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Appendix 1
Sepsis-1 definitions
SIRS (systemic inflammatory response syndrome)
Presence of more than 1 of 4 findings:

! Body temperature > 38.0 or < 36.0 °C
! Heart rate > 90 beats/min
! Tachypnea > 20 breaths/min or hyperventilation

with PaCO2 < 32 mmHg
! White blood cell (WBC) count > 12,000 cells/mm3

or < 4000 cells/mm3

Sepsis
SIRS in the presence of a confirmed or suspected

infection.
Severe sepsis
Sepsis associated with organ dysfunction, hypoperfusion,

or hypotension,
Septic shock
Sepsis with arterial hypotension despite adequate fluid

resuscitation.

Appendix 2
Sepsis-2 definitions
Sepsis
Infection documented or suspected and some of the

following parameters:
General parameters

! Fever (core temperature > 38.3 °C)
! Hypothermia (core temperature < 36 °C)
! Heart rate 90 bpm or > 2 SD above the normal value

for age
! Tachypnea: > 30 bpm
! Altered mental status, significant edema or positive

fluid balance (> 20 ml/kg over 24 h)
! Hyperglycemia (plasma glucose > 110 mg/dl or

7.7 mM/l) in the absence of diabetes

Inflammatory parameters

! Leukocytosis (white blood cell count > 12,000/!l)
! Leukopenia (white blood cell count < 4000/!l)
! Normal white blood cell count > 10% immature

forms
! Plasma C reactive protein > 2 SD above the normal

value
! Plasma procalcitonin > 2 SD above the normal value

Hemodynamic parameters

! Arterial hypotension (systolic blood pressure < 9
0 mmHg, mean arterial pressure < 70)

! Or a systolic blood pressure decrease > 40 mmHg in
adults or < 2 SD below normal for age

! Mixed venous oxygen saturation > 70%
! Cardiac index > 3.5 l min! 1 m! 2

! Organ dysfunction parameters
! Arterial hypoxemia (PaO2/FIO2 < 300)
! Acute oliguria (urine output > 0.5 ml/kg! 1 h! 1 or

45 mM/l for at least 2 h)
! Creatinine increase " 0.5 mg/dl
! Coagulation abnormalities (international normalized

ratio > 1.5 or activated partial thromboplastin time >
60 s)

! Ileus (absent bowel sounds)
! Thrombocytopenia (platelet count 4 mg/dl or

70 mmol/l)

Tissue perfusion parameters

! Hyperlactatemia (> 3 mmol/l)
! Decreased capillary refill or mottling

Appendix 3
Sepsis-3 definitions
Sepsis
Life-threatening organ dysfunction due to a dysregulated

host response to infection.
Sepsis clinical criteria: organ dysfunction is defined as

an increase of 2 points or more in the Sequential Organ
Failure Assessment (SOFA) score.
Patients with suspected infection who are likely to

have a prolonged ICU stay or to die in the hospital can
be promptly identified at the bedside with qSOFA. Two
or more of:

! Hypotension: SBP less than or equal to 100 mmHg
! Altered mental status (any GCS less than 15)
! Tachypnoea: RR greater than or equal to 22

Septic shock
Subset of sepsis in which underlying circulatory and

cellular/metabolic abnormalities are profound enough to
substantially increase mortality.
Septic shock clinical criteria: Sepsis and (despite

adequate volume resuscitation) both of:
Persistent hypotension requiring vasopressors to maintain

MAP greater than or equal to 65 mmHg, and lactate greater
than or equal to 2 mmol/l.

Abbreviations
ED: Emergency department; IAI: Intra-abdominal infection; ICU: Intensive care
unit; SIRS: Systemic inflammatory response syndrome; SOFA: Sequential
[sepsis-related] Organ Failure Assessment

Acknowledgements
Not applicable.
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but these patients accounted for 70% of poor outcomes 
[5]. Similar findings have also been found when compar-
ing against the National Early warning Score (NEWS) 
and the Modified Early warning Score (MEWS) [44]. 
Although the presence of a positive qSOFA should alert 
the clinician to the possibility of sepsis in all resource set-
tings; given the poor sensitivity of the qSOFA, the panel 
issued a strong recommendation against its use as a sin-
gle screening tool.

Recommendation

3. For adults suspected of having sepsis, we suggest measuring blood 
lactate

Weak recommendation, low-quality evidence

Rationale
!e association of lactate level with mortality in patients 
with suspected infection and sepsis is well established 
[45, 46]. Its use is currently recommended as part of the 
SSC Hour-1 sepsis bundle for those patients with sepsis 
[47, 48], and an elevated lactate is part of the Sepsis-3 
definition of septic shock [49]. It has been suggested that 
lactate can also be used to screen for the presence of sep-
sis among undi"erentiated adult patients with clinically 
suspected (but not confirmed) sepsis. Several studies 
have assessed the use of lactate in this context [50–52].

!e lactate cuto"s determining an elevated level 
ranged from 1.6 to 2.5# mmol/L, although diagnostic 
characteristics were similar regardless of the cuto". 
Sensitivities range from 66 to 83%, with specificities 
ranging from 80 to 85%. Pooled positive and nega-
tive likelihood ratios from the three studies are 4.75 
and 0.29, respectively. Studies showed an association 
between the use of point-of-care lactate measurements 
at presentation and reduced mortality; however, the 
results are inconsistent [53]. In summary, the pres-
ence of an elevated or normal lactate level significantly 
increases or decreases, respectively, the likelihood of 
a final diagnosis of sepsis in patients with suspected 
sepsis. However, lactate alone is neither sensitive nor 
specific enough to rule-in or rule-out the diagnosis on 
its own. Lactate testing may not be readily available in 
many resource-limited settings [54–61]. !erefore, we 
issued a weak recommendation favouring the use of 
serum lactate as an adjunctive test to modify the pre-
test probability of sepsis in patients with suspected but 
not confirmed sepsis.

Initial resuscitation
Recommendations

4. Sepsis and septic shock are medical emergencies, and we recom-
mend 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 resuscita-
tion 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

Rationale
Timely, e"ective fluid resuscitation is crucial for the stabili-
sation of sepsis-induced tissue hypoperfusion in sepsis and 
septic shock. Previous guidelines recommend initiating 
appropriate resuscitation immediately upon recognition of 
sepsis or septic shock and having a low threshold for com-
mencing it in those patients where sepsis is not proven but is 
suspected. Although the evidence stems from observational 
studies, this recommendation is considered a best practice 
and there are no new data suggesting that a change is needed.

!e 2016 SSC guideline issued a recommendation for 
using a minimum of 30#ml/kg (ideal body weight) of IV 
crystalloids in initial fluid resuscitation. !is fixed vol-
ume of initial resuscitation was based on observational 
evidence [62]. !ere are no prospective intervention 
studies comparing di"erent volumes for initial resuscita-
tion in sepsis or septic shock. A retrospective analysis of 
adults presenting to an emergency department with sep-
sis or septic shock showed that failure to receive 30#ml/kg 
of crystalloid fluid therapy within 3#h of sepsis onset was 
associated with increased odds of in-hospital mortality, 
delayed resolution of hypotension and increased length 
of stay in ICU, irrespective of comorbidities, including 
end-stage kidney disease and heart failure [63]. In the 
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Introduction
Sepsis is life-threatening organ dysfunction caused by a dys-
regulated host response to infection [1]. Sepsis and septic 
shock are major healthcare problems, impacting millions of 
people around the world each year and killing between one 
in three and one in six of those it a!ects [2–4].1 Early iden-
tification and appropriate management in the initial hours 
after the development of sepsis improve outcomes.

"e recommendations in this document are intended 
to provide guidance for the clinician caring for adult 
patients with sepsis or septic shock in the hospital set-
ting. Recommendations from these guidelines cannot 

replace the clinician’s decision-making capability when 
presented with a unique patient’s clinical variables. "ese 
guidelines are intended to reflect best practice (Table#1).

Screening and!early treatment
Screening for!patients with!sepsis and!septic shock
Recommendation

1. For hospitals and health systems, we recommend using a per-
formance improvement programme for sepsis, including sepsis 
screening for acutely ill, high-risk patients and standard operating 
procedures for treatment

Strong recommendation, moderate quality of evidence for screening

Strong recommendation, very low-quality evidence for standard operating 
procedures

Rationale
Sepsis performance improvement programmes gener-
ally consist of sepsis screening, education, measurement 

Skeletal muscle as primary source of lactate in
s h o c k
In shocked dogs, the primary source of lactate was
identified as skeletal muscle, in which lactate
concentrations exceeded those in other tissues.1 0 W h e n
radiolabelled glucose was infused, the specific activity of
lactate in arterial blood was similar to that in organs other
than skeletal muscle, but lower in skeletal muscle itself.1 0

This result indicates that, in shock, skeletal muscle
generates lactate more readily from its glycogen stores than
from circulating glucose. Because skeletal muscle
constitutes about 40% of the body-cell mass, changes in its
metabolism in response to injury or infection allow it to
become the main producer of lactate, perturbing overall
carbohydrate metabolism.

Epinephrine and hyperlactacidaemia
In healthy individuals at rest, the plasma epinephrine
threshold for producing an increase in circulating lactate is
between 150 and 300 pg/mL, or about three to six times
the normal concentration.1 1 , 1 2 In exercising individuals,
increases in plasma lactate can be detected when the
epinephrine concentration reaches about 200 pg/mL.1 3 A s
we shall discuss, epinephrine concentrations in sepsis or
after injury frequently exceed these thresholds.

During exercise of increasing intensity, plasma lactate
concentration increases gradually at low work levels, but
then increases rapidly as exercise increases to higher work
intensity. The intensity at which lactate begins abruptly to
increase is often called the lactate threshold or anaerobic
t h r e s h o l d ,1 4 suggesting that, at some work level, oxygen
delivery becomes inadequate to meet metabolic demand.
Circulating epinephrine concentration also rises with
increasing exercise intensity; at maximum exercise intensity
in trained athletes (runners or cyclists) epinephrine
concentrations may reach 1500–2500 pg/mL.1 5 D u r i n g
exercise, oxygen saturation of muscle myoglobin remained
stable at high exercise intensity and correlated poorly with
circulating lactate concentration.1 6 However, several
exercise studies have shown excellent correlation between
concentrations of plasma lactate and epinephrine.1 3 , 1 5 – 1 7

These observations suggest that the lactate threshold
during exercise reflects increased aerobic glycolysis,
stimulated by the rising epinephrine concentration rather
than anaerobic glycolysis due to tissue hypoxia.

Pronounced hyperlactacidaemia has also been associated
with the high blood concentrations of epinephrine that
occur in phaeochromocytoma1 8 or in patients treated with
epinephrine after cardiopulmonary bypass.1 9 In acute
bronchospasm or asthmatic attacks, !2-agonists can, rarely,
cause lactic acidosis that is associated with hypokalaemia.2 0

Epinephrine secretion2 1 and plasma lactate2 2 can remain
elevated for many weeks after major thermal injury. In
burn-injured patients, there is little evidence for
impairment of oxygen use,2 3 and lactate concentrations can
be lowered by ! blockade with propranolol.2 2 In patients
with shock due to sepsis, trauma, or haemorrhage, plasma
epinephrine can be elevated for prolonged periods.2 4 I n
patients with septic shock, a group with high mortality,
epinephrine was consistently high (>500 pg/mL) for 3–5
days preceding death. In most patients with traumatic or
haemorrhagic shock, epinephrine concentrations were
highest (>4000 pg/mL) immediately after injury or blood
loss, and then fell to within the normal range in 1 or 2
days. However, in some of these patients, plasma

epinephrine remained substantially elevated (500–2000
pg/mL) for several days after injury.2 4

In one study, the haemodynamic effects of epinephrine
were compared with those of dopamine in patients with
severe bacterial sepsis or malaria.3 5 In 84% of these
patients, epinephrine infusion was terminated earlier than
planned because of pronounced lactic acidosis. Dopamine
infusion was well tolerated, however, and both agents
increased oxygen delivery and oxygen consumption.

These observations do not necessarily identify skeletal
muscle as the source of the lactate, although in some
situations this inference can be made.1 6 , 2 6 Clearer evidence
comes from studies showing that epinephrine stimulates
lactate production by isolated skeletal muscle.2 7

Historically, attempts to understand epinephrine-
stimulated lactate production in skeletal muscle have
focused on ATP “supply”—ie, increased activity of
glycogen phosphorylase and phosphofructokinase, which
are enzymes thought to be the flux-controlling steps in
glycogenolysis and glycolysis.2 8 Less attention has been
given to ATP “demand”—ie, changes in cellular processes
that may require increased ATP production. One such
process is likely to be increased ion transport by the
N a+, K+- A T P a s e .

Epinephrine stimulates Na+, K+-ATPase activity
in skeletal muscle
Epinephrine has acute effects on muscle physiology.
Muscle’s ability to conduct an action potential and
contract depends on the membrane potential and
concentration gradients across the membrane for sodium
and potassium. These ion gradients are maintained by the
N a+, K+-ATPase, which consumes one molecule of ATP to
transport three sodium ions out of the cell and two
potassium ions into the cell. At rest, muscle uses less than
10% of its total Na+, K+-ATPase activity to maintain
sodium and potassium gradients. During muscle activity,
ion movements associated with action potentials dissipate
sodium and potassium gradients. If unopposed, this
dissipation of ion gradients will result in loss of muscle
membrane excitability. When muscle activity is high, the
large reserve of Na+, K+-ATPase activity in muscle
preserves membrane excitability and muscle contractility.2 9

The activity of the Na+, K+-ATPase in muscle is stimulated
acutely by insulin, epinephrine, increased intracellular

506 THE LANCET • Vol 354 • August 7, 1999

Stimulation by epinephrine of compartmentalised glycolysis
coupled to Na+, K+-ATPase activity

James et al. Lancet 1999
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Mean arterial pressure
Recommendation

9. For adults with septic shock on vasopressors, we recommend an initial 
target mean arterial pressure (MAP) of 65 mm Hg over higher MAP 
targets

Strong recommendation, moderate-quality evidence

Rationale
MAP is a key determinant of mean systemic filling pressure, 
which in turn, is the major driver of venous return and CO. 
Increasing MAP therefore usually results in increased tissue 
blood flow and augments the supply side of tissue perfusion. 
While some tissues, such as the brain and kidneys have the 
ability to auto-regulate blood flow, MAPs below a threshold, 
usually understood to be approximately 60!mm Hg, are asso-
ciated with decreased organ perfusion, which tracks linearly 
with MAP [79]. Previous SSC guidelines recommended tar-
geting a MAP of greater than 65!mm Hg for initial resuscita-
tion. "e recommendation was based principally on a RCT 
in septic shock comparing patients who were given vaso-
pressors to target a MAP of 65–70!mm Hg, versus a target of 
80–85!mm Hg [80]. "is study found no di#erence in mor-
tality, although a sub-group analysis demonstrated a 10.5% 
absolute reduction in renal replacement therapy (RRT) with 
higher MAP targets among patients with chronic hyperten-
sion. In addition, targeting higher MAP with vasopressors 
was associated with a higher risk of atrial fibrillation. A limi-
tation of this study was that the average MAP in both arms 
exceeded the targeted range. A meta-analysis of two RCTs on 
this topic supported that higher MAP targets did not improve 
survival in septic shock (RR 1.05; 95% CI 0.90–1.23) [81].

A recent RCT, monitored to ensure protocol and MAP 
target compliance, compared a “permissive hypotension” 
(MAP 60–65! mm Hg) group with a “usual care” group 
that received vasopressors and MAP targets set by the 
treating physician in patients aged 65! years and older 
with septic shock [82, 83]. "e intervention group in this 
study achieved a mean MAP of 66.7! mm Hg, compared 
with 72.6! mm Hg in the usual care group. Among 2463 
analysed patients, there was significantly less exposure 
to vasopressors in the intervention group, measured by 
duration of vasopressor infusion and total vasopressor 
doses expressed in norepinephrine equivalents. Ninety-
day mortality in the permissive hypotension and usual 
care groups was similar (41.0% vs 43.8%).

Given the lack of advantage associated with higher MAP 
targets and the lack of harm among elderly patients with 
MAP targets of 60–65! mm Hg, the panel recommends 
targeting a MAP of 65!mm Hg in the initial resuscitation 
of patients with septic shock who require vasopressors.

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

Rationale
"e outcome of critically ill patients depends on timely 
application of critical care interventions in an appro-
priate environment. Outside the ICU, septic patients 
are typically seen in the emergency department (ED) 
and hospital wards. Delayed admissions of critically ill 
patients from ED are associated with decreased sepsis 
bundle compliance and increased mortality, ventilator 
duration, and ICU and hospital length of stay [84]. Data 
on the optimal time for transfer to the ICU stem from 
observational studies and registry databases.

In an observational study of 401 ICU patients, authors 
reported an increase in ICU mortality of 1.5% for each 
hour delay of ED to ICU transfer [85]. A retrospective 
observational study of 14,788 critically ill patients in the 
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 
time > 2.4! h was associated with increased hospital! mor-
tality in patients with higher illness severity (ORs of 1.20 
(95% CI 1.03–1.39). Patients with sepsis were not studied 
separately.

Another study evaluated 50,322 ED patients admitted 
to 120 US ICUs [87]. Mortality increased when ED stay 
exceeded 6! h (17% vs 12.9%, p < 0.001). Among hospital 
survivors, the delayed admission group had a longer hos-
pital stay, higher mortality, and higher rates of mechani-
cal ventilation and central venous catherisation. Similarly, 
another study of 12,380 ward patients in 48 UK hospitals 
showed that [88] delayed admission to ICU led to higher 
90-day mortality and further physiological deterioration.

Based on existing data, timely admission of critically ill 
patients to an ICU environment may result in better patient 
outcomes. "ere is also evidence of improved patient sat-
isfaction, increased patient safety, better patient flow and 
improved sta# morale [89]. However, although critical care 
services are likely best delivered in an ICU environment, 
there are multiple reasons why immediate transfer of criti-
cally ill patients with sepsis to an ICU may not always be 
possible, in particular in lower and middle income coun-
tries (LMIC), where ICU bed availably can be limited. In 
this case, regular assessment, evaluation, and appropriate 
treatment should not be delayed, independent of patient 
location.

1183

but these patients accounted for 70% of poor outcomes 
[5]. Similar findings have also been found when compar-
ing against the National Early warning Score (NEWS) 
and the Modified Early warning Score (MEWS) [44]. 
Although the presence of a positive qSOFA should alert 
the clinician to the possibility of sepsis in all resource set-
tings; given the poor sensitivity of the qSOFA, the panel 
issued a strong recommendation against its use as a sin-
gle screening tool.

Recommendation

3. For adults suspected of having sepsis, we suggest measuring blood 
lactate

Weak recommendation, low-quality evidence

Rationale
!e association of lactate level with mortality in patients 
with suspected infection and sepsis is well established 
[45, 46]. Its use is currently recommended as part of the 
SSC Hour-1 sepsis bundle for those patients with sepsis 
[47, 48], and an elevated lactate is part of the Sepsis-3 
definition of septic shock [49]. It has been suggested that 
lactate can also be used to screen for the presence of sep-
sis among undi"erentiated adult patients with clinically 
suspected (but not confirmed) sepsis. Several studies 
have assessed the use of lactate in this context [50–52].

!e lactate cuto"s determining an elevated level 
ranged from 1.6 to 2.5# mmol/L, although diagnostic 
characteristics were similar regardless of the cuto". 
Sensitivities range from 66 to 83%, with specificities 
ranging from 80 to 85%. Pooled positive and nega-
tive likelihood ratios from the three studies are 4.75 
and 0.29, respectively. Studies showed an association 
between the use of point-of-care lactate measurements 
at presentation and reduced mortality; however, the 
results are inconsistent [53]. In summary, the pres-
ence of an elevated or normal lactate level significantly 
increases or decreases, respectively, the likelihood of 
a final diagnosis of sepsis in patients with suspected 
sepsis. However, lactate alone is neither sensitive nor 
specific enough to rule-in or rule-out the diagnosis on 
its own. Lactate testing may not be readily available in 
many resource-limited settings [54–61]. !erefore, we 
issued a weak recommendation favouring the use of 
serum lactate as an adjunctive test to modify the pre-
test probability of sepsis in patients with suspected but 
not confirmed sepsis.

Initial resuscitation
Recommendations

4. Sepsis and septic shock are medical emergencies, and we recom-
mend 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 resuscita-
tion 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

Rationale
Timely, e"ective fluid resuscitation is crucial for the stabili-
sation of sepsis-induced tissue hypoperfusion in sepsis and 
septic shock. Previous guidelines recommend initiating 
appropriate resuscitation immediately upon recognition of 
sepsis or septic shock and having a low threshold for com-
mencing it in those patients where sepsis is not proven but is 
suspected. Although the evidence stems from observational 
studies, this recommendation is considered a best practice 
and there are no new data suggesting that a change is needed.

