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ARTICLE INFO ABSTRACT

Keywords: Background: Sepsis is a life-threatening organ dysfunction caused by a dysregulated host response
Sepsis associated encephalopathy to infection, which, if untreated, leads to multi-organ failure. One of the severe possible com-
Urosepsis

plications is sepsis associated encephalopathy (SAE), a neurological dysfunction occurring sec-
ondary to a severe inflammatory response. It manifests as acute cognitive dysfunction and
sudden-onset dysfunctions in mental state. Uropathogenic Escherichia coli is the most common
pathogen causing bacteremia, responsible for 80% of uncomplicated outpatient urinary tract
infections and 40% of nosocomial infections. The study aimed to assess the difference in the
severity and the course of urosepsis caused by E. coli in patients with and without septic
encephalopathy.

Materials and methods: This study presents a retrospective analysis of the population of urosepsis
patients admitted to the Emergency Department between September 2019 and June 2022. In-
flammatory parameters, urinalysis and blood cultures were performed, along with a clinical
evaluation of sepsis severity and encephalopathy. The patients were then stratified into SAE and
non-SAE groups based on neurological manifestations and compared according to the collected
data.

Results: A total of 199 septic patients were included in the study. E. coli-induced urosepsis was
diagnosed in 84 patients. In this group, SAE was diagnosed in 31 (36.9%) patients (33.3% in
males, 40.5% females). Patients with SAE were found to be hypotensive (p < 0,005), with a
higher respiratory rate (p < 0,017) resulting in a higher mortality rate (p = 0.002) compared to
non-SAE septic patients. The APACHE II score was an independent risk factor associated with a
higher mortality rate. Biochemical parameters between the groups did not show any statistical
importance related to the severity of urosepsis.

Conclusions: The severity of urosepsis and risk of SAE development increase according to the
clinical condition and underlying comorbidities. Urosepsis patients with SAE are at a higher risk
of death. Patients should undergo more careful screening for the presence of SAE on admission,
and more intense monitoring and treatment should be provided for patients with SAE. This study
indicates the need to develop projects aiming to further investigate neuroprotective interventions
in sepsis.
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1. Introduction

Sepsis represents a life-threatening organ dysfunction resulting from a dysregulated host response to infection, accounting for 6.4 %
of Emergency Departments (ED) admissions and approximately 30 million hospitalizations

annually worldwide [1-3]. Out of these, 11 million in-hospital succumb to the condition [4]. These figures underscore the critical
need for early recognition and improved management of sepsis, given its substantial long-term impact on a patient outcomes. Among
the potential complications is sepsis associated encephalopathy (SAE), a neurological dysfunction arising secondary to a severe in-
flammatory reaction without direct involvement of the central nervous system (CNS) [5,6]. Sepsis-induced brain dysregulation may
manifest as delirium, agitation, cognitive impairment, or coma, particularly among critically ill patients [6]. Notably, neurological
symptoms may often precede the clinical manifestation of sepsis [7]. The diagnosis of SAE relies primarily on its clinical presentation
and laboratory evidence confirming severe infection. Epidemiological data on SAE prevalence vary widely, ranging from 9 to 71%
among in-hospital septic patients. This variability partly stems from the heterogeneity of the studied groups concerning sepsis
localization and etiological factors. Approximately 70% of patients with confirmed bacteriemia exhibit neurological symptoms during
the course of sepsis [3,8]. Despite ongoing exploration, the pathophysiology of SAE remains incompletely understood [9], under-
scoring the importance of thorough investigation into its epidemiology and etiology due to its significant impact on patient survival
and potential long-term consequences of sepsis.

Urosepsis is clinically defined as severe urinary tract infection (UTI) characterized by features of severe inflammatory response
syndrome (SIRS) [10].

The objectives of this study were to (a) assess the prevalence of SAE in a homogenous population of patients with urosepsis caused
by E. coli; (b) demonstrate correlations between the presence of SAE and both clinical and laboratory findings in septic patients, such as
the differences in APACHE II score and NRL values; (c) evaluate the association of SAE with mortality rates.

