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Abstract

Sepsis is a major healthcare problem worldwide. Its mortality and morbidity is still high. Early diagnosis of sepsis and appropriate management in
the initial hours improve outcomes. The Surviving Sepsis Campaign published new definitions for sepsis in 2016. In Sepsis-3 definitions, sepsis is
defined as life-threatening organ dysfunction caused by a dysregulated host response to infection. Organ dysfunction can be identified as an acute
change in total SOFA score of at least two points consequent to the infection. However, this definition is endorsed by two international societies
and there is much discussion regarding new definitions. Prospective validation of this definition on different levels is needed. The infectious source
in sepsis depends on patients’ underlying diseases and origin of the infection (community-acquired or healthcare-associated). In the literature,
urinary tract and skin-soft tissue infection are the common sites in community-acquired sepsis, whereas respiratory system and intraabdominal
infections are more common in nosocomial sepsis. Another challenge in sepsis management is the increasing incidence of sepsis due to multidrug-
resistant bacteria and limited treatment options. New antibiotics may be treatment options in the future. In this review, current definitions of sepsis,
physiopathology of sepsis, foci of sepsis and causative microorganisms, microbiological diagnosis and rapid diagnosis methods, biomarkers used in
the diagnosis of sepsis, antimicrobial treatment and resistance, new antibiotics and non-antibiotic therapy are discussed.
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Sepsis tiim diinyada 6nemli bir saglik problemidir. Mortalite ve morbiditesi hala yiiksektir. Sepsisin erken tanisi ve saatler icinde uygun miidahale
yapilmasi daha iyi sonuclara neden olabilmektedir. Sepsis Sagkalim Kampanyasi (the Surviving Sepsis Campaign) 2016'da yeni sepsis tanimlarini
yaymlamistir. Sepsis-3 tanimlarinda, sepsis, enfeksiyona konagin verdigi kontrolsiiz yanit sonucu gelisen hayati tehdit eden organ disfonksiyonu
olarak tanimlanmistir. Enfeksiyona bagh gelisen organ disfonksiyonu toplam SOFA skorunda en az 2 puanlik artisile tanimlanmistir. Ancak bu tanim iki
dernek tarafindan desteklenmis olup yeni tanimlar tizerinde pek cok tartisma vardir. Bu tanimin degisik diizeylerde prospektif validasyonu gereklidir.
Sepsiste enfeksiyon odagr hastalarin alt hastaliklarina ve enfeksiyonun nerede gelistigine (toplum veya saglik hizmeti iliskili) gére degismektedir. Pek
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cok seride toplum kaynakli sepsiste sik goriilen odaklar Uriner sistem ve yumusak doku enfeksiyonu iken, nozokomiyal sepsiste sik goriilen odaklar
solunum sistemi ve intra-abdominal enfeksiyonlardir. Sepsis tedavisinde diger bir problem, cok ilaca direncli bakteriye bagh sepsis insidansinin
artmasi ve tedavi seceneklerinin kisitli olmasidir. Gelecekte yeni antibiyotikler tedavi secenegi olabilir. Bu derlemede sepsis tanisinda giincel tanimlar,
sepsis fizyopatolojisi, sepsis odaklari ve etkenler, mikrobiyolojik tani ve hizli tani ydntemleri, sepsis tanisinda kullanilan biyobelirtecler, antimikrobiyal
tedavi ve direnc, yeni antibiyotikler ve antibiyotik disi tedaviden bahsedilmistir.

Anahtar Kelimeler: Sepsis, tani, tedavi, yeni antibiyotikler, cok ilaca direng

Introduction

Sepsis is a syndrome characterized by uncontrolled host
inflammatory response to an infection, which leads to organ
failurel'. Sepsis continues to be an important problem in
modern medicine. The incidence of sepsis in developed
countries has increased over time. Reports indicate that
in the United States of America, approximately 750,000
people are affected by sepsis and about 300,000 people who
present to emergency departments are diagnosed with sepsis
annually®. The true incidence of sepsis in developing countries
is unknown, but it is believed to account for 2-11% of all
hospital and intensive care unit (ICU) admissionst. The rising
incidence of sepsis has been attributed to advances in medical
technology, growth of the elderly population, greater numbers
of critical care patients and invasive procedures, the growing
number of patients undergoing immunosuppression and
transplantation, and extended life expectancy in patients with
comorbidities®*®. Despite advances in sepsis management and
early administration of targeted therapies, the mortality rate
is still high. Mortality rates of 20-80% have been reported in
different studies. Mortality is higher among patients with
advanced stages of sepsis, advanced age, and comorbidities® 2.
Early diagnosis and treatment are important to reduce sepsis-
related mortality. This review discusses current definitions in
sepsis diagnosis, the physiopathology of sepsis, septic foci vs.
etiologic agents, microbiological and rapid diagnostic methods,
diagnostic biomarkers, antimicrobial treatment and resistance,
new antibiotics, and non-antibiotic treatment.

Current Definitions

Various terms have been used in reference to sepsis and its
clinical presentations, including bacteremia, septicemia, sepsis,
sepsis syndrome, and septic shock. The lack of consensus on the
definition of sepsis results in major differences when comparing
incidence rates and treatment results between different studies.
The American College of Chest Physicians and the Society of
Critical Care Medicine (SCCM) reviewed definitions related to
sepsis in their consensus conference in 19911 In this meeting,
a definition of infection was established for sepsis and systemic
inflammatory response syndrome (SIRS) was defined. Levels of
severity were defined as sepsis, severe sepsis, and septic shock.

The terms septicemia, sepsis syndrome, and refractory shock were
not recommended because they were considered confusing and
unspecific. In this conference, the term SIRS was created to refer
to disseminated inflammation. Criteria for SIRS were defined as:
a) body temperature >38.3 °C or <36 °C, b) tachycardia (>90
beats/min), c) tachypnea (>20 breaths/min), and d) white blood
cell count >12,000/uL or <4,000/uL, or >10% immature cells. In
cases of suspected or confirmed infection, the presence of at
least 2 SIRS criteria is considered sufficient for sepsis diagnosis.
This clinical presentation is not a specific definition because it is
seen in many hospitalized patients and may occur due to various
noninfectious causes, such as pancreatitis, burns, or trauma. The
signs and symptoms of SIRS are not sufficient to distinguish
between infectious and noninfectious causes of SIRS. Moreover,
using SIRS criteria to diagnose infection may not be reliable for
newborns, patients who have recently undergone surgery, and
those with trauma, burns, pancreatitis, neutropenia, or organ
transplantation. In addition, not all patients with infection
develop a systemic response. Therefore, the definition of sepsis
used here was not considered adequate.

In the following years, sepsis definitions were reviewed and
amended with certain clinical and laboratory criteria in order to
enhance their specificity and sensitivity. However, the authors
stated these definitions were also not gold standards and the
suggestions were intended to assist clinicians when making
decisions at the bedside!'. The need to develop new sepsis
criteria arose as a result of increased recognition of sepsis, the
growing number of sepsis patients being treated in ICUs, and
our better understanding of the pathophysiological mechanisms
underlying sepsis. The SCCM updated its sepsis definitions in
2016 in the Third International Consensus Definitions for Sepsis
and Septic Shock (Sepsis-3). They defined evaluation scores for
predicting the risk of sepsis-related death in patients within
or outside the ICUM. Sepsis was defined as life-threatening
organ dysfunction characterized by an increase of at least 2
points in “Sequential (Sepsis-related) Organ Failure Assessment
(SOFA)" score in patients with suspected infection. Sequential
(Sepsis-related) Organ Failure Assessment score includes Pa0,/
FiO,, Glasgow Coma Scale, mean arterial pressure (MAP), serum
creatinine, urine output, bilirubin level, and platelet count. The
definition of septic shock was revised to include fluid-resistant
hypotension, serum lactate level higher than 2 mmol/L (>18
mg/dL), and the need for vasopressor therapy to maintain MAP
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>65 mmHg. The most important change in the sepsis definitions
was that the nonspecific terms SIRS and severe sepsis were
eliminated, because the new definitions of sepsis and septic
shock encompass patients with evidence of hypoperfusion and
organ dysfunction. Multiorgan dysfunction syndrome describes
progressive organ failure in which homeostasis cannot be
maintained without intervention. Past versions of the sepsis and
septic shock definitions are shown in Table 1.

The quick SOFA (gqSOFA) is a new bedside index and modified
version of the SOFA score which includes 3 parameters: a)
respiratory rate >22/min, b) systolic blood pressure <100
mmHg, and c) altered mental status (Glasgow Coma Scale
score <13). The presence of at least 2 of these 3 criteria has
been associated with sepsis-related mortality. Since the gSOFA
was developed retrospectively from databases, prospective
validation of its prediction of real-life sepsis-related death
is needed. An analysis of the predictive validity of the SOFA
score included in the new definition of sepsis, the SIRS criteria,
the LODS (Logistic Organ Dysfunction System) score, and the
qSOFA revealed two main findings!'®. Firstly, in ICU patients,
the predictive value of SOFA score for hospital mortality was
not significantly different from that of the LODS score but
was superior to that of the SIRS criteria. This finding supports
the use of SOFA as a clinical criterion of sepsis. Secondly, for
patients outside the ICU, qSOFA score had significantly higher
predictive value for hospital mortality compared to SIRS
criteria. This suggests that it may be used to support a probable
diagnosis of sepsis.

SOFAscore isan organ dysfunction score. Itisnot pathognomonic
for sepsis and does not discriminate organ dysfunction related
to infectious or noninfectious causes. It only helps identify
patients with high risk of infection-related death. Mortality
rates among patients who meet the SOFA criteria for sepsis and
septic shock are >10% and >400%, respectively!'®,

Table 1. Definitions of sepsis and septic shock['3-'%!

The updated SCCM Sepsis-3 definitions are not endorsed by
the Infectious Diseases Society of America (IDSA) or emergency
medicine societies, mainly because the new definitions are not
prospectively validated for patients outside the ICU. Criticism
primarily focuses on the very low rates of proven infection in
the studies on which the new sepsis definition is based. Infection
could not be confirmed in approximately 40% of the patients
admitted to the ICUI". Based on the Sepsis-3 definitions,
many patients admitted to the ICU for organ failure and shock
may be given broad-spectrum antibiotics, potentially leading
to unnecessary antibiotic use in the ICU. On the other hand,
treatment of patients with bloodstream infection and qSOFA
score <2 may be delayed. Furthermore, qSOFA is not a diagnostic
score for sepsis, but only a prognostic score. Therefore, using
the SIRS criteria in emergency departments and general ward
settings is considered more useful in sepsis screening!'®l,

In addition to these criticisms, the Sepsis-3 definitions were
based on the data of adult patients in high-income countries.
It has yet to be determined how well these new definitions
will predict sepsis mortality and morbidity in low- to medium-
income countries. For example, the inclusion of serum lactate
level in the definition of septic shock may present a problem for
countries with limited resources!'®29, Therefore, these definitions
should be evaluated for use in patients in other countries.

Although definitions of sepsis may evolve, early diagnosis and
treatment may be possible through education and awareness
campaigns about sepsis.

Pathophysiology

The normal host response to infection is a complex process
which begins repairing damaged tissue while simultaneously
controlling the bacterial invasion. This response includes the
activation of phagocytic cells and synthesis of proinflammatory
and antiinflammatory mediators. In sepsis, however, the host

Sepsis

Septic shock

SIRS:

- Body temperature >38.3 °C or <36 °C,

- Tachycardia (>90 beats/min),

- Tachypnea (>20/min),

- White blood cell count >12,000/uL or <4,000/uL,
or >10% immature cells

1991 Sepsis-1

Severe sepsis

Sepsis with organ dysfunction in at least one of the following systems:
- Cardiovascular (hypotension/hypoperfusion)

- Renal (oliguria)

- Respiratory

- Hepatic

- Hematologic

- Central nervous system (alterations in mental status)

- Unexplained metabolic acidosis

1991 Sepsis-1 | Suspected/confirmed infection + >2 SIRS criteria

Sepsis/severe sepsis + hypotension despite adequate fluid support

2001 Sepsis-2 | Suspected/confirmed infection + >2 SIRS criteria

Sepsis/severe sepsis + hypotension despite adequate fluid support

2016 Sepsis-3 | Suspected/confirmed infection + SOFA >2

Sepsis + fluid-refractory hypotension:
- Lactate >2 mmol/L
- Vasopressor for MAP >65 mmHg

SIRS: Systemic Inflammatory Response syndrome, SOFA: Sequential/Sepsis-related Organ Failure Assesment, MAP: Mean arterial pressure
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exhibits an extreme response to the infection that can adversely
affect the damaged area or normal tissues remote from the
infection sitef'l.

