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1. Introduction

Sepsis presents a significant challenge for doctors and nurses alike, contributing to
one in five global deaths (1). While improved recognition has led to an increase in
identified sepsis cases, there remains a notable variation in mortality rates across regions,
influenced by factors like GDP and overall population health. Early identification is
crucial for effective treatment; however, the highly nonspecific symptoms associated with
sepsis continue to pose challenges for timely management (2).

Normally, the immune system localizes and resolves infections. However, certain
individual characteristics, including immune status and genetic variability, can lead to
systemic inflammation triggered by infections. In the early 1990s, various inflammatory
parameters like body temperature, respiratory rate (RR), heart rate (HR), leukocytosis, or
leukopenia were used to diagnose sepsis (3,4). Although the widely accepted criteria
known as systemic inflammatory response syndrome (SIRS) criteria have not been
entirely replaced by the quick sequential organ failure assessment score (gSOFA), which
is based on blood pressure, respiratory rate, and altered mental status (5), SIRS was
excluded from the latest sepsis definition due to its limitations. Efforts to refine early
recognition through different scoring systems have been considerable, but the complexity
of the clinical picture and underlying pathophysiology remains a challenge in most cases
(6).

The Sequential Organ Failure Assessment (SOFA) score has proven highly useful due to
its focus on organ involvement, specifically evaluating the lungs, central nervous system,
liver, kidneys, cardiovascular, and hemopoietic systems (7). Recent analysis by W. Zhang
et al. (8) evaluated the predictive efficacy of SIRS and SOFA criteria for in-hospital death
in sepsis. Their retrospective study revealed that the SOFA criteria were more robust in
identifying sepsis compared to the SIRS criteria.

Criticism has been directed at the Sepsis-3 guidelines by Sartelli et al. for lacking
prospective validation in a substantial patient cohort. Additionally, concerns have been
raised regarding the predominantly U.S. and Germany-based data, casting doubt on the
global applicability of these guidelines. The inclusion of organ dysfunction in the criteria
has faced significant criticism as it is not among the initial detectable signs of sepsis.
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Moreover, the calculation of the Sequential Organ Failure Assessment (SOFA) score at
admission is impracticable due to the necessity for laboratory parameters (9).

Septic shock is defined when vasopressors are required to maintain a mean arterial
pressure (MAP) above 65 mmHg, coupled with serum lactate levels exceeding 2 mM/I
(7). While the ideal scenario advocates for the recognition and early stabilization of septic
patients beginning in the emergency department, the vague presentation of sepsis often
results in underdiagnosis or oversight in the early stages, leading to preventable sepsis-
related deaths (10,11).

Basic parameters like body temperature fluctuations, heart rate variations, changes in
blood pressure, and the assessment of acute phase proteins and biomarkers such as C-
reactive protein (CRP), interleukin-6 (IL-6), procalcitonin, and lactate are considered
unspecific predictors of sepsis (12).

Altered mental state (AMS) can indeed indicate sepsis, but it can also serve as a warning
sign for various other conditions involving transient or permanent brain dysfunction
resulting from toxins or blood flow disturbances (13). In settings such as the emergency
department or prehospital environments, symptoms commonly associated with ischemic
stroke, such as cognitive disorders or sensorimotor aphasia, can resemble AMS, creating
similarities between stroke and sepsis presentations (13). Dehydration-induced symptoms
like AMS can mimic the disorientation associated with sepsis, particularly among the
elderly (13). Low blood pressure can further compromise blood supply to the brain,
contributing to its dysfunction.

The PIRO (Predisposition, Infection, Response, Organ Dysfunction) concept views
sepsis/septic shock as a complex and multidimensional process but does not yet fully
approximate the diagnosis of sepsis when it is identified (14). The utilization of various
sepsis scores, vital parameters, and laboratory results for sepsis diagnosis remains
contentious (7,15). In the emergency department (15-18), where time constraints and lack
of specific parameters limit the calculation of the SOFA score, there is a necessity for an
improved diagnostic approach.

Most units in the emergency setting have access to a blood gas analyzer, which can
provide crucial data on a patient within minutes. Lactate, easily measured in routine
arterial or venous blood gas analysis, stands out as one of the most readily available

parameters that can offer valuable diagnostic insights.
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The median difference between arterial and venous lactate levels is indeed quite small,
approximately 0.049 mM/I. The Sepsis Six approach, initially introduced in 2009 and still
relevant in recent years (19,20), emphasizes the measurement of lactate levels. This
approach involves a bundle of initial actions aimed at ensuring timely care for sepsis
patients, including the prompt administration of crystalloids, oxygen, antibiotics within
the first hour, along with microbiological sampling, assessment of urine output, and
measurement of lactate levels. Although this approach has faced challenges, no
alternative recommendations have been widely accepted or implemented as of yet (21).
At the triage level, it's important to identify and utilize parameters that can be rapidly and
reliably measured, preferably with a turnaround time of less than 10 minutes. The
National Early Warning Score (NEWS) is a commonly used tool to detect deterioration
in a patient's condition over time. However, it might not always be feasible to apply this
score at the triage level due to time constraints. Nonetheless, during the observation and
monitoring of patients, NEWS remains a valuable approach for assessing and responding
to clinical deterioration.

Developing a new set of parameters that are easy to use and provide rapid results at the
triage level for the diagnosis of sepsis is indeed a significant goal. However, incorporating
the neutrophil-lymphocyte ratio (NLR) into a newly designed scoring system might be a
potential focus for future investigations. Nevertheless, utilizing NLR for triage purposes
might not be feasible due to its relatively time-consuming nature.

The creation of more personalized scoring systems, especially for conditions requiring
tailored management such as elevated intracranial pressure (ICP) or other diseases
necessitating specific MAP targets, could be a possibility for exploration in later stages
of research.

While there might not be extensive literature directly comparing sepsis, stroke, and
dehydration, these pathologies are among the most common reasons for emergency room
(ER) admissions. Arbitrarily selecting these syndromes for comparison could be a starting
point to identify similarities, differences, and potential diagnostic parameters that might
aid in distinguishing between them in the future. However, comprehensive research and
comparative studies would be essential to validate any proposed parameters or scoring

systems for their effectiveness in differentiation and early diagnosis at the triage level.
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1.1. Pathophysiology of sepsis

The body's response to a microbial invasion is a complex and orchestrated process.
When tissues are injured due to an infection, the normal host response to this invasion
involves several key steps:

1. Repair Mechanisms: The body initiates mechanisms to repair the damaged tissue

as part of the immune response to infection.

