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M. M., 73 ans, se présente aux urgences pour 
difficultés respiratoires
• Antécédents:

• Diabète de type 2
• HTA
• Insuffisance rénale chronique (néphroangiosclérose: créatininémie habituelle à 150 umol/L)

• Traitements habituels:
• Amlodipine
• Furosemide
• Repaglinide



L’histoire commence 5 jours plus tôt…

• Dysurie, constipation inhabituelle, vomissements, « mal au dos »…
• Apparition secondaire d’un essoufflement
• Température non prise
• A la prise en charge au SAU:

• Fc = 100 bpm
• TA = 120/67 mmHg
• FR = 33/min
• T°=38.6°C
• SpO2 = 93% sous 2 L/min aux lunettes



Examen clinique initial…

• CGS 15
• Dyspnée et polypnée: ne finit pas ses phrases
• Pas de marbrure, allongement du temps de recoloration cutané
• Abdomen souple et sensible
• Globe vésical (bladderScan: 700 mL)
• Champs pulmonaires libres



Q1: comment décrire et prendre en charge le 
patient selon les recommandations ?
A. Il existe un sepsis
B. Il existe un syndrome de réponse inflammatoire systémique donc 

un sepsis
C. Le patient présente une suspicion d’infection sans signe de gravité
D. Un remplissage vasculaire doit être débuté sans délai car le patient 

est tachycarde
E. Une antibiothérapie doit être débutée sans délai après prélèvement 

des hémocultures et d’un ECBU
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Abstract

Background: Sepsis is the focus of national quality improvement programs and a recent public reporting measure
from the Centers for Medicare and Medicaid Services. However, diagnosing sepsis requires interpreting nonspecific
signs and can therefore be subjective. We sought to quantify interobserver variability in diagnosing sepsis.

Methods: We distributed five case vignettes of patients with suspected or confirmed infection and organ
dysfunction to a sample of practicing intensivists. Respondents classified cases as systemic inflammatory response
syndrome, sepsis, severe sepsis, septic shock, or none of the above. Interobserver variability was calculated using
Fleiss’ κ for the
five-level classification, and for answers dichotomized as severe sepsis/septic shock versus not-severe sepsis/septic
shock and any sepsis category (sepsis, severe sepsis, or septic shock) versus not-sepsis.

Results: Ninety-four physicians completed the survey. Most respondents (88 %) identified as critical care specialists;
other specialties included pulmonology (39 %), anesthesia (19 %), surgery (9 %), and emergency medicine (9 %).
Respondents had been in practice for a median of 8 years, and 90 % practiced at academic hospitals. Almost all
respondents (83 %) felt strongly or somewhat confident in their ability to apply the traditional consensus sepsis
definitions. However, overall interrater agreement in sepsis diagnoses was poor (Fleiss’ κ 0.29). When responses
were dichotomized into severe sepsis/septic shock versus not-severe sepsis/septic shock or any sepsis category
versus not-sepsis, agreement was still poor (Fleiss’ κ 0.23 and 0.18, respectively). Seventeen percent of respondents
classified one of the five cases as severe sepsis/septic shock, 27.7 % rated two cases, 33.0 % respondents rated three
cases, 19.2 % rated four cases, and 3.2 % rated all five cases as severe sepsis/septic shock. Among respondents who
felt strongly confident in their ability to use sepsis definitions (n = 45), agreement was no better (Fleiss’ κ 0.28 for
the five-category classification, and Fleiss’ κ 0.21 for the dichotomized severe sepsis/septic shock classification).
Cases were felt to be extremely or very realistic in 74 % of responses; only 3 % were deemed unrealistic.

Conclusions: Diagnosing sepsis is extremely subjective and variable. Objective criteria and standardized
methodology are needed to enhance consistency and comparability in sepsis research, surveillance, benchmarking,
and reporting.
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sepsis/septic shock. Specifically, severe sepsis/septic
shock was diagnosed by 48.9 % of respondents for case
A, 48.9 % for case B, 36.2 % for case C, 30.9 % for case
D, and 98.9 % for case E (Fig. 1b). Overall, 17.1 % of re-
spondents rated only one of the cases as severe sepsis/
septic shock, 27.7 % rated two cases, 33.0 % respondents
rated three cases, 19.2 % rated four cases, and 3.2 %
rated all five cases as severe sepsis/septic shock (median
3 cases, interquartile range 2–3). When we dichoto-
mized responses into any sepsis category (sepsis, severe
sepsis, septic shock) versus not-sepsis, agreement was
still poor (κ 0.18).
In the subset of respondents who were strongly

confident (n = 45) in their ability to describe and use
sepsis definitions, agreement was no better (κ 0.28 for
the five-level classification, κ 0.21 for the dichotomized
severe sepsis/septic shock classification, and κ 0.21 for

the dichotomized sepsis/severe sepsis/septic shock clas-
sification). Most respondents felt “somewhat confident”
or “very confident” in their assignment of sepsis diagnoses
in each case; for the control case (case E), most respon-
dents were either “very confident” (42.6 %) or “absolutely
confident” (51.1 %) in their diagnosis (Fig. 2). Collectively,
respondents felt somewhat, very, or absolutely confident
about 93.2 % of their diagnoses.
Importantly, most respondents felt the cases to be

realistic and representative of actual patients (Fig. 3). Of
470 ratings, 349 (74.3 %) were judged as “very realistic”
or “extremely realistic.” Only 16 (3.4 %) were judged to
be “poorly realistic” or “not realistic at all.”

