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Screening and early treatment
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Initial resuscitation
Recommendations
4. Sepsis and septic shock are medical emergencies, and we recommend that treatment and resuscitation begin immediately
Best Practice Statement
5. For patients with sepsis induced hypoperfusion or septic shock we
suggest that at least 30 mL/kg of intravenous (IV) crystalloid fluid
should be given within the first 3 h of resuscitation
Weak recommendation, low-quality evidence
6. For adults with sepsis or septic shock, we suggest using dynamic
measures to guide fluid resuscitation, over physical examination or
static parameters alone
Weak recommendation, very low-quality evidence
Remarks
Dynamic parameters include response to a passive leg raise or a fluid
bolus, using stroke volume (SV), stroke volume variation (SVV), pulse
pressure variation (PPV), or echocardiography, where available
7. For adults with sepsis or septic shock, we suggest guiding resuscitation to decrease serum lactate in patients with elevated lactate level,
over not using serum lactate
Weak recommendation, low-quality evidence
Remarks
During acute resuscitation, serum lactate level should be interpreted
considering the clinical context and other causes of elevated lactate
8. For adults with septic shock, we suggest using capillary refill time to
guide resuscitation as an adjunct to other measures of perfusion
Weak recommendation, low-quality evidence

• RV 30 mL/kg des RCTè adapté à la rou@ne
Dans les 3 heures

• Réanima@on guidée: mesures dynamiques
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• Objec@fs RV? HD? Lactate? TRC?

1185

• Objec@fs PAM ≃ 65 mmHg – indica@on de
vasopresseurs

Mean arterial pressure

Admission to intensive care
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10. For adults with sepsis or septic shock who require ICU admission, we
suggest admitting the patients to the ICU within 6 h

Rationale
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Fig. 3 ROC curves of CRT and ∆CRT-PLR to predict CRT response to
volume expansion. CRT, capillary refill time; CRT responders,
response to volume expansion defined as patients showing a

Click on image to magnify.
Effect of a Resuscitation
Strategy Targeting Peripheral
Perfusion Status vs Serum Lactate Levels on 28-Day Mortality
Among Patients With Septic Shock
The ANDROMEDA-SHOCK Randomized Clinical Trial
Hernandez et al. JAMA 2019

A lactate-targeted resuscitation strategy
may be associated with higher mortality
in patients with septic shock and normal
2 Patients
distribution
at 0 and
2 h after
ICU admission and associated outcome according to randomization group, under CRT state
capillaryFig.
refill
time:
a post
hoc
analysis
perspective. Percentages refer to 28-day mortality. All patients started with hyperlactatemia. Lactate arm pursued lactate normalization or
of the ANDROMEDA-SHOCK
significant lowering, irrespective of CRT study
state. CRT arm pursued CRT normalization
Eduardo Kattan1, Glenn Hernández1, Gustavo Ospina-Tascón2, Emilio Daniel Valenzuela1, Jan Bakker1,3,4,5,
Ricardo Castro1* and The ANDROMEDA-SHOCK Study Investigators and the Latin America Intensive Care
Network (LIVEN)

Kattan et al. AIC 2020

Abstract
Background: Capillary refill time (CRT) may improve more rapidly than lactate in response to increments in systemic
flow. Therefore, it can be assessed more frequently during septic shock (SS) resuscitation. Hyperlactatemia, in contrast,
exhibits a slower recovery in SS survivors, probably explained by the delayed resolution of non-hypoperfusion-related
sources. Thus, targeting lactate normalization may be associated with impaired outcomes. The ANDROMEDA-SHOCK
trial compared CRT- versus lactate-targeted resuscitation in early SS. CRT-targeted resuscitation associated with lower
mortality and organ dysfunction; mechanisms were not investigated. CRT was assessed every 30 min and lactate
every 2 h during the 8-h intervention period, allowing a first comparison between groups at 2 h (T2). Our primary aim
was to determine if SS patients evolving with normal CRT at T2 after randomization (T0) exhibited a higher mortality
and organ dysfunction when allocated to the LT arm than when randomized to the CRT arm. Our secondary aim was
to determine if those patients with normal CRT at T2 had received more therapeutic interventions when randomized
to the LT arm. To address these issues, we performed a post hoc analysis of the ANDROMEDA-SHOCK dataset.
Results: Patients randomized to the lactate arm at T0, evolving with normal CRT at T2 exhibited significantly higher
mortality than patients with normal CRT at T2 initially allocated to CRT (40 vs 23%, p = 0.009). These results replicated
at T8 and T24. LT arm received significantly more resuscitative interventions (fluid boluses: 1000[500–2000] vs. 500[0–
1500], p = 0.004; norepinephrine test in previously hypertensive patients: 43 (35) vs. 19 (19), p = 0.001; and inodilators:
16 (13) vs. 3 (3), p = 0.003). A multivariate logistic regression of patients with normal CRT at T2, including APACHE-II,
baseline lactate, cumulative fluids administered since emergency admission, source of infection, and randomization
group) confirmed that allocation to LT group was a statistically significant determinant of 28-day mortality (OR 3.3;
95%CI[1.5–7.1]); p = 0.003).

