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Sepsis is one of the main causes of morbidity and mortality in critically ill patients despite the use of modern antibiotics and resus-
citation therapies. Outcomes in sepsis have improved overall, probably because of an enhanced focus on early diagnosis and other
improvements in supportive care, but mortality rates still remain unacceptably high. The diagnosis and definition of sepsis is a critical
problem due to the heterogeneity of this disease process. Although it is apparent that much more needs to be done to advance our
understanding, sepsis and related terms remain difficult to define. A 1991 consensus conference developed initial definitions that
systemic inflammatory response syndrome (SIRS) to infection would be called sepsis. Definitions of sepsis and septic shock were re-
vised in 2001 to incorporate the threshold values for organ damage. In early 2016, the new definitions of sepsis and septic shock have
changed dramatically. Sepsis is now defined as life-threatening organ dysfunction caused by a dysregulated host response to infection.
The consensus document describes organ dysfunction as an acute increase in total Sequential Organ Failure Assessment (SOFA) score
two points consequently to the infection. A significant change in the new definitions is the elimination of any mention of SIRS. The
Sepsis-3 Task Force also introduced a new bedside index, called the qSOFA, to identify outside of critical care units patients with
suspected infection who are likely to develop sepsis. Recently updated the consensus definitions improved specificity compared with
the previous descriptions.
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Introduction

epsis is the most expensive health-care problem in the USA, with a cost of more than $20 billion (1). Sepsis is one of

the most prevalent causes of mortality in intensive care units (ICUs), and its incidence increased by more than double

over the last 10 years (2). According to data from the Surviving Sepsis Campaign, mortality rates from sepsis are 41%
in Europe and 28.3% in the USA (3). In Australia and New Zealand, a multi-centre study which included 101,064 critical
patients revealed that mortality rates decreased over the years and finally reached the 18-20% interval (4).

Sepsis-related mortality risk factors vary according to the size and technological level of the centre. Among the predisposing
factors which may cause sepsis, patients staying for longer periods in ICUs where advanced technologies are used, the in-
creasing elderly population, immune suppression resulting from malignant diseases and their aggressive treatment, increas-
ing transplantation practices and the use of related immunosuppressive drugs, invasive procedures, antibiotic resistance and

society-sourced and nosocomial infections can be listed (1).

As there is no gold standard in the definition of sepsis, clinicians have attempted to diagnose sepsis by combining non-spe-
cific physiological and laboratory anomalies. Thus, definitions of sepsis were proposed at international conferences which
were held in 1991, 2001 and finally in 2016 (Table 1). Guidelines provide efficient utilisation of knowledge as presented by

companies and prevents different implementation among the user groups (5).

Treatment guidelines which recommend the use of definitions for sepsis were published in the 2000s. The treatment guidelines

for sepsis and septic shock by Levy et al. (6) allowed sepsis awareness campaigns to be launched and caused a marked decrease
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in mortality rates. After the first Surviving Sepsis Campaign
guidelines in 2004, revisions were made in 2008 and 2012.
The fourth updated guideline was published recently to im-
prove the outcome with new recommendations (7).

The difficulty in diagnosis is due to the complexity of the dis-
ease. Today, the information obtained from scientific studies
in intensive care, microbiology, biochemistry, immunology
and other medical fields and from technological advances
allows a better understanding of the pathophysiology of sep-
sis. The better understanding of the pathophysiology and its
increasing importance in public health makes it necessary to
have reliable and valid diagnosis criteria for sepsis (8).

Recently, it was suggested that sepsis develops by immune
suppression (9, 10). In light of these developments, it became
necessary to revise the current definitions for sepsis and septic
shock to ensure early diagnosis and treatment, in addition
to providing the ability to select suitable patients for future
clinical studies.

Although common and associated with high morbidity and
mortality, sepsis and related terms remain difficult to define.
Three international consensus conferences used expert opin-
ion to generate the current definitions. However, advances in
the understanding of the pathobiology may cause outdated
definitions, and inaccuracy can lead to re-examination of the

current definitions in the future.