2. Activation of Phagocytic Cells: Immune cells, particularly phagocytes like
neutrophils and macrophages, are activated. These cells are responsible for
engulfing and destroying pathogens to prevent the spread of infection.

3. Inflammatory Response: In response to the infection, both proinflammatory and
anti-inflammatory mediators are produced. This balance of mediators is critical in
modulating the immune response and maintaining tissue homeostasis. The
proinflammatory mediators help in eliminating the invading pathogens, while the
anti-inflammatory mediators work to regulate and control the inflammatory
process, preventing excessive tissue damage.

However, if the response to the infection becomes widespread and involves tissues
beyond the initial site of invasion, the process can escalate, resulting in sepsis. In sepsis,
the body's response to the infection becomes dysregulated, leading to a systemic and
uncontrolled inflammatory state. This dysregulated response can cause damage to
multiple organs and systems in the body, leading to multi-organ dysfunction syndrome
(MODS).

The pathophysiology of sepsis involves a cascade of events triggered by the body's
response to the infection, resulting in an overwhelming inflammatory response, vascular
changes, impaired coagulation, and cellular dysfunction. Understanding these
mechanisms is crucial in developing strategies for the early recognition and management
of sepsis to prevent its progression to severe stages and organ dysfunction (22).

1.2. Normal response to infection

The immune response to infection involves an intricate interplay between the host's

recognition of pathogens and the body's reaction to these foreign invaders. This
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recognition primarily occurs through pattern recognition receptors (PRRs) present on
immune cells. These receptors are crucial for detecting pathogen-associated molecular
patterns (PAMPS) associated with various microbes (23).

PRRs are categorized into several families, including:

1. Toll-like receptors (TLRs): These receptors are located on the surface of
immune cells and can identify specific molecular patterns associated with
pathogens. Different TLRs recognize distinct PAMPs, such as bacterial cell wall
components, viral nucleic acids, and fungal cell wall constituents.

2. Nucleotide-oligomerization domain (NOD)-like receptors: These receptors are
located intracellularly within the cytosol and can detect bacterial components.

3. Retinoic-acid-inducible gene 1 (RIG-1)-like helicases: These receptors are
involved in recognizing viral ribonucleic acid (RNA) and triggering the immune
response against viruses.

Apart from PAMPs, the immune system also responds to endogenous danger signals or
damage-associated molecular patterns (DAMPs). DAMPs are molecules released from
damaged or stressed cells during inflammation. These molecules, which include various
cellular components like heat shock proteins, adenosine-triphosphate (ATP), high
mobility group box-1 protein (HMGB1), mitochondrial DNA, and S100 proteins, signal
the presence of cellular damage or stress (24). DAMPs are recognized by PRRs and
contribute to the immune response by amplifying inflammation and activating immune
cells.

Moreover, other receptors, such as triggering receptor expressed on myeloid cells-1
(TREM-1) and myeloid DAP12-associating lectin-1 (MDL-1), are also involved in
recognizing microbial components and modulating the host immune response (25).

The recognition and response mechanisms mediated by PRRs and the sensing of DAMPs
and other microbial components play crucial roles in initiating and modulating the
immune response during infection, influencing the body's ability to combat pathogens
and regulate inflammation.

Neutrophil extracellular traps (NETS) are structures composed of DNA, histones, and
antimicrobial proteins released by neutrophils to trap and kill pathogens. These NETs

play a crucial role in the immune system'’s defense against invading microorganisms (26).
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However, excessive or dysregulated NET formation can also contribute to tissue damage
and inflammation (27).

In conditions like sepsis, vascular diseases, chronic lung disease, and glomerulonephritis,
NETs have been implicated in contributing to tissue damage and exacerbating the
inflammatory response. They can lead to endothelial damage, contribute to inflammatory
responses, and promote thrombosis due to the release of bactericidal proteins, DNA, and
histones.

Upon binding of microbial components to immune cell surface receptors like TLRs, it
triggers signaling cascades that lead to the activation of cytosolic nuclear factor kB (NF-
kB). NF-kB translocates from the cytoplasm to the nucleus and binds to specific DNA
sequences, thereby activating a wide array of genes involved in the inflammatory
response.

These activated genes include various mediators such as:

1. Chemokines: These signaling molecules attract immune cells to the site of
infection or inflammation. Examples include interleukin-8 (IL-8) and others that
facilitate the recruitment of immune cells.

2. Cell adhesion molecules: Proteins like intercellular adhesion molecule-1
(ICAM-1) and vascular cell adhesion molecule-1 (VCAM-1) help in the adhesion
of immune cells to the endothelium and promote their migration to inflamed
tissues.

3. Nitric oxide (NO): This molecule has various roles in inflammation including
regulating blood vessel dilation, neurotransmission and the immune response.

4. Proinflammatory cytokines: Tumor necrosis factor-alpha (TNFa) and
interleukin-1 (IL-1) are potent cytokines that can trigger inflammation, promote
immune cell activation, and induce fever, among other effects.

The activation of these genes and subsequent production of inflammatory mediators form
a complex network that regulates the immune response during infection. However, when
dysregulated, this process can contribute to tissue damage and exacerbate inflammatory
conditions.

When the body activates polymorphonuclear leukocytes (PMNSs) in response to an
infection or injury, adhesion molecules are expressed on their surface. This leads to the

aggregation and margination of PMNs along the endothelial lining of blood vessels.
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Simultaneously, the endothelium responds by expressing adhesion molecules to further
stimulate and attract these leukocytes.

The migration of PMNs from the blood vessels to the site of injury or infection occurs in
a series of steps:

1. Rolling: PMNs initially attach and roll along the vessel walls, facilitated by weak
interactions between selectins on endothelial cells and their ligands on leukocytes.

2. Adhesion: Following rolling, leukocytes firmly adhere to the endothelium via
interactions between integrins on leukocytes and endothelial cell adhesion
molecules, like ICAM-1 and VCAM-1.

3. Diapedesis: Leukocytes undergo diapedesis or transmigration, moving through
the endothelial cells' intercellular junctions and migrating towards the site of
tissue injury or infection.

4. Chemotaxis: PMNs navigate through the tissues following chemical gradients, a
process known as chemotaxis, guided by chemical signals or chemokines released
at the site of inflammation (28).