*Correspondence: rcastro.med@gmail.com
1
Departamento de Medicina Intensiva, Facultad de Medicina, Pontificia
Universidad Católica de Chile, Santiago 362, Chile

Fig. 1 Kaplan–Meier estimates of the 28-day survival rate according
to CRT status at 2 h
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Ka]an et al. Crit Care 2020

Eduardo Kattan , Gustavo A. Ospina-Tascón , Jean-Louis Teboul , Ricardo Castro , Maurizio Cecconi4, Giorgio Ferri5,
Jan Bakker6,1,7,8, Glenn Hernández1* and The ANDROMEDA-SHOCK Investigators
Abstract
Background: Fluid boluses are administered to septic shock patients with the purpose of increasing cardiac output
as a means to restore tissue perfusion. Unfortunately, fluid therapy has a narrow therapeutic index, and therefore,
several approaches to increase safety have been proposed. Fluid responsiveness (FR) assessment might predict
which patients will effectively increase cardiac output after a fluid bolus (FR+), thus preventing potentially harmful
fluid administration in non-fluid responsive (FR−) patients. However, there are scarce data on the impact of
assessing FR on major outcomes.
The recent ANDROMEDA-SHOCK trial included systematic per-protocol assessment of FR. We performed a post hoc
analysis of the study dataset with the aim of exploring the relationship between FR status at baseline, attainment of
specific targets, and clinically relevant outcomes.
Methods: ANDROMEDA-SHOCK compared the effect of peripheral perfusion- vs. lactate-targeted resuscitation on
28-day mortality. FR was assessed before each fluid bolus and periodically thereafter. FR+ and FR− subgroups,
independent of the original randomization, were compared for fluid administration, achievement of resuscitation
targets, vasoactive agents use, and major outcomes such as organ dysfunction and support, length of stay, and 28day mortality.
Results: FR could be determined in 348 patients at baseline. Two hundred and forty-two patients (70%) were
although nonfluid responders received less resuscitation fluids (0 [0–500] vs. 1500 [1000–2500] mL; p 0.0001), exhibited less
positive fluid balances, but received more vasopressor testing. No difference in clinically relevant outcomes
between FR+ and FR− patients was found, including 24-h SOFA score (9 [5–12] vs. 8 [5–11], p = 0.4), need for MV
2 a, b Evolution of fluid responsiveness during protocolized resuscitation, according to fluid responsiveness status at baseline
(78% vs. 72%, p = 0.16), need for RRT (18% vs. 21%, p = 0.7), ICU-LOS (6 [3–11] vs. 6 [3–16] days, p = 0.2), and Fig.
28-day
mortality (40% vs. 36%, p = 0.5). Only thirteen patients remained fluid responsive along the intervention period.
there is an extensive literature on the fluid impact on major outcomes has not been demonstrated.
Conclusions: Systematic assessment allowed determination of fluid responsiveness status in more than 80% Although
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(Continued on next page)
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Admission to intensive care
Recommendation
10. For adults with sepsis or septic shock who require ICU admission, we
suggest admitting the patients to the ICU within 6 h
Weak recommendation, low-quality evidence

• Impact du délai URG-REA

Diagnostic categories of APACHE II system as originally described by Knaus
et al.
b
MVOS, Major vital organ system.

critically ill patient [9]. These patients have better outcomes when treated in ICUs with close and continuous
involvement by critical care physicians [32,33]. Other
data also show improved outcome when nurse-topatient ratios in the ICUs are properly maintained [34].

that a more than six-hour delay in intensive care unit
transfer increased hospital length of stay and ICU and
hospital mortality [9]. Young et al. [10] found a 3.5
higher non-adjusted mortality in patients with four or
more hours of delay to treatment after physiological
deterioration. There was one major difference between
our data and these studies, as we did not find an
increase in length of ICU or hospital stay in the delayed
admission group. This may be the result of interventions

30% risque de mortalité attribué au délai

Rationale
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andsepsis
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délai ventilator
duration, and ICU and hospital length of stay [84]. Data
on the optimal time for transfer to the ICU stem from
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foncConnelles
observational
studies and
registry databases.
In an observational study of 401 ICU patients, authors Figure 2 ICU mortality rate among patients grouped by time to ICU admission. This figure shows increase in mortality rate according to
with time. IA, immediate admission (c2: 9.78; P = 0.002).
reported
an increase
in ICU mortality
of 1.5% for each ICU waiting time. There is a significant tendency of increase in mortalityCardoso
• si retard
au transfert
en ICU:
et al. Crit Care 2011
hour delay of ED to ICU transfer [85]. A retrospective
observational
study ofrépétées
14,788 critically
ill patients in the
• Évalua&on
et stratégie
Netherlands showed a higher hospital mortality for the
higher ED to ICU time quintiles (2.4–3.7 h and > 3.7 h)
compared with the lowest ED to ICU time quintile (< 1.2 h)
[86]. When adjusted for severity of illness, an ED to ICU
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Diagnosis of infection
Recommendation

optimise the chances of infected patients receiving antimicrobial
therapy
andsepsis
non-infected
avoiding
11.
For adults with
suspected
or septic shockpatients
but unconfirmed
infection,that
we recommend
continuously re-evaluating and searching
therapy
is not indicated.
for alternative diagnoses and discontinuing empiric antimicrobials if an
alternative cause of illness is demonstrated or strongly suspected

