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Summary
Management of the patient with sepsis comprises three key branches: control of the underlying infection, haemo-
dynamic stabilization, and modulation of the host response. Each aspect should be considered in all patients and,
when relevant, managed at the same time. Infection control is applicable to all patients with sepsis and will include
antibiotic therapy and often surgical intervention to remove an infectious source. Haemodynamic support involves
fluid administration in all patients and vasoactive agents in patients with associated circulatory shock. Noradrenaline
is the first choice vasopressor agent; inotropic agents, usually dobutamine, may be added in case of myocardial
depression. No interventions directed at individual components of the host response to sepsis have yet been shown to
improve outcomes, but glucocorticoids and vasopressin have a global impact on the response and can thus be
considered in this category. A move toward more personalized treatment is needed across all three arms of sepsis
management.

Copyright © 2022 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction
Sepsis is a severe, systemic infection. It is therefore
associated with some degree of organ dysfunction1 and
requires urgent action. Without prompt and effective
intervention, mortality rates rapidly exceed 30–35%.2

The management of sepsis includes three major
aspects, which are summarized in Fig. 1. The first
element, infection control, is applicable to all cases of
sepsis. Haemodynamic stabilization is relevant essen-
tially when there is associated circulatory shock. Mod-
ulation of the host response, with the interventions
currently available, is also primarily applicable in cases
of septic shock. Organ support, for example mechanical
ventilation or renal replacement therapy, will be needed
in some patients.
Management of sepsis
Infection control
Infection is the underlying cause of sepsis and respon-
sible for the initiation and perpetuation of immune
dysregulation. As such, every attempt must be made to
eradicate the infection and its source of origin. Antibi-
otics should be given in all cases, even when infection
cannot be definitively proven and no specific microor-
ganism is isolated, which can occur in more than 30%
of sepsis patients.3,4 Antibiotics should be administered
very early, especially when sepsis is severe, i.e., in septic
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shock. However, the concept that antibiotics must be
administered within 1 h of identification of sepsis5 is not
supported by evidence.6–8 Importantly, it is not only the
time when the antibiotics are ordered that counts, but
also the time when they are actually given to the patient
as there may be a delay between prescription and
administration.9

Whenever possible, cultures from blood and all
relevant, potentially infected sites should be obtained
before antibiotics are started. The initial antibiotic
spectrum should cover all likely organisms but not
more. Expected pathogens and likely antimicrobial
sensitivities will vary according to the origin of the
infection, recent use of antimicrobial agents, and local
microbial patterns and antimicrobial resistance, so these
aspects must be taken into account when making
empirical antibiotic choices. There is some evidence that
using too large a spectrum may contribute to the
emergence of resistant organisms in recurrent
infections with all the potentially negative effects this
can have on outcomes.10

Source control may necessitate surgical intervention
with drainage or debridement of infected loci, or
removal of (potentially) infected catheters or devices. As
with antibiotic administration, these procedures should
be performed without delay.
Haemodynamic management
Haemodynamic management includes fluids in all
cases, with vasoactive agents administered primarily in
the presence of shock. Fluid administration is always
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Fig. 1: The three arms of sepsismanagement. APC, activated protein C.

Review

2

required because of the external fluid losses (including
perspiration) often present in sepsis as well as internal
fluid loss (including the extravascular passage of fluid
into the interstitium as a consequence of the inevitable
alteration in microvascular permeability). Patients with
sepsis may also be dehydrated because of reduced fluid
intake and sepsis is typically associated with vasodila-
tion, which increases blood volume.

It is not possible to guess or determine in advance
how much fluid each patient should be given as there
are too many factors influencing fluid requirements,
including the degree of fluid loss from the factors
identified above, the patient’s cardiac function, and how
long since the onset and/or recognition of sepsis.
Therefore, the amount of fluid administered must be
individualized and ongoing fluid needs regularly reas-
sessed to limit the risks of hypervolemia, which can
negatively affect gas exchange, renal function, wound
healing, and cognition, among others.11 The traditional
approach to evaluate fluid requirements is the fluid
challenge technique, in which a small amount of fluid
(usually around 200 mL of a crystalloid solution) is given
over a short period (usually 10 min) and the patient’s
response is evaluated using pre-established objectives
(e.g., 10% increase in cardiac output) and safety markers
(e.g., central venous pressure).12 This strategy can be
repeated as necessary.

