other neurotoxic mediators.
These mediators can amplify neuroinflammation,
damage neurons, impair synaptic function, and con-
tribute to cognitive dysfunction, delirium, or re-
duced consciousness in septic patients. (6) Experi-
mental evidence suggests that inhibition of inflam-
masome-related pathways that are also involved in
cerebral inflammatory responses may reduce IL-1§
expression, microglial activation, blood-brain bar-
rier disruption, and sepsis-related cognitive
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impairment. Therefore, elevated IL-1p levels may
reflect not only systemic inflammation but also a
neuroinflammatory process relevant to the develop-
ment of SAE. (7)

Thus, IL-1P can be positioned as a mechanistically
relevant biomarker in SAE. Unlike general inflam-
matory biomarkers such as C-reactive protein or
procalcitonin, IL-1p is more directly involved in cy-
tokine-mediated endothelial injury, blood-brain bar-
rier disruption, microglial activation, and neuroin-
flammatory amplification. (8) This supports the ra-
tionale for evaluating IL-1p as a potential biomarker
for predicting neurological impairment in septic pa-
tients. However, this should be stated cautiously: an
elevated IL-1p level supports biological plausibility
and diagnostic association, but it does not by itself
prove that IL-1p is the sole cause of SAE. SAE re-
mains a multifactorial syndrome involving inflam-
mation, hypoperfusion, metabolic dysfunction, mi-
tochondrial injury, coagulation abnormalities, and
neurotransmitter imbalance.

Materials and methods

Study design

This study was conducted as a nested case-control
study within a prospective cohort of septic ICU pa-
tients. All eligible patients were prospectively en-
rolled at the time of sepsis diagnosis, and serum
samples were collected 24 hours after diagnosis and
stored under standardized conditions. Participants
were subsequently followed for the development of
SAE during the first 7 days of ICU admission. Pa-
tients who developed SAE were classified as cases.
Controls were selected from patients within the
same cohort who did not develop SAE during fol-
low-up. IL-1B concentrations were measured only
after case and control groups had been identified, us-
ing stored serum specimens analyzed in a single la-
boratory batch to reduce inter-assay variability.

Study setting and duration

This study was conducted at Dr. Wahidin Sudiro-
husodo General Hospital, with specimen collection
performed in the ICU and laboratory analysis of se-
rum IL-1P carried out at the Research Laboratory
Unit of Hasanuddin University Hospital. The re-
search was conducted from January 2026 until the
required sample size was achieved.

Study population and sample

The study population consisted of all septic patients
treated in the ICU during the study period. Subjects
who fulfilled the inclusion criteria and agreed to par-
ticipate were enrolled consecutively. The sample
size was determined using a diagnostic test formula
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with an expected sensitivity of 82.9%, a prevalence
of SAE in septic patients of 50%, a confidence level
of 95% (0=0.05), and an allowable margin of error
of 0.2, resulting in a minimum of twenty-five partic-
ipants.

Eligibility criteria

Patients were eligible for inclusion if they were
adults aged over 17 years, had a clinical diagnosis of
sepsis with a Sequential Organ Failure Assessment
(SOFA) score of at least two, and normal body mass
index. Patients were excluded if they had primary
disease of central nervous system, metabolic en-
cephalopathy (hypoglycemic, diabetic ketoacidosis,
hepatic encephalopathy, pulmonary encephalopathy,
and uremic encephalopathy), or toxicosis. Subjects
who developed other central nervous system com-
plications, withdrew from the study, or failed to
complete follow-up examinations were classified as
dropouts.

Data collection procedure

Eligible patients were recruited upon diagnosis of
sepsis, and baseline demographic and clinical data
were recorded. Venous blood sampling was per-
formed 24 hours after sepsis diagnosis to assess lev-
els of IL-1B, C-reactive protein (CRP), and procal-
citonin (PCT). Serum IL-1p was quantified using a
commercial enzyme-linked immunosorbent assay
(ELISA) kit with results expressed in picograms per
milliliter.