Reasons for not diagnosing severe sepsis/septic shock:
areas of subjectivity
Respondents provided free text explanations for their
decisions in 377 (80.2 %) of 470 of their diagnoses. For
the cases labeled as not having severe sepsis or septic
shock with an explanation (n = 172), virtually all expla-
nations could be summarized into the following categor-
ies: no infection or organ dysfunction present (9.9 %),
infection present but organ dysfunction not present or
not severe enough to qualify as severe sepsis or septic
shock (48.8 %), organ dysfunction present but no infec-
tion (18.6 %), and infection and organ dysfunction
present but organ dysfunction not attributable to infec-
tion (22.1 %). The distribution of explanations differed
for each case (Table 2). For case A, most of the disagree-
ment centered on whether infection was present. For
cases B–D, most of the disagreement centered on
whether the patient had sufficient organ dysfunction or
whether organ dysfunction was attributable to infection.
Only one explanation was judged to represent a misun-
derstanding of the severe sepsis definition: the respond-
ent incorrectly noted “SIRS and infection and signs of
organ dysfunction = sepsis” rather than severe sepsis.

Discussion
In this survey of 94 physicians, who primarily were at-
tending intensivists at academic institutions, we found
poor agreement in diagnosing sepsis, severe sepsis, or
septic shock when respondents were presented with
short clinical case vignettes. For purposes of quality
monitoring, it is more meaningful to determine whether
patients had severe sepsis/septic shock. However, when
we examined responses dichotomized in this way, agree-
ment was no better. In addition, when the analysis was
limited to physicians who were strongly confident in
their ability to describe and apply the traditional inter-
national consensus definitions of sepsis, agreement
remained poor. Importantly, these fictional vignettes
were generally felt to be very realistic and representative
of common clinical scenarios.
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Fig. 1 Distribution of responses for each case for (a) five-level
classifications (systemic inflammatory response syndrome, sepsis,
severe sepsis, septic shock, or none) and (b) dichotomized classification
(severe sepsis/septic shock or not). SIRS systemic inflammatory
response syndrome
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To our knowledge, this is the first study to examine
variability in diagnosing sepsis by presenting identical
cases to a group of intensivists. In an international quali-
tative survey of over 1000 physicians (including 529
intensivists) performed in 2000 by telephone interview,
researchers found that less than 20 % of respondents
gave a consistent definition of sepsis, with many physi-
cians having the misperception that fever or hypotension
must be present to diagnose sepsis [14]. However, since
that survey was done, there have been substantial
advances in sepsis awareness due to international

initiatives such as the Surviving Sepsis Campaign, the
dissemination of evidence-based management guide-
lines for sepsis, the publication of many high-profile
clinical studies, and the recent introduction of national
mandates for sepsis care and public reporting [15–17].
Our findings suggest that, even with the increased
awareness and focus on sepsis in recent years, there is
still a significant amount of variability in diagnosing
sepsis among critical care physicians—the specialists
who are generally felt to have the most expertise in car-
ing for patients with sepsis.
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ICU, predictive validity was determined with 2 metrics for each
criterion: the area under the receiver operating characteristic
curve (AUROC) and the change in outcomes comparing patients
with a score of either 2 points or more or fewer than 2 points in
the different scoring systems9,27,30 across deciles of baseline risk.
These criteria were also analyzed in 4 external US and non-US
data sets containing data from more than 700 000 patients
(cared for in both community and tertiary care facilities) with
both community- and hospital-acquired infection.

In ICU patients with suspected infection in the University of
Pittsburgh Medical Center data set, discrimination for hospital mor-
tality with SOFA (AUROC = 0.74; 95% CI, 0.73-0.76) and the Logis-
tic Organ Dysfunction System (AUROC = 0.75; 95% CI, 0.72-0.76)
was superior to that with SIRS (AUROC = 0.64; 95% CI, 0.62-0.66).
The predictive validity of a change in SOFA score of 2 or greater was
similar (AUROC = 0.72; 95% CI, 0.70-0.73). For patients outside
the ICU and with suspected infection, discrimination of hospital
mortality with SOFA (AUROC = 0.79; 95% CI, 0.78-0.80) or
change in SOFA score (AUROC = 0.79; 95% CI, 0.78-0.79) was
similar to that with SIRS (AUROC = 0.76; 95% CI, 0.75-0.77).

Because SOFA is better known and simpler than the Logistic
Organ Dysfunction System, the task force recommends using a
change in baseline of the total SOFA score of 2 points or more to
represent organ dysfunction (Box 3). The baseline SOFA score
should be assumed to be zero unless the patient is known to have
preexisting (acute or chronic) organ dysfunction before the onset
of infection. Patients with a SOFA score of 2 or more had an overall

mortality risk of approximately 10% in a general hospital popula-
tion with presumed infection.12 This is greater than the overall mor-
tality rate of 8.1% for ST-segment elevation myocardial infarction,31

a condition widely held to be life threatening by the community
and by clinicians. Depending on a patient’s baseline level of risk, a
SOFA score of 2 or greater identified a 2- to 25-fold increased risk of
dying compared with patients with a SOFA score less than 2.12

As discussed later, the SOFA score is not intended to be used
as a tool for patient management but as a means to clinically char-
acterize a septic patient. Components of SOFA (such as creatinine
or bilirubin level) require laboratory testing and thus may not
promptly capture dysfunction in individual organ systems. Other
elements, such as the cardiovascular score, can be affected by iat-
rogenic interventions. However, SOFA has widespread familiarity
within the critical care community and a well-validated relationship
to mortality risk. It can be scored retrospectively, either manually or
by automated systems, from clinical and laboratory measures often
performed routinely as part of acute patient management. The task
force noted that there are a number of novel biomarkers that can
identify renal and hepatic dysfunction or coagulopathy earlier than
the elements used in SOFA, but these require broader validation
before they can be incorporated into the clinical criteria describing
sepsis. Future iterations of the sepsis definitions should include an
updated SOFA score with more optimal variable selection, cutoff
values, and weighting, or a superior scoring system.