Importantly, the blood pressure response to fluid
administration is not always immediate, because the
associated decrease in vascular tone can increase blood
flow without increasing arterial pressure. It is therefore
preferable to evaluate the cardiac output (or stroke vol-
ume) response. This can be done using any technique
(e.g., thermodilution, pulse contour analysis, echocar-
diography, bioreactance, …). If flow does not increase in
response to the fluid, fluid administration should be
stopped. A smart evaluation of fluid responsiveness
without giving any fluid can be done by a passive leg
raising test13 but this is relatively complicated in non-
sedated patients who may have a stress response to
the change in position. Also, if present, the increase in
stroke volume will be mild and transient and this is not
easy to detect. Other techniques based on heart/lung
interactions can be considered in mechanically venti-
lated, profoundly sedated patients. However, the use of
sedative agents has decreased considerably in recent
years as septic patients are typically obtunded so seda-
tion is less necessary; moreover, sedative agents can
negatively affect haemodynamic status by decreasing
myocardial contractility and vascular tone.14

As with quantity of fluid, the type of fluid should also
be individualized with no one type recommended for all
patients. Crystalloids are usually recommended first.15

Albumin, a natural colloid, could be added when rela-
tively large amounts of crystalloids have been given. The
use of large amounts of 0.9% (normal) saline solution
can result in hyperchloraemic acidosis that may have
untoward renal effects by altering renal haemody-
namics.16 If blood chloride levels increase, balanced
crystalloids, with various electrolyte compositions may
be preferable.

Fluids alone may not be sufficient to restore an
adequate mean arterial pressure (MAP) so that addition
of a vasopressor agent may be required. Noradrenaline
is the vasopressor agent of first choice, as it is a natural
molecule, has a short half-life, and is not a pure vaso-
pressor: it predominantly has alpha-adrenergic proper-
ties but also some beta-adrenergic properties, resulting
in vasoconstriction but little effect on the heart rate.
Noradrenaline administration can be started early to
avoid any episode of profound hypotension, which al-
ways has deleterious effects on the organs. Although an
initial MAP of 65 mmHg has been recommended,15 the
blood pressure target should be individualized14; in
particular, patients with a history of hypertension may
require a higher blood pressure than other patients. In
each case, the clinical response to an increase in the
dose of a vasopressor agent should be assessed,
including effects on cutaneous perfusion, urine output,
and mentation. Careful attention should be paid to
making sure that blood flow is preserved, because va-
sopressors can cause excessive vasoconstriction thus
impairing blood flow and hence reducing organ and
tissue perfusion.

If there is any suspicion of myocardial depression,
manifest by intolerance to fluid and signs of decreased
contractility on echography, then prudent administra-
tion of an inotropic agent could be attempted; dobut-
amine, initially at a dose of only a few mg/kg/min, is the
first line inotropic agent.
Modulation of the host response
No strategies targeting individual elements of the
immune response have so far been shown to consis-
tently improve outcomes in randomized clinical trials or
are commercially available. Currently, this category of
therapeutic interventions thus includes strategies that
www.thelancet.com Vol 86 December, 2022
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affect more general aspects of the immune response. The
most widely used adjunct intervention in this context is
the administration of glucocorticoids, which are known to
have various effects on inflammation including via nu-
clear factor kappa B.17 Corticosteroid administration is
reserved for patients with severe septic shock, which is
usually defined by the need for relatively high doses of
noradrenaline to maintain arterial pressure, approaching
or exceeding 1 μg/kg/min. A randomized controlled trial
of 3800 patients conducted in Australasia18 showed no
improvement in survival with moderate doses of hydro-
cortisone, but the patients were not very ill (placebo
mortality rate 29%18); blood lactate levels were not re-
ported. By contrast, in a multicentre trial in France in
which the placebo patients had a mortality rate close to
50% and a mean lactate level greater than 4 mmol/l there
were significant reductions in ICU, hospital, and 6-month
mortality rates in hydrocortisone treated patients.19

Hence, a dose of 200 mg of hydrocortisone per day is
recommended in patients with severe septic shock.15