Local inflammation manifests as visible signs such as erythema (redness) and warmth
due to increased blood flow (hyperemia) and vasodilation in the affected area.
Additionally, there is protein-rich edema caused by increased microvascular
permeability, leading to fluid leakage from blood vessels into the surrounding tissue.

At the site of infection or injury, PMNs release mediators that can be either
proinflammatory or anti-inflammatory in nature. These mediators include various
cytokines, chemokines, and other signaling molecules that regulate the local immune
response. The purpose of this response is to eliminate invading microorganisms and
facilitate tissue repair (29-31).

There is an intricate balance between proinflammatory and anti-inflammatory mediators,
pivotal in the regulation of the body's immune response:

1. Proinflammatory Cytokines: TNFa and IL-1 are prominent proinflammatory
cytokines. TNFa is released through autocrine secretion, affecting the same cells
producing it. Other cytokines and mediators like eicosanoids, interferon, IL-1,
interleukin-2 (IL-2), IL-6, IL-8, interleukin-10 (IL-10), and platelet-activating

factor are released through paracrine secretion, influencing nearby cells. These

11
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cytokines and mediators recruit more PMNs and macrophages, amplifying the
proinflammatory response.

2. Anti-inflammatory Mediators: These mediators serve to counterbalance the
proinflammatory response by inhibiting the production of TNFa and IL-1. They
suppress the immune system by reducing cytokine production in mononuclear
cells and T helper cells dependent on monocytes. However, some anti-
inflammatory mediators, such as IL-10 and IL-6, have effects that are not entirely
anti-inflammatory. They can enhance B cell function, stimulating proliferation
and immunoglobulin secretion, and promote the development of cytotoxic T cells
(32).

The regulation of the inflammatory process involves a delicate equilibrium between
proinflammatory and anti-inflammatory mediators. This balance orchestrates critical
immune functions like cellular adherence, chemotaxis, phagocytosis of invading
microorganisms, bacterial killing, and clearance of debris from injured tissue. Successful
resolution of the insult leads to the restoration of homeostasis, where the immune system

returns to a balanced state (33).

1.3 Transition to sepsis

Description of the progression from a localized infection to the systemic reaction of

sepsis:

1. Sepsis as a widespread reaction: When the inflammatory mediators extend
beyond the boundaries of the infected tissue due to an infection, it leads to sepsis,
characterized as a widespread reaction. This response is uncontrolled, self-
sustaining, and disseminated via the bloodstream.

2. Characteristics of sepsis: Sepsis can be termed "malignant™ because it lacks
regulation, perpetuates itself, and becomes widespread. It is "intravascular” as the
inflammatory mediators travel through the blood and it is fundamentally an
amplified version of the normal inflammatory response (34).

3. Factors leading to sepsis: The reasons why localized immune responses
occasionally progress to sepsis are not fully understood. This progression could

be due to direct effects of invading microorganisms or their toxic products, a

12
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massive release of proinflammatory mediators, and the activation of the
complement system. Individual genetic susceptibility and immune status also
likely contribute as risk factors.

4. Microorganisms and sepsis progression: Microorganisms and their byproducts,
like endotoxins, play a role in advancing a local infection to the systemic
syndrome of sepsis. Notably, the serum of septic patients often contains
endotoxin, highlighting its potential involvement in the sepsis cascade (35).
Viral infections in human cells often result in cellular degeneration and necrosis,
eliciting both local and systemic inflammatory responses. These infections trigger
humoral and cell-mediated reactions, along with phagocytosis and apoptosis (36).
Viral infections' pathophysiology often involves the degeneration and necrosis of
infected cells, causing localized and systemic inflammatory responses. The
body’s defense mechanisms encompass phagocytosis, humoral and cell-mediated
responses, as well as the generation of interferons that facilitate apoptosis (36).
Elevated levels of endotoxins in the bloodstream are observed in established
shock conditions.

Introducing endotoxins into humans can replicate several characteristics of sepsis,
including the activation of complement, coagulation, and fibrinolytic systems (37,38).
These effects may lead to microvascular thrombosis and the liberation of vasoactive
compounds such as bradykinin.

Initially, during sepsis, serum levels of TNFa and IL-1 are notably high, but become
immeasurable as the condition progresses. These cytokines are capable of instigating
symptoms like elevated body temperature, decreased blood pressure, and leukocytosis.
Additionally, they activate proinflammatory cytokines and influence coagulation and
fibrinolysis processes.

TNFa holds significance in sepsis based on research findings. In septic patients, TNFa
levels are elevated, distinguishing them from other types of shock (39). Injecting TNFa
into rats induces symptoms typical of septic shock (40). However, these results have not
been fully replicated in humans (41), although the clinical presentation remains strikingly

similar.

13
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Endotoxin binds to lipopolysaccharide (LPS)-binding proteins, forming complexes that
bind to macrophage CD14 receptors. This interaction prompts heightened TNFa
production, contributing to increased TNFa levels in sepsis (42).

The complement system, a protein cascade, serves a crucial role in eliminating pathogens
from the body (43,44).

1.4. Systemic effects of sepsis

When the immune response extends beyond the initial site of infection, cells in
distant locations may suffer injury. The progression towards organ dysfunction often
begins with cellular damage, though the precise mechanisms are still under investigation.
This type of injury is commonly observed in both the endothelium and the parenchyma.
Tissue ischemia, cellular injury, and changes in apoptosis rates are considered potential
underlying mechanisms.

Sepsis frequently involves tissue ischemia, a condition arising from alterations in
metabolic autoregulation. This regulatory process typically balances the tissue's oxygen
requirements with its oxygen availability. In some cases, damage to the microcirculation
and endothelium can reduce the available area for tissue oxygen exchange.

Disturbances in the coagulation and fibrinolysis processes may also contribute to
abnormalities in the microcirculation.

Endothelial lesions may develop as a result of interactions between endothelial cells and
activated PMNs. This interaction induces the secretion of reactive oxygen species, lytic
enzymes, and vasoactive substances into the extracellular space, potentially injuring
endothelial cells (45). Moreover, the inability of activated PMNs to deform within the
systemic microcirculation can lead to significant disparities in microcirculatory blood
flow (46-48).

Tissue ischemia in sepsis is further exacerbated by mitochondrial dysfunction, such as
impaired mitochondrial electron transport. This dysfunction can result from
proinflammatory mediators and other inflammation-related products, impacting
mitochondrial electron transport complexes, causing oxidative stress damage, and leading
to mitochondrial DNA breakdown (49).