2. Methods and materials
2.1. Settings of the study

The study was conducted as a retroospective, observational, single-center, hospital-based cohort study. It enrolled patients sus-
pected of sepsis who were admitted to the Clinical Emergency Department (ED) of tertiary care institute, namely the University Clinical
Center in Gdansk. The institute comprises a 1100-bed hospital and receives approximately 32 000 emergency admission annually, with
an estimated 200 sepsis diagnoses made at the ED each year. The department is situated in a metropolitan area with a population of 1
000 000 and is one of four functioning emergency departments serving this region.

2.2. Patient recruitment/inclusion/exclusion criteria; Period of recruitment

The patient was diagnosed with sepsis according to Sepsis 3.0 definition. Urosepsis was identified based on positive cultures of both
urine and blood samples for E. coli. Both were collected within the first hour of admission at ED and prior to the administration of the
first dose of antibiotics. Patients with positive urine cultures were classified using the CDC National Healthcare Safety Network (NHSN)
UTI case definitions. Sample collection was managed between September 2019 and June 2022.

Inclusion criteria

. Patient presenting to the Emergency Department with suspected infection;

. Patients aged >18 years old;

. Presence of E. coli in urine and blood cultures, confirmed by a 48-h culture and genetic analysis;

. Systemic Inflammatory Response Syndrome (SIRS) criteria met (>2 of the following: respiratory rate >20/min or PaCO2 < 32
mmHg, heart rate >90 bpm, body temperature <36 °C or >38 °C, white blood cell count <4x10"9/L or >12x10"9/L, >10%
immature neutrophils);

e. Acute onset cognitive impairment documented by medical staff;

f. Glasgow Coma Scale (GCS) score <15 points (reflecting a decrement of one point in the consciousness level).

an oo

Exclusion criteria

. Sepsis other than urosepsis;

. Primary central nervous system disease;

. Urosepsis caused by pathogens other than E. coli;

. Active chemotherapy and/or radiotherapy treatment for cancer;
. Patients aged <18 year;

. Lack of consent from a legal representative;

. Pregnancy or lactation;

. Hospital-acquired infection;

. Antibiotic treatment within the past 2 weeks;
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10. Insufficient reliable history to diagnose sudden neurological deterioration;
11. Central nervous system infection;
12. Hypoglycemia or hyponatremia.

Sepsis associated encephalopathy was defined as an acute decline in cognitive function, temporally related to the onset of sepsis
symptoms [6].

Septic shock was defined as a severe sepsis with acute circulatory failure characterized by persistent hypotension (SBP <90 mm
Hg, MAP <65 mm Hg or decrease in SBP by > 40 mm Hg) despite adequate fluid resuscitation, necessitating the use of vasoconstrictive
drugs [2].

3. Clinical assessment

Initially, patients underwent the evaluation at the Clinical Emergency Department, where a standard triage procedure based on
Manchester Triage System was conducted for each admission. Triage involved assessing patient’s vital signs, including heart rate,
blood pressure, core body temperature, respiratory rate, blood oxygen saturation, and level of consciousness measured using the
Glasgow Coma Scale. These measurements allowed for the quantification of the clinical criteria of Systemic Inflammatory Response
Syndrome (SIRS).

In the study, cognitive impairment (manifesting as altered thinking, delirium or disorientation) was observed by medical staff
(including nurses, doctors and paramedics). The evaluation was based on the neurological examination findings and a GCS score <15.
When available, the neurological assessment was corroborated with information from relatives to ascertain whether any cognitive
impairments were present before infection.

Clinical scales utilized in our study were employed to assess infection severity, patient mental state, and the risk of mortality
associated with hospitalization.

1. The Glasgow Coma Scale (GCS) is employed as a quantitative measure to evaluate the level of consciousness in trauma and acute
medical cases. The GCS score is derived from assessments of three responsiveness aspects: eye opening (4 points), verbal response
(5 points), and motor response (6 points). The total score ranges from 3 to 15 points [11]. Presently, the scale finds widespread use
in EDs and in ICUs for patient assessment. Its simplicity facilitates bedside application, proving to be a valuable tool for evaluating
patent well-being in ICUs and providing a concise summary of overall severity.