Time
to antibiotics
Best
Practice
statement
Recommendations

Rationale
12. For adults with possible septic shock or a high likelihood for sepsis, we
immediately,
within
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these guidelines,
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The signs and symptoms of sepsis are nonspecificif and
likelihood of sepsis is thought to be high
often mimic multiple other diseases [90–92]. Since there
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13. For adults with possible sepsis without shock, we recommend rapid
assessment of the likelihood of infectious versus non-infectious causes
of acute illness
Best Practice Statement
Remarks
1188
Rapid assessment includes history and clinical examination, tests for both
infectious and non-infectious causes of acute illness and immediate treatment for acute conditions that can mimic sepsis. Whenever
possible this should be completed within 3 h of presentation so that a
decision can be made as to the likelihood
of an infectious
Antibiotic
Timing cause of the
patient’s presentation and timely antimicrobial therapy provided if the
likelihood of sepsis is thought to beShock
highis present
Shock is absent

toxicité, résistances bactériennes, C diﬃcile
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14. For adults with possible sepsis without shock, we suggest a timelimited course of rapid investigation and if concern for infection
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Open surgical intervention should be considered when
other interventional approaches are inadequate or cannot be
provided in a timely fashion. Surgical exploration may also
be indicated when diagnostic uncertainty persists despite
radiologic evaluation, when the probability of success with a
percutaneous procedure is uncertain, or when the undesirable effects of a failed procedure are high. Logistic factors
unique to each institution, such as surgical or interventional
staff availability, may also play a role in the decision. Future
research is needed to investigate the optimal timing and
method of source control in patients with sepsis and septic
shock with a source of infection amenable to drainage.
Recommendation
28. For adults with sepsis or septic shock, we recommend prompt
removal of intravascular access devices that are a possible source of
sepsis or septic shock after other vascular access has been established
Best Practice Statement

Rationale

Removal of a potentially infected intravascular access
device is considered a part of adequate source control
[262]. An intravascular device suspected to be a source of
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Adverse effects of delayed antimicrobial
treatment and surgical source control in adults
with sepsis: results of a planned secondary
analysis of a cluster-randomized controlled trial

Rüddel et al. Critical Care

Abstract
Background: Timely antimicrobial treatment and source control are strongly recommended by sepsis guidelines,
however, their impact on clinical outcomes is uncertain.
RüddelMethods:
et al. CriticalWe
Careperformed
(2022) 26:51
Page 8 of 14
a planned secondary analysis of a cluster-randomized trial conducted from July 2011
to May 2015 including forty German hospitals. All adult patients with sepsis treated in the participating ICUs were
included. Primary exposures were timing of antimicrobial therapy and delay of surgical source control during the first
48 h after sepsis onset. Primary endpoint was 28-day mortality. Mixed models were used to investigate the effects of
timing while adjusting for confounders. The linearity of the effect was investigated by fractional polynomials and by
categorizing of timing.
Results: Analyses were based on 4792 patients receiving antimicrobial treatment and 1595 patients undergoing
surgical source control. Fractional polynomial analysis identified a linear effect of timing of antimicrobials on 28-day
mortality, which increased by 0.42% per hour delay (OR with 95% CI 1.019 [1.01, 1.028], p ≤ 0.001). This effect was
significant in patients with and without shock (OR = 1.018 [1.008, 1.029] and 1.026 [1.01, 1.043], respectively). Using a
categorized timing variable, there were no significant differences comparing treatment within 1 h versus 1–3 h, or 1 h
versus 3–6 h. Delays of more than 6 h significantly increased mortality (OR = 1.41 [1.17, 1.69]). Delay in antimicrobials
also increased risk of progression from severe sepsis to septic shock (OR per hour: 1.051 [1.022, 1.081], p ≤ 0.001). Time
to surgical source control was significantly associated with decreased odds of successful source control (OR = 0.982
[0.971, 0.994], p = 0.003) and increased odds of death (OR = 1.011 [1.001, 1.021]; p = 0.03) in unadjusted analysis, but
not when adjusted for confounders (OR = 0.991 [0.978, 1.005] and OR = 1.008 [0.997, 1.02], respectively). Only, among
patients with septic shock delay of source control was significantly related to risk-of death (adjusted OR = 1.013 [1.001,
1.026], p = 0.04).

Mortalité à 28 jours: 0,42% de mortalité /h de délai

*Correspondence: Daniel.Schwarzkopf@med.uni-jena.de
1
Integrated Research and Treatment Center - Center for Sepsis Control
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Fig.
2 Effects of antimicrobial therapy and of surgical source control on 28-day mortality. Effects were tested in a logistic hierarchical linear model
Full list of author information is available at the end of the article
with
a random intercept adjusting for covariates. Risk-adjusted mortality estimates were obtained as predictive margins that were calculated for
Collaborating author group: MEDUSA study group, E-Mail: Frank.Bloos@

Progression sepsis è choc

4792 patients septique ayant reçu des ATB
1595 patients avec sepsis nécessitant une chirurgie

Fig. 1 Crude outcomes and predicted outcomes depending on time to treatment. Presented are the risk (bars) and predicted risk (lines) across a
range of time after onset of sepsis. Bold lines present the predicted risk with 95% confidence interval for a typical patient from a model adjusting
for covariates, dotted lines present the predicted risk with 95% confidence interval from a model without adjusting for covariates. The effect of
timing was tested for linearity by fractional polynomials at significance level 0.05; in panels a to c timing is treated as linear, since no significant