The purpose of this review is to discuss the current under-
standing of the definition of sepsis, with particular attention
to changes over time. Precise definitions of sepsis ensure ac-
curate diagnosis and appropriate treatment. An important
aim is also reducing risks for misclassification bias. We will
explore the evolution of the definition of sepsis, the limita-
tions and consider directions for future clinical definitions.
This article will start by discussing the old definitions, sepsis
1 and sepsis 2. The continuation of the article will include
the current clinical definitions of sepsis 3, including recent
considerations for revision and diagnostic criteria for sepsis
and septic shock with the application of the new definition in
clinical practice. The final section will discuss difficulties with
the new definition and diagnostic criteria and the future of
definitions of sepsis.

History of sepsis

Sepsis is a word derived from the ancient Greek [omyig],
which means the decomposition of animal- or plant-based
organic materials by bacteria. The word ‘sepsis’ was used in
Homeric poems as ‘sepo’ [on7tw], meaning ‘I rotted.” Hip-
pocrates represented the term sepsis with the word ‘sepidon,’
which meant ‘distortion, dissolution of a web structure’ be-
tween 460-370 BC. The term was used by Aristotle, Plutarch
and Galen with this meaning, and it has been in use with
virtually no change in meaning for over 2700 years (11, 12).

Older definitions by consensus conference

Most clinicians believe that there is no consensus on the defi-
nition of sepsis in clinical practice, that treatment starts late,
that more sensitive indicators must be identified for early sep-
sis diagnosis and that the public is not well-informed about
sepsis. The first consensus reports published since the 1990s
until today have tried to mitigate these deficiencies.

Sepsis 1

The American College of Chest Physicians (ACCP) and the
Society of Critical Care Medicine (SCCM) convened in Chi-
cago in 1991 and emphasised that sepsis was an ‘ongoing pro-
cess.” Systemic inflammatory response syndrome (SIRS), sep-
sis, severe sepsis, septic shock and multiple organ dysfunction
syndrome began to be used in clinical practice (13). Sepsis
was defined as the identification of two or more SIRS crite-
ria, in addition to known or suspected infection (Table 1),
while severe sepsis was defined as clinical sepsis accompanied
by organ dysfunction, hypoperfusion or hypotension. Ac-
cording to this definition, simultaneous multiple organ in-
volvement is observed in septic shock (such as cardiovascular
[hypotension or hypoperfusion], renal [oliguria], respiratory
[PaO,/FiO, <300], hepatic [plasma total bilirubin >4 mg dL],
haematologic [thrombocyte count <100.000/pL], central
nervous system [mental changes], unexplained metabolic ac-
idosis, etc). Septic shock is defined as a clinical tableau in
which fluid/vasopressor-resistant hypotension (average artery
blood pressure <70 mmHg) and hypoperfusion is observed.

Deficiencies related to the definition in sepsis 1

Although the 1991 North American consensus definition con-
siders the combination of infection and SIRS response as sepsis,
a sepsis-like clinical picture may be observed without infection.
The current significance of inflammation is non-specific and
may manifest in many conditions. A hyperkinetic state after
cardiac surgery without any infection is a good example of the
sepsis-like statement which shows a very different prognosis
and therapeutic approach from those of real sepsis (14). More-
over, sepsis is a complex interplay of pro-inflammatory and
anti-inflammatory responses and now evolve into two phases:
hyper-inflammation and hypo-inflammation. Therefore, the
inflammation itself carries little meaning, because inflamma-
tion is a very non-specific response to any insult from minor
trauma to complicated autoimmune disease (15).

Systemic inflammatory response syndrome findings are rath-
er sensitive, and under stressful conditions in which tachy-
cardia, hyperventilation and leukocytosis are observed, these
criteria may not be sensitive enough (16). Moreover, as SIRS
also includes infection findings, clinicians may sometimes
perceive infection as sepsis according to this definition. It
is already known that SIRS is just a primary host response
against infection. According to this definition and diagnos-
tic criteria, almost all infection accompanied by symptoms of



systemic inflammatory reaction will be diagnosed as sepsis,
most of which, in fact, can be easily cured. While all patients
with sepsis have infections, not all infected patients can be
diagnosed with sepsis. This definition and diagnostic criteria
cannot accurately present the essence of sepsis.