!e 2016 SSC guideline issued a recommendation for 
using a minimum of 30#ml/kg (ideal body weight) of IV 
crystalloids in initial fluid resuscitation. !is fixed vol-
ume of initial resuscitation was based on observational 
evidence [62]. !ere are no prospective intervention 
studies comparing di"erent volumes for initial resuscita-
tion in sepsis or septic shock. A retrospective analysis of 
adults presenting to an emergency department with sep-
sis or septic shock showed that failure to receive 30#ml/kg 
of crystalloid fluid therapy within 3#h of sepsis onset was 
associated with increased odds of in-hospital mortality, 
delayed resolution of hypotension and increased length 
of stay in ICU, irrespective of comorbidities, including 
end-stage kidney disease and heart failure [63]. In the 



transpulmonary thermodilution cardiac index was up to
17% [26] (Table 3). Preload modifications, as volume ex-
pansion and PLR, can lead to changes in cardiac output
[16], but also in arterial pressure according to patients’
dynamic elastance [30], and in central venous pressure
and blood viscosity [31]. A reduction of sympathetic
tone can increase microvascular flow [18]. The signifi-
cant decrease in heart rate in CRT-R in the current
study supports that idea. Though preload modification
may change arterial pressure, venous pressure, sympa-
thetic tone, and fluid administration can change blood
viscosity. All those changes may have an opposing effect
on microcirculation and peripheral perfusion. An ap-
proach based directly on peripheral perfusion such as
the CRT could be interesting in that context. Initial CRT
predict the reduction of CRT after volume expansion,
and this finding is consistent with the microvascular
flow index findings, analysed with videomicroscopy,
where an initial low microvascular flow index predicts
an increase of microvascular flow index after volume ex-
pansion [15]. The absence of correlation with metabolic
variables could be explained by the lack of precision of

the biological tests [32]. The inherent natural variability
of PaO2 is important [17]. This could explain the inabil-
ity of oxygen uptake, oxygen delivery, and the modified
respiratory quotient [33] to be linked with CRT respon-
siveness in our study. Contrariwise, PCO2gap has less
variability.
We did not expect to have that much CRT-R patients

among CI-NR patients. In peripheral perfusion-targeted
therapy, only the patient showing fluid responsiveness
on CI had a fluid load, and this strategy was stopped
when peripheral perfusion targets were obtained [15].
We are not sure that patients who are CRT-R and CI-
NR would benefit from a volume expansion, and those
results should be interpreted cautiously. Noteworthy, the
median value of CRT before volume expansion in CI-NR
is normal (less than 3 s) [15] and significantly lower than
in CI-R. A restrictive approach on volume expansion
that select patient with CRT of more than 3 s and that

Table 2 Changes in haemodynamic (A) and metabolic (B) parameters over the study period (Continued)

14)

p value 0.051 0.608

Values are median [IQR]. A mixed-effect linear model was used to compute p value. Dunnett’s test was performed for multiple comparisons to the baseline
*p < 0.05
CRT capillary refill time, CI cardiac index, CVP central venous pressure, DAP diastolic arterial pressure, EtCO2 end-tidal carbon dioxide, HR heart rate, IQR 25th–75th
interquartile range, MAP mean arterial pressure, CRT-R responders to volume expansion defined as patients showing a decrease in CRT of at least 25% after
volume expansion, CRT-NR non-responders to volume expansion define as patients showing a decrease in CRT after VE of less than 25%, PLR passive leg raising,
PP pulse pressure, SAP systolic arterial pressure, DAP diastolic arterial pressure, SpO2 dioxygen pulse saturation, SVi stroke volume index, VE volume expansion

Fig. 2 Scatter plot of capillary refill time variation induced by passive
leg raising vs. by volume expansion. CRT, capillary refill time; PLR,
passive leg raising; VE, volume expansion

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
decrease in CRT after VE of at least 25%; PCO2gap, central venous-to-
arterial carbon dioxide difference; PLR, passive leg raising; VE,
volume expansion
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Fig. 2 Patients distribution at 0 and 2 h after ICU admission and associated outcome according to randomization group, under CRT state 
perspective. Percentages refer to 28-day mortality. All patients started with hyperlactatemia. Lactate arm pursued lactate normalization or 
significant lowering, irrespective of CRT state. CRT arm pursued CRT normalization

Fig. 3 Patients distribution at 0, 2, 8 and 24 h and associated outcome according to randomization group, under CRT perspective. Percentages refer 
to 28-day mortality. All patients started with hyperlactatemia. Lactate arm pursued lactate normalization or significant lowering, irrespective of CRT 
state. CRT arm pursued CRT normalization
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A lactate-targeted resuscitation strategy 
may be associated with!higher mortality 
in!patients with!septic shock and!normal 
capillary re"ll time: a!post!hoc analysis 
of!the!ANDROMEDA-SHOCK study
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)

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).

© The Author(s) 2020. This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material 
in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material 
is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the 
permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creat iveco 
mmons .org/licen ses/by/4.0/.
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mortality (25 vs 33%, p = 0.4), APACHE-II score (20 
[17–27] vs 19 [16–25], p = 0.6), and resuscitative inter-
ventions (2 [1–4] vs 2 [1–4], p = 0.85), when compared by 
randomization arm.

Discussion
Our results suggest that septic shock patients exhibiting 
normal peripheral perfusion early after starting protocol-
ized resuscitation could present worse outcomes when 
treated with a lactate-targeted strategy. In fact, in this 
post hoc analysis, these patients presented higher mortal-
ity, received more interventions such as fluids or vasoac-
tive agents, and evolved with a slower decrease in organ 

Table 1 Baseline characteristics and! clinical outcomes of! septic shock patients with! normal versus! abnormal capillary 
re"ll time at!2!h from!inclusion

Data are presented as median [IQR 25–75] or count (percentage)

Data at 8 and 24!h are reported for clari"cation purposes

APACHE II Acute Physiology And Chronic Health Evaluation II, SOFA Sequential organ failure Assessment score, LT lactate-targeted group, CRT-T CRT targeted group, 
ICU intensive care unit, MAP mean arterial pressure, CVP central venous pressure, CRT  capillary re"ll time, ScvO2 central venous oxygen saturation, Delta pCO2(v-a) 
di#erence between central venous carbon dioxide pressure and arterial carbon dioxide pressure

CRT normal CRT abnormal P

Number of patients 184 (48.7) 194 (51.3)

Age (years) 63 [60–80] 69 [56–77] 0.0001

Sex (female) 88 (47.8) 93 (47.9) 0.9

APACHE score 20 [14–25] 24 [18–29] 0.0001

SOFA score 9 [7–11] 10 [8–13] 0.0001

Charlson index 3 [1–5] 3 [1–5] 0.9

Randomization arm LT: 82 (45) LT: 92 (48) 0.5

CRT-T: 102 (55) CRT-T:102 (52)

Sepsis origin Abdominal 64 (35) Abdominal: 74 (38) 0.3

Pulmonary 55 (30) Pulmonary: 52 (27)

Urinary 37 (20) Urinary: 45 (23)

Other 28 (15) Other: 23 (12)

MAP (mmHg) 68 [64–78] 64 [56–73] 0.0001

CVP (mmHg) 9 [5–13] 9 [7–13] 0.3

Fluids administered before ICU admission (ml) 2000 [1350–2907] 2000 [1200–2500] 0.13

Fluid responsiveness positive state 98 (53) 120 (62) 0.09

Fluid administered in boluses between 0 and 8 h (ml) 1000 [0–1500] 1500 [500–2500] 0.001

Fluid balance at 8 h (ml) 1244 [480–2136] 1842 [977–2977] 0.001

Norepinephrine dose (mcg/kg/min) 0.17 [0.1–0.3] 0.26 [0.14–0.43] 0.0001

Lactate (mmol/L) 3.3 [2.6–4.4] 4 [2.9–6.5] 0.0001

CRT (s) 4 [2–5] 6 [5–7] 0.0001

ScvO2 (%) 73 [65–80] 72 [62–78] 0.36

Delta pCO2(v-a) 7 [4–10] 7 [5–10] 0.3

SOFA at 24 h 7 [4–10] 10 [6–13] 0.0001

Renal replacement therapy 27 (15) 39 (20) 0.16

Mechanical ventilation 123 (67) 163 (84) 0.001

ICU length of stay (days) 6 [3–11] 6 [2–10] 0.45

28-day mortality 56 (30) 89 (46) 0.002

Fig. 1 Kaplan–Meier estimates of the 28-day survival rate according 
to CRT status at 2 h
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Systematic assessment of fluid
responsiveness during early septic shock
resuscitation: secondary analysis of the
ANDROMEDA-SHOCK trial
Eduardo Kattan1, Gustavo A. Ospina-Tascón2, Jean-Louis Teboul3, Ricardo Castro1, 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 28-
day mortality.

Results: FR could be determined in 348 patients at baseline. Two hundred and forty-two patients (70%) were
categorized as fluid responders. Both groups achieved comparable successful resuscitation targets, although non-
fluid 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
(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 28-day
mortality (40% vs. 36%, p = 0.5). Only thirteen patients remained fluid responsive along the intervention period.

Conclusions: Systematic assessment allowed determination of fluid responsiveness status in more than 80% of
patients with early septic shock. Fluid boluses could be stopped in non-fluid responsive patients without any
negative impact on clinical relevant outcomes. Our results suggest that fluid resuscitation might be safely guided
by FR assessment in septic shock patients.
(Continued on next page)
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Table 1 Baseline characteristics of study participants
Fluid responders Non-fluid responders p value

N 242 106

Age (years) 63 [50–74] 66 [53–75] 0.56

Sex, N (%) Female, 115 (48%) Female, 51 (48%) 0.86

Study arm, N (%) LTR, 115 (48%) LTR, 57 (54%) 0.3

PPTR, 127 (52%) PPTR, 49 (46%)

APACHE score 23 [18–29] 21 [15–27] 0.09

SOFA score 10 [7–12] 9 [7–12] 0.52

Charlson index 3 [1–5] 3 [1–5] 0.4

Sepsis origin, N (%) Abdominal, 92 (38%) Abdominal, 34 (32%) 0.3

Pulmonary, 71 (29%) Pulmonary, 25 (24%)

Urinary, 53 (22%) Urinary, 24 (23%)

Other, 26 (11%) Other, 23 (21%)

MAP (mmHg) 66 [60–75] 67 [62–78] 0.2

Pulse pressure (mmHg) 45 [35–59] 46 [33–59] 0.76

DBP (mmhg) 51 [45–59] 52 [44–59] 0.5

CVP (mmHg) 9 [5–12] 10 [7–14] 0.001

Pre-protocol fluids (mL/kg) 26.7 [17–40] 26.8 [20–38] 0.8

Norepinephrine dose (mcg/kg/min) 0.22 [0.1–0.4] 0.21 [0.12–0.4] 0.8

Arterial lactate (mmol/L) 3.8 [2.8–5.5] 3.6 [2.8–5.5] 0.4

CRT (s) 5 [4–6] 4 [3–6] 0.002

ScvO2 (%) 72 [63–78] 74 [65–81] 0.27

Delta pCO2(v-a) 7 [5–10] 7 [5–10] 0.57

Tests: Mann-Whitney or Fisher’s exact test, accordingly
LTR lactate level-targeted group, PPTR peripheral perfusion-targeted group, APACHE II Acute Physiology And Chronic Health Evaluation II, SOFA sequential organ
failure assessment score, MAP mean arterial pressure, DBP diastolic blood pressure, CVP central venous pressure, CRT capillary refill time, ScvO2 central venous
oxygen saturation, Delta pCO2(v-a) difference between central venous carbon dioxide pressure and arterial carbon dioxide pressure

Fig. 1 Achievement of resuscitation endpoints during the intervention period according to fluid responsiveness status at baseline. FR+, fluid
responsive; FR!, non-fluid responsive
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Although there is an extensive literature on the fluid
responsiveness concept and background physiology, as
well as on assessment techniques, the use of FR tests is
not considered as a standard of care, nor has been in-
cluded in recent septic shock trials. There are many pos-
sible explanations for this fact. First, some of these
techniques are time-consuming, operator-dependent,
not universally applicable, and with many inherent limi-
tations. Second, there is a gray zone around the pub-
lished cutoff values that somehow turns decision-making
on further fluid resuscitation uncertain and complex [9].
Third, there are many misconceptions on the subject,
particularly the erroneous idea that turning patients into
a fluid-unresponsive state, which by definition is physio-
logically abnormal, is a valid objective. Therefore, the
use of FR assessment could paradoxically lead to a po-
tential fluid overload instead of preventing it. Fourth, the
relevance of FR assessment for guiding therapy or the

impact on major outcomes has not been demonstrated.
Only 4 small randomized controlled studies including a
total of 365 septic patients [26–29, 39] compared fluid
responsiveness-guided resuscitation to standard tech-
niques, and found no significant difference in major or
secondary outcomes. However, the studies involved
highly heterogeneous cohorts of patients and settings,
and were probably underpowered to detect real differ-
ences. In this sense, although this study did not demon-
strate outcome differences, it supports the idea that
restricting fluid boluses in FR! septic shock patients ap-
pears at least to be safe. Future appropriately powered
studies, and eventually with a randomized controlled de-
sign, should determine the definitive role of systematic
FR assessment in septic shock resuscitation strategies.
The behavior of FR status during the 8-h intervention

period in our cohort is intriguing. The effect of fluid bo-
luses on CO and fluid responsiveness is thought to be

Fig. 2 a, b Evolution of fluid responsiveness during protocolized resuscitation, according to fluid responsiveness status at baseline
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critically ill patient [9]. These patients have better out-
comes when treated in ICUs with close and continuous
involvement by critical care physicians [32,33]. Other
data also show improved outcome when nurse-to-
patient ratios in the ICUs are properly maintained [34].

Caring for critically ill patients outside the ICU may
also imply an increased burden and high stress level
experienced by hospital ward staff. Furthermore,
patients admitted and treated outside the ICU are reim-
bursed as regular admissions by our health care system;
costs are predictably higher when patients become criti-
cal. This budget deficit must be covered by hospital
managers, generating financial difficulties.
Most studies of ICU triage have focused on patients

admitted [11,30,35] or rejected for ICU management
[13,36], which prevents comparison with patients who
have been transferred late to the ICU. Our study evalu-
ated the impact of delay to ICU admission on mortality,
when patients are admitted at a later point, pending bed
availability. We demonstrated an increase in mortality
by each hour of waiting time.
Even in countries such as the United States, where

there is no shortage of ICU beds, it has been reported
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

Table 2 Distribution of most frequent diagnosis
according to APACHE II score among delayed and
immediate admission groups
Diagnostic categorya Delayed

admission
Immediate
admission

P-value

N % N %

MVOSb - Cardiovascular 4 1.40% 5 4.00% 0.213

Diabetic ketoacidosis 4 1.40% 0 0.00% 0.421

MVOSb - Gastrointestinal 1 0.40% 3 2.40% 0.171

Intracranial hemorrhage 18 6.50% 6 4.80% 0.669

Congestive heart failure 5 1.80% 0 0.00% 0.307

Coronary artery disease 21 7.60% 11 8.90% 0.817

MVOSb - Neurologic 19 6.90% 14 11.30% 0.199

Multiple trauma 3 1.10% 3 2.40% 0.569

Postcardiac arrest 8 2.90% 5 4.00% 0.774

Gastrointestinal bleeding 2 0.70% 3 2.40% 0.355

Sepsis 172 62.30% 58 46.80% 0.005

Head trauma 6 2.20% 5 4.00% 0.471
a Diagnostic categories of APACHE II system as originally described by Knaus
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bMVOS, Major vital organ system.

Figure 2 ICU mortality rate among patients grouped by time to ICU admission. This figure shows increase in mortality rate according to
ICU waiting time. There is a significant tendency of increase in mortality with time. IA, immediate admission (c2: 9.78; P = 0.002).

Cardoso et al. Critical Care 2011, 15:R28
http://ccforum.com/content/15/1/R28
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Mean arterial pressure
Recommendation

9. For adults with septic shock on vasopressors, we recommend an initial 
target mean arterial pressure (MAP) of 65 mm Hg over higher MAP 
targets

Strong recommendation, moderate-quality evidence

Rationale
MAP is a key determinant of mean systemic filling pressure, 
which in turn, is the major driver of venous return and CO. 
Increasing MAP therefore usually results in increased tissue 
blood flow and augments the supply side of tissue perfusion. 
While some tissues, such as the brain and kidneys have the 
ability to auto-regulate blood flow, MAPs below a threshold, 
usually understood to be approximately 60!mm Hg, are asso-
ciated with decreased organ perfusion, which tracks linearly 
with MAP [79]. Previous SSC guidelines recommended tar-
geting a MAP of greater than 65!mm Hg for initial resuscita-
tion. "e recommendation was based principally on a RCT 
in septic shock comparing patients who were given vaso-
pressors to target a MAP of 65–70!mm Hg, versus a target of 
80–85!mm Hg [80]. "is study found no di#erence in mor-
tality, although a sub-group analysis demonstrated a 10.5% 
absolute reduction in renal replacement therapy (RRT) with 
higher MAP targets among patients with chronic hyperten-
sion. In addition, targeting higher MAP with vasopressors 
was associated with a higher risk of atrial fibrillation. A limi-
tation of this study was that the average MAP in both arms 
exceeded the targeted range. A meta-analysis of two RCTs on 
this topic supported that higher MAP targets did not improve 
survival in septic shock (RR 1.05; 95% CI 0.90–1.23) [81].

A recent RCT, monitored to ensure protocol and MAP 
target compliance, compared a “permissive hypotension” 
(MAP 60–65! mm Hg) group with a “usual care” group 
that received vasopressors and MAP targets set by the 
treating physician in patients aged 65! years and older 
with septic shock [82, 83]. "e intervention group in this 
study achieved a mean MAP of 66.7! mm Hg, compared 
with 72.6! mm Hg in the usual care group. Among 2463 
analysed patients, there was significantly less exposure 
to vasopressors in the intervention group, measured by 
duration of vasopressor infusion and total vasopressor 
doses expressed in norepinephrine equivalents. Ninety-
day mortality in the permissive hypotension and usual 
care groups was similar (41.0% vs 43.8%).

Given the lack of advantage associated with higher MAP 
targets and the lack of harm among elderly patients with 
MAP targets of 60–65! mm Hg, the panel recommends 
targeting a MAP of 65!mm Hg in the initial resuscitation 
of patients with septic shock who require vasopressors.

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

Rationale
"e outcome of critically ill patients depends on timely 
application of critical care interventions in an appro-
priate environment. Outside the ICU, septic patients 
are typically seen in the emergency department (ED) 
and hospital wards. Delayed admissions of critically ill 
patients from ED are associated with decreased sepsis 
bundle compliance and increased mortality, ventilator 
duration, and ICU and hospital length of stay [84]. Data 
on the optimal time for transfer to the ICU stem from 
observational studies and registry databases.

In an observational study of 401 ICU patients, authors 
reported an increase in ICU mortality of 1.5% for each 
hour delay of ED to ICU transfer [85]. A retrospective 
observational study of 14,788 critically ill patients in the 
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 
time > 2.4! h was associated with increased hospital! mor-
tality in patients with higher illness severity (ORs of 1.20 
(95% CI 1.03–1.39). Patients with sepsis were not studied 
separately.

Another study evaluated 50,322 ED patients admitted 
to 120 US ICUs [87]. Mortality increased when ED stay 
exceeded 6! h (17% vs 12.9%, p < 0.001). Among hospital 
survivors, the delayed admission group had a longer hos-
pital stay, higher mortality, and higher rates of mechani-
cal ventilation and central venous catherisation. Similarly, 
another study of 12,380 ward patients in 48 UK hospitals 
showed that [88] delayed admission to ICU led to higher 
90-day mortality and further physiological deterioration.

Based on existing data, timely admission of critically ill 
patients to an ICU environment may result in better patient 
outcomes. "ere is also evidence of improved patient sat-
isfaction, increased patient safety, better patient flow and 
improved sta# morale [89]. However, although critical care 
services are likely best delivered in an ICU environment, 
there are multiple reasons why immediate transfer of criti-
cally ill patients with sepsis to an ICU may not always be 
possible, in particular in lower and middle income coun-
tries (LMIC), where ICU bed availably can be limited. In 
this case, regular assessment, evaluation, and appropriate 
treatment should not be delayed, independent of patient 
location.
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Infection
Diagnosis of!infection
Recommendation

11. For adults with suspected sepsis or septic shock but unconfirmed 
infection, we recommend continuously re-evaluating and searching 
for alternative diagnoses and discontinuing empiric antimicrobials if an 
alternative cause of illness is demonstrated or strongly suspected

Best Practice statement

Rationale
In previous versions of these guidelines, we highlighted 
the importance of obtaining a full screen for infec-
tious agents prior to starting antimicrobials wherever 
it is possible to do so in a timely fashion [12, 13]. As a 
best practice statement, we recommended that appro-
priate routine microbiologic cultures (including blood) 
should be obtained before starting antimicrobial therapy 
in patients with suspected sepsis and septic shock if it 
results in no substantial delay in the start of antimicro-
bials (i.e. < 45! min). "is recommendation has not been 
updated in this version but remains as valid as before.

"e signs and symptoms of sepsis are nonspecific and 
often mimic multiple other diseases [90–92]. Since there 
is no “gold standard” test to diagnose sepsis, the bedside 
provider cannot have a di#erential diagnosis of sepsis 
alone in a patient with organ dysfunction. Indeed, a third 
or more of patients initially diagnosed with sepsis turn 
out to have non-infectious conditions [90, 93, 94]. Best 
practice is to continually assess the patient to determine 
if other diagnoses are more or less likely, especially since 
a patient’s clinical trajectory can evolve significantly after 
hospital admission, increasing or decreasing the likeli-
hood of a diagnosis of sepsis. With this uncertainty, there 
can be significant challenges in determining when it is 
“appropriate” to de-escalate or discontinue antibiotics.