Screening for Patients Likely to Have Sepsis
A parsimonious clinical model developed with multivariable
logistic regression identified that any 2 of 3 clinical variables—
Glasgow Coma Scale score of 13 or less, systolic blood pressure of
100 mm Hg or less, and respiratory rate 22/min or greater—offered
predictive validity (AUROC = 0.81; 95% CI, 0.80-0.82) similar to
that of the full SOFA score outside the ICU.12 This model was robust
to multiple sensitivity analyses including a more simple assessment
of altered mentation (Glasgow Coma Scale score <15) and in the
out-of-hospital, emergency department, and ward settings within
the external US and non-US data sets.

For patients with suspected infection within the ICU, the SOFA
score had predictive validity (AUROC = 0.74; 95% CI, 0.73-0.76)
superior to that of this model (AUROC = 0.66; 95% CI, 0.64-0.68),
likely reflecting the modifying effects of interventions (eg, vaso-
pressors, sedative agents, mechanical ventilation). Addition of lac-
tate measurement did not meaningfully improve predictive validity
but may help identify patients at intermediate risk.

This new measure, termed qSOFA (for quick SOFA) and incor-
porating altered mentation, systolic blood pressure of 100 mm Hg
or less, and respiratory rate of 22/min or greater, provides simple
bedside criteria to identify adult patients with suspected infection
who are likely to have poor outcomes (Box 4). Because predictive
validity was unchanged (P = .55), the task force chose to empha-
size altered mentation because it represents any Glasgow Coma

Box 3. New Terms and Definitions

• Sepsis is defined as life-threatening organ dysfunction caused by
a dysregulated host response to infection.

• Organ dysfunction can be identified as an acute change in total
SOFA score !2 points consequent to the infection.

• The baseline SOFA score can be assumed to be zero in patients
not known to have preexisting organ dysfunction.

• A SOFA score !2 reflects an overall mortality risk of
approximately 10% in a general hospital population with
suspected infection. Even patients presenting with modest
dysfunction can deteriorate further, emphasizing the seriousness
of this condition and the need for prompt and appropriate
intervention, if not already being instituted.

• In lay terms, sepsis is a life-threatening condition that arises
when the body’s response to an infection injures its own tissues
and organs.

• 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, ie, alteration in mental status, systolic blood
pressure "100 mm Hg, or respiratory rate !22/min.

• Septic shock is a subset of sepsis in which underlying circulatory
and cellular/metabolic abnormalities are profound enough to
substantially increase mortality.

• Patients with septic shock can be identified with a clinical construct
of sepsis with persisting hypotension requiring vasopressors to
maintain MAP !65 mm Hg and having a serum lactate level
>2 mmol/L (18 mg/dL) despite adequate volume resuscitation.
With these criteria, hospital mortality is in excess of 40%.

Abbreviations: MAP, mean arterial pressure; qSOFA, quick SOFA;
SOFA: Sequential [Sepsis-related] Organ Failure Assessment.

Box 4. qSOFA (Quick SOFA) Criteria

Respiratory rate !22/min

Altered mentation

Systolic blood pressure "100 mm Hg
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The Third International Consensus Definitions
for Sepsis and Septic Shock (Sepsis-3)
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Craig M. Coopersmith, MD; Richard S. Hotchkiss, MD; Mitchell M. Levy, MD; John C. Marshall, MD; Greg S. Martin, MD, MSc;
Steven M. Opal, MD; Gordon D. Rubenfeld, MD, MS; Tom van der Poll, MD, PhD; Jean-Louis Vincent, MD, PhD; Derek C. Angus, MD, MPH

IMPORTANCE Definitions of sepsis and septic shock were last revised in 2001. Considerable
advances have since been made into the pathobiology (changes in organ function,
morphology, cell biology, biochemistry, immunology, and circulation), management, and
epidemiology of sepsis, suggesting the need for reexamination.

OBJECTIVE To evaluate and, as needed, update definitions for sepsis and septic shock.

PROCESS A task force (n = 19) with expertise in sepsis pathobiology, clinical trials, and
epidemiology was convened by the Society of Critical Care Medicine and the European
Society of Intensive Care Medicine. Definitions and clinical criteria were generated through
meetings, Delphi processes, analysis of electronic health record databases, and voting,
followed by circulation to international professional societies, requesting peer review and
endorsement (by 31 societies listed in the Acknowledgment).

KEY FINDINGS FROM EVIDENCE SYNTHESIS Limitations of previous definitions included an
excessive focus on inflammation, the misleading model that sepsis follows a continuum
through severe sepsis to shock, and inadequate specificity and sensitivity of the systemic
inflammatory response syndrome (SIRS) criteria. Multiple definitions and terminologies are
currently in use for sepsis, septic shock, and organ dysfunction, leading to discrepancies in
reported incidence and observed mortality. The task force concluded the term severe sepsis
was redundant.