Systemic inflammatory response syndrome has been incorpo-
rated as inclusion criteria in many sepsis trials, and the con-
sensus definitions were used for study purposes. The major
problem was the high inconsistency of the definitions (17).

Sepsis 2

In 2001, the SCCM, the European Society of Intensive
Care Medicine (ESICM), the ACCP, the American Thoracic
Society and the Surgical Infection Society held the second
consensus meeting and updated the criteria for sepsis. Defi-
nitions of sepsis, severe sepsis and septic shock which were
ratified at the consensus meeting 10 years previously were
modified. Signs and symptoms of sepsis were much greater
in number and detail in comparison to the criteria identified
at the consensus meeting in 1991, and the 2001 conference
attempted to determine these signs and symptoms. The defi-
nitions cannot adequately define the response of the patient
to infection. The documented or suspected infection-specific
findings were categorised as general, inflammatory, hemo-
dynamic, organ dysfunction and tissue perfusion variations,
biochemical indicators were considered and their roles in ear-
ly diagnosis were emphasised in the update (18).

Deficiencies related to definition in sepsis 2

In 1992, sepsis was defined as a clinical syndrome by the pres-
ence of both infection and systemic inflammatory response. The
2001 consensus conference proposed a new term for sepsis which
was described as a clinical syndrome combined with organ inju-
ry, but the old diagnostic criteria for sepsis was kept in use (Table
1). This conference did not make a corresponding revision to
the definition of sepsis. Severe sepsis was defined as ‘sepsis com-
plicated by organ dysfunction.” As a result, there was no differ-
ence in diagnostic criteria compared with old definitions. Similar
characteristics of two definitions made a confusion of sense for
to diagnose ‘sepsis’ by the new diagnostic criteria or ‘severe sepsis’
by the old diagnostic criteria. This high-level disagreement led to
mismatching bias for researchers and physicians.

Goals of sepsis 3: why did the definition of sepsis needed
to be updated?

In light of current knowledge, a new definition was required
due to advances in sepsis epidemiology and management.
Published in February 2016, the new consensus report,
which emphasises organ dysfunction, considers the fact that
SIRS criteria may change depending on many factors in in-
tensive care patients and that SIRS has low sensitivity and
specificity in discriminating sepsis and non-complicated in-
fection. The international consensus definitions of sepsis and
septic shock were updated, and the qSOFA (quick Sequential
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Organ Failure Assessment) scoring system was developed for
the early identification of simultaneous organ dysfunction in
sepsis. The latest sepsis guide emphasised the requirement for
early diagnosis and quick application of treatment procedures
during the ongoing sepsis process.

Trauma, burns, pancreatitis and ischaemia-reperfusion injury
are among the non-infection causes of SIRS. Since inflam-
mation at the molecular level triggered by the infection in the
clinical tableau has similarities with sterile inflammation, it is
difficult to discriminate between the two in the early stages of
the disease. Both infection-triggered inflammation and sterile
inflammation activate coagulation, inflammation and tissue
repair pathways (19). According to the old definition, sepsis
was diagnosed in the presence of SIRS criteria and infection.
Thus, since most patients who presented with simple infec-
tion also exhibited SIRS criteria, all infections were diagnosed
as sepsis. However, while all sepsis patients exhibit infection,
it would be wrong to diagnose all patients presenting infec-
tion with sepsis (Figure 1). Similarly, sepsis and severe sepsis
are generally used interchangeably in clinical practice; to re-
solve this confusion, organ dysfunction must be included in
the definition (14). SIRS criteria have low specificity in the
first 24 hours of admission to intensive care. Haemodialysis
patients have high sepsis risk. The disrupted immune system
functions may vary in response to the pathogen depending
on the chronic process. Cloudy consciousness may be the first
sign of sepsis in these patients, even in the absence of SIRS
criteria (20). Similarly, elderly people and people who use
medication for heart rate control may not present with SIRS
criteria, even if they have infection and organ dysfunction.
The response of the host and the development of severe organ
dysfunction must be important parameters in the definition.
At the Merinoff Symposium in 2010, sepsis was defined as
‘the life-threatening process due to organ and tissue damage
caused by the body’s response to infection’ (21). The infection
may be of a heterogeneous nature depending on the pathogen

I Figure 1. Clinical scenarios of sepsis
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I Table 1. Definitions of sepsis

abnormalities may include, but
are not limited to lactic acidosis,
oliguria, or an acute alteration in
mental status.