Another major challenge is implementing a system that 
reminds clinicians to focus on the fact that the patient is 
still receiving antibiotics each day, especially as providers 
rotate in and out of the care team. Systems that promote 
such reassessment by automatic stop orders, electronic 
prompts, or mandatory check lists all seem useful in 
theory, but each has disadvantages in terms of provider 
acceptance or assuring that providers thoughtfully assess 
the need for antibiotics rather than checking a box in the 
electronic record or reflexively acknowledging a prompt, 
without considering its underlying rationale [95].

We did not identify any direct or indirect evidence 
assessing this important issue. "us, clinicians are 
strongly encouraged to discontinue antimicrobials if a 
non-infectious syndrome (or an infectious syndrome that 
does not benefit from antimicrobials) is demonstrated 
or strongly suspected. Since this situation is not always 
apparent, continued reassessment of the patient should 

optimise the chances of infected patients receiving anti-
microbial therapy and non-infected patients avoiding 
therapy that is not indicated.

Time to!antibiotics
Recommendations

12. For adults with possible septic shock or a high likelihood for sepsis, we 
recommend administering antimicrobials immediately, ideally within 
1 h of recognition

Strong recommendation, low quality of evidence (Septic shock)
Strong recommendation, very low quality of evidence (Sepsis without shock)

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
Rapid assessment includes history and clinical examination, tests for both 

infectious and non-infectious causes of acute illness and immedi-
ate 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 cause of the 
patient’s presentation and timely antimicrobial therapy provided if the 
likelihood of sepsis is thought to be high

14. For adults with possible sepsis without shock, we suggest a time-
limited course of rapid investigation and if concern for infection 
persists, the administration of antimicrobials within 3 h from the time 
when sepsis was first recognised

Weak recommendation, very low quality of evidence

15. For adults with a low likelihood of infection and without shock, we 
suggest deferring antimicrobials while continuing to closely monitor 
the patient.

Weak recommendation, very low quality of evidence

Rationale
Early administration of appropriate antimicrobials is one 
of the most e#ective interventions to reduce mortality in 
patients with sepsis [96–98]. Delivering antimicrobials to 
patients with sepsis or septic shock should therefore be 
treated as an emergency. "e imperative to provide anti-
microbials as early as possible, however, must be balanced 
against the potential harms associated with administering 
unnecessary antimicrobials to patients without infection 
[99, 100]. "ese include a range of adverse events such as 
allergic or hypersensitivity reactions, kidney injury, throm-
bocytopenia, Clostridioides di!cile infection, and antimi-
crobial resistance [101–106]. Accurately diagnosing sepsis 
is challenging as sepsis can present in subtle ways, and 
some presentations that first appear to be sepsis turn out 
to be non-infectious conditions [90, 93, 107, 108]. Evalu-
ating the likelihood of infection and severity-of-illness 
for each patient with suspected sepsis should inform the 
necessity and urgency of antimicrobials [99, 100].

"e mortality reduction associated with early antimi-
crobials appears strongest in patients with septic shock, 
where a number of studies have reported a strong asso-
ciation between time-to-antibiotics and death in patients 
with septic shock but weaker associations in patients 
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With no apparent benefit, unknown costs, and limited 
availability in some settings including low- and middle-
income countries (LMICs), the panel issued a weak 
recommendation against using procalcitonin to guide 
antimicrobial initiation in addition to clinical evaluation.

Antimicrobial choice
Recommendations

17. For adults with sepsis or septic shock at high risk of methicillin resist-
ant 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

Rationale
!e decision on whether to include an antibiotic active 
against MRSA in an empiric treatment regimen for sep-
sis and septic shock depends upon (a) the likelihood that 
the patient’s infection is caused by MRSA, (b) the risk of 

harm associated with withholding treatment for MRSA 
in a patient with MRSA, and (c) the risk of harm associ-
ated with MRSA treatment in a patient without MRSA.

MRSA accounts for approximately 5% of culture-posi-
tive infections among critically ill patients [133], and may 
be decreasing according to some reports [134, 135]. !e 
incidence of MRSA varies, however, by region (ranging 
from ~ 2% in Western Europe to 10% in North America) 
and by patient-related characteristics [133, 136, 137]. 
Patient-related risk factors for MRSA include prior history 
of MRSA infection or colonisation, recent IV antibiotics, 
history of recurrent skin infections or chronic wounds, 
presence of invasive devices, haemodialysis, recent hospi-
tal admissions and severity of illness [136, 138–142].

Observational data on the impact of including MRSA 
coverage in empiric regimens vary. Some studies focus on 
patients with documented MRSA infections, while others 
evaluate the impact of MRSA coverage in undi"erenti-
ated patients. Among patients with documented MRSA 
infections, delays of > 24–48# h until antibiotic adminis-
tration are associated with increased mortality in some 
studies [143–147], but not in others [148–154]. Among 
undi"erentiated patients with pneumonia or sepsis, 

Antibiotic Timing

or probable

*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 hours 
of presentation so that a decision can be made as to the likelihood of an infectious cause of the patient’s presentation and timely 
antimicrobial therapy provided if the likelihood is thought to be high.

Shock is present Shock is absent

Sepsis is possible
Rapid assessment* of 
infectious vs noninfectious 
causes of acute illness

Administer antimicrobials 
within 3 hours if concern 
for infection persists

Administer antimicrobials 
immediately, ideally within 
1 hour of recognition

Administer antimicrobials immediately, ideally within 1 hour of 
recognition

Fig. 1 Recommendations on timing of antibiotic administration
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Use of therapeutic drug monitoring has been described 
for all drugs, although it is not widely available for most.

Source control
Recommendation

27. For adults with sepsis or septic shock, we recommend rapidly identify-
ing or excluding a specific anatomical diagnosis of infection that requires 
emergent source control and implementing any required source control 
intervention as soon as medically and logistically practical

Best Practice Statement

Rationale
Appropriate source control is a key principle in the 
management of!sepsis!and!septic shock [12, 13]. Source 
control may include drainage of an abscess, debriding 
infected necrotic tissue, removal of a potentially infected 
device, or definitive control of a source of ongoing micro-
bial contamination [262]. Foci of!infection!readily amena-
ble to source control include intra-abdominal abscesses, 
gastrointestinal perforation, ischaemic bowel or volvu-
lus, cholangitis, cholecystitis, pyelonephritis associated 
with obstruction or abscess, necrotizing soft tissue!infec-
tion, other deep space!infection!(e.g., empyema or septic 
arthritis), and implanted device infections [262].

Source control of infectious foci was associated with 
improved survival in recent observational and clus-
ter randomised studies [120, 263, 264]. Source control 
should be achieved as soon as possible following initial 
resuscitation [265, 266]. While there are limited data 
to conclusively issue a recommendation regarding the 
timeframe in which source control should be obtained, 
smaller studies suggest that source control within 6–12!h 
is advantageous [265–271]. Studies generally show 
reduced survival beyond that point. "e failure to show 
benefit with source control implemented in less than 6!h 
may be a consequence of the limited number of patients 
and the heterogeneity of the intervention. "erefore, any 
required source control intervention in! sepsis! and! sep-
tic shock! should ideally be implemented as soon as 
medically and logistically practical after the diagnosis 
is made [120]. Clinical experience suggests that without 
adequate source control, many severe presentations will 
not stabilise or improve despite rapid resuscitation and 
provision of appropriate antimicrobials. In view of this 
fact, prolonged e#orts at medical stabilisation in lieu of 
source control for severely ill patients, particularly those 
with!septic shock, are generally not advised [272].

"e selection of optimal source control methods must 
weigh the benefits and risks of the specific intervention, the 
patient’s preference, clinician’s expertise, availability, risks of 
the procedure, potential delays, and the probability of the 
procedure’s success. In general, the least invasive option that 
will e#ectively achieve source control should be pursued. 

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 undesir-
able e#ects of a failed procedure are high. Logistic factors 
unique to each institution, such as surgical or interventional 
sta# 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 
sepsis should be removed after establishing another site for 
vascular access and following successful initial resuscita-
tion [265, 266]. In the absence of septic shock or fungemia, 
some implanted tunnelled catheter infections may be 
treated e#ectively with prolonged antimicrobial therapy 
if removal of the catheter is not practical [273]. However, 
catheter removal with adequate antimicrobial therapy is 
definitive and is the preferred treatment in most cases.

We identified one relevant RCT [274] and two observa-
tional studies [275, 276]. "ere was no evidence of a dif-
ference in mortality, however, the studies were hampered 
by significant limitations, including risk of confounding 
by indication (the observational studies) and imprecision 
(the RCT), which is why the results should be interpreted 
cautiously. "e quality of evidence was very low.

De-escalation of!antibiotics

Recommendation

29. For adults with sepsis or septic shock, we suggest daily assessment 
for de-escalation of antimicrobials over using fixed durations of therapy 
without daily reassessment for de-escalation

Weak recommendation, very low quality of evidence

Rationale
Antimicrobial exposure is linked to the development of 
antimicrobial resistance and e#orts to reduce both the 
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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 e!ect 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 
deviation from linearity was found. Models adjusted for the following covariates: age and gender, origin of infection, location of the patient at the 
onset of sepsis, focus of infection, microbiological confirmation of infection, study phase (trial vs. surveillance phase), and group the hospital was 
randomized to (intervention vs. control). a E!ect of time to antimicrobial therapy within the first 48 h on 28-day mortality. N = 4792 cases were 
treated with antimicrobials within 48 h after sepsis onset, of which 4659 (97%) cases had complete data on outcome and covariates for analysis. b 
E!ect of timing of surgical source control within the first 48 h on 28-day mortality. N = 1595 cases had surgical source control within 48 h after onset 
of sepsis, of which 1563 (98%) cases had complete data on outcome and covariates for analysis. c E!ect of time to antimicrobial therapy on the 
risk of progression to septic shock between 12 and 24 h after onset of sepsis. N = 1129 received their first antimicrobial treatment within 24 h after 
sepsis onset and were at risk of developing shock between 12 and 24 h, of these 1125 (99%) cases had complete data on outcome and covariates 
for analysis. d E!ect of time to surgical source control on the risk of progression to septic shock between 12 and 24 h after onset of sepsis. E!ect 
fitted by the fractional polynomial ((x + 0.1)/10)2 + ((x + 0.1)/10)3 , where x is the timing of surgical source control. N = 193 cases did undergo a 
surgical source control within 24 h after sepsis onset and were at risk of developing shock between 12 and 24 h, of which 193 cases had complete 
data on outcome and covariates  for analysis
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among patients receiving vasopressors within the first 
12!h (adjusted OR = 1.013 [1.001, 1.026], p = 0.04), but 
not among patients without shock (adjusted OR = 1.009 
[0.984, 1.035], p = 0.481, test of di"erence between 
odds-ratios: p = 0.778). All subgroup analyses are pre-
sented in Fig.!3a, b.

Sensitivity analyses
When covariates on the severity of acute illness dur-
ing the first 24! h after onset of sepsis were included, 
the e"ect of time to antimicrobial therapy remained 
largely unchanged compared to the primary analysis 
(Additional File 2: STable! 8). Contrary to the primary 

analysis, time to source control showed a significant 
e"ect on 28-day mortality, when these additional covar-
iates were included (OR = 1.02 [1.01, 1.04]; p = 0.001).

Discussion
#e key finding of our study is that a delay in time to 
treatment of infection is associated with an increase in 
28-day mortality in patients with sepsis or septic shock. 
A delay in time to antibiotics increased the risk of death 
both among patients with and without septic shock and 
elevated the risk for progression from sepsis to sep-
tic shock. #e relationship of timing of surgical source 
control and patient outcome was less consistent. When 

Fig. 2 E!ects of antimicrobial therapy and of surgical source control on 28-day mortality. E!ects were tested in a logistic hierarchical linear model 
with a random intercept adjusting for covariates. Risk-adjusted mortality estimates were obtained as predictive margins that were calculated for 
the average of continuous variables and for the most common category of categorical variables. No. of patients gives the number of cases with 
complete data compared to the total number of patients suitable for the respective analysis. * marks the p-value of the overall test of significance 
for the categorical variables on timing conducted by a likelihood-ratio test, while the other p-values give the results of tests of single categories 
against the reference category. Models adjusted for the following covariates: age and gender, origin of infection, location of the patient at the 
onset of sepsis, focus of infection, microbiological confirmation of infection, study phase (trial vs. surveillance phase), and group the hospital was 
randomized to (intervention vs. control)

(See figure on next page.)
Fig. 3 Test of e!ect moderation of timing of treatment in prespecified subgroups for time from onset of sepsis to start of antimicrobial therapy 
(panel a) and conduction of surgical source control (panel b) on 28-day mortality. OR: odds ratio per hour delay of treatment. Only cases with 
times between 0 and 48 h were considered. E!ect moderation was tested by introducing individual interaction terms between respective e!ect 
moderator and the e!ect of timing of antimicrobial therapy or timing of surgical source control, respectively, in the logistic regression models. 
Regression models were calculated by logistic hierarchical linear models with a random intercept. No. of patients gives the number of cases with 
complete data compared to the total number of patients within the respective subgroup. Models adjusted for the following covariates: age and 
gender, origin of infection, location of the patient at the onset of sepsis, focus of infection, microbiological confirmation of infection, study phase 
(trial vs. surveillance phase), and group the hospital was randomized to (intervention vs. control). ICU: intensive care unit; IMC: intermediate care unit
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Adverse e"ects of!delayed antimicrobial 
treatment and!surgical source control in!adults 
with!sepsis: results of!a!planned secondary 
analysis of!a!cluster-randomized controlled trial
Hendrik Rüddel1,2, Daniel O. Thomas-Rüddel1,2, Konrad Reinhart3,4, Friedhelm Bach5, Herwig Gerlach6, 
Matthias Lindner7, John C. Marshall8, Philipp Simon9, Manfred Weiss10, Frank Bloos1,2, 
Daniel Schwarzkopf1,2,11*  and the MEDUSA study group 

Abstract 
Background: Timely antimicrobial treatment and source control are strongly recommended by sepsis guidelines, 
however, their impact on clinical outcomes is uncertain.

Methods: We performed 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 e!ects of 
timing while adjusting for confounders. The linearity of the e!ect 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 e!ect 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 e!ect 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 di!erences 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).
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broad-spectrum regimens including agents active against 
MRSA were associated with higher mortality, particularly 
among patients without MRSA [137, 151, 155, 156]. !e 
undesirable e"ects associated with unnecessary MRSA 
coverage are also supported by studies showing an asso-
ciation between early discontinuation of MRSA coverage 
and better outcomes in patients with negative nares or 
bronchoalveolar lavage (BAL) MRSA PCR [157–159].

Failure to cover for MRSA in a patient with MRSA may be 
harmful, but unnecessary MRSA coverage in a patient with-
out MRSA may also be harmful. Data from RCTs, including 
the evaluation of nasal swab testing to withhold therapy for 
MRSA, are warranted, and studies on rapid diagnostic tools 
and clinical prediction rules for MRSA are needed.

Recommendations

19. For adults with sepsis or septic shock and high risk for multidrug 
resistant (MDR) organisms, we suggest using two antimicrobials with 
gram-negative coverage for empiric treatment over one gram-negative 
agent

Weak recommendation, very low quality of evidence

20. For adults with sepsis or septic shock and low risk for MDR organisms, 
we suggest against using two Gram-negative agents for empiric 
treatment, as compared to one Gram-negative agent

Weak recommendation, very low quality of evidence

21. For adults with sepsis or septic shock, we suggest against using 
double gram-negative coverage once the causative pathogen and the 
susceptibilities are known

Weak recommendation, very low quality of evidence

Rationale
Considering the increasing frequency of MDR#bacteria in 
many parts of the world and associations between delays 
in active therapy and worse outcomes, the initial use of 
multidrug therapy is often required to ensure the empiric 
regimen includes at least one e"ective agent that is active 
against the o"ending organism [12, 13]. In the empiric 
phase—before causative agent(s) and susceptibilities are 
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 
illness.# In the directed/targeted phase, once causative 
agent(s) and susceptibilities are known, sustained dou-
ble gram-negative coverage is rarely necessary except for 
patients with highly resistant organisms.

!is was borne out in a recent systematic review with 
meta-analysis of 10 RCTs, no di"erences in mortality 
or other patient-important outcomes between empiric 
mono- vs. combination antibiotic therapy in adult ICU 
patients with severe sepsis or septic shock were observed, 
also when taking disease severity into consideration 

[160]. Results from the largest RCT included in the meta-
analysis (a comparison of sustained courses of moxi-
floxacin and meropenem vs meropenem alone in a low 
endemic resistance setting) were consistent with the find-
ings from the meta-analysis [161].

Recommendations about the use# of more than one 
gram-negative agent for empiric treatment over one 
gram-negative agent are challenging given clinical het-
erogeneity, including patient characteristics, source of 
infection, causative agents, and antibiotic resistance pat-
terns. Local information about the resistance patterns of 
the most common causative agents of sepsis is essential 
to choose the most appropriate empiric antibiotic ther-
apy. For this reason, we refrained from proposing recom-
mendations regarding double gram-negative coverage in 
patients with sepsis or septic shock overall, but instead 
recommend tailoring the use of double coverage based 
on patients’ risk of MDR pathogens. Factors to guide this 
decision include: proven infection or colonisation with 
antibiotic-resistant organisms within the preceding year, 
local prevalence of antibiotic-resistant organisms, hospi-
tal-acquired/healthcare associated (versus community-
acquired infection), broad-spectrum antibiotic use within 
the preceding 90#days, concurrent use selective digestive 
decontamination (SDD), travel to a highly endemic coun-
try within the preceding 90# days (see https:// resis tance 
map. cddep. org/) and hospitalisation abroad within the 
preceding 90# days [162–164]. In the directed/targeted 
phase, once causative agent(s) and susceptibilities are 
known, sustained double gram-negative coverage is not 
necessary except possibly for patients with highly resist-
ant organisms with no proven safe and e$cacious thera-
peutic option.

!e overall quality of evidence was very low, and the 
direct costs of antibiotics can increase with the routine 
use of multiple agents for treatment. !is may specifically 
have an impact in resource-limited settings.

In general, in patients at high risk for MDR#organisms, 
we suggest using# two gram negative agents for empiric 
treatment to increase the likelihood of adequate cover-
age, while in patients with a low risk for MDR organisms, 
we suggest using# a single agents for empiric treatment, 
as there are no apparent benefits of using two agents and 
the a risk of antimicrobial-associated undesirable e"ects, 
including direct toxicity, Clostridioides di!cile infection 
and development of antibiotic resistance [165]. Empiric 
double coverage of gram-negative bacilli is most impor-
tant in patients at high risk for resistant organisms with 
severe illness, particularly septic shock.
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With no apparent benefit, unknown costs, and limited 
availability in some settings including low- and middle-
income countries (LMICs), the panel issued a weak 
recommendation against using procalcitonin to guide 
antimicrobial initiation in addition to clinical evaluation.

Antimicrobial choice
Recommendations

17. For adults with sepsis or septic shock at high risk of methicillin resist-
ant 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

Rationale
!e decision on whether to include an antibiotic active 
against MRSA in an empiric treatment regimen for sep-
sis and septic shock depends upon (a) the likelihood that 
the patient’s infection is caused by MRSA, (b) the risk of 

harm associated with withholding treatment for MRSA 
in a patient with MRSA, and (c) the risk of harm associ-
ated with MRSA treatment in a patient without MRSA.

MRSA accounts for approximately 5% of culture-posi-
tive infections among critically ill patients [133], and may 
be decreasing according to some reports [134, 135]. !e 
incidence of MRSA varies, however, by region (ranging 
from ~ 2% in Western Europe to 10% in North America) 
and by patient-related characteristics [133, 136, 137]. 
Patient-related risk factors for MRSA include prior history 
of MRSA infection or colonisation, recent IV antibiotics, 
history of recurrent skin infections or chronic wounds, 
presence of invasive devices, haemodialysis, recent hospi-
tal admissions and severity of illness [136, 138–142].

Observational data on the impact of including MRSA 
coverage in empiric regimens vary. Some studies focus on 
patients with documented MRSA infections, while others 
evaluate the impact of MRSA coverage in undi"erenti-
ated patients. Among patients with documented MRSA 
infections, delays of > 24–48# h until antibiotic adminis-
tration are associated with increased mortality in some 
studies [143–147], but not in others [148–154]. Among 
undi"erentiated patients with pneumonia or sepsis, 

Antibiotic Timing

or probable

*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 hours 
of presentation so that a decision can be made as to the likelihood of an infectious cause of the patient’s presentation and timely 
antimicrobial therapy provided if the likelihood is thought to be high.

Shock is present Shock is absent

Sepsis is possible
Rapid assessment* of 
infectious vs noninfectious 
causes of acute illness

Administer antimicrobials 
within 3 hours if concern 
for infection persists

Administer antimicrobials 
immediately, ideally within 
1 hour of recognition

Administer antimicrobials immediately, ideally within 1 hour of 
recognition

Fig. 1 Recommendations on timing of antibiotic administration
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broad-spectrum therapy and fewer drugs, once clinical 
and microbiologic data become available (Fig.!1).