RECOMMENDATIONS Sepsis should be defined as life-threatening organ dysfunction caused
by a dysregulated host response to infection. For clinical operationalization, organ
dysfunction can be represented by an increase in the Sequential [Sepsis-related] Organ
Failure Assessment (SOFA) score of 2 points or more, which is associated with an in-hospital
mortality greater than 10%. Septic shock should be defined as a subset of sepsis in which
particularly profound circulatory, cellular, and metabolic abnormalities are associated with
a greater risk of mortality than with sepsis alone. Patients with septic shock can be clinically
identified by a vasopressor requirement to maintain a mean arterial pressure of 65 mm Hg
or greater and serum lactate level greater than 2 mmol/L (>18 mg/dL) in the absence of
hypovolemia. This combination is associated with hospital mortality rates greater than 40%.
In out-of-hospital, emergency department, or general hospital ward settings, adult patients
with suspected infection can be rapidly identified as being more likely to have poor outcomes
typical of sepsis if they have at least 2 of the following clinical criteria that together constitute
a new bedside clinical score termed quickSOFA (qSOFA): respiratory rate of 22/min or greater,
altered mentation, or systolic blood pressure of 100 mm Hg or less.

CONCLUSIONS AND RELEVANCE These updated definitions and clinical criteria should replace
previous definitions, offer greater consistency for epidemiologic studies and clinical trials, and
facilitate earlier recognition and more timely management of patients with sepsis or at risk of
developing sepsis.

JAMA. 2016;315(8):801-810. doi:10.1001/jama.2016.0287
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Our approach to hyperlactatemia within the clinical criteria for
septic shock also generated conflicting views. Some task force
members suggested that elevated lactate levels represent an
important marker of “cryptic shock” in the absence of hypotension.
Others voiced concern about its specificity and that the nonavail-
ability of lactate measurement in resource-poor settings would
preclude a diagnosis of septic shock. No solution can satisfy all con-
cerns. Lactate level is a sensitive, albeit nonspecific, stand-alone
indicator of cellular or metabolic stress rather than “shock.”32 How-
ever, the combination of hyperlactatemia with fluid-resistant hypo-
tension identifies a group with particularly high mortality and
thus offers a more robust identifier of the physiologic and epide-
miologic concept of septic shock than either criterion alone. Identi-
fication of septic shock as a distinct entity is of epidemiologic rather
than clinical importance. Although hyperlactatemia and hypoten-
sion are clinically concerning as separate entities, and although
the proposed criteria differ from those of other recent consensus
statements,34 clinical management should not be affected. The
greater precision offered by data-driven analysis will improve
reporting of both the incidence of septic shock and the associated
mortality, in which current figures vary 4-fold.3 The criteria
may also enhance insight into the pathobiology of sepsis and
septic shock. In settings in which lactate measurement is not avail-
able, the use of a working diagnosis of septic shock using hypoten-
sion and other criteria consistent with tissue hypoperfusion
(eg, delayed capillary refill36) may be necessary.

The task force focused on adult patients yet recognizes the need
to develop similar updated definitions for pediatric populations and
the use of clinical criteria that take into account their age-
dependent variation in normal physiologic ranges and in patho-
physiologic responses.

Implications

The task force has generated new definitions that incorporate an
up-to-date understanding of sepsis biology, including organ dys-
function (Box 3). However, the lack of a criterion standard, similar
to its absence in many other syndromic conditions, precludes
unambiguous validation and instead requires approximate estima-
tions of performance across a variety of validity domains, as out-
lined above. To assist the bedside clinician, and perhaps prompt an
escalation of care if not already instituted, simple clinical criteria
(qSOFA) that identify patients with suspected infection who are
likely to have poor outcomes, that is, a prolonged ICU course and
death, have been developed and validated.

This approach has important epidemiologic and investigative
implications. The proposed criteria should aid diagnostic categori-
zation once initial assessment and immediate management
are completed. qSOFA or SOFA may at some point be used as
entry criteria for clinical trials. There is potential conflict with cur-
rent organ dysfunction scoring systems, early warning scores,
ongoing research studies, and pathway developments. Many of
these scores and pathways have been developed by consensus,
whereas an important aspect of the current work is the interroga-
tion of data, albeit retrospectively, from large patient populations.
The task force maintains that standardization of definitions
and clinical criteria is crucial in ensuring clear communication and
a more accurate appreciation of the scale of the problem of sep-
sis. An added challenge is that infection is seldom confirmed
microbiologically when treatment is started; even when micro-
biological tests are completed, culture-positive “sepsis” is
observed in only 30% to 40% of cases. Thus, when sepsis epide-

Figure. Operationalization of Clinical Criteria Identifying Patients With Sepsis and Septic Shock

Sepsis

Despite adequate fluid resuscitation, 
1. vasopressors required to maintain 
MAP ≥65 mm Hg
AND 
2. serum lactate level >2 mmol/L?

qSOFA ≥2?
(see       )
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if clinically indicated
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reevaluate for possible sepsis
if clinically indicated

Yes Yes

Yes

Septic shock

Yes

No

No

No

Assess for evidence 
of organ dysfunction 

No

Patient with suspected infection

A
Sepsis still
suspected?

SOFA ≥2?
(see       )B

SOFA Variables 
PaO2/FiO2 ratio
Glasgow Coma Scale score
Mean arterial pressure
Administration of vasopressors 
with type and dose rate of infusion
Serum creatinine or urine output
Bilirubin
Platelet count

qSOFA Variables 
Respiratory rate
Mental status
Systolic blood pressure

A

B

The baseline Sequential [Sepsis-related] Organ Failure Assessment (SOFA) score should be assumed to be zero unless the patient is known to have preexisting
(acute or chronic) organ dysfunction before the onset of infection. qSOFA indicates quick SOFA; MAP, mean arterial pressure.
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Prognostic Accuracy of Sepsis-3 Criteria for In-Hospital
Mortality Among Patients With Suspected Infection
Presenting to the Emergency Department
Yonathan Freund, MD, PhD; Najla Lemachatti, MD; Evguenia Krastinova, MD, PhD; Marie Van Laer, MD;
Yann-Erick Claessens, MD, PhD; Aurélie Avondo, MD; Céline Occelli, MD; Anne-Laure Feral-Pierssens, MD;
Jennifer Truchot, MD; Mar Ortega, MD; Bruno Carneiro, MD; Julie Pernet, MD; Pierre-Géraud Claret, MD, PhD;
Fabrice Dami, MD; Ben Bloom, MD; Bruno Riou, MD, PhD; Sébastien Beaune, MD, PhD;
for the French Society of Emergency Medicine Collaborators Group