Septic shock = sepsis-induced
with hypotension despite
adequate fluid resuscitation along
with the presence of perfusion
abnormalities that may include,
but are not limited to, lactic
acidosis, oliguria, or an acute
alteration in mental status.
Patients who are receiving
inotropic or vasopressor agents
may not be hypotensive at the
time that perfusion abnormalities
are measured.

blood pressure decrease >40 mmHg in adults or <2
SD below normal for age)

Mixed venous oxygen saturation >70%

Cardiac index >3.5 | min™ m™

Organ dysfunction parameters
Arterial hypoxemia (PaO,/FiO, <300)

Acute oliguria (urine output <0.5 ml kg™ h™' or 45
mM L for at least 2 h) Creatinine increase >0.5
mgdL?

Septic shock is a subset of sepsis
in which underlying circulatory
and cellular/metabolic
abnormalities are profound
enough to substantially increase

mortality

Coagulation abnormalities (international normalized
ratio >1.5 or activated partial thromboplastin time >60 s)

Tleus (absent bowel sounds)
‘Thrombocytopenia (platelet count <100,000/uL)

Hyperbilirubinemia (plasma total bilirubin >4 mg
dL"! or 70 mmol L)

Tissue perfusion parameters

Hypetlactatemia (>3 mmol L")

Decreased capillary refill or mottling

Older definitions | Newer definition: Sepsis 3
Sepsis 1 Sepsis 2 Definition Clinical Criteria
Systemic inflammatory response  Diagnostic criteria for sepsis Screening for Sepsis qSOFA
syndrome (SIRS) = the systemic Infection qSOFA (quick Sequential 1. Altered mental
inflammatory response to a variety  Documented or suspected and some of the Organ Failure Assessment) status (GCS score
of severe clinical insults. following; scoring system <15)
. . Accordingly, an increase of 2 2. Systolic blood

1. Temperature >38°C or <36°C;  General parameters or more i the QSOFA score pressure <100
2. Heart rate >90 beats per Fever (core temperature >38.3°C) should create a suspicion of mmHg
minute; sepsis and organ dysfunction. 3. Respiratory rate
3. Respiratory rate >20 breaths per  Hypothermia (core temperature <36°C >22/min
minute or PaCO, <32 mmHg; Heart rate >90 bpm or >2 SD above the normal I£2/3 of these 3
and value for age criteria are positive,
4. White blood cell count Tachypnea: >30 bpm the gSOFA would be
>12,000/cu mm, <4,000/cu mm,  Altered mental status positive!
or >10% immature (band) forms.  Significant edema or positive fluid balance (>20 mL

kg over 24 h)

Hyperglycemia (plasma glucose >110 mg dL" or 7.7

mM L) in the absence of diabetes
Sepsis = the systemic response Inflammatory parameters
to infection, rnanifeste(.i b)" two Leukocytosis (white blood cell count >12,000/uL)
or more of the SIRS criteria as a Leukopenia (white blood cell count <4,000/uL)
result of infection

Normal white blood cell count with >10% Sepsis is life-threatening organ ~ Suspected or

immature forms Plasma C reactive protein >2 SD dysfunction caused by a documented infection

above the normal value Plasma procalcitonin >2 SD  dysregulated host response to and an acute increase

above the normal value infection of 22 SOFA points
Severe sepsis = sepsis associated Hemodynamic parameters (a proxy for organ
with organ dysfunction, ) ) ) dysfunction as shown
hypoperfusion, ot hypotension. Arterial hypotenswr} (systolic blood pressure <?0 in Table 2)
Hypoperfusion and perfusion mmHg, mean arterial pressure <70, or a systolic

Sepsis and vasopressor
therapy needed to
elevate MAP 265 mm
Hgand lactate >2
mmol L' (18 mg dL")
despite adequate fluid
resuscitation

type and amount and the locus and duration of exposure.  analysis which included 172 centres and 1,171,797 patients,