14
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Studies have indicated that molecules like endotoxin, TNFa, and NO have the capacity
to damage mitochondrial inner membrane and matrix proteins, thereby deteriorating
mitochondrial ultrastructure. Subsequent alterations in other cell organelles occur later in
this process. Consequently, abnormal electron transport in mitochondria, dysfunctional
energy metabolism, and cytotoxicity may result (50).

Studies have indicated that septic animals exhibit adequate or even elevated oxygen levels
in their organs, suggesting impaired mitochondrial oxygen consumption. Increased
oxygen levels were observed in the ileomucosa and bladder epithelium of endotoxemic
pigs and rats, according to research (51,52).

Mitochondrial repair or regeneration, known as biogenesis, might represent a potential
target for future therapies aimed at hastening organ dysfunction recovery and sepsis cure.
Various cell death pathways can be activated during sepsis including necrosis, apoptosis,
necroptosis, pyroptosis and autophagy-induced cell death.

Apoptosis, often termed programmed cell death, involves a sequence of physiological and
morphological changes within the cell leading to its decay. Proinflammatory cytokines
slowing down apoptosis in activated macrophages and neutrophils can prolong or
intensify the inflammatory response, contributing to the development of multiple organ
failure. In sepsis, there is substantial lymphocyte and dendritic cell apoptosis, reducing
the rate at which invading microorganisms are eliminated. Animal studies have
demonstrated that inhibiting apoptosis can protect organs from dysfunction and prevent
mortality (53,54).

1.5. Organ specific effects of sepsis
The circulatory, respiratory, hepatic, renal, and nervous systems are commonly
affected in sepsis, with multiple organs often being involved simultaneously. The severity

of the condition is typically correlated with the number of affected organ systems, directly

influencing the overall outcome.
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1.5.1. Cardiovascular system

A prominent indication of sepsis manifests as decreased blood pressure, attributed to
vasoactive molecules like prostacyclin and NO released from endothelial cells, which
prompt vasodilation.

NO plays a crucial role in dilating blood vessels across various circulatory levels by
suppressing metabolic autoregulation. Endotoxin interaction with vascular endothelium
can stimulate the production of NO through smooth muscle inducible NO synthase
(INOS) (55,56). Additionally, NO has been associated with central nervous system injury
in areas governing autonomic control (57).

In managing septic patients, guidelines recommend increasing systemic and
microcirculatory flow, aiming for a targeted MAP of at least 65 mmHg. Notably,
individuals with septic shock display decreased serum levels of the antidiuretic hormone
vasopressin compared to those with cardiogenic shock, despite having comparable blood
pressure values (3.1 versus 22.7 pg/ml) (58). Conversely, several studies have indicated
the beneficial effects of vasopressin in enhancing blood pressure values (59-62).

The use of norepinephrine as a primary treatment is clear, but there remains a debate
regarding the adjunctive use of vasopressin or other vasopressors alongside
norepinephrine (63).

In sepsis, changes in endothelial permeability and arterial vascular tone lead to increased
capillary pressure, facilitating the redistribution of intravascular fluid. Beyond these
broad effects on circulation, localized impacts are observed:

« Early hypotension arises due to compromised systolic and diastolic ventricular

function.

o Microcirculation assumes an increasingly significant role in sepsis. Decreased
functional capillaries result in incomplete oxygen extraction (64,65). This
reduction may stem from tissue edema compression, endothelial swelling, and
occlusion of capillaries by white blood cells or red blood cells.

o Endothelial dysfunction contributes to abnormal coagulation, stiffening of red
blood cell membranes, platelet and leukocyte adhesion, and alterations in the

glycocalyx (66). These effects may lead to generalized tissue edema.

16
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e The myocardial depressant factor holds substantial importance in shock
pathophysiology. It is a small circulating peptide found in all mammals and is
produced by proteolytic enzymes from the ischemic pancreas. This factor
diminishes myocardial contractility, constricts splanchnic arteries, and impairs the

reticuloendothelial system's phagocytic function (67).

1.5.2. Respiratory system

Endothelial injury (68,69) leads to interstitial and alveolar pulmonary edema.
Neutrophil leukocytes within lung capillaries exacerbate damage to the alveolocapillary
membrane, furthering pulmonary edema. The mismatch between ventilation and
perfusion causes hypoxemia, frequently observed in septic patients and resulting in acute
respiratory distress syndrome (ARDS), a common condition in intensive care units. The
systemic impact of sepsis on myocardial function could also contribute to respiratory

insufficiency.

1.5.3. Gastrointestinal tract

The aforementioned significant vascular alterations contribute to compromised gut
barrier function, facilitating the entry of microorganisms into the circulation (68-71).
Animal studies corroborate this phenomenon (72).

The intestinal microbiome plays a crucial role in sepsis development. Patients with sepsis
experience increased morbidity and mortality when alterations occur in the intestinal
microbiome (73), primarily due to circulatory factors or extensive antibiotic usage.

The gut's microbial environment is established in early childhood and remains relatively
stable in adulthood, unless disrupted by antibiotic therapy. This disruption may
compromise the body's ability to resist colonization by exogenous organisms, known as
colonization resistance. Antibiotic treatment can adversely affect this balance, potentially
leading to infections caused by enteric pathogens and resistant bacteria, including

resistant gram-negative bacilli and vancomycin-resistant enterococci (74).
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1.5.4. Liver

In a normally functioning state, the reticuloendothelial system of the liver effectively
eliminates microorganisms and their byproducts that might exit the gut and enter the
portal system. However, if the liver's preventive function is compromised, primarily due
to tissue hypoperfusion, these various products can bypass this barrier and enter the

bloodstream.

1.5.5. Renal system

Certainly, acute renal failure is a common occurrence in septic patients, but its precise
etiology remains incompletely understood. A prevalent theory suggests that acute tubular
necrosis, a condition where renal tubules suffer damage, might occur due to decreased
blood pressure and/or reduced oxygen levels (68,69). However, in addition to these
factors, several other contributors likely play a role in renal dysfunction during sepsis.
These include reduced blood pressure, constriction of renal blood vessels, the impact of

cytokines such as TNFa, and the activation of neutrophils.

