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Abstract: Sepsis is a condition, which arises when the host response to infection causes organ

dysfunction. The sepsis definition has been reworked with fundamental changes in basic terminology of this

condition. The Sepsis-3 task force derived diagnostic criteria for sepsis from a large database consisting of

148,907 patients with suspected infection. The definition of septic shock has been derived from a meta-

analysis to define a subgroup of sepsis patient with an increased risk of death more than sepsis alone. The

Surviving Sepsis Campaign (SSC) has updated their recommendations for sepsis diagnosis and therapy.

Early and adequate antimicrobial therapy, fluid resuscitation using crystalloids, and maintaining arterial

blood pressure with norepinephrine remain the cornerstones of initial sepsis therapy. The concept of early

goal directed therapy (EGDT) has been abandoned. In addition, the SSC-guidelines make comprehensive

recommendations regarding the management of sepsis patients on the intensive care unit (ICU). Several

treatment strategies tried to address the systemic inflammation as one of the underlying mechanism for the

development of the multiorgan dysfunction syndrome. This inflammatory host response in sepsis may be

addressed by treatment with hydrocortisone, immunoglobulins, and cytokine removal techniques. Of these,

only low-dose hydrocortisone is recommended in patients with septic shock unresponsive to resuscitation.
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Introduction

Sepsis is a condition, which arises when the host response
to infection causes organ dysfunction. Sepsis related organ
dysfunction is a frequent cause of death (1) and disability in
survivors (2). Sepsis is also a frequent disease. The incidence
was estimated in a recent meta-analysis to 270 severe sepsis
cases/100,000 person years with a mortality of 26% (3).
The authors of this meta-analysis noted that population
based data were only available from high-income areas
(United States, Germany, Australia, Taiwan, Norway, Spain,
and Sweden). Thus, authoritative epidemiological data
from low- and middle-income areas representing more
than 80% of the global population are missing (3). Reliable
epidemiological data are essential to assess the efficiency
of quality improvement programs and national treatment
initiatives (4). The problem of missing population based
epidemiological data has recently been mentioned also for
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China. It’s population of about 1.3 and 0.25 billion floating
population rises severe methodological issues for obtaining
such data (5).

Current data suggest that sepsis mortality has decreased
over the last decades (6,7). Such reports are not without
criticism. An increased vigilance for sepsis may over time
cause physicians to diagnose sepsis more often also in
patients with low risk of death. Thus, observations over time
might be confounded by a change in patient severity rather
than an improved therapy. This effect is known as the Will
Rogers phenomenon or stage migration (8). In addition,
sepsis mortality may differ significantly between countries
and health care systems; i.e., sepsis mortality in European
countries is higher than in the United States which was
attributed to differences in intensive care (1,9). Sepsis
mortality in China had been up to 70% in rural parts of the
country where access to health care is limited. Distribution

of the Surviving Sepsis Campaign (SSC)-guidelines in China
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was associated with a marked decrease in sepsis mortality
especially in rural areas (10). The study did not differentiate
between sepsis, severe sepsis, and septic shock. Thus, it is
no possible to differentiate whether change in therapy, early
sepsis diagnosis, or both are responsible for the decrease in
mortality. The success of SSC guideline implementation in
case of low guideline compliance had also been observed in
Brazil (11,12). Distributing and implementing knowledge
about current guidelines is a crucial part in maintaining
adequate care of sepsis patients.

Recently, expert committees have changed many details
in the sepsis approach. The sepsis definition has been
reworked in a way that basic terminology of this condition
now differs significantly from the definition implemented in
clinical practice (13). In addition, the SSC has updated their
recommendations for sepsis diagnosis and therapy (14). This
review article summarizes the new developments in sepsis
definition and in the approach for diagnosis and treatment
of sepsis care.

Definition of sepsis
Sepsis-1

The first definition of sepsis has been published by the
SCCM/ACCP consensus conference committee in
1992 (15). The committee introduced the term systemic
inflammatory response syndrome (SIRS). SIRS was
supposed to describe the inflammatory response not only
seen in sepsis but in many other non-infectious diseases.
Sepsis then was defined as systemic inflammatory response
to infection. When sepsis occurred with organ dysfunction,
it was called severe sepsis. Septic shock was defined as
sepsis induced arterial hypotension despite adequate fluid
resuscitation combined with the presence of perfusion
abnormalities. This SCCM/ACCP definition of sepsis
facilitated clinical sepsis research for decades by allowing
the selection of comparable patient populations.