Antimicrobial choice
Recommendations
17. For adults with sepsis or septic shock at high risk of methicillin resistant staph aureus (MRSA), we recommend using empiric antimicrobials
with MRSA coverage over using antimicrobials without MRSA coverage
Best Practice statement
18. For adults with sepsis or septic shock at low risk of methicillin resistant
staph aureus (MRSA), we suggest against using empiric antimicrobials
with MRSA coverage, as compared with using antimicrobials without
MRSA coverage
Weak recommendation, low quality of evidence
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known, the optimal choice of antibiotic therapy depends
on the local prevalence of resistant organisms, patient
risk factors for resistant organisms, and the severity of
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pathogenic processes, or pharmacologic responses to a
therapeutic intervention” [34]. Ideally, a sepsis biomarker
should
differentiate true sepsis from other inflammatory
Open
Access
REVIEW
conditions in a timely and cost-effective manner, and be
able to monitor the response to treatment, guiding both
when to start and safely stop therapy. Sepsis activates
multiple biochemical and immunological pathways, and
1*
2
3
4
5
Michael S. Niederman , Rebecca M. Baron , Lila Bouadma , Thierry Calandra , Nick Daneman , the release of various molecules that could potentially
serve as biomarkers [35]. Numerous promising biomarkJan DeWaele6, Marin H. Kollef7, Jeffrey Lipman8,9 and Girish B. Nair10
ers have been evaluated, but C-reactive protein (CRP)
and procalcitonin are the most widely evaluated, in

Initial antimicrobial management of sepsis

assays have been developed. SeptiCyteTM LB, (Immunexpress, Seattle, WA) has been cleared by the FDA in the
United States, for discriminating sepsis from non-infectious systemic inflammation, among a heterogeneous
cohort of 249 adult critical care patients [39].
Individualizing antibiotic treatment duration using
biomarker guidance seems more intuitive than fixed
duration in patients with sepsis. In a patient-level metaanalysis focusing on procalcitonin-guided antibiotic
management (11 trials), using serial measurements,
early discontinuation of antibiotics with a reduction in

Crit Care 2021

Abstract
Sepsis is a common consequence of infection, associated with a mortality rate > 25%. Although community-acquired
sepsis is more common, hospital-acquired infection is more lethal. The most common site of infection is the lung, followed by abdominal infection, catheter-associated blood steam infection and urinary tract infection. Gram-negative
sepsis is more common than gram-positive infection, but sepsis can also be due to fungal and viral pathogens. To
reduce mortality, it is necessary to give immediate, empiric, broad-spectrum therapy to those with severe sepsis and/
or shock, but this approach can drive antimicrobial overuse and resistance and should be accompanied by a commitment to de-escalation and antimicrobial stewardship. Biomarkers such a procalcitonin can provide decision support
for antibiotic use, and may identify patients with a low likelihood of infection, and in some settings, can guide duration of antibiotic therapy. Sepsis can involve drug-resistant pathogens, and this often necessitates consideration of
newer antimicrobial agents.
Keywords: Sepsis, Antibiotic therapy, Antimicrobial therapy, Fungal infection, Pneumonia, Intra-abdominal infection,
Pharmacokinetics, Bacteremia, Biomarkers
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Background
Sepsis is a common and life-threatening illness in the
ICU, requiring timely and effective antimicrobial therapy.
The aims of this review are to identify the most common sites of sepsis, the likely pathogens, and the optimal
approach to antimicrobial therapy. Effective therapy must
be balanced by the need to avoid overuse of broad spectrum agents and thus must be accompanied by a commitment to antimicrobial stewardship. Using experts in this
topic, we reviewed the literature relevant to antimicrobial
management of sepsis and recommend key principles for
management.

designated a global health priority [1–3]. The majority
of sepsis is community-acquired, and progression can
be insidious, making diagnosis difficult [3, 4]. Prognosis
depends on early administration of broad-spectrum antibiotics and effective source control [5, 6].
Sepsis affects 1.7 million adults in the USA annually,
with nearly 270,000 deaths [7], and between 19.4 and 31.5
million episodes annually, worldwide, with 5.3 million
deaths [8]. A global study reported a decrease of 18.8% in
Fig. 1 The need for immediate broad-spectrum empiric antimicrobial therapy for selected patients with severe sepsis may be life-saving, but may
sepsis incidence worldwide from 60 million cases
also in
put1990
pressure to overuse antibiotics and drive antibiotic resistance. Thus, this approach comes with the obligation to try to control resistance by
to 49 million cases in 2017 [9]. However, sepsis-related
de-escalating therapy once serial clinical, microbiologic and laboratory data become available. De-escalation can be in the form of shorter duration
of therapy, to
less broad-spectrum agents, fewer drugs, or a combination of these interventions
Medicare hospital admissions increased from 811,644
1,136,889 from 2012 to 2018, with an associated increase
in hospital and subsequent skilled nursing care cost from
$27.7 to $41.5 billion [10]. Mortality at 6 months remains
high for septic shock at 60% and severe sepsis at 36% [10].
Bacterial infections are the most common cause, but

• Intérêt des dosages d’ATB

• Couverture des pathogènes

mul&résistants puis désescalade rapide

Sepsis epidemiology, infection site and pathogens
Sepsis is a life-threatening organ dysfunction syndrome
caused by a dysregulated host response to infection,
associated with a mortality rate over 25%, that has been

