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Sepsis and septic shock
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Sepsis is a common condition that is associated with unacceptably high mortality and, for many of those who survive,
long-term morbidity. Increased awareness of the condition resulting from ongoing campaigns and the evidence arising
from research in the past 10 years have increased understanding of this problem among clinicians and lay people, and
have led to improved outcomes. The World Health Assembly and WHO made sepsis a global health priority in 2017 and
have adopted a resolution to improve the prevention, diagnosis, and management of sepsis. In 2016, a new definition of
sepsis (Sepsis-3) was developed. Sepsis is now defined as infection with organ dysfunction. This definition codifies
organ dysfunction using the Sequential Organ Failure Assessment score. Ongoing research aims to improve definition
of patient populations to allow for individualised management strategies matched to a patient’s molecular and
biochemical profile. The search continues for improved diagnostic techniques that can facilitate this aim, and for a
pharmacological agent that can improve outcomes by modifying the disease process. While waiting for this goal to be
achieved, improved basic care driven by education and quality-improvement programmes offers the best hope of

increasing favourable outcomes.

Introduction

Sepsis is a complex disorder that develops as a
dysregulated host response to an infection, and is
associated with acute organ dysfunction and a h1gh risk
of death, This syndrome needs urgent treatment, and

Definition

In 2016, the Third International Consensus Definition
for Sepsis and Septic Shock |(Sepsis-3) defined sepsis as
life-threatening organ dysfunction resulting from

dysregulated host responses to infection,’ and defined

thus awareness of the presenting characteristics is of septic shock as a subset of sepsis in which underlying

great importance. The incidence of sepsis is high, and
the condition remains one of the leading causes of death
globally. Thus, sepsis is an important public health issue’
with considerable economic consequences.? Over the
past 30 years, a substantial amount of research and
improved clinical processes have increased the speed of
recognition and treatment of sepsis. In 2016, a new
definition was developed to further refine this process,
with an increased focus on recognising organ dysfunction
in the context of infection.?

The World Health Assembly and WHO made sepsis a
global health priority in 2017, and have adopted a resolution
to improve the prevention, diagnosis, and management of
sepsis.* In this Seminar, we summarise the most up-to-
date evidence about sepsis. Although sepsis is a global
priority, most of the available papers and evidence come
disproportionately from high-income countries.

We acknowledge this limitation. More research and a
greater understanding of sepsis is needed in every health-
care system, particularly to better identify patient popu-
lations and personalise treatments. It is also important
that the global research and quality-improvement
agendas on sepsis do not neglect low-income and middle-
income countries in the future. Three of the coauthors of
this Seminar have been involved in the Surviving Sepsis
Campaign (SSC), a global initiative aimed at improving
survival in patients with sepsis and septic shock. Since its
first publication in 2004, the SSC has established itself as
the most important quality-improvement programme for
sepsis globally, and the latest bundle was released in
2018. This Seminar presents up-to-date evidence and
controversies about sepsis, and highlights the importance
of driving quality improvement through initiatives such
as the SSC.

www.thelancet.com Vol 392 July 7,2018

circulatory, cellular and metabolic abnormalities are
profound enough to substantially increase the risk of
mortality The Sequential Organ Failure Assessment
(SOFA) score is used to |codify the degree of organ
dysfunction (table).’

Based on the first observations described by Bone and
colleagues in 1989° and following the 1992 consensus,
sepsis was defined as the maladaptive systemic
manifestation of an infection. Sepsis can arise because of
many different infectious insults. The 1992 consensus
panel proposed the term severe sepsis to refer to sepsis
complicated by acute organ dysfunction, and the term
septic shock for sepsis associated with hyperlactataemia
or hypotension refractory to fluid resuscitation.”

There were several reasons for the creation of the new
definition. First, the main limitations of the previous
criteria, namely the /poor specificity of many of the
systemic inflammatory response syndrome (SIRS) cri-
teria for sepsis, were already recognised in 2003.* To
address these limitations, the new (criteria for sepsis
recognition focus more on [codifying organ dysfunction
than on identifying signs of [inflammation.’ In practice,

Search strategy and selection criteria

Two authors (MC and AR) independently searched MEDLINE,
Embase, and Cochrane Database of Systematic Reviews using
the keywords “sepsis” and “septic shock” and their related
MeSH terms, with no language restrictions, for articles
published up to April 2018. Review articles and guidelines,
such as the Surviving Sepsis Campaign, were searched
manually for additional references. The reference lists of the
identified papers were also checked for additional articles.
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Scores from 0 to 4 are assigned for each of the six organ systems, with a higher score indicative of worse organ dysfunction in each system. MAP=mean arterial pressure.

SOFA score 0 SOFA score 1 SOFA score 2 SOFA score 3 SOFA score 4
Respiratory system: PaO,/FiO, (kPa) 2533 <533 <40 <26.7 <133
Coagulation system: platelets (x 10°/pL) =150 <150 <100 <50 <20
Hepatic system: |bilirubin (umol/L) <20 20-32 33-101 102-204 >204
Cardiovascular system MAP>70mmHg  MAP<70mmHg Dopamine <5 pg/kg per min, Dopamine 5:1-15 pg/kg per min,or  Dopamine >15 pg/kg per min, or
or dobutamine (any dose) epinephrine <0-1 pg/kg per min, or  epinephrine >0-1 ug/kg per min, or
administered norepinephrine <0-1 ug/kg per min  |norepinephrine >0-1 pg/kg per min
administered administered
Central|nervous system:|Glasgow Coma Scale 15 13-14 10-12 6-9 <6
Renal system
Creatinine (umol/L) <110 111-170 171-299 300-440 >440
Urine|output (mL/day) <500 <200

Table: Description of sequential organ failure assessment (SOFA) scoring system®
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although [proinflammatory and anti-inflammatory pro-
cesses are involved in the dysregulated response, sepsis is
no longer considered to be only an inflammatory disorder.
Second, the previous classification has been simplified,
removing any reference to severe sepsis. In keeping with
the common use of the terms, the previous categories of
sepsis, severe sepsis, and septic shock have now been
changed to infection, sepsis, and septic shock. Third,
objective risk stratification tools have been used to define
organ dysfunction. These tools are used to determine the
SOFA score (table).” Thus, sepsis is now defined as the
presence of an infection combined with an acute change
in SOFA score of 2 points or more (with the baseline
assumed to be 0 in patients without any known pre-
existing organ dysfunction).

The 2016 panel further described {three clinical criteria
that can be used to identify hospital patients with infections
who are likely to have either a |prolonged stay in an
intensive care unit (ICU) or who are at a high risk of/death.
These three criteria, identified from a retrospective analysis
of large databases, were termed quick SOFA (qSOFA)
variables, and patients are considered high risk if they
meet at least two of the criteria, as follows: [alteration
in mental status, systolic blood pressure of less than
100 mm Hg, or a respiratory rate of more than 22 breaths
per minute. This qSOFA score was found to be marginally
superior to the original SIRS criteria in predicting this
high-risk category of patients.”® The qSOFA system is a
simple risk stratification tool that can be used to identify
patients at risk of sepsis. However, this system should not
be used to rule out patients as being at high risk, as it is
likely to be more specific, but not more sensitive, than the
old SIRS criteria." The new definitions still allow for
clinical judgment for suspected sepsis.

Septic shock is described as a clinically defined subset of
sepsis cases, wherein, desEite adequate ﬂlﬁ resuscitation,
patients have hypotension requiring vasopressors to
maintain a mean arterial blood pressure @ 65 mm Hg
and have an elevated serum lactate concentration of more

than 2 mmol/L*

Incidence
The true incidence of sepsis in any given country is
unknown. The reported incidence is dependent on the
specific definition used, the infecting organism, the
reporting mechanism (such as the use of the International
Classification of Diseases-9 coding systems) and the
requirement for either organ support or intensive care.
These factors result in marked differences between
estimates and discrete geographical locations. Most data
describing the incidence of sepsis are from high-income
countries, where 2-8 million deaths per year are
attributable to sepsis.” In 2001, Angus and colleagues®
reported that, in the USA, the incidence of severe sepsis
was more than 750000 cases per annum (300 cases
per 100000 population), equivalent to 2-26 cases per
100 hospital discharges. In the UK, the reported|prevalence
of sepsis_in ICU-derived cohorts is 27% of all ICU
admissions, whereas the prevalence is 12% in the USH“
This difference could partly be explained by the sub-
stantially greater numbers of ICU beds available in
the USA than in the UK, and thus the differing triage
patterns and admission criteria.** It is also possible that,
in institutions where clinical staff are trained in sepsis
recognition, the previous use of the less-specific SIRS
criteria could have led to an over-reporting of sepsis cases.
Overall, however, there is probably a substantial under-
reporting of the incidence of sepsis and with an ageing
population, the incidence will continue to increase. This
pattern might be further accentuated by campaigns to
increase the awareness of and screening for the condition.
Except for maternal and neonatal sepsis, the condition is
usually considerably under-reported in the global burden
of disease statistics. [The true scale of the problem is
probably much higher than what has been reported. Data
suggest that sepsis|icontributes to between a |third and a
half of all in-hospital deaths in the [USA.” Although these
data represent the incidence of sepsis in high-resource
countries, most deaths due to sepsis happen in low-
resource countries, where the exact incidence of sepsis is
difficult to accurately estimate. The available literature
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suggests that an estimated

" about
70% of the 9 million deaths due to chest infections in
neonates and infants are associated with sepsis, and most
cases occur in Asia and Africa.”®
can be a in patients who are
already dying from (eg, terminal cancer).
This fact is especially important to remember in the
context of an increased number of admissions of old and
frail patients in hospital wards and ICUs,” and when

It is very likely that a
baseline mortality from sepsis is part of the nature of the
syndrome itself, and in practice it is unreasonable to
expect mortality rates to drop to zero, despite our best
efforts to understand, recognise, and treat the condition.