Biomarkers to!guide sepsis therapy
Clinical and biological signs of sepsis are neither sensi-
tive nor specific, particularly in older patients and the 
immunocompromised, making decisions about start-
ing and stopping antibiotics challenging in ICU patients 
[5]. Intensivists have sought biological markers to define 
when to safely postpone antibiotic therapy in those with 
possible infection. In 1998, a biomarker was defined as 
“a characteristic that is objectively measured and evalu-
ated as an indicator of normal biological processes, 
pathogenic processes, or pharmacologic responses to a 
therapeutic intervention” [34]. Ideally, a sepsis biomarker 
should di"erentiate true sepsis from other inflammatory 
conditions in a timely and cost-e"ective 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 
the release of various molecules that could potentially 
serve as biomarkers [35]. Numerous promising biomark-
ers have been evaluated, but C-reactive protein (CRP) 
and procalcitonin are the most widely evaluated, in 

randomized controlled studies of antibiotic stewardship 
[35].

Given the heterogeneity and complexity of sepsis, no 
biomarker has su#cient accuracy to di"erentiate sepsis 
from other non-infectious causes of systemic inflam-
mation, and biomarkers can only be used as adjuncts to 
clinical judgment, in defining when to start antibiotics 
[36]. However, combining information collected from 
several biomarkers could be valuable [37]. Development 
of molecular biology including “omics” could allow the 
development of better sepsis biomarkers [38], whose 
usefulness will be increased by their integration into bio-
logical scores [38]. Several host response gene-expression 
assays have been developed. SeptiCyteTM LB, (Immun-
express, Seattle, WA) has been cleared by the FDA in the 
United States, for discriminating sepsis from non-infec-
tious 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 meta-
analysis focusing on procalcitonin-guided antibiotic 
management (11 trials), using serial measurements, 
early discontinuation of antibiotics with a reduction in 

Fig. 1 The need for immediate broad-spectrum empiric antimicrobial therapy for selected patients with severe sepsis may be life-saving, but may 
also put pressure to overuse antibiotics and drive antibiotic resistance. Thus, this approach comes with the obligation to try to control resistance by 
de-escalating therapy once serial clinical, microbiologic and laboratory data become available. De-escalation can be in the form of shorter duration 
of therapy, less broad-spectrum agents, fewer drugs, or a combination of these interventions
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Initial antimicrobial management of!sepsis
Michael S. Niederman1* , Rebecca M. Baron2, Lila Bouadma3, Thierry Calandra4, Nick Daneman5, 
Jan DeWaele6, Marin H. Kollef7, Je!rey Lipman8,9 and Girish B. Nair10 

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, fol-
lowed 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 commit-
ment 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 dura-
tion 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 e!ective antimicrobial therapy. 
"e aims of this review are to identify the most com-
mon sites of sepsis, the likely pathogens, and the optimal 
approach to antimicrobial therapy. E!ective therapy must 
be balanced by the need to avoid overuse of broad spec-
trum agents and thus must be accompanied by a commit-
ment to antimicrobial stewardship. Using experts in this 
topic, we reviewed the literature relevant to antimicrobial 
management of sepsis and recommend key principles for 
management.

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 

designated a global health priority [1–3]. "e majority 
of sepsis is community-acquired, and progression can 
be insidious, making diagnosis di#cult [3, 4]. Prognosis 
depends on early administration of broad-spectrum anti-
biotics and e!ective source control [5, 6].

Sepsis a!ects 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 
sepsis incidence worldwide from 60 million cases in 1990 
to 49 million cases in 2017 [9]. However, sepsis-related 
Medicare hospital admissions increased from 811,644 to 
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 
viruses and fungi may occur in patients with comorbid 
conditions and immunosuppression. "e most common 
foci in hospitalized patients are infections of the lower 
respiratory tract, followed by intra-abdominal, blood-
stream, intravascular line infections, and urinary tract 
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calculated. Compared with 12 398 patients who received adequate therapy, 2785 patients who
received inadequate empiric antibiotic therapy were older (median [IQR] age, 71 [60-83] years vs 68
[56-80] years; P < .001) and had a higher burden of comorbidities (median [IQR] AHRQ Elixhauser
Comorbidity Index score, 13 [5-21] vs 11 [2-19]; P < .001), but the groups had similar rates of organ
dysfunction (eg, renal dysfunction: 1480 [53.1%] vs 6465 [52.2%]; P = .34), ICU admission (1248
[44.8%] vs 5710 [46.1%]; P = .23), and in-hospital mortality (488 [17.5%] vs 2011 [16.3%]; P = .09)
(eTable 1 in the Supplement). However, on multivariable analysis, inadequate therapy was
significantly associated with higher mortality (adjusted OR, 1.19; 95% CI, 1.03-1.37; P = .02).

Inadequate therapy was much more likely in patients with resistant pathogens (MRSA, VRE,
CTX-RO, ESBL, or CRE) vs nonresistant pathogens (1544 of 3811 [40.5%] vs 1241 of 11 372 [10.9%];
P < .001). Although patients with antibiotic-resistant organisms had higher crude hospital mortality
rates, there was no difference after adjusting for baseline characteristics, severity of illness, and
adequacy of therapy (adjusted OR, 1.04; 95% CI, 0.83-1.30; P = .75). There was also no association
between antibiotic-resistant organisms and mortality when only considering positive blood cultures
(adjusted OR, 1.10; 95% CI, 0.82-1.46; P = .54).

Figure 3. Proportion of Culture-Positive Sepsis Patients Treated With Broad-Spectrum Antibiotics in Whom Targeted Resistant Organisms
Were Subsequently Recovered
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The dark bars indicate the proportion of 17 430 patients with culture-positive sepsis on
admission who received empiric antibiotics directed at specific resistant organisms.
Anti–methicillin-resistant Staphylococcus aureus (MRSA) antibiotics include vancomycin,
linezolid, and daptomycin; anti–ceftriaxone-resistant gram-negative organism (CTX-RO)
antibiotics (ie, anti-Pseudomonal !-lactams) include ceftazidime, cefepime,
piperacillin-tazobactam, aztreonam, imipenem, meropenem, and doripenem; anti–

vancomycin-resistant Enterococcus (VRE) antibiotics include linezolid or daptomycin;
and anti–extended-spectrum !-lactamase (ESBL) producing gram-negative organism
antibiotics include carbapenems (ie, imipenem, meropenem, doripenem, or ertapenem).
The light bars indicate the proportion of patients treated with antibiotics directed at
resistant organisms who had that organism recovered from any clinical site within the
first 2 days of hospitalization.

Table 2. Outcomes Associated With Inadequate and Unnecessarily Broad Empiric Antibiotic Therapya

Outcome

Inadequate vs adequate empiric therapy Unnecessarily broad vs not unnecessarily broad empiric therapyb

No./total No. (%)

Unadjusted
OR (95% CI) P value

Adjusted
OR (95% CI) P value

No./total No. (%)

Unadjusted
OR (95% CI) P value

Adjusted
OR (95% CI) P valueInadequate

Adequate
empiric
therapy

Unnecessarily
broad

Not
unnecessarily
broad

In-hospital
death

488/2785
(17.5)

2011/12 388
(16.3)

1.10
(0.98-1.22)

.09 1.19
(1.03-1.37)

.02 1575/8405
(18.7)

436/3993
(10.9)

1.88
(1.68-2.11)

<.001 1.22
(1.06-1.40)

.007

Hospital-
onset acute
kidney injury

486/2785
(17.5)

2196/12 398
(17.7)

0.98
(0.88-1.09)

.74 1.02
(0.90-1.16)

.72 1641/8405
(19.5)

555/3993
(13.9)

1.50
(1.35-1.67)

<.001 1.12
(1.00-1.26)

.05

Clostridioides
difficile

207/2785
(7.4)

498/12 398
(4.0)

1.92
(1.63-2.27)

<.001 1.19
(0.98-1.45)

.09 367/8405
(4.4)

131/3993
(3.3)

1.34
(1.10-1.65)

.004 1.26
(1.01-1.57)

.04

Abbreviation: OR, odds ratio.
a Each model was adjusted for admission year, hospital characteristics, patient

demographic characteristics (age, sex, race), comorbidities, microbiologic
characteristics (site of positive culture, pathogen, presence of antibiotic resistance),

infectious syndrome, care in intensive care unit on admission, vasopressors,
mechanical ventilation, vital signs, Glasgow Coma Scale score, and laboratory values.

b The analysis of unnecessarily broad vs not unnecessarily broad empiric therapy was
conducted among patients who received adequate therapy.
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calculated. Compared with 12 398 patients who received adequate therapy, 2785 patients who
received inadequate empiric antibiotic therapy were older (median [IQR] age, 71 [60-83] years vs 68
[56-80] years; P < .001) and had a higher burden of comorbidities (median [IQR] AHRQ Elixhauser
Comorbidity Index score, 13 [5-21] vs 11 [2-19]; P < .001), but the groups had similar rates of organ
dysfunction (eg, renal dysfunction: 1480 [53.1%] vs 6465 [52.2%]; P = .34), ICU admission (1248
[44.8%] vs 5710 [46.1%]; P = .23), and in-hospital mortality (488 [17.5%] vs 2011 [16.3%]; P = .09)
(eTable 1 in the Supplement). However, on multivariable analysis, inadequate therapy was
significantly associated with higher mortality (adjusted OR, 1.19; 95% CI, 1.03-1.37; P = .02).

Inadequate therapy was much more likely in patients with resistant pathogens (MRSA, VRE,
CTX-RO, ESBL, or CRE) vs nonresistant pathogens (1544 of 3811 [40.5%] vs 1241 of 11 372 [10.9%];
P < .001). Although patients with antibiotic-resistant organisms had higher crude hospital mortality
rates, there was no difference after adjusting for baseline characteristics, severity of illness, and
adequacy of therapy (adjusted OR, 1.04; 95% CI, 0.83-1.30; P = .75). There was also no association
between antibiotic-resistant organisms and mortality when only considering positive blood cultures
(adjusted OR, 1.10; 95% CI, 0.82-1.46; P = .54).

Figure 3. Proportion of Culture-Positive Sepsis Patients Treated With Broad-Spectrum Antibiotics in Whom Targeted Resistant Organisms
Were Subsequently Recovered
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The dark bars indicate the proportion of 17 430 patients with culture-positive sepsis on
admission who received empiric antibiotics directed at specific resistant organisms.
Anti–methicillin-resistant Staphylococcus aureus (MRSA) antibiotics include vancomycin,
linezolid, and daptomycin; anti–ceftriaxone-resistant gram-negative organism (CTX-RO)
antibiotics (ie, anti-Pseudomonal !-lactams) include ceftazidime, cefepime,
piperacillin-tazobactam, aztreonam, imipenem, meropenem, and doripenem; anti–

vancomycin-resistant Enterococcus (VRE) antibiotics include linezolid or daptomycin;
and anti–extended-spectrum !-lactamase (ESBL) producing gram-negative organism
antibiotics include carbapenems (ie, imipenem, meropenem, doripenem, or ertapenem).
The light bars indicate the proportion of patients treated with antibiotics directed at
resistant organisms who had that organism recovered from any clinical site within the
first 2 days of hospitalization.

Table 2. Outcomes Associated With Inadequate and Unnecessarily Broad Empiric Antibiotic Therapya

Outcome

Inadequate vs adequate empiric therapy Unnecessarily broad vs not unnecessarily broad empiric therapyb

No./total No. (%)

Unadjusted
OR (95% CI) P value

Adjusted
OR (95% CI) P value

No./total No. (%)

Unadjusted
OR (95% CI) P value

Adjusted
OR (95% CI) P valueInadequate

Adequate
empiric
therapy

Unnecessarily
broad

Not
unnecessarily
broad

In-hospital
death

488/2785
(17.5)

2011/12 388
(16.3)

1.10
(0.98-1.22)

.09 1.19
(1.03-1.37)

.02 1575/8405
(18.7)

436/3993
(10.9)

1.88
(1.68-2.11)

<.001 1.22
(1.06-1.40)

.007

Hospital-
onset acute
kidney injury

486/2785
(17.5)

2196/12 398
(17.7)

0.98
(0.88-1.09)

.74 1.02
(0.90-1.16)

.72 1641/8405
(19.5)

555/3993
(13.9)

1.50
(1.35-1.67)

<.001 1.12
(1.00-1.26)

.05

Clostridioides
difficile

207/2785
(7.4)

498/12 398
(4.0)

1.92
(1.63-2.27)

<.001 1.19
(0.98-1.45)

.09 367/8405
(4.4)

131/3993
(3.3)

1.34
(1.10-1.65)

.004 1.26
(1.01-1.57)

.04

Abbreviation: OR, odds ratio.
a Each model was adjusted for admission year, hospital characteristics, patient

demographic characteristics (age, sex, race), comorbidities, microbiologic
characteristics (site of positive culture, pathogen, presence of antibiotic resistance),

infectious syndrome, care in intensive care unit on admission, vasopressors,
mechanical ventilation, vital signs, Glasgow Coma Scale score, and laboratory values.

b The analysis of unnecessarily broad vs not unnecessarily broad empiric therapy was
conducted among patients who received adequate therapy.
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Abstract

IMPORTANCE Broad-spectrum antibiotics are recommended for all patients with suspected sepsis
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 the outcomes
associated with unnecessarily broad empiric treatment.

OBJECTIVE To elucidate the epidemiology of antibiotic-resistant pathogens and the outcomes
associated with both undertreatment and overtreatment in patients with culture-positive community-
onset sepsis.

DESIGN, SETTING, AND PARTICIPANTS This cohort study included 17 430 adults admitted to 104
US hospitals between January 2009 and December 2015 with sepsis and positive clinical cultures
within 2 days of admission. Data analysis took place from January 2018 to December 2019.

EXPOSURES Inadequate empiric antibiotic therapy (ie, !1 pathogen nonsusceptible to all
antibiotics administered on the first or second day of treatment) and unnecessarily broad empiric
therapy (ie, active against methicillin-resistant Staphylococcus aureus [MRSA]; vancomycin-resistant
Enterococcus [VRE]; ceftriaxone-resistant gram-negative [CTX-RO] organisms, including
Pseudomonas aeruginosa; or extended-spectrum !-lactamase [ESBL] gram-negative organisms
when none of these were isolated).

MAIN OUTCOMES AND MEASURES Prevalence and empiric treatment rates for antibiotic-resistant
organisms and associations of inadequate and unnecessarily broad empiric therapy with in-hospital
mortality were assessed, adjusting for baseline characteristics and severity of illness.

RESULTS Of 17 430 patients with culture-positive community-onset sepsis (median [interquartile
range] age, 69 [57-81] years; 9737 [55.9%] women), 2865 (16.4%) died in the hospital. The most
common culture-positive sites were urine (9077 [52.1%]), blood (6968 [40.0%]), and the
respiratory tract (2912 [16.7%]). The most common pathogens were Escherichia coli (5873 [33.7%]),
S aureus (3706 [21.3%]), and Streptococcus species (2361 [13.5%]). Among 15 183 cases in which all
antibiotic-pathogen susceptibility combinations could be calculated, most (12 398 [81.6%]) received
adequate empiric antibiotics. Empiric therapy targeted resistant organisms in 11 683 of 17 430 cases
(67.0%; primarily vancomycin and anti-Pseudomonal !-lactams), but resistant organisms were
uncommon (MRSA, 2045 [11.7%]; CTX-RO, 2278 [13.1%]; VRE, 360 [2.1%]; ESBLs, 133 [0.8%]). The
net prevalence for at least 1 resistant gram-positive organism (ie, MRSA or VRE) was 13.6% (2376
patients), and for at least 1 resistant gram-negative organism (ie, CTX-RO, ESBL, or CRE), it was 13.2%
(2297 patients). Both inadequate and unnecessarily broad empiric antibiotics were associated with

(continued)

Key Points
Question What is the prevalence of
antibiotic resistance in community-
onset sepsis, and is there risk associated
with the receipt of empiric broad-
spectrum antibiotics?

Findings In this cohort study of 17 430
adults with culture-positive sepsis
admitted to 104 US hospitals, 67.0%
received empiric broad-spectrum
antibiotics, but resistant gram-positive
organisms were isolated in only 13.6% of
patients and resistant gram-negative
organisms in 13.2%. Both
undertreatment (failure to cover
organisms) and overtreatment
(resistant organisms targeted but not
isolated) were associated with higher
mortality after detailed risk adjustment.

Meaning In this study, broad-
spectrum antibiotics were frequently
administered to patients with
community-onset sepsis without
resistant organisms, and these therapies
were associated with worse outcomes.
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to antimicrobial duration [20]. An RCT looking at the 
management of community acquired pneumonia (CAP) 
showed no significant di!erence in mortality between 
median antimicrobial treatment duration of 5 versus 
10" days. #ere was, however, a significant increase in 
readmission at 30"days in those treated for longer dura-
tions; Intriguingly this appears not to have been caused 
by CAP recurrence, which was similar between the two 
groups [21].

Several randomised trials have evaluated the duration 
of antimicrobials in ICU patients. #ree studies includ-
ing patients with VAP [22–24] and one with undi!eren-
tiated sepsis [25], demonstrated that shorter duration 
of antimicrobials was not associated with increased 
mortality risk. It should be noted that, in general, these 
trials were powered for non-inferiority, which may 
explain why many of them failed to identify any sig-
nificant reduction in antimicrobial-associated harm. 
De-escalation of antimicrobials, being the reduction in 
spectrum and duration of agents, has been assessed in 
a number of observational studies in intensive care and 
one RCT [26], which did not show a survival advan-
tage in de-escalation. However, this literature should 
give the intensivist confidence that in many cases the 

duration of antimicrobial courses can be safely short-
ened and de-escalated, thereby minimising the risk of 
adverse e!ects.

Mechanisms of!anti-microbial associated harm
Antimicrobials are able to harm patients by various 
mechanisms (Fig."1).

Mechanism: drug toxicity
Antimicrobials are associated with a wide range of well-
recognised detrimental side e!ects including hepato-
toxicity, nephrotoxicity, and cytopaenias. #e multiple 
pathophysiological mechanisms underlying these toxici-
ties is not completely understood. #e common phylo-
genetic origin between mitochondria and bacteria [27] 
suggest that antimicrobials may directly a!ect human 
mitochondrial function and may contribute to the mito-
chondrial dysfunction and associated organ failure in 
sepsis.

Mechanism: mitochondrial dysfunction and!organ 
dysfunction
Mitochondrial dysfunction is implicated in the patho-
physiology of organ dysfunction in sepsis [28], although 

Fig. 1 Summary of the mechanisms by which antimicrobials may harm patients
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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 e!ective 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 e!ects and adverse reactions, Critical care

Introduction

One of the major barriers to improved antimicrobial 
stewardship is the widespread belief amongst both medi-
cal professionals and the public that, for the individual 
patient, the benefits of prompt and continued use of 
antimicrobials outweigh any potential harm. Antimicro-
bial stewardship is sometimes perceived as the utilitar-
ian rationing of a vital resource, sacrificing the wellbeing 
of the present individual for a less immediate collective 
good. For the clinician, their principal duty to the patient 
in need outweighs this wider and more nebulous ben-
efit. !is view is perhaps most pertinent to critically ill 

patients, who are the highest per-capita consumers of 
antimicrobials [1] and who are at greatest risk of harm 
from untreated or undertreated infection [2, 3].

However, there is growing evidence of the harm caused 
to individual patients by unnecessary or unduly pro-
longed antimicrobial use [4]. If consideration is given 
to potential harms in the individual patient, clinicians 
may be more judicious about antimicrobial prescrib-
ing. Several studies conducted within the intensive care 
unit (ICU) setting have provided compelling evidence 
that over-zealous use of antimicrobials can translate into 
adverse patient outcomes, including increased mortality 
[4–6].

!is review sets out the evidence for antimicrobial-
associated harm, with a specific focus on the critically 
ill patient. It explores potential mechanisms underlying 
antimicrobial toxicity, including antimicrobial-induced 
cellular and mitochondrial toxicity, adverse drug reac-
tions, selection of resistant organisms at individual 
patient level and disruption of the microbiome. Finally, 
it discusses approaches to limit antimicrobial-associated 
harm and highlights research priorities.
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• Balance bénéfice risque peu en faveur

• Neutropénie fébrile persistante après 
4-5 jours

• Patients immunodéprimés

• Profils cliniques particulier, histoires 
particulières
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Antifungal therapy
Recommendations

22. For adults with sepsis or septic shock at high risk of fungal infec-
tion, we suggest using empiric antifungal therapy over no antifungal 
therapy

Weak recommendation, low quality of evidence

23. For adults with sepsis or septic shock at low risk of fungal infection, 
we suggest against empiric use of antifungal therapy

Weak recommendation, low quality of evidence

Rationale
Sepsis and septic shock due to fungi are most commonly 
observed in ICUs and are associated with poor out-
comes [166–170]. Some observational studies suggested 
that prompt initiation of appropriate empiric antifungal 
therapy may be associated with a reduction in mortal-
ity, however these studies do not prove a causal relation-
ship between antifungal therapy and outcome, nor do 
they clarify the role of timing of treatment, and some 
other studies have failed to show this association [167, 
171–173].

In an updated meta-analysis of empiric antifungal 
therapy versus no antifungal therapy in adult criti-
cally ill patients, no di!erence in short-term mortality 
was observed. In the largest and most recent RCT—
EMPIRICUS—there was also no di!erence in outcome 
between patients receiving empiric antifungal therapy 
(micafungin) and patients receiving placebo [174]. "e 
overall quality of evidence was low, and treatment with 
empiric antifungals may be associated with increased 
costs.