Serum IL-1p was measured 24 hours after sepsis di-
agnosis, and patients were subsequently followed
for up to 7 days to determine the occurrence of SAE.
Sedation depth was assessed using the Richmond
Agitation-Sedation Scale before neurological evalu-
ation. Patients with deep sedation were reassessed
when clinically feasible. Neurological assessments
were performed by trained ICU clinicians blinded to
biomarker results. SAE was diagnosed if patients
developed a positive Confusion Assessment Method
for the ICU (CAM-ICU) result or a Full Outline of
UnResponsiveness (FOUR) score <16 during the 7-
day observation period after exclusion of structural,
metabolic, toxic, and primary central nervous sys-
tem causes.

Statistical analysis

Data were analyzed using SPSS version 27.0 for
Windows. Continuous variables were assessed for
normality using the Shapiro-Wilk test and presented
as mean with standard deviation or median with in-
terquartile range, while categorical data were pre-
sented as frequencies and percentages. The differ-
ences between SAE and non-SAE groups were
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analyzed using independent-samples t-test or Mann-
Whitney U test for continuous data, and chi-square
or Fisher’s exact test for categorical variables.

The diagnostic performance of IL-18, CRP, and PCT
was evaluated through receiver operating character-
istic (ROC) curve analysis, which provided the area
under the curve (AUC), optimal cutoff points, sensi-
tivity, specificity, positive predictive value (PPV),
negative predictive value (NPV), likelihood ratios,
and overall diagnostic accuracy. A p-value below
0.05 was considered statistically significant.

To evaluate whether 24-hour IL-1p remained asso-
ciated with SAE after adjustment for selected clini-
cal covariates, three separate logistic regression
models were constructed because of the limited
sample size and the number of SAE events. Model 1
adjusted for age, Model 2 adjusted for SOFA score,
and Model 3 adjusted for Acute Physiology and
Chronic Health Evaluation II (APACHE II) score.
IL-1p was analyzed per 10 pg/ml increase to im-
prove clinical interpretability. Because conventional
maximum likelihood logistic regression showed
quasi-complete separation, Firth penalized logistic
regression was used to obtain more stable estimates.
The adjusted odds ratios (ORs) with 95% confi-
dence intervals were reported.

Ethical approval and consent to participate

This study received ethical approval from the Health
Research Ethics Committee of the Faculty of Medi-
cine, Hasanuddin University, under protocol number
238/UN4.6.4.5.31/PP36/2026. The research proto-
col was reviewed through an expedited process. All
study procedures adhered to institutional and na-
tional ethical standards, and written informed con-
sent was obtained from all participants prior to in-
clusion, in accordance with the Declaration of Hel-
sinki.

Results

Characteristics of research subjects

During the study period, 123 consecutive patients
with sepsis were screened for eligibility. Patients
who met exclusion criteria, withdrew consent, or
had incomplete clinical or laboratory data were ex-
cluded from the final analysis. After follow-up for
the occurrence of SAE, 25 patients who developed
SAE were identified. Twenty-five patients who did
not develop SAE were selected from the same co-
hort as controls. Therefore, a total of 50 patients (25
SAE and 25 non-SAE) were included in the final bi-
omarker analysis.

The baseline demographic and clinical characteris-
tics of both groups are summarized in Table 1. The
results of the analysis showed that the group of
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patients with SAE had an older average age
(66.0£5.2 years) compared to the group without en-
cephalopathy (53.9+5.6 years). The results of the
analysis showed a statistically significant difference
(p<0.001). The sex distribution in both groups was
relatively balanced. In the SAE group, there were 14
males (56%), while in the non-SAE group there
were 13 males (52%). The proportion test showed
no significant difference in sex distribution between
the two groups (p=0.776). Similarly, with the body
mass index (BMI), where the average BMI of the
SAE group was 23.9£1.5 kg/m? and the non-SAE
group was 24.1+1.3 kg/m?. The results of the statis-
tical test (p=0.624) showed that nutritional status
based on BMI did not differ significantly between
the two groups.