The normal response to infection begins when natural immune
cells, particularly macrophages, recognize and bind bacterial
components. Pattern recognition receptors found on host
immune cells bind pathogen-associated molecular patterns
present in microorganisms®??. Pattern recognition receptor
may also recognize endogenous signals from within the cell.
These danger-associated molecular patterns, known as DAMP,
may be nuclear, cytoplasmic, or mitochondrial and are released
during the inflammatory response®. The binding of microbial
components by immune cells activates certain mechanisms. One
of these is triggering a signaling pathway by activating cytosolic
nuclear factor-kappa B (NF-kB). Activated NF-kB translocates to
the nucleus and binds to transcription binding sites to activate
the transcription of a large group of genes that are involved in
the inflammatory response. Among these are proinflammatory
cytokines [tumor necrosis factor-alpha (TNF-a), interleukin-1
(IL-1)], chemokines (intracellular adhesion molecule-1, vascular
cell adhesion molecule-1), and nitric acid. Polymorphonuclear
leukocytes (PMNL) and endothelium are also activated to express
adhesion molecules that mediate leukocyte marginalization and
aggregation on the vascular endothelium, and the leukocytes
migrate to the site of tissue damage. Mediators secreted by
PMNL cause the main signs of local inflammation: heat, edema
and hyperemia associated with local vasodilatation, and protein-
rich edema due to increased microvascular permeability. These
events are requlated by proinflammatory and antiinflammatory
mediators secreted by macrophages?+29,

Tumor necrosis factor-alpha and IL-1 are among the most
important proinflammatory cytokines. While TNF-au release is
autocrine, the non-TNF cytokines and mediators (IL-1, IL-2, IL-6,
IL-8, IL-10, platelet activating factor, interferon, and eicosanoids)
increase levels of other mediators. Cytokines that inhibit the
release of TNF-a and IL-1 are considered antiinflammatory.
The balanced action of proinflammatory and antiinflammatory
cytokines regulates inflammatory response and results in tissue
repair?’l,

Sepsis develops when the proinflammatory cytokine response
extends beyond local limits, causing a systemic response. Sepsis
can be regarded as increased intravascular inflammation. It is
still unclear why the inflammatory response usually remains
local but occasionally spreads to cause sepsis. Multiple factors
seem to be involved, including the microorganisms' direct effect
(endotoxin, peptidoglycan, lipoteicoic acid) or toxins, excessive
release of proinflammatory mediators, complement activation,
and genetic predisposition of the host. Tumor necrosis factor-
alpha and IL-1 cause fever, hypotension, leukocytosis, activation
of coagulation, and fibrinolysis. There is also evidence that

complement system activation plays an important role in
sepsis?®32. Single-nucleotide polymorphism is the most
common genetic variation. Single-nucleotide polymorphisms
that increase susceptibility to infection and are associated with
poor prognosis are located in the genes encoding cytokines, cell
surface receptors, lipopolysaccharide ligands, mannose-binding
lectin, and heat shock protein-70?,

The systemic effects of sepsis include tissue ischemia, cytopathic
damage, altered apoptosis rates, mitochondrial dysfunction,
and immunosuppression. Microcirculation is disrupted,
proinflammatory mediators and inflammation products
cause mitochondrial dysfunction and lead to cytotoxicity.
This eventually results in organ dysfunction. The presence
of proinflammatory cytokines during sepsis may delay the
apoptosis of macrophages and leucocytes, and contribute to
prolonged inflammatory response. Sepsis is a cytokine storm
which is followed by immunosuppression due to the inability to
release proinflammatory cytokines and the increased expression
of inhibitory receptors and ligands®*38.,

Sepsis affects various organ systems. In the cardiovascular
system, the release of vasoactive mediators (prostacyclin,
nitric oxide) causes vasodilation while disrupted release of
vasopressin, and redistribution of intravascular fluid, results
in hypotension. The release of myocardial depressants reduces
systolic and diastolic ventricular performance. Endothelial
damage, coagulation disorders, and endothelial dysfunction
associated with bacteria cell wall and components also
contribute to tissue edemal®*3537 |n the respiratory system,
endothelial damage in the pulmonary vasculature disrupts
blood flow, increases microvascular permeability, and leads to
interstitialand alveolar pulmonary edema. Leukocyte trappingin
the microcirculation initiates and perpetuates alveolocapillary
membrane damage. Pulmonary edema, ventilation-perfusion
mismatch, hypoxemia, and acute respiratory distress syndrome
develop. Intestinal barrier dysfunction allows the translocation
of bacteria and endotoxins into the systemic circulation,
prolonging the septic response. The liver is the first line of
defense against bacteria and toxins; liver dysfunction prevents
their elimination and enables them to enter the circulation.
Sepsis is often accompanied by acute kidney failure due to acute
tubular necrosis secondary to hypoperfusion or hypoxemia.
Systemic hypotension, renal vasoconstriction, cytokine release,
neutrophil activation, and chemotactic peptide may also
be involved. Central nervous system complications are also
common. Encephalopathy is the most frequent complication
and is associated with changes in metabolism and cellular
transmission. Blood-brain barrier disruption and mitochondrial
dysfunction occur. The parasympathetic nerveous system
is also believed to be a mediator of inflammation during
Sepsis[34,35,38-40]_
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In summary, sepsis occurs when the response to infection
extends beyond local boundaries, and is characterized by
excessive production of proinflammatory cytokines. Cellular
damage is the precursor mechanism to organ dysfunction.

Sites of Infection and Etiologic Agents of Sepsis

The prevalence of different infectious foci in sepsis studies varies
with the patient group and the definitions used. Approximately
53-66% of sepsis cases are community-acquired, though an
increase in cases of hospital-acquired sepsis has been reported
in recent years*'#?, Studies of community-acquired sepsis have
determined the urinary tract to be the most common focal
site, whereas the lower respiratory system and intraabdominal
infections were reportedly the most common foci in studies
including patients in intensive care and with hospital-acquired
sepsis. In the community-acquired sepsis and septic shock cases
published by Storgaard et al.*¥), urinary tract infection (UTI) was
the most common focal site, with 36%. In a study conducted
in Turkey, Giler et al.l*¥ also reported that UTl was the most
common infection site in community-acquired sepsis (45%),
followed by respiratory system infection (13%), intraabdominal
infection (9.6%), and skin and soft tissue infection (5%).
However, according to the Extended Prevalence of Infection in
Intensive Care Il (EPIC II) study, respiratory system infections
accounted for about 64% of all infections in ICU patients
with sepsis, followed by intraabdominal (20%), bloodstream
(15%), and genitourinary system infections (14%)“%. Similarly,
respiratory tract infections were also responsible for most cases
of severe sepsis in the EPISEPSIS study®. Therefore, the lungs,
abdomen, and urinary tract should be evaluated first as potential
infectious focal sites in patients with suspected sepsis. Other
rarely reported septic foci are intravascular catheter (1.4%-
10.5%), surgical site infection (1.1%-6%), neurosepsis (0.4~
3%), and cardiac sepsis (0.4%-0.6%)"7-*%, Moreover, multiple

foci have been identified as sources of sepsis in 12.5-33.1%
of patients®%, and no infectious focus could be detected in
8-2200 of patients (Tables 2, 3134952,

The causative agents of sepsis vary depending on the
infection site, source of infection (community-acquired,
hospital-acquired, ICU-acquired), patient characteristics (e.g.
immunosuppressive, history of antibiotic use, presence of
catheter), and year. Table 4 shows the causative microorganisms
according to the septic foci and source of infection. Gram-
positive bacteria are often the causative agents in community-
acquired sepsis (56.2%), whereas Gram-negative bacteria are
the primary agents in hospital-acquired sepsis (80%)®%. In the
EPIC Il study conducted in ICUs, 70% of the infected patients
had positive cultures, and Gram-negative microorganisms were
more common than Gram-positive microorganisms (62% versus
47%). However, it was shown that Staphylococcus aureus was
responsible for 20.5% and Pseudomonas spp. species for 20% of
the infections*?. Another sepsis epidemiology study by Martin
et al.™™ revealed that the primary microorganisms causing sepsis
between 1979 and 1987 were Gram-negative bacteria, while in
the 2000s Gram-positive bacteria were detected in 52.1% of
patients, Gram-negative bacteria in 37.6%, fungi in 4.6%, and
anaerobic bacteria in 1%. The rate of polymicrobial infection
in that study was 4.7%. The prevalence of multidrug resistant
(MDR) microorganisms was 9.4% in community-acquired
infections, but increased to 20.7% in hospital-acquired sepsis
and to 59.1% in ICU-acquired sepsis®?.

Infectious focus is one of the important parameters determining
the prognosis of sepsis. Cases in which the septic focus is
the lungs or abdomen, there are multiple foci, or the focus
is unknown have higher mortality rates than those caused
by UTI®®0531 A study by Jeganathan et al.b¥ analyzing the
association between mortality and source of infection showed
that mortality was higher in sepsis due to pulmonary sources

Table 2. Most common infectious foci in sepsis identified in various studies (%)%

Respiratory system | Intra-abdominal | Urinary tract | Bloodstream | Skin and soft tissue/bone

Angus et al.b! 44 9 9 17 7
Tanriover et al.l’¥ 45 28 13 26
Karlsson et al.*! 43 32 5 10
Blanco et al.l*! 45 32 6

Beale et al.* 43 23 8 6 6
Vincent et al.l*3! 64 20 14 15

Giiler et al.l*4 18 10 45

Shen et al.l*®! 49 7 28 4
Tolsma et al.>* 19 15 6

Leligdowicz et al.*” 40 31 1 5 8
Kiibler et al.l*! 28 49 6 8

Jeganathan et al.*? 21 19 18 7
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[odds ratio (OR): 5.56], intravascular catheter as the source
(OR: 9.15), unknown source (OR: 10.44), and multiple sources
(OR: 13.35) compared to genitourinary sources. The impact of
the causative microorganism on mortality is unclear. There are
studies reporting that mortality is higher in Gram-negative
bacteremia compared to Gram-positive bacteremial®®”, Among
the most common causative microorganisms, S. aureus and
Pseudomonas spp. are associated with higher mortality while
E. coli and enterococci have lower mortality™. In multivariate
logistic regression analysis of the EPIC Il study, Enterococcus
spp. (OR: 1.56), Pseudomonas spp. (OR: 1.38), and Acinetobacter
spp. (OR: 1.53) infections were identified as independent risk
factors for hospital mortality®. Mortality is also high with
anaerobic and fungal pathogens and in multidrug-resistant
(MDR) bacterial infections. The mortality rate is 34.5% for
anaerobes, 31.4% for fungal pathogens, 12.8% in hospital-
acquired sepsis caused by MDR microorganisms, while it rises to
32.7% in ICU-acquired sepsist®®*9,

Microbiological and Rapid Diagnostic Methods for

Sepsis

Rapid diagnosis of sepsis is currently among the top priorities
of microbiology laboratories®., The laboratory contributes

significantly to sepsis diagnosis. Biochemistry laboratories can
return results in the same day, whereas microbiology laboratory
results may not be available for hours, days, or even weeks
depending on the type of microorganism. Blood cultures are
currently considered to be the gold standard but have some
limitations in terms of their contribution to diagnosis. Firstly,
following 12-18 hours of incubation, another 48-72 hours is
required for identification and antibiogram of the cultures.
Besides, it may be impossible or difficult to detect bacteria that
are not easily cultured such as Bartonella, Borrelia, Brucella,
Campylobacter, Helicobacter, Coxiella, Legionella, Leptospira,
Mycobacterium, Mycoplasma, Nocardia, and Rickettsia strains.
Furthermore, growth may be inhibited due to antibiotics used
by the patient, and results may differ depending on blood
sample volume and number of sets, microorganism load in
the sample, handling of the sample, and the experience of the
person interpreting the results(®",

Rapid molecular diagnostic tests are being developed and used in
microbiology laboratories to facilitate accurate, rapid diagnosis
and selection of correct antimicrobial treatment, prevent
unnecessary antibiotic use, reduce antimicrobial resistance, and
lower mortality and costs®?. These rapid molecular diagnostic
tests can be broadly categorized into two groups, culture-
dependent and culture-independent.

Table 3. Common causative agents of sepsis identified in various studies (%)*4-52

Gram-negative bacteria | Gram-positive bacteria | Anaerobic bacteria | Fungi | Parasites | Viruses
Tanriover et al.* 66 34
Karlsson et al.l*! 33 59 4
Blanco et al.l*? 50 40 6
Vincent et al.*! 62 47 5 4 1
Beale et al.b 4 34 9 <1 1
Leligdowicz et al.l*”! 34 26 3
Kiibler et al.l*! 58 34 16 1

Table 4. Major causative pathogens according to septic focus

Septic focus

Major community-acquired pathogens

Main hospital-acquired pathogens

Lungs

Streptococcus pneumoniae
Haemophilus influenzae
Legionella spp.

Chlamydia pneumoniae

Aerobic Gram-negative bacilli

Intraabdominal

Escherichia coli
Bacteroides fragilis

Aerobic Gram-negative bacilli
Anaerobes
Candida spp.

Skin/soft tissue

Streptococcus pyogenes
Staphylococcus aureus
Polymicrobial

Staphylococcus aureus
Aerobic Gram-negative bacilli

Urinary tract

VRE

Escherichia coli
Klebsiella spp.
Enterobacter spp.
Proteus spp.

Aerobic Gram-negative bacilli
Enterococci

VRE: Vancomycin-resistant enterococcus
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Performing culture-dependent tests first requires the detection
of growth in blood cultures. This requires a minimum incubation
period of 8-12 hours, which is a disadvantage. Culture-
dependent diagnostic tests are summarized in Table 5. Culture-
independent tests are done directly on the blood and most
involve polymerase chain reaction (PCR)-based methods. The
main advantages of PCR-based methods are high sensitivity
and the capacity to detect as little as 1 colony-forming unit/
ml of microorganism from a very small volume of blood.
However, disadvantages are that the results are affected by
PCR inhibitors in the sample, nonmicroorganismal nucleic
acid load, contaminant DNA, and the amount of DNA in dead
microorganisms. In addition, performing the tests requires
experienced personnel and specialized equipment®l, Culture-
independent diagnostic methods are summarized in Table 6.

The initial expenses associated with rapid molecular diagnostic
tests (device and kits costs) are quite high. However, their
potential to reduce medical costs should also be considered
when estimating the financial burden of these tests on
healthcare institutions. The use of these tests was found to
reduce antimicrobial usage, length of stay in hospital and ICU,
and mortality ratel64,

Since sepsis diagnosis and treatment is a collaborative effort,
clinicians should maintain continuous, real-time dialogue
with the microbiology laboratory. Selection of the appropriate
rapid diagnostic test should be based on the availability in
the healthcare institution. Rapid diagnostic methods are not
sufficient alone to diagnose sepsis; however, this testing should
be incorporated into antimicrobial management programs
implemented in hospitals.