2. The Acute Physiology and Chronic Health Evaluation (APACHE) II score serves as a severity-of-disease guidance tool, among
several used in ICUs [12]. The integer score ranges from O to 71 points and is calculated using medical calculators based on various
measurements and patient characteristics. Higher scores correlate with poorer outcomes and increased mortality among admitted
patients. For the first time its role was validated to predict mortality in urosepsis by Sundaramoorthy et al. in a prospective
observational study, employing it as a prognostic tool in urosepsis [12].

3. The Neutrophil-to-Lymphocyte Ratio (NRL) has emerged in research as a potential predictive factor for infection severity. It is an
easily obtained and calculated complete blood count, which reflects the relationship between innate (neutrophils) and adaptive
cellular immune responses (lymphocytes) during illness and other pathological states [13,14]. In healthy individuals, the mean
NLR remains below 2, whereas during sepsis and septic shock, it rises to >10 and > 20, respectively. Dragoescu et al. found
increased NRL in all septic patients, particularly in those with septic shock [15].

Within this patient cohort, we identified individuals who exhibited changes in mental status without a prior history of Central
Nervous System (CNS) disorder.

4. Laboratory assessments

The blood and urine cultures underwent testing for the presence of E. coli, and only those that tested positive for E. coli were
subsequently included in the study. Within this patient cohort, we identified individuals who exhibited altered mental status without a
history of previous Central Nervous System (CNS) disorders complicated by cognitive chronic dysfunction.

Data were collected from all consecutive consenting patients enrolled in the study, including general information (age; gender;
origin; comorbidities) and vital parameters assessed during triage. Additionally, medical histories was obtained before the blood
sample collection. Comprehensive laboratory tests, including biochemical blood tests (serum creatinine level; aminotransferase levels;
neutrophils count; white blood cell count (WBC, C-reactive protein (CRP); procalcitonin (PCT); sodium and potassium serum level;
bilirubin; international normalized ratio (INR)) were performed on every patient.

Microbial test results provided information about the pathogen responsible for infection development, which was crucial for
selecting patients diagnosed with urosepsis based on selective bacteremia. These results were then correlated with biochemical factors
to differentiate patients with urosepsis from those with urinary tract infection (UTI). Relevant radiological investigations, such as
abdomen and pelvic ultrasound, as well as computed tomographic (CT) scans, were performed as needed to further investigate the
possible causes of urosepsis. Patients with acute mental alteration and no history of the neurocognitive disorders, underwent head CT
scans to identify and rule out any acute life-threatening conditions.

Based on SIRS criteria and abnormal laboratory findings, patients received antibiotic treatment, primarily empirical cephalosporin
or piperacillin-tazobactam. Patients were initially closely monitored within the Emergency Department unit and then transferred to
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other departments or the ICU for further treatment, depending on the their clinical condition.
5. Statistical analysis

Continuous variables are presented as median along with interquartile range (IQR), while categorical variables are presented as
percentages. Differences in continuous variables between independent groups were analyzed using JASP (version 0.16.4, 2018 the
JASP team, the Netherlands). Mean, median and standard deviation were calculated, and the t-student test was also applied with
corresponding p-values calculated. Categorical and quantitative variables are reported as numbers and medians (25th to 75th
percentiles).

6. Ethical acceptance

The project concept was approved by the Bioethics Committee on 14 March 2019, by the Ethical Committee of the Medical
University in Gdansk, prior to the initiation of the project (NKBBN/133/2019). All patients or their authorized representatives pro-
vided written informed consent to participate in the project. Informed consent was not required for the retrospective study design. All
methods were conducted in accordance with relevant guidelines and regulations.

7. Results

Initially, 199 patients were included in the study. However, 115 patients were subsequently excluded, primarily due to alternative
origins and etiologies of sepsis, accounting for 46,7% of cases. Additionally, 9,6% of patients suffered from chronic central nervous
system disease, and 2,0% were under sedative effects, rendering clinical assessment unfeasible.