(adjusted OR, 1.10; 95% CI, 0.82-1.46; P = .54).
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IMPORTANCE Broad-spectrum antibiotics are recommended for all patients with suspected sepsis
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to minimize the risk of undertreatment. However, little is known regarding the net prevalence of
antibiotic-resistant pathogens across all patients with community-onset sepsis or
10the outcomes
associated with unnecessarily broad empiric treatment.
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OBJECTIVE To elucidate the epidemiology of antibiotic-resistant pathogens and the outcomes
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Abstract
The belief that, for the individual patient, the benefit of prompt and continued use of antimicrobials outweighs any
potential harm is a significant barrier to improved stewardship of these vital agents. Antimicrobial stewardship may
be perceived as utilitarian rationing, seeking to preserve the availability of effective antimicrobials by limiting the
development of resistance in a manner which could conflict with the immediate treatment of the patient in need.
This view does not account for the growing evidence of antimicrobial-associated harm to individual patients. This
review sets out the evidence for antimicrobial-associated harm and how this should be balanced with the need for
prompt and appropriate therapy in infection. It describes the mechanisms by which antimicrobials may harm patients
including: mitochondrial toxicity; immune cell toxicity; adverse drug reactions; selection of resistant organisms within
a given patient; and disruption of the microbiome. Finally, the article indicates how the harms of antimicrobials may
be mitigated and identifies areas for research and development in this field.
Keywords: Antibiotics, Antifungals, Drug-related side effects and adverse reactions, Critical care
Introduction

patients, who are the highest per-capita consumers of
antimicrobials [1] and who are at greatest risk of harm
One of the major barriers to improved antimicrobial from untreated or undertreated infection [2, 3].
However, there is growing evidence of the harm caused
stewardship is the widespread belief amongst both medical professionals and the public that, for the individual to individual patients by unnecessary or unduly propatient, the benefits of prompt and continued use of longed antimicrobial use [4]. If consideration is given
antimicrobials outweigh any potential harm. Antimicro- to potential harms in the individual patient, clinicians
bial stewardship is sometimes perceived as the utilitar- may be more judicious about antimicrobial prescribian rationing of a vital resource, sacrificing the wellbeing ing. Several studies conducted within the intensive care
of the present individual for a less immediate collective unit (ICU) setting have provided compelling evidence
good. For the clinician, their principal duty to the patient that over-zealous use of antimicrobials can translate into
adverse patient outcomes, including increased mortality
in need outweighs this wider and more nebulousFig.
ben1 Summary of the mechanisms by which antimicrobials may harm patients
efit. This view is perhaps most pertinent to critically ill [4–6].
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with obstruction or abscess, necrotizing soft tissue infection, other deep space infection (e.g., empyema or septic
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therapy
arthritis), therapy
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implanted device infections [262].
Recommendations
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30 days, MAKE30), was similar between groups (24.6%
vs. 24.7%). Subsequently, the SMART trial was published
Fluid management
• inSérum
/ solutés balancés
2018, asalé
single-centre,
multiple-crossover study includRecommendations
ing 15,802 patients who received balanced solutions or
• PaMents sepMques +++
32. For adults with sepsis or septic shock, we recommend using crystalnormal saline, alternating on a monthly basis [334]. In the
loids as first-line fluid for resuscitation
subgroup of patients admitted with sepsis
• pre-specified
Mortalité, IRA
Strong recommendation, moderate quality of evidence
in all participating ICUs, 30-day mortality was lower in
33. For adults with sepsis or septic shock, we suggest using balanced
those receiving balanced solutions, compared to normal
crystalloids instead of normal saline for resuscitation
Weak recommendation, low quality of evidence
saline (OR 0.80; 95% CI 0.67−0.94). Likewise, in a secincluding only the 1,641 patients admit34. For adults with sepsis or septic shock, we suggest using albumin in
• ondary
Retouranalysis
de l’Alb…
patients who received large volumes of crystalloids over using crystalted to medical ICUs with a diagnosis of sepsis, balanced
loids alone
Quel seuil pour introduc(on de l’Alb?
solutions
were associated with reduced 30-day hospital
Weak recommendation, moderate quality of evidence
Quel objec(f?
30g/L
plasma(que?
mortality
(OR 0.74;
95%
CI 0.59–0.93) and MAKE30, and
35. For adults with sepsis or septic shock, we recommend against using
increased vasopressor- and RRT-free days [335].
starches for resuscitation
• Pas
ni gélaMnes
Strong recommendation, high quality of evidence
Thed’HEA,
SMART
trial was a single-centre study without
36. For adults with sepsis and septic shock, we suggest against using
individual patient randomisation and no blinded assigngelatin for resuscitation
• ment
Pas de
recommandaMon sur la balance hydrosodée
of the intervention, it exposed participants to
Weak recommendation, moderate quality
moderate amount of fluid volume, identification of sepsis subgroups was based on ICD-10 codes, and it used
Rationale
a composite outcome which may not be as relevant as
Fluid therapy is a key part of the resuscitation of sep- a patient-centered outcome [336]. However, the use
sis and septic shock. Crystalloids have the advantage of of balanced solutions in sepsis may be associated with
being inexpensive and widely available. The absence of improved outcomes compared with chloride-rich solu-
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Vasoactive agents
Vasoactive Agent Management