Biomarkers in the Diagnosis of Sepsis

The clinical and laboratory findings of sepsis (e.g. fever or
leukocytosis) are generally not specific. More typical signs or

laboratory parameters (e.g. arterial hypotension or lactate) are
often late symptoms and indicate progression towards organ
dysfunction and mortality. Therefore, better sepsis markers are
needed for use in clinical practicel®,

A biomarker is “a biological characteristic, objectively measured
(i.e., with acceptable accuracy and reproducibility) and used as
an indicator for a physiological or pathological process, or of
the activity of a medicine." Biomarkers are generally classified
in two categories, prognostic and predictive. Prognostic markers
allow the classification of patients' chance/risk of reaching a
certain outcome independent of treatment. Predictive markers
allow the prediction of potential benefit (efficacy) and/or risks
(toxicity) of a therapy depending on biomarker status!®’.

Two of these biomarkers, C-reactive protein (CRP) and
procalcitonin (PCT), meet most of the criteria expected of a
good biomarker and are routinely used in many laboratories.
C-reactive protein is an acute phase protein synthesized in
the liver in the presence of tissue damage and inflammation.
C-reactive protein synthesis is mediated by cytokines such as
TNF-a, IL-6, and IL-18. It binds to pathogen polysaccharides
to activate the classical complement pathway. Procalcitonin,
the prehormone of calcitonin, is normally produced by thyroid

Table 6. Culture-independent tests performed directly on
blood

The LightCycler SeptiFAST test (Roche Diagnostics, Mannheim,
Germany)

The SepsiTest (Molzym GmbH, Bremen, Germany)

The VYOO assay (Analytik Jena, Jena, Germany)

The Magicplex Sepsis Real-time system (Seegene Seoul, Korea)

T2 Magnetic Resonance Assay (T2 Biosystems, Lexington, MA)
IRIDICA BAC-BSI Assay (Abbott Molecular, Carlsbad, CA)
LiDia (DNAe Electronics, Carlsbad, CA)

MinlON nanopore sequencing (Oxford NanoporeTechnologies,
Oxford, UK)

Table 5. Culture-dependent methods (using positive blood culture flasks)

Non-amplified methods

Amplified methods

Pathogen-specific methods Fluid-based methods

Pathogen-specific real-time methods

Liquid-based technologies

Peptide nucleic acid PNA-(FISH)
technology (AdvanDx, Woburn, MA)

Verigene Blood Culture
Nucleic Acid Test
(Nanosphere, Northbrook,
IL)

BD GeneOhm StaphSR assay (BD
Diagnostics, Sparks, MD)

Prove-It Sepsis

StripAssay (Mobidiag, Helsinki,
Finland)

AccuProbe System (Gen-Probe, USA)

Xpert MRSA/SA blood

Culture assay (Cepheid, Sunnyvale,
CA)

FilmArray Blood Culture
Identification (bioMérieux Marcy
I'Etoile, France)

Accelerate Pheno Sytem (Accelarete
Diagnostic, Arizona, USA)

Eazyplex® test system (Amplex
ByoSistems, GmbH)

MALDI-TOF systems

MALDI Biotyper (Bruker Daltonics, Bremen, Germany), Saramis (AnagnosTec, Potsdam, Germany)

The Andromas (Andromas, Paris, France), and Vitek MS (bioMérieux, Marcy I'Etoile, France)
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C cells in response to hypercalcemia at negligible levels. It is
believed that PCT is also produced by the liver and peripheral
blood mononuclear cells, regulated by lipopolysaccharides
and sepsis-related cytokines. In numerous studies, PCT
was found to have higher overall accuracy than CRP in
differentiating bacterial infections from viral infections and
between bacterial infections and other causes of systemic
inflammation. Procalcitonin level was determined to be more
sensitive (88% vs. 75%) and more specific (81% vs. 67%) than
CRP in differentiating bacterial infection from noninfectious
inflammation!®®., Its high sensitivity and specificity, short half-
life (<24 hours), and easy measurability make PCT a good
biomarker.

Cytokines are important mediators in the pathophysiology
of sepsis and are commonly evaluated as potential sepsis
biomarkers because most are produced immediately upon
onset of sepsis. Proinflammatory cytokines IL-18 and IL-6 and
the proinflammatory chemokine IL-8 play an important role in
initiating the natural immune response to infection and tissue
damage. However, studies have shown that although these
proinflammatory biomarkers are elevated in patients with severe
sepsis and septic shock, they are not diagnostically superior to
PCT®97% The antiinflammatory cytokine IL-10 is produced by T
helper cells and inhibits IL-1, IL-6, and TNF-a release. Elevated
IL-10 levels indicate acute phase reaction in parallel to CRP
levels.

Triggering receptor expressed on myeloid cells-1 (TREM-1), a
member of the immunoglobulin superfamily, is overexpressed
by phagocytic cells in the presence of bacteria or fungi, but no
increase is seen in noninfectious inflammation. It stands out as
a biomarker with strong prognostic value due to its ability to
distinguish sepsis from SIRSV"l,

Other molecules studied as biomarkers include adrenomedullin,
provasopressin, natriuretic peptides (ANP and BNP),
endotelin-1, neopterin, proadrenomedullin, and presepsin (CD-
14). Various studies investigating presepsin as a biomarker have
demonstrated that it has high sensitivity (80.1%) and specificity
(81.0%) and may be helpful in distinguishing between SIRS and
sepsis due to bacterial infection®7%,

MicroRNAs (miRNAs) are small, non-protein-coding RNAs
that regulate gene expression by inhibiting the translation
or transcription of target mRNAs. Recent studies indicate
that the spectrum of circulating miRNAs may change during
various pathological conditions such as inflammation,
infection, and sepsis’®. Before they can be used in routine
practice, further research is needed to clarify the biochemical
and immunological processes associated with these molecules
in humans.

Antimicrobial Therapy

Antimicrobial therapy forms the basis of sepsis treatment.
In all patients with suspected sepsis, appropriate empirical
antimicrobial therapy should be initiated as early as possible
after obtaining samples for blood cultures and cultures from
other possible sources. Delays in antimicrobial therapy are
associated with higher mortality in sepsis”7%. Kumar et al.l®
showed that each hour of delay in antimicrobial therapy was
associated with a 7.6% decrease in survival in patients with
septic shock.

Appropriate initial empirical antimicrobial therapy increases
the success of sepsis treatment678, Selection of a suitable
antimicrobial agent should be based on the clinical condition
of the patient, the suspected or existing focus of infection,
whether the infection is community-acquired or hospital-
acquired, the patient's age, and comorbid diseases (e.g. chronic
obstructive pulmonary disease, chronic renal failure, chronic
liver disease, diabetes mellitus, immunosuppressive conditions).
Other important considerations in terms of resistant bacterial
infections are the patient's history of antibiotic use in the
last three months, known history of microbial colonization,
immunodeficiency status, and local epidemiological datal™.
Sepsis stage rather than resistance of the infectious agent was
found to be a better predictor of mortality In sepsis patients
started on appropriate empirical therapy®.

Initial empirical therapy should consist of one or more broad-
spectrum agents with coverage against possible microorganisms.
Antimicrobial agents recommended for initial empirical therapy
based on infectious focus are presented in Table 7. In a meta-
analysis, beta-lactam and aminoglycoside combination therapy
was not shown to be superior to beta-lactam monotherapy
for sepsis, and monotherapy was associated with decreased
nephrotoxicity!®".

In another study, meropenem + moxifloxacin combination therapy
was not superior to monotherapy in sepsis and septic shock unless
antimicrobial resistance was involved®. However, there are also
studies showing that early combination therapy is associated with
lower mortality in patients with septic shock®. Combination
therapy is preferred when treating sepsis patients for whom
carbapenem-resistant Enterobacteriaceae (CRE) is considered
the causative agent, due to its synergistic effect and to prevent
the development of resistance®¥. Combination therapy with
aminoglycoside has been associated with higher survival rates in
cases of sepsis and septic shock due to Gram-negative bacteria with
high risk of MDR, such as Pseudomonas spp. and Acinetobacter
spp-5#9. Appropriate empirical therapy and combination therapy
for carbapenemase-producing K. pneumoniae infections has also
been associated with reduced mortality®”.,
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Table 7. Antimicrobial agents recommended for empirical therapy in sepsis based on infectious focus and risk factors for
multidrug-resistant infections, Listeria monocytogenes in meningitis and fungemial?®80.81:83.86.89.90.145]

Presumed infectious focus

Absence of risk factors for resistant bacterial
infections

Presence of risk factors for resistant bacterial
infections

Pneumonia

Ceftriaxone 2 g + clarithromycin 500 mg
Levofloxacin 750 mg

Piperacillin/tazobactam 4.5 g 3 times daily + amikacin
15 mg/kg

Cefepime 2 g 3 times daily + amikacin 15 mg/kg
Meropenem 1 g 3 times daily + amikacin 15 mg/kg

If at risk for MRSA,

Linezolid 600 mg 2 times daily can be added

Urinary tract infection

Ceftriaxone 2 g + amikacin 15 mg/kg
Ciprofloxacin 400 mg 2 times daily

Ertapenem 1 ¢
Piperacillin/tazobactam 4.5 g 3 times daily
Meropenem 1 g 3 times daily

Skin/soft tissue infection (e.g.
cellulitis, erysipelas)

Cefazolin 2 g 3 times daily
Ampicillin/sulbactam 3 g 4 times daily

Daptomycin 6 mg/kg
Vancomycin 25-30 mg/kg loading dose followed by 15-
20 mg/kg 2 times daily

Skin/soft tissue infection
Gas gangrene (Clostridium
perfringens)

Emergency surgical debridement

Penicillin 4 MU 6 times daily + clindamycin 900 mg 3 times daily

Skin/soft tissue infection
Polymicrobial necrotizing
infection (necrotizing fasciitis,
pressure wound, diabetic
wound, etc.)

Emergency surgical debridement

Ciprofloxacin 400 mg 2 times daily + clindamycin 900 mg 3 times daily

Piperacillin/tazobactam 4.5 g 3 times daily
Meropenem 1 g 3 times daily

If at risk for MRSA

Daptomycin 6 mg/kg

Vancomycin 25-30 mg/kg loading dose followed by 15-20 mg/kg 2 times daily

Linezolid 600 mg 2 times daily can be added

Intraabdominal infection

Ceftriaxone 2 g
Ciprofloxacin 400 mg 2 times daily
Cefepime 2 g 3 times daily

+

Metronidazole 15 mg/kg loading dose followed 6 hr later by
7.5 mg/kg 4 times daily

OR

Piperacillin/tazobactam 4.5 g 3 times daily
Meropenem 1 g 3 times daily

Piperacillin/tazobactam 4.5 g 3 times daily + amikacin
15 mg/kg
Meropenem 1 g 3 times daily + amikacin 15 mg/kg

Bacterial meningitis

Ceftriaxone 2 g 2 times daily or cefotaxime 2 g 3 times daily
If penicillin susceptibility is low in S. pneumoniae

+ Vancomycin 10-20 mg/kg 2 times daily or rifampicin 600
mg once daily

If there are risk factors for Listeria monocytogenes

+ Ampicillin 2 g 6 times daily

Cefepime 2 g 3 times daily

Meropenem 2 g 3 times daily

+

Vancomycin 25-30 mg/kg loading dose followed by 10-
20 mg/kg 2 times daily

Unknown focus

Ceftriaxone 2 g
Levofloxacin 750 mg

Piperacillin/tazobactam 4.5 g 3 times daily + amikacin
15 mg/kg
Cefepime 2 g 3 times daily + amikacin 15 mg/kg

+

If at risk for MRSA

Daptomycin 6 mg/kg

Linezolid 600 mg 2 times daily

Vancomycin 25-30 mg/kg loading dose followed by 15-
20 mg/kg 2 times daily

If there are risk factors for
fungemia

Caspofungin, 70 mg loading dose followed by 50 mg
Micafungin 100 mg
Anidulafungin 200 mg loading dose followed by 100 mg

Risk factors for multidrug-
resistant bacterial infections

Risk factors for Listeria monocytogenes

Risk factors for fungemia

Hospital stay >5 days

Age >50 years

Broad-spectrum antibiotic use

Broad-spectrum antibiotic use
(within last 90 days)

Diabetes mellitus

Central venous catheter

High resistance rates in the
region

Use of immunosuppressive drug

+ One of the following:

Residency in a nursing home

Cancer

Parenteral nutrition
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Table 7. Continued

Chronic dialysis (within last
30 days)

Immunosuppression due to other causes

Neutropenia

Wound care at home Chemotherapy

Hematologic malignancy

Family member with resistant
bacterial infection

Renal replacement therapy in an intensive care unit

Immunosuppression

Mechanical ventilation >5
days

Recent abdominal surgery

Immunosuppression

Structural lung disease
IV drug addiction
COPD (Pseudomonas spp.)