Sepsis-2

Results of a second consensus conference were published in
2001 (16). The authors mentioned sequential organ failure
assessment (SOFA) as a potential definition of infection
associated organ dysfunction without giving further advise
for the application of such a scoring system. Septic shock
was defined as persistent arterial hypotension unexplained
by other causes, only. The original requirement of perfusion
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abnormalities mentioned in the Sepsis-1 definition
disappeared. Additionally, the committee presented a
possible staging system which they called PIRO. PIRO
stands for predisposition, insult infection, response, and
organ dysfunction. For each of the four domains, the
authors presented factors possibly affecting course and
outcome of sepsis. Although the PIRO-system was further
investigated over the following years, PIRO did not find
acceptance in clinical practice.

Sepsis-3

The previous two sepsis definitions relied on the concept
of SIRS. However, this concept was soon criticized as being
too unspecific for having any diagnostic value (17). Indeed,
many patients admitted to the intensive care unit ICU)
fulfil two SIRS criteria without having sepsis (18). Almost
half of ICU patients develop SIRS at least once during their
ICU stay (19).

Sepsis-1 and Sepsis-2 were developed based on expert
opinion only. To overcome the shortcomings of such
an approach, the Sepsis-3 task force applied scientific
methods to develop new sepsis definitions in two steps:
(I) diagnostic criteria for sepsis were derived from a large
database consisting of 148,907 patients with suspected
infection. When determining the prognostic capability
to predict in-hospital mortality, SOFA had a higher
predictive validity than SIRS (20). The terms severe sepsis,
SIRS, and sepsis syndrome were then eliminated from the
diagnostic sepsis criteria. Sepsis now replaces the former
severe sepsis while organ dysfunction is now represented
by the SOFA-score (13); (II) the definition of septic shock
has been derived from a meta-analysis to define a subgroup
of sepsis patient with an increased risk of death more than
sepsis alone. This meta-analysis confirmed the original
septic shock definition combining arterial hypotension and
perfusion abnormalities now measured by serum lactate (21).
The diagnostic criteria of Sepsis-3 are summarized in Table 1.

Determination of the SOFA-score is time consuming
and requires laboratory assessments. SOFA-score may
not be promptly available in the emergency department
or the normal ward. Therefore, the consensus committee
introduced the quick SOFA score (QSOFA) as a screening
tool. The qSOFA consists of three items: (I) altered
mental status; (II) tachypnea >22 breaths/min; (III) arterial
hypotension (systolic blood pressure <100 mmHg). The
qSOFA is positive if at least two items are fulfilled (13).
The qSOFA has a lower predictive validity of in-hospital
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Table 1 Old and new definition of sepsis
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Term Sepsis-1 Sepsis-2 Sepsis-3
SIRS At least two of the following conditions: As Sepsis-1, future SIRS diagnosis by  Abandoned
(I) temperature >38 °C or <36 °C; (ll) heart biochemical features suggested
rate >90/min; (1ll) respiratory rate >20/min
or PaCO, <32 mmHg; (IV) WBC >12,000
or <4,000 or >10% immature (band)
forms
Sepsis SIRS induced by infection Presence of both infection and Acute change in total SOFA

Severe sepsis

Septic shock

Sepsis associated with organ, hypo
perfusion, or hypotension

Sepsis induced arterial hypotension
(systolic arterial pressure <90 mmHg
or reduction in systolic blood pressure
of =40 mm Hg from baseline) despite

adequate fluid resuscitation and presence

of perfusion abnormalities

systemic inflammatory response (6
main diagnostic criteria)

Use Multiple organ dysfunction score
or SOFA-score

Systolic arterial pressure <90 mmHg,
an MAP <60, or a reduction in systolic
blood pressure of 40 mmHg from
baseline, despite adequate volume
resuscitation, in the absence of other
causes for hypotension

score of at least 2 points
associated with infection

Abandoned

Sepsis with persisting
hypotension requiring
vasopressors to maintain MAP
>65 mmHg and having a serum
lactate level >2 mmol/L despite
adequate volume resuscitation