While patients with sepsis or septic shock may not in 
general benefit from empiric antifungals, some patients 
with particular risk factors for fungal infection may, for 
example patients with febrile neutropenia who fail to 
defervesce after 4–7# days of broad-spectrum antibacte-
rial therapy are at increased risk of having fungal disease 
(Table#2) [175, 176]. "e risk of Candida sepsis or septic 
shock for other immunosuppressed populations is highly 
disease- and therapy-specific. Importantly, the decision 
to start empiric antifungal therapy depends on the type 
and number of risk factors, along with the local epidemi-
ology of fungal infections.

Accordingly, we suggest using empiric antifungal 
therapy in patients at high risk of fungal infection, while 
we suggest avoiding this if the risk is low. "e choice of 
antifungal agent for empiric therapy depends on multi-
ple issues including host factors, prior colonisation and 
infection, prior exposure to prophylactic or therapeutic 
antifungal therapy, comorbidities, and the toxicities and 
drug interactions of the therapeutic options.

Antiviral therapy
Recommendation

24. We make no recommendation on the use of antiviral agents

Rationale
Viral infections encompass a broad spectrum of patho-
gens and diseases in humans but—apart from specific 
clinical situations such as epidemics/pandemics—are 
rarely the primary cause of sepsis. In a recent large 
international point prevalence study, viruses were docu-
mented in less than 4% of infections [133].

Historically, influenza has been one of the more com-
mon viral causes of sepsis. However, it is unclear to what 
extent the primary viral infection as opposed to bacterial 
pneumonia co-infection is the cause of organ dysfunction 
in these patients [219–222]. More recently, SARS-CoV-2 
(causing COVID-19) is now responsible for many cases 
of infection and sepsis [223]. "e ongoing pandemic due 
to SARS-CoV-2 has resulted in the understanding of this 
condition changing very rapidly [224].

While there appears to be no overall e!ect of neu-
raminidase inhibitors on mortality in patients with influ-
enza-related pneumonia, there may be an e!ect when 
administered early in the course of the disease [225]. For 
detailed information on specific antiviral therapy, includ-
ing for influenza and SARS CoV-2, please refer to dedi-
cated clinical practice guidelines [226–228].

Immunocompromised patients are particularly vulner-
able to viral infections, including patients with neutro-
penia, human immunodeficiency virus (HIV) infection, 
haematological malignancies and haematopoietic stem 
cell transplantation or solid organ transplants; in these 
patients herpes simplex virus, Epstein-Barr virus, cyto-
megalovirus, and respiratory viruses such as adeno-
viruses, can cause severe disease [229]. Tropical and 
subtropical regions have endemic and epidemic outbreaks 
of zoonotic viral infections including those caused by 
Dengue, Ebola, Lassa, Marburg, Sin Nombre and Chi-
kungunya virus. Many of these can manifest with clinical 
signs of sepsis, particularly in their early stages. Unfor-
tunately, e!ective therapies are lacking for most of these 
viruses.

"e desirable e!ects of empiric antiviral therapy are 
unknown, and as for other antimicrobial agents there is 
a risk of undesirable e!ects [165]. Data on cost e!ective-
ness were not available.

Due to the rapidly changing position related to antiviral 
therapies in critically ill patients presenting with several 
acute respiratory failure, this panel decided not to issue 
a recommendation on antiviral therapies and to refer the 
reader to more specific guidelines [226].
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22. For adults with sepsis or septic shock at high risk of fungal infec-
tion, we suggest using empiric antifungal therapy over no antifungal 
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administered early in the course of the disease [225]. For 
detailed information on specific antiviral therapy, includ-
ing for influenza and SARS CoV-2, please refer to dedi-
cated clinical practice guidelines [226–228].
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able to viral infections, including patients with neutro-
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cell transplantation or solid organ transplants; in these 
patients herpes simplex virus, Epstein-Barr virus, cyto-
megalovirus, and respiratory viruses such as adeno-
viruses, can cause severe disease [229]. Tropical and 
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of zoonotic viral infections including those caused by 
Dengue, Ebola, Lassa, Marburg, Sin Nombre and Chi-
kungunya virus. Many of these can manifest with clinical 
signs of sepsis, particularly in their early stages. Unfor-
tunately, e!ective therapies are lacking for most of these 
viruses.

"e desirable e!ects of empiric antiviral therapy are 
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Delivery of!antibiotics
Recommendation

25. For adults with sepsis or septic shock, we suggest using prolonged 
infusion of beta-lactams for maintenance (after an initial bolus) over 
conventional bolus infusion

Weak recommendation, moderate quality of evidence

Rationale
Beta-lactam antibiotics may be subject to changes in 
important pharmacokinetic parameters in the setting 
of sepsis and septic shock resulting in sub-therapeutic 
concentrations [230, 231]. As opposed to conventional 
intermittent infusion (infusion ! 30! min), administra-
tion by prolonged IV infusion, either as an extended infu-
sion (antibiotic infused over at least half of the dosing 
interval) or as a continuous infusion, results in sustained 
beta-lactam concentrations which align with the phar-
macodynamics of these drugs.

Two meta-analyses reported similar results support-
ing reduced short-term mortality (RR 0.70; 95% CI 0.57–
0.87) with prolonged infusion of beta-lactams [232, 233].

No trials assessed the undesirable e"ects of continuous 
infusion, and the desirable e"ects were deemed impor-
tant, while the overall quality of evidence was moderate. 
Prolonged infusion is a feasible intervention if suitable IV 
access is present, and resources are available to ensure 
the beta-lactam is infused over the necessary duration. 
#e latter may be an issue in some resource limited set-
tings, including LMICs.

Administration of a loading dose of antibiotic before 
prolonged infusion is essential to avoid delays to achiev-
ing e"ective beta-lactam concentrations [234]. Over the 
course of therapy, both extended and continuous infusions 
will occupy a venous catheter/lumen more than an inter-
mittent infusion and drug-stability and drug-drug compat-
ibility considerations are important to ensure e"ectiveness 
of antibiotic and other IV drug therapies [235].

#e reduction in short-term mortality from prolonged 
infusion of beta-lactams is significant with the interven-
tion being feasible with negligible cost implications and 
no data suggesting inferior outcomes with prolonged 
infusion. Accordingly, we suggest prolonged infusion of 
beta-lactams over conventional bolus infusion in patients 
with sepsis and septic shock if the necessary equipment 
is available. Further research is needed on long-term 
outcomes, on the e"ect on emergence of antimicrobial 
resistance, and on costs of prolonged versus bolus infu-
sion of beta-lactams [236].

Pharmacokinetics and!pharmacodynamics
Recommendation

26. For adults with sepsis or septic shock, we recommend optimising 
dosing strategies of antimicrobials based on accepted pharmacoki-
netic/pharmacodynamic (PK/PD) principles and specific drug proper-
ties

Best Practice Statement

Rationale
Antibiotics are subject to changes in PK/PD parameters in 
sepsis and septic shock where resultant concentrations may 
be too low risking clinical failure, or too high leading to tox-
icity (Table!3) [237–239]. Augmented renal clearance [240], 
AKI [241], hypoalbuminemia [242], RRT [243,  244], and 
extracorporeal membrane oxygenation [245, 246] are exam-
ples of common scenarios that a"ect the concentrations 
of some antibiotics. Administration of antibiotics using an 
approach that adheres to PK/PD principles and using dosing 
regimens developed in patients with sepsis and septic shock 
is more likely to result in e"ective and safe drug concentra-
tions compared to use of dosing recommendations provided 
in the manufacturer’s product information [247].

We did not identify any relevant data quantifying the 
value of dosing based on PK/PD principles in adults with 
sepsis and septic shock. Although there are no data on this 
topic directly derived from adults with sepsis and septic 
shock, data from a broader patient population, critically 
ill patients, support an increased likelihood of achieving 
e"ective and safe antibiotic concentrations when applying 
PK/PD principles to dosing [248]. #e application of PK/
PD principles can be aided by clinical pharmacists [249]. 
Some studies in critically ill patients have reported ben-
efits in terms of clinical cure [237, 250–253].

Applying a PK/PD approach to antibiotic dosing 
requires support from knowledgeable clinician team 
members [254], use of a patient population-specific 
guideline document [255], use of therapeutic drug moni-
toring [256], and/or use of dosing software [238, 248]. 
Some of these potential approaches to application of PK/
PD-based dosing require extra resources, some of which 
may not be available in all settings, in which case freely 
available resources such as dosing nomograms can be 
used [234, 257, 258]. Guidance on how to apply a PK/PD 
approach for specific drug classes have been described 
elsewhere [237]. Further research is needed on short- and 
long-term mortality outcomes, e"ect on emergence of 
antimicrobial resistance, impact on drug stability within 
prolonged infusions and health economics of di"erent 
PK/PD-based approaches to dosing (see Table!3).
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Delivery of!antibiotics
Recommendation

25. For adults with sepsis or septic shock, we suggest using prolonged 
infusion of beta-lactams for maintenance (after an initial bolus) over 
conventional bolus infusion

Weak recommendation, moderate quality of evidence

Rationale
Beta-lactam antibiotics may be subject to changes in 
important pharmacokinetic parameters in the setting 
of sepsis and septic shock resulting in sub-therapeutic 
concentrations [230, 231]. As opposed to conventional 
intermittent infusion (infusion ! 30! min), administra-
tion by prolonged IV infusion, either as an extended infu-
sion (antibiotic infused over at least half of the dosing 
interval) or as a continuous infusion, results in sustained 
beta-lactam concentrations which align with the phar-
macodynamics of these drugs.

Two meta-analyses reported similar results support-
ing reduced short-term mortality (RR 0.70; 95% CI 0.57–
0.87) with prolonged infusion of beta-lactams [232, 233].

No trials assessed the undesirable e"ects of continuous 
infusion, and the desirable e"ects were deemed impor-
tant, while the overall quality of evidence was moderate. 
Prolonged infusion is a feasible intervention if suitable IV 
access is present, and resources are available to ensure 
the beta-lactam is infused over the necessary duration. 
#e latter may be an issue in some resource limited set-
tings, including LMICs.

Administration of a loading dose of antibiotic before 
prolonged infusion is essential to avoid delays to achiev-
ing e"ective beta-lactam concentrations [234]. Over the 
course of therapy, both extended and continuous infusions 
will occupy a venous catheter/lumen more than an inter-
mittent infusion and drug-stability and drug-drug compat-
ibility considerations are important to ensure e"ectiveness 
of antibiotic and other IV drug therapies [235].

#e reduction in short-term mortality from prolonged 
infusion of beta-lactams is significant with the interven-
tion being feasible with negligible cost implications and 
no data suggesting inferior outcomes with prolonged 
infusion. Accordingly, we suggest prolonged infusion of 
beta-lactams over conventional bolus infusion in patients 
with sepsis and septic shock if the necessary equipment 
is available. Further research is needed on long-term 
outcomes, on the e"ect on emergence of antimicrobial 
resistance, and on costs of prolonged versus bolus infu-
sion of beta-lactams [236].

Pharmacokinetics and!pharmacodynamics
Recommendation

26. For adults with sepsis or septic shock, we recommend optimising 
dosing strategies of antimicrobials based on accepted pharmacoki-
netic/pharmacodynamic (PK/PD) principles and specific drug proper-
ties

Best Practice Statement

Rationale
Antibiotics are subject to changes in PK/PD parameters in 
sepsis and septic shock where resultant concentrations may 
be too low risking clinical failure, or too high leading to tox-
icity (Table!3) [237–239]. Augmented renal clearance [240], 
AKI [241], hypoalbuminemia [242], RRT [243,  244], and 
extracorporeal membrane oxygenation [245, 246] are exam-
ples of common scenarios that a"ect the concentrations 
of some antibiotics. Administration of antibiotics using an 
approach that adheres to PK/PD principles and using dosing 
regimens developed in patients with sepsis and septic shock 
is more likely to result in e"ective and safe drug concentra-
tions compared to use of dosing recommendations provided 
in the manufacturer’s product information [247].

We did not identify any relevant data quantifying the 
value of dosing based on PK/PD principles in adults with 
sepsis and septic shock. Although there are no data on this 
topic directly derived from adults with sepsis and septic 
shock, data from a broader patient population, critically 
ill patients, support an increased likelihood of achieving 
e"ective and safe antibiotic concentrations when applying 
PK/PD principles to dosing [248]. #e application of PK/
PD principles can be aided by clinical pharmacists [249]. 
Some studies in critically ill patients have reported ben-
efits in terms of clinical cure [237, 250–253].

Applying a PK/PD approach to antibiotic dosing 
requires support from knowledgeable clinician team 
members [254], use of a patient population-specific 
guideline document [255], use of therapeutic drug moni-
toring [256], and/or use of dosing software [238, 248]. 
Some of these potential approaches to application of PK/
PD-based dosing require extra resources, some of which 
may not be available in all settings, in which case freely 
available resources such as dosing nomograms can be 
used [234, 257, 258]. Guidance on how to apply a PK/PD 
approach for specific drug classes have been described 
elsewhere [237]. Further research is needed on short- and 
long-term mortality outcomes, e"ect on emergence of 
antimicrobial resistance, impact on drug stability within 
prolonged infusions and health economics of di"erent 
PK/PD-based approaches to dosing (see Table!3).
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Use of therapeutic drug monitoring has been described 
for all drugs, although it is not widely available for most.

Source control
Recommendation

27. For adults with sepsis or septic shock, we recommend rapidly identify-
ing or excluding a specific anatomical diagnosis of infection that requires 
emergent source control and implementing any required source control 
intervention as soon as medically and logistically practical

Best Practice Statement

Rationale
Appropriate source control is a key principle in the 
management of!sepsis!and!septic shock [12, 13]. Source 
control may include drainage of an abscess, debriding 
infected necrotic tissue, removal of a potentially infected 
device, or definitive control of a source of ongoing micro-
bial contamination [262]. Foci of!infection!readily amena-
ble to source control include intra-abdominal abscesses, 
gastrointestinal perforation, ischaemic bowel or volvu-
lus, cholangitis, cholecystitis, pyelonephritis associated 
with obstruction or abscess, necrotizing soft tissue!infec-
tion, other deep space!infection!(e.g., empyema or septic 
arthritis), and implanted device infections [262].

Source control of infectious foci was associated with 
improved survival in recent observational and clus-
ter randomised studies [120, 263, 264]. Source control 
should be achieved as soon as possible following initial 
resuscitation [265, 266]. While there are limited data 
to conclusively issue a recommendation regarding the 
timeframe in which source control should be obtained, 
smaller studies suggest that source control within 6–12!h 
is advantageous [265–271]. Studies generally show 
reduced survival beyond that point. "e failure to show 
benefit with source control implemented in less than 6!h 
may be a consequence of the limited number of patients 
and the heterogeneity of the intervention. "erefore, any 
required source control intervention in! sepsis! and! sep-
tic shock! should ideally be implemented as soon as 
medically and logistically practical after the diagnosis 
is made [120]. Clinical experience suggests that without 
adequate source control, many severe presentations will 
not stabilise or improve despite rapid resuscitation and 
provision of appropriate antimicrobials. In view of this 
fact, prolonged e#orts at medical stabilisation in lieu of 
source control for severely ill patients, particularly those 
with!septic shock, are generally not advised [272].

"e selection of optimal source control methods must 
weigh the benefits and risks of the specific intervention, the 
patient’s preference, clinician’s expertise, availability, risks of 
the procedure, potential delays, and the probability of the 
procedure’s success. In general, the least invasive option that 
will e#ectively achieve source control should be pursued. 

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 undesir-
able e#ects of a failed procedure are high. Logistic factors 
unique to each institution, such as surgical or interventional 
sta# 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 
sepsis should be removed after establishing another site for 
vascular access and following successful initial resuscita-
tion [265, 266]. In the absence of septic shock or fungemia, 
some implanted tunnelled catheter infections may be 
treated e#ectively with prolonged antimicrobial therapy 
if removal of the catheter is not practical [273]. However, 
catheter removal with adequate antimicrobial therapy is 
definitive and is the preferred treatment in most cases.

We identified one relevant RCT [274] and two observa-
tional studies [275, 276]. "ere was no evidence of a dif-
ference in mortality, however, the studies were hampered 
by significant limitations, including risk of confounding 
by indication (the observational studies) and imprecision 
(the RCT), which is why the results should be interpreted 
cautiously. "e quality of evidence was very low.

De-escalation of!antibiotics

Recommendation

29. For adults with sepsis or septic shock, we suggest daily assessment 
for de-escalation of antimicrobials over using fixed durations of therapy 
without daily reassessment for de-escalation

Weak recommendation, very low quality of evidence

Rationale
Antimicrobial exposure is linked to the development of 
antimicrobial resistance and e#orts to reduce both the 
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Haemodynamic management
Fluid management

Recommendations

32. For adults with sepsis or septic shock, we recommend using crystal-
loids as first-line fluid for resuscitation

Strong recommendation, moderate quality of evidence

33. For adults with sepsis or septic shock, we suggest using balanced 
crystalloids instead of normal saline for resuscitation

Weak recommendation, low quality of evidence

34. For adults with sepsis or septic shock, we suggest using albumin in 
patients who received large volumes of crystalloids over using crystal-
loids alone

Weak recommendation, moderate quality of evidence

35. For adults with sepsis or septic shock, we recommend against using 
starches for resuscitation

Strong recommendation, high quality of evidence

36. For adults with sepsis and septic shock, we suggest against using 
gelatin for resuscitation

Weak recommendation, moderate quality

Rationale
Fluid therapy is a key part of the resuscitation of sep-
sis and septic shock. Crystalloids have the advantage of 
being inexpensive and widely available. !e absence of 
clear benefit following the administration of colloids 
compared to crystalloid solutions supports the use of 
crystalloid solutions in the resuscitation of patients with 
sepsis and septic shock [324]. !e optimal fluid remains 
a subject of debate. For decades, the administration of 
normal saline solution (0.9% sodium chloride) has been 
common practice [325], but potential adverse e"ects that 
include hyperchloremic metabolic acidosis, renal vaso-
constriction, increased cytokine secretion and concern 
about acute kidney injury (AKI) have led to increased 
interest in chloride-restrictive solutions, known as bal-
anced or bu"ered solutions [326–330]. Subsequently, a 
network meta-analysis of 14 RCTs of patients with sepsis 
showed in an indirect comparison that balanced crystal-
loids were associated with decreased mortality, compared 
to saline [331].

!ere have been a number of recent RCTs assessing the 
question of which crystalloid may be most beneficial in 
patients with sepsis. In the SPLIT multicentre, double-
blinded clinical trial, the comparison between balanced 
solutions and normal saline yielded no di"erences in 
mortality or AKI [332]. !e modest volume of infused 
fluid, the predominance of surgical patients, and the low 
number of septic patients (4%) precludes generalizabil-
ity of the results. In 2016, the SALT pilot trial (n = 974) 
compared balanced solutions versus normal saline; with 
septic patients comprising 25% and 28% of the popula-
tion, respectively [333]. !e primary outcome, a compos-
ite outcome including mortality, new RRT or persistent 
renal dysfunction (major adverse kidney event within 

30# days, MAKE30), was similar between groups (24.6% 
vs. 24.7%). Subsequently, the SMART trial was published 
in 2018, a single-centre, multiple-crossover study includ-
ing 15,802 patients who received balanced solutions or 
normal saline, alternating on a monthly basis [334]. In the 
pre-specified subgroup of patients admitted with sepsis 
in all participating ICUs, 30-day mortality was lower in 
those receiving balanced solutions, compared to normal 
saline (OR 0.80; 95% CI 0.67!0.94). Likewise, in a sec-
ondary analysis including only the 1,641 patients admit-
ted to medical ICUs with a diagnosis of sepsis, balanced 
solutions were associated with reduced 30-day hospital 
mortality (OR 0.74; 95% CI 0.59–0.93) and MAKE30, and 
increased vasopressor- and RRT-free days [335].

!e SMART trial was a single-centre study without 
individual patient randomisation and no blinded assign-
ment of the intervention, it exposed participants to 
moderate amount of fluid volume, identification of sep-
sis subgroups was based on ICD-10 codes, and it used 
a composite outcome which may not be as relevant as 
a patient-centered outcome [336]. However, the use 
of balanced solutions in sepsis may be associated with 
improved outcomes compared with chloride-rich solu-
tions. No cost-e"ectiveness studies compared balanced 
and unbalanced crystalloid solutions. !erefore, we con-
sidered the desirable and undesirable consequences to 
favour balanced solutions, but as the quality of the evi-
dence is low, we issued a weak recommendation. Two 
ongoing large RCTs will provide additional data and 
inform future guideline updates [337, 338].