Superinfection (MRSA) after
influenza infection

Candida score used according to risk factors:

Sepsis 2 points
Multifocal candidiasis colonization 1 point
Surgery 1 point
TPN 1 point

Empirical treatment for candidiasis can be initiated
for scores of 3 or higher

COPD: Chronic obstructive pulmonary disease, IV: Intravenous, MRSA: Methicillin-resistant S. aureus, TPN: Total parenteral nutrition

Considering the current increases in resistance rates,
carbapenems and beta-lactam + beta-lactamase inhibitors
stand out as agents that can be utilized as monotherapies!.
Combinations with vancomycin, linezolid, or for nonpulmonary
foci of infection, daptomycin should be considered for cases of
septic shock with methicillin-resistant staphylococci predicted
as the causative agent®, Appropriate antibiotic combinations
should be used to treat presumed infection with hospital-
acquired MDR bacteria. Antifungal agents should be included in
empirical therapy for patients with risk factors for candidemia.
Echinocandin (caspofungin, anidulafungin, micafungin) or
fluconazole is recommended for empirical antifungal therapy.
Echinocandins should be preferred for sepsis and septic shock
and patients with previous fluconazole use. If the isolated
Candida species is susceptible to fluconazole and the patient's
clinical symptoms are improving, switching echinocandin to
fluconazole is recommended. Amphotericin B can be used if
the patient is contraindicated for the use of other antifungal
agents,

Empirically initiated broad-spectrum therapy should be
narrowed according to the causative pathogen isolated in
culture and its antibiotic susceptibility results. Rates of growth in
blood culture are generally low in these patients (30-53%0)"9%,
Patients with no growth in culture should be assessed according
to their clinical condition and antibiotic de-escalation should
be implemented for eligible patients with clinical improvement.
If there is no clinical improvement, the antimicrobial therapy
should be reevaluated and, if necessary, the spectrum of the
antimicrobial therapy should be broadened. Furthermore, source
control and the appropriateness of other supportive treatment
modalities should be evaluated.

Antibiotics should be administered intravenously, doses
should be determined by considering their pharmacokinetic
and pharmacodynamic properties, and antibiotics with good

penetration into the suspected or confirmed focal site of
infection should be preferred. Increased volume of distribution
in these patients due to intensive fluid therapy may necessitate
the administration of vancomycin and beta-lactam antibiotics at
high doses and with a loading dose?%?. Similarly, administration
of a single daily dose of aminoglycosides was found to be
effective in reaching target plasma concentrations in patients
without renal failure®®”. When intermittent bolus administration
of beta-lactam antibiotics were compared, continuous infusion
resulted in higher plasma antibiotic concentrations and clinical
improvement rates (56-70% versus 34-430/)!%4%],

The recommended duration of antimicrobial therapy is 7-10
days, but longer treatment periods may be needed in patients
with a delayed clinical response, an infection focus that cannot
be drained, or a fungal infection”®. There is evidence that using
PCT monitoring to inform the discontinuation of antibiotic
therapy for sepsis may prevent unnecessary prolonged antibiotic
use, which may reduce bacterial resistance development as well
as medical costs!®697],

Antimicrobial Resistance

Antimicrobial resistance has become a major problem in
the treatment of both community- and hospital-acquired
infections. Resistance to antibiotics may be due to intrinsic
properties (natural resistance) or changes in its genetic makeup
(acquired resistance)®,

Producing beta-lactamases against beta-lactam antibiotics
is one of the principal mechanisms of resistance in many
bacterial species, particularly Enterobacteriaceae. Extended-
spectrum beta-lactamases (ESBL) are especially common
in K. pneumoniae and E. coli, and are responsible for the
development of resistance to broad-spectrum cephalosporins
and aztreonam®®. The rapid spread of ESBL production among
pathogenic bacteria and the presence of MDR in these strains
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pose serious challenges in terms of treatment. Treatment
options for infections due to these strains are usually limited to
carbapenems and the beta-lactam/beta-lactamase inhibitors
to which they are susceptible. According to the 2016 National
Hospital Infections Surveillance Network (NHISN) report
published by the Turkish Public Health Institution, 48.67% of E.
coli strains and 49.19% of K. pneumoniae strains across Turkey
are ESBL-producing®.

In recent years, carbapenem-hydrolyzing beta-lactamases
(most commonly OXA-48 type beta-lactamase) have emerged
in Enterobacteriaceae and Acinetobacter spp. species in
Turkey!™., In a 2013 study of carbapenem-resistant K.
pneumoniae isolates in Turkey, OXA-48, NDM-1, OXA- 48,
and imipenemase (IMP) were detected at rates of 91.5%,
4.3%, 1%, and 3.2%, respectively!"". In another, multicenter
study, at least one carbapenemase gene was detected by
genotypic assay in 143 (92.3%) of 155 carbapenem-resistant
K. pneumoniae and E. coliisolates. Single enzymes were found
in 136 isolates (OXA-48: 84.6%, NDM: 6.3%, VIM: 2.8%, and
IMP: 1.4%), while 7 isolates had 2 enzymes (OXA-48+NDM:
2.1%, OXA-48+VIM: 2.1%, VIM+NDM: 0.7%). The Klebsiella
pneumoniae carbapenemase (KPC) enzyme was not detected
in any of the isolates®?. In another study published in 2016,
KPC-2 carbapenemase was detected for the first time in E. coli
isolates!'*?,

In addition to K. pneumoniae and E. coli, Pseudomonas spp. and
Acinetobacter spp. species are developing resistance to most of
the antibiotics used for treatment, including carbapenem and
colistin, and panresistant strains have started to appear!’®., In
2016, carbapenem resistance was detected at a rate of 72.38% in
Acinetobacter baumannii strains and 35.65% in Pseudomonas
aeruginosa strains, while colistin resistance was detected at a
rate of 3.02% in A. baumannii strains across Turkey!®.

Quinolone resistance has been added to the ampicillin and
cotrimoxazole resistance that is high among community- and
hospital-acquired UTls, and an increase in ESBL production has
been observed!™, Some bacteria such as P. aeruginosa and
Proteus spp. are inherently resistant to tigecycline due to their
efflux pumpst®.

Antibiotic resistance in S. aureus has become increasingly
important both in hospital-acquired and community-acquired
infections. The rate of methicillin-resistant S. aureus (MRSA)
was 30.9% in the SENTRY study published in 200119, while the
MRSA rate across Turkey was detected as 38.83% in the 2016
NHISN report®, Vancomycin-intermediate (VISA), vancomycin-
resistant (VRSA), and heterogeneous vancomycin-intermediate
(hVISA) strains of S. aureus create serious problems in
treatment!®®!,

Enterococci, which are part of the normal intestinal flora and
are among the low virulence pathogens, have become one of
the major etiological agents in hospital-acquired infections due
to their natural resistance to certain antibiotics (beta-lactam
and aminoglycoside resistance) and their capacity for acquired
resistance (glycopeptide resistance)l'®. The 2016 NHISN report
stated the prevalence of vancomycin-resistant enterococcus in
Turkey as 13.330%01°,

Fluconazole resistance originating in non-albicans Candida
strains should also be kept in mind when initiating antifungal
treatment for sepsis!'..

Antimicrobial resistance greatly complicates the treatment
of sepsis, leading to failure and increasing treatment costs.
Therefore, the probable causative agent and its regional or
hospital-specific resistance rates should be considered when
selecting antibiotics to initiate therapy.

The Role of New Antibiotics in Sepsis Treatment

Infections due to MDR Gram-negative bacteria, especially
in the Enterobacteriaceae family have risen in recent years.
Treating these infections with currently available antibiotics
is challenging®. Two new antibiotics containing novel beta-
lactam/beta-lactamase inhibitor combinations ceftazidime/
avibactam and ceftolozane/tazobactam are expected to be
effective in treatment, and their approval in Turkey is anticipated
in the near futurel'®,

Ceftolozane, a newly developed third generation cephalosporin
antibiotic, has been combined with the beta-lactamase inhibitor
tazobactam. This provides a broad spectrum of activity against
many aerobic and facultative anaerobic Gram-negative bacteria,
including Enterobacteriaceae and P. aeruginosa. It has been
approved for the treatment of complicated intra-abdominal
infection (in combination with metronidazole) and complicated
UTI, including pyelonephritis!"®.

With the spectrum of activity of ceftazidime combined with
the beta-lactamase inhibitor avibactam, ceftazidime/avibactam
exerts a bactericidal effect against many resistant Gram-
negative bacteria that produce beta-lactamases, including
carbapenemase!"®. This antibiotic has also been approved for
the treatment of complicated intra-abdominal infection (in
combination with metronidazole) and complicated UTI, including
pyelonephritis. In addition, it is also approved in Europe for the
treatment of nosocomial pneumonia, including ventilator-
associated pneumonial™. A microbiological comparison of
these two antibiotics is shown in Table 8.

Both of these new antibiotics are administered intravenously
and are eliminated primarily by renal excretion. Dose adjustment
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Table 8. Microbiological activities of ceftolozane/tazobactam and ceftazidime/avibactam!°6-8]

Ceftolozane/tazobactam

Ceftazidime/avibactam

FDA-approved indications for use

Complicated IAI (+metronidazole)
Complicated UTI (including pyelonephritis)

Complicated IAI (+metronidazole)
Complicated UTI (including pyelonephritis)

Escherichia coli
Klebsiella oxytoca
Klebsiella pneumoniae
Proteus mirabilis
Pseudomonas aeruginosa
Enterobacter cloacae

Gram-negative activity

Escherichia coli
Klebsiella oxytoca
Klebsiella pneumoniae
Proteus mirabilis
Pseudomonas aeruginosa
Enterobacter cloacae
Enterobacter aerogenes
Citrobacter koseri
Citrobacter freundii

Gram-positive activity Streptococcus anginosus

Streptococcus constellatus No activity
Streptococcus salivarius
Anaerobic activity Bacteroides fragilis No activity

Beta-lactamase group

Class A (TEM, SHV, CTX-M, KPC, GES) Variable
Class B (NDM, VIM, IMP) No activity
Class C (AmpC) Variable

Class D (OXA)

Active against OXA-type ESBL,

Active including carbapenemases
No activity

Active

Variable

No activity against OXA-type carbapenemase

IAl: Intraabdominal infection, UTI: Urinary tract infection, ESBL: Extended-spectrum beta-lactamase, FDA: Food and Drug Administration

is necessary in patients with a creatinine clearance of <50,
and administering doses of antibiotic after hemodialysis is
recommended("Z,

In a study examining isolates from 121 patients with CRE
bacteremia, 99% of the CRE isolates were susceptible to
ceftazidime/avibactam. However, susceptibility was lower
among KPC-3-producing strains™. In a study including
bacteremia that assessed the in vitro susceptibility of different
clinical isolates of Pseudomonas spp., the ceftazidime/avibactam
susceptibility rates of MDR and XDR isolates were 78% and 80%
and ceftolozane/tazobactam susceptibility rates were 89% and
8000, respectively!'®®,

In a multicenter prospective observational study comparing
ceftazidime/avibactam with colistin for the treatment of CRE
infections (46% of which were bloodstream infections), 30-
day mortality was higher in the colistin group, and it was
stated that ceftazidime/avibactam may be an alternative to
colistin in the treatment of CREI"¥. A patient with KPC-3-
producing K. pneumoniae bacteremia who showed no response
to a meropenem + colistin + tigecycline combination was
successfully treated with a combination of 4 hours of prolonged
infusion of 2.5 grams of ceftazidime/avibactam + colistin +
tigecyclinel'™., Ceftolozane/tazobactam was used as a rescue
therapy in 12 patients with sepsis due to MDR P. aeruginosa,
with favorable outcomes in 9 of those patients!"®.

Ceftaroline fosamil is the latest, fifth generation cephalosporin.
It has broad-spectrum activity against Gram-positive bacteria,

including MRSA. Its spectrum of activity includes methicillin-
susceptible S. aureus, MRSA, VRSA, daptomycin- and linezolid-
resistant S. aureus, Streptococcus pyogenes, Streptococcus
agalactiae, and Streptococcus pneumoniae. It is also effective
against Gram-negative bacteria such as E. coli, K. pneumoniae,
K. oxytoca, and Haemophilus influenzae. However, its effect
on Pseudomonas spp. and anaerobic bacteria is weak. It has
Food and Drug Administration as well as European Medicines
Agency indications for use in the treatment of community-
acquired pneumonia and acute bacterial skin and skin structure
infectiont7],

New antibiotics are regarded as a treatment alternative for
sepsis caused by MDR microorganisms. However, as with other
beta-lactam antibiotics, prolonged infusion and combination
therapies may improve success rates.

Non-antimicrobial Treatment

In addition to early antibiotic treatment, rapid correction of
tissue hypoperfusion is the cornerstone of initial treatment of
sepsis. Sepsis-induced tissue hypoperfusion causes decreased
blood pressure and/or increased serum lactate levels, leading
to acute organ dysfunction. For this reason, the 2016 revision
of Surviving Sepsis Campaign: International Guidelines for
Management of Sepsis and Septic Shock stated that sepsis
and septic shock are medical emergencies that require rapid
initiation of treatment®. Administering 30 ml/kg of crystalloid
fluids within the first 3 hours, especially in patients with high
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lactate levels (=4 mmol/L), is recommended to restore tissue
perfusion”. A meta-analysis demonstrated that 6% HES
(hydroxyethyl starch) was associated with higher mortality and
need for renal replacement, compared to other solutions!"®,
Therefore, crystalloids should be the first choice instead of
colloid fluids such as HES. However, it is not clear which
crystalloid fluid should be preferred. A 0.9% NaCl solution has
higher Na (154 mmol/L) and CI (154 mmol/L) levels compared
to plasma. Thus, calling it normal or physiological saline is not
completely accurate. The use of fluids with high CI levels and
those with a lower strong ion difference (SID) than plasma
(0.9% NaCl SID: 0; plasma SID: 40 mmol/L) causes iatrogenic
hyperchloremic metabolic acidosis!". In a study by Yunos et
al.l29 the administration of a chloride-restrictive fluid was
shown to reduce the development of acute kidney injury and
the need for continuous renal replacement therapy. Zohou et
al.? compared the low-chloride plasma-lyte with 0.9% NaCl
solution in rats with experimentally induced sepsis and found an
increase in acute kidney injury and mortality in rats treated with
NaCl. However, sufficient clinical trials are needed to determine
the safety and efficacy of balanced solutions in sepsis.