Following the exclusion of these patients, a total of 84 patients with urosepsis were screened and selected for both the SAE and non-
SAE group. Based on in-hospital mortality outcomes, patients with SAE were further stratified into survival and non-survival groups, as
shown at Fig. 1.

For sedated patients or those receiving ventilator-assisted breathing, their GCS scores were extracted before sedation. Patients for
whom it was not possible to obtain accurate GCS scores prior to sedation were excluded from the study. We analyzed the clinical and
laboratory outcomes of 84 patients, who met the inclusion criteria outlined in the Methods and Materials section.

Among these 84 patients, 31 patients (38.1%) were diagnosed with SAE (33.3% in males, 40.5% females). The median age of
patients with SAE and those without was 74 (+14) and 70 (£17) years old, respectively. Although patients with SAE tended to be older,
this difference was not statistically significant.

Patients with SAE during the course of urosepsis exhibited lower blood pressure values (median arterial pressure, p < 0.005) and
higher respiratory rates (p = 0.017) compared to those without, as shown in Table 1. Additionally, a correlation between SAE and
septic shock was observed (p < 0.004). Out of 31 patients from SAE group, 15 (48,4%) patients developed septic shock due to severe
urinary tract infection, in contrast to only 2 patients in the non-SAE group.

In terms of inflammatory parameters, no statistical differences were found. PCT serum levels and white blood counts were higher in
patients with SAE, but these differences were not statistically significant, (p = 0.083 and p < 0,05, respectively). The mean value of
CRP was almost identical within both groups, as shown in Table 3. All patients were admitted to the Emergency Department due to
suspicion of infection of unknown etiology. The patients selected for the study were diagnosed with urosepsis caused by E. coli.

Total number of Sepsis Patients
n=199

Patients included in the study
n=_84
Patients excluded from the study
n=115

Primary CNS disesase (n=19)
Sedative related cognitive effect (n=4)
Sepsis other than E.coli urosepsis (n=92)

SAE patients
n=31

non-SAE patients
n=53

in-hospital deaths in-hospital survivors
n=11 n=20

Fig. 1. Flowchart of patients.
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Table 1

Mean Triage values.
Mean triage values All patients non-SAE patients SAE patients p-value
Body temperature (°C) 37,4+ 1.9 37.5+1.9 371+18 0.024
Systolic blood pressure (mmHg) 114 + 31 121 + 27 103 + 34 0.015
Diastolic blood pressure (mmHg) 67 + 18 72+ 16 60 + 18 0.003
Mean arterial pressure (mmHg) 83 +t21 88 + 19 74 £ 22 0.005
Blood heart rate (bmp) 103 £ 21 106 + 20 100 £+ 22 0.198
Respiratory rate 19+ 4 18+ 3 206 0.017

We observed significant differences regarding the APACHE II score (p < 0.005). Neutrophile-to-Lymphocyte (NRL) Ratios were of nonsignificant
statistical importance (p = 0.157), as presented in Table 2.

The average length of hospitalization did not differ between the two groups of patients, in SAE cohort a mean equaled 231 + 180 h,
compared to 215 + 118 h (p = 0.613) in septic patients. Females spent on average more time in the hospital than men.

In total, out of 84 patients, 12 patients died in the hospital, constituting 14,3% of patient population. Among these deceased
patients, 11 were from the SAE cohort. Specifically, 7 women (22.6%) and 4 men (12.9%) died during hospitalization, whereas two of
those patients passed away at the Emergency Department. In contrast, only one person from the non-SAE group died before being
discharged. The difference in mortality rates between those two groups was statistically significant, with SAE patients being at a higher
risk of death (p = 0.002).

We also assessed the incidence of underlying comorbidities and our analysis showed that SAE patients are more likely to suffer from
chronic neurological disease (history of stroke, Alzheimer’s and Parkinson’s disease, dementia), hypertension and suffered from cancer
than non-SAE patients, as presented in Table 4. The further assessment showed no correlation concerning severity of sepsis and un-
derlying conditions. Within the SAE group 15 patients (48.4%) had acute kidney injury, characterized by higher creatinine level,
although this finding did not reach statistical significance (p = 0.085).