IMPORTANCE An international task force recently redefined the concept of sepsis. This task
force recommended the use of the quick Sequential Organ Failure Assessment (qSOFA) score
instead of systemic inflammatory response syndrome (SIRS) criteria to identify patients at
high risk of mortality. However, these new criteria have not been prospectively validated in
some settings, and their added value in the emergency department remains unknown.

OBJECTIVE To prospectively validate qSOFA as a mortality predictor and compare the
performances of the new sepsis criteria to the previous ones.

DESIGN, SETTINGS, AND PARTICIPANTS International prospective cohort study, conducted in
France, Spain, Belgium, and Switzerland between May and June 2016. In the 30 participating
emergency departments, for a 4-week period, consecutive patients who visited the
emergency departments with suspected infection were included. All variables from previous
and new definitions of sepsis were collected. Patients were followed up until hospital
discharge or death.

EXPOSURES Measurement of qSOFA, SOFA, and SIRS.

MAIN OUTCOMES AND MEASURES In-hospital mortality.

RESULTS Of 1088 patients screened, 879 were included in the analysis. Median age was 67
years (interquartile range, 47-81 years), 414 (47%) were women, and 379 (43%) had
respiratory tract infection. Overall in-hospital mortality was 8%: 3% for patients with a qSOFA
score lower than 2 vs 24% for those with qSOFA score of 2 or higher (absolute difference,
21%; 95% CI, 15%-26%). The qSOFA performed better than both SIRS and severe sepsis in
predicting in-hospital mortality, with an area under the receiver operating curve (AUROC) of
0.80 (95% CI, 0.74-0.85) vs 0.65 (95% CI, 0.59-0.70) for both SIRS and severe sepsis
(P < .001; incremental AUROC, 0.15; 95% CI, 0.09-0.22). The hazard ratio of qSOFA score for
death was 6.2 (95% CI, 3.8-10.3) vs 3.5 (95% CI, 2.2-5.5) for severe sepsis.

CONCLUSIONS AND RELEVANCE Among patients presenting to the emergency department
with suspected infection, the use of qSOFA resulted in greater prognostic accuracy for
in-hospital mortality than did either SIRS or severe sepsis. These findings provide support for
the Third International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3) criteria in
the emergency department setting.

TRIAL REGISTRATION clinicaltrials.gov Identifier: NCT02738164

JAMA. 2017;317(3):301-308. doi:10.1001/jama.2016.20329
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the paradigm. In the cohort with a SIRS score of 2 or more
reported herein, the mortality was 11%, and the high sensi-
tivity (93%; 95% CI, 85%-98%) was associated with a poor
specificity (27%; 95% CI, 24%-31%). Nearly 75% of pa-
tients had at least 2 points of SIRS, but far fewer had life-
threatening organ dysfunction. Similarly, previous studies
reported that 68% to 93% of patients admitted in the ICU
had at least 2 elements of SIRS.12-14 This indicates that hav-
ing 2 or more elements of SIRS does not discriminate well
enough for organ dysfunction. The very low mortality rate of
patients with qSOFA score less than 2 is a strong argument to
replace SIRS without the risk of missing critically ill patients.
Moreover, there was no difference in the rate of the false-
negative of SIRS and qSOFA for the prediction of death or
ICU stay of more than 72 hours (7%; 95% CI, 4%-10% and
9%; 95% CI, 7%-11%). Although qSOFA was not meant to
replace SIRS in the definition of sepsis but rather help clini-
cians for early detection of sepsis,15 these results suggest
that ED patients with infection and a qSOFA score of 2 or
more should be considered for sepsis even in the absence of
a SOFA score or more 2. More than 70% of patients with a
qSOFA of 2 or more had a SOFA score of at least 2 points as
previously reported.8

Although blood lactate was known to be associated with
severe outcome in patients with sepsis,16-19 there was no added
value of hyperlactatemia to qSOFA in this study. This con-
firms the findings of the Sepsis-3 task force, which suggested
qSOFA performs effectively and there is no added value when
stratified by blood lactate level. This along with other find-
ings could result in a complete change of the current clinical
approach because the severity of sepsis up until now has been
assessed in ED patients using lactate levels.20,21Ta
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Figure 2. Receiver Operating Characteristic Curves
for In-Hospital Mortality
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of disagreement, consensus was sought between the 2
experts. For patients who were still hospitalized after 28
days and outside of ICU, we considered that they did not
meet the end point of in-hospital mortality. Secondary end
points included admission to ICU, length of ICU stay of more
than 72 hours, and a composite of death or ICU stay of more
than 72 hours.

Statistical Analysis
All Gaussian distributed variables are expressed as mean (SD),
and nonnormally distributed variables as median (interquar-
tile range [IQR]). Categorical variables are expressed as num-
ber and percentage. We handled missing values for the SOFA
score by assuming that they were within the normal range for
each value.