It is hoped that positive advancements, such as the
recent World Health Assembly and WHO resolution on
sepsis, will raise awareness of sepsis as a global prior-
ity, and its prevention, recognition, and treatment will
improve worldwide.

Aetiology
Sepsis can originate from virtually any infecting organism.
Therefore, the range of presentations of the syndrome is
very wide and varies considerably between geographical
regions.

Sepsis can originate from community locations or result
from a stay in hospital or in another health-care facility.

The most common site of infection that leads

to sepsis is the of cases), followed by the
, , and -,and
tracts 202

The Sepsis Occurrence in Acutely IIl Patients
study reported an prevalence of
‘ and Gram

bacterial infections among
patients with sepsis,” although Gram
infections inow be

bacterial

than Gram-

negative,” with Staphylococcus aureus (Gram-positive) and
Pseudomonas species and Escherichia coli (Gram-negative)
the most frequently identified organisms.?*
study, however,
bacterial infections were
than Gram-positive bacterial infections

in the

Pathophysiology

Sepsis is characterised by a systemic dysregulated host
response to infection. One well-described pathway of
immune activation in response to infection occurs

mediators through

www.thelancet.com Vol 392 July 7,2018

7 - such as tumour necrosis
factor a, interleukin 1, interleukin 2, interleukin 6,
interleukin 8, and others, cause
activate the
cascades, and can lead to the generation of
7 _ sepsis was considered to be an
overwhelming, systemic, proinflammatory response to
infection that was by a phase of immuno-
suppression characterised by aner penia, and
secondary infections.” Patients
often nosocomial
that are not typicall
hosts, and have
programmed cell death protein 1 and
pathway has also emerged as an important mechanism
underlying the ﬁ
therefore associated with
in patients who survive early sepsis.
These observations led to the hypothesis that the
early hyperinflammatory state evolves to a subsequent
hypoinflammatory state with substantial immuno-

suggest that the
phases might occur

with the intensity of both responses depending
on of both the host—such as genetics
and comorbidities—and the pathogen—such as type,
virulence, and burden.”?*

The precise _ of cell injury and sepsis-
induced organ dysfunction are . fully hpand
continue to be an active area of scientific investigation.
Sepsis commonly interferes with the distribution of
systemic blood flow to organ systems via vasodilation
and disturbances in microcirculation.”

Microscopic techniques based on orthogonal polar-
isation spectral imaging and ﬁ
ave allowed the acquisition of real-time images
of the microcirculation. Image analysis for the quanti-
fication of microcirculatory dysfunction has traditionally
been done offline, but new software packages are being
developed for the purpose of quantifying dysfunction in
vealtime. has
been associated with * Examples of
preserved and altered microcirculation in patients with
sepsis are shown in

Tissue ischaemia can occur because of either a systemic

or local mismatch between oxygen delivery and tissue
demand. Additionally,ﬂcan lead
to a failure of tissue oxygen extraction despite sufficient
oxygen delivery—termed 3334

thought to be important mediators of sepsis-induced
organ dysfunction.”® Organ dysfunction is an important
predictor of patient outcome, with multiple organ

dysfunction beini associated with a high risk of death.*

are also implicated in the
often present in sepsis. Various coagulation

See Online for videos
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Panel 1: Risk factors for infection and sepsis

Risk factors for developing an infection

Generic infection

+ Host|genetics (eg, tumour necrosis factor o and Toll-like
receptor polymorphisms)

+ Extremes oflage

» Geneticlimmunosuppression

» Exposure to epidemic

« |Acquired/immunosuppression or immune dysregulation
(eg, cancer, immunosuppressive medications, diabetes,
alcohol abuse, indwelling catheters, conditions with
altered skin)

Primary bloodstream infection
 Indwelling catheters
 Parenteral nutrition

Chest infection

Same as for generic infection, plus

« Chronic obstructive pulmonary disease

+ Prolonged intubation

+ Recent thoracic, abdominal, major orthopaedic surgery
« Aspiration

Urinary tract infection

« Indwelling catheters

+  Poorjmobility (eg, in nursing home residents)
+  Female sex

Risk factors for developing sepsis
+ Lessdefined

« Same as for infection risk

» Host|genetics

pathways are affected, and the manifestation, when
present, can vary from massive thromboembolism to
fibrin deposition in the /microvascular bed. One
severe complication is disseminated intravascular coag-
ulation, which is characterised by microthrombosis and
haemorrhage.”

Risk factors

Most of the described risk factors for the development of
sepsis focus on a patient’s [predisposition to infection
(panel 1). Very old or very young age, immunosuppres-
sive diseases (eg, AIDS), cancer, immunosuppressive
medications, diabetes, alcohol abuse, indwelling catheters,
or other conditions involving altered skin integrity all
predispose patients to infection.?”*** There is also evidence
that people who do not do adequate exercise have an
increased risk of death if they develop sepsis.® Among
patients with infections, the risk factors for the develop-
ment of sepsis and organ dysfunction are less well
characterised, but probably include comorbidities and
host genetic factors in addition to pathogen-related factors
(figure). [Host genetics probably contribute to the risk of
acquiring an [infection as well as the risk of |developing
sepsis from an infection. Multiple studies have examined

the influence of single-nucleotide polymorphisms in the
development of infection and sepsis.”* The most studied
polymorphisms are those involving tumour necrosis
factor a and Toll-like receptors. Because sepsis is a com-
plex condition, multiple genes and gene—environment

interactions are necessary for the development and clinical
presentation of sepsis. Various candidate gene studies
have identified polymorphisms, but these results have not
yet been consistently replicated.* Although personalised
therapy for sepsis based on an individual’s genetic profile
is notyet achievable, this area of investigation will continue
to grow and individualised approaches to management are
likely to be feasible in the future.

Clinical presentation

In sepsis, a host’s response to an infection manifests as
signs of infection together with acute organ dysfunction.
This dysfunction can lead to multiple organ failure,
acidosis, and death.” Although traditionally the SIRS
criteria have been used to describe the onset of sepsis,
and they have been questioned for being too sensitive
and not specific enough, Kaukonen and colleagues®
found that SIRS signs might not be sensitive enough. In
their study, the authors found a jsubgroup of patients
with sepsis who did not match the SIRS| criteria for
sepsis, and who did not satisfy two of four SIRS criteria
during their first 24 h in the ICU. Despite not meeting
these criteria, these patients had a high mort_alim M
Thus, in clinical practice, SIRS signs are not specific
enough, and also mot sensitive enough, to identify
patients at risk of organ dysfunction.

In practice, a patient with a common cold can show
several SIRS signs| but is unlikely to require ICU
admission. Conversely, there are conditions (such as
pancreatitis and trauma) that, in the absence of|infection,
can cause Symptoms [severe enough to require ICU
admission and organ support. Since these conditions can
also be complicated by the acquisition of an infection, it
can be |difficult to discriminate between SIRS and sepsis
in these contexts. Therefore, clinicians should focus
mainly on identifying signs of [infection land organ
dysfunction.

What are these signs® The clinical presentation of
sepsis depends on the site of the infection (ie, chest focus
versus urinary tract focus) and on the signs and
symptoms that are part of the host response. Patients
often present to the emergency department with general
malaise and non-specific signs, such as fever (although
hypothermia can be present too), tachycardia, tachypnoea,
or altered mental status. Arterial hypotension can be
present, but its absence does not lexclude [sepsis or
provide reassurance about the severity of the syndrome,
as organ perfusionlican already be impaired even in the
context of mormal blood pressure. Patients can also
present with impaired gas exchange, even when the
focus of infection is outside the chest, and oliguria might
be present. The skin can be mottled and the capillary

www.thelancet.com Vol392 July 7,2018
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refill [time [increased. Laboratory tests can be useful to
complement the clinical examination. Clinicians should
look at lactate levels, white blood cell count (leucocytosis
or leucopenia), increases in plasma C-reactive protein or
procalcitonin concentrations, as well as urinary function
tests, liver enzymes and function tests, and coagulation.