Distribution of comorbidities in septic patients in the
ICU of Dr. Wahidin Sudirohusodo General Hospital
Based on the analysis of comorbidities presented in
Table 2, hypertension was the most prevalent
comorbidity in both groups, with 8 patients (32%) in
the SAE group and 7 patients (28%) in the non-SAE
group. The second most common comorbidity was
diabetes mellitus, with a prevalence of 24% in the
SAE group and 20% in the non-SAE group. Statisti-
cally, there was no significant difference in the dis-
tribution of any comorbidity between the SAE and
non-SAE groups (p>0.05). Although severe chronic
diseases such as chronic kidney disease (CKD) (kid-
ney failure), heart disease, and a history of stroke
were found only in the SAE group, their frequency
was not high enough to produce a statistically sig-
nificant difference compared to the control group.
On the other hand, the number of patients without
comorbid diseases tended to be higher in the non-
SAE group (24%) compared to the SAE group (4%),
but the statistical test results still showed a p-value
of 0.098 (p>0.05).

Distribution of infection sources in septic patients in
the ICU of Dr. Wahidin Sudirohusodo General Hos-
pital

Based on the analysis of primary infection sources
triggering sepsis (Table 3), the gastrointestinal sys-
tem and biliary tract were the most common focus
of infection in the SAE group, with 12 patients
(48%). The second most common source of infec-
tion in the SAE group was the respiratory system
(Pneumonia or Hospital-Acquired Pneumonia) with
8 patients (32%).

In the non-SAE group, the distribution of infection
sources appeared more even, but remained domi-
nated by gastrointestinal (32%) and respiratory
(28%) infections. Although the SAE group showed
a trend toward higher rates of gastrointestinal and
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biliary infections, statistical tests showed a p-value
>0.05 for all infection source categories. This indi-
cates no statistically significant difference in the
type of primary infection source between patients
with and without encephalopathy.

Distribution of microorganisms in septic patients in
the ICU of Dr. Wahidin Sudirohusodo General Hos-
pital

Based on the microbiological identification results
(Table 4), a significant difference in pathogen dis-
tribution was found between the two groups. The
SAE group was significantly dominated by Acineto-
bacter baumannii, with 12 isolates (48%) compared
to only 2 isolates (8%) in the non-SAE group
(p<0.001). Furthermore, the prevalence of Staphy-
lococcus aureus was also significantly higher in the
SAE group (24%) compared to the non-SAE group
(4%), with a p-value of 0.041.

Another non-fermenting Gram-negative bacterium,
Stenotrophomonas maltophilia, was found in 2 pa-
tients (8%) in the SAE group and 1 patient (4%) in
the non-SAE group, but this difference did not reach
statistical significance (p=1.000). The presence of
Stenotrophomonas maltophilia along with Acineto-
bacter baumannii and Pseudomonas aeruginosa re-
flects the profile of nosocomial infections com-
monly found in critically ill patients in the ICU re-
quiring ventilator support or invasive catheters.

Comparison of length of hospital stay in septic pa-
tients in the ICU of Dr. Wahidin Sudirohusodo Gen-
eral Hospital

The analysis showed that patients with SAE had a
longer length of stay than patients without encepha-
lopathy. The average length of stay in the SAE group
was 11.6 days, with a range of 7-18 days, while in
the non-SAE group it was 6.8 days, with a range of
4-10 days. This difference indicates an increase in
length of stay of approximately 45 days in patients
with SAE (p<0.001) (Table 5).

Comparison of mortality rates in septic patients in
the ICU of Dr. Wahidin Sudirohusodo General Hos-
pital

The analysis results showed that the mortality rate
in patients with SAE was higher than in patients
without encephalopathy. In the SAE group, mortal-
ity was recorded at 28% (7 of 25 patients), while in
the non-SAE group it was only 4% (1 of 25 pa-
tients). This difference indicates that SAE patients
have a higher mortality rate than non-SAE patients
(28.0% vs. 4.0%; relative risk [RR] 7.0; p=0.049)
(Table 6).
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Comparison of IL-1f, CRP, and PCT levels at 24
hours with GCS, SOFA, and APACHE II scores in
septic patients in the ICU of Dr. Wahidin Sudiro-
husodo General Hospital

At 24 hours after admission, inflammatory bi-
omarker levels remained significantly higher in pa-
tients with SAE than in those without encephalopa-
thy. As shown in Table 7, IL-1f at the 24-hour time
point (T24) was still markedly elevated in the en-
cephalopathy group, suggesting persistence of the
inflammatory and neuroinflammatory response dur-
ing the early phase of ICU treatment.