Recommendations
37. For adults with septic shock, we recommend using norepinephrine
as the first-line agent over other vasopressors. Strong recommendation
Dopamine. High quality evidence
Vasopressin. Moderate-quality evidence
Epinephrine. Low-quality evidence
Selepressin. Low-quality evidence
Angiotensin II. Very low-quality evidence
Remark
In settings where norepinephrine is not available, epinephrine or
dopamine can be used as an alternative, but we encourage efforts to
improve the availability of norepinephrine. Special attention should
be given to patients at risk for arrhythmias when using dopamine and
epinephrine

Use norepinephrine
vasopressor
For patients with septic shock
on vasopressor

Consider initiating
vasopressors
peripherally*
If MAP is inadequate despite
low-to-moderate-dose
norepinephrine

Target a MAP of
65mm Hg
Consider invasive
monitoring of arterial
blood pressure

Strong recommendations

If central access is not yet
available

If cardiac dysfunction with
persistent hypoperfusion is
present despite adequate
volume status and blood
pressure
Consider adding
dobutamine or
switching to
epinephrine

Consider adding
vasopressin

Weak recommendations

*When using vasopressors peripherally, they should be administered only for a short period of time and in a vein proximal to the
38. For adults with septic shock on norepinephrine with inadequate MAP
antecubital fossa.
levels, we suggest adding vasopressin instead of escalating the dose
Fig. 2 Summary of vasoactive agents recommendations
of norepinephrine
• Monitorage du lactate / adrénaline
Weak recommendation, moderate-quality evidence
dopamine as a vasoconstrictor. In a systematic review for norepinephrine as the first-line agent over other vasoRemark
and meta-analysis
of 11 RCTs, en
norepinephrine
resulted pressors
(Fig. 2).
• Déficience
vasopressine
et épargne
des
In our practice, vasopressin is usually started when the dose of norepi- in a lower mortality (RR 0.89; 95% CI 0.81–0.98) and
Vasopressin is an endogenous peptide hormone pronephrine is in the range of 0.25–0.5 μg/kg/min
lower risk ofcatécholamines
arrhythmias (RR 0.48; 95% CI 0.40–0.58) duced in the hypothalamus and stored and released by

compared with dopamine [347]. Although the β-1 activ-

the posterior pituitary gland. Its mechanism for vasocon-

Epinephrine’s action is also dose-dependent with

pressin concentration is elevated in early septic shock
but decreases to normal range in the majority of patients
between 24 and 48 h as shock continues [352, 353]. This
finding has been called “relative vasopressin deficiency”
as, in the presence of hypotension, vasopressin would be
expected to be elevated. The significance of this finding
is unknown. Unlike most vasopressors, vasopressin is
not titrated to response, but it is usually administered at

39. For adults with septic shock and inadequate MAP levels despite nor-ity of dopamine may be useful in patients with myocar- strictive activity is multifactorial and includes binding
dial dysfunction, the higher risk of arrhythmias limits its of V1 receptors on vascular smooth muscle resulting in
epinephrine and vasopressin, we suggest adding epinephrine
• AVP 0,03 U/min (max 0,06)increased arterial blood pressure. Studies show that vasouse [348].
Weak recommendation, low-quality evidence
40. For adults with septic shock, we suggest against using terlipressinpotent β-1 adrenergic receptor activity and moderate β-2
Pas de
terlipressine
and α-1 •adrenergic
receptor
activity. The activity of epiWeak recommendation, low quality of evidence

Rationale

nephrine, at low doses, is primarily driven by its action
on β-1 adrenergic receptors, resulting in increased cardiac output (CO), decreased systemic vascular resistance (SVR) and variable effects on MAP. At higher doses,
however, epinephrine administration results in increased

with
group
vious
s was
prox366].
least
n 114
in 37
3.4%,
morhrine
y low
opulavents
nalysis
dence
ad no
epsis
tropic
oflimthe
not
hd norrated
tional
as
an
n inone, or
lysine
eased
n“slow
after
ound
analyand
it
thout

Inotropes
Recommendations
41. For adults with septic shock and cardiac dysfunction with persistent
hypoperfusion despite adequate volume status and arterial blood
pressure, we suggest either adding dobutamine to norepinephrine or
using epinephrine alone
Weak recommendation, low quality of evidence

• Pas de préférence Dobu/Adré

42. For adults with septic shock and cardiac dysfunction with persistent
hypoperfusion despite adequate volume status and arterial blood pressure, we suggest against using levosimendan
Weak recommendation, low quality of evidence

