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Abstract
Sepsis is a heterogeneous clinical condition that is most common in intensive care units, which is the cause of morbidity, mortality and increased cost. Diagnosis at the earliest stage in the clinical diversity that can progress from simple infection to sepsis
and septic shock is the primary clinical goal. Clinical studies and consensus reports have been published and published over
the years so that early diagnosis and resuscitation can be started quickly. In fact, it is easy to use in clinical practice and clinical
criteria can be set to facilitate the work of the physician without complicated laboratory procedures. Thus, the treatment stage
can be overcome to prevent this severe infectious process leading to organ dysfunction and increased mortality. In this review,
consensus definitions used in the definition of sepsis, the latest consensus recommendation, and current developments in
sepsis are summarized.
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Introduction
Infections are common throughout life at all ages. In most individuals, the host response is sufficient to cope with the potential
threat and if bacterial, it can be treated with appropriate antibiotics. In some cases, however, the infection may be associated
with an insufficient or inappropriate host response, which may
progress to the development of organ dysfunction. At this point,
the term "sepsis" is used [1-3].
Sepsis continues to be a serious public health problem worldwide.
This serious, costly and high mortality rate among the most common causes of intensive care hospitalizations is unfortunately still
present in many years of change and development and its treatment is difficult. The Islamist philosopher Ibn Sina as the tissue
and blood putrefaction with fire [4] first described it. Although
the clinical picture of sepsis has not changed much since the first
day, the management of organ failure has changed and serious
infections that have previously been fatal have begun to be managed more effectively nowadays.

The Intensive Care Over Nations (ICON) study provided global
epidemiological data on 10,069 intensive care unit (ICU) patients
and confirmed that 2,973 (29.5%) patients received sepsis at the
time of admission or intensive care unit hospitalization [5]. Sepsis, on the other hand, has also been described as "the ultimate
way of death from infection" in the process [6]. According to the
Global Burden of Disease, more than 10 million people die from
the infectious disease every year, and this number is higher than
cancer-related deaths [7]. This condition, which has high mortality, may also result in mental and physical impairments leading to
reduced long-term quality of life [8]. Sepsis mortality rates were
41% in Europe and 28.3% in the USA, and in the case of septic
shock this rate could be up to 50% [9, 10]. Vincent et al., Found
that intensive care unit mortality was 25.8% and hospital mortality
was 35.3% in sepsis patients in 2014. These rates are significantly
higher than the general intensive care unit population [5].
The diagnosis and care of patients with sepsis is quite complicated because of the influence of various organ systems. Infection
is absolutely necessary for the diagnosis of sepsis. Some patients
may have a sepsis-like condition without evidence of infection.
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Prognosis and treatment of these conditions are very different
from true sepsis [3]. Over time, the need to develop standard
baseline recommendations in the management of sepsis patients
evaluated by different health professionals in different clinics has
emerged. For this purpose; sepsis definitions were made at international conferences in 1991, later in 2001 and 2016 [1, 11, 12].

Sepsis Identification Methods
Infection is defined as "a pathological process in which pathogenic or potentially pathogenic microorganisms invade sterile tissue, fluid or body cavities" [12]. Sepsis; is defined as the presence
of life-threatening organ dysfunction that occurs with a dysregulated host response to any infection [1-3]. Generally, three different conditions are identified and the presence of infection is
suspected and confirmed.
1. The beginning of a host response and symptoms: Fever and
shivering are the most typical clinical reactions. The biological
response is monitored both in the number of white blood cells
and in the concentrations of inflammatory markers (e.g. blood
C-reactive protein (CRP) or procalcitonin (PCT))
2. Presence of infectious symptoms for suspect focus: for example, dizziness and scented urine; abnormal chest auscultation or
typical radiographic chest infiltrates and respiratory symptoms;
purulent injuries; meningitis indication.
3. Proof of invasion of microbiological agents in a sterile medium (detection of microorganism in peritoneal tissue in a cirrhotic
patient) or detection of superinfection in non-sterile environment
(gastrointestinal system).
However, it is not always easy to diagnose sepsis for early treatment. Each patient in the course of realization of the same scenario is unlikely, for example, without fever in some patients, even
patients with sepsis may be especially elderly patients presenting
with hypothermia [13, 14]. The diagnosis of these patients is rather late and difficult. The main goal of many years of work is to be
able to diagnose sepsis at the earliest, to prevent shock and multiple organ failure. With the recommendation of the 1992 North
American consensus document, sepsis was defined as a combination of systemic inflammatory response syndrome (SIRS) and
infection. SIRS criteria (especially fever, tachycardia and altered
white blood cell count) reflect the typical characteristics of the
infection (Table 1) [11]. Over the years, this approach has been
shown to result in a significant increase in patients receiving a
diagnosis of sepsis. However, these patients may actually have less
serious illness, and deceptive reductions in mortality rates may
have been reported [15, 16]. Over time, it has begun to be considered that the SIRS criteria are highly sensitive and not specific
enough for this purpose. Sprung et al., reported that 93% of ICU
patients provided at least two SIRS criteria at one point during