Although albumin is theoretically more likely to main-
tain oncotic pressure than crystalloids [339], it is more 
costly and there is no clear benefit with its routine use. 
Since the publication of the 2016 guidelines [12] two 
single-centre trials and two meta-analyses have been 
published on this topic [324, 340–342]. A Cochrane 
review including RCTs with 12,492 patients compar-
ing albumin versus crystalloids found no di"erence in 
30-day (RR 0.98; 95% CI 0.92–1.04) or 90-day mortality 
(RR 0.98; 95% CI 0.92–1.04) or need for RRT between 
groups (RR 1.11; 95% CI 0.96–1.27) [324]. !is meta-
analysis included patients with critical illness, and while 
the main solution included in the analysis was albumin, 
some studies in other analyses included fresh frozen 
plasma. A second meta-analysis, which also included 
critically ill patients, found lower static filling pressures 
(MD !2.3# cm  H2O; 95% CI 3.02–1.05) and mean arte-
rial pressure (MAP) (MD !3.53# mmHg; 95% CI !6.71 
to !0.36) with crystalloid use, but no di"erence in mor-
tality at 28# days (RR 1.0; 95% CI 0.92–1.10) or 90# days 
(RR 1.32; 95% CI 0.76–2.29) [340]. !e largest clinical 
trial in sepsis, the ALBIOS trial comparing a combina-
tion of albumin and crystalloids to crystalloids alone in 
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1818 patients with sepsis or septic shock did not demon-
strate a di!erence in 28-day (RR 1.0; 95% CI 0.87–1.14) 
or 90-day mortality (RR 0.94; 95% CI 0.85–1.05) [339]. Of 
note, in this trial, albumin was given as a 20% solution, 
with a treatment goal of a serum albumin concentration 
of 30"g/L until ICU discharge or 28"days. A meta-analysis 
of studies including septic patients did not show a signifi-
cant di!erence in mortality (RR 0.98; 95% CI 0.89–1.08). 
In addition, the risk of new organ failures (RR 1.02; 95% 
CI 0.93–1.11), ventilator-free days or vasopressor-free 
days did not di!er. Although albumin use resulted in a 
larger treatment e!ect in the septic shock subgroup (RR 
0.88; 95% CI 0.77–0.99) than in the sepsis subgroup (RR 
1.03; 95% CI 0.91–1.17), the subgroup analysis did not 
detect a subgroup e!ect (P-interaction = 0.19).

#e lack of proven benefit and higher cost of albumin 
compared to crystalloids contributed to our strong rec-
ommendation for the use of crystalloids as first-line fluid 
for resuscitation in sepsis and septic shock. #e sugges-
tion to consider albumin in patients who received large 
volumes of crystalloids is informed by evidence showing 
higher blood pressure at early and later time points [339], 
higher static filling pressures [340], and lower net fluid 
balance [339] with albumin. Limited data precludes a 
cuto! value for crystalloid infusion above which albumin 
might be considered as part of resuscitation.

In the 2016 SSC guidelines, a strong recommendation 
was issued against using hydroxyethyl starch (HES) [12]. 
No new data were identified. A previous meta-analysis of 
RCTs in septic patients showed a higher risk of RRT with 
the use of HES 130/0.38–0.45 (RR 1.36; 95% CI 1.08–
1.72) and a higher risk of death in a pre-defined analysis 
of low risk of bias trials (RR 1.11; 95% CI 1.0–1.2) [343]. 
A network meta-analysis of patients with sepsis or sep-
tic shock also demonstrated a higher risk of death (OR 
1.1; 95% CI 0.99–1.30) and need for RRT (OR 1.39; 95% 
CI 1.17–1.66) [331] with starches in a direct comparison 
with crystalloids. #erefore, the 2016 recommendation 
against the use of HES in resuscitation of patients with 
sepsis or septic shock did not change [331, 343].

Gelatin is a synthetic colloid used as a resuscitation 
fluid; there is a lack of powered well-designed studies 
supporting its administration in sepsis and septic shock. 
Included studies are generally small and include mostly 
post-operative, non-critically ill patients. In an indirect 
comparison, a 4-node network meta-analysis conducted 
in patients with sepsis, showed no clear e!ect on mortal-
ity when compared to crystalloids (OR 1.24; 95% cred-
ible interval [CrI] 0.61–2.55) [331]. Similarly, another 
RCT did not find an e!ect on mortality with gelatin use 
(RR 0.87; 95% CI 0.66–1.12) [344]. Adverse e!ects of 
gelatin have been reviewed in a network meta-analysis, 
which demonstrated higher risk of RRT with gelatin use 

compared to normal saline (OR 1.27; 95% CrI 0.44–3.64) 
and balanced crystalloids (OR 1.50; 95% CrI 0.56–3.96) 
[345]. Overall, the quality of evidence was moderate, due 
to imprecision and indirectness. In a systematic review 
of RCTs including patients with hypovolemia, gelatin 
use increased the risk of anaphylaxis (RR 3.01; 95% CI 
1.27–7.14) in comparison with crystalloids use [346]. 
Furthermore, gelatins may a!ect haemostasis and the 
e!ect on blood transfusions was unclear (RR 1.10; 95% 
CI 0.86–1.41). #erefore, in the face of inconclusive e!ect 
on mortality, increased adverse e!ects, and higher costs, 
the panel issued a weak recommendation against the use 
of gelatin for acute resuscitation. More high-quality stud-
ies are needed to inform future guideline updates.

Vasoactive agents
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 e!orts to 
improve the availability of norepinephrine. Special attention should 
be given to patients at risk for arrhythmias when using dopamine and 
epinephrine

38. For adults with septic shock on norepinephrine with inadequate MAP 
levels, we suggest adding vasopressin instead of escalating the dose 
of norepinephrine

Weak recommendation, moderate-quality evidence
Remark
In our practice, vasopressin is usually started when the dose of norepi-

nephrine is in the range of 0.25–0.5 "g/kg/min

39. For adults with septic shock and inadequate MAP levels despite nor-
epinephrine and vasopressin, we suggest adding epinephrine

Weak recommendation, low-quality evidence

40. For adults with septic shock, we suggest  against using terlipressin
Weak recommendation, low quality of evidence

Rationale
Norepinephrine is a potent $-1 and %-1 adrenergic 
receptors agonist, which results in vasoconstriction and 
increased MAP with minimal e!ect on heart rate. Dopa-
mine acts in a dose-dependent fashion on dopamine-1, 
$-1 and %-1 adrenergic receptors. At lower dosages, 
dopamine causes vasodilation via dopamine-1 recep-
tor activity in the renal, splanchnic, cerebral, and coro-
nary beds. With higher dosages, dopamine’s $-adrenergic 
receptor activity predominates resulting in vasoconstric-
tion and increased systemic vascular resistance (SVR); 
its %-1 adrenergic receptor activity can lead to dose-lim-
iting arrhythmias. Norepinephrine is more potent than 

1207

dopamine as a vasoconstrictor. In a systematic review 
and meta-analysis of 11 RCTs, norepinephrine resulted 
in a lower mortality (RR 0.89; 95% CI 0.81–0.98) and 
lower risk of arrhythmias (RR 0.48; 95% CI 0.40–0.58) 
compared with dopamine [347]. Although the !-1 activ-
ity of dopamine may be useful in patients with myocar-
dial dysfunction, the higher risk of arrhythmias limits its 
use [348].

Epinephrine’s action is also dose-dependent with 
potent !-1 adrenergic receptor activity and moderate !-2 
and "-1 adrenergic receptor activity. #e activity of epi-
nephrine, at low doses, is primarily driven by its action 
on !-1 adrenergic receptors, resulting in increased car-
diac output (CO), decreased systemic vascular resist-
ance (SVR) and variable e$ects on MAP. At higher doses, 
however, epinephrine administration results in increased 
SVR and CO. Potential adverse e$ects of epinephrine 
include arrhythmias and impaired splanchnic circula-
tion [349]. Epinephrine may increase aerobic lactate 
production via stimulation of skeletal muscle !-2 adren-
ergic receptors, making the use of serum lactate to guide 
resuscitation challenging [350]. A randomised blinded 
study comparing epinephrine with norepinephrine in 
patients with shock showed no di$erence in 90-day mor-
tality (HR 0.88; 95% CI 0.63–1.25) and vasopressor-free 
days [351]. #e panel issued a strong recommendation 

for norepinephrine as the first-line agent over other vaso-
pressors (Fig.%2).

Vasopressin is an endogenous peptide hormone pro-
duced in the hypothalamus and stored and released by 
the posterior pituitary gland. Its mechanism for vasocon-
strictive activity is multifactorial and includes binding 
of  V1 receptors on vascular smooth muscle resulting in 
increased arterial blood pressure. Studies show that vaso-
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]. #is 
finding has been called “relative vasopressin deficiency” 
as, in the presence of hypotension, vasopressin would be 
expected to be elevated. #e significance of this finding 
is unknown. Unlike most vasopressors, vasopressin is 
not titrated to response, but it is usually administered at 
a fixed dose of 0.03 units/min for the treatment of septic 
shock. In clinical trials, vasopressin was used up to 0.06 
units/min [354]. Higher doses of vasopressin have been 
associated with cardiac, digital, and splanchnic ischaemia 
[355].

#e VANISH trial directly compared the use of vaso-
pressin versus norepinephrine by randomizing patients 
with septic shock in a factorial 2 ! 2 design aiming to 
also assess the role of hydrocortisone. #ere was no sig-
nificant di$erence between the vasopressin and norepi-
nephrine groups in 28-day mortality [30.9% vs 27.5%; RR 

Vasoactive Agent Management

 Strong recommendations      Weak recommendations
*When using vasopressors peripherally, they should be administered only for a short period of time and in a vein proximal to the 
antecubital fossa.

Target a MAP of 
65mm Hg

Consider invasive 
monitoring of arterial 
blood pressure

Consider initiating 
vasopressors 
peripherally*

Consider adding 
dobutamine or
switching to 
epinephrine

Consider adding 
vasopressin

Use norepinephrine 

vasopressor

For patients with septic shock 
on vasopressor

If central access is not yet 
available

If cardiac dysfunction with 
persistent hypoperfusion is 
present despite adequate 
volume status and blood 
pressure

If MAP is inadequate despite 
low-to-moderate-dose 
norepinephrine

Fig. 2 Summary of vasoactive agents recommendations
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14.5 (placebo), p = 0.30; 90-day all-cause mortality, 40.6% 
vs 39.4%, p = 0.77; 30-day RRT-free days, 18.5 vs 18.2, 
p = 0.85; 30-day ICU-free days, 12.6 vs 12.2, p = 0.41]; 
adverse event rates were also similar between groups. 
!e meta-analysis of the two studies did not show sig-
nificant di"erence in mortality [selepressin: 41.8% vs 
norepinephrine: 40.45%; RR 0.99 (95% CI 0.84–1.18)]. As 
selepressin failed to demonstrate clinical superiority over 
norepinephrine, we considered the desirable and unde-
sirable consequences to be in favour of norepinephrine 
and issued a weak recommendation against the use of 
selepressin as a first-line therapy. Furthermore, it is not 
currently commercially available.

Angiotensin II is a naturally occurring hormone with 
marked vasoconstrictor e"ects, triggered through stim-
ulation of the renin-angiotensin system. A synthetic 
human preparation has recently become available for 
clinical use and has been studied in two clinical tri-
als. After a small, short-term pilot of 20 patients with 
vasodilatory (septic) shock 10 patients in each group 
which showed physiological e#cacy without obvious 
safety issues [365], a larger RCT of 344 patients was 
performed in patients with vasodilatory shock (approx-
imately 90% confirmed or presumed sepsis) [366]. 
!e primary endpoint, an increase of MAP of at least 
10$mmHg or to at least 75$mmHg, was achieved in 114 
of 163 patients in the angiotensin II group and in 37 
of 158 patients in the placebo group (69.9% vs 23.4%, 
p < 0.001). A meta-analysis found no di"erence in mor-
tality rates between angiotensin II and norepinephrine 
(46.2% vs 54.2%; RR 0.85 (95% CI 0.69–1.06); very low 
quality). !ere was no clear increase in adverse events 
with the use of angiotensin II. As the available evidence 
is of very low quality, and clinical experience in sepsis 
and, therefore, demonstration of safety remains lim-
ited, the panel considered that angiotensin should not 
be used as a first-line agent, but having demonstrated 
physiological e"ectiveness, it may have a role as an 
adjunctive vasopressor therapy.

Terlipressin is a prodrug and is converted to lysine 
vasopressin by endothelial peptidases, producing a “slow 
release” e"ect and giving an e"ective half-life of around 
6$h. Terlipressin is more specific for the V1 receptors and it 
has been studied in 9 clinical trials of patients with sepsis, 
with or without cirrhosis, involving 950 patients in total. 
Our meta-analysis showed no di"erence in mortality (ter-
lipressin: 42.9% vs 49.0%; RR 0.89 (95% CI 0.70–1.13); low 
quality) but an increase in adverse events. !e largest of 
these studies enrolled 617 patients with septic shock, in a 
randomised, blinded fashion, with terlipressin (or placebo) 

added at a dose of between 20 to 160 mcg/h to a stand-
ard norepinephrine-based approach, to achieve a MAP 
of 65–75$ mmHg [367]. !e primary outcome was death 
from any cause at 28$days. !e 28-day mortality in the two 
groups was 40% for terlipressin and 38% for norepineph-
rine (OR 0.93; 95% CI 0.55–1.56, p = 0.80), and there were 
no di"erences in SOFA score at day 7 or vasopressor free 
days. More patients who received terlipressin had serious 
adverse events; 33 of 260 (12%) patients experienced digi-
tal ischaemia after receiving terlipressin, versus only one 
patient who received norepinephrine (p < 0.0001); diarrhea 
was also more common in the terlipressin group (2.7% ver-
sus 0.35%, p = 0.037). !ere were three cases of mesenteric 
ischaemia in the terlipressin group versus one in the nor-
epinephrine group. !erefore, the panel considered that 
the undesirable consequences are higher with the use of 
terlipressin and issued a weak recommendation against its 
use in patients with septic shock.

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

42. For adults with septic shock and cardiac dysfunction with persistent 
hypoperfusion despite adequate volume status and arterial blood pres-
sure, we suggest against using levosimendan

Weak recommendation, low quality of evidence

Rationale
Sepsis-induced myocardial dysfunction is recognised 
as a major contributor to the haemodynamic instabil-
ity and is associated with worse outcomes of patients 
with septic shock [368]. Inotropic therapy can be used 
in patients with persistent hypoperfusion after adequate 
fluid resuscitation, and in patients with myocardial dys-
function, based on suspected or measured low CO and 
elevated cardiac filling pressures. Dobutamine and epi-
nephrine are the most commonly used inotropes. Physi-
ologic studies demonstrate that dobutamine increases 
CO and oxygen transport, increases splanchnic perfu-
sion and tissue oxygenation, improves intramucosal aci-
dosis and hyperlactatemia [369]. However, these e"ects 
may not be predictable [370]. Dobutamine infusion may 
produce severe vasodilation and result in lower MAP. In 
addition, the inotropic response may be blunted in sepsis 
with a preserved chronotropic e"ect causing tachycar-
dia without an increase in stroke volume (SV) [370]. No 
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RCTs compared dobutamine to placebo in this popula-
tion. Indirect comparison from network meta-analysis 
showed that dobutamine with norepinephrine had no 
clear impact on mortality when compared to no inotropic 
agents (OR 0.69; 95% CI 0.32–1.47) [362]. None of the 
trials directly compared dobutamine combined with nor-
epinephrine to norepinephrine alone. In an observational 
study of 420 patients with septic shock, the use of an ino-
tropic agent (dobutamine, levosimendan, epinephrine, or 
milrinone) was independently associated with increased 
90-day mortality (OR 2.29; 95% CI 1.33–3.94) even after 
propensity score adjustment [371]. However, the analy-
sis adjusted only to baseline characteristics, without 
accounting for time-varying confounders including the 
patient condition at the time of initiating inotropes which 
may explain the association with mortality. !e panel 
considered the network meta-analysis as a higher quality 
than observational studies and issued a suggestion to use 
inotropes only in selected situations.

No evidence supports the superiority of dobutamine 
over epinephrine. Epinephrine is commonly available 
especially in low-resource settings [372]. In an indirect 
comparison of dobutamine versus epinephrine, a net-
work meta-analysis showed no clear e"ect on mortality 
(OR 1.18; 95% CI 0.47–3.97) [362]. !erefore, we consid-
ered the desirable and undesirable consequences to be 
comparable for both drugs and issued a weak recommen-
dation to use either one for patients with septic shock 
and cardiac dysfunction with persistent hypoperfusion 
despite adequate fluid status and MAP. Both should be 
discontinued in the absence of improvement in hypop-
erfusion or in the presence of adverse events. Further 
evidence derived from high quality RCTs is needed to 
properly address the role of inotropes in sepsis.

Levosimendan is a calcium-sensitizing drug with ino-
tropic and vasodilatory properties. It has been evalu-
ated in septic shock [373]. A meta-analysis of three RCTs 
(n = 781) showed that levosimendan, compared to no 
inotropic agents, did not impact mortality (RR 0.87; 95% 
CI 0.59–1.28). Data from the LeoPARDS trial (n = 515) 
showed that levosimendan versus no inotropic agents 
was associated with a lower likelihood of successful wean-
ing from mechanical ventilation and a higher risk of 
supraventricular tachyarrythmia [373]. A meta-analysis 
of seven RCTs comparing levosimendan with dobutamine 
showed that levosimendan was not superior to dobu-
tamine in adults with sepsis in terms of mortality (OR 
0.80; 95% CI 0.48, 1.33; p = 0.39) [374]. !us, the panel 
issued a weak recommendation against the use of levo-
simendan based on the lack of benefit, in addition to the 
safety profile, cost and the limited availability of the drug.

Monitoring and!intravenous access

Recommendations

43. For adults with septic shock, we suggest using invasive monitoring 
of arterial blood pressure over non-invasive monitoring, as soon as 
practical and if resources are available

Weak recommendation, very low quality of evidence

44. For adults with septic shock, we suggest starting vasopressors 
peripherally to restore MAP rather than delaying initiation until a cen-
tral venous access is secured

Weak recommendation, very low quality of evidence
Remark
When using vasopressors peripherally, they should be administered only 

for a short period of time and in a vein in or proximal to the antecubital 
fossa

Rationale
Estimation of blood pressure using a non-invasive cu" 
tends to be inaccurate and the discrepancy more pro-
nounced in shock states [375–379]. Insertion of an 
arterial catheter permits safe, reliable and continu-
ous measurement of arterial pressure and allows real 
time analysis so that therapeutic decisions can be based 
on immediate and accurate blood pressure informa-
tion [380]. A systematic review of observational stud-
ies showed that the risk of limb ischaemia and bleeding 
was less than 1% for radial catheters, and the risk of limb 
ischaemia and bleeding was less than 1% and 1.58%, 
respectively, for femoral catheters. !e most common 
complication was localised haematoma, 14% for radial 
and 6% for femoral catheters [381]. Ultrasound guidance 
may increase the first attempt success rate and decrease 
the complication rate [382, 383]. A systematic review 
showed higher risk of infections when femoral arterial 
catheters were used compared to radial artery catheters 
(RR 1.93; 95% CI 1.32–2.84), and the overall pooled inci-
dence of bloodstream infection was 0.96 per 1000 cathe-
ter days [384]. In the previous version of these guidelines, 
a weak recommendation was issued for using invasive 
monitoring of arterial blood pressure over non-invasive 
monitoring [12]. Since then, no new relevant evidence 
became available. Large, randomised trials that compare 
arterial blood pressure monitoring versus non-invasive 
methods are still lacking. In view of the low complica-
tion rate and likely higher accuracy of blood pressure 
measurement, the benefits of arterial catheters prob-
ably outweigh the risks. However, the potentially limited 
resources in some countries and the lack of high-quality 
studies need to be considered. !erefore, the panel issued 
a weak recommendation in favour of arterial catheter 
placement. Arterial catheters should be removed as soon 
as continuous haemodynamic monitoring is no longer 
required to minimise the risk of complications.

!e prompt initiation of vasopressors to restore blood 
pressure is an integral component of the management 
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hand, continuous NMBA infusion reduced mortality 
when compared to deep sedation with as needed NMBA 
boluses (RR 0.71; 95% CI 0.57–0.89). Overall, continuous 
NMBA infusion reduced the risk of barotrauma (RR 0.55; 
95% CI 0.35–0.85), but the e!ect on ventilator-free days, 
duration of mechanical ventilation, and ICU-acquired 
weakness was unclear [472, 473].

Given the uncertainty that still exists pertaining to 
these important outcomes and the balance between ben-
efits and potential harms, the panel issued a weak recom-
mendation favouring intermittent NMBA boluses over 
a continuous infusion. Importantly, if NMBAs are used, 
clinicians must ensure adequate patient sedation and 
analgesia [191, 474]. Recently updated clinical practice 
guidelines are also available for specific guidance [472].

Extracorporeal membrane oxygenation (ECMO)
Recommendation

57. For adults with sepsis-induced severe ARDS, we suggest using veno-
venous (VV) ECMO when conventional mechanical ventilation fails in 
experienced centers with the infrastructure in place to support its use

Weak recommendation, low quality of evidence

Rationale
Venovenous (VV) extracorporeal membrane oxygenation 
(ECMO) is used in patients with severe acute respiratory 
failure to facilitate gas exchange in the setting of refrac-
tory hypoxaemia or hypercapnic respiratory acidosis [475]. 
It may also be used to facilitate a reduction in the intensity 
of mechanical ventilation. "e evidence for the use of VV-
ECMO in sepsis-induced ARDS is limited, with two RCTs 
completed in the last 10#years to assess the potential e$-
cacy of VV ECMO for severe ARDS [476, 477]. "e inclu-
sion criteria of the trials were strict and focused on a very 
sick population of patients with severe ARDS refractory to 
conventional ventilation strategies and other rescue thera-
pies such as prone position. "e evidence in this guideline 
was downgraded to very low quality due to indirectness.