Management

The management of sepsis and septic shock should be
undertaken as a medical emergency. Screening patients
for signs and symptoms of sepsis and septic shock
facilitates earlier identification and intervention.***
Effective treatment should focus on timely intervention,
including removal of the source of infection. Aggressive
assessment for an unrecognised source or undrained
abscess through appropriate laboratory testing and
diagnostic imaging is a critical aspect of the initial
management of sepsis. In addition, early initiation of
appropriate antimicrobial therapy, restoration of tissue
perfusion via fluid resuscitation, and advanced inter-
ventions guided by assessment of the adequacy of
resuscitation and resolution of organ dysfunction should
be part of initial sepsis management.**¥ Prompt
intravenous access should be obtained, blood and other
appropriate cultures taken, and assessment for organ
dysfunction and tissue hypoperfusion done.***

Initial fluid resuscitation
For patients with Eaemodynamic‘instability, as defined by
either hypotension (systolic blood pressure <90 mm Hg,
mean arterial pressure <70 mm Hg, or a decrease in
systolic blood pressure of >40 mm Hg from baseline) or
elevated lactate concentration |(=4 mmol/L), the SSC
recommends rapid administration of[30 mL/kg crystalloid
fluids, which should be initiated within the first hour.***
In paediatric sepsis, the recommendation is an initial
fluid bolus (crystalloids or albumin) of 20 mL/kg, which
can be repeated up to a maximum of 60 mL/kg.”
However, even these recommendations are not‘witm
controversy. Indeed, in resource-limited settings, fluid
bolus therapy has been found to be associated with worse
outcomes in children with malaria® and in adults with
septic shock compared with standard therapy.? Multiple
studies have compared crystalloid-based and colloid-
based resuscitation, without finding a clear benefit to
colloid resuscitation.”* Thus, given the increased
expense associated with use of colloid fluids and the
increased risk of nephrotoxicity (except with albumin,
which does not increase this risk),” initial resuscitation
should use erystalloid fluids. If a colloid fluid is required
then human albumin would be considered the first
choice, as opposed to one of the artificial solutions.”
Among crystalloids, there is increasing interest in the
comparison of resuscitation using balanced crystalloid
solutions (eg, Ringer’s lactate or Hartmann’s solution)
with that using normal saline, and some evidence has
suggested that a chloride restrictive resuscitation strategy

www.thelancet.com Vol 392 July 7,2018

Extracellular activation Intracellular activation Secretory activation
Pathogen presenting PAMP,  PRR on membrane Intracellular PRR
Immune cells
N~
Secreted PRR™ Qb
Cytokine Phagocytosis /Apoptosis or Complement
secretion cytokine release activation

Simultaneous imbalanced activation of proinflammatory response (leading to cellular and
tissue damage) and @nti-inflammatory response (leading to/imune system impairment)

Cytokines
Proteases
Complement activation

Leucocyte activation

T-cell and B-cell impairment
Coagulation activation

T

Organ dysfunction

& oo
SO © 60
@ 0D &

Genetics
Age
Comorbidities

Frailty
+
Environment

Brain
Altered mental state

Skin
Mottled

Cold
Prolonged capillary refill time

Decreased urinary output
Reduced pulse pressure
Tachycardia

Increased respiratory rate and
dyspnoea

Figure: PAMP-PRR pathways in sepsis

PAMP=pathogen-associated molecular pattern. PRR=pattern recognition receptor.

is associated with reduced incidences of both acute
kidney injury and the need for renal replacement
therapy.” This finding has been confirmed in a large
cluster-randomised study in ICUs.* Patients receiving
balanced solutions had a lower incidence of the
composite outcome (death, renal replacement therapy, or
persistent [renal dysfunction) compared with those
receiving normal saline.®* Notably, in another study by
the same group of investigators, no difference in
outcomes was observed when balanced solutions and
normal saline were compared in non-critically|i11 patients.
Two large randomised controlled trials (RCTs) in-
vestigating balanced crystalloids versus normal saline are
ongoing.”® However, although evidence suggests some
benefits of balanced solutions in critically ill patients,
there seems to be [insufficient evidence to justify a

complete move towards using balanced solutions instead
of saline. In the meantime, it seems sensible that
chloride concentrations are monitored routinely when
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normal saline is used, and that a shift to a balanced
crystalloid is made if hypochloraemia occurs and further
fluids are needed.

Source control

Source control is the removal of infected tissue, drainage
of an abscess, or removal of an infected device, and is
considered best practice in the management of sepsis.
Source control can be done via percutaneous drainage or
open surgery. Observational data showed that inadequate
early source control was associated with an increase in
28-day mortality from [26:7% to 42-9%.°" As source
control is a logical step in the management of sep-
sis, it is unlikely that future RCTs will question this
standard approach.

Antibiotic therapy
Observational data from several studies of sepsis and
septic shock show that timely initiation of appropriate
antibiotic therapy is associated with improved patient
outcomes.®* Regarding patients with hypotension, a
widely cited observational study showed an association
between delayed antibiotic initiation and death, with a
7% increase in risk of death for every hour of delay.”
Similar associations have been shown in patients with
sepsis (with organ dysfunction and without septic
shock). The evidence around timing, however, is not
backed by trial data, and some |controversy still exists. A
potentially more [important question is about the
appropriateness, rather than the timing, of admini-
stration. Indeed, antibiotics are not without side-
effects,*” and their indiscriminate use| can also fincrease
antibiotic resistance.” To the best of our knowledge, no
trials have yet attempted to address these questions about
the appropriateness of such treatments. Thus, although
several studies| have shown the /detrimental effects of
even small delays in antibiotic administration, it is
important to consider antimicrobial stewardship as an
essential concomitant of sepsis management, and that
unnecessary @antibiotic use should be javoided. Rapid
de-escalation of antimicrobial therapy will allow clin-
icians to feel more comfortable with sepsis measures
that encourage rapid administration of broad-spectrum
antibiotics immediately after identification of a patient
with sepsis or septic shock. The results of cultures are
unlikely to be known at the time of recognition of sepsis,
so the choice of antimicrobial therapy is largely empirical,
and therapy should be directed against all likely
pathogens because inappropriate initial therapy increases
the risk of mortality.*® If a specific pathogen is identified,
antimicrobial therapy should be tailored accordingly.
The 2017 SSC recommendations™ state that (1) intra-
venous antimicrobials| should be initiated as soon as
possible after the recognition of sepsis (ideally within 1h);
(2) the initial [choicel should include broad-spectrum
cover (with either a single agent or a combination of
agents); (3) the antibiotic spectrum should be narrowed

when pathogens have been isolated and sensitivities
established, or when clinical progress allows it; (4) dosing
strategies of antimicrobials should be optimised on the
basis of accepted pharmacokineticland pharmacodynamic
principles; and (5) de-escalation of antimicrobials should
be considered daily and at the earliest stage when the
clinical situation permits.

In the future, we will probably see an increased in-
cidence of antibiotic resistance. Proper use of antibiotics
in patients with sepsis is of paramount importance to
minimise the contribution of poor antibiotic stewardship
to this emerging problem. Importantly, most antibiotics
are not used in people but in animals, especially in the
context of the food industry.” For these reasons, taskforces
such as the World Alliance Against Antibiotic Resistance
have been established. Their aim is to define worldwide
policies on the use of antibiotics. Some of these initiatives
have led to the restriction of certain antibiotics for human
use only.”