Sepsis-1, ACCP/SCCM consensus conference from 1992 (15); Sepsis-2, SCCM/ESICM/ACCP/ATS/SIS International Sepsis Definitions
Conference from 2001 (16); Sepsis-3, international consensus conference from 2015 (13). MAP, mean arterial pressure; SIRS, systemic
inflammatory response syndrome; SOFA, sequential organ failure assessment; WBC, white blood cell count.

mortality than the SOFA-score but is much easier to
handle (20). The qSOFA was sometimes misinterpreted
as a replacement for the now abandoned SIRS. This is
not the case. In fact, the gSOFA is not part of the Sepsis-3
definition and does not diagnose sepsis. Many non-
infectious conditions such as hypovolemia, heart failure and
pulmonary embolism go along with more than two gSOFA-
points (22). A positive gSOFA in combination with an acute
infection should rather prompt the physician to consider a
transfer to the ICU, to more closely look after the source
of infection, and to consider fast initiation of antimicrobial
therapy. This concept of identifying high risk patients by
using the qSOFA has been also confirmed in other patient
populations (23,24).

Diagnostic workflow

According to the sepsis definition, diagnosis of sepsis
consists of the diagnosis of infection and associated organ
dysfunction. Thus, acute organ dysfunction must always
be outruled when new infection is suspected. The SSC
recommends hospital-wide sepsis performance improvement
programs to facilitate early sepsis recognition (14). Outside
the ICU, the qSOFA is an appropriate tool to assess the
risk of the patient. If acute organ dysfunction is present,
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the patient is at a higher risk of death and ICU admission
should be considered. Therapeutic measures such as
antimicrobial therapy, hemodynamic resuscitation and
breathing support have to be initiated in parallel to the
diagnostic workup.

Vice versa, a new infection needs to be outruled in any
case of new onset of organ dysfunction. Basic diagnostic
procedures to diagnose infection in patients with suspected
sepsis consist of searching for the site of infection and
identifying the underlying pathogen (25). At least two sets
of blood cultures should be obtained before antimicrobial
therapy is started. In addition, microbiological samples need
to be taken from the suspected site of infection. The site of
infection needs to be confirmed. Imaging techniques such
as ultrasonography, X-ray, or CT-scans are used for this
purpose. Imaging studies are also important to indicate an
interventional or surgical source control in addition to the
antimicrobial therapy. Depending on the patient condition, it
may be justified to perform a complete CT=scan of the chest
and abdomen including oral and intravenous contrast (26).

Biomarkers

The SSC recommendations clearly state that antimicrobial
therapy is a lifesaving therapy for sepsis patients. It is
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also pointed out that patients with systemic inflammation
without infection should not receive antimicrobial therapy.
The identification of patients with acute organ dysfunction
in need of antibiotic therapy is not always obvious (14).
Several biomarkers have been investigated to further
guide the physician in this diagnostic approach (27).
Procalcitonin is seen as the best investigated biomarker to
differentiate infectious from non-infectious inflammatory
states. Indeed, diagnostic accuracy for this differentiation
has been shown to be fairly good (28). Other biomarkers
such as interleukin-6, sSTREM-1, SUPAR, presepsin etc.
with less supportive studies have also been proposed to add
clinical significance to the clinical assessment. However,
no single biomarker so far allows a rapid and reliable
discrimination between sepsis and infection without
infection. Furthermore, the currently available biomarkers
seem to be unreliable if viruses or fungi are the underlying
pathogens of sepsis (27). In this context, the SSC-guidelines
are cautious to generally recommend biomarkers for the
application in patients with suspected sepsis. It is stated
that biomarkers can only give an additional aid to the
clinical assessment of the physician. Procalcitonin might
be used to identify those patients on systemic antibiotics
where infection is unlikely and antimicrobial therapy can be
stopped early (14). Another application of PCT in clinical
practice would be to shorten duration of antimicrobial
therapy in patients with sepsis (29).