8. Discussion

Sepsis-associated encephalopathy is a commonly encountered condition, albeit often overlooked [16]. The incidence of septic
encephalopathy varies depending on the etiology of sepsis and the diagnostic criteria applied, which are not uniformly established. In
our study, we employed criteria that involved assessing the patient’s level of consciousness using the Glasgow Coma Scale, along with
subjective assessment performed by medical staff. Additionally, we implemented comprehensive exclusion criteria to prevent overlap
with patients suffering from chronic cognitive impairments, cerebrovascular diseases, or those under the influence of sedatives.
However, for many chronically ill patients, family members reported a deterioration in verbal communication within 24 h preceding
the onset of infection. Nevertheless, due to the potential unreliability of this information, such patients were excluded in our study.
Nonetheless, the implementation of more specific criteria is warranted to enhance the accuracy of diagnosing acute-onset mental
alterations. Research focusing on neuroimaging techniques (bedside electroencephalogram, craniocerebral ultrasound, magnetic
resonance or computer tomography) should be considered to develop more objective indices for identifying SAE [17]. It can provide
valuable insights into the structural and functional changes in the brain associated with SAE. While bedside electroencephalogram
(EEG) and craniocerebral ultrasound are more accessible and feasible in the acute care setting, MRI offers a more comprehensive
evaluation of brain structure and function. Imaging studies using MRI and CT have demonstrated changes in the brains of patients with
SAE that are also seen in disorders such as stroke [18](19). Therefore, including this imaging technique would indeed, enhance the
diagnostic capabilities for SAE. Beyond neuroprotective markers, exploring markers of neuronal injury is indeed crucial for under-
standing the pathophysiology and prognosis of SAE. Markers such as neuron-specific enolase (NSE), S100B protein, as well as glial
fibrillary acidic protein (GFAP) can provide valuable information about neuronal damage and astroglial activation in SAE [19].
Therefore, it is essential to broaden the scope of biomarkers considered in SAE research to encompass markers of neuronal injury
alongside neuroprotective markers. Incorporating MRI studies alongside bedside techniques like EEG and craniocerebral ultrasound
can offer a more comprehensive assessment of SAE-related brain abnormalities.

The homogeneity of the population in our study holds significant importance. Patients presenting with urosepsis to the Emergency
Departments (ED) exhibit heterogeneous signs and symptoms, particularly in elderly individuals where typical UTI symptoms such as
dysuria and polyuria may not be present. Clinical features, aligned in one study for suspected UTI include (i) mental alteration (ii),
changes in behavior (iii), urine abnormalities, and (iv) fever or chills. These findings suggest a combination of specific and non-specific
UTI symptoms that should be considered when assessing UTI in elderly people [20,21]. Other research, has focused on the correlation
between clinical aspects and SAE itself. For instance, in the study of Chen et al. a significant increase in gastrointestinal infection and

Table 2

Assessment of clinical scales.
Scales All patients non-SAE patients SAE patients p-value
Neutrophiles-to-lymphocyte ratio (NRL) 24.57 + 22.19 21.87 + 16.84 29.17 + 28.91 0.157
Glasgow Coma Scale 14+1 15+0 12+3 <0.001
APACHE II Score 16.6 + 6.3 14+5 20+ 6 0.004
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Table 3
Laboratory parameters on the admission to the Emergency Department.