To assess the performances of the qSOFA to predict the
primary end point, we calculated diagnostic performances
(sensitivity, specificity, and negative and positive predictive
values) for a qSOFA score of 2 or higher. We constructed a
receiver operating characteristic (ROC) curve and calculated
the corresponding area under the ROC curve (AUROC). Per-
formances of qSOFA and SOFA to predict the primary and
secondary end points were compared with those of SIRS
and the previous definition of severe sepsis, namely at least
2 elements of SIRS and a blood lactate level of more than 2
mmol/L (18 mg/dL). The respective hazard ratios (HRs) for
in-hospital death of qSOFA and SIRS, which were dichoto-
mized to less than 2 and 2 or more, were estimated with a
Cox proportional hazards model after adjustment for mea-
sured confounders. The model fit was assessed by the calcu-
lation of the concordance probability, which is defined as
the probability that predictions and outcomes are concor-
dant. We used the Harrell C coefficient, which is defined as
the proportion of all usable subject pairs in which the pre-
dictions and outcomes are concordant.

In line with Seymour et al,8 the added value of hyperlac-
tatemia to qSOFA (qSOFA + 1 if lactate >2 mmol/L ) was also
tested and compared with the qSOFA score alone. To assess

whether the inclusion criteria and primary end point were
valid, interrater agreement between the 2 blinded experts who
adjudicated these 2 variables was achieved using the Cohen κ
statistic.

To validate the results of the Sepsis-3 consensus article,
the aim was to confirm the hypothesis that patients with a
qSOFA score of 2 or higher have an in-hospital mortality rate
of at least 10%.6 This percentage corresponds to the reported
overall mortality rate of infected patients with a SOFA score
of 2. For this reason, a difference in mortality rate of 10% was
considered clinically significant in the Sepsis-3 consensus
statement.6,8 With an estimated overall mortality of 3%,8 an
assumption that 80% of included patients would have a qSOFA
score of less than 2, and power set at 90%, a target recruit-
ment number of 840 patients was calculated.

All statistical analyses were 2-tailed, and a P value less than
.05 was required for statistical significance. All analyses were
performed with NCSS 10.0 (Statistical Solution).

Results
A total of 1088 patients were included from 30 EDs during
the recruitment period. Following adjudication, 60 patients
(6%) were excluded because they did not have infection,
and 149 patients were excluded because of missing values
required to calculate qSOFA score, leaving 879 included for
the final analysis (Figure 1). A component of the SOFA was
missing in 260 patients. The identified infection source was
clinical in 79% of patients, radiological in 50%, and micro-
biological in 37%.

The median age was 67 years (IQR, 48-81 years). The
most common site of infection was respiratory (43% cases).
Baseline characteristics are summarized in Table 1. The
qSOFA score was 2 or higher for 218 patients (25%), SOFA
was 2 or higher for 297 patients (34%), SIRS was 2 or higher
for 653 patients (74%), and 176 patients (20%) fulfilled the
previous criteria of severe sepsis (≥2 elements of SIRS and a

Figure 1. Flow Diagram of Study to Validate qSOFA Scoring

1088 Patients admitted to emergency
department with infection were
assessed for eligibility

879 Patients included

209 Excluded
149 Missing qSOFA score values
60 No infection

661 qSOFA score <2 218 qSOFA score ≥2

22 In-hospital
death

52 In-hospital
death

639 Alive and out
of hospital

166 Alive and out
of hospital qSOFA indicates quick Sequential

Organ Failure Assessment.
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BACKGROUND: Several studies were published to validate the quick Sepsis-related Organ
Failure Assessment (qSOFA), namely in comparison with the systemic inflammatory
response syndrome (SIRS) criteria. We performed a systematic review and meta-analysis with
the aim of comparing the qSOFA and SIRS in patients outside the ICU.

METHODS: We searched MEDLINE, CINAHL, and the Web of Science database from
February 23, 2016 until June 30, 2017 to identify full-text English-language studies published
after the Sepsis-3 publication comparing the qSOFA and SIRS and their sensitivity or
specificity in diagnosing sepsis, as well as hospital and ICU length of stay and hospital
mortality. Data extraction from the selected studies followed the recommendations of the
Meta-analyses of Observational Studies in Epidemiology group and the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses statement.

RESULTS: From 4,022 citations, 10 studies met the inclusion criteria. Pooling all the studies, a
total of 229,480 patients were evaluated. The meta-analysis of sensitivity for the diagnosis of
sepsis comparing the qSOFA and SIRS was in favor of SIRS (risk ratio [RR], 1.32; 95% CI,
0.40-2.24; P < .0001; I2 ¼ 100%). One study described the specificity for the diagnosis
of infection comparing SIRS (84.4%; 95% CI, 76.2-90.6) with the qSOFA (97.3%;
95% CI < 92.1-99.4); the qSOFA demonstrated better specificity. The meta-analysis of the
area under the receiver operating characteristic curve of six studies comparing the qSOFA
and SIRS favored the qSOFA (RR, 0.03; 95% CI, 0.01-0.05; P ¼ .002; I2 ¼ 48%) as a predictor
of inhospital mortality.

CONCLUSIONS: The SIRS was significantly superior to the qSOFA for sepsis diagnosis, and the
qSOFA was slightly better than the SIRS in predicting hospital mortality. The association of
both criteria could provide a better model to initiate or escalate therapy in patients with sepsis.
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present study, the SIRS criteria performed significantly

better than the qSOFA for the diagnosis of sepsis (Fig 3).

This difference is a potential marker of the clinical

impact of SIRS, since it seems to be able to correctly

identify one-third more patients with sepsis than does

the qSOFA, probably at the expense of lesser specificity.

Nevertheless, the qSOFA was superior to the SIRS for

inhospital mortality prediction and perhaps, as

demonstrated in a single study, has better specificity for

the diagnosis of sepsis. Thus, it seems that the qSOFA is

identifying a sicker population, and maybe a two-step

approach with a highly sensitive screening tool for the

diagnosis (SIRS) and a better predictor of outcome for

resource allocation (qSOFA) could be tested.