Therapy of sepsis
Anti-infectious management

Early and adequate antimicrobial therapy is the cornerstone
of the anti-infective therapy in sepsis. The SSC guidelines
give several recommendations regarding antimicrobial
therapy in sepsis, all of which have a low quality of evidence
and low grade of recommendation. Broad empirical
antimicrobial therapy should be administered as soon as
possible after at least two sets of blood cultures have been
obtained. Timing is crucial for this patient population as
mortality increases when antimicrobial therapy is delayed
(30,31). The SSC recommends to apply the first dosage of
antibiotics within one hour after sepsis diagnosis (14). Broad
spectrum coverage is also necessary since inappropriate
antimicrobial therapy is associated with a significant
increase in mortality (32). In general, broad-spectrum
carbapenems (i.e., meropenem, imipenem/cilastatin or
doripenem) or extended-range penicillin/p-lactamase
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inhibitor combination (i.e., piperacillin/tazobactam or
ticarcillin/clavulanate) can be recommended as first choice
drugs. Third- or higher-generation cephalosporins may also
be considered (14).

Patients with a very high risk of mortality such as septic
shock should receive a multidrug therapy to broaden the
antimicrobial spectrum. However, combination therapy
should be avoided in no-shock sepsis (33,34). Whenever
a combination therapy is chosen, choice of antibiotics
should be reconsidered as soon as possible. Therapeutic
drug monitoring is recommended for fluoroquinolones,
aminoglycosides, and vancomycin. Changes of renal drug
clearance and distribution volume in sepsis patients may
otherwise limit clinical success rate of anti-infectious therapy
and may also increase rate of adverse drug reactions (35).

Empiric antimicrobial therapy should be narrowed as
soon as the underlying pathogen and its resistance pattern
is identified. De-escalation strategies are safe (36) and are
independently associated with a decrease in mortality (37).
Patients should be screened daily for de-escalation. In
general, an antimicrobial treatment duration of 7-10 days
is recommended by the SSC. Such a strategy has been
confirmed in patients with ventilator or hospital acquired
pneumonia and intra-abdominal infections (38-40).
However, it has to be pointed out that several infections
such as endocarditis, invasive Candida infections,
tuberculosis, S. aureus bacteremia etc. require longer
durations of antimicrobial therapy. Few data are available
for choosing even shorter durations of antimicrobial
therapy. However, the SSC suggests that rapid clinical
resolution after successful source control or in patients
with urinary sepsis may allow early discontinuation of
antibiotics (14). In addition, course of PCT levels may aid
the physician in discontinuation of antibiotics.

Diagnostics of site of infection may reveal a need for
surgical source control. The SSC recommends surgical
removal of such a focus within 6-12 hours after sepsis
diagnosis. Several observational studies could demonstrate
a relationship between delay of surgical source control and
increased mortality (31,41,42). All of these observational
studies even suggest a time frame of 6 rather than 12 hours
to achieve largest survival. In addition, any intravascular
device should be removed if it is a suspected site of
infection.

Resuscitation

Hemodynamic deterioration occurs frequently in sepsis.
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Table 2 Resuscitation (strong SSC recommendations)
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Strong SSC recommendations

Crystalloids as first-choice fluid for fluid resuscitation with an initial bolus of at least 30 mL/kg

Hydroxyethyl starch should not be used for fluid resuscitation

RBC transfusion should only occur in hemoglobin levels <7.0 g/dL (exclusion: myocardial ischemia, severe hypoxemia, acute

hemorrhage)

Norepinephrine as first-choice vasopressor to achieve a target mean arterial pressure of at least 65 mmHg

Low-dose dopamine for renal protection should not be used

RBC, red blood cell; SSC, surviving sepsis campaign. According to the article of Rhodes et al. (14).

The strong SSC recommendations regarding hemodynamic
resuscitation are summarized in 7izble 2. Resuscitation
mainly consists of fluid resuscitation and vasopressor

therapy.

Fluid resuscitation

Septic shock is usually accompanied by severe hypovolemia.
Thus, fluid resuscitation is a crucial part of hemodynamic
stabilization. Crystalloid solutions are recommended as
first choice fluids with an initial intravenous fluid bolus of
30 mL/kg. The hemodynamic status should be evaluated
regularly and fluid administration should be continued as
long as hemodynamic parameters continue to improve (14).
However, high cumulative fluid balance is associated with
an increased risk of death (43,44). Thus, application of
intravenous fluid should be given cautiously especially
beyond the initial resuscitation phase (45). A conservative
fluid administration is recommended in patients with acute
respiratory distress syndrome (ARDS).