1.5.6. Central and peripheral nervous system

Altered mental status presents challenges in differential diagnosis. Changes in the
central nervous system among septic patients are not uncommon and often precede the
dysfunction of other organs. Although the precise mechanism remains unclear,
inflammatory mediators are suspected culprits, potentially influencing metabolic
processes and cellular signaling. The blood-brain barrier may also contribute, potentially
impeding leukocyte infiltration, rendering the brain susceptible to harmful mediators, and
facilitating the transport of cytokines across the barrier (75). Disruptions in both
mitochondria and the microvasculature are implicated in central nervous system (CNS)
alterations (76).

Emerging evidence suggests the involvement of the parasympathetic nervous system in
the systemic inflammation associated with sepsis. Various animal studies support this

notion. Stimulation of the afferent vagus nerve leads to increased secretion of
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corticotropin-releasing hormone (CRH), adrenocorticotropic hormone (ACTH), and
cortisol during sepsis (75,77). Experimental vagotomy has shown reduced hyperthermia
in response to IL-1 (77,78). Additionally, the anti-inflammatory impact of efferent
parasympathetic activity affects cytokine profiles, diminishing the expression of
proinflammatory cytokines such as TNF, IL-1, IL-6, and IL-18 in vitro (79). Studies
involving vagotomized animals suggest delayed onset of shock, while external vagus
nerve stimulation lessens the response to sepsis (79), and an acetylcholine receptor

agonist reduces its severity (80).

1.5.7. Haematopoesis

Hematopoietic abnormalities significantly impact the functionality of both white
blood cells and red blood cells. Neutropenia, primarily arising from bone marrow
depletion, is attributed partly to apoptosis and sustained by a halt in the differentiation of
hematopoietic stem cells. In terms of red blood cells, escalated erythropoiesis can be a
natural reaction to acute inflammation. However, certain infections may deplete erythroid

precursors, consequently leading to anemia (81,82).

1.5.8. Glycocalyx

Sepsis has an early impact on the endothelial glycocalyx, which comprises cell-
bound proteoglycans, glycosaminoglycan side chains, and sialoproteins covering the
luminal side of endothelial cells, typically measuring 1 to 3 micrometers in thickness.
Sepsis-induced changes in endothelial permeability contribute to the generation of
endogenous DAMPs. These molecules play a pivotal role in initiating severe
consequences within the cardiovascular system through proinflammatory cascades seen
in septic shock. Specific clinical manifestations of sepsis, such as acute kidney injury,
respiratory failure, and septic cardiomyopathy, can be attributed to these processes.
Additionally, the extent of glycocalyx degradation serves as an indicator of both

endothelial dysfunction and the severity of sepsis (83).
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1.5.9. Coagulation

The interplay between inflammatory mediators and endothelial cells can disrupt the
usual thromboresistant characteristics (84). In vitro experiments using endothelial cells
exposed to bacterial lipopolysaccharide and/or cytokines illustrate procoagulant
responses (66,85). These reactions include reduced synthesis of thrombomodulin (TM),
tissue-type plasminogen activator, and heparin sulfat, as well as heightened expression of
tissue factor (TF) and plasminogen activator inhibitor-1 (PAI-1). Additionally, the
production of procoagulant microparticles is observed (86).

In patients with severe sepsis, the coagulation cascade is typically activated. The presence
of tissue factor on activated monocytes and macrophages triggers clotting, leading to
heightened thrombin generation and fibrin formation. This process can result in severe
consequences, including depletion of coagulation factors, disseminated intravascular
coagulation, and damage to vital organs (84).

Over 20 randomized sepsis trials involving more than 10,000 patients have explored
various therapies for severe sepsis, such as anti-endotoxin, anti-cytokine, anti-
prostaglandin, anti-bradykinin, anti-platelet activating factor strategies, antithrombin,
activated protein C, and tissue factor pathway inhibitor. Unfortunately, none of these
treatments have succeeded in reducing mortality, and thus, specific treatments targeting

sepsis are not currently available (87).
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2. Objectives

Recently there has been some dispute about the usefulness of the otherwise generally
recommended classic parameters and approach endorsed by the Surviving Sepsis
Guidelines. The reason for this dispute is the controversies regarding, for example, the
time to initiation of empiric antibiotic therapy, distinguishing sepsis from noninfectious
syndromes, as issued by the Infectious Diseases Society of America (IDSA) (88), along
with administration of 30 ml/kg crystalloids within a short time frame irregardless of the
patient’s fluid status. This and other uprising issues in the early recognition of sepsis
focusing on previously unmeasured cofounders (89) make the situation more complicated
despite the fact that simple and straight guidelines would be desirable to be able to initiate
timely sepsis management.

Little is known about whether basic physiologic and metabolic parameters in addition
to those that form part of prior sepsis diagnostic criteria could be used to differentiate
between sepsis and other conditions with similar initial presentations, such as dehydration
and stroke. Therefore, the aim of our research was to assess the relationship profile of
basic physiologic and metabolic parameters to sepsis risk, and to simulate clinical
decision-making by comparing a data-driven model to a model that is built based on
currently existing sepsis guidelines understanding that no classical approach apart from a
blend of recommendations and scores are available in the emergency department triage,
unlike in an intensive care unit, where laboratory results, invasive monitoring and clinical

experience assist in sepsis care.
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3. Results

3.1. Sample description

Charts of 228 sepsis patients, 274 dehydration patients, and 228 stroke patients were
extracted. Altogether 40 observations were deleted because they were repeat visits, and
altogether 26 observations (13 patients) were removed from the data because those
patients had presented with more than one of the three diagnoses of interest. No influential
outliers were identified. Therefore, the final analysis data set included a total of 664
patients with one observation each: 205 (30.9%) were septic, 244 (36.7%) were
dehydrated, and 215 (32.4%) were stroke patients; about half (54.1%) were female and
the mean age was 70.2 years (SD=15.7). Table 1 shows the mean (SD) values and the
ranges for the vital parameters and the PoC results.
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Table 1 Description of sample characteristics

Characteristic
Demographic characteristics
Gender
Female
Male
Age-—years
Vital parameters
Body temperature — °C
Respiratory rate — per minute
Heart rate — per minute
Systolic blood pressure — mmHg
Diastolic blood pressure — mmHg
Mean arterial pressure — mmHg
Point of care test results
Lactate level — mM/L
pH
Bicarbonate level — mM/L
Diagnosis

Sepsis

23

N (%) or mean (SD)

359 (54.1)
305 (45.9)

70.2 (15.7)

36.9 (0.9)
18.7 (6.1)
91.0 (23.2)
135.3 (36.2)
75.7 (19.9)

95.6 (23.8)

2.6 (2.2)

7.40 (0.09)

22.9 (5.3)

205 (30.9)

Range

N/A

N/A

1999

32.3-40.2

10-50

23-194

40-250

14-142

26.3-176.7

0.1-19.3

6.82—-7.66

3.7-59.6

N/A
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Table 1 Description of sample characteristics

Characteristic N (%) or mean (SD) Range
Stroke 215 (32.4) N/A
Dehydration 244 (36.7) N/A

Note: N/A — not applicable.