The addition of albumin is recommended when septic shock
patients require a substantial amount of crystalloids. Xu et al.l'*?
reported in another meta-analysis that the use of albumin with
crystalloid contributed to a reduction in 90-day mortality in
patients with septic shock (n=3658) and a trend toward lower
90-day mortality among patients with sepsis (n=2180). Studies
on this subject generally demonstrate that the use of albumin
has a positive effect on 90-day mortality in septic shock, but
indicate that this benefit is not as significant among sepsis
patients'?24, The use of albumin is recommended (low-quality
evidence, weak recommendation) in septic shock when there is
a substantial increase in patients' crystalloid requirement??!,

Following protocol-based early intensive fluid resuscitation,
it is still unclear how fluid balance should be managed. Fluid
overload in sepsis has been shown to worsen respiratory
function and prolong ventilator support (1.82 days) and stay
in intensive care (1.88 days)!"%. This highlights the importance
of evaluating fluid therapy. However, there is still uncertainty
regarding how to evaluate fluid status. Assessment of fluid
responsiveness should start with clinical findings (e.g. heart
rate, blood pressure, arterial oxygen saturation, respiratory
rate, urine output). The use of dynamic measurements based on
passive leg raising or changes in intrathoracic pressure during
mechanical ventilation (e.g. pulse pressure variation, stroke
volume variation) is recommended over static measurements
(e.g. central venous pressure, right or left heart pressures or
volumes) for this assessment?. It has also been possible in
recent years to assess the patients' hemodynamic status using
bedside echocardiography.

A target MAP of 65 mmHg is recommended to correct
hypoperfusion, decrease lactate levels, and sustain organ
perfusion. If MAP cannot be maintained above 65 mmHg
with intravenous fluid therapy, vasopressor support should
be provided, with norepinephrine the first-line choice of
vasopressor therapy. If response is insufficient, epinephrine or
vasopressin (over 0.03 U/min) may be added. The use of low-
dose dopamine for renal protection is strictly not recommended.
It should only be used in selected patient groups such as those
with severe bradycardia. A positive inotropic agent should be
added if the patient has myocardial dysfunction or has MAP >65
mmHg and persistent hypoperfusion despite adequate fluid and
vasopressor therapy. Dobutamine (20 mecg/kg/min) is considered
to be the first-line inotrope in such cases. Hemodynamic
monitoring via arterial catheter is more appropriate for patients
requiring vasopressors.

In patients with septic shock, hydrocortisone at a dose of
200 mg/day is recommended if hemodynamic stability is not
achieved with adequate fluid and vasopressor therapy®129,
Annane et al.'"?”! reported that the addition of fludrocortisone
to hydrocortisone resulted in decreased 90-day mortality but
also increased hyperglycemia in patients with septic shock.
There are also studies reporting that adding vitamin C and
thiamin to hydrocortisone prevented organ dysfunction and
reduced mortality in patients with sepsis!'??!,

Adrenergic stimulation in patients with sepsis is associated with
increased mortality and side effects. Morelli et al.'*® compared
esmolol and standard therapy in septic shock patients requiring
norepinephrine, and reported more favorable results in terms
of heart rate control and increased stroke volume in the group
that received esmolol, which resulted in reduced lactate levels,
norepinephrine and fluid requirement, and mortality rates.
However, there were methodological errors related to this study
and it was determined that further research on this subject is
required,

Regarding the use of blood products, erythrocyte suspension
is recommended when hemoglobin level is below 7.0 g/dL. In
the absence of hemorrhage or a planned invasive intervention,
fresh frozen plasma should not be given to improve laboratory
results. Prophylactic platelet suspension is recommended when
platelet count is <10000/mm?, or <20000/mm?® in patients
with hemorrhage risk. However, for patients who will undergo
surgery or an invasive procedure or have active hemorrhage,
platelet suspension should be given to increase platelet count
>50000/mm?39,

Source control involves measures to physically control
contamination in order to eliminate the source of infection and
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enable anatomic and functional restoration". This includes
abscess drainage, debridement of infected necrotic tissues, the
removal of potentially infected devices, and the identification
of sources of ongoing microbial contamination. In clinical
practice, source control must be implemented immediately after
the diagnosis of sepsis and septic shock. When source control is
inadequate, patients do not improve despite rapid resuscitation
and appropriate antimicrobial therapy!™2. The principles of source
control in sepsis and septic shock management include the rapid
identification of the specific focus of infection and assessing the
adequacy of source control at the infectious sitel'®,

The effectiveness of source control depends on the site of
infection, the patient's underlying diseases, and the nature of
the sourcel4,

Intra-abdominal  abscesses, gastrointestinal  perforation,
ischemic  bowel or volvulus, cholangitis, cholecystitis,
pyelonephritis associated with obstruction or abscess, necrotic
soft tissue infections, other deep surface infections (empyema
or septic arthritis), and implant infections are amenable to
source control™®. In septic shock with infective endocarditis,
the removal of the infected tissue (valve, abscess, infected
instrument, infected distant metastatic lesions) is among the
cornerstones of treatment!'3®),

Source control should be achieved within 12 hours in sepsis and
septic shock!™7-1%2. According to the Infectious Diseases Society
of America guidelines, this can be extended to 24 hours if
patients are stable, but source control is recommended as soon
as possible in cases of diffuse peritonitis and septic shock!™®.

The risks and benefits of the specific intervention should be
weighed when selecting the most appropriate method for
source control. Source control interventions can lead to certain
complications such as hemorrhage or inadvertent organ injuries.
In general, the least invasive and most effective method should be
preferred for source control. Open surgical interventions should
be done when other interventional methods are considered to
be inadequate or not feasible. Percutaneous interventions may
be preferable for patients in shock. Intravascular devices such
as central venous catheters can be sources of sepsis or septic
shock. Intravascular devices suspected to be septic sources
should be removed immediately upon establishing another site
for vascular access!'*3,

In patients with community-acquired infections, the lungs and
urinary tract are the most common sources of infection. In
addition, intra-abdominal infections (cholangitis, cholecystitis,
diverticulitis), septic arthritis, endocarditis, and osteomyelitis
should also be investigated. Hospital-acquired infections often
occur due to disruption of the epithelial barrier. Infection
frequently originates from intravascular catheters, endotracheal
tubes (pneumonia and paranasal sinusitis), urinary catheters, and

surgical wounds or other sites of traumatic injury. In general,
in patients with sepsis, all intravascular and bladder catheters
should be removed and placed at new sites if needed. Since
medical treatment is usually adequate for infected thrombus,
surgery is not necessary in most cases!'*.

Sepsis is a syndrome characterized by organ failure resulting
from an uncontrolled host inflammatory response against
infection. Since early diagnosis and treatment significantly
reduce mortality, an accurate and rapid diagnosis is vital. This
has led to the creation of various diagnostic criteria over the
years. Following rapid diagnosis, identification of the probable
focus and causative microorganism has an important role in the
selection of appropriate antimicrobial therapy.

The causative microorganism in sepsis varies depending on
the infectious focus, the setting in which the infection was
acquired, patient characteristics, and year. In order to identify
the causative microorganism, cultures should be obtained
immediately from the relevant sites and constant contact
should be maintained with the microbiology laboratory.
Rapid diagnostic methods for microbial identification as well
as prognostic and predictive markers such as CRP and PCT
should be employed according to availability in the healthcare
institution. Antimicrobial therapy forms the basis of sepsis
treatment. Appropriate initial empirical antimicrobial therapy
increases the success of sepsis treatment. Initial empirical
therapy should consist of one or more broad-spectrum agents
with coverage against the possible microorganisms. Empirically
initiated broad-spectrum therapy should be narrowed according
to microbial culture and antibiotic susceptibility test results.
Antimicrobial resistance greatly complicates the treatment
of sepsis, leading to failure and increasing treatment costs.
Therefore, the probable causative agent and its regional or
hospital-specific resistance rates should be considered when
selecting antibiotics to initiate therapy. Rapid correction of
tissue hypoperfusion in addition to early antibiotic therapy is
the cornerstone of initial therapy. Crystalloid fluids should be
preferred to correct tissue hypoperfusion, and colloid fluids
(particularly albumin), vasopressor support, and blood and
blood product replacement should be provided depending on
the patient's status. Despite early initiation of antimicrobial
and non-antimicrobial therapies in the management of sepsis,
the risk of mortality persists if source control is not achieved.
Therefore, source control should be a top priority. Although
definitions of sepsis may evolve, early diagnosis and treatment
may be possible through education and awareness campaigns
about sepsis. Early diagnosis and treatment can be realized
with a multidisciplinary approach involving internal medicine,
surgery, and laboratory staff.



Akin et al.
Current Diagnosis and Treatment Approach to Sepsis

Mediterr J Infect Microb Antimicrob
2018;7:17

Ethics

Peer-review: Externally and internally peer-reviewed.

Authorship Contributions

Concept: AA., EA, MA, EA, AB., Y.C, G.D., EKK, PS, ZT,
A.C.U, Design: AA., EA., MA, EA, AB, Y.C, G.D., EKK., PS,,
Z.T., A.C.U., Data Collection or Processing: A.A., EA,, MA,, EA,
AB. Y.C., G.D, EKK., PS, ZT, A.C.U., Analysis or Interpretation:
AA., EA, MA, EA, AB, Y.C, G.D, EKK, PS, ZT, ACU,
Literature Search: AA, EA, MA, EA., AB. Y.C, G.D, EKK,PS.,
2T, A.CU, Writing: AA, EA, MA, EA, AB., Y.C, G.D., EKK,
PS. 72T, A.C.U.

Conflict of Interest: No conflict of interest was declared by the
authors.

Financial Disclosure: The authors declared that this study
received no financial support.

References

1.

Siger M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane D, Bauer
M, Bellomo R, Bernard GR, Chiche JD, Coopersmith CM, Hotchkiss RS,
Levy MM, Marshall JC, Martin GS, Opal SM, Rubenfeld GD, van der Poll
T, Vincent JL, Angus DC, The Third International Consensus Definitions for
Sepsis and Septic Shock (Sepsis-3). JAMA. 2016;315:801-10.

Martin-Loeches I, Levy MM, Artigas A. Management of severe sepsis: advances,
challenges, and current status. Drug Des Devel Ther. 2015;9:2079-88.

Tupchong K, Koyfman A, Foran, M. Sepsis, severe sepsis and septic shock: a
review of the literature. Afr J Emerg Med. 2015;5:127-35.

Fleischmann C, Scherag A, Adhikari NK, Hartog CS, Tsaganos T,
Schlattmann P, Angus DC, Reinhart K; International Forum of Acute Care
Trialists. Assessment of Global Incidence and Mortality of Hospital-treated
Sepsis. Current Estimates and Limitations. Am J Respir Crit Care Med.
2016;193:259-72.

Reinhart K, Daniels R, Kissoon N, O'Brien J, Machado FR, Jimenez E; GSA
Executive Board and WSD Executive Board. The burden of sepsis-a call to
action in support of World Sepsis Day 2013. J Crit Care. 2013;28:526-8.

Poeze M, Ramsay G, Gerlach H, Rubulotta F, Levy M. An international sepsis
survey: a study of doctors' knowledge and perception about sepsis. Crit
Care. 2004;8:409-13.

Munford RS. Sepsis, severe sepsis and septic shock. In: Mandell GL, Bennett
JE, Dolin R (eds). Principles and Practice of Infectious Diseases. 6th ed.
Philadelphia: Churchill Livingstone, 2005:906-26.

Stevenson EK, Rubenstein AR, Radin GT, Wiener RS, Walkey AJ. Two decades
of mortality trends among patients with severe sepsis: a comparative
meta-analysis. Crit Care Med. 2014;42:625-31.

Bone RC, Balk RA, Cerra FB, Dellinger RP, Fein AM, Knaus WA, Schein
RM, Sibbald WJ. Definitions for sepsis and organ failure and guidelines
for the use of innovative therapies in sepsis. The ACCP/SCCM Consensus
Conference Committee. American College of Chest Physicians/Society of
Critical Care Medicine. Chest. 1992;101:1644-55.

Fourrier F, Chopin C, Goudemand J, Hendrycex S, Caron C, Rime A, Marey
A, Lestavel P. Septic shock, multiple organ failure, and disseminated
intravascularcoagulation. Chest. 1992;101:816-22.

Mayer J, Hajek R, Vorlicek J, Tomiska M. Sepsis and septic shock:ll.
Treatment. Support Care Cancer. 1995;3:111-9.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Aygen B, Inan M, Doganay M, Kelestimur F. Adrenal functions in patients
with sepsis. Exp Clin Endocrinol Diabetis. 1997;105:182-6.

Bone RC, Balk RA, Cerra FB, Dellinger RP, Fein AM, Knaus WA, Schein
RM, Sibbald WJ. Definitions for sepsis and organ failure and guidelines
for the use of innovative therapies in sepsis. The ACCP/SCCM Consensus
Conference Committee. American College of Chest Physicians/Society of
Critical Care Medicine. Chest. 1992;101:1644-55.

Levy MM, Fink MP, Marshall JC, Abraham E, Angus D, Cook D, Cohen J, Opal
SM, Vincent JL, Ramsay G; SCCM/ESICM/ACCP/ATS/SIS. 2001 SCCM/ESICM/
ACCP/ATS/SIS International Sepsis Definitions Conference. Crit Care Med.
2003;31:1250-6.

Seymour CW, Liu VX, lwashyna TJ, Brunkhorst FM, Rea TD, Scherag A,
Rubenfeld G, Kahn JM, Shankar-Hari M, Singer M, Deutschman CS, Escobar
GJ, Angus DC. Assessment of Clinical Criteria for Sepsis: For the Third
International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3).
JAMA. 2016;315:762-74.