their stay in ICU. Dulhunty et al., found this rate as 88.4% [17,
18]. The SOFA scoring system is a scoring system that is used
to determine the prevalence and speed of sepsis-related organ
dysfunction. It is used to calculate the level of organ dysfunction
in six systems (respiratory, cardiovascular, liver, coagulation, renal,
neurological) (Table 2). This scoring system is performed on admission to the patient's intensive care unit and is calculated every
24 hours [19]. A calculation based on average and worst outcomes
in intensive care unit is calculated. 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
[17]. In the last consensus report, more radical changes were made
and a quick SOFA (qSOFA) was placed in the first part of the
diagnostic process [1]. When evaluating six components of the
SOFA score, the need for laboratory analyzes and time required
a new rapid assessment method. qSOFA is defined by three clinical contexts (hypotension, altered mental status, and tachypnea)
that can be used at bedside to describe infected patients at risk
of worsening of condition (Table 3) [1]. The presence of two or
more of these early warning system components may prompt the
clinician to better assess the presence of infection or organ dysfunction in the patient and to determine the need for early intensive care. However, although qSOFA is not part of the new sepsis definition. Vincent et al., emphasized that SIRS is part of the
definition of sepsis. The SOFA criteria required for new sepsis
definition are sufficient for organ dysfunction criteria. qSOFA is
clinically valuable but not a perfect sepsis marker [20]. Currently,
there is debate about the last Sepsis-3 definitions. The American
College of Chest Physicians [21], the Infectious Disease Society
of America, the Latin American Sepsis Institute [22], the American College of Emergency Physicians, and no emergency medical
community has not approved it.
Sepsis-I
Sepsis in 1991; is defined as the presence of two or more SIRS
criteria in addition to known or suspected infection. The American College of Chest Physicians (ACCP) and the Society of Critical Care Medicine (SCCM) refer to sepsis as an "ongoing process." The SIRS criterion set out above (Table 1) is the basis for
the definition. In addition, according to clinical severity, a graded
classification was made. In clinical practice, sepsis, severe sepsis,
septic shock, and multiple organ dysfunction syndrome definitions have begun to be used [12]. Severe sepsis, hypotension with
fluid and vasopressor resistance, and septic shock in the presence
of hypo perfusion and hypo perfusion have been described in
clinical manifestations, including hypotension, hypo perfusion,
and organ dysfunction. However, after a while, the fact that some
of the sepsis-like hyperkinetic clinical tables without infections

Table 1. Systemic Inflammatory Response Syndrome (SIRS)a criterias.
Fever < 36°C or > 38°C
Heart rate > 90 pulse/min
Respiratory rate > 20/min or pCO2< 32 mmHg
WBC < 4000/mm3 or > 12,000 /mm3 veya Band > 10%
a

Adapted from Bone et al.,
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Table 2. Sequential Organ Failure Assessment (SOFA) Scorea.
Score
System

0

1

2

3

4

Respiratory
PaO2/FiO2 mmHg
(kPa)

≥400 (53.3)

<400 (53.3)

<300 (40)

<200 (26.7) with
respiratory support

<100 (13.3) with
respiratory support

Coagulation
Platelets, x103/µL

≥150

<150

<100

<50

<20

Liver
Bilirubin, mg/dL
(µmol/L)

<1.2 (20)

1.2-1.9 (20-32)

2.0-5.9 (33-101)

6.0-11.9 (102-204)

>12.0 (204)

Cardivascular

MAP ≥
70mmHg

MAP <
70mmHg

Dopamine< 5
or dobutamine
(anydose)b

Dopamine 5.1-15 or
epinephrine ≤0.1 or norepinephrine ≤ 0.1b

Dopamine >15 or
epinephrine >0.1 or
norepinephrine >0.1b

Central nervous system
Glaskow coma scale
scores

15

13-14

10-12

6-9

<6

Renal
Creatinine, md/dL
(µmol/L)

< 1.2 (110)

1.2-1.9 (110-170

2.0-3.4 (171-299)

3.5-4.9 (300-440)