The response may also vary according to the different organs  Kaukonen et al. (16) concluded that 12.1% of patients diag-
and tissue types in the organs of the host. Sepsis treatment  nosed with severe sepsis did not exhibit SIRS symptoms and

varies according to all these factors (22). In their retrospective  that SIRS criteria have low specificity and low sensitivity.
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ITable 2. The Sequential Organ Failure Assessment (SOFA) score

SOFA score 1 2 3 4

Respiration with respiratory support -----

PaO_/FiO, (mm Hg) <400 <300 <200 <100

Coagulation

Platelets x10*/mm? <150 <100 <50 <20

Liver

Bilirubin (mg dL") 1.2-1.9 2.0-5.9 6.0-11.9 >12.0

Cardiovascular

Hypotension MAP <70 Dopamine <5 or Dopamine >5 or Dopamine >15 or
dobutamine (any) norepinephrine <0.1  norepinephrine >0.1

Central Nervous System

Glasgow Coma Score 13-14 10-12 6-9 <6

Renal

Creatinine (mg dL") or 1.2-1.9 2.0-3.4 3.5-4.9 >5.0

urine output (mL) or <500 or <200

MAP: mean arterial pressure; vasoactive mediations administered for at least 1 hr (dopamine and norepinephrine ug kg min™).

Newer definition

Sepsis 3

The working group’s SEPSIS 3 report defines sepsis as a
‘life-threatening organ dysfunction caused by a dysregulated
host response to infection.” Septic shock is defined as lactate
levels rising above 2 mmol L' without hypovolemia and initi-
ation of vasopressor treatment to keep mean arterial pressure
above 65 mmHg (Figure 2) (23). Organ dysfunction is de-
fined as an increase of two or more in the Sequential Organ
Failure Assessment (SOFA) scoring system, and it was deter-
mined that this caused a more than 10% increase in hospital
mortality (Table 2). Accordingly, when newly developing and
unexplained organ dysfunction is identified, it should be kept
in mind that the patient may be experiencing sepsis.

Clinical infection was retrospectively identified in 148,907
patients among 1,300,000 patients in a total of 12 hospitals
between 2010 and 2012, and they were included in the anal-
ysis to determine new criteria. The power of the SOFA in pre-
dicting hospital mortality in an ICU was equivalent to Logis-
tic Organ Dysfunction Score (LODS) and higher than SIRS.
'The choice of the SOFA to measure organ dysfunction is due
to its broad contents. The reason for not choosing LODS
is that it became obsolute and requires many measurements
(24). The consensus introduced the rapid bedside qSOFA
tool to determined patients at emergency departments or
floor of the hospitals who likely develop sepsis from the ret-
rospectively derived databases. The gSOFA was developed to
prevent overlooking sepsis-related organ dysfunction outside
the ICU and in the emergency department, to begin the ap-

propriate treatment early, to speed up admission to intensive
care and to increase monitoring frequency. It was determined
that this scoring system was more successful and more easily
applied than other systems. An increase of two or more in a
qSOFA score corresponds to a 3 to 14-fold increase in hospi-
tal mortality. Accordingly, an increase of two or more in the
qSOFA score should create a suspicion of sepsis, and organ
dysfunction assessment should be conducted (Figure 2).

A qSOFA score is not a diagnostic criterion for sepsis and not
a part of the new definition of sepsis. Rather, it can be regard-
ed as a warning of an increased risk of deterioration for pa-
tients with suspected infections. The Sepsis Definitions Task
Force proposed that among ICU encounters, the gSOFA
had statistically worse predictive validity in identifying organ
dysfunction compare with the SOFA in ICU, likely related
effects of ongoing organ support. Thus, the 2016 consensus
report claims that use of the gSOFA in ICU settings reduces
to consider the possibility of sepsis.