Laboratory parameters Mean laboratory values

all patients non-SAE patients SAE-patients p-value
C-reactive protein (CRP) (mg/dL) 191.0 + 115.0 185.70 + 118.91 200.01 + 109.29 0.580
Procalcitonin (PCT) (mg/dL) 31.17 + 70.12 18.38 + 38.04 52,78 +£101.34 0.083
Creatinine (mg/dL) 2.42 £+ 2.06 211+1.91 2.94 +£2.23 0.085
Sodium serum (mmol/L) 136.00 + 5.62 136.09 + 4.25 135.58 + 7.48 0.685
Potassium serum (mmol/L) 4.28 + 0.98 4.26 + 0.67 4.32 +£1.37 0.758
White blood cell count 14.56 + 8.47 13.06 + 5.25 17.1 +£11.82 0.048
Aspartate aminotransferase (IU/L) 50.96 + 62.90 36.00 + 25.50 73.79 + 91.70 0.080
Alanine aminotransferase (IU/L) 41.21 + 48.17 33.06 + 38.04 51.96 + 58.05 0.159
Lactates (mmol/L) 3.38 £ 3.25 2.93 + 2.41 3.82 £+ 3.92 0.343
Neutrofile count 13.71 £ 11.47 11.62 + 4.82 17.30 + 17.40 0.062
Lymphocytes count 1.11 + 1.84 0.82 + 0.53 2.90 +0.12 0.117
Prothrombin time (INR) 3.52 +17.49 1.13 + 0.48 7.44 + 28.33 0.114
Bilirubine (mg/dL) 2.09 + 4.57 1.05 + 0.87 3.73 £7.05 0.184
Table 4
Comorbidities of SAE and non-SAE patients.

Disease/cohort group SAE patients non-SAE patients

Diabetes mellitus 12/31 (0.39) 28/53 (0.53)

Hypertension 18/31 (0.58) 17/53 (0.32)

Chronic obturatory pulmonary disease 2/31 (0.06) 4/53 (0.08)

Cardiac failure 4/31 (0.13) 12/53 (0.23)

Neoplasm history 5/31 (0.16) 5/53 (0.09)

Chronic renal failure 5/31 (0.16) 8/53 (0.15)

Acute kidney injury 15/31 (0.48) 22/53 (0.41)

detection of Enterococcus in patients with SAE was observed, suggesting the potential influence of gut microbiota in the pathogenesis
of SAE [22]. Further research has demonstrated a close relationship between gut microbiota and the central nervous system, high-
lighting its impact on the development of neurological complications [23,24].

In our research, the study group was limited to patients diagnosed with E. coli urosepsis, exclusively. To the best of our knowledge,
there is no specific data on SAE within the population of patients with urosepsis caused by E. coli, rending this research a valuable
observation. Previous studies have demonstrated a significant discrepancy in the occurrence of SAE among patients with sepsis. For
instance, in the study by Chen J. et. all [22], the group of patients with SAE was reported to be 43.6%, while Lina Zhang et al. [25].
determined the prevalence of SAE at 17.7%. In our study, out of 84 patients meeting the diagnostic criteria for urosepsis, 31 patients
(36.9%) exhibited symptoms of encephalopathy, ranging from cognitive impairment to decreased consciousness, delirium and coma.
These symptoms are likely attributable to diffuse brain dysfunction resulting from a severe systemic reaction. The exact mechanism is
not yet fully understood. While multiple mechanisms contribute to SAE, recent studies suggest that microvascular dysfunction of nerve
cells and disruption of the blood-brain barrier (BBB) play pivotal roles in its pathogenesis [6,26,27]. Microvascular dysfunction can
lead to impaired cerebral perfusion, resulting in cerebral hypoperfusion and ischemia, which contribute to neuronal dysfunction and
injury. Additionally, compromised integrity of BBB allows the infiltration of inflammatory mediators and circulating pathogens into
the brain parenchyma, triggering neuroinflammation and oxidative stress. The inflammatory milieu promotes the generation of
harmful free radicals, exacerbating neuronal damage and ultimately leading to neuronal apoptosis.