Monitoring and intravenous access
Rationale

Recommendations
Sepsis-induced
myocardial dysfunction is recognised
as
a major
contributor
the haemodynamic
instabil43. For
adults with
septic shock, to
we suggest
using invasive monitoring
arterialisblood
pressure over
non-invasive
monitoring, asof
soon
as
ityof and
associated
with
worse outcomes
patients
practical and if resources are available
with
septic shock very
[368].
Inotropic
therapy can be used
Weak recommendation,
low quality
of evidence
in
withseptic
persistent
after adequate
44. patients
For adults with
shock, wehypoperfusion
suggest starting vasopressors
fluid
resuscitation,
andrather
in patients
withinitiation
myocardial
dysperipherally
to restore MAP
than delaying
until a central venousbased
access ison
secured
function,
suspected or measured low CO and
Weak recommendation, very low quality of evidence
elevated
Remark cardiac filling pressures. Dobutamine and epinephrine
the most
commonly
used be
inotropes.
PhysiWhen using are
vasopressors
peripherally,
they should
administered
only
for a short
period of
time and in a vein
in ordobutamine
proximal to the antecubital
ologic
studies
demonstrate
that
increases
fossa
CO and oxygen transport, increases splanchnic perfu-
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a moderate quality of evidence. The cost of intervention
is not large,
and it is likely feasible in countries
Additional
therapies
with
low- and middle-income economies. These judgeCorticosteroids
ments
support a recommendation for the use of pharRecommendation
strategy.
Overall,thromboembolism
the quality of evidence
was judged
macologic venous
(VTE) prophylaxis
moderate.
58.
For aadults
with septic shock and
an ongoing
requirement for vaso- is
unless
contraindication
exists.
The recommendation
pressor
therapy webalance
suggest using
IV corticosteroids
The overall
of
effects
is uncertain and does
unchanged
from
the
2016
guidelines.
Weak recommendation; moderate quality of evidence
not favour
either
the intervention
or comparator.
HowOur
literature
review
found no new
RCT evidence
Remark
ever, a restrictive
strategy
waswith
determined
likelyweight
benefiThe typical corticosteroid
used in adultsof
septic
shock is IV hydrocorcomparing
the administration
low
molecular
cial
with
tomg/day
resources
cost (UFH).
effectiveness,
tisone
at
a regards
dose of 200
given required,
as 50 mg
intravenously
everyThe
6h
heparin
(LMWH)
to
unfractionated
heparin
or ashealth
a continuous
infusion.
It is suggested A
thatrestrictive
this is commenced
at a is
and
equity
considerations.
strategy
prior
meta-analysis
demonstrated
significantly
lower
dose of norepinephrine or epinephrine ≥ 0.25 mcg/kg/min at least 4 h
feasible
in lowand middle-income
countries.
The 2016
afterofinitiation
rates
DVT
following
the administration
of LMWH
strong recommendation
a restrictive
strategy
compared
to UFH (RR 0.84 favouring
95% CI 0.71–0.98).
No differis unchanged;
however,
thenon
overall
quality of evidence
Dose,
délai
et
durée
déﬁnie?
ence
in
the
rates
of
clinically
significant
bleeding, mortalRationale
changed from strong to moderate.
ityInorthe
PE 2016
were observed.
qualityevidence
of evidence
guidance, The
the overall
accumulated
did
was
rated
as
moderate:
it
was
downgraded
for
imprecinot support a recommendation for their use if adequate
sion.
It resuscitation
was determined
the balancetherapy
of overall
effects
Immunoglobulins
fluid
andthat
vasopressor
were
able
favoured
LMWH
over
UFH.
Any
difference
in
resources
to
restore haemodynamic stability [12, 13] Since then,
Recommendation
required
between
twobeen
interventions
three large
RCTsthe
have
published was
[354,considered
478, 479].
62.
For
adults
with
sepsis
or
septic
shock,
we
suggest
against
using
toAn
be updated
negligible,
and LMWH[480]
administration
was corticosfeasible
meta-analysis
found
systemic
intravenous immunoglobulins
and
applicable
in countries
with lowand middle-income
teroid
to accelerate
resolution
of shock
(MD 1.52 days;
Weak recommendation, low quality of evidence
economies.
Further, LMWH
may have conducted
greater consumer
95% CI 1.71–1.32).
A meta-analysis
for this
acceptance
as it requires
only one Appendix
subcutaneous
injecguideline revision
(Supplementary
5) found
an
tion
daily. vasopressor-free
These judgements
support
a recommendation
Rationale
increase
days
(MD 1.5
days; 95% CI 0.8–
for3.11
thedays);
usewith
ofhowever,
LMWH
overseptic
UFH shock
for use
VTE
prophylaxis
in
Patients
sepsis corticosteroid
and
may
have evidence
increased
neuroof hyper-inflammation
and 95%
immunosuppression
[488].
muscular
weakness (RR 1.21;
CI 1.01–1.45), without

lack of any effect on a patient centered outcome support
Blood
a weakPurification
recommendation against the use of the combination of mechanical and pharmacologic prophylaxis.
Recommendations
It is acknowledged that in some patents with sepsis
uncertainty
the role
immunoglobulin
thera59.
adults shock
withregarding
sepsis
or septic
shock,of
we
suggest against
andForseptic
pharmacologic
prophylaxis
may beusing
conpolymyxin
B
haemoperfusion
pies in this patient
population.
traindicated.
These patients
may benefit from mechanical
Weak recommendation; low quality of evidence
VTE prophylaxis. No data for this population exist. Fur60. There is insufficient evidence to make a recommendation on the
ther
research
is indicated.
use
of
other
purification techniques
Stress
ulcerblood
prophylaxis
Recommendation

Renal replacement therapy

Rationale
63. For adults with sepsis or septic shock, and who have risk factors for