"ere were methodological limitations of the included 
studies. In one trial, all intervention participants were 
treated at one centre, which may have inflated the e!ect 
size because the centre specialised in ECMO management 
[477]. In addition, some of the participants in this trial did 
not receive the intervention [477]. However, one recent sys-
tematic review found that VV ECMO delivered at expert 
centers reduced mortality for patients with severe ARDS 
[475]. In clinical practice, patient selection is important and 
usually discussed prior to initiation of ECMO at an ECMO 
centre. Cost and equity are substantial issues; and registry 
data will be very important to document longer-term out-
comes in these patients outside of the clinical trial context.

Additional therapies
Corticosteroids
Recommendation

58. For adults with septic shock and an ongoing requirement for vaso-
pressor therapy we suggest using IV corticosteroids

Weak recommendation; moderate quality of evidence

Remark
The typical corticosteroid used in adults with septic shock is IV hydrocor-

tisone at a dose of 200 mg/day given as 50 mg intravenously every 6 h 
or as a continuous infusion. It is suggested that this is commenced at a 
dose of norepinephrine or epinephrine ! 0.25 mcg/kg/min at least 4 h 
after initiation

Rationale
In the 2016 guidance, the accumulated evidence did 
not support a recommendation for their use if adequate 
fluid resuscitation and vasopressor therapy were able 
to restore haemodynamic stability [12, 13] Since then, 
three large RCTs have been published [354, 478, 479]. 
An updated meta-analysis [480] found systemic corticos-
teroid to accelerate resolution of shock (MD 1.52# days; 
95% CI 1.71–1.32). A meta-analysis conducted for this 
guideline revision (Supplementary Appendix#5) found an 
increase vasopressor-free days (MD 1.5#days; 95% CI 0.8–
3.11#days); however, corticosteroid use increased neuro-
muscular weakness (RR 1.21; 95% CI 1.01–1.45), without 
a clear e!ect on short- or long-term mortality.

"e overall quality of evidence was moderate. "e 
panel judged the desirable e!ects (shock resolution, vaso-
pressor free days) to outweigh the undesirable e!ects of 
low dose corticosteroid. "is observation, when taken 
into consideration with the resources required, cost of 
the intervention, and feasibility supported a weak rec-
ommendation in favour of using low dose corticosteroid 
therapy in septic shock.

"e optimal dose, timing of initiation, and duration 
of corticosteroids remain uncertain; recent RCTs used 
200# mg per day of IV hydrocortisone in divided doses 
[354, 479]. "e three trials [354, 478, 479] also used dif-
ferent inclusion criteria: in ADRENAL [479] eligible 
patients were those on any dose of vasopressor or ino-
trope for ! 4#h to maintain a MAP > 60#mmHg, and pre-
sent at the time of randomisation. In APROCCHSS [478] 
the dose of vasopressor was ! 0.25#µg/kg/min or ! 1#mg/h 
of norepinephrine or epinephrine, or any other vasopres-
sor for at least 6#h to maintain a MAP ! 65#mmHg. In the 
ADRENAL [479] study, hydrocortisone was administered 
for a maximum of seven days or until ICU discharge 
or death; in APROCCHSS [478] hydrocortisone was 
administered for seven days; in VANISH [354] 200# mg 
of hydrocortisone was administered daily for 5#days and 
then tapered over further 6#days.
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Our recommendation focuses on adults with septic shock 
and ongoing requirement for vasopressor therapy. We 
defined ongoing requirement as a dose of norepinephrine 
or epinephrine ! 0.25 mcg/kg/min for at least 4 h after ini-
tiation to maintain the target MAP. !e dose of hydrocorti-
sone is typically 200"mg/day. No dose response benefit was 
seen in a prior systematic review and meta-analysis [480].

Blood Puri!cation
Recommendations

59. For adults with sepsis or septic shock, we suggest against using 
polymyxin B haemoperfusion

Weak recommendation; low quality of evidence

60. There is insu!cient evidence to make a recommendation on the 
use of other blood purification techniques

Rationale
Haemoperfusion refers to the circulation of blood through 
an extracorporeal circuit that contains an adsorbent con-
taining cartridge. !e previous guidelines made no rec-
ommendation regarding the use of blood purification 
techniques [12, 13]. !e updated literature search for 
guideline identified one new relevant RCT [481].

!e most widely investigated technique involves the 
use of polymyxin B-immobilised polystyrene-derived 
fibers. Randomised trials of this technique have been 
previously summarised in a systematic review and meta-
analysis [482]. An updated meta-analysis of all available 
RCTs (Supplementary Appendix"5) demonstrated a pos-
sible reduction in mortality (RR 0.87; 95% CI 0.77–0.98, 
low quality), however this finding was challenged by sen-
sitivity analyses: after excluding high risk of bias trials the 
risk ratio is 1.14 (95% CI 0.96–1.36); and after excluding 
trials published prior to 2010 we observed higher mor-
tality with haemoperfusion (RR 1.23; 95% CI 1.04–1.46). 
Overall, the quality of evidence is judged as low (Supple-
mentary Appendix"5).

Substantial uncertainty as to any beneficial e#ect exists 
and the frequency of undesirable e#ects is reported in 
few trials. Polymyxin B haemoperfusion is expensive, 
resource intensive, potentially reduces health equity, and 
is infeasible in low-income economies. All considered, 
the panel issued a weak recommendation against the use 
of polymyxin B haemoperfusion therapy.

We did not identify new evidence on other modali-
ties such as haemofiltration, combined haemoperfusion 
and haemofiltration or plasma exchange. Accordingly, no 
recommendation regarding the use of these modalities is 
made. !is is unchanged from the 2016 guidelines. Since 
the analysis new data has emerged, but at this stage was not 
su$cient for us to re-consider the recommendation [483].

Further research is needed to determine the e#ect 
of various blood purification techniques on patient 
outcomes.

Red blood cell (RBC) transfusion targets
Recommendation

61. For adults with sepsis or septic shock, we recommend using a restric-
tive (over liberal) transfusion strategy

Strong recommendation; moderate quality of evidence

Remark
A restrictive transfusion strategy typically includes a haemoglobin 

concentration transfusion trigger of 70 g/L; however, RBC transfu-
sion should not be guided by haemoglobin concentration alone. 
Assessment of a patient’s overall clinical status and consideration of 
extenuating circumstances such as acute myocardial ischaemia, severe 
hypoxemia or acute haemorrhage is required

Rationale
!e previous guidance was informed by two RCTs [484, 
485]. !e Transfusion Requirements in Septic Shock 
(TRISS) trial addressed a transfusion threshold of 70"g/L 
versus 90"g/L in 1000 septic shock patients after admis-
sion to the ICU. !e results showed similar 90-day mor-
tality, ischaemic events, and use of life support in the two 
treatment groups with fewer transfusions in the lower-
threshold group. !e Transfusion requirements in in 
Critical Care trial (TRICC), which compared a restrictive 
transfusion threshold of 70"g/L versus 100"g/L in 838 euv-
olemic ICU patients, demonstrated no di#erence in the 
primary outcome (30-day mortality). In the subgroup of 
218 patients with sepsis or septic shock 30-day mortal-
ity was similar in the two groups (22.8% in the restrictive 
group vs. 29.7% in the liberal group, p = 0.36).

Our literature search identified a recent systematic 
review and meta-analysis of RCTs [486] and one new 
RCT: !e Transfusion Requirements in Critically Ill 
Oncologic Patients (TRICOP) trial [487]. !is trial ran-
domised 300 adult cancer patients with septic shock 
to either a liberal (haemoglobin threshold, < 90" g/L) or 
restrictive strategy (haemoglobin threshold, < 70" g/L) 
of RBC transfusion. At 28"days after randomisation, the 
mortality rate in the liberal group was 45% 67 patients 
versus 56% 84 patients in the restrictive group (HR 0.74; 
95% CI 0.53–1.04; p = 0.08) with no di#erences in ICU 
and hospital length of stay. At 90"days after randomisa-
tion, mortality rate in the liberal group was lower (59% vs 
70%) than in the restrictive group (hazard ratio, 0.72; 95% 
CI 0.53–0.97).

Our update of the meta-analysis showed no di#erence 
in 28-day mortality (OR 0.99 95% CI 0.67–1.46, moderate 
quality). !is is due to the inclusion of the TRICOP study 
where lower 28 mortality was observed with a liberal 
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strategy. Overall, the quality of evidence was judged 
moderate.

!e overall balance of e"ects is uncertain and does 
not favour either the intervention or comparator. How-
ever, a restrictive strategy was determined likely benefi-
cial with regards to resources required, cost e"ectiveness, 
and health equity considerations. A restrictive strategy is 
feasible in low- and middle-income countries. !e 2016 
strong recommendation favouring a restrictive strategy 
is unchanged; however, the overall quality of evidence 
changed from strong to moderate.

Immunoglobulins
Recommendation

62. For adults with sepsis or septic shock, we suggest against using 
intravenous immunoglobulins

Weak recommendation, low quality of evidence

Rationale
Patients with sepsis and septic shock may have evidence 
of hyper-inflammation and immunosuppression [488]. 
!ere are no high-quality studies examining the e"ect of 
intravenous (IV) immunoglobulins on the outcomes of 
patients with sepsis or septic shock. !e previous guid-
ance was a weak recommendation against their use [12, 
13].

Our literature search identified two new RCTs [489, 
490] and three meta-analyses [350, 491, 492] evaluating 
the e"ects of polyclonal IV immunoglobulins (IVIG) and 
immunoglobulin M-enriched polyclonal Ig (IVIGM) in 
patients with sepsis. !e updated meta-analyses dem-
onstrated reduced mortality with IVIG (RR 0.73; 95% 
CI 0.51–0.91) and IVIGM (RR 0.69; 95% CI 0.55–0.85), 
however the quality of evidence is low with many of the 
included studies at high risks of bias including single-cen-
tre trials with small sample size, undefined randomisa-
tion, allocation and blinding procedures, di"erent dosing 
regimens and durations of treatment, di"erent controls 
and few studies reported adverse events. Furthermore, 
after excluding high risk of bias studies, the significant 
reduction in mortality is no longer apparent.

Overall, the balance of e"ects (beneficial and undesir-
able) remains uncertain. Intravenous immunoglobulin is 
also relatively expensive, possibly not cost-e"ective and 
may reduce health equity. Its cost also limits its feasibil-
ity in countries with low- and middle-income econo-
mies. Based on these judgements, clinicians may consider 
avoiding the routine use of IV immunoglobulins in 
patients with sepsis and septic shock. Large, multi-
centre, well-designed, RCTs are needed to resolve the 

uncertainty regarding the role of immunoglobulin thera-
pies in this patient population.

Stress ulcer prophylaxis
Recommendation

63. For adults with sepsis or septic shock, and who have risk factors for 
gastrointestinal (GI) bleeding, we suggest using stress ulcer prophy-
laxis

Weak recommendation, moderate quality of evidence

Rationale
Stress ulcers develop in the gastrointestinal (GI) tract of 
critically ill patients and can be associated with signifi-
cant morbidity and mortality [493]. In 2016, this guide-
line recommended stress ulcer prophylaxis for patients 
with risk factors [12, 13].

Our literature search identified one new RCT [494] 
and the meta-analysis from the previous guideline was 
updated. !is demonstrated no e"ect on mortality (RR 
1.01 95% CI 0.93–1.10) and a reduction in GI haemor-
rhage (RR 0.52 95% CI 0.45–0.61). A sensitivity analysis 
including only trials at low risk of bias provided similar 
results. No increase in Clostridoides di!cile colitis or 
pneumonia was observed. However, it was noted that the 
most recent (and largest) RCT did not demonstrate any 
e"ect of pantoprazole versus placebo on 90-day mortality 
and a composite outcome of clinically important events 
[494]. A recent meta-analysis published since the finalisa-
tion of the literature searches has suggested that there is a 
higher risk of recurrent Clostridioides di!cile infections 
with proton pump inhibitors [495].

Overall, it was judged that the evidence probably 
favoured the administration of stress ulcer prophylaxis. 
!is is driven by a modest reduction in gastrointestinal 
haemorrhage for which there is moderate quality of evi-
dence (Supplementary Appendix# 5). While no adverse 
e"ects were observed, the quality of evidence for these 
outcomes was low. Stress ulcer prophylaxis is relatively 
inexpensive, requires limited resources and is applicable 
to countries with low-income economies. !ese judge-
ments support a weak recommendation for the use of 
stress ulcer prophylaxis in at-risk patients. !is rep-
resents a downgrading of the strong recommendation 
based on low-quality evidence made in 2016.

A recent systematic review evaluated risk factors for 
clinically important GI bleeding [496]. After excluding 
high risk of bias studies, risk factors included: coagulop-
athy (relative e"ect (RE) 4.76; 95% CI 2.62–8.63), shock 
(RE 2.60; 95% CI 1.25–5.42), and chronic liver disease 
(RE 7.64; 95% CI 3.32–17.58). !e e"ect of mechanical 
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ventilation on clinically important bleeding was unclear 
(RE 1.93, 0.57–6.50, very low certainty).

Venous thromboembolism (VTE) prophylaxis
Recommendations

64. For adults with sepsis or septic shock, we recommend using phar-
macologic VTE prophylaxis unless a contraindication to such therapy 
exists

Strong recommendation, moderate quality of evidence

65. For adults with sepsis or septic shock, we recommend using low 
molecular weight heparin (LMWH) over unfractionated heparin (UFH) 
for VTE prophylaxis

Strong recommendation, moderate quality of evidence

66. For adults with sepsis or septic shock, we suggest against using 
mechanical VTE prophylaxis in addition to pharmacological prophy-
laxis, over pharmacologic prophylaxis alone

Weak recommendation, low quality of evidence

Rationale
Critically ill patients are at risk for deep vein thrombo-
sis (DVT) as well as pulmonary embolism (PE). !e inci-
dence of DVT acquired in the ICU may be as high as 10% 
[497], the incidence of acquired PE may be 2–4% [498, 
499].

No new RCT evidence was identified. Our previ-
ous meta-analysis demonstrated a significant reduc-
tion in both DVT and PE and no increase in bleeding 
complications.

On balance, the e"ect favours the intervention with 
a moderate quality of evidence. !e cost of interven-
tion is not large, and it is likely feasible in countries 
with low- and middle-income economies. !ese judge-
ments support a recommendation for the use of phar-
macologic venous thromboembolism (VTE) prophylaxis 
unless a contraindication exists. !e recommendation is 
unchanged from the 2016 guidelines.

Our literature review found no new RCT evidence 
comparing the administration of low molecular weight 
heparin (LMWH) to unfractionated heparin (UFH). !e 
prior meta-analysis demonstrated significantly lower 
rates of DVT following the administration of LMWH 
compared to UFH (RR 0.84 95% CI 0.71–0.98). No di"er-
ence in the rates of clinically significant bleeding, mortal-
ity or PE were observed. !e overall quality of evidence 
was rated as moderate: it was downgraded for impreci-
sion. It was determined that the balance of overall e"ects 
favoured LMWH over UFH. Any di"erence in resources 
required between the two interventions was considered 
to be negligible, and LMWH administration was feasible 
and applicable in countries with low- and middle-income 
economies. Further, LMWH may have greater consumer 
acceptance as it requires only one subcutaneous injec-
tion daily. !ese judgements support a recommendation 
for the use of LMWH over UFH for VTE prophylaxis in 

patients with sepsis or septic shock. !is recommenda-
tion is unchanged from the 2016 guidelines.

Combined pharmacologic prophylaxis and mechani-
cal prophylaxis with intermittent pneumatic compres-
sion (IPC) and/or graduated stockings may o"er another 
option for patients with sepsis and septic shock. In the 
2016 guidelines, a suggestion to use combination therapy 
whenever possible, was based on indirect and imprecise 
data [12, 13]. Our literature search identified one new 
RCT that compared the combination of mechanical and 
pharmacological prophylaxis to pharmacological prophy-
laxis alone [500].

!e PREVENT study randomised 2003 critically ill 
patients to intermittent pneumatic calf compression 
alone or in combination with pharmacological prophy-
laxis [500]. No di"erence in mortality (RR 0.98 95% CI 
0.84–1.13), or the rates of DVT and PE were observed. 
No di"erence in lower extremity ischaemia was demon-
strated. !e study was downgraded during the quality 
assessment for imprecision. For the outcome of mortal-
ity, the quality was assessed as moderate; for other out-
comes it was further downgraded for risk of bias.

It was judged that any e"ects of the intervention 
(mechanical prophylaxis in addition to pharmacologic), 
either beneficial or undesirable, were likely trivial (Sup-
plementary Appendix# 5). However, there are resource 
implications and costs associated with the use of 
mechanical VTE prophylaxis. !ese, together with the 
lack of any e"ect on a patient centered outcome support 
a weak recommendation against the use of the combina-
tion of mechanical and pharmacologic prophylaxis.

It is acknowledged that in some patents with sepsis 
and septic shock pharmacologic prophylaxis may be con-
traindicated. !ese patients may benefit from mechanical 
VTE prophylaxis. No data for this population exist. Fur-
ther research is indicated.

Renal replacement therapy
Recommendations

67. In adults with sepsis or septic shock and AKI who require renal 
replacement therapy, we suggest using either continuous or intermit-
tent renal replacement therapy

Weak recommendation, low quality of evidence

68. In adults with sepsis or septic shock and AKI, with no definitive indica-
tions for renal replacement therapy, we suggest against using renal 
replacement therapy

Weak recommendation, moderate quality of evidence

Rationale
Two systematic reviews and meta-analyses [501, 502] 
summarised the total body of evidence: they do not show 
a di"erence in mortality between patients who receive 
continuous (CRRT) versus intermittent haemodialysis 
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method in a way that simplifies comparisons across patient 
populations (22).

Although the rise in the use of explicit diagnosis codes 
might reflect increasing patient and provider awareness of 
sepsis and possibly financial incentives to use those codes, 
the observed steady rise in the severest sepsis diagnoses with 
objective findings (such as septic shock) suggests that sepsis 
in fact may be becoming more common as opposed to more 
commonly coded. The fact that the proportions of patients 
with septic shock, severe sepsis, and less severe sepsis were 
little changed (varying only about 2.3%) over the 7-year study 
interval, even while the rate of sepsis admissions increased 
approximately 50% suggests that changes in coding behavior 
are not contributing substantially to the increased number 
of admissions. Rather, there are more beneficiaries and a ris-
ing incidence of POA sepsis. We observed that the number of 
sepsis-related claims and their aggregate dollar cost is rising, 
even while the cost per inpatient admission and mortality by 
severity are declining.

Plausible alternatives may also contribute to the rise in 
counts and percentages of sepsis inpatient admissions. Those 
alternatives note that a) although the shock aspect of septic 
shock is arguably objective, the sepsis part of septic shock is 
certainly not given that up to half of septic shock is culture 
negative; b) the estimated sensitivity of coding for septic shock 
relative to clinical markers of shock (i.e., vasopressors) has 
been reported by others to be only 66% and therefore codes are 
an imperfect proxy for true disease incidence; c) other inves-
tigators have reported substantial differences in the trajecto-
ries of septic shock incidence and mortality when using claims 
data compared with data in the electronic health record; and 
d) more sensitive and complete coding could be occurring at 
all levels of sepsis severity (1, 44–46). We further note that the 
accuracy of POA coding has been reported as only moderate; 
however, this assessment is based on data now a decade and 
half old (47).

In 2016, Torio and Moore (5) reported that septicemia 
was the most costly inpatient diagnosis in the United States, 
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Figure 3. Medicare fee-for-service mortality stratified by sepsis severity within 1 wk (A), 6 mo (B), 1 yr (C), and 3 yr (D) of hospital discharge. Even the 
least severe sepsis admissions serve to mark substantial risk of late mortality. Filled circles, septic shock; filled squares, severe sepsis; open circles, 
nonsevere sepsis (organism unspecified); open triangles, nonsevere sepsis (organism-specified).

Buchman et al

282 www.ccmjournal.org March 2020 • Volume 48 • Number 3

method in a way that simplifies comparisons across patient 
populations (22).

Although the rise in the use of explicit diagnosis codes 
might reflect increasing patient and provider awareness of 
sepsis and possibly financial incentives to use those codes, 
the observed steady rise in the severest sepsis diagnoses with 
objective findings (such as septic shock) suggests that sepsis 
in fact may be becoming more common as opposed to more 
commonly coded. The fact that the proportions of patients 
with septic shock, severe sepsis, and less severe sepsis were 
little changed (varying only about 2.3%) over the 7-year study 
interval, even while the rate of sepsis admissions increased 
approximately 50% suggests that changes in coding behavior 
are not contributing substantially to the increased number 
of admissions. Rather, there are more beneficiaries and a ris-
ing incidence of POA sepsis. We observed that the number of 
sepsis-related claims and their aggregate dollar cost is rising, 
even while the cost per inpatient admission and mortality by 
severity are declining.

Plausible alternatives may also contribute to the rise in 
counts and percentages of sepsis inpatient admissions. Those 
alternatives note that a) although the shock aspect of septic 
shock is arguably objective, the sepsis part of septic shock is 
certainly not given that up to half of septic shock is culture 
negative; b) the estimated sensitivity of coding for septic shock 
relative to clinical markers of shock (i.e., vasopressors) has 
been reported by others to be only 66% and therefore codes are 
an imperfect proxy for true disease incidence; c) other inves-
tigators have reported substantial differences in the trajecto-
ries of septic shock incidence and mortality when using claims 
data compared with data in the electronic health record; and 
d) more sensitive and complete coding could be occurring at 
all levels of sepsis severity (1, 44–46). We further note that the 
accuracy of POA coding has been reported as only moderate; 
however, this assessment is based on data now a decade and 
half old (47).