SSC states that balanced crystalloid solutions or saline are
equivalent choices (14). No clear data are available which
allow to prefer a certain crystalloid solution. However,
there is some evidence that high sodium chloride load may
be associated with adverse events such as hyperchloremic
acidosis and renal dysfunction (46,47).

The SSC further recommends to add albumin to
fluid resuscitation (weak recommendation, low quality of
evidence) if large volumes of crystalloids are required (14).
The administration of albumin in sepsis patients can be
considered safe (48). The ALBIOS trial did not show a
mortality improvement in albumin treated patients but
suggested an increased survival in septic shock patients (49).
Several meta-analyses also showed an improved outcome
when albumin was used (50-52). However, high quality
randomized controlled trials to support the SSC-
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recommendation regarding fluid resuscitation with albumin
are missing. Application of artificial colloids in sepsis
patients is not supported by current data. There is a strong
recommendation against using hydroxyethyl starch (HES)
solutions for fluid resuscitation in sepsis patients (14).
Several studies revealed that HES is associated with acute
renal failure (53) and may even increase mortality (54,55).
Good evidence for using gelatine for fluid resuscitation
in septic shock is missing. A meta-analysis of the available
studies showed no benefit for gelatine treated patients (56).

Vasoactive medication

Arterial hypotension frequently accompanies sepsis
and often persists during or after fluid resuscitation.
Norepinephrine is recommended as the first-choice
vasopressor to achieve a mean arterial blood pressure of
at least 65 mmHg (14). Although vasopressin levels are
depleted in septic shock (57), sound data for a general
recommendation of vasopressin therapy are not available.
An updated meta-analysis by the SSC did not show a
mortality difference when comparing norepinephrine with
vasopressin or terlipressin. Up to 0.03 U/min of vasopressin
may be added to achieve the desired target pressure or
to control norepinephrine dosage. Dopamine is only
recommended as alternative to norepinephrine in selected
patients. Dopamine induces arrhythmias more frequently
than norepinephrine and was associated with a higher risk
of death (58). SSC-guidelines recommend dobutamine if
positive inotropes are required (14).

Goals of resuscitation

Originally, the early goal directed therapy (EGDT)
algorithm defined the therapeutic measures during the
initial resuscitation of septic shock patients (59). EGDT

jeccm.amegroups.com J Emerg Crit Care Med 2018;2:3
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Table 3 SSC bundles
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Bundle elements
To be completed within 3 hours
Measure lactate level
Obtain blood cultures prior to administration of antibiotics

Administer broad spectrum antibiotics

Administer 30 mL/kg crystalloid for arterial hypotension or lactate >4 mmol/L

To be completed within 6 hours

Apply vasopressors (for hypotension that does not respond to initial fluid resuscitation) to maintain an MAP =65 mm Hg

In the event of persistent arterial hypotension (MAP <65 mmHg) despite volume resuscitation or initial lactate > 4 mmol/L

Either

Repeat focused exam (after initial fluid resuscitation) including vital signs, cardiopulmonary, capillary refill, pulse, and skin findings

Or do two of the following
Measure central venous pressure
Measure central venous oxygen saturation

Bedside cardiovascular ultrasound

Dynamic assessment of fluid responsiveness with passive leg raise or fluid challenge

Re-measure lactate if initial lactate elevated

As published in the SSC-guideline 2012 (68) and from survivingsepsis.org (last accessed Dec. 2017). The sepsis bundles are currently
under revision. Reproduced with permission. MAP, mean arterial pressure; SSC, surviving sepsis campaign.

consisted of recommendations regarding fluid therapy,
vasopressor therapy, red blood cell (RBC) transfusion, and
positive inotropes. The treatment choices were based on
mean arterial pressure (MAP), central venous pressure
(CVP), and central venous oxygen saturation as triggers.
However, three large randomized trials could not confirm a
benefit of EGDT (60-62). Therefore, EGDT is no longer
recommended as treatment algorithm in septic shock
patients (14).