There is little data for the predictive performance of the gSO-
FA as a screening tool for early and accurate prediction of
sepsis and mortality at (ICU) admission. Additionally, it was
suggested that the gSOFA has a lower prognostic accuracy for
predicting hospital mortality who admitted to the ICU with
suspected infection. The SOFA was more accurate in pre-
dicting in-hospital mortality than both SIRS and the gSO-
FA (25). In a new retrospective analysis, which corresponds
with the findings of the Sepsis-3 Task Force, it was shown
the gSOFA is not a good assessment tool among patients ad-
mitted to the ICU (26). However, the gSOFA requires pro-
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Figure 2. Operationalization of Clinical Criteria Identifying Patients with Sepsis and Septic Shock
The baseline Sequential [Sepsis-related] Organ Failure Assessment (SOFA) score should be assumed to be zero unless the patient is known to have preexisting (acute or
chronic) organ dysfunction before the onset of infection. gSOFA: indicates quick SOFA; MAP: mean arterial pressure. From Singer et al. (23)

spective, real-world validation before entering routine clinical
practice.

The SOFA

The SOFA is a scoring system used to determine the pervasive-
ness and speed of sepsis-related organ dysfunction. It calculates
the level of dysfunction in five systems (respiratory, cardiovas-
cular, coagulation, renal, neurologic) (Table 2). The SOFA
is simply a scale which focuses on organ dysfunction among
bedside clinical variables and calculates morbidity rather than
mortality. This scoring system is calculated at admission and
once every 24 hours. The calculation, based on the average and
worst scores during a stay in an ICU, predicts clinical expecta-
tions. The minimum score is 0, and the maximum score is 24.
However, this scoring system should not be used to determine
the success of treatment or the clinical method.

According to the SOFA, mortality rates can only be valuable
during the stay in intensive care. If the score is between 0 and

6, mortality should be expected to be <10%; for scores of 13-
14, 50% mortality should be expected, and for scores above
15, mortality of 90% should be expected.

Seymour et al. (24) compared the predictive value of the
SOFA, SIRS, LODS and the recently developed gSOFA in
their analyses of 148,907 suspected sepsis patients among
706,399 patients in 165 hospitals. This analysis found that
the SOFA and LODS provided similar results for possible
ICU infections and hospital mortality, and both scoring sys-
tems were found to be superior to SIRS. For patients outside
the ICU, the gSOFA was more meaningful than SIRS in pre-
dicting hospital mortality.

Application of the new definition in clinical practice

Systemic inflammatory response syndrome criteria were re-
vised in 2001; however, a controversy ensued as the signs
and symptoms of sepsis were published as a very long list. In

2014, ideas for a new consensus on sepsis were discussed in



a meeting held by the SSCM and ESICM. While it was sug-
gested that a new definition was required, it was also stated
that the new definition could be based on the old criteria.
This consensus report defined the clinical definition of sepsis,
which has been accepted in recent years, as ‘at least a 2 point
increase in the SOFA score along with life-threatening organ
dysfunction due to an inappropriate response of the host to
infection.” Septic shock is the most severe form of sepsis and
is an emerging acute circulation dysfunction. Septic shock
requires a vasopressor dose to remedy hypotension, discolor-
ation of the skin, reduced urine output and altered states of
consciousness, tissue perfusion symptoms and lactate levels
exceeding 2 mmol L.

Potential deficiencies related to definition in sepsis 3
There is still no perfect method to discriminate between
sepsis and non-sepsis, including the new definition of sepsis
(24). The term ‘organ dysfunction’ used in the new definition
is unclear, since organs may have more than one function.
Again, it is unclear how the organ dysfunction or how the
other concept of ‘inappropriate host response’ will be mea-
sured. Organ dysfunction may emerge for reasons other than
sepsis, and it is difficult to discriminate between sepsis-relat-
ed organ dysfunction. When the infection is not certain and
organ dysfunction is present, it is difficult to exclude a sep-
sis diagnosis (27). One of the important points is to be able
to diagnose sepsis early. In this regard, while the SOFA is a
valuable method to identify organ dysfunction, it has limited
value outside the ICU since it is not practical to use. Data-
base scans in recent years indicate that three simple elements
may be alarming. This definition included tachypnea, hypo-
tension and altered states of consciousness and was named
the qSOFA (23). This definition is a simple and readily ap-
plicable model for nurses and other health-care employees.
Positive qSOFA and laboratory tests including lactate for
patients with suspected infection are thought to speed up the
identification of organ dysfunction and the patients’ transfer
to the ICU. As qSOFA and SOFA values may vary according
to both acute and chronic organ dysfunction, the variation in
SOFA scores over time is more important (28).