Vasopressin can also be used in the context of host
response modulation. In addition to its vasopressor
properties, vasopressin is a hormone that influences
kidney function and water metabolism. The underlying
concept is that exogenous vasopressin administration in
patients with sepsis can substitute inadequate vaso-
pressin levels, with a fixed dose of 0.03–0.05 units/min.
Vasopressin is mostly used as an additional second-line
vasopressor for patients who do not respond to
noradrenaline, but there is some evidence that early
administration of vasopressin in patients with septic
shock may improve kidney function, increase urine
output, decrease fluid requirements, and decrease
oedema formation.20

Extracorporeal blood purification using different
systems to remove excess mediators and/or endotoxin
has also been proposed and with good rationale, but
none of the modalities available has been consistently
shown to reduce mortality.15 The early use of renal
replacement therapy in the absence of renal failure is
not recommended.15

Vitamin C may also have anti-inflammatory effects,
notably at the endothelial level,21 but has shown limited
efficacy in large, randomized clinical trials and admin-
istration of high doses of vitamin C in patients with
sepsis may be harmful.22
Outstanding questions
One of the main problems when trying to translate
preclinical or phase I clinical trial data to the larger
clinical arena has been the heterogeneity of the patient
populations studied. Sepsis is an ‘umbrella’ term that
covers patients with many diverse characteristics related
to their underlying infection, the degree and phase of
immune response, as well as intrinsic differences in age,
sex, genomics, comorbid conditions, and chronic
www.thelancet.com Vol 86 December, 2022
treatments. Thus, despite promising results of some
sepsis interventions in the relatively controlled, carefully
selected conditions of early phase clinical trials, none has
been shown to have a convincing beneficial effect on
survival in large scale RCTs, which have all included
heterogeneous groups of patients with “sepsis”.
Drotrecogin alpha (activated) was a possible exception,
with treated patients having reduced mortality in a
landmark study,23 but a subsequent study was entirely
negative so that the drug was removed from the market.24

So, how can the translation of research data be
improved in sepsis? We are increasingly moving to-
wards applying a more personalized approach to patient
management across most medical spheres, in which
treatments are adapted to individual patients based on
more accurate assessment of their likelihood to respond.
Phenotypic grouping of patients with sepsis based on
the presence of visible characteristics is gradually being
replaced by a pathogenetic-based endotype-driven
approach (defined by a distinct pathobiological mecha-
nism). Using such endotypes to select patients more
appropriately for clinical trials in sepsis may be a key
step toward improving translation of research data to the
clinical arena. For example, a retrospective analysis of
data from a trial of thrombomodulin administration
showed encouraging results in patients with sepsis-
associated coagulopathy and raised baseline coagula-
tion markers (prothrombin fragment 1.2 F1.2,
thrombin-antithrombin complexes, and D-dimer),25

suggesting this characteristic could be used to select
patients most likely to respond. The impact different
patient endotypes can have on response to treatment is
also becoming more apparent. Post hoc or secondary
trial data analysis has suggested differential effects of
treatments, including IL-1 receptor antagonist26 and
corticosteroids,27,28 according to the presence of different
endotypes, determined based on the presence of specific
biomarkers or a transcriptomic profile. ‘Omics tech-
niques involve the measurement of an entire class of
compounds (e.g., DNA for genomics, RNA for tran-
scriptomics, proteins for proteomics, metabolites for
metabolomics, etc), and enable characterization of
multiple patient factors rather than just a few mole-
cules.29 With improved computing power and technol-
ogy, enabling increased analysis of the vast amounts of
data that are now being collected from patients, and the
advances in polyomics approaches, patient profiling will
become increasingly precise. Use of such methods to
enrich clinical trials needs further testing and validation
but holds huge promise for the future of sepsis
therapeutics.
Conclusions
The management of sepsis involves the three elements
presented herein—infection control, haemodynamic sta-
bilization, and modulation of the host response—which
3
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should be kept in consideration at all times during a
patient’s trajectory. Improved characterization of patients
with sepsis should enable more appropriate, personalized
selection of therapies in the future and thus improved
outcomes.

Search strategy and selection criteria
I searched PubMed for original research papers,
reviews, editorials, and commentaries published in
English using the following terms: sepsis and septic
shock; combined with randomized controlled trial;
treatment; therapy. I predominantly selected publica-
tions from the past 5 years, but also included commonly
referenced and highly regarded older publications. I also
checked the reference lists of articles identified by this
search strategy for any relevant articles. Clinical trial
databases were searched for new and currently ongoing
studies in this field.
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