Shankar-Hari M, Phillips GS, Levy ML, Seymour CW, Liu VX, Deutschman
CS, Angus DC, Rubenfeld GD, Singer M, Sepsis Definitions Task Force.
Developing a New Definition and Assessing New Clinical Criteria for Septic
Shock: For the Third International Consensus Definitions for Sepsis and
Septic Shock (Sepsis-3). JAMA. 2016;315:775-87.

Klein Klouwenberg PM, Cremer OL, van Vught LA, Ong DS, Frencken JF,
Schultz MJ, Bonten MJ, van der Poll T. Likelihood of infection in patients
with presumed sepsis at the time of intensive care unit admission: a cohort
study. Crit Care. 2015;19:319.

IDSA Sepsis Task Force. Infectious Diseases Society of America (IDSA)
position statement: Why IDSA did not endorse the Surviving Sepsis
Campaign Guidelines. Clin Infect Dis. 2018;66:1631-5.

Baelani I, Jochberger S, Laimer T, Otieno D, Kabutu J, Wilson |, Baker T,
Diinser MW. Availability of critical care resources to treat patients with
severe sepsis or septic shock in Africa: a self-reported, continent-wide
survey of anaesthesia providers. Crit Care. 2011;15:10.

Machado FR, Nsutebu E, AbDulaziz S, Daniels R, Finfer S, Kissoon N, Lander
H, Malik |, Papathanassoglou E, Reinhart K, Rooney K, Riiddel H, Toccafondi
G, Tulli G, Hamilton V. Sepsis 3 from the perspective of clinicians and
quality improvement initiatives. J Crit Care. 2017;40:315-7.

Stearns-Kurosawa DJ, Osuchowski MF, Valentine C, Kurosawa S, Remick
DG. The pathogenesis of sepsis. Annu Rev Pathol. 2011;6:19-48.

Cinel |, Dellinger RP. Advances in pathogenesis and management of sepsis.
Curr Opin Infect Dis. 2007;20:345-52.

Chen GY, Nufiez G. Sterile inflammation: sensing and reacting to damage.
Nat Rev Immunol. 2010;10:826-37.

Underhill DM, Ozinsky A. Toll-like receptors: key mediators of microbe
detection. Curr Opin Immunol. 2002;14:103-10.

Movat HZ, Cybulsky MI, Colditz 1G, Chan MK, Dinarello CA. Acute
inflammation in Gram-negative infection: endotoxin, interleukin 1, tumor
necrosis factor, and neutrophils. Fed Proc. 1987;46:97-104.

Alcaide P, Auerbach S, Luscinskas FW. Neutrophil recruitment under
shear flow: It's all about endothelial cell rings and gaps. Microcirculation.
2009;16:43-57.

Bone RC. Immunologic dissonance: a continuing evolution in our
understanding of the systemic inflammatory response syndrome (SIRS)
and the multiple organ dysfunction syndrome (MODS). Ann Intern Med.
1996;125:680-7.

Pinsky MR, Matuschak GM. Multiple systems organ failure: failure of host
defense homeostasis. Crit Care Clin. 1989;5:199-220.

Pugin J. Recognition of bacteria and bacterial products by host immune
cellsin sepsis. In: Vincent JL (ed). Yearbook of Intensive Care and Emergency
Medicine. Berlin: Springer-Verlag. 1996:11.



Mediterr J Infect Microb Antimicrob
2018;7:17

Akin et al.
Current Diagnosis and Treatment Approach to Sepsis

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Pinsky MR, Vincent JL, Deviere J, Alegre M, Kahn RJ, Dupont E. Serum
cytokine levels in human septic shock. Relation to multiple-system organ
failure and mortality. Chest. 1993;103:565-75.

Huber-Lang MS, Riedeman NC, Sarma JV, Younkin EM, McGuire SR, Laudes
1J, Lu KT, Guo RF, Neff TA, Padgaonkar VA, Lambris JD, Spruce L, Mastellos
D, Zetoune FS, Ward PA. Protection of innate immunity by C5aR antagonist
in septic mice. FASEB J. 2002;16:1567-74.

Liu D, Lu F, Qin G, Fernandes SM, Li J, Davis AE. C1 inhibitor-mediated
protection from sepsis. J Immunol. 2007;179:3966-72.

Christaki E, Giamarellos-Bourboulis EJ. The beginning of personalized
medicine in sepsis: small steps to a bright future. Clin Genet. 2014,86:56-61.

Hotchkiss RS, Karl IE. The Pathophysiology and Treatment of Sepsis. N Engl
J Med. 2003;348:138-50.

Gotts JE, Matthay M. Sepsis: pathophysiology and clinical management.
BMJ. 2016;353:1585.

Boomer JS, To K, Chang KC, Takasu O, Osborne DF, Walton AH, Bricker
TL, Jarman SD, Kreisel D, Krupnick AS, Srivastava A, Swanson PE, Green
JM, Hotchkiss RS. Immunosuppression in patients who die of sepsis and
multiple organ failure. JAMA. 2011;306:2594-605.

Takasu O, Gaut JP, Watanabe E, To K, Fagley RE, Sato B, Jarman S, Efimov
IR, Janks DL, Srivastava A, Bhayani SB, Drewry A, Swanson PE, Hotchkiss RS.
Mechanisms of cardiac and renal dysfunction in patients dying of sepsis.
Am J Respir Crit Care Med. 2013;187:509-17.

Shum HP, Yan WW, Chan TM. Recent knowledge on the pathophysiology of
septic acute kidney injury: A narrative review. J Crit Care. 2016;31:82-9.

Hassoun HT, Kone BC, Mercer DW, Moody FG, Weisbrodt NW, Moore FA. Post-
injury multiple organ failure: the role of the gut. Shock. 2001;15:1-10.

lacobone E, Bailly-Salin J, Polito A, Friedman D, Stevens RD, Sharshar T.
Sepsis-associated encephalopathy and its differential diagnosis. Crit Care
Med. 2009;37(Suppl 10):331-6.

Kiibler A, Adamik B, Durek G, Mayzner-Zawadzka E, Gaszynski W, Karpel E,
Duszynska W. Results of the severe sepsis registry in intensive care units in
Poland from 2003-2009. Anaesthesiol Intensive Ther. 2015;47:7-13.

Blanco J, Muriel-Bombin A, Sagredo V, Taboada F, Gandia F, Tamayo L,
Collado J, Garcia-Labattut A, Carriedo D, Valledor M, De Frutos M, Lopez
MJ, Caballero A, Guerra J, Alvarez B, Mayo A, Villar J; Grupo de Estudios y
Andlisis en Cuidados Intensivos, Incidence, organ dysfunction and mortality
in severe sepsis: a Spanish multicentre study. Crit Care. 2008;12:158.

Storgaard M, Hallas J, Gahrn-Hansen B, Pedersen SS, Pedersen C, Lassen
AT. Short- and long-term mortality in patients with community-acquired
severe sepsis and septic shock. Scand J Infect Dis. 2013;45:577-83.

Giiler H, Akalin H, Heper Y. Yilmaz E, Sinirtag M, Oztiirk C, Mistik R, Helvaci
S, Tére 0. Community-Acquired Sepsis: Retrospective Evaluation of 125
Cases. FLORA. 2010;15:11-5.

Vincent JL, Rello J, Marshall J, Silva E, Anzueto A, Martin CD, Moreno R,
Lipman J, Gomersall C, Sakr Y, Reinhart K; EPIC Il Group of Investigators.
International study of the prevalence and outcomes of infection in
intensive care units. JAMA. 2009;302:2323-9.

Brun-Buisson C, Meshaka P, Pinton P, Vallet B; EPISEPSIS Study Group.
EPISEPSIS: a reappraisal of the epidemiology and outcome of severe sepsis
in French intensive care units. Intensive Care Med. 2004;30:580-8.

Leligdowicz A, Dodek PM, Norena M, Wong H, Kumar A; Co-operative
Antimicrobial Therapy of Septic Shock Database Research Group.
Association between source of infection and hospital mortality in patients
who have septic shock. Am J Respir Crit Care Med. 2014;189:1204-13.

Shen HN, Lu CL, Yang HH. Epidemiologic trend of severe sepsis in Taiwan
from 1997 through 2006. Chest. 2010;138:298-304.

Karlsson S, Varpula M, Ruokonen E, Pettild V, Parviainen |, Ala-Kokko TI,
Kolho E, Rintala EM. Incidence, treatment, and outcome of severe sepsis

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

in ICU-treated adults in Finland: the Finnsepsis study. Intensive Care Med.
2007;33:435-43.

Beale R, Reinhart K, Brunkhorst FM, Dobb G, Levy M, Martin G, Martin C,
Ramsey G, Silva E, Vallet B, Vincent JL, Janes JM, Sarwat S, Williams MD;
PROGRESS Advisory Board. Promoting global research excellence in severe
sepsis (PROGRESS): lessons from an international sepsis registry. Infection.
2009;37:222-32.

Angus DC, Linde-Zwirble WT, Lidicker J, Clermont G, Carcillo J, Pinsky MR.
Epidemiology of severe sepsis in the United States: analysis of incidence,
outcome, and associated costs of care. Crit Care Med. 2001;29:1303-10.

Jeganathan N, Yau S, Ahuja N, Otu D, Stein B, Fogg L, Balk R. The
characteristics and impact of source of infection on sepsis-related 1CU
outcomes. J Crit Care. 2017;41:170-6.

TolsmaV, Schwebel C, Azoulay E, Darmon M, Souweine B, Vesin A, Goldgran-
Toledano D, Lugosi M, Jamali S, Cheval C, Adrie C, Kallel H, Descorps-
Declere A, Garrouste-Orgeas M, Bouadma L, Timsit JF. Sepsis severe or
septic shock: outcome according to immune status and immunodeficiency
profile. Chest. 2014;146:1205-13.

Tanriover MD, Guven GS, Sen D, Unal S, Uzun O. Epidemiology and outcome
of sepsis in a tertiary-care hospital in a developing country. Epidemiol
Infect. 2006;134:315-22.

Martin GS, Mannino DM, Eaton S, Moss M. The epidemiology of sepsis in the
United States from 1979 through 2000. N Engl J Med. 2003;348:1546-54.

Cohen J, Cristofaro P, Carlet J, Opal S. New method of classifying infections
in critically ill patients. Crit Care Med. 2004;32:1510-26.

Morgan MP, Szakmany T, Power SG, Olaniyi P, Hall JE, Rowan K, Eberl
M. Sepsis patients with first and second-hit infections show different
outcomes depending on the causative organism. Front Microbiol.
2016;7:207.

Ani C, Farshidpanah S, Bellinghausen Stewart A, Nguyen HB. Variations in
organism-specific severe sepsis mortality in the United States: 1999-2008.
Crit Care Med. 2014;43:65-77.

Zahar JR, Timsit JF, Garrouste-Orgeas M, Francais A, Vesin A, Descorps-
Declere A, Dubois Y, Souweine B, Haouache H, Goldgran-Toledano D,
Allaouchiche B, Azoulay E, Adrie C. Qutcomes in severe sepsis and patients
with septic shock: pathogen species and infection sites are not associated
with mortality. Crit Care Med. 2011;39:1886-95.

Kumar A, Roberts D, Wood KE, Light B, Parrillo JE, Sharma S, Suppes R,
Feinstein D, Zanotti S, Taiberg L, Gurka D, Kumar A, Cheang M. Duration
of hypotension before initiation of effective antimicrobial therapy is the
critical determinant of survival in human septic shock. Crit Care Med.
2006;34:1589-96.

Goldenberg S. Molecular-based diagnostics, including future trends.
Medicine. 2013;41:663-6.

Riedel S, Carroll KC. Early Identification and Treatment of Pathogens in
Sepsis: Molecular Diagnostics and Antibiotic Choice. Clin Chest Med.
2016;37:191-207.

Opota O, Croxatto A, Prod'hom G, Greub G. Blood culture-based diagnosis
of bacteraemia: state of the art. Clin Microbiol Infect. 2015;21:313-22.

Stevenson M, Pandor A, Martyn-St James M, Rafia R, Uttley L, Stevens
J, Sanderson J, Wong R, Perkins GD, McMullan R, Dark P. Sepsis: the
LightCycler SeptiFast Test MGRADE®, SepsiTestTM and IRIDICA BAC BSI
assay for rapidly identifying bloodstream bacteria and fungi-a systematic
review and economic evaluation. Health Technol Assess. 2016;20:1-246.

Patel TS, Kaakeh R, Nagel JL, Newton DW, Stevenson JG. Cost Analysis of
Implementing Matrix-Assisted Laser Desorption lonization-Time of Flight
Mass Spectrometry Plus Real-Time Antimicrobial Stewardship Intervention
for Bloodstream Infections. J Clin Microbiol. 2016;55:60-7.

Meisner M. Biomarkers of sepsis: clinically useful? Curr Opin Crit Care.
2005;11:473-80.



Akin et al.
Current Diagnosis and Treatment Approach to Sepsis

Mediterr J Infect Microb Antimicrob
2018;7:17

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Dupuy AM, Philippart F, Péan Y, Lasocki S, Charles PE, Chalumeau M,
Claessens YE, Quenot JP, Guen CG, Ruiz S, Luyt CE, Roche N, Stahl JP, Bedos
JP, Pugin J, Gauzit R, Misset B, Brun-Buisson C; Maurice Rapin Institute
Biomarkers Group. Role of biomarkers in the management of antibiotic
therapy: an expert panel review: I-currently available biomarkers for
clinical use in acute infections. Ann Intensive Care. 2013;3:22.