The persistence of high IL-1f levels at T24 may be
clinically important. IL-1p is involved in amplifying
inflammatory signaling, activating endothelial cells,
disrupting the blood-brain barrier, and activating
microglia. These mechanisms may contribute to sus-
tained brain dysfunction in septic patients. There-
fore, IL-1P measured at T24 may provide additional
information regarding ongoing inflammatory activ-
ity and the risk of SAE.

CRP and procalcitonin at T24 were also signifi-
cantly higher in patients with encephalopathy. This
finding indicates that systemic inflammation and in-
fection-related inflammatory responses remained
more pronounced in the encephalopathy group after
24 hours. Compared with the non-encephalopathy
group, the encephalopathy group had higher bi-
omarker concentrations at T24, indicating a greater
inflammatory burden at the time of measurement.
A stronger interpretation is that IL-1, CRP, and pro-
calcitonin remained significantly higher at T24 in
patients with SAE. This supports the hypothesis that
persistent systemic inflammation may be associated
with neurological dysfunction in sepsis.

Ability of 24-hour IL-1p to predict the occurrence of
SAE

Based on the ROC curve analysis of the 24-hour ex-
amination (Table 8, Figure 1), IL-1p showed excel-
lent diagnostic ability to predict the occurrence of
SAE, with an AUC of 0.935 (95% CI: 0.872—-0.990;
p <0.001). At a cutoff of >28.5 pg/ml, IL-1p had a
sensitivity of 84.0% and a specificity of 80.0%, with
an overall accuracy of 82.0%. Meanwhile, procalci-
tonin showed good diagnostic ability with an AUC
value of 0.827 (95% CI: 0.710-0.940; p<0.001). At
a cutoff value of >2.0 ng/ml, procalcitonin had a sen-
sitivity of 72.0% and a specificity of 84.0%, with a
total accuracy of 78.0%. CRP demonstrated ade-
quate diagnostic capability with an AUC of 0.782
(95% CI: 0.695-0.869; p<0.05). With a cutoff of
>85.2 mg/1, CRP had a sensitivity of 76.0%, a spec-
ificity of 72.0%, and a total accuracy of 74.0%.
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Comparison of validity (PPV, NPV, positive likeli-
hood ratio [PLR], negative likelihood ratio [NLR])
and diagnostic accuracy of 24-hour IL-15, PCT, and
CRP in predicting the incidence of SAE

Diagnostic validity analysis (Table 9) showed that
IL-1p performed well in predicting SAE, with a PPV
of 80.8% and an NPV of 83.3%. The lower NLR
compared to other biomarkers indicated that IL-1§
had a better ability to exclude SAE. PCT performed
comparably in terms of PLR, but had a higher NLR
value, indicating limitations in excluding the diag-
nosis. Meanwhile, CRP showed the lowest diagnos-
tic performance, with a PLR value that was not
strong enough to support a clinical diagnosis.

Association between 24-hour IL-1§ and SAE after
adjustment for age and disease severity

In Firth penalized logistic regression (Table 10), 24-
hour IL-1p remained significantly associated with
SAE across all three adjustment models. After ad-
justment for age, each 10 pg/ml increase in IL-1f
was associated with higher odds of SAE (adjusted
OR 4.96; 95% CI 1.08-22.69; p=0.039). Similar as-
sociations were observed after adjustment for SOFA
score (adjusted OR 61.07; 95% CI 2.99-1245.52;
p=0.008) and APACHE II score (adjusted OR 43.38;
95% CI 3.47-542.66; p=0.003). However, the wide
confidence intervals and high correlation between
IL-1p and severity scores indicate that these findings
should be interpreted cautiously.