Instead of CVP, which does not adequately predict fluid
response (63), physicians should use dynamic measures to
guide fluid resuscitation. These measures include passive leg
raising, fluid challenge, and pulse pressure/stroke volume
variation in mechanically ventilated patients (14,64). Fluid
resuscitation should be continued as long as hemodynamics
improve. In patients with increased lactate levels,
resuscitation strategy should aim to reduce serum lactate
concentrations (lactate-clearance) since such an approach is
associated with better outcome (65).

MAP remains an important treatment goal.
Norepinephrine should be titrated to MAP of 65 mmHg.

© Journal of Emergency and Critical Care Medicine. All rights reserved.

Patients with a history of arterial hypertension might
require higher blood pressures (66). As in other shock
states, cardiac output monitoring or echocardiography for
cardiac function assessment should be considered if the
patients does not respond to initial therapy (64).

Sepsis bundles

Bundles are a set of interventions which have a high
likelihood of improving mortality when adequately
implemented. Thus, a set of sepsis bundles had been
defined in cooperation of the SSC with the Institute of
Health Care Improvement (67). The bundles are an extract
of core interventions from the SSC recommendations. The
last major revision of the sepsis bundles specified two sets
of interventions scheduled within 3 and 6 hours after time
of sepsis presentation (68). Time of sepsis presentation is
defined as the earliest chart annotation where all elements of
sepsis definition are fulfilled. In the emergency department,
time of triage sets the time of presentation. Elements of the
current sepsis bundles are presented in 7able 3. It has to be
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Table 4 Additional therapies (strong SSC recommendations)
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SSC recommendations

Mechanical ventilation and ARDS

Mechanical ventilation with a tidal volume of 6 mL/kg PBW in sepsis-induced ARDS

Aim for plateau pressure <30 cmH,0 in sepsis-induced severe ARDS

Prone position in sepsis-induced ARDS with a PaO,/FiO, ratio <150 mmHg

No HFQV in adult patients with sepsis-induced ARDS

Conservative fluid strategy in sepsis-induced ARDS without evidence of tissue hypoperfusion

No B-2 agonists in patients with sepsis-induced ARDS without bronchospasm

No pulmonary artery catheter in patients with sepsis-induced ARDS

30°-45° elevation of mechanically ventilated patients

Spontaneous breathing trials in mechanically ventilated sepsis patients ready for weaning

Weaning protocol in mechanically ventilated sepsis patients ready for weaning

Nutrition

Initiate early enteral nutrition but no early parenteral nutrition in patients who can be fed enterally

No parenteral nutrition within the first 7 days in patients who cannot be fed enterally (maybe IV glucose; try enteral feeding as tolerated)

No omega-3 fatty acids as immune supplement
No high dosage IV selenium
No glutamine

Other

Do not use erythropoietin to treat sepsis associated anemia

Protocolized approach to blood glucose management (target level <180 mg/dL)

Pharmacological prophylaxis against venous thromboembolism preferring low-molecular-weight heparin in the absence of

contraindications

Stress ulcer prophylaxis in sepsis patients with risk factors for gastrointestinal bleeding

Implement goals of care into treatment and end-of-care planning

HFOV, high-frequency oscillatory ventilation; ARDS, acute respiratory distress syndrome; PBW, predicted body weight; SSC, surviving

sepsis campaign.

noted that the current sepsis bundles—as published on the
webpage of the SSC—still recommend the measurement
of CVP and central-venous oxygen saturation when initial
resuscitation remain unresponsive. This is not in line with
the current SSC-recommendation (14). The SSC bundles

are currently under revision.

Other supportive care

Patients with sepsis may develop any possible organ
dysfunction. These patients may therefore require the whole
spectrum of intensive care. Any deficite in implementing

© Journal of Emergency and Critical Care Medicine. All rights reserved.

proper ICU treatments may undo the benefits on mortality
won by early initiation of anti-infectious therapy and early
hemodynamic resuscitation. Therefore, the SSC-guidelines
make comprehensive recommendations regarding the
management of these critically ill patients (14). This
includes recommendations regarding the usage of blood
products, anticoagulants, mechanical ventilation, sedation
and analgesia, glucose control, renal replacement therapy,
bicarbonate therapy, venous thromboembolismprophylaxis,
stress ulcer prophylaxis, nutrition, and setting goals of care.
It is beyond the scope of this review article to summarize all
recommendations in detail. Strong SSC-recommendations
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are summarized in Table 4. Most of these recommendations
which are based on high level of evidence refer to treatment
of patients with ARDS and strategies for nutrition.