The high sensitivity of the SIRS also has drawbacks, as

the potential overdiagnosis of sepsis could lead to

inappropriate use and overuse of antibiotics with the

consequent potential increase in multiresistance,

toxicity, and costs. 32The present study has some limitations. First, studies

assessed different samples sizes and considered different

criteria for the diagnosis of infection, which may have

been responsible for the observed heterogeneity in this

meta-analysis, as reflected by the I 2 statistic. Second,

none of the included studies used the alternative

definitions to prospectively identify the cases, which

could have contributed to a lower sensitivity of the SIRS

and qSOFA. Third, most studies were primarily

designed to describe the predicted mortality of the SIRS

and qSOFA criteria and not their diagnostic accuracy, so

data about predictive values could not be calculated. The

CI of sensitivity in the diagnosis of sepsis had to be

estimated to obtain the forest plot, making its

interpretation tricky. Fourth, the assessment of

publication bias through the funnel plot analysis was

impaired due to different samples sizes and the small

number of studies included; as a result, the power of the

test is too low to distinguish chance from real

asymmetry. Fifth, we did not conduct a gray literature

search, which might contribute to an overestimation of

size effect in small trials. Finally, since data on LOS,

costs, or long-term outcomes were not available in the

current literature, this relevant aspect of sepsis outcomes

could not be evaluated.

Heterogeneity: Tau2 = 0.00; Chi2 = 11.39, df = 6 (P = .08); I2 = 47%

Test for overall effect: Z = 4.12 (P < .0001)
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shock (27). !e speci"c components of performance improvement did not 
appear to be as important as the presence of a program that included sepsis 
screening and metrics.

Sepsis screening tools are designed to promote early identi"cation of sepsis 
and consist of manual methods or automated use of the electronic health re-
cord (EHR). !ere is wide variation in diagnostic accuracy of these tools with 
most having poor predictive values, although the use of some was associated 
with improvements in care processes (28–31). A variety of clinical variables 
and tools are used for sepsis screening, such as systemic in#ammatory response 
syndrome (SIRS) criteria, vital signs, signs of infection, quick Sequential Organ 
Failure Score (qSOFA) or Sequential Organ Failure Assessment (SOFA) crite-
ria, National Early Warning Score (NEWS), or Modi"ed Early Warning Score 
(MEWS) (26, 32). Machine learning may improve performance of screening 
tools, and in a meta-analysis of 42,623 patients from seven studies for pre-
dicting hospital acquired sepsis the pooled area under the receiving operating 
curve (SAUROC) (0.89; 95% CI, 0.86−0.92); sensitivity (81%; 95% CI, 80−81), 
and speci"city (72%; 95% CI, 72−72) was higher for machine learning than the 
SAUROC for traditional screening tools such as SIRS (0.70), MEWS (0.50), and 
SOFA (0.78) (32).

Screening tools may target patients in various locations, such as in-patient 
wards, emergency departments, or ICUs (28–30, 32). A pooled analysis of three 
RCTs did not demonstrate a mortality bene"t of active screening (RR, 0.90; 
95% CI, 0.51−1.58) (33–35). However, while there is wide variation in sensi-
tivity and speci"city of sepsis screening tools, they are an important compo-
nent of identifying sepsis early for timely intervention.

Standard operating procedures are a set of practices that specify a preferred 
response to speci"c clinical circumstances (36). Sepsis standard operating 
procedures, initially speci"ed as Early Goal Directed !erapy have evolved to 
“usual care” which includes a standard approach with components of the sepsis 
bundle, early identi"cation, lactate, cultures, antibiotics, and #uids (37). A large 
study examined the association between implementation of state-mandated 
sepsis protocols, compliance, and mortality. A retrospective cohort study of 
1,012,410 sepsis admissions to 509 hospitals in the United States in a retro-
spective cohort examined mortality before (27 months) and a%er (30 months) 
implementation of New York state sepsis regulations, with a concurrent control 
population from four other states (38). In this comparative interrupted time 
series, mortality was lower in hospitals with higher compliance with achieving 
the sepsis bundles successfully.

Lower resource countries may experience a di&erent e&ect. A meta-analy-
sis of two RCTs in Sub-Saharan Africa found higher mortality (RR, 1.26; 95% 
CI, 1.00−1.58) with standard operating procedures compared with usual care, 
while it was decreased in one observational study (adjusted hazard ratio [HR]; 
95% CI, 0.55−0.98) (39).
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Recommendation

2.   We recommend against using qSOFA compared with SIRS, NEWS, or 
MEWS as a single screening tool for sepsis or septic shock.

Strong recommendation, moderate-quality evidence.

Evans L et al. Crit Care Med 2021

Sensibilité
qSOFA…



Le premier bilan biologique vous parvient…

• Hb = 13.4 g/dL
• GB = 1600/mm3

• PNN = 780/mm3

• PNB = 0 /mm3

• PNE = 0 /mm3

• Lc = 360/mm3

• Monocytes = 100/mm3

• Plaquettes = 133,000/mm3

Na = 139 Meq/L
K = 4.3 Meq/L
Cl = 104 Meq/L
HCO3 = 18 Meq/L
Glycémie = 12.5 mmol/L
Urée = 27 mmol/L
Créatininémie = 403 micromol/L



Des gaz du sang et une RP sont également 
réalisés…

pH= 7.44
PaO2 = 61 mmHg
PaCO2 = 23 mmHg
HCO3 = 17 Meq/L
SpO2 = 92%



Ainsi qu’un scanner thoracique…



Q2. Avec ces nouveaux éléments, allez vous revoir 
votre jugement concernant la gravité du patient?