Further haemodynamic stabilisation and assessing fluid
responsiveness

In patients with continued signs of haemodynamic
instability after initial fluid resuscitation, fluid responsive-
ness should be assessed. Multiple methods for assessing
and predicting fluid responsiveness have been studied,
including cardiac output and stroke volume monitoring,
measurement of central venous pressure, respiratory
variation in inferior vena cava diameter, pulse pressure
variation, and stroke volume variation.®*”” All currently
available methods for assessing fluid responsiveness have
limitations, either in their accuracy in predicting fluid
responsiveness (as for central venous pressure and central
venous oxygen saturation [ScvO,)), the need for advanced
technology (as for pulse pressure variation and stroke
volume variation), or the need for sedation, sinus rhythm,
and positive pressure ventilation with tidal volumes greater
than or equal to 8 mL/kg (as for inferior vena |cava
variability, pulse pressure variation, and stroke volume
variation). [Dynamic measurements, such as assessing
responses in stroke volume or cardiac output to a passive
leg raise, can be helpful but might be practically chal-
lenging to implement at the bedside.”” When predicting
fluid responsiveness with these functional haemodynamic
parameters is not possible, [a fluid challenge should be
done to ensure fluid is given only to those patients whose
haemodynamic response is favourable. Guidelines recom-
mend that, after initial resuscitation in patients with
continued hypoperfusion, fluid resuscitation should
continue iff there is haemodynamic improvement shown
by either static or dynamic measures.* In these initial
phases, it is very common to observe positive fluid balance.
The risk of fluid overload is high and clinicians must be
aware of it. Following the stabilisation phase, it is important
to recognise when patients are ready for the treatment to
be |de-escalated. In this phase, a negative fluid balance
target can be set, and diuretics are often started.”
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Central venous oxygen saturation
Three multicentre ublished in 2014-15
showed - to early goal-directed
therapy to achieve specific central venous pressure and

targets for resuscitation in settings where patients
received timely initial fluid resuscitation and antibiotics.
The results were confirmed in an individual patient-level
meta-analysis from the same groups.®® This finding
contrasts with the results of an earlier single-centre study
that showed a reduction in mortality by using a similar
approach.® Notably, compared with this earlier study”
baseline ScvO, values were substantially higher in the
three later multicentre RCTs. The higher baseline values
of ScvO, meant that early goal-directed therapy could not
be delivered as the target values were mostly achieved
at baseline. Although the studies might have shown
different results if baseline ScvO, values had been lower,
this finding highlights an important point about timin
and the recognition and treatment of sepsis:

possibly because of
awareness campaigns, research, and guidelines.

BIood-

There is some evidence that
reduce its concentration can be used to

- the serum

sufficiently that can directly influence
serum lactate concentration. concentration
remains o importance for patients with sepsis,
and in the concentration of this marker are
associated with It is therefore

imiortant to reieat the measurements of blood lactate to

and inform further management.®

Vasoactive drugs

In patients with septic shock, vasopressor support is
often required to maintain perfusion pressure. A mean
arterial pressure of 65 mm Hg is an appropriate initial
target for most patients with septic shock requiring
vasopressor support. Asfar and colleagues® showed that

mm Hg) was
compared with a lower

mm Hg). In a secondary analysis of the
opulation, patients with aio
were -p to develop acute

if managed with the
but were also hkely to develop
1s the preferred first-line vasopressor

because of its increased potency and risk of
compared with dopamine.®* In patients

with pre-existing hypertension, this target m1 ht need
to be increased. h

vasopressors, but does appear to
7% In a UK multicentre RCT published

target
same stud

patient

www.thelancet.com Vol 392 July 7,2018

in 2016, did .- the number of

days” compared with norepinephrine.
vasopressors have been introduced:

In 2017-18, two
and
both druis have been shown to be effective in

blood
potentially representing a new option to reduce the use
of catecholamines in septic shock. Whether this effect is

reflected in improved patient - remains to be
demonstrated in-ig&“"HOZ

Sepsis is frequently associated with -
HOW‘ The classic understanding of

septic shock as a purely distributive shock with intact
cardiac function has changed, and it is now established
that cardiac and can be
present even during the stages of the disease.*”
Inotropic agents might be considered for patients with
suspected cardiac dysfunction in association with
inadequate cardiac output. Using inotropic agents

as an adjunct to standard haemodynamic
therapy should be_ especially in the absence

of evident cardiac dysfunction.® A trial published in 2016
administration oF_was

for improving organ dysfunction
in patients with septic shock, and be associated

with i

control and nutritional support

A 2001 study in Belgium, showed that tight
glycaemic control, compared with the conventional
treatment, was associated with significant reductions in
morbidity and mortality in postsurgical ICU patients." In
a study, morbidity (but not mortality)
benefits were shown in a medical ICU setting." However,
a large multicentre trial did not replicate
these results, and highlighted the potential for due
to episodes in the tight glycaemic control
group.™ The current consensus is to control glycaemia,
maintaining it at but to i
glycaemic control.

is important in
till exist. There

or the
showed

was associated
complications

nutrition could be

in patients with sepsis remains
In early studies, the use of high doses of
methylprednisolone’ and subsequent lower doses of
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hydrocortisone appeared to confer a benefit,™ but this
finding has not been replicated in larger studies.™
Systematic reviews"™ and guidelines from the European
Society of Intensive Care Medicine and the Society of
Critical Care Medicine suggest some benefit of using
corticosteroids in sepsis only if shock is present.
There is some| evidence that steroids are associated
with ICU-acquired weakness,"” and thus it is still not
clear whether the clinical benefit outweighs the side-

Although it is hoped that current trials will soon yield
positive results, and negative results contribute to our
knowledge,"” the paucity of positive results is disappointing
and is prompting the medical community to develop new
personalised research models with the aim of testing the
right drugs in the right patients.

Precision medicine is eagerly anticipated in the field of
sepsis and septic shock. Understanding that we are
researching and treating a syndrome, rather than a

effects.”"*">* However, two large, multicentre [trials
showed favourable results from the use of steroids in
septic shock. The first, the ADRENAL multicentre study
(3800 patients), was negative for its primary outcome
(mortality), but showed shorter durations of shock and
ICU stay in the jglucocorticoid group compared with the
placebo group.™ In the second, another large multicentre
trial (1241 patients), a combination of hydrocortisone and
fludrocortisone was associated with a lower all-causes
90-day mortality compared with the placebo.™

A restrictive haemoglobin target of 7 g/dL| is appropri-
ate for non-bleeding patients without active myocardial
ischaemia.”

Although not limited to patients with sepsis, a single-
centre [trial published in 2016 showed worse survival
rates for patients managed with a high arterial joxygen
saturation target (972100%) compared with those
managed with a lower target (94-98%).* Similar results
were reported in a study by Asfar and colleagues®
wherein an FiO, of 1 (hyperoxia) was associated with a
higher mortality compared with an FiO, aiming at an
oxygen saturation of 88-95% (normoxia).

Most of the pathophysiological pathways leading to
organ dysfunction have been investigated in the search
for a possible drug to modulate them. Coagulation
pathways have been the subject of research with drugs
such as drotrecogin alfa (activated)” and thrombo-
modulin.”™ Despite promising initial results with regard
to the modulation of inflammation and coagulation with
drotrecogin alfa, further multicentre RCTs were unable to
confirm this benefit® and the drug was removed from
the market. Thrombomodulin, another drug that mod-
ulates the coagulation pathway, was shown to be safe in
human beings,"™ and its clinical efficacy is being studied
in an RCT.”

Immunomodulation and mesenchymal stem cells are
two of the latest developments in terms of possible
therapeutic interventions. Interferon Bis being studied in
an RCT in patients with respiratory failure.” The use of
mesenchymal stem cells in acute respiratory distress
syndrome is also under investigation in a phase 2 trial
after a phase 1 trial reported no safety concerns.”

Endotoxin removal via polymyxin B haemoperfusion is
an novel therapeutic approach that is still under investi-

ation, with [inconsistent results: some initial trials
showed an improvement in outcome,”® whereas a imore
recent multicentre RCT showed a non-significant increase

in mortality.**

specific disease, is important to advance both research
and clinical improvement agendas. Some of the negative
results might be explained by the highly heterogeneous
populations in which sepsis treatments are tested. For
example, it would be naive to assume that sepsis arising
from a perforated abdomen in a 20-year-old patient would
be the same entity as sepsis arising from pneumonia in
an 80-year-old patient. New, adaptive trial designs have
the potential to substantially improve research of sepsis.
These trials can adapt in response to preliminary results
(eg, by modifying inclusion and exclusion criteria,
randomisation ratios, or endpoint definitions)."”

Outcomes

Sepsis and septic shock are associated with high mortality
and substantial morbidity. More than[25-30% of patients
with sepsis die from the condition, with hospital
mortality for septic shock approaching 40-60%."**
More recent data suggest that mortality due to sepsis has
dropped substantially over the past two decades. In
almost 30000 patients in the SSC, the overall hospital
mortality for patients with severe sepsis and septic shock
was 32-8%.* Mortality in clinical trials where patients
received prompt fluid resuscitation and antibiotic therapy
has also dropped, with [three RCTS of early goal-directed
therapy reporting mortality rates of 18-21% at 60 days™
and 18-29% at 90 days\®* It is likely that improved
recognition and early intervention has contributed to the
observed decrease in mortality.

Sepsis and septic shock are also associated with
considerable longer-term morbidity. Many survivors are
admitted to long-term acute-care facilities or skilled
nursing facilities, and readmissions to acute-care hos-
pitals are frequent.”** Additionally, many survivors of
sepsis report a decreased health-related quality of life
and have substantial cognitive impairment and

functional disability.*"* Thus, although survival for
patients with sepsis has improved, much work remains
to be done to improve long-term| outcomes for these
patients.