3.2. Inflexion points

No inflexion points were observed for SBP, DBP, MAP, and RR, so these variables
were kept as continuous (Fig. 1a-1j).
Age showed a reverse U-shaped curve: higher-risk cutoffs were identified for age
between 56 years and 83 years.
Body temperature showed a W-shaped curve: higher-risk cutoffs were identified for
temperatures under 35.6°C and above 37.3°C.
Bicarbonate and HR showed U-shaped curves: higher-risk cutoffs were identified at
under 22.3 mM/L for bicarbonate, and under 53 bpm and above 91 bpm for HR.
Lactate and pH showed V-shaped curves: higher-risk cutoffs were identified at 1 mM/L or

under and above 2.5 mM/L for lactate, and under 7.34 and above 7.45 for pH.
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Figure. 1 Loess regression plots depicting the relationship between the predicted
probability of sepsis and a. age, b. body temperature, c. bicarbonate level, d. heart rate, e.
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lactate, f. pH, g. diastolic blood pressure, h. systolic blood pressure, i. mean arterial
pressure, and j. respiratory rate. Note: The high-risk vs. low-risk cutoff level based on

actual population prevalence is marked with a dotted line at P = 0.3
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Figure. 1 Continued
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3.3. Univariate and multivariable analyses
In the univariate analysis of the data-driven model, RR and old age, bicarbonate, HR,
lactate, pH, and temperature were positively associated; and MAP was inversely

associated with sepsis risk (Table 2).

Table 2. Univariate and multivariable associations with sepsis — data-driven model

) o Preliminary Final
Sepsis Univariate o -
multivariable multivariable

o No Yes
Characteristic

N (%) or N (%) or

OR
mean mean aOR (95%Cl) aOR (95%ClI)
(95%Cl)
(SD) (SD)
459 205
Total — — —
(100%) (100%)
Demographic
characteristics
Gender
Female 260 (72.4) 99 (27.6)  ref ref
Male 199 (65.2) 106 (34.8) 0.7[0.5-1.0] 0.8[0.5-1.2] -
Age
Under 56 or
182 (74.3) 63 (25.7)  ref ref ref

above 83 years

Between 56 and
277 (66.1) 142 (33.9) 1.5[1.1-2.1] 1.7[1.04-2.7] 1.7 [1.1-2.8]
83 years

Vital parameters
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Table 2. Univariate and multivariable associations with sepsis — data-driven model

) o Preliminary Final
Sepsis Univariate o -
multivariable multivariable

o No Yes
Characteristic

N (%) or N (%) or

OR
mean mean aOR (95%Cl) aOR (95%CiI)
(95%Cl)
(SD) (SD)
Body temperature
Between 35.6 °C
380 (79.7) 97 (20.3)  ref ref ref
and 37.3 °C
Under 35.6 °C or
79 (42.2) 108 (57.8) 5.4[3.7-7.7] 3.3[2.0-5.3] 3.4[2.1-5.4]
above 37.3 °C
Respiratory rate,
_ 169 (4.3) 228(75 12[12-13] 1.1[1.1-1.2] 1.1[1.1-1.2]
per minute
Heart rate
Between 53 and
) 324 (82.4) 69 (17.6)  ref ref ref
91 per minute
Under 53 or
above 91 per 135(49.8) 136(50.2) 4.7[3.3-6.7] 2.6[1.6-4.2] 2.7[1.7-4.3]
minute
Mean arterial  103.2 78.4 0.95 [0.94- 0.95 [0.94-
0.95 [0.94-0.96]
pressure, mmHg (20.4) (21.8) 0.95] 0.96]

Point of care test

results

28



DOI:10.14753/SE.2024.3030

Table 2. Univariate and multivariable associations with sepsis — data-driven model

Characteristic

Lactate level

Between 1.0 and
2.5 mM/L

Under 1.0 or
above 2.5 mM/L

pH

Between 7.34 and
7.45

Under 7.34 or
above 7.45

Bicarbonate level

22.3 mM/L and
above

Under 22.3 mM/L

Sepsis

No

N (%) or
mean
(SD)

329 (76.5)

130 (55.6)

335 (78.8)

124 (51.9)

315 (80.2)

144 (53.1)

Univariate
Yes
N (%) or

OR
mean

(95%CI)
(SD)

101 (23.5)  ref

104 (44.4) 2.6[1.8-3.6]

90 (21.2)  ref

115(48.1) 3.1[2.2-4.4]

78 (19.8)  ref

127 (46.9) 3.6 [2.5-5.0]

Note: Statistically significant values are bolded.
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Preliminary

multivariable

aOR (95%Cl)

ref

1.5[0.9-2.4]

ref

1.7 [1.1-2.7]

ref

2.0 [1.3-3.2]

Final

multivariable

aOR (95%Cl)

ref

ref

1.6 [1.04-2.6]

ref

2.1 [1.3-3.3]
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In the final multivariable analysis, RR and higher-risk age, bicarbonate, HR, pH, and
temperature were positively associated; and MAP was inversely associated with sepsis
risk — gender and lactate did not stay in the final model as significant correlates. Table 3

shows the results of the guidelines-based model.

Table 3 Multivariable associations with sepsis — guidelines-based model

) Multivariable
Sepsis )
analysis

Characteristics
No Yes
aOR (95%CiI)
N (%) N (%)

Body temperature
410 128
Between 36 °C and 38 °C ref
(76.2) (23.8)
Under 36 °C or above 38 °C 49 (38.9) 77 (61.1) 3.5[2.2-5.7]
Heart rate
318
90 per minute or under 69 (17.8) ref
(82.2)
141 136
Above 90 per minute 3.2[2.14.9]

(50.9) (49.1)
Respiratory rate

414 115
22 per minute or under ref
(78.3) (21.7)

Above 22 per minute 45(33.3) 90(66.7) 3.8[2.3-6.1]
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Table 3 Multivariable associations with sepsis — guidelines-based model

) Multivariable
Sepsis )
analysis

Characteristics
No Yes
aOR (95%CiI)

N(@©@) N (%)

Lactate level

293
2 mM/L or under 83(22.1) ref
(77.9)
166 122
Above 2 mM/L 1.7[1.1-2.5]

(57.6) (42.4)
Blood pressure measures

SBP 100 mmHg or above and MAP 70 mmHg 430 135
or above (76.1) (23.9)

ref

SPB under 100 mmHg or MAP under 70 mmHg 29 (29.3) 70 (70.7) 6.1[3.8-9.7]

Note: Statistically significant values are bolded.