>5.0 (440)

a
Adapted from Vincent et al.,
Catecholamine doses are given as µg/kg/min for at least 1 hour
c
Glasgow coma scale scores range from 3-15: higher score indicates better neurological function
abbreviations: FiO2, fraction of inspired oxygen; MAP, mean arterial pressure; PaO2, partial pressure of oxygen.
b

Table 3. Quick Sequential Organ Failure Assessment (qSOFA)a Score for Sepsis.
System
Mental Status
Respiratory
Cardiac

Assessmenet Criterias
Glasgow Coma Scale
Respiratory rate
Systolic Blood pressure

Cut-off value of criteriasb
≤ 13
≥ 22/min
≤ 100 mmHg

Adapted from Singer et al.,
2 or more criteria suggest a greater risk of outcome.
a

b

could be confused with these definitions. The SIRS criteria used
in the definition of sepsis include susceptibility (tachycardia, hyperventilation, leukocytosis) and infection findings primarily (e.g.
fever and increased number of white blood cells) to occur with
any form of stress. Thus, the misconception that patients who
are actually infected but not sepsis may have been included in the
definition of sepsis has begun to be discussed.
Sepsis-II
In 2001, an attempt was made to revise the SIRS criteria, but the
list of sepsis symptoms was quite long to be accepted. Despite
this insufficiency, the SIRS criteria defined in 1991 continued to
be used. In this consensus, a new term for sepsis was proposed
and described as "a clinical syndrome with organ damage", but
the previous criteria of sepsis continued to be used. Severe sepsis
is defined as sepsis complicated by organ dysfunction [12]. In the
2003 update, biochemical markers and their role in early diagnosis
were considered [12], categorized as documented or suspected infection-specific findings as general, inflammatory, hemodynamic,
organ dysfunction and tissue perfusion parameters.

Why change was needed?
To define a definitive sepsis according to the SIRS criteria, we
need to be able to determine whether sepsis is the same as sterile inflammation. Many noninfectious conditions associated with
acute tissue injury and innate immune activation; multiple trauma, pancreatitis, transplant rejection, and autoimmune diseases.
Both invasive infection and sterile tissue necrosis are activating
inflammatory, coagulation, microbial clearance and other tissue
repair pathways [23]. Clinical manifestations are often insufficient
to distinguish this sterile inflammatory response alone from the
response initiated by the infection. This effect indicates that SIRS
can not distinguish between patients with severe infection and
those who are not infected but have major injuries. In conclusion,
SIRS has low sensitivity and specificity to distinguish no complicated infection from sepsis. The primary reason for the need for
an update is the need for rapid implementation of early diagnosis
and treatment procedures in the sepsis process. It is widely accepted that the definition should include important parameters
such as host response and severe organ dysfunction that may be
associated with simple infection and septicemia.
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Sepsis-III

lactate measurement every 1-2 hours was clinically more valuable.
In clinical practice it is thought that the change in lactate levels
over time reflects primarily the change in production. Increased
lactate levels are generally associated with circulatory disturbances,
with an improvement in circulation suggesting a decrease in lactate levels and a reduction in production (but can not be proved)
[24]. At least four different mechanisms should be assessed for
the presence of hyperlactatemia. These; anaerobic glycolysis in
hypoperfactive areas, especially in severe microcirculation disorders; aerobic glycolysis due to stress-induced adrenergic; impaired
liver lactate clearance; and mitochondrial dysfunction that limits
pyruvate metabolism. It is important to recognize the clinical pattern of hyperlactatemia associated with hypo perfusion, because
more resuscitation in cases not associated with hypo perfusion
may result in toxicity due to excessive resuscitation [25, 26]. Persistent hyperlactatemia, which is not associated with hypoperfusion, is associated with a better prognosis, so the distinction must
be made well. Simultaneous analysis of parameters such as central
venous O2 saturation (ScVO2), central venous-arterial pCO2 gradient (Pcv-aCO2> 6 mmHg) and peripheral perfusion (capillary
reflux time, peripheral perfusion index, skin temperature, mottling) is important in the detection of hypo perfusion [25]. The
most common reasons for the increase in blood lactate level are;
the use of catecholamine in septic shock patients, the increase in
alkalosis-induced glucose metabolism, continuous hemofiltration
with lactate buffer, liver dysfunction and lung lactate production.
Lactate levels have also been associated with the use of specific
drugs (nucleoside reverse transcriptase inhibitors used for HIV
therapy, metformin), some poisonings (ethylene glycol, methanol