In our study, we assessed the rate of death during hospitalization, without conducting a long-term assessment. The mortality rate
during the hospital stay in patients with SAE was 35.5%, while it was 1.8% in the group of patients without SAE. Previous studies have
consistently demonstrated that SAE is associated with high morbidity and mortality. For instance, Sonneville R. et al. [22] indicated
that the 28-day and 180-day mortality rates among SAE patients were 45.95% and 55.41%, respectively, while in a study by Jiayi Chen
et al. [28] the 28-day mortality rate was 42.5%. In contrast, the authors of Chen et al. paper observed no correlation between SAE and
length of hospitalization, suggesting that septic encephalopathy may significantly influence long-term treatment outcomes and the
quality of social functioning, instead. However, the authors indicate that the choice of hospital length of stay may result in statistical
bias, due to the critical condition of patients leading to death in the early phase of treatment. Similarly to Chen et al., results, SAE
increased risk of mortality in our population. Simultaneously, patients with SAE had higher score on APACHE II. Therefore, we find
that our results stay in line with observations of Chen et al. Furthermore, the authors implied that patients manifesting SAE are more
susceptible to developing complications of the central nervous system progressively after discharge [29,30]. That may lead to potential
long-term cognitive dysfunction including decrease in mental-processing speed, memory, and attention capabilities [31].

Deterioration of the general condition in the course of sepsis is one of the most common reasons for admission to Emergency
Departments. In the clinical center where the study was conducted, urosepsis is diagnosed in approximately 200 patients per year. In
the general population 25% of urogenital infections (UTIs) are complicated by sepsis [32,33]. Urinary tract infection is the most
frequently diagnosed infection in the population of long-term care residents at nursing homes, second only to respiratory tract
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infections and it predominantly affects woman [34]. As the population ages, the number of UTIs in elderly patients is expected to
increase. We did not observe any difference in the mean age of patient with and without SAE. Nevertheless, the median age of patients
with SAE was 74 + 14. It is well-established that SAE more commonly affects elderly individuals (aged >65 years) with significant
concomitant comorbidities such as hypertension, chronic heart failure, chronic kid ney disease, immunocompromised status,
post-surgical conditions, or patients with altered mental state [35,36]. General practitioners should remain vigilant when treating
patients with positive bacterial urinalysis and acute mental state abnormalities, considering that neurological manifestations may
emerge before infectious symptoms.

We also assessed the incidence of underlying comorbidities. Our analysis showed that SAE patients are more likely to suffer from
hypertension and had undergone oncological treatment (Table 2). Hypertension is also a risk factor for cerebrovascular diseases such
as stroke and small vessel disease, which can result in cognitive impairment and contribute to the development or exacerbation of SAE.
Chronic hypertension may predispose individuals to conditions such as hypertensive encephalopathy, characterized by altered mental
status and cerebral edema, which can resemble features of SAE. Cancer and its treatments, including chemotherapy and radiation
therapy, can have direct and indirect effects on the CNS, leading to cognitive dysfunction, may induce neurotoxicity, neuro-
inflammation, demyelination as well as disruption of the blood-brain barrier. Cancer-related factors such as immune dysfunction,
tumor burden, and paraneoplastic syndromes may also play a role in the pathogenesis of SAE. Further assessment of other potential
comorbidities, revealed no correlation between the severity of sepsis and underlying conditions. A recent study demonstrated a
relationship between chronic obstructive pulmonary disease (COPD) and SAE, but we did not observe a similar connection in our
research [28]. The disruption of the blood-brain-barrier may be attributed to various conditions, one of which could be hypertension
and a history of stroke, commonly observed in patients with SAE [37]. Hypertension and associated metabolic disturbances may
constitute significant susceptibility factors for cognitive alterations and, consequently, risk factors for developing SAE. Understanding
these associations can help clinicians identify high-risk patients, implement preventive measures, and tailor management strategies to
optimize outcomes in SAE.

We found that within the SAE group 15 patients (48.4%) had acute kidney injury (AKI), manifested by an increase in serum
creatinine concentration and/or a decrease in urine output. However, statistically, we did not observe a significant difference between
non-SAE and SAE patients. Nevertheless, the intense fluid resuscitation and diuretic treatment may attenuate the increase in serum
creatinine level, making the diagnosis of this condition difficult and sometimes delayed. Globally, there is a growing incidence of
sepsis-associated acute kidney injuries, currently ranging between 40 and 50% in the ICU [38]. It remains a major complication of
sepsis among critically ill patients, associated with a poorer prognosis and increased morbidity [39].