In summary, compared to the guidelines-based model, the data-driven final model
contained additional variables (age, pH, bicarbonate) and did not include lactate. The area
under the ROC curve was 0.9021 for the data-driven model, and 0.8536 for the guidelines-
based model (Fig. 2).
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Figure. 2 A Receiver Operating Characteristics (ROCs) curve showing the true positive
rate against the false positive rate for the different possible cutoff points of a. the data-
driven final multivariable regression model (Area Under the Curve = 0.9021) and b. the

guidelines-based multivariable model (Area Under the Curve = 0.8536)

Fig. 3 shows the relationship between predicted probability and cumulative actual
probability for both models. As seen in the section of the curves above the reference line
at y=30, when a cut-off for the predicted probability is set at the actual probability (30%
- which is the reference line at y=30), then the data-driven model correctly identifies about
85% of the cases (true positives: the blue curve above the dotted line) and incorrectly
identifies 15% of non-cases (false positives: the red curve above the dotted line). In
contrast, the guidelines-based model had a true positive rate of about 70% and a false

positive rate of about 15%.
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Figure. 3 A curve showing the cumulative predicted probability against the predicted
probability for both the data-driven model and the guidelines-based model. Note: The
dotted black line shows the actual probability of P = 0.3. The solid blue and red lines
depict the data-driven new model, and the dotted blue and red lines depict the guidelines-
based model, showing about 85% true positives for the data-driven model and about 70%
true positives for the guidelines-based model, and showing about the same true negatives
for both.
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4. Discussion

Our research provides further evidence that improved tools to identify sepsis at early
time points, such as in the emergency room are much needed. We found that while some
variables have non-linear associations with sepsis risk and therefore require binarization,
the binary cut-off values are slightly different from the cutoff values that are used in
current sepsis guidelines. Additionally, while guidelines have set cut-of-shaped values for
other variables, we found sepsis risk for those variables linear and therefore binarization
inappropriate. Moreover, in contrast to the guidelines-based model, the data-driven final
model contained additional variables such as age, pH and bicarbonate (that are — to our
knowledge — not in any of the guidelines for sepsis diagnosis), and did not include lactate
(an important predictor in current guidelines). Ultimately, the data-driven model proved
to be superior to the guidelines-based model in identifying sepsis cases.

SIRS postulates sepsis risk under 36°C or above 38°C body temperature (3,4). While
we found a W-shaped curve that indicates both lower and higher body temperatures
(under 35.6°C and above 37.3°C) as risk factors for sepsis, our findings indicate that the
risk limits of infection induced temperature change might be shifted towards higher
temperatures. As such, we found that between 35.6°C and 36°C the risk is the same as
between 36°C and 37.3°C, and therefore SIRS might over-diagnose the risk of sepsis at
lower temperatures (between 35.6°C and 36°C) and under-diagnose at higher
temperatures (between 37.3°C and 38°C). This might suggest that while accurate
measurements of body temperature will play an important role in the diagnosis of sepsis,
hypothermia and normal body temperature range still remain to be defined more clearly
(90,91). Our results also indicate that no fever is needed to have elevated sepsis risk, but
a febrile condition might already be a risk indication.

SIRS also predicates sepsis risk at a heart rate above 90 bpm (3,4). While our results
support this as an upper value, we also identified a lower limit (a HR under 53 bpm) under
which there was increased sepsis risk. Currently, a lower HR value is not in any sepsis
guideline recommendation, although it is understood that bradycardia in sepsis might be
associated with sepsis induced myocardial dysfunction that might impair survival (92).
We would therefore recommend taking into consideration HR values below about 50 bpm
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as higher-risk — in addition to the currently used value of above 90 bpm — when
considering the diagnosis of sepsis.

Respiratory rate above 22 breaths per minute is another sepsis risk criterion (3,4).
Given that we found no inflexion point for this variable, risk related to RR appears to be
a sliding scale as opposed to a real cutoff: the higher the RR the higher the risk of patients
having sepsis.

One of the criteria of severe sepsis is a serum lactate level above 2 mM/L (7). While
our results suggest that a 2 mM/L cutoff point might be somewhat low (compared to our
cutoff point of 2.5 mM/L), we also identified a cutoff of 1 mMY/L or under. Interestingly
enough though, lactate did not stay in the multivariable model as a correlate. There has
been an ongoing debate on alternative signs or predictors such as the use of lactate as an
accurate biomarker of septic shock. Garcia-Alvarez et al dispute that lactate is a precedent
of sepsis and propose that it is a result of it (93), and Marik argues that lactate is not an
accurate indicator of tissue hypoxia, because experimental models have failed to
demonstrate cellular hypoxia in sepsis (94). Our finding that in an ER setting sepsis was
not associated with lactate levels but with pH instead, appears to confirm this proposition.
Indeed, other researchers failed to demonstrate direct connections among oxygen carrying
capacity, mixed venous oxygen saturation and levels of lactate, along with lacking
evidence of direct tissue hypoxia in sepsis. It is therefore not surprising that we did not
find lactate levels to be associated with sepsis. Therefore, we provide further evidence
that net lactate levels might be interpreted cautiously in septic patients, or that at least
lactate per se may not be a pure indicator of severity of circulatory derangement (95).
Considering that we found two cutoff points of lactate risk, further clarification is needed
how lactate levels lower than 1 mM/I (or even lactate in general) are associated with
sepsis.