Quality-improvement initiatives and bundles

Multifaceted interventions have been shown to be more
effective than single interventions for influencing
behavioural change. Guidelines and education alone are
unlikely to make substantial impacts, so the addition of
audit and feedback systems is important. An important
example of a multifaceted intervention in the ICU to

www.thelancet.com Vol392 July 7,2018
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improve care is the

This multifaceted
intervention used local interdisciplinary teams, education
materials, and audit and feedback of bedside compliance
with the - sepsis measures. A stud
in - showed that an
resuscitation bundle was associated with a
This increased compliance was
associated with a statistically significant decrease in
mortality that was even greater in hospitals with high
compliance versus low compliance.

Although the observed worldwide improvement in
survival for severe sepsis and septic shock could be
related to other clinical improvements, and not
necessarily those generated from the SSC, these results
lend strength to the argument that performance metrics
can be used to drive change in clinical behaviour and
improve the quality of care, and can lead to decreased
mortality in patients with severe sepsis and septic shock.
Since the original report from the SSC, similar studies
from individual hospital networks and national

programmes have been published.” All these published
studies showed an

In 2018, the new SSC hour-1 bundle (panel 2)*
has been adopted in the USA by the Centre for Medicare/
Medicaid Services for mandated national public
reporting.

However, other systemic factors, in addition to quality-
improvement programmes such as the SSC, might have
had an effect on the improved survival statistics. For
instance, from 2000 to 2012, in 101064 patients with
severe sepsis or septic shock in ICUs in

with a
these countries, the

Controversies

The main areas of controversy surrounding the earl
management of sepsis are the ﬁ
ﬂ that facilitates early identification and de-
finitive treatment strategies, the absence of a reliable
diagnostic marker, the of clarity as to the most

for and the
to change the course of

of a

the disease.

Sepsis is a rather than a disease, and is
therefore diagnosed according to a
The definition has been revised but, there is a
that can and
distinguish the condition and guide clinical management,
current diagnosis and management are
that are also

processes.
Although many guidelines describe the resuscitation
of patients with septic shock,** the specific bundle
elements involved and the guidance of these processes

www.thelancet.com Vol 392 July 7,2018

Panel2: Surviving Sepsis Campaign hour-1 bundle

(2018 update)™’

“Measure-level. Re-measure if initial lactate is
mol/L" (weak recommendation, low quality of

evidence
« "Obtain to administration of
antibiotics”

best practice statement)
. “Administeri-antibiotics" (strong
recommendation, moderate quality of evidence
+  "Rapidl administeﬂfor—

o mol/L" (strong recommendation, low

quality of evidence
. if patient is hypotensive during or

"

(strong recommendation, moderate quality of evidence)

MAP=mean arterial pressure.

remain controversial. There is a

owever, many ICUs around
the world use such devices. Indeed, there is still con-
troversy regarding what intravenous fluids to use for
such patients, and when and how to use vasoactive
therapy. The evidence base surrounding such inter-
ventions is overall relatively weak and will remain so for
the foreseeable future, as it is not being tackled by
funded or completed clinical trials.
Although we now have an improved understanding of
the pathophysiology underpinning the sepsis process,

Sepsis is associated with infection, but, despite optimis-
ation of the use of antimicrobial agents, the treatment
options are few and cannot be individualised according
to how a patient is responding to the infectious insult.

Many studies have tried to

but all have thus
far®* Until this absence of a definitive or disease-
modifying treatment is corrected, the only available
options are management of the infection and then
support of failing organ systems.

Conclusions

Sepsis is a common condition that is still associated
with an unacceptably high mortality and, for many
patients who survive, long-term morbidity. With the
increased awareness of the condition and with the
ongoing quality-improvement campaigns, we now have
better understanding of the evidence-based approaches
to managing the problem, which have contributed to
improved outcomes. With more precise definitions
and patient-specific profiles that can delineate an
individualised management strategy for a patient’s
molecular and biochemical profile, outcomes could be
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improved further. In the meantime, large RCTs can
help us to increase our understanding of the value of
commonly used but non-evidence-based treatments.
The search continues for improved diagnostic tech-
niques that can facilitate individualised management
strategies, and for a pharmacological agent that can
modify the disease process. Meanwhile, improved
basic care driven by education and quality-improve-
ment programmes offers the best hope of improving
outcomes.

Contributors

MC and AR did the search, reviewed the selected articles, summarised
the key findings and wrote the manuscript. LE and ML reviewed the
selected articles, summarised the key findings and wrote the manuscript.

Declaration of interests

In the past 5 years, MC has received honoraria from Edwards
Lifesciences, LiDCO, and Cheetah Medical for his consultancy work. All
other authors declare no competing interests for this Seminar.

References

1 Fleischmann C, Scherag A, Adhikari NK, et al. Assessment of
global incidence and mortality of hospital-treated sepsis. Current
estimates and limitations. Am J Respir Crit Care Med 2016;

193: 259-72.

2 Tiru B, DiNino EK, Orenstein A, et al. The economic and
humanistic burden of severe sepsis. Pharmacoeconomics 2015;
33:925-37.

3 Singer M, Deutschman CS, Seymour CW, et al. The Third
International Consensus Definitions for Sepsis and Septic Shock
(Sepsis-3). JAMA 2016; 315: 801-10.

4 Reinhart K, Daniels R, Kissoon N, Machado FR, Schachter RD,
Finfer S. Recognizing sepsis as a global health priority—a WHO
resolution. N Engl ] Med 2017; 377: 414-17.

5  Vincent JL, Moreno R, Takala ], et al. The SOFA (Sepsis-related
Organ Failure Assessment) score to describe organ
dysfunction/failure. On behalf of the Working Group on
Sepsis-Related Problems of the European Society of Intensive Care
Medicine. Intensive Care Med 1996; 22: 707-10.

6 Bone RC, Fisher CJ Jr, Clemmer TP, Slotman GJ, Metz CA,

Balk RA. Sepsis syndrome: a valid clinical entity. Crit Care Med 1989;
17: 389-93.

7 Bone RC, Balk RA, Cerra FB, et al. 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.

8  Levy MM, Fink MP, Marshall JC, et al. 2001 SCCM/ESICM/ACCP/
ATS/SIS International Sepsis Definitions Conference.

Intensive Care Med 2003; 29: 530-38.

9  Shankar-Hari M, Phillips GS, Levy ML, et al. 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.

10 Seymour CW, Liu VX, Iwashyna TJ, et al. Assessment of clinical
criteria for sepsis: for the Third International Consensus
Definitions for Sepsis and Septic Shock (Sepsis-3). JAMA 2016;
315: 762-74.

11 Churpek MM, Snyder A, Han X, et al. Quick sepsis-related organ
failure assessment, systemic inflammatory response syndrome,
and early warning scores for detecting clinical deterioration in
infected patients outside the intensive care unit.

Am J Respir Crit Care Med 2017; 195: 906-11.

12 Adhikari NK, Fowler RA, Bhagwanjee S, Rubenfeld GD.

Critical care and the global burden of critical illness in adults.
Lancet 2010; 376: 1339-46.

13 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.

14  Mayr FB, Yende S, Angus DC. Epidemiology of severe sepsis.

Virulence 2014; 5: 4-11.

15 Rhodes A, Ferdinande P, Flaatten H, Guidet B, Metnitz PG,
Moreno RP. The variability of critical care bed numbers in Europe.
Intensive Care Med 2012; 38: 1647-53.

16 Levy MM, Artigas A, Phillips GS, et al. Outcomes of the Surviving
Sepsis Campaign in intensive care units in the USA and Europe:

a prospective cohort study. Lancet Infect Dis 2012; 12: 919-24.

17 LiuV, Escobar GJ, Greene JD, et al. Hospital deaths in patients with
sepsis from 2 independent cohorts. JAMA 2014; 312: 90-92.

18  Black RE, Cousens S, Johnson HL, et al. Global, regional,
and national causes of child mortality in 2008: a systematic analysis.
Lancet 2010; 375: 1969-87.

19 Flaatten H, De Lange DW, Morandi A, et al. The impact of frailty on
ICU and 30-day mortality and the level of care in very elderly
patients (= 80 years). Intensive Care Med 2017; 43: 1820-28.

20 Vincent JL, Rello ], Marshall J, et al. International study of the
prevalence and outcomes of infection in intensive care units.
JAMA 2009; 302: 2323-29.

21 Vincent JL, Sakr Y, Sprung CL, et al. Sepsis in European intensive
care units: results of the SOAP study. Crit Care Med 2006;
34:344-53.

22 Karlsson S, Varpula M, Ruokonen E, et al. Incidence, treatment,
and outcome of severe sepsis in ICU-treated adults in Finland:
the Finnsepsis study. Intensive Care Med 2007; 33: 435-43.