The Society of Critical Care Medicine (SCCM) and the European
Society of Intensive Care Medicine (ESICM) to revise the current sepsis and septic shock definitions convened an international
task force with 19 participants. Using an expert Delphi consensus
process, this group developed the new Sepsis-3 definitions [1].
With these new consensus decisions, sepsis was described as "lifethreatening organ dysfunction that caused a dysregulated host
response to infection". As clinical criteria for the diagnosis of
sepsis; a suspected or documented focus of infection and two or
more acute increases in SOFA score for organ dysfunction. Septic
shock; was defined as a subset of sepsis in which the underlying circulatory and cellular/metabolic abnormalities were deep
enough to significantly increase mortality. In other words, septic
shock, sepsis-related acute circulatory insufficiency. Clinical criteria for septic shock diagnosis are lactate > 2 mmol / L (18 mg/
dL) in spite of adequate fluid resuscitation and the need for vasopressor to make a mean arterial pressure ≥ 65 mmHg with sepsis
diagnosis (Figure 2). When a newly developed and unexplained
organ dysfunction is defined in a patient, it should be remembered that the patient may be sepsis. According to this consensus, mortality was 10% in patients with sepsis diagnosis and 40%
in patients with septic shock diagnosis [1]. However, discussions
about the inclusion of lactate in the definition of septic shock by
Sepsis-3 and the lactate measurement used in the definition (> 2
mmol/L) are still ongoing. It is recommended to evaluate "lactate
clearance" more than spot lactate measurement. Vincent et al.,
evaluated 96 studies and indicated that the reduction in levels in a

Figure 1. SEPSIS 2.0a Definition.
Sepsis Definition
Infection/Trauma

A clinical response arising from a
nonspecific insult, including 2 of the
following

SIRS

Sepsis

SIRS with a presumed
or confirmed infectious process

•
•
•
•

Temperature ≥ 38°C or ≤ 36°C
HR ≥ 90 beats/min
Respiration ≥ 20/min
WBC count
≥ 12,000 mm3
≤ 4,000/mm3 or > 10%
immature neutrophils

Severe Sepsis

Sepsis with ≥ 1 sign of organ
failure
•
•
•
•
•
•
•

Septic Shock

Sepsis-induced hypotension despite adequate
fluid resuscitation with
perfusion abnormalities

Cardiovascular (refractory
hypotension)
Renal
Respiratory
Hepatic
Hematologic
CNS
Unexplained
metabolic
acidosis

Adapted from Levy et al.,
Abbreviations: SIRS: Systemic Inflammatory Response Syndrome; HR: Heart Rate; WBC: White Blood Cell; CNS: Cenrtal Nervous
System.
a

Figure 2. SEPSİS 3.0a Definition.
Sepsis Definition
Infection/Trauma

SIRS

•
•
•

Sepsis
SEPSIS

Life-threatening organ dysfunction caused by a dysregulated host
response to infection
Suspected or documented infection and
Acute increase of ≥ 2 SOFA
points (proxy for organ dysfuntion)

Severe Sepsis

Septic Shock

SEPSIS with persistent hypotension

•
•

Requiring vasopressor to maintain
of ≥ 65 mmHg
and having a serum lactate level
≥ 2 mmol/L (18mg/dL) despite
adequate fluid resuscitation

Adapted from Singer et al.,
Abbreviations: SIRS; Systemic Inflammatory Response Syndrome.
a
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and steroids) [27, 28]. Sepsis is a heterogeneous disease that can
be associated with many different types of infections and some
other features. This heterogeneity has attempted to explain the
different components of the complex disease process with the
PIRO classification system, which was defined about 10 years
ago. In this model, P predisposing factors are genetic, past history, clinical context; I aspects of the (confirmed or suspected)
infectious source and the microorganism responsible (when this
information is available) R; vital signs of the patient and sepsis
markers such as CRP, procalcitonin and human leucocyte antigen
DR; O represents organ dysfunction based on six easily assessable functions [12]. Another priority is to identify the sepsis early.
The best known and valuable method for this is the SOFA score,
but the calculation for early diagnosis is quite complicated. Large
database analyzes have shown that three simple elements (tachycardia, hypotension, and altered menstrual condition) in the score
can provide sufficient information and an adequate alarm in the
diagnosis of sepsis, and qSOFA is defined. This model is easy to
remember and can be quickly assessed by nurses and other health
personnel who are unfamiliar with the symptoms of sepsis. In a
patient with a suspected infection, the QSOFA is very stimulating
to initiate the necessary laboratory tests by informing the intensive care team or the educated staff. Importantly, the SOFA (and
qSOFA) score reflects both chronic and acute changes in organ
function, so changes in SOFA scores over time are more beneficial than a single static value [29]. Early diagnosis and hemodynamic resuscitation provide rapid application of broad spectrum
antibiotics to target infectious microorganisms as well as rapid
control of the infection. There is very little data on the use of
qSOFA as a screening method for early and accurate estimation
of sepsis and mortality in admission to the ICU. In addition, it
is suggested that qSOFA has inadequate prognostic accuracy in
anticipating hospital mortality in ICU patients with suspected infection. SOFA was found to be more valuable than both SIRS and
qSOFA for predicting in-hospital mortality [30].