Several treatment strategies tried to address the systemic
inflammation as one of the underlying mechanism for the
development of the multiorgan dysfunction syndrome. The
inflammatory host response in sepsis may be addressed
by treatment with hydrocortisone, immunoglobulins, and
cytokine removal techniques. High dose hydrocortisone
has been shown to increase sepsis mortality. However, low
dose hydrocortisone (<300 mg/day) also affects cytokine
levels and compared to placebo was associated with a lower
mortality in a randomized trial in septic shock patients (69).
This finding was not confirmed in the large European
CORTICUS trial (70). Several meta-analyses have been
published showing different results depending on the
studies included (71-73). In addition, it was also pointed
out that less severely sick patients had been included into
the CORTICUS trial compared to the study by Annane.
Thus, patients of the CORTICUS trial might have been
less likely to profit from hydrocortisone (74). Currently, the
ADRENAL study is undertaken to clarify this issue (75).
In the light of these inconclusive data, SSC-guidelines
recommend 200 mg intravenous hydrocortisone only in
those patients with sepsis who remain hemodynamically
unstable despite adequate fluid resuscitation and vasopressor
therapy (14). Hydrocortisone administration in sepsis
patients without vasopressor support could not prevent
progression into septic shock (76).

Immunoglobulins are used in sepsis patients for its
pleiotropic effects on pathogens and host response to
infection. However, the SSC guidelines recommend against
the application of intravenous immunoglobulins (14) since
the largest trial on this topic—the SBIT study (77)—did not
show a mortality benefit when using immunoglobulins in
sepsis patients. The latest meta-analysis did also not show
a mortality benefit for polyclonal immunoglobulins when
only studies with low risk of bias were analyzed (78). There
is an ongoing debate whether immunoglobulin M-enriched
polyclonal Ig IVIgGM) is a better alternative since the
mentioned meta-analysis cited seven studies showing a
mortality benefit for IVIgGM (78). This was confirmed
by results from a recent retrospective analysis of 100
patients treated with IVIgGM (79). However, the quality
of supporting evidence for the use of IVIgGM is low. SSC-
guidelines do not give a separate recommendation for
IVIgGM.

The triggers of the inflammatory host response in sepsis

© Journal of Emergency and Critical Care Medicine. All rights reserved.
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are bacterial toxins and cytokines. Removing these substances
by blood purification techniques is an intriguing concept.
The SSC-guidelines do not make a recommendation
regarding blood purification techniques as a clear benefit has
not yet been proven (14). A meta-analysis including trials with
different blood purification techniques showed a mortality
benefit for patients treated with blood purification (80).
This benefit was mainly driven by studies using the
polymyxin B-immobilized fiber column (PMX-DHP)
which removes endotoxin from the blood. Most studies
showing some positive effect have been performed in Japan.
However, the Japanese sepsis guidelines concluded to not
recommend PMX-DHP therapy since it was questioned that
removal of endotoxin alone is an effective treatment (81).
Hemoadsorbtion for removal of cytokines is a newer more
promising technique. Effective cytokine removal has been
shown in animal models (82). However, a randomized trial
with a coupled plasma filtration adsorption was stopped
early because of futility (83). Further research is necessary
to define the place of this concept in sepsis therapy.

Selenium is an important cofactor for the glutathione
peroxidase which is part of the anti-oxidative system for
the removal of oxygen free radicals. Sepsis is associated
with both low selenium levels and a reduced activity of
the glutathione peroxidase (84). It has been suggested
that high dose selenium may improve survival of sepsis
patients (85,86). However, recent large randomized
trials and a subsequent meta-analysis do not support this
hypothesis (87-89). Currently, the treatment of sepsis
patients with high doses of selenium is not recommended.
This recommendation does not outrule the nutritional
supplementation of selenium in the daily recommended
dosage.
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