23 Martin GS, Mannino DM, Eaton S, Moss M. The epidemiology of
sepsis in the United States from 1979 through 2000.

N Engl ] Med 2003; 348: 1546-54.

24 Vincent JL, Marshall JC, Namendys-Silva SA, et al. Assessment of
the worldwide burden of critical illness: the Intensive Care Over
Nations (ICON) audit. Lancet Respir Med 2014; 2: 380-86.

25 Vincent JL, Lefrant JY, Kotfis K, et al. Comparison of European ICU
patients in 2012 (ICON) versus 2002 (SOAP). Intensive Care Med
2018; published online Feb 15. DOI:10.1007/s00134-017-5043-2.

26 Boyd JH, Russell JA, Fjell CD. The meta-genome of sepsis:
host genetics, pathogens and the acute immune response.

J Innate Immun 2014; 6: 272-83.

27 Hotchkiss RS, Karl IE. The pathophysiology and treatment of
sepsis. N Engl | Med 2003; 348: 138-50.

28 Hotchkiss RS, Monneret G, Payen D. Sepsis-induced
immunosuppression: from cellular dysfunctions to
immunotherapy. Nat Rev Immunol 2013; 13: 862-74.

29 Hotchkiss RS, Opal S. Immunotherapy for sepsis—a new approach
against an ancient foe. N Engl | Med 2010; 363: 87-89.

30 Vincent JL, Zhang H, Szabo C, Preiser JC. Effects of nitric oxide in
septic shock. Am J Respir Crit Care Med 2000; 161: 1781-85.

31 Carsetti A, Aya HD, Pierantozzi S, et al. Ability and efficiency of an
automatic analysis software to measure microvascular parameters.
J Clin Monit Comput 2016; 31: 669-76.

32 Bezemer R, Bartels SA, Bakker J, Ince C. Clinical review:

Clinical imaging of the sublingual microcirculation in the critically
ill—where do we stand? Crit Care 2012; 16: 224.

33 Buwalda M, Ince C. Opening the microcirculation: can vasodilators
be useful in sepsis? Intensive Care Med 2002; 28: 1208-17.

34 McGown CC, Brown NJ, Hellewell PG, Brookes ZL. ROCK induced
inflammation of the microcirculation during endotoxemia mediated
by nitric oxide synthase. Microvasc Res 2011; 81: 281-88.

35 Singer M. The role of mitochondrial dysfunction in sepsis-induced
multi-organ failure. Virulence 2014; 5: 66-72.

36 Dellinger RP, Levy MM, Rhodes A, et al. Surviving Sepsis
Campaign: international guidelines for management of severe
sepsis and septic shock, 2012. Intensive Care Med 2013;
39:165-228.

37 Simmons ], Pittet JF. The coagulopathy of acute sepsis.

Curr Opin Anaesthesiol 2015; 28: 227-36.

38 Vincent JL, Bihari DJ, Suter PM, et al. The prevalence of nosocomial
infection in intensive care units in Europe. Results of the European
Prevalence of Infection in Intensive Care (EPIC) Study. EPIC
International Advisory Committee. JAMA 1995; 274: 639-44.

39 Williams PT. Inadequate exercise as a risk factor for sepsis
mortality. PLoS One 2013; 8: €79344.

40 O’Keefe GE, Hybki DL, Munford RS. The G—>A single nucleotide
polymorphism at the —308 position in the tumor necrosis
factor-alpha promoter increases the risk for severe sepsis after
trauma. J Trauma 2002; 52: 817-25.

www.thelancet.com Vol392 July 7,2018


John Vogel



Seminar

41

42

43

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

Tang GJ, Huang SL, Yien HW, et al. Tumor necrosis factor gene
polymorphism and septic shock in surgical infection.

Crit Care Med 2000; 28: 2733-36.

Thompson CM, Holden TD, Rona G, et al. Toll-like receptor

1 polymorphisms and associated outcomes in sepsis after traumatic

injury: a candidate gene association study. Ann Surg 2014; 259: 179-85.

Waterer GW, Quasney MW, Cantor RM, Wunderink RG.

Septic shock and respiratory failure in community-acquired
pneumonia have different TNF polymorphism associations.

Am ] Respir Crit Care Med 2001; 163: 1599-604.

Kaukonen KM, Bailey M, Pilcher D, Cooper DJ, Bellomo R.
Systemic inflammatory response syndrome criteria in defining
severe sepsis. N Engl | Med 2015; 372: 1629-38.

Levy MM, Dellinger RP, Townsend SR, et al. The Surviving Sepsis
Campaign: results of an international guideline-based performance
improvement program targeting severe sepsis. Crit Care Med 2010;
38: 367-74.

Dellinger RP, Levy MM, Carlet JM, et al. Surviving Sepsis
Campaign: International guidelines for management of severe
sepsis and septic shock: 2008. Crit Care Med 2008; 36: 296—327.
Hollenberg SM, Ahrens TS, Annane D, et al. Practice parameters
for hemodynamic support of sepsis in adult patients: 2004 update.
Crit Care Med 2004; 32: 1928—48.

Weinstein MP, Reller LB, Murphy JR, Lichtenstein KA. The clinical
significance of positive blood cultures: a comprehensive analysis of
500 episodes of bacteremia and fungemia in adults. I. Laboratory
and epidemiologic observations. Rev Infect Dis 1983; 5: 35-53.
Rivers E, Nguyen B, Havstad S, et al. Early goal-directed therapy in
the treatment of severe sepsis and septic shock. N Engl | Med 2001;
345: 1368-77.

Davis AL, Carcillo JA, Aneja RK, et al. American College of Critical
Care Medicine clinical practice parameters for hemodynamic
support of pediatric and neonatal septic shock. Crit Care Med 2017;
45:1061-93.

Maitland K, Kiguli S, Opoka RO, et al. Mortality after fluid bolus in
African children with severe infection. N Engl | Med 2011;

364: 2483-95.

Andrews B, Semler MW, Muchemwa L, et al. Effect of an early
resuscitation Erotocol on in-EosBiE mortal ig] among adults with
sepsis and hypotension: a randomized clinical trial. JAMA 2017;
318: 1233-40.

Caironi P, Tognoni G, Masson S, et al. Albumin replacement in
patients with severe sepsis or septic shock. N Engl ] Med 2014;

370: 1412-21.

Finfer S, Bellomo R, Boyce N, French J, Myburgh |, Norton R.

A comparison of albumin and saline for fluid resuscitation in the
intensive care unit. N Engl | Med 2004; 350: 2247-56.

Perner A, Haase N, Guttormsen AB, et al. Hydroxyethyl starch
130/0.42 versus Ringer’s acetate in severe sepsis. N Engl | Med 2012;
367: 124-34.

Myburgh JA, Finfer S, Bellomo R, et al. Hydroxyethyl starch or
saline for fluid resuscitation in intensive care. N Engl | Med 2012;
367: 1901-11.

Yunos NM, Bellomo R, Hegarty C, Story D, Ho L, Bailey M.
Association between a chloride-liberal vs chloride-restrictive
intravenous fluid administration strategy and kidney injury in
critically ill adults. JAMA 2012; 308: 1566-72.

Semler MW, Self WH, Wanderer JP, et al. Balanced crystalloids
versus saline in critically ill adults. N Engl ] Med 2018; 378: 829-39.
Hammond NE, Bellomo R, Gallagher M, et al. The Plasma-Lyte
148 v Saline (PLUS) study protocol: a multicentre, randomised
controlled trial of the effect of intensive care fluid therapy on
mortality. Crit Care Resusc 2017; 19: 239-46.

Zampieri FG, Azevedo LCP, Corréa TD, et al. Study protocol for the
Balanced Solution versus Saline in Intensive Care Study (BaSICS):
a factorial randomised trial. Crit Care Resusc 2017; 19: 175-82.

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 (11 suppl): S513-26.

Garnacho-Montero |, Ortiz-Leyba C, Herrera-Melero I, et al.
Mortality and morbidity attributable to inadequate empirical

antimicrobial therapy in patients admitted to the ICU with sepsis:
a matched cohort study. | Antimicrob Chemother 2008; 61: 436—41.

www.thelancet.com Vol 392 July 7,2018

63

64

65

66

67

68

69

70

71

72

73

74

75

76

78

79

80

81

82

83

84

85

86

Kumar A, Roberts D, Wood KE, et al. 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.

Ferrer R, Martin-Loeches I, Phillips G, et al. Empiric antibiotic
treatment reduces mortality in severe sepsis and septic shock from
the first hour: results from a guideline-based performance
improvement program. Crit Care Med 2014; 42: 1749-55.

Seymour CW, Gesten F, Prescott HC, et al. Time to treatment and
mortality during mandated emergency care for sepsis.

N Engl ] Med 2017; 376: 2235-44.