Simon L, Gauvin F, Amre DK, Saint-Louis P, Lacroix J. Serum procalcitonin
and C-reactive protein levels as markers of bacterial infection: a systematic
review and meta-analysis. Clin Infect Dis. 2004;39:206-17.

Ramirez P, Ferrer M, Gimeno R, Tormo S, Valencia M, Pifier R, Menendez R,
Torres A. Systemic inflammatory response and increased risk for ventilator-
associated pneumonia: a preliminary study. Crit Care Med. 2009;37:1691-5.

Harbarth S, Holeckova K, Froidevaux C, Pittet D, Ricou B, Grau GE, Vadas
L, Pugin J; Geneva Sepsis Network. Diagnostic Value of Procalcitonin,
Interleukin-6, and Interleukin-8 in Critically ill Patients Admitted with
Suspected Sepsis. Am J Respir Crit Care Med. 2001;164:396-402.

Gibot S, Kolopp-Sarda MN, Bene MC, Cravoisy A, Levy B, Faure GC, Bollaert
PE. Plasma Level of a Triggering Receptor Expressed on Myeloid Cells-1: its
Diagnostic Accuracy in Patients with Suspected Sepsis. Ann Intern Med.
2004;141:9-15.

Shozushima T, Takahashi G, Matsumoto N, Kojika M, Okamura Y, Endo
S. Usefulness of presepsin (sCD14-ST) measurements as a marker for
thediagnosis and severity of sepsis that satisfied diagnostic criteria
of systemic inflammatory response syndrome. J Infect Chemother.
2011;17:764-9.

Benz F, Roy S, Trautwein C, Roderburg C, Luedde T. Circulating microRNAs
as biomarkers for sepsis. Int J Mol Sci. 2016;17:E78.

Liu VX, Fielding-Singh V, Greene JD, Baker JM, Ilwashyna TJ, Bhattacharya J,
Escobar GJ. The Timing of Early Antibiotics and Hospital Mortality in Sepsis.
Am J Respir Crit Care Med. 2017;196:856-63.

Whiles BB, Deis AS, Simpson SQ. Increased Time to Initial Antimicrobial
Administration Is Associated With Progression to Septic Shock in Severe
Sepsis Patients. Crit Care Med. 2017;45:623-9.

Kumar A, Ellis P, Arabi Y, Roberts D, Light B, Parrillo JE, Dodek P, Wood
G, Kumar A, Simon D, Peters C, Ahsan M, Chateau D; Cooperative
Antimicrobial Therapy of Septic Shock Database Research Group. Initiation
of Inappropriate Antimicrobial Therapy Results in a Fivefold Reduction of
Survival in Human Septic Shock. Chest. 2009;136:1237-48.

Degoricija V, Sharma M, Legac A, Gradiser M, Sefer S, Vucicevi¢ Z. Survival
analysis of 314 episodes of sepsis in medical intensive care unit in university
hospital: impact of intensive care unit performance and antimicrobial
therapy. Croat Med J. 2006;47:385-97.

Fraser A, Paul M, Almanasreh N, Tacconelli E, Frank U, Cauda R, Borok S,
Cohen M, Andreassen S, Nielsen AD, Leibovici L, TREAT Study Group. Benefit
of Appropriate Empirical Antibiotic Treatment: Thirty-day Mortality and
Duration of Hospital Stay. Am J Med. 2006;119:970-6.

Rhodes A, Evans LE, Alhazzani W, Levy MM, Antonelli M, Ferrer R, Kumar
A, Sevransky JE, Sprung CL, Nunnally ME, Rochwerg B, Rubenfeld GD,
Angus DC, Annane D, Beale RJ, Bellinghan GJ, Bernard GR, Chiche JD,
Coopersmith C, De Backer DP, French CJ, Fujishima S, Gerlach H, Hidalgo
JL, Hollenberg SM, Jones AE, Karnad DR, Kleinpell RM, Koh Y, Lisboa TC,
Machado FR, Marini JJ, Marshall JC, Mazuski JE, McIntyre LA, McLean AS,
Mehta S, Moreno RP, Myburgh J, Navalesi P, Nishida O, Osborn TM, Perner
A, Plunkett CM, Ranieri M, Schorr CA, Seckel MA, Seymour CW, Shieh L,
Shukri KA, Simpson SQ, Singer M, Thompson BT, Townsend SR, Van der Poll
T, Vincent JL, Wiersinga WJ, Zimmerman JL, Dellinger RP. Surviving Sepsis
Campaign: International Guidelines for Management of Sepsis and Septic
Shock: 2016. Crit Care Med. 2017;45:486-552.

Burnham JP, Lane MA, Kollef MH. Impact of Sepsis Classification and
Multidrug-Resistance Status on Outcome Among Patients Treated With
Appropriate Therapy. Crit Care Med. 2015;43:1580-6.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

Paul M, Lador A, Grozinsky-Glasberg S, Leibovici L. Beta lactam antibiotic
monotherapy versus beta lactam-aminoglycoside antibiotic combination
therapy for sepsis. Cochrane Database Syst Rev. 2014:CD003344.

Brunkhorst FM, Oppert M, Marx G, Bloos F, Ludewig K, Putensen C, Nierhaus
A, Jaschinski U, Meier-Hellmann A, Weyland A, Griindling M, Moerer O,
Riessen R, Seibel A, Ragaller M, Biichler MW, John S, Bach F, Spies C, Reill
L, Fritz H, Kiehntopf M, Kuhnt E, Bogatsch H, Engel C, Loeffler M, Kollef
MH, Reinhart K, Welte T; German Study Group Competence Network Sepsis
(SepNet). Effect of empirical treatment with moxifloxacin and meropenem
vs meropenem on sepsis-related organ dysfunction in patients with severe
sepsis: a randomized trial. JAMA. 2012;307:2390-9.

Kumar A, Zarychanski R, Light B, Parrillo J, Maki D, Simon D, Laporta D,
Lapinsky S, Ellis P, Mirzanejad Y, Martinka G, Keenan S, Wood G, Arabi
Y, Feinstein D, Kumar A, Dodek P, Kravetsky L, Doucette S; Cooperative
Antimicrobial Therapy of Septic Shock (CATSS) Database Research Group.
Early combination antibiotic therapy yields improved survival compared
with monotherapy in septic shock: A propensity-matched analysis. Crit
Care Med. 2010;38:1773-85.

Alhashem F, Tiren-Verbeet NL, Alp E, Doganay M. Treatment of sepsis:
What is the antibiotic choice in bacteremia due to carbapenem resistant
Enterobacteriaceae? World J Clin Cases. 2017;5:324-32.

Delannoy PY, Boussekey N, Devos P, Alfandari S, Turbelin C, Chiche A,
Meybeck A, Georges H, Leroy O. Impact of combination therapy with
aminoglycosides on the outcome of ICU-acquired bacteraemias. Eur J Clin
Microbiol Infect Dis. 2012;3:2293-9.

Micek ST, Welch EC, Khan J, Pervez M, Doherty JA, Reichley RM, Kollef
MH. Empiric combination antibiotic therapy is associated with improved
outcome against sepsis due to Gram-negative bacteria: a retrospective
analysis. Antimicrob Agents Chemother. 2010;54:1742-8.

Barza M, loannidis JP, Cappelleri JC, Lau J. Single or multiple daily doses of
aminoglycosides: a meta-analysis. BMJ. 1996;312:338-45.

Central Asian and Eastern European Surveillance of Antimicrobial Resistance
(CAESAR). Annual Report 2017. World Health Organization;2017.

Liu C, Bayer A, Cosgrove SE, Daum RS, Fridkin SK, Gorwitz RJ, Kaplan SL,
Karchmer AW, Levine DP, Murray BE, J Rybak M, Talan DA, Chambers HF;
Infectious Diseases Society of America. Clinical Practice Guidelines by the
Infectious Diseases Society of America for the Treatment of Methicillin-
Resistant Staphylococcus aureus Infections in Adults and Children. Clin
Infect Dis. 2011;52:18-55.

Pappas PG, Kauffman CA, Andes D, Benjamin DK Jr, Calandra TF, Edwards
JE Jr, Filler SG, Fisher JF, Kullberg BJ, Ostrosky-Zeichner L, Reboli AC, Rex
JH, Walsh TJ, Sobel JD; Infectious Diseases Society of America. Clinical
practice guidelines for the management of candidiasis: 2009 update by
the Infectious Diseases Society of America. Clin Infect Dis 2009;48:503-35.

Zhou J, Qian C, Zhao M, Yu X, Kang Y, Ma X, Ai Y, Xu Y, Liu D, An Y, Wu D,
Sun R, LiS,Hu Z, Cao X, Zhou F, Jiang L, Lin J, Mao E, Qin T, He Z, Zhou L, Du
B; China Critical Care Clinical Trials Group. Epidemiology and Outcome of
Severe Sepsis and Septic Shock in Intensive Care Units in Mainland China.
PLoS One. 2014;9:e107181.

Gupta S, Sakhuja A, Kumar G, McGrath E, Nanchal RS, Kashani KB.
Culture-Negative Severe Sepsis: Nationwide Trends and Outcomes. Chest.
2016;150:1251-9.

Rhodes NJ, MacVane SH, Kuti JL, Scheetz MH. Impact of loading doses on
the time to adequate predicted beta-lactam concentrations in prolonged
and continuous infusion dosing schemes. Clin Infect Dis. 2014;59:905-7.

Abdul-Aziz MH, Sulaiman H, Mat-Nor MB, Rai V, Wong KK, Hasan MS, Abd
Rahman AN, Jamal JA, Wallis SC, Lipman J, Staatz CE, Roberts JA. Beta-
Lactam Infusion in Severe Sepsis (BLISS): a prospective, two-centre, open-
labelled randomised controlled trial of continuous versus intermittent
beta-lactam infusion in critically ill patients with severe sepsis. Intensive
Care Med. 2016;42:1535-45.



Mediterr J Infect Microb Antimicrob

Akin et al.

2018;7:17 Current Diagnosis and Treatment Approach to Sepsis
95. Dulhunty JM, Roberts JA, Davis JS, Webb SA, Bellomo R, Gomersall C, 109. Goodlet KJ, Nicolau DP, Nailor MD. Ceftolozane/tazobactam and
Shirwadkar C, Eastwood GM, Myburgh J, Paterson DL, Lipman J. Continuous ceftazidime/avibactam for the treatment of complicated intra-abdominal
infusion of beta-lactam antibiotics in severe sepsis: a multicenter double- infections. Ther Clin Risk Manag. 2016;12:1811-26.
blind, randomized controlled trial. Clin Infect Dis. 2013;56:236-44. 110. Liscio JL, Mahoney MV, Hirsch EB. Ceftolozane/tazobactam and ceftazidime/

96. Hochreiter M, Kdhler T, Schweiger AM, Keck FS, Bein B, von Spiegel avibactam: two novel beta-lactam/beta-lactamase inhibitor combination
T, Schroeder S. Procalcitonin to guide duration of antibiotic therapy in agents for the treatment of resistant Gram-negative bacterial infections.
intensive care patients: a randomized prospective controlled trial. Crit Int J Antimicrob Agents. 2015;46:266-71.

Care. 2009;13:R83. 111. AstraZeneca AB. 2016. Zavicefta package insert. AstraZeneca AB, Sodertilje,

97. Kopterides P, Siempos I, Tsangaris |, Tsantes A, Armaganidis A. Sweden. Last accessed date: 05.04.2018. Available from: http://www.ema.
Procalcitonin-guided algorithms of antibiotic therapy in the intensive europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/
care unit: A systematic review and meta-analysis of randomized controlled human/004027/WC500210234.pdf
trials. Crit Care Med. 2010;38:2229-41. 112. Van Duin D, Bonomo RA. Ceftazidime/Avibactam and Ceftolozane/

98. Davey P, Wilcox MH, Irving W, Thwaites G. Resistance to antimicrobial Tazobactam:  Second-generation  B-Lactam/B-Lactamase  Inhibitor
agents. In: Antimicrobial Chemotherapy 7th ed. Oxford; 2015:90-119. Combinations. Clin Infect Dis. 2016;63:234-41.

99. Tirkiye Halk Saghg Kurumu. Ulusal Hastane Enfeksiyonlari Siirveyans 113. Satlin MJ, Chen L, Patel G, Gomez-Simmonds A, Weston G, Kim AC, Seo
A§ (UHESA) Ozet Raporu, Antimikrobiyal Direng¢ Oranlari. 2016. Last SK, Rosenthal ME, Sperber SJ, Jenkins SG, Hamula CL, Uhlemann AC, Levi
accessed date: 04.05.2018. Available from: https://www.researchgate. MH, Fries BC, Tang YW, Juretschko S, Rojtman AD, Hong T, Mathema B,
net/publication/322854736_ULUSAL_HASTANE_ENFEKSIYONLARI_ Jacobs MR, Walsh TJ, Bonomo RA, Kreiswirth BN. Multicenter Clinical and
SURVEYANS_AGI_OZET_RAPORU_2016 Molecular Epidemiological Analysis of Bacteremia Due to Carbapenem-

100. Alp E, Percin D, Colakoglu S, Durmaz S, Kirkeii CA, Ekincioglu P, Giines Resistant I:fnt.erobacteriaceae (CRE) in the CRE Epicenter of the United

o . . States. Antimicrob Agents Chemother. 2017:61.
T. Molecular characterization of carbapenem-resistant Klebsiella
pneumoniae in a tertiary university hospital in Turkey. J Hosp Infect. 114. van Duin D, Lok JJ, Earley M, Cober E, Richter SS, Perez F, Salata RA,
2013:84:178-80. Kalayjian RC, Watkins RR, Doi Y, Kaye KS, Fowler VG Jr, Paterson DL,

101. Kuskucu MA, Karakullukeu A, Ailiken M, Otlu B, Mete B, Aygun G. Bonomo RA, Evans 5; Antibacterial Resistance Leadership Group. Colistin

Investigation of carbapenem resistance and the first identification of versus Ceftaudwrle—Awbactam n the Treatment of Infectmns Due to
. . L , Carbapenem-Resistant Enterobacteriaceae. Clin Infect Dis. 2018;66:163-
Klebsiella pneumoniae carbapenemase (KPC) enzyme among Escherichia coli 7
isolates in Turkey: A prospective study. Travel Med Infect Dis. 2016;14:572-6. '
102. Cakar A, Akyon Y, Gir D, Karatuna O, Oéijng: D, Ozhak Baysan B, Coplu 115. Jacob§ DM' Di Tursi S, Ruh €, Sharma R C|6.IUS b BanJ.a(.ie R Bao 66,
. ! N . Combination treatment with extended-infusion ceftazidime/avibactam
N, Cagatay M, Kilic A, Baysallar M, Bakici Z, Celik C, Gulay Z, Aydemir S, . . . . .