Furthermore, we found that APACHE II score is associated with a higher mortality rate (p = 0.002) among E. coli urosepsis patients
with SAE. The incidence of E. coli urosepsis complicated by SAE is associated with a poorer prognosis and worse outcomes. In our
research the APACHE II score has been used as a predictor of increased mortality among SAE patients, highlighting the importance of
general health condition and its correlation with the severity of sepsis. Both factors are closely related to the prevalence of enceph-
alopathy. Our results are consistent with observations in recent research on sepsis-associated brain injury [6,22,40]. It is worth
emphasizing that a GCS score <15 was required to classify a patient as having SAE, meanwhile the GCS score is also a component of the
APACHE II score. This may introduce potential bias.

The laboratory findings did not correlate significantly with the severity of urosepsis. Procalcitonin (PCT) serum levels and white
blood cell counts were higher among SAE patients (p = 0.083; p < 0,05 respectively). Although, PCT levels were noticeably higher in
SAE patients, the difference was not statistically significant and should be interpreted as a marker of general inflammatory reaction.
The mean C-reactive protein (CRP) value was almost identical between the two groups. Our inability to demonstrate a significant
correlation between laboratory findings and the occurrence of SAE in urosepsis patients may be attributed to the small sample size.
Recent studies, have suggested a correlation between higher PCT serum concentrations, lower platelet counts, and SAE detection, but
these studies involved larger population [21]. Meta-analyses on larger cohorts are warranted to further assess those correlations.

Patients with SAE in the course of urosepsis had lower blood pressure values (median arterial pressure (p < 0.005), systolic blood
pressure (p < 0.015)) and presented with higher respiratory rate (p = 0.017). Zhao et al. [40] claim that certain hemodynamic pa-
rameters may decrease the incidence of SAE and the 28-day mortality in patients with SAE. Meanwhile, Young G.B. et al. [6] found that
certain patients with sepsis may experience brain dysregulation despite adequate hemodynamics of the microcirculation, which is
consistent with the observations of our patients.

9. Conclusions

Patients suffering from SEA are at a higher risk of mortality. All patients with altered mental status upon the admission to the
hospital showed improvement and were verbally responsive upon discharge. However, changes in cognitive abilities may persist for
years after recovery from sepsis, leading to a decline in quality of life, impairing social activities, and disrupting daily functioning.
Studies have demonstrated that up to 70% of sepsis survivors who experienced neurological complications exhibit long-lasting
neurological impairments, including mood alterations, cognition and motor functioning [41,42]. It places a burden on both family
members and caregivers. Further understanding of the various clinical manifestations of sepsis is needed in order to improve the
effectiveness of clinical interventions and care quality, as prompt control appears to be crucial in preventing increased mortality in
severely encephalopathic patients.
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Informed consent statement

The requirement for informed consent was waived because of the retrospective nature of the study.

Limitations of the study research

Inevitably, our study presents some limitations [1]: our failure to detect any significant differences concerning laboratory findings
in the present study may be attributable to our relatively small sample size; this limitation results from very strict selection criteria, as
our main focus was on the homogenous population of urosepsis patients [2]; a significant limitation of multiple retrospective study is
the lack of standardized, validated, globally accepted diagnostic criteria for SAE, despite using the definition of SAE with reference to
previous high-quality retrospective studies on SAE, this may lead to the inaccurate segregation of the two groups of patients; the
reliability of diagnostic criteria for Sepsis-associated Encephalopathy (SAE) patients and inclusion criteria can vary depending on
several factors, including the specificity and sensitivity of the criteria, the context in which they are applied, and the experience of the
medical staff conducting the assessments [3]; this is a single-centered, retrospective study.

The strength of our study lies in the selection of patients, specifically E. coli urosepsis patients with SAE, which have been selected.
To the best of our knowledge, no research of this homogeneity has been performed before. The narrow selection of patients may
highlight to clinicians the importance of observing dynamic changes and not dismissing neurological symptoms in patients with
infection.
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