Discussion

In this study, 24-hour IL-1p demonstrated excellent
discriminatory performance for SAE, with the high-
est AUC, sensitivity, NPV, and overall accuracy
among the evaluated biomarkers. Procalcitonin
showed slightly higher specificity and PLR, indicat-
ing that IL-1f was not superior across all diagnostic
parameters. These findings suggest that 24-hour IL-
1 may serve as an adjunctive biomarker for neuro-
logical risk stratification in septic ICU patients.
While traditional markers like C-reactive protein
and procalcitonin offer broad insights into systemic
inflammatory intensity, (7) they often fail to capture
the nuanced neuro-inflammatory cascade that spe-
cifically compromises the blood-brain barrier during
critical illness. However, it should not replace vali-
dated clinical tools such as CAM-ICU or FOUR
score. This precision in identifying inflammatory
triggers offers a more personalized approach to care,
acknowledging that individual immune responses
play a pivotal role in the trajectory of cognitive re-
covery. (9)

Given that IL-1p is fundamentally linked to synaptic
plasticity deficits and the impairment of long-term
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potentiation, its measurement serves as an essential
bridge between systemic immune activation and
subsequent neurological decline. This mechanistic
link highlights that such elevations are not merely
bystanders of the disease, but active contributors
that directly interfere with the synaptic maintenance
required for cognitive stability. (10) Furthermore,
evidence suggests that this inflammatory signaling
facilitates the activation of cerebral endothelial
cells, which subsequently leads to blood-brain bar-
rier dysfunction and secondary neuronal loss in vul-
nerable regions such as the hippocampus. (2) Con-
sequently, clinical focus on these inflammatory me-
diators may prove essential for preventing the
chronic cognitive decline that often persists long af-
ter the acute phase of sepsis has resolved. Although
targeted modulation of this cytokine has shown
promise in preclinical models of cognitive dysfunc-
tion, translating these benefits to the complex, mul-
tisystem failure seen in human sepsis remains a pro-
found clinical challenge. (11) Nevertheless, the ob-
served correlation between early IL-1B expression
and subsequent cognitive impairment provides a
critical foundation for future trials aimed at mitigat-
ing neuro-inflammatory damage during the acute
septic window. (12,13)

The logistic regression analysis suggested that 24-
hour IL-1p remained associated with SAE after ad-
justment for age, SOFA score, or APACHE II score
in separate models. However, the estimates showed
wide confidence intervals, reflecting the limited
sample size and strong separation between groups.
Moreover, IL-1p was highly correlated with SOFA
and APACHE II scores, indicating that elevated IL-
1p may partly reflect overall sepsis severity rather
than isolated neuroinflammatory activity. Therefore,
these findings support the potential role of IL-1p as
an adjunctive biomarker for SAE risk stratification,
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but they should not be interpreted as definitive evi-
dence of independent predictive ability without val-
idation in larger cohorts.

This study has several limitations. First, it was con-
ducted in a single center with a relatively small sam-
ple size, which may limit generalizability. Second,
although Firth-penalized logistic regression was
used to address quasi-complete separation, the ad-
justed estimates had wide confidence intervals and
should be interpreted cautiously. Third, IL-13 was
highly correlated with SOFA and APACHE II
scores, suggesting that elevated IL-1p may partly re-
flect overall sepsis severity rather than isolated neu-
roinflammatory activity. Fourth, the proposed cutoff
value requires external validation. Fifth, this study
compared IL-1f with systemic inflammatory bi-
omarkers but did not include brain injury bi-
omarkers such as neuron-specific enolase (NSE),
S100 calcium-binding protein B (S100pB), or neuro-
filament light chain. Finally, technical variability in
IL-1p measurement may affect clinical implementa-
tion, and future studies should standardize assay
methods and sample handling procedures.