Patients with infection and organ dysfunction may be het-
erogeneously distributed regarding demographics, charac-
teristics, underlying causes and microbiological and other
clinical factors (29). The new definition does not conduct
a sub-group analysis of microbiological, pathophysiological
and cellular variables like the previous consensus reports.
American hospitals were used as a basis for the new defini-
tion, and large databases were used. The fact that non-devel-
oped or developing countries do not have accumulated data
may be considered a limitation. The lactate parameter used
to define septic shock is not widely used in these countries.
There is also no data from the paediatric population in the
new definition (30).
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One of the main components of sepsis and septic shock is the
existence of infection. The number of patients diagnosed with
sepsis despite negative culture is significandy high (29, 31). In
intensive care practice, organ dysfunction due to clinical condi-
tions (such as trauma, pancreatitis) is frequently observed and
difficult to distinguish from simultaneous infection. There is a
limited number of good-quality studies for the rapid detection of
pathogens for the early diagnosis sepsis. Rapid testing of the mi-
croorganisms is needed for reducing the time to targeted therapy
for ICU patients (32). In this topic, polymerase chain reaction is
an excellent technique for the rapid detection of pathogens for
the early diagnosis of culture negative sepsis (33).

The new definition considers sepsis as a syndrome, rather
than a specific disease. The new approach defines it along
with diseases with similar diagnostic processes, such as cancer,
based on anatomic localisation, cell type, specific biomark-
ers, cellular receptors, intra-cellular pathways and genomic
modifications. Patient-specific treatment principles were de-
veloped based on this type of identification.

The patient group exhibiting infection and organ dysfunction
is heterogeneous. The newly developed definition of sepsis
cannot categorise the underlying pathobiological and demo-
graphic information. The new definition does not allow for
specific treatment based on the patient-specific underlying
cause. This may be stated to be a global weakness of the sepsis
concept, apart from of the definition itself.

Although both the SOFA and SIRS are indicators of organ
dysfunction and mortality, they do not determine the cause
of the dysfunction. The qSOFA system, which was created
based on retrospective data, needs prospective studies for val-
idation before being used clinically. In patients with infection
risk, the qSOFA can be used as a secondary screening tool
to determine organ dysfunction. Sepsis treatment bundles
should begin after organ dysfunction is identified.

The SOFA scoring system is complex and needs to be up-
dated because the Glasgow Coma Scale is problematic and
current guidelines do not recommend dopamine as first-line
vasopressor support for sepsis. The scoring system also does
not show previous organ system dysfunction. Another fear
for the SOFA scoring system is a handicap for the late rec-
ognition of deterioration of the organ perfusion. It is now
well-known that potentially septic patients may benefit from
early intervention (34).

The future of definitions of sepsis
To make the diagnostic criteria for a disease clearer and more

helpful, the following criteria are required:

* It must be reliable.
* It must contain information which corresponds to sci-
entific facts.
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¢ The results of different tests must abide by the defini-
tion.

* The terms which apply to the definition of the disease
should also apply during the advanced stages of the dis-
ease.

* The definition must be up to date.

* The measurement methods must be practical (35).

We should remember the underlying physiological and ter-
minological rules while examining the definition of sepsis.
The current definition of sepsis considers sepsis conceptually
based on infection and emphasises organ dysfunction and the
response of the host, but it does not measure the interaction
between these symptoms. Thus, it is evident that clinical cri-
teria are more important for sepsis than theory. These six fun-
damental rules should be applied to the definition to achieve
the desired goal (35).

The next consensus report will include the definition of the
early phase of developing sepsis and the involvement of fun-
damental sciences to identify this process. The biggest expec-
tation in this new period will be not only the identification
of infection in the patient but the identification of organ dys-
function, which is one of the basic characteristics of sepsis
and in providing patient-specific treatment. One of the most
limiting factors in sepsis is that there is no gold standard to
identify infection. A difficult point is the fact that SIRS can
be used to predict infection but is excluded from the new
definition.