. o for a KPC-3-producing Klebsiella pneumoniae bacteraemia in a kidney and
Tanger A, Kilic H, Ercal BD, Asci Toraman Z, Zer Y, Bilylktas A, Ay 5, Aktas Z, pancreas transplant patient. Int J Antimicrob Agents. 2016;48:225-7.
Kayacan C, Bayramoglu G, Aydin F, Diindar D, Hasdemir U, Ayas R, Yanik K, ) '

Ginaydin M, Guidiiciioglu H, Parlak M. Investigation of carbapenemases in 116. Castén JJ, De la Torre A, Ruiz-Camps |, Sorli ML, Torres V, Torre-Cisneros
carbapenem-resistant Escherichia coli and Klebsiella pneumoniae strains J. Salvage Therapy with Ceftolozane-Tazobactam for Multidrug-Resistant
isolated in 2014 in Turkey. Mikrobiyol Bul. 2016;50:21-33. Pseudomonas aeruginosa Infections. Antimicrob Agents Chemother.

103. Sari AN, Siiziik S, Karatuna 0, Ogiin¢ D, Karakog AE, Cizmeci Z, Aliskan 2017:61.

HE, Cmert F, Bakici MZ, Akpolat N, Cilli FF, Zer Y, Karatas A, Akgiin 117. Hahn AW, Jain R, Spach DH. New Approaches to Antibiotic Use and
Karapinar B, Bayramoglu G, Ozdamar M, Kalem F, Delialioglu N, Aktas E, Review of Recently Approved Antimicrobial Agents. Med Clin North Am.
Yiimaz N, Giircan S, Giilay Z. Results of a multicenter study investigating 2016;100:911-26.

plasmid mediated colistin resistance genes (mer-1 and mer-2) in clinical 118. Haase N, Perner A, Hennings LI, Siegemund M, Lauridsen B, Wetterslev
Enterobacteriaceae isolates from Turkey. Mikrobiyol Bul. 2017;51:299-303. M, Wetterslev J. Hydroxyethylstarch 130/0.38-0.45 versus crystalloid or

104. Saltoglu N, Karali R, Yemisen M, Ozaras R, Balkan II, Mete B, Tabak F, Mert albumin in patients with sepsis: systematic review with meta-analysis and
A, Hondur N, Ozturk R. Comparison of community-onset healthcare- trial sequential analysis. BMJ. 2013;346:839.
associated and hospital-acquired urinary infections caused by extended- 119. Corea TD, Calvalcanti AB, Assuncao MS. Balanced crystalloids for septic
spectrum beta-lactamase-producing Escherichia coli and antimicrobial shock resuscitation. Rev Bras Ter Intensiva. 2016;28:463-71.
activities. Int J Clin Pract. 2015/69:766-70. 120. Yunos NM, Bellomo R, Hegarty C, Story D, Ho L, Bailey M. Association

105. Fluit AC, Wielders CL, Verhoef J, Schmitz FJ. Epidemiology and between a chloride-liberal vs chloride-restrictive intravenous fluid
Susceptibility of 3,051 Staphylococcus aureus Isolates from 25 University administration strategy and kidney injury in critically ill adults. JAMA.
Hospitals Participating in the European SENTRY Study. J Clin Microbiol. 2012;308:1566-72.
2001;39:3727-32. . .

121. Zhou F, Peng ZY, Bishop JV, Cove ME, Singbartl K, Kellum JA. Effects

106. O'Driscoll T, Crank CW. Vancomycin-resistant enterococcal infections: of fluid resuscitation with 0.9% saline versus a balanced electrolyte
epidemiology, clinical manifestations and optimal managemant. Infect solution on acute kidney injury in a rat model of sepsis. Crit Care Med.
Drug Resist. 2015;8:217-30. 2014;42:270-8.

107. Kazak E, Akin H, Ener B, Sigirli D, Ozkan O, Giircioglu E, Yilmaz E, Celebi 122. Xu JY, Chen QH, Xie JF, Pan C, Liu SQ, Huang LW, Yang CS, Liu L, Huang
S, Akcaglar S, Akalin H. An investigation of Candida species isolated YZ, Guo FM, Yang Y, Qiu HB. Comparison of the effects of albumin
from blood cultures during 17 years in a university hospital. Mycoses. and crystalloid on mortality in adult patients with severe sepsis and
2014;57:623-9. septic shock: a meta-analysis of randomized clinical trials. Crit Care.

108. Alatoom A, Elsayed H, Lawlor K, AbdelWareth L, El-Lababidi R, Cardona L, 2014:18:702.

Mooty M, Bonilla MF, Nusair A, Mirza I. Comparison of antimicrobial activity 123. Patel A, Laffan MA, Waheed U, Brett SJ. Randomised trials of

between ceftolozane-tazobactam and ceftazidime-avibactam against
multidrug-resistant isolates of Escherichia coli, Klebsiella pneumoniae, and
Pseudomonas aeruginosa. Int J Infect Dis. 2017;62:39-43.

human albumin for adults with sepsis: systematic review and meta-
analysis with trials equential analysis of all-cause mortality. BMJ.
2014;349:4561.



Akin et al.
Current Diagnosis and Treatment Approach to Sepsis

Mediterr J Infect Microb Antimicrob
2018;7:17

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

Jiang L, Jiang S, Zhang M, Zheng Z, Ma Y. Albumin versus other fluids
for fluid resuscitation in patients with sepsis: a meta-analysis. PLoS One
2014;9:€114666.

Silversides JA, Major E, Ferguson AJ, Mann EE, McAuley DF, Marshall JC,
Blackwood B, Fan E. Conservative fluid management or deresuscitation
for patients with sepsis or acute respiratory distress syndrome following
the resuscitation phase of critical illness: a systematic review and meta-
analysis. Intensive Care Med. 2017;43:155-70.

Suffredini AF. A role for hydrocortisone therapy in septik shock? N Engl J
Med. 2018;378:860-1.

Annane D, Renault A, Brun-Buisson C, Megarbane B, Quenot JP, Siami S,
Cariou A, Forceville X, Schwebel C, Martin C, Timsit JF, Misset B, Ali Benali
M, Colin G, Souweine B, Asehnoune K, Mercier E, Chimot L, Charpentier
C, Francois B, Boulain T, Petitpas F, Constantin JM, Dhonneur G, Baudin
F, Combes A, Bohé J, Loriferne JF, Amathieu R, Cook F, Slama M, Leroy O,
Capellier G, Dargent A, Hissem T, Maxime V, Bellissant E; CRICS-TRIGGERSEP
Network. Hydrocortisone plus fludrocortisone for adult with septic shock.
N Engl J Med. 2018;378:809-18.

Marik PE, Khangoora V, Rivera R, Hooper MH, Catravas J. Hydrocortisone,
vitamin C, and thiamine for the treatment of severe sepsis and septic
shock: a retrospectie before-after study. Chest 2017;151:1229-38.

Morelli A, Ertmer C, Westphal M, Rehberg S, Kampmeier T, Ligges S,
Orecchioni A, D'Egidio A, D'lppoliti F, Raffone C, Venditti M, Guarracino
F, Girardis M, Tritapepe L, Pietropaoli P, Mebazaa A, Singer M. Effect of
heart rate control with esmolol on hemodynamic and clinical outcomes
in patients with septic shock: a randomized clinical trial. JAMA.
2013;310:1683-91.

Orbegozo Cortes D, Njimi H, Dell’Anna AM, Taccone FS. Esmolol for septic
shock: more than just heart control? Minerva Anesthesiol. 2014;80:254-8.

Marshall JC, Al Nagbi A. Principles of source control in the management of
sepsis. Crit Care Clin. 2009;25:753-68.

Solomkin JS, Mazuski JE, Bradley JS, Rodvold KA, Goldstein EJ, Baron EJ,
O'Neill PJ, Chow AW, Dellinger EP, Eachempati SR, Gorbach S, Hilfiker M,
May AK, Nathens AB, Sawyer RG, Bartlett JG. Diagnosis and management
of complicated intra abdominal infection in adults and children: guidelines
by the Surgical Infection Society and the Infectious Diseases Society of
America. Surg Infect (Larchmt). 2010;11:79-109.

Jimenez MF, Marshall JC; International Sepsis Forum. Source control in the
management of sepsis. Intensive Care Med. 2001;27(Suppl 1):49-62.

Marshall JC, Maier RV, Jimenez M, Dellinger EP. Source control in the
management of severe sepsis and septic shock: An evidence-based review.
Crit Care Med. 2004;32:513-26.

Azuhata T, Kinoshita K, Kawano D, Komatsu T, Sakurai A, Chiba Y, Tanjho K.
Time from admission to initiation of surgery for source control is a critical
determinant of survival in patients with gastrointestinal perforation with
associated septic shock. Crit Care. 2014;18:R87.

Olmos C, Vilacosta |, Fernandez C, Lopez J, Sarria C, Ferrera C, Revilla A,
Silva J, Vivas D, Gonzélez I, San Roman JA. Contemporary epidemiology

137.

138.

139.

140.

141.

142.

143.

144.

145.

and prognosis of septic shock in infective endocarditis. Eur Heart J.
2013;34:1999-2006.

Dellinger RP, Levy MM, Rhodes A, Annane D, Gerlach H, Opal SM, Sevransky
JE, Sprung CL, Douglas IS, Jaeschke R, Osborn TM, Nunnally ME, Townsend
SR, Reinhart K, Kleinpell RM, Angus DC, Deutschman CS, Machado
FR, Rubenfeld GD, Webb SA, Beale RJ, Vincent JL, Moreno R; Surviving
Sepsis Campaign Guidelines Committee including the Pediatric Subgroup.
Surviving sepsis campaign: international guidelines for management of
severe sepsis and septic shock: 2012. Crit Care Med. 2013;41:580-637.

Bloos F, Thomas-Riiddel D, Riddel H, Engel C, Schwarzkopf D, Marshall
JC, Harbarth S, Simon P, Riessen R, Keh D, Dey K, Wei8 M, Toussaint S,
Schédler D, Weyland A, Ragaller M, Schwarzkopf K, Eiche J, Kuhnle G,
Hoyer H, Hartog C, Kaisers U, Reinhart K; MEDUSA Study Group. Impact of
compliance with infection management guidelines on outcome in patients
with severe sepsis: a prospective observational multi center study. Crit
Care. 2014;18:R42.

Moss RL, Musemeche CA, Kosloske AM. Necrotizing fasciitis in children:
prompt recognition and aggressive therapy improve survival. J Pediatr
Surg. 1996;31:1142-6.

Wong CH, Chang HC, Pasupathy S, Khin LW, Tan JL, Low CO. Necrotizing
fasciitis: clinical presentation, microbiology, and determinants of mortality.
J Bone Joint Surg Am. 2003;85:1454-60.

Chao WN, Tsai CF, Chang HR, Chan KS, Su CH, Lee YT, Ueng KC, Chen
CC, Chen SC, Lee MC. Impact of timing of surgery on outcome of Vibrio
vulnifius related necrotizing fasciitis. Am J Surg. 2013;206:32-9.

Karvellas CJ, Abraldes JG, Zepeda Gomez S, Moffat DC, Mirzanejad Y,
Vazquez-Grande G, Esfahani EK, Kumar A; Cooperative Antimicrobial
Therapy of Septic Shock (CATSS) Database Research Group. The
impact of delayed biliary decompression and antimicrobial therapy
in 260 patients with cholangitis associated septic shock. Aliment
Pharmacol.2016;44:755-66.

Mermel LA, Allon M, Bouza E, Craven DE, Flynn P, O'Grady NP, Raad II,
Rijnders BJ, Sherertz RJ, Warren DK. Clinical practice guidelines for the
diagnosis and management of intravascular catheter related infection:
2009 update by the Infectious Diseases Society of America. Clin Infect Dis.
2009;49:1-45.

Munford RS, Suffredini AF. Sepsis, Severe Sepsis, and Septic Shock. In:
Mandell GL, Bennett JE, Dolin R (eds). Mandell, Douglas, and Bennett's
Principles and Practice of Infectious Diseases. 8th ed. Philadelphia:
2015;1:914-34.

van de Beek D, Cabellos C, Dzupova O, Esposito S, Klein M, Kloek AT, Leib
SL, Mourvillier B, Ostergaard C, Pagliano P, Pfister HW, Read RC, Sipahi
OR, Brouwer MC; ESCMID Study Group for Infections of the Brain (ESGIB).
ESCMID guideline: diagnosis and treatment of acute bacterial meningitis.
Clin Microbiol Infect. 2016;22(Suppl 3):37-62.