Conclusion

Twenty-four-hour IL-1p showed excellent diagnos-
tic performance for predicting SAE and demon-
strated the most favorable overall diagnostic profile
among the evaluated biomarkers. IL-1p remained
associated with SAE after separate adjustment for
age, SOFA score, and APACHE II score, although
the estimates should be interpreted cautiously be-
cause of the limited sample size and wide confi-
dence intervals. These findings support IL-1P as a
potential adjunctive biomarker for neurological risk
stratification in septic ICU patients, but further mul-
ticenter validation is required.
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Table 1. Baseline characteristics of the study population

Variable Sepsis-associated encephalopathy p-value
Yes (n=25) No (n=25)

Age (years), mean+SD 66.0+5.2 53.9+5.6 <0.001

BMI (kg/m?), mean+SD 23.9£1.5 24.1£1.3 0.624

Sex, n (%)

- Male 14 (56.0%) 13 (52.0%) 0.776

- Female 11 (44.0%) 12 (48.0%)

FOUR score, mean+SD 10.2+3.1 14.8+0.5 <0.001

Legend: BMI=body mass index; FOUR=Full Outline of UnResponsiveness.
Continuous variables were compared using an independent-samples t-test, and categorical variables were com-

pared using the Pearson chi-square test.

Table 2. Distribution of comorbid diseases in septic patients

Comorbid diseases Sepsis-associated encephalopathy, n (%) p-value
Yes (n=25) No (n=25)

Hypertension 8 (32%) 7 (28%) 0.758%*
Diabetes mellitus 6 (24%) 5 (20%) 0.733%*
Cardiovascular discase 3 (12%) 0 (0%) 0.235%*
Kidney disease 3 (12%) 0 (0%) 0.235%*
Lung disease (COPD/asthma) 2 (8%) 3 (12%) 1.000**
Gastrointestinal disease 0 (0%) 4 (16%) 0.110%*
Stroke 2 (8%) 0 (0%) 0.490**
No comorbid 1 (4%) 6 (24%) 0.098**
Legend: COPD=chronic obstructive pulmonary disease.

*Chi-square test; **Fisher’s exact test (used because the expected value <5).

Table 3. Distribution of sources of infection in septic patients

Sources of infection Sepsis-associated encephalopathy, n (%) p-value

Yes (n=25) No (n=25)

Gastrointestinal and biliary tract 12 (48%) 8 (32%) 0.252
Respiratory system (pneumonia or HAP) 8 (32%) 7 (28%) 0.758
Urinary tract 3 (12%) 6 (24%) 0.269
Soft tissue and dermatology 2 (8%) 4 (16%) 0.384

Legend: HAP=hospital-acquired pneumonia.

Crit Care Shock 2026 Vol. 29 No. 5
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Table 4. Distribution of microorganisms in septic patients

Microorganism Sepsis-associated encephalopathy, n (%) p-value
Yes (n=25) No (n=25)
Acinetobacter baumannii 12 (48%) 2 (8%) <0.001
Staphylococcus aureus 6 (24%) 1 (4%) 0.041
Stenotrophomonas maltophilia 2 (8%) 1 (4%) 1.000
Pseudomonas aeruginosa 1 (4%) 3 (12%) 0.609
Escherichia coli 1 (4%) 4 (16%) 0.349
Klebsiella pneumoniae 1 (4%) 3 (12%) 0.609
Burkholderia cepacia 1 (4%) 1 (4%) 1.000
Enterobacter cloacae 1 (4%) 1 (4%) 1.000
Candida spp. (albicans/tropicalis) 0 (0%) 4 (16%) 0.110
Other (Proteus, Serratia, etc.) 0 (0%) 5 (20%) 0.050
Table 5. Comparison of length of hospital stay in septic patients
Variable Sepsis-associated encephalopathy p-value
Yes (n=25) No (n=25)
Average length of stay (days), meantSD 11.6+3.2 6.8+1.8 <0.001*
Median (min-max) (days) 11 (7-18) 7 (4-10)
Average difference (days) - 4.8
Legend: SD=standard deviation.
*Mann-Whitney test/t-test.
Table 6. Comparison of mortality rates in septic patients
Variable Sepsis-associated encephalopathy p-value
Yes (n=25) No (n=25)
Mortality (n) 7 1 0.049*
Mortality (%) 28% 4%
Relative risk 7.0 -

Legend: *Fisher exact test.
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Table 7. Comparison of 24-hour biomarker levels and clinical severity scores according to SAE status