Current Developments in Sepsis
It is important to remember that sepsis is not just a disease but a
heterogeneous syndrome associated with a specific infectious disease. Many methods for diagnosis and treatment of sepsis continue to be developed. In recent years, molecular methods have been
started to provide more perceptible data for SIRS, qSOFA and
SOFA for rapid diagnosis of sepsis. Miller et al. investigated the
efficacy of molecular diagnostic tests in separating sepsis from
sterile inflammation. The SeptiCyteTM LAB is a real-time, reversetranscription, quantitative polymerase chain reaction (RT-qPCR)
assay that quantitates the relative expression levels of four genes
(CEACAM4, LAMP1, PLAC8, PLA2G7) with a turnaround time
of approximately 6 hours. The proposed test generates score in
four groups, and uses a binary cutoff of 3.1 to classify patients
as high or low risk of sepsis [31]. However, the most recently accepted Third International Sepsis and Septic Shock ("Sepsis-3")
excluded molecular testing due to lack of evidence and pragmatism within the recommended criteria. The answers to these
questions are still unclear for SeptiScore™; what should be the
optimal working time (s)? , if less than 3.1, should antibiotics
be cut off ? Should it be used in the clinical routine? Is it anticipated to start antibiotics until the conclusion? [32]. According to
the results of a recent published study, the results of SeptiCyte
LAB are based on gene expression profiles, so test results may
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vary between populations. For this reason, prospective studies
are needed to determine the clinical benefit of this new test [33].
The patient's sepsis phenotype identifies the host's genetic variability, comorbidities, individual characteristics, and possibly explains differences in treatment response. Grimaldi and Vincent
emphasize that in the future sepsis diagnosis and treatment will
no longer focus on the so-called sepsis drugs and that the patient
with special sepsis phenotypes will allow the right treatments to
be administered right away [34]. On the other hand, Marik has recently stated that vitamin C is used in endogenous catecholamine
biosynthesis in septic patients, markedly decreasing and acting as
a stress hormone rather than as a nutrient. Vitamin C is a key
cellular antioxidant, detoxifying exogenous oxidants radical species that have entered cells or which have arisen within cells due
to excess superoxide generation by mitochondrial metabolism, by
NADPH oxidase, xanthine oxidase or by uncoupled nitric oxide
synthase (NOS) [36]. Experimental studies show that intravenous
use of vitamin C reverses the organ dysfunction of sepsis. It can
also act synergistically with corticosteroids, thiamine and Vitamin C to improve patient outcomes in sepsis and septic shock.
It is argued that this cheap and easily found drug combination
has the potential to reduce sepsis-induced mortality [35]. Key interventions in treatment, as is known in patients with sepsis and
septic shock; antibiotics, hemodynamic interventions including
fluid replacement and, if necessary, vasopressor support. Surviving Sepsis Campaign: The International Guidelines for Management of Sepsis and Septic Shock 2016 were revised in February
2018 and updated to the "hour-1bundle" recommendation. The
previous sepsis was defined as "time zero" or "time of presentation" as defined in the bundle, when emergency care triage time
or if presenting from another care venue. The most important
change in the revision of the SSC bundles is that the 3-h and
6-h bundles have been combined into a single “hour-1 bundle”
with the explicit intention of beginning resuscitation and management immediately. The first 1 hour bundle is recommended; lactate measurement, > 2 mmol / L re-measurement, draw of blood
cultures without antibiotic initiation, initiation of broad spectrum
antibiotics, during fluid resuscitation, the patient is hypotensive,
and there is vasopressor administration to keep the mean arterial
pressure at 65 mmHg [37].

Conclusion
When describing the Sepsis, it is necessary to remember the underlying physiological and terminological rules. The most recent
definition of sepsis is conceptually based on infection and emphasizes organ dysfunction first. Current targets for which the
physician in Sepsis should be synchronized with the predictions
about the patient; should be easy to use at the bedside, provide
simple parameterization and provide patient-specific treatment by
determining organ dysfunctions.
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