The basic factor in the management of sepsis is its early di-
agnosis and treatment. The priority is to identify infections
based on signs and symptoms, obtain the necessary cultures
and blood samples and prevent sepsis-related organ dysfunc-
tion through antibiotic therapy.

Understanding the underlying primary pathogenesis along
with immunologic responses will make early diagnosis and
treatment more comprehensive (36). The definitions will
continue to evolve along with these developments. Discus-
sion of the classification of the syndrome and the character-
isation of cellular features will be beneficial for future defi-
nitions of sepsis. The next consensus report will define the
cellular changes due to sepsis and septic shock and provide a
biomarker-based definition instead of syndrome-based defi-
nition and will help to quickly understand organ dysfunc-
tion and mortality. The applicability of these developments
to millions of people around the world should be considered

as a measure of success.

Roadmap for the future
It is not currently realistic to have a gold standard definition
for sepsis. However, using a methodological approach, it can

be realistic to aim for different definitions and criteria.

What are our expectations for the future?

1. Maybe the most important point is that a single defini-
tion of sepsis is not sufficient to raise awareness.

2. When the definitions are standardised, the limitations of
terminology may be lifted.

3. Many elements which function as a catch-all for sepsis
are not well-established yet. Future clinical studies must
detail the relationships between sepsis, infection, organ
dysfunction and natural or inappropriate host response.

4. Future sepsis criteria need to develop molecular indi-
cators. Although there are more than 2000 biomarkers
for sepsis, sharp, reliable and realistic parameters such as
those used in diagnosing myocardial infarction do not
exist yet.

5. Prospective studies are needed for new sepsis criteria
(37).

6. It would be a good idea to refined the SOFA, and pro-
spective validation of the qSOFA is necessary.

7. 'There is a limited number of good-quality studies for
the rapid detection of pathogens for the early diagnosis
sepsis. Rapid testing of the microorganisms is needed
for reducing the time to targeted therapy for ICU pa-
tients (32).

8. There may be a need for new, simple, reliable and clini-
cally available measurements to contribute to the defini-
tion of the sepsis. ETCO, levels, a good example of this,
have been shown as a reliable measurement to identify-
ing sepsis (38, 39) and an accurate predictor of mortality.
It was found that an ETCO, concentration less than 25
mmHg are strongly associated with serum lactate levels
>4 mmol L' (38). In addition, a significant correlation
was found between ETCO, levels and SOFA scores. It
was established that an ETCO, of <35 has a high sensi-
tivity to predict SOFA scores >2 (39).

9. Early diagnosis of sepsis is one of the most important
points to keep expectations high. The role of early rec-
ognition of organ system dysfunction should be studied
in dertail. For instance, dysfunction of the coagulation
system is an early manifestation of sepsis and is seen
commonly with this disease. The haematologic organ
system is a major element in the response to a septic in-
sult, and in the majority of patients, systemic activation
of coagulation is present (17, 40). Increasing evidence
suggests that molecular mechanisms which cause inflam-
mation-induced coagulation play an important role in
the pathogenesis of sepsis. Prolongation of the PT and/
or activated partial thromboplastin time is prevalent and
detectable in 15-30% of septic patients (41).

Conclusion

As noted, sepsis is the most common cause of mortality

in the ICUs of the developed world with a consistently



increasing incidence over the last few decades. Appropri-
ate definitions of sepsis are critically important for correct
clinical management and effective clinical sepsis research.
Definitions of sepsis have evolved since the syndrome was
recognised over a century ago. Most recently, several inter-
national societies have sponsored consensus definitions of
sepsis, septic shock and related conditions. The most recent
version of these consensus definitions was published within
the last year. Updated consensus definitions are designed
to address specific deficiencies identified in previous pub-
lished versions of consensus sepsis definitions. Despite the
best efforts of the members of the expert panel that devel-
oped them, certain problems with the definitions persist.
Nonetheless, it is hoped that these new definitions will help
advance clinical sepsis research and clinical care. However,
it remains to be seen as to whether this hope will translate
into reality.
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