Variable Sepsis-associated encephalopathy p-value
Yes (n=25) No (n=25)
IL-1B T24 (pg/ml), meantSD 56.53+25.8 12.84+4.2 <0.001*
CRP T24 (mg/1), mean+SD 101.31+£58.4 46.52+13.8 <0.001*
Procalcitonin T24 (ng/ml), mean+SD 5.21£3.4 1.12+0.7 <0.001*
GCS score, median (min-max) 10 (4-14) 15 (14-15) <0.001
SOFA score, meantSD 8.1+2.6 4.0£1.8 <0.001*
APACHE II score, meantSD 19.8+4.2 12.1+£3.5 <0.001*

Legend: SAE=sepsis-associated encephalopathy; IL-1B=interleukin-1 beta; SD=standard deviation; CRP=C-
reactive protein; T24=24-hour time point; GCS=Glasgow Coma Scale; SOFA=Sequential Organ Failure As-
sessment; APACHE II=Acute Physiology and Chronic Health Evaluation II.
*Independent-samples t-test; TMann-Whitney U test.

Table 8. Comparison of the results of 24-hour IL-1p, CRP, and PCT diagnostic tests in predicting the incidence

of SAE

Test parameters IL-1B (T24) PCT (T24) CRP (T24)
AUC 0.935 0.827 0.782
CI95% 0.872-0.990 0.710-0.940 0.695-0.869
p-value for AUC <0.001* <0.001* <0.05*
Cutoff >28.5 pg/ml >2.0 ng/ml >85.2 mg/l
Sensitivity 84.0% 72% 76.0%
Specificity 80.0% 84% 72.0%

Total accuracy 82.0% 78% 74.0%

Legend: IL-1pB=interleukin-1 beta; CRP=C-reactive protein; PCT=procalcitonin; SAE=sepsis-associated en-
cephalopathy; T24=24-hour time point; AUC=area under the receiver operating characteristic curve; Cl=con-

fidence interval.

*All ROC curves demonstrated statistically significant discriminatory ability (p<0.05).
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Table 9. Predictive values, likelihood ratios, and diagnostic accuracy of 24-hour IL-1, PCT, and CRP for SAE

Parameter IL-1B PCT CRP
Cutoff >28.5 pg/ml >2.0 ng/ml >85.2 mg/1
Sensitivity 84.0% 72.0% 76.0%
Specificity 80.0% 84.0% 72.0%
PPV 80.8% 81.8% 73.1%
NPV 83.3% 75.0% 75.0%
PLR 4.20 4.50 2.71

NLR 0.20 0.33 0.33
Accuracy 82.0% 78.0% 74.0%

Legend: IL-1pB=interleukin-1 beta;

NLR=negative likelihood ratio.

Table 10. Association of 24-hour IL-1f with SAE after adjustment for clinical covariates

PCT=procalcitonin, CRP=C-reactive protein; SAE=sepsis-associated en-
cephalopathy; PPV=positive predictive value; NPV=negative predictive value; PLR=positive likelihood ratio;

Model Variable Adjusted OR 95% CI p-value
Model 1 IL-1B T24, per 10 pg/ml 4.96 1.08-22.69 0.039
Age, per year 1.31 0.89-1.95 0.173
Model 2 IL-1B T24, per 10 pg/ml 61.07 2.99-1245.52 0.008
SOFA score 0.11 0.009-1.41 0.091
Model 3 IL-1B T24, per 10 pg/ml 43.38 3.47-542.66 0.003
APACHE II score 0.36 0.11-1.17 0.089

Legend: IL-1B=interleukin-1 beta; SAE=sepsis-associated encephalopathy; OR=0dds ratio; CI=confidence in-
terval; T24=24-hour time point; SOFA=Sequential Organ Failure Assessment; APACHE II=Acute Physiology
and Chronic Health Evaluation II.
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Figure 1. ROC curves of 24-hour IL-1B, PCT, and CRP for predicting SAE
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Legend: ROC=receiver operating characteristic; [L-1p=interleukin-1 beta; PCT=procalcitonin; CRP=C-reac-
tive protein; SAE=sepsis-associated encephalopathy; AUC=area under the ROC curve.
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