Wright J, Paauw DS. Complications of antibiotic therapy.

Med Clin North Am 2013; 97: 667-79, xi.

Singh R, Sripada L, Singh R. Side effects of antibiotics during
bacterial infection: mitochondria, the main target in host cell.
Mitochondrion 2014; 16: 50-54.

Singer M. Antibiotics for sepsis: does each hour really count, or is
it incestuous amplification? Am J Respir Crit Care Med 2017,

196: 800-02.

Ibrahim EH, Sherman G, Ward S, Fraser V], Kollef MH.

The influence of inadequate antimicrobial treatment of
bloodstream infections on patient outcomes in the ICU setting.
Chest 2000; 118: 146-55.

Rhodes A, Evans LE, Alhazzani W, et al. Surviving Sepsis
Campaign: international guidelines for management of sepsis and
septic shock: 2016. Crit Care Med 2017; 45: 486-552.

Roca I, Akova M, Baquero F, et al. The global threat of
antimicrobial resistance: science for intervention.

New Microbes New Infect 2015; 6: 22-29.

Marik PE, Monnet X, Teboul JL. Hemodynamic parameters to
guide fluid therapy. Ann Intensive Care 2011; 1: 1.

Pinsky MR, Payen D. Functional hemodynamic monitoring.

Crit Care 2005; 9: 566-72.

Vincent JL, Weil MH. Fluid challenge revisited. Crit Care Med 2006;
34:1333-37.

Cavallaro F, Sandroni C, Antonelli M. Functional hemodynamic
monitoring and dynamic indices of fluid responsiveness.

Minerva Anestesiol 2008; 74: 123-35.

Cavallaro F, Sandroni C, Marano C, et al. Diagnostic accuracy of
passive leg raising for prediction of fluid responsiveness in adults:
systematic review and meta-analysis of clinical studies.

Intensive Care Med 2010; 36: 1475-83.

Guerin L, Monnet X, Teboul JL. Monitoring volume and fluid
responsiveness: from static to dynamic indicators.

Best Pract Res Clin Anaesthesiol 2013; 27: 177-85.

Teboul JL, Monnet X. Prediction of volume responsiveness in
critically ill patients with spontaneous breathing activity.

Curr Opin Crit Care 2008; 14: 334-39.

Hoste EA, Maitland K, Brudney CS, et al. Four phases of
intravenous fluid therapy: a conceptual model. Br | Anaesth 2014;
113: 740—47.

Mouncey PR, Osborn TM, Power GS, et al. Trial of early,
goal-directed resuscitation for septic shock. N Engl | Med 2015;
372:1301-11.

Yealy DM, Kellum JA, Huang DT, et al. A randomized trial of
protocol-based care for early septic shock. N Engl ] Med 2014;

370: 1683-93.

Peake SL, Delaney A, Bailey M. Goal-directed resuscitation for
patients with early septic shock. N Engl | Med 2014; 371: 1496-506.
Rowan KM, Angus DC, Bailey M, et al. Early, goal-directed therapy
for septic shock—a patient-level meta-analysis. N Engl | Med 2017;
376: 2223-34.

Gu WJ, Zhang Z, Bakker J. Early lactate clearance-guided therapy
in patients with sepsis: a meta-analysis with trial sequential
analysis of randomized controlled trials. Intensive Care Med 2015;
41: 1862-63.

Jansen TC, van Bommel ], Schoonderbeek FJ, et al. Early
lactate-guided therapy in intensive care unit patients: a multicenter,
open-label, randomized controlled trial.

Am ] Respir Crit Care Med 2010; 182: 752-61.

Jones AE, Shapiro NI, Trzeciak S, et al. Lactate clearance vs central
venous oxygen saturation as goals of early sepsis therapy:

a randomized clinical trial. JAMA 2010; 303: 739-46.

85


John Vogel


John Vogel


John Vogel



Seminar

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

Casserly B, Phillips GS, Schorr C, et al. Lactate measurements in
segsis-inaucea tissue Hmoget“usion: results from the Surviving
Sepsis Campaign database. Crit Care Med 2015; 43: 567-73.
Cecconi M, De Backer D, Antonelli M, et al. Consensus on circulatory
shock and hemodynamic monitoring. Task force of the European
Society of Intensive Care Medicine. Intensive Care Med 2014;

40: 1795-815.

Asfar P, Meziani F, Hamel JF, et al. High versus low blood-pressure
target in patients with septic shock. N Engl ] Med 2014; 370: 1583-93.
De Backer D, Biston P, Devriendt J, et al. Comparison of dopamine
and norepinephrine in the treatment of shock. N Engl | Med 2010;
362: 779-89.

De Backer D, Creteur J, Silva E, Vincent JL. Effects of dopamine,
norepinephrine, and epinephrine on the splanchnic circulation in
septic shock: which is best? Crit Care Med 2003; 31: 1659-67.
Martin C, Papazian L, Perrin G, Saux P, Gouin F. Norepinephrine
or dopamine for the treatment of hyperdynamic septic shock?
Chest 1993; 103: 1826-31.

Dunser MW, Mayr AJ, Ulmer H, et al. Arginine vasopressin in
advanced vasodilatory shock: a prospective, randomized, controlled
study. Circulation 2003; 107: 2313-19.

Holmes CL, Walley KR, Chittock DR, Lehman T, Russell JA.

The effects of vasopressin on hemodynamics and renal function in
severe septic shock: a case series. Intensive Care Med 2001; 27: 1416-21.
Landry DW, Levin HR, Gallant EM, et al. Vasopressin deficiency
contributes to the vasodilation of septic shock. Circulation 1997;
95: 1122-25.

Russell JA, Walley KR, Singer ], et al. Vasopressin versus
norepinephrine infusion in patients with septic shock.

N Engl ] Med 2008; 358: 877-87.

Gordon AC, Mason AJ, Thirunavukkarasu N, et al. Effect of early
vasopressin vs norepinephrine on kidney failure in patients with
septic shock: the VANISH randomized clinical trial. JAMA 2016;
316: 509-18.

Russell JA, Vincent J-L, Kjolbye AL, et al. Selepressin, a novel
selective vasopressin V1A agonist, is an effective substitute for
norepinephrine in a phase ITa randomized, placebo-controlled trial
in septic shock patients. Crit Care 2017; 21: 213.

Khanna A, English SW, Wang XS, et al. Angiotensin II for the
treatment of vasodilatory shock. N Engl ] Med 2017; 377: 419-30.
Heming N, Lamothe L, Ambrosi X, Annane D. Emerging drugs
for the treatment of sepsis. Expert Opin Emerg Drugs 2016;

21: 27-37.

He X, Su F, Taccone FS, Laporte R, Kjelbye AL, Zhang J.

A selective V(1A) receptor agonist, selepressin, is superior to
arginine vasopressin and to norepinephrine in ovine septic shock.
Crit Care Med 2016; 44: 23-31.

Asfar P, Russell JA, Tuckermann J, Radermacher P. Selepressin in
septic shock: a step toward decatecholaminization?

Crit Care Med 2016; 44: 234-36.

Kakihana Y, Ito T, Nakahara M, Yamaguchi K, Yasuda T.
Sepsis-induced myocardial dysfunction: pathophysiology and
management. | Intensive Care 2016; 4: 22.

Vieillard-Baron A, Cecconi M. Understanding cardiac failure in
sepsis. Intensive Care Med 2014; 40: 1560-63.

Parker MM, Shelhamer JH, Bacharach SL, et al. Profound but
reversible myocardial depression in patients with septic shock.
Ann Intern Med 1984; 100: 483-90.

Sanfilippo F, Corredor C, Fletcher N, et al. Diastolic dysfunction
and mortality in septic patients: a systematic review and
meta-analysis. Intensive Care Med 2015; 41: 1004-13.
Vieillard-Baron A, Caille V, Charron C, Belliard G, Page B,

Jardin F. Actual incidence of global left ventricular hypokinesia in
adult septic shock. Crit Care Med 2008; 36: 1701-06.

Gordon AC, Perkins GD, Singer M, et al. Levosimendan for the
prevention of acute organ dysfunction in sepsis. N Engl | Med 2016;
375:1638-48.

Van den Berghe G, Wouters P, Weekers F, et al. Intensive insulin
therapy in critically ill patients. N Engl ] Med 2001; 345: 1359-67.
Van den Berghe G, Wilmer A, Hermans G, et al. Intensive insulin
therapy in the medical ICU. N Engl ] Med 2006; 354: 449-61.
Finfer S, Chittock DR, Su SY, et al. Intensive versus conventional
glucose control in critically ill patients. N Engl ] Med 2009;

360: 1283-97.