In 2016, Torio and Moore (5) reported that septicemia 
was the most costly inpatient diagnosis in the United States, 
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Figure 3. Medicare fee-for-service mortality stratified by sepsis severity within 1 wk (A), 6 mo (B), 1 yr (C), and 3 yr (D) of hospital discharge. Even the 
least severe sepsis admissions serve to mark substantial risk of late mortality. Filled circles, septic shock; filled squares, severe sepsis; open circles, 
nonsevere sepsis (organism unspecified); open triangles, nonsevere sepsis (organism-specified).
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SNF care declined steadily over CY2012–CY2018 from 37% 
to 30%.

The data illuminate differences in costs and mortality as-
sociated with sepsis POA to the inpatient hospital compared 
with costs and mortality associated with sepsis that is NPOA 
and is acquired as a complication during an inpatient hospital 

admission. Although NPOA (i.e., hospital-acquired) sepsis 
constitutes a declining minority of cases (approximately 13% 
at the beginning of the study interval, declining to about 7.5% 
at the end of the study interval), such hospital-acquired sepsis 
continues to portend disproportionate mortality (!60% for 
NPOA vs !40% for POA sepsis at 6 mo) and costs (generally, 

more than double the costs of 
sepsis POA) (49, 50). Similarly, 
dual beneficiaries are at risk 
for later mortality and accu-
mulated expense (22). Such 
analyses draw attention to 
uniquely vulnerable popula-
tions that might otherwise be 
lost by use of a single estimate 
of cost or mortality risk.

Although the data are com-
prehensive (100% of Medicare 
beneficiaries for the interval 
2012–2018), the analysis strategy 
creates its own limitations. First, 
there is an accounting anomaly. 
We studied all admissions with 
a sepsis diagnostic code and 
reported both costs and mor-
tality relative to each admission 
and not relative to each bene-
ficiary. Such admission-based 

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.

TABLE 2. Total Payments and Beneficiary Responsibilities, Inpatient, and Part B, Fee-for-
Service, Acute Care Hospitals, Psychiatric Hospitals, Rehabilitation Hospitals, and Long-
Term Care Hospitals

CY
Total Sepsis  

IP Admissions
Total  

Payment
Average  
Payment

Total Beneficiary  
Payment

Average Beneficiary  
Payment

CY 2012 IP 811,644 $17,792,657,303 $21,922 $843,421,224 $1,039

CY 2012 part B $1,866,452,571 $2,300 $380,343,855 $469

CY 2013 IP 865,833 $18,447,810,017 $21,306 $897,230,413 $1,036

CY 2013 part B $1,963,243,194 $2,267 $405,509,702 $468

CY 2014 IP 945,990 $19,309,784,643 $20,412 $985,241,739 $1,041

CY 2014 part B $2,179,417,082 $2,304 $451,901,043 $478

CY 2015 IP 1,042,169 $20,603,580,531 $19,770 $1,107,703,456 $1,063

CY 2015 part B $2,388,173,606 $2,292 $495,937,208 $476

CY 2016 IP 1,073,373 $21,274,126,382 $19,820 $1,150,887,806 $1,072

CY 2016 part B $2,462,196,357 $2,294 $513,233,153 $478

CY 2017 IP 1,122,990 $21,808,992,873 $19,420 $1,206,122,121 $1,074

CY 2017 part B $2,599,470,853 $2,315 $543,444,697 $484

CY 2018 IP 1,136,889 $22,439,794,212 $19,738 $1,229,512,337 $1,081

CY 2018 part B $2,633,144,269 $2,316 $548,143,265 $482

CY = calendar year, IP = inpatient.
The total admissions (n = 6,998,888) include 6,731,828 admissions to acute hospitals, 206,316 admissions to long-term hospitals, 53,558 admissions to 
rehabilitation hospitals, 3,267 admissions to psychiatric hospitals, and 3,919 admissions to other IP hospitals.
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method in a way that simplifies comparisons across patient 
populations (22).

Although the rise in the use of explicit diagnosis codes 
might reflect increasing patient and provider awareness of 
sepsis and possibly financial incentives to use those codes, 
the observed steady rise in the severest sepsis diagnoses with 
objective findings (such as septic shock) suggests that sepsis 
in fact may be becoming more common as opposed to more 
commonly coded. The fact that the proportions of patients 
with septic shock, severe sepsis, and less severe sepsis were 
little changed (varying only about 2.3%) over the 7-year study 
interval, even while the rate of sepsis admissions increased 
approximately 50% suggests that changes in coding behavior 
are not contributing substantially to the increased number 
of admissions. Rather, there are more beneficiaries and a ris-
ing incidence of POA sepsis. We observed that the number of 
sepsis-related claims and their aggregate dollar cost is rising, 
even while the cost per inpatient admission and mortality by 
severity are declining.

Plausible alternatives may also contribute to the rise in 
counts and percentages of sepsis inpatient admissions. Those 
alternatives note that a) although the shock aspect of septic 
shock is arguably objective, the sepsis part of septic shock is 
certainly not given that up to half of septic shock is culture 
negative; b) the estimated sensitivity of coding for septic shock 
relative to clinical markers of shock (i.e., vasopressors) has 
been reported by others to be only 66% and therefore codes are 
an imperfect proxy for true disease incidence; c) other inves-
tigators have reported substantial differences in the trajecto-
ries of septic shock incidence and mortality when using claims 
data compared with data in the electronic health record; and 
d) more sensitive and complete coding could be occurring at 
all levels of sepsis severity (1, 44–46). We further note that the 
accuracy of POA coding has been reported as only moderate; 
however, this assessment is based on data now a decade and 
half old (47).

In 2016, Torio and Moore (5) reported that septicemia 
was the most costly inpatient diagnosis in the United States, 
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Figure 3. Medicare fee-for-service mortality stratified by sepsis severity within 1 wk (A), 6 mo (B), 1 yr (C), and 3 yr (D) of hospital discharge. Even the 
least severe sepsis admissions serve to mark substantial risk of late mortality. Filled circles, septic shock; filled squares, severe sepsis; open circles, 
nonsevere sepsis (organism unspecified); open triangles, nonsevere sepsis (organism-specified).
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significance level of ! = .05. For all descriptive and inferential statistical analyses, SAS Enterprise
Guide version 7.1 (SAS Institute) was used. Kaplan-Meier estimates of the survivor functions were
used for survival analyses. Differences in the survivor functions between subpopulations were tested
with the log-rank test. To facilitate the interpretation of survivor functions, nonparametric estimates
of hazard functions based on B-splines with 95% confidence bands are provided.22 The software R
version 4.1.0 was used for all survival analyses by means of the R packages survival23,24 and
bshazard25 (R Project for Statistical Computing).

Results

Index Population
Among 23.0 million eligible individuals, there were 159 684 index sepsis hospitalizations from 2013
to 2014 (353 per 100 000 person-years) (Figure 1A). Patients with sepsis had a mean (SD) age of
73.8 (12.8) years, 75 809 (47.5%; 95% CI, 47.2%-47.7%) were female patients, and had modest
comorbidity burden (mean [SD] unweighted Charlson Comorbidity Index, 2.1 [1.5]). In the 12 months
prior to sepsis, 61 167 (38.3%; 95% CI, 38.1%-38.5%) were dependent on nursing care, and 18 636
(11.7%; 95% CI, 11.5%-11.8%) resided in nursing homes. Only 10 666 (6.7%; 95% CI, 6.6%-6.8%) had
no preexisting medical, psychological, or cognitive diagnoses in the 12 months before sepsis. Overall,
20 144 (12.6%; 95% CI, 12.5%-12.8%) were employed prior to hospitalization.

Of 159 684 sepsis hospitalizations, 54 317 (34.0%) received intensive care; 69 956 (43.8%) had
severe sepsis, including 20 589 (29.4%) with septic shock. Patients with sepsis were hospitalized for
a mean (SD) 20.6 (20.8) days, and in-hospital mortality was 27.0% (43 177 patients; 95% CI,
26.8%-27.3%) (eTable 1 in the Supplement). In-hospital mortality was higher in patients treated in the
ICU vs those who were not (22 079 [40.6%; 95% CI, 40.2%-41.1%] vs 21 098 [20.0%; 95% CI,
19.8%-20.3%]; P < .001), was higher for those with severe vs nonsevere sepsis (32 116 [45.9%; 95%
CI, 45.5%-46.3%] vs 11 061 [12.3%; 12.1%-12.5%]; P < .001), and highest in those with septic shock
(12 701 [61.7%; 95% CI, 61.0%-62.4%) (eTable 2 in the Supplement). Patients with no preexisting

Figure 1. Study Flowchart and Postsepsis Morbidity by Domains and Co-occurrence

Flow of cohortA Postsepsis morbidity by domains and co-occurrenceB

3661063 Insurants aged 15 y excluded
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195874 Patients identified with hospital-treated
sepsis in 2013 and 2014

69956 Patients with hospital-treated severe
sepsis or septic shock in 2013 and
2014 included
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in 2013 and 2014 included
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2013 (of which 22246957 survived
until December 31, 2014)
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B, This Euler diagram shows the proportion of survivors with new medical, cognitive, or psychological diagnoses in the first year.
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Abstract

IMPORTANCE Sepsis survivorship is associated with postsepsis morbidity, but epidemiological data
from population-based cohorts are lacking.

OBJECTIVE To quantify the frequency and co-occurrence of new diagnoses consistent with
postsepsis morbidity and mortality as well as new nursing care dependency and total health care
costs after sepsis.

DESIGN, SETTING, AND PARTICIPANTS This retrospective cohort study based on nationwide
health claims data included a population-based cohort of 23.0 million beneficiaries of a large German
health insurance provider. Patients aged 15 years and older with incident hospital-treated sepsis in
2013 to 2014 were included. Data were analyzed from January 2009 to December 2017.

EXPOSURES Sepsis, identified by International Statistical Classification of Diseases and Related
Health Problems, Tenth Revision (ICD-10) hospital discharge codes.

MAIN OUTCOMES AND MEASURES New medical, psychological, and cognitive diagnoses; long-
term mortality; dependency on nursing care; and overall health care costs in survivors at 1 to 12, 13 to
24, and 25 to 36 months after hospital discharge.

RESULTS Among 23.0 million eligible individuals, we identified 159 684 patients hospitalized with
sepsis in 2013 to 2014. The mean (SD) age was 73.8 (12.8) years, and 75 809 (47.5%; 95% CI, 47.2%-
47.7%) were female patients. In-hospital mortality was 27.0% (43 177 patients; 95% CI,
26.8%-27.3%). Among 116 507 hospital survivors, 86 578 (74.3%; 95% CI, 74.1%-74.6%) had a new
diagnosis in the first year post sepsis; 28 405 (24.4%; 95% CI, 24.1%-24.6%) had diagnoses
co-occurring in medical, psychological, or cognitive domains; and 23 572 of 74 878 survivors (31.5%;
95% CI, 31.1%-31.8%) without prior nursing care dependency were newly dependent on nursing care.
In total, 35 765 survivors (30.7%; 95% CI, 30.4%-31.0%) died within the first year. In the second and
third year, 53 089 (65.8%; 95% CI, 65.4%-66.1%) and 40 959 (59.4%; 95% CI, 59.0%-59.8%) had
new diagnoses, respectively. Health care costs for sepsis hospital survivors for 3 years post sepsis
totaled a mean of !29 088/patient ($32 868/patient) (SD, !44 195 [$49 938]). New postsepsis
morbidity (>1 new diagnosis) was more common in survivors of severe sepsis (75.6% [95% CI, 75.1%-
76.0%]) than nonsevere sepsis (73.7% [95% CI, 73.4%-74.0%]; P < .001) and more common in
survivors treated in the intensive care unit (78.3% [95% CI, 77.8%-78.7%]) than in those not treated
in the intensive care unit (72.8% [95% CI, 72.5%-73.1%]; P < .001). Postsepsis morbidity was 68.5%
(95% CI, 67.5%-69.5%) among survivors without prior morbidity and 56.1% (95% CI, 54.2%-57.9%)
in survivors younger than 40 years.

(continued)

Key Points
Question How common are new and
co-occurring medical, cognitive, or
psychological diagnoses, new nursing
care dependency, and postacute
mortality among individuals who
survive sepsis?

Findings In this cohort study of 116 507
survivors of hospital-treated sepsis in
Germany, nearly three-quarters had new
medical, cognitive, or psychological
diagnoses; nearly one-third were newly
dependent on nursing care; and more
than of 3 in 10 died in first year post
sepsis. New diagnoses co-occurred in
one-quarter of participants and affected
sepsis survivors irrespective of
preexisting diagnoses, sepsis severity,
and intensive care unit treatment.

Meaning These findings suggest that
postsepsis morbidity may be more
common and severe than previously
believed, calling for increased efforts to
prevent and treat the sequelae of severe
infections.
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31.5% sans nécessité de soins à 
domicile avant l’épisode, 
deviennent dépendants

68.5% de morbidité post-sepsis 
chez des patients sans co-
morbidités préalables

56.1% de morbidité post-sepsis 
chez les survivants < 40 ans 

depression in 9878 (11.7%; 95% CI, 11.5%-11.9%), anxiety in 3550 (3.3%; 95% CI, 3.2%-3.4%), and
PTSD in 211 (0.2%; 95% CI, 0.2%-0.2%) of at-risk survivors. New diagnoses in 2 and 3 domains
affected 23 964 (20.6%; 95% CI, 20.3%-20.8%) and 4441 (3.8%; 95% CI, 3.7%-3.9%), respectively
(Figure 1B). In the second and third year post sepsis, new diagnoses occurred in 53 089 (65.8%; 95%
CI, 65.4%-66.1%) and 40 959 (59.4%; 95% CI, 59.0%-59.8%) of 1- and 2-year survivors, respectively
(Figure 3 and eTable 4 in the Supplement).

New Diagnoses and Care Dependency by Subgroup
Approximately three-quarters of survivors were older than 65 years. Patients younger than 40 years
were less commonly affected by any new diagnosis (56.1%; 95% CI, 54.2%-57.9%) than patients
between 40 and 65 years (72.1%; 95% CI, 71.6%-72.7%), those between 65 and 80 years (76.0%;
95% CI, 75.7%-76.4%) or older than 80 years (74.7%; 95% CI, 74.3%-75.2%) (Table 2). Younger
patients at risk were also less frequently affected by new dependency on nursing care (6.9%; 95% CI,
5.9%-8.0%) than older patients (between 19.9% and 47.7%). Patients younger than 40 years had
fewer medical diagnoses than older patients (48.5% [95% CI, 46.6%-50.4%] of those aged <40
years vs 72.1% [95% CI, 71.6%-72.5%] of those aged >80 years) but comparatively similar rates of
depression and anxiety compared with older patients (depression: between 13.4% [95% CI, 13.0%-
13.9%] of those aged <40 years and 10.2% [95% CI, 9.8%-10.5%) of those aged >80 years; anxiety:
from 5.8% [95% CI, 5.0%-6.8%] of those aged <40 years and 2.3% [95% CI, 2.1%-2.5%] of those
aged >80 years) (Figure 2B).

New-onset diagnoses were more common among survivors of severe vs nonsevere sepsis (any
new diagnosis: 75.6% [95% CI, 75.1%-76.0%] vs 73.7% [73.4%-74.0%]; P < .001) (Table 2; eTable 5
in the Supplement) and among those treated in the ICU vs those not treated in the ICU (78.3% [95%
CI, 77.8%-78.7%] vs 72.8% [72.5%-73.1%]; P < .001) (Table 2; eTable 6 in the Supplement). Among
survivors with no prior diagnoses, 63.5% (95% CI, 62.4%-64.5%) had a new medical diagnosis,
25.0% (95% CI, 24.1%-25.9%) had a new psychological diagnosis, and 12.8% (95% CI, 12.1%-13.6%)
had a new cognitive diagnosis (Table 2; eTable 7 and eFigure 1 in the Supplement).

New nursing care was more common in at-risk survivors of severe vs nonsevere sepsis (34.8%
[95% CI, 34.2%-35.3%] vs 29.9% [29.5%-30.3%]; P < .001) and in those treated in the ICU vs those
not treated in the ICU (36.8% [95% CI, 36.2%-37.5%] vs 29.1% [95% CI, 28.7%-29.5%]; P < .001).
Overall, 19.3% (95% CI, 18.5%-20.2%) of at-risk survivors without preexisting diseases required new
nursing care.

Long-term Mortality in Sepsis Survivors
One-year postdischarge mortality was 30.7% (35 765 patients; 95% CI, 30.4%-31.0%, and most
post–hospital deaths occurred within 100 days of hospital discharge (20 432 deaths [17.6%; 95% CI,

Figure 3. Postsepsis Morbidity and Mortality 1 to 12, 13 to 24, and 25 to 36 Months After Sepsis
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with new nursing need is for all sepsis survivors, not
just those at risk.
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Figure 2. New Postsepsis Diagnoses in the 1 to 12 Months After Hospital Discharge Among Survivors of Nonsevere vs Severe Sepsis and by Age Group
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Figure 2. New Postsepsis Diagnoses in the 1 to 12 Months After Hospital Discharge Among Survivors of Nonsevere vs Severe Sepsis and by Age Group
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Etude rétrospective
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Analyse des classes latentes

Le bonheur?
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Combien de classes explica:ves?

Le sepsis?

Survie

endotypes
phénotypes

inflamma@on

Co-morbidités Défaillance 
rénale



• Données cliniques/biologiques rétrospec:ves:

Pa:ents sep:ques à l’admission è clusters = défini:on de phénotypes

• Associa:on de ces phénotypes avec des profils inflammatoires

(biomarqueurs) et devenir

• Analyse de la répar::on de ces phénotypes dans les popula:ons RCT et 

associa:on à l’effet du traitement testé



SENECA 2010-12
Derivation cohort
20 189 patients
SOFA 3.9 (2.4)

Lactate  3.2 (3.2)

SENECA 2013-14
Validation cohort
43 086 patients

Critères SEPSIS-3 6 heures post-admission
29 variables (la + anormale dans les 6h post admission)

4 phénotypes a, b, g, d





4 phénotypes a, b, g, d



GenIMS 2001-03
583 patients

ACCESS 2006-10
Eritoran

1706 paEents

PROWESS 1998-00
AcEvated Prot C

1690 paEents

ProCESS 2008-13
EGDT

1341 patients

29 variables cliniques / biologiques
Représentation des 4 phénotypes?

Associa:on des phénotypes avec:
• Inflamma:on et défaillances 

d’organes? (27 biomarqueurs)
• Devenir et mortalité?
• Réponse au traitement?

4 cohortes



Marqueurs inflammatoires selon les phénotypes



Marqueurs inflammatoires selon les phénotypes
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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 di!erential 
expressed genes according to high e!ect 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 di!erential expressed genes according to medium e!ect 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 sub-
pathways 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)

ischemic bowel bearing the worst prognosis and sepsis 
secondary to cholangitis having a relatively low mortal-
ity [8]. Most patients with abdominal sepsis in our cohort 
su!ered from peritonitis following bowel perforation; 
hospital mortality did not di!er between patients with 
respiratory infection and those with a perforated viscus 
in the afore mentioned study [8], which is in line with 
our finding of similar unadjusted 30-day mortalities in 
patients with respiratory and abdominal sepsis. Out of 
the known sources, 30-day survival was worst in cardio-
vascular infection patients, in agreement with an earlier 
study [16]. In our cohort di!erences in mortality across 
infection sources remained after adjustment for con-
founding, corroborating earlier analyses showing inde-
pendent associations between mortality and primary site 
of infection [5, 6, 8].

Aberrations in key host response pathways implicated 
in sepsis pathogenesis di!ered across infectious sources, 
even after adjustments for factors that might impact the 
direction and/or extent of the host response, suggesting 
that the primary source at least in part drives the sys-
temic reaction to infection. Hence, while the more pro-
nounced proinflammatory response in abdominal and 
skin infections may have been related to the high propor-
tion of shock in these groups, this does not fully explain 
host response di!erences between these sources. "e 
circulating levels of the anti-inflammatory cytokine IL-10 
were higher in abdominal sepsis than all other sources 
indicating a more disturbed immune response entailing 
both pro- and anti-inflammatory reactions. Endothelial 
cell activation and loss of vascular integrity were largely 
similar albeit prudently higher in urinary tract, skin and 

Source-specific host response and outcomes
in critically ill patients with sepsis: a prospective cohort study

Peters-Sengers et al. ICM 2022

Etude transcriptomique: 

InfecBon pulmonaire (n=853, 42.2%)

InfecBon abdominal (n=297, 14.7%) 

InfecBon système urinaire (n=131, 6.5%) 

InfecBon de la peau (n=77, 3.8%)

InfecBon SNC (n=71, 3.5%)

InfecBon cardiovasculaire (n=68, 3.4%)

Autre 74 paBents (3.7%) 

Infection abdominale: réponse inflammatoire, altérations vasculaires, coagulopathie

Infections système urinaire, CV et cutanée: activation endothéliale

Infections SNC associées à moins d’anomalies



Discussion et Perspectives 

• SSC pas de grand changement de PEC

• Apports des nouvelles données pour 

supporter ou aNénuer certaines 

recommanda4ons

• Réanima4on HD prudente avec TRC > Lactate

• Ra4onalisa4on des ATBth

• Introduc4on de la vasopressine 

• Diagnos4c moléculaire

• Personnalisa4on des stratégies /traitements

• Immunothérapie 

• Thérapie par les phages