Recommendations
gastrointestinal (GI)refers
bleeding,
suggest
using stress
ulcer prophyHaemoperfusion
towe
the
circulation
of blood
through
laxis
an
extracorporeal
circuit
that and
contains
adsorbent
con67. In
adults with sepsis or
septic shock
AKI who an
require
renal
Weak recommendation,
moderate
quality
evidence
replacement
therapy, we
suggest
usingofeither
continuous
or intermittaining
cartridge.
The
previous
guidelines
made
no rectent renal replacement therapy
ommendation
regarding
use of blood purification
Weak recommendation,
low quality ofthe
evidence

techniques
Theshock
updated
literature
search
68.Rationale
In adults with[12,
sepsis13].
or septic
and AKI, with
no definitive
indica- for
tions
for renal
replacement
we
suggestRCT
against
using tract
renal of
Stress
ulcers
develop
innew
the relevant
gastrointestinal
(GI)
guideline
identified
onetherapy,
[481].
replacement
therapy
critically
ill
patientsinvestigated
and can be associated
signifiThe
most
widely
technique with
involves
the
Weak recommendation,
moderate quality of evidence
cantofmorbidity
and B-immobilised
mortality [493]. In
2016, this guideuse
polymyxin
polystyrene-derived
line recommended
stress
prophylaxis
patients
fibers.
Randomised
trials ulcer
of this
techniqueforhave
been
Pas d’indicaMon
immuno-modulatrice
Rationale
with risk factors [12, 13].
previously summarised in a systematic review and metaliteraturereviews
search and
identified
one new [501,
RCT 502]
[494]
TwoOur
systematic
meta-analyses
analysis [482]. An updated meta-analysis of all available
and the meta-analysis
from
the previous
was
summarised
the total body
of evidence:
they guideline
do not show
RCTs (Supplementary Appendix 5) demonstrated a posdemonstrated
no effect
on mortality
(RR
a updated.
differenceThis
in mortality
between
patients
who receive
sible
in mortality
(RR
0.87; 95%
1.01reduction
95% CI
0.93–1.10)
andintermittent
a reduction
in CI
GI 0.77–0.98,
haemorcontinuous
(CRRT)
versus
haemodialysis
low
quality),
however
this
finding
was
challenged
by senrhage (RR 0.52 95% CI 0.45–0.61). A sensitivity analysis
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Objectives: To provide contemporary estimates of the burdens
(costs and mortality) associated with acute inpatient Medicare
beneficiary admissions for sepsis.
Design: Analysis of paid Medicare claims via the Centers for Medicare & Medicaid Services DataLink Project.
Setting: All U.S. acute care hospitals, excluding federally operated
hospitals (Veterans Administration and Defense Health Agency).
Patients: All Medicare beneficiaries, 2012–2018, with an inpatient admission including one or more explicit sepsis codes.
Interventions: None.
Measurements and Main Results: Total inpatient hospital and
skilled nursing facility admission counts, costs, and mortality over
time. From calendar year (CY)2012–CY2018, the total number
D
of Medicare Part A/B (fee-for-service) beneficiaries with an inpatient hospital admission associated with an explicit sepsis code
Drose from 811,644 to 1,136,889. The total cost of inpatient hospital admission including an explicit sepsis code for those beneficiaries in those calendar years rose from $17,792,657,303 to
$22,439,794,212. The total cost of skilled nursing facility care in
the 90 days subsequent to an inpatient hospital discharge that
included an explicit sepsis code for Medicare Part A/B rose from
$3,931,616,160 to $5,623,862,486 over that same interval. Pre-
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Figure 6. Total monthly payments for all inpatient sepsis admission by severity, Medicare fee-for-service only
(n = 6,998,888 inpatient admissions [acute care hospitals, psychiatric hospitals, rehabilitation hospitals, and
long-term care hospitals]). Solid line, total payment; dashed line, septic shock; dash and single dot, sepsis with
organism unspecified; dotted line, severe sepsis; dash and double dot, sepsis with organism specified.

pre
ben
201
cre
the
We
a
rep
tali
and
fici

Total Payments and Beneficiary Responsibilities, Inpatient, an
Service, Acute Care Hospitals, Psychiatric Hospitals, Rehabilitation Ho
Term Care Hospitals
TABLE 2.

CY

CY 2012 IP
CY 2012 part B

Total Sepsis
IP Admissions

811,644

Total
Payment

Average
Payment

Total Beneficiary
Payment

$17,792,657,303

$21,922

$843,421,224

$1,866,452,571

$2,300

$380,343,855

are; 69 956 (43.8%) had

Anemia

Anemia

Original Investigation | Critical Care Medicine

Figure 3. Postsepsis Morbidity and Mortality 1 to 12, 13 to 24, and 25 to 36 Months After Sepsis
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Fig. 3 Blood transcriptomics response in patients with sepsis on admission stratified according to the source of infection. A Venn–Euler diagram
illustrating the shared and distinct leukocyte transcriptional responses between source of infection groups relative to health (with differential
expressed genes according to high effect size > 0.8 with Hedges g). Number of overlapping genes are shown if above 65. B Pairwise comparison of
source of infection groups showing common transcriptional response (with differential expressed genes according to medium effect size > 0.4 with
Hedges g). C Pathway analysis of the common response to sepsis (4126 genes common to all sources) relative to health. Canonical signaling subpathways were grouped into their parent pathway according to Reactome pathway database. D Comparing the blood transcriptional responses
between the source of infection groups for targeted pathways. For every gene, expression values were scaled across all sepsis samples. Then, for
each source of infection, the vector of mean expression values was ordered for gene set enrichment analysis implementing 1000 permutations. For
each selected pathway, we summarize its enrichment by magnitude, using the BH adjusted p value correcting for all existing Reactome database
pathways, and direction using the normalized enrichment score (red = + ve, blue = −ve)
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