112

11

[

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

Harvey SE, Parrott F, Harrison DA, et al. A multicentre,
randomised controlled trial comparing the clinical effectiveness
and cost-effectiveness of early nutritional support via the
parenteral versus the enteral route in critically ill patients
(CALORIES). Health Technol Assess 2016; 20: 1-144.

Reignier ], Boisramé-Helms [, Brisard I, et al. Enteral versus
Darenteral early nutrition in ventilated adults with shock:

a randomised, controlled, multicentre, open-label, parallel-group
study (NUTRIREA-2). Lancet 2018; 391: 133-43.

Annane D, Sébille V, Charpentier C, et al. Effect of treatment with
low doses of hydrocortisone and fludrocortisone on mortality in
patients with septic shock. JAMA 2002; 288: 862-71.

Sprung CL, Annane D, Keh D, et al. Hydrocortisone therapy for
patients with septic shock. N Engl | Med 2008; 358: 111-24.
Gibbison B, Lopez-Lopez JA, Higgins JP, et al. Corticosteroids in
septic shock: a systematic review and network meta-analysis.

Crit Care 2017; 21: 78.

Pastores SM, Annane D, Rochwerg B. Guidelines for the diagnosis
and management of critical illness-related corticosteroid
insufficiency (CIRCI) in critically ill patients (Part II): Society of
Critical Care Medicine (SCCM) and European Society of Intensive
Care Medicine (ESICM) 2017. Intensive Care Med 2017; published
online Oct 31. DOI:10.1007/s00134-017-4951-5.

Annane D, Bellissant E, Bollaert PE, Briegel ], Keh D, Kupfer Y.
Corticosteroids for treating sepsis. Cochrane Database Syst Rev 2015:
CD002243.

Amaya-Villar R, Garnacho-Montero J, Garcia-Garmendia JL, et al.
Steroid-induced myopathy in patients intubated due to exacerbation
of chronic obstructive pulmonary disease. Intensive Care Med 2005;
31: 157-61.

Annane D, Bellissant E, Bollaert PE, et al. Corticosteroids in the
treatment of severe sepsis and septic shock in adults: a systematic
review. JAMA 2009; 301: 2362-75.

Sligl WI, Milner DA Jr, Sundar S, Mphatswe W, Majumdar SR.
Safety and efficacy of corticosteroids for the treatment of septic
shock: a systematic review and meta-analysis. Clin Infect Dis 2009;
49: 93-101.

Venkatesh B, Myburgh J, Finfer S, et al. The ADRENAL study
protocol: adjunctive corticosteroid treatment in critically ill patients
with septic shock. Crit Care Resusc 2013; 15: 83-88.

Annane D, Renault A, Brun-Buisson C, et al. Hydrocortisone plus
fludrocortisone for adults with septic shock. N Engl ] Med 2018;
378: 809-18.

Hebert PC, Wells G, Blajchman MA, et al. A multicenter,
randomized, controlled clinical trial of transfusion requirements in
critical care. N Engl ] Med 1999; 340: 409-17.

Holst LB, Haase N, Wetterslev ], et al. Lower versus higher
hemoglobin threshold for transfusion in septic shock.

N Engl ] Med 2014; 371: 1381-91.

Girardis M, Busani S, Damiani E, et al. Effect of conservative vs
conventional oxygen therapy on mortality among patients in an
intensive care unit: the Oxygen-ICU randomized clinical trial.
JAMA 2016; 316: 1583-1589.

Asfar P, Schortgen F, Boisramé-Helms J, et al. Hyperoxia and
hypertonic saline in patients with septic shock (HYPERS2S):

a two-by-two factorial, multicentre, randomised, clinical trial.
Lancet Respir Med 2017; 5: 180-90.

Ranieri VM, Thompson BT, Barie PS, et al. Drotrecogin alfa
(activated) in adults with septic shock. N Engl ] Med 2012;

366: 2055-64.

Cohen ], Vincent JL, Adhikari NK, et al. Sepsis: a roadmap for
future research. Lancet Infect Dis 2015; 15: 581-614.

Vincent JL, Ramesh MK, Ernest D, et al. A randomized,
double-blind, placebo-controlled, phase 2b study to evaluate the
safety and efficacy of recombinant human soluble thrombomodulin,
ART-123, in patients with sepsis and suspected disseminated
intravascular coagulation. Crit Care Med 2013; 41: 2069-79.
Bellingan G, Maksimow M, Howell DC, et al. The effect of
intravenous interferon-beta-1a (FP-1201) on lung CD73 expression
and on acute respiratory distress syndrome mortality: an open-label
study. Lancet Respir Med 2014; 2: 98-107.

Wilson JG, Liu KD, Zhuo H, et al. Mesenchymal stem (stromal)
cells for treatment of ARDS: a phase 1 clinical trial.

Lancet Respir Med 2015; 3: 24-32.

www.thelancet.com Vol392 July 7,2018


John Vogel


John Vogel


John Vogel



Seminar

133 Cruz DN, Antonelli M, Fumagalli R, et al. Early use of polymyxin B
hemoperfusion in abdominal septic shock: the EUPHAS
randomized controlled trial. JAMA 2009; 301: 2445-52.

134 Coudroy R, Payen D, Launey Y, et al. Modulation by pol in-B
hemogergusion of inﬁammatog response related to severe
peritonitis. Shock 2017; 47: 93-99.

135 Payen DM, Guilhot ], Launey Y, et al. Early use of pol in B

emoperfusion in patients with septic shock due to peritonitis:
a multicenter randomized control trial. Intensive Care Med 2015;
41: 975-84.

136 Levy MM, Rhodes A, Phillips GS, et al. Surviving Sepsis Campaign:
association between performance metrics and outcomes in a
7-5-year study. Intensive Care Med 2014; 40: 1623-33.

137 Kahn JM, Benson NM, Appleby D, Carson SS, Iwashyna TJ.
Long-term acute care hospital utilization after critical illness.
JAMA 2010; 303: 2253-59.

138 Jones TK, Fuchs BD, Small DS, et al. Post-acute care use and
hospital readmission after sepsis. Ann Am Thorac Soc 2015;

12: 904-13.

139 LiuV, Lei X, Prescott HC, Kipnis P, Iwashyna TJ, Escobar GJ.
Hospital readmission and healthcare utilization following sepsis in
community settings. | Hosp Med 2014; 9: 502—07.

140 Prescott HC, Langa KM, Iwashyna TJ. Readmission diagnoses after
hospitalization for severe sepsis and other acute medical conditions.
JAMA 2015; 313: 1055-57.

141 Wang T, Derhovanessian A, De Cruz S, Belperio JA, Deng JC,

Hoo GS. Subsequent infections in survivors of sepsis: epidemiology
and outcomes. | Intensive Care Med 2014; 29: 87-95.

www.thelancet.com Vol 392 July 7,2018

142

143

144

145

146

147

148

Iwashyna TJ, Ely EW, Smith DM, Langa KM. Long-term cognitive
impairment and functional disability among survivors of severe
sepsis. JAMA 2010; 304: 1787-94.

Winters BD, Eberlein M, Leung J, Needham DM, Pronovost PJ,
Sevransky JE. Long-term mortality and quality of life in sepsis:

a systematic review. Crit Care Med 2010; 38: 1276-83.

Battle CE, Davies G, Evans PA. Long term health-related quality of
life in survivors of sepsis in South West Wales: an epidemiological
study. PLoS One 2014; 9: €116304.

Nesseler N, Defontaine A, Launey Y, Morcet |, Mallédant Y,

Seguin P. Long-term mortality and quality of life after septic shock:
a follow-up observational study. Intensive Care Med 2013; 39: 881-88.
Miller RR 3rd, Dong L, Nelson NC, et al. Multicenter
implementation of a severe sepsis and septic shock treatment
bundle. Am J Respir Crit Care Med 2013; 188: 77-82.

Levy MM, Evans LE, Rhodes A. The Surviving Sepsis Campaign
bundle: 2018 update. Intensive Care Med 2018; published online
April 19. DOI:10.1007/s00134-018-5085-0.

Kaukonen KM, Bailey M, Suzuki S, Pilcher D, Bellomo R.
Mortality related to severe sepsis and septic shock among critically
ill patients in Australia and New Zealand, 2000-2012. JAMA 2014;
311: 1308-16.

© 2018 Elsevier Ltd. All rights reserved.

87


John Vogel



	Sepsis and septic shock
	Introduction
	Definition
	Incidence
	Aetiology
	Pathophysiology
	Risk factors
	Clinical presentation
	Management
	Initial fluid resuscitation
	Source control
	Antibiotic therapy
	Further haemodynamic stabilisation and assessing fluid responsiveness
	Central venous oxygen saturation
	Blood lactate
	Vasoactive drugs
	Glycaemic control and nutritional support
	Other therapies

	Outcomes
	Quality-improvement initiatives and bundles
	Controversies
	Conclusions
	References