With regard to blood pressure, the defined cut off values used by qSOFA for SBP
<100 mmHg and by SOFA for MAP <70 mmHg might be easy and user-friendly values
(7,96). We, however, found no inflexion point but rather a sliding scale. In addition, our
findings suggest that the previously defined MAP of 65 mmHg might be too permissive
in terms of perfusion pressure (97). We understand that no direct correlation can be
established between MAP/SBP and tissue perfusion (97), however, our results suggest

that higher target pressures might be set in terms of fluid and vasoactive therapy.
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Normal pH values are described as those between 7.35-7.45, and indeed we found a
sepsis risk outside this exact interval. Although pH is an easily measurable parameter that
has not been explicitly pinpointed yet as a factor in diagnosing sepsis, it seems that our
findings might give basis to pH measurement along with or instead of other metabolic
parameters, such as lactate. Even though the extent of pH change is influenced by a
variety of parameters, lactate per se is not likely to affect pH unless clear lactate acidosis
is diagnosed (98). This, however, is not a characteristic pathophysiological pathway in
sepsis (99).

To our knowledge, bicarbonate has not been used in the diagnosis of sepsis. The
normal levels for serum bicarbonate are postulated to be between 22 and 29 mM/L (100),
and we indeed found an increased sepsis risk under 22.3 mM/L. We found no indication
for an upper risk cutoff value.

A defined risk cutoff level for bicarbonate might help to differentiate sepsis from other
disease states that mimic it, such as dehydration and stroke. Caution should be exercised
though when using bicarbonate as a definitive parameter because of the commonly ill-
defined origin of acidosis.

Additionally, age has not been identified as a sepsis risk in any scoring system. In their
study of 47,475 patients, Inada-Kim et al. found a gradual increase in the number of
admissions with increasing age until age 85, when the number of admissions started to
decline (16). Our findings that the risk of sepsis was highest between the ages of 56 years
and 83 years correspond with the results of the above study, suggesting this age range as
a probability variable in assessing the risk of sepsis.

Some limitations of this study are noteworthy. First, this analysis is based on a
retrospective chart review of mostly elderly adult patients, so therefore our results might
not be directly applicable to other age groups. However, most septic patients are elderly,
and since age - albeit as a binary variable - was included in the final multivariable model,
this might somewhat control for this limitation. Moreover, not all patients admitted to the
emergency room (ER) were assessed for the parameters examined in this study, but only
those where the physician in charge considered such evaluation necessary. Our goal was
not to assess sepsis risk among all ER admissions, but to differentiate the diagnosis among
those patients that present with conditions that mimic sepsis, such as stroke and

dehydration. Additionally, the study is based on a single center retrospective dataset, and
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therefore our findings might not be representative of all patient populations, either in
Hungary or in other countries. This study focused only on early recognition and not on

survival, and therefore survival data are unavailable.
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5. Conclusions

We can conclude that in addition to some SIRS and qSOFA parameters that are easy
to measure at triage level, other readily measurable variables, such as pH, bicarbonate
levels and age might be useful in the diagnosis of sepsis in the ER and have a higher
accuracy and better differentiating power than the tools provided by current sepsis
guidelines. Since the currently used sepsis criteria are rather unspecific, our results
suggest that the model and its variables that we constructed in this analysis and that
proved to have excellent predictability might be such a tool that would aid in a more
specific identification of sepsis in the first line of care. Therefore, future studies should
duplicate our analysis with these variables in order to confirm our findings. Ideally, a new
tool might be developed that would help rapid and early identification of sepsis on a triage
level, enabling the physician to perform the necessary actions that target lower mortality.
Our findings contribute to the growing body of evidence in the quest of finding improved

tools to identify sepsis at early time points, such as in the emergency room (15-18).
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6. Summary

Summary in English

Introduction: Conditions that have similar initial presentations as sepsis may make
early recognition of sepsis in an emergency room (ER) difficult.
Obijectives: We investigated whether selected physiologic and metabolic parameters can
be reliably used in the emergency department to differentiate sepsis from other disease
states that mimic it, such as dehydration and stroke.
Results: Age, bicarbonate, HR, lactate, pH, and body temperature had U, VV, W or reverse
U-shaped associations with identifiable inflexion points, but the cutoff values we
identified were slightly different from guideline cutoff values. In contrast to the
guidelines, no inflexion points could be observed for the association of sepsis with SBP,
DPB, MAP, and RR and therefore were treated as continuous variables. Compared to the
guidelines-based model, the triage data-driven final model contained additional variables
(age, pH, bicarbonate) and did not include lactate. The data-driven model identified about
85% of sepsis cases correctly, while the guidelines-based model identified only about
70% of sepsis cases correctly.
Conclusion: Our findings contribute to the growing body of evidence to find improved

tools to identify sepsis at early time points, such as in the ER.
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Summary in Hungarian

Bevezetés: A szepszis kezdeti tiineteihez hasonlé megjelenéssel biro korképek a
szepszis korai felismerését megnehezitik a siirgdsségi betegellatd osztalyon.
Cél: Kivalasztott fizioldgiai és metabolikus paramétereket vizsgéltunk, hogy azok
megbizhatéan hasznalhatoak-e a siirgdsségi betegellatd osztilyon a szepszis
differencialdiagnosztikdjaban az ahhoz hasonl6 korallapotoktol valo elkiilonitésben, mint
a kiszaradas €s a sztroke.
Eredmények: Az ¢letkor, a bikarbonat, a szivfrekvencia, a laktit, a pH és a
testhomérséklet U, V, W vagy forditott U alaku gorbéket adtak beazonosithat6 inflexids
pontokkal, de az altalunk meghatarozott értékek kis mértékben kiilonbdzdek voltak az
iranymutatdsokban hasznalt értékektdl. Az iranymutatdsokkal ellentétben nem volt
inflexids pont megfigyelhetd a szepszissel Osszefliggésben a szisztolés vérnyomas, a
diasztolés vérnyomas, az artérias kozépnyomas és a légzésszam esetén ezért ezeket
folyamatos valtozokként kezeltiik.
Az iranymutatdsokon alapuldé modellel 6sszehasonlitva az adatainkon alapulé modell
magaban foglalt még valtozokat (életkor, pH, bikarbonat) és nem tartalmazta a laktatot.
Az adatainkon alapulé model 85%-ban pontosan hatarozta meg a szepszises eseteket, mig
az irdnymutatasokon alapuld model 70%-ban hatarozta meg korrektiil a szepszises
eseteket.
Kovetkeztetések: Eredményeink hozzajarulnak - az egyre novekvd bizonyitékok
halmazahoz - a még jobb eszkdzok megtaldldsahoz a szepszis diagndzisanak minél

koréabbi felallitdsaban, mint példaul a siirgdsségi betegellatd osztalyon.
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