A. Oui car il existe des critères de gravité selon vous
B. Oui car il existe des critères de sepsis selon les recommandations
C. Non car il n’existe pas d’élément de gravité selon vous
D. Oui car il existe une neutropénie
E. Non car l’insuffisance rénale est fonctionnelle
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Score SOFA

6 points



Q3. Vous considérez désormais que le patient 
présente un sepsis. Qu’allez vous doser en 
urgence? (QROC)



Q3. Vous considérez désormais que le patient 
présente un sepsis. Qu’allez vous doser en 
urgence? (QROC)

• Lactate (artériel ou veineux)



Insuffisance circulatoire aiguë:
inadéquation VO2/DO2

EARLY INTERVENTIONS IN SEVERE SEPSIS AND SEPTIC SHOCK RIVERS

Vol. 78 - No. 6 MINERVA ANESTESIOLOGICA 713

to as “occult shock”, where the patient outwardly 
appears less ill. As a result organ dysfunction and 
sudden cardiopulmonary collapse are complica-
tions associated with this phase if unrecognized 
or left untreated.2, 6, 7 !is state predominantly 
characterizes the early sepsis presentation (Figure 
2) and is an important distinction from previous 
unsuccessful sepsis resuscitation trials performed 
in the ICU setting.8-11

After adequate resuscitation, a hyperdynamic 
phase follows the hypodynamic phase. Com-
pensated sepsis is characterized by an elevated 
ScvO2/SvO2 and normal lactate. Later an el-
evated lactate and elevated ScvO2/SvO2 denote 
pathologic delivery dependence or delivery inde-
pendence and is associated with increased mor-
tality.12 !e failure to increase OER and thus in-
crease systemic oxygen consymption (VO2) may 
be secondary to impairment of microvascular 
oxygen perfusion or mitochondrial dysfunction.

Origin of the resuscitation 
bundle (RB) components

!e RB and its components are not novel 
strategies. Wilson et al. wrote a series of expert 
opinions beginning in 1976 that comprised the 
tenets of early sepsis management (Figure 2).13 
!ese recommendations included the following: 
early identi"cation of high risk patients, appro-
priate cultures, source control, and appropriate 
antibiotic administration. !is was followed by 
strategies aimed at early hemodynamic opti-
mization of oxygen delivery guided by preload 
(central venous pressure or surrogate, #uids), 
afterload (mean arterial pressure, vasopressors), 

arterial oxygen content (packed red blood cells, 
oxygen), and contractility (inotropes) if ScvO2 
remained low (Figure 2).

In the 2001 publication, these components 
which were also recommended by a consensus of 
expert opinion 14 were applied at the most proximal 
site of hospital presentation mirroring the approach 
to trauma, stroke and acute myocardial infarction.14 
!is approach called early good-directed therapy 
(EGDT) was tested against standard care in a ran-
domized control trial resulting in a mortality ben-
e"t of over 16%. In order to avoid the ethical issues 
(withholding life saving therapy), the control or 
standard care arm also received continuous central 
venous pressure (CVP), arterial blood pressure and 
urine output monitoring. !is was not a standard 
of care in emergency department (ED) throughout 
the United States at the time where baseline mortal-
ity was estimated to be over 50%. In regards to the 
success of the EGDT group, it must be emphasized 
that control group therapy also reduced mortality 
(46.5%) compared to the historical care mortality 
which was over 50%.15 Over the last decade the 
various components of EGDT or the resuscitation 
bundle have been examined, validated and incorpo-
rated into evidence based guidelines.16, 17

Early risk strati!cation using blood 
pressure and lactate levels

EGDT begins with early identi"cation of high 
risk patients based on hypotension (systolic blood 
pressure <90 mmHg) and a lactate level >4 mmol/L 
(Figure 2). Although it is intuitive, a hypotensive 
episode is associated with an increase risk for sud-
den and unexpected death.18 After Aduen et al. es-
tablished the general prognostic value of a lactate 
of 4 mM/L on hospital admission; multiple studies 
have con"rmed the risk strati"cation of this level 
for illness severity and mortality in both the pre-
hospital and in-hospital setting.19-23

Antibiotic therapy

Once patients are identi"ed, source control 
and appropriate cultures should be obtained.24 
While there are no prospective outcome trials 
to support early administration of antibiotics, 
the animal and retrospective human literature 

Figure 1.—Oxygen delivery and consumption.DO2 = Hb x 1.36 x SaO2 x Qc

remain controversial. One of the reasons for this uncer-
tainty is that fluid resuscitation has traditionally been
targeted to correct macrocirculation, whereas the physi-
ological impact of fluids at the microcirculatory level is
still unclear. Uncorrected microcirculatory alterations
result in inadequate oxygen transport to achieve sufficient
oxidative phosphorylation and, ultimately, cause tissue
damage and organ dysfunction [1–4]. The primary aim of
optimal fluid resuscitation should be to achieve adequate
perfusion without compromising oxygen transport by
excessive hemodilution. It still remains unclear whether
this can be achieved by correction of hypovolemia itself
or whether the kind of volume replacement is also
of importance. The ideal volume replacement strategy
should correct hypovolemia and restorate systemic
hemodynamics, but also improve microcirculatory
perfusion and tissue oxygenation [5, 6].

The purpose of this review is to consider the current
insights into the effects of fluid therapy on microcircu-
lation and oxygen transport to the parenchymal cells.
A review of the literature will be given with regard to the
effects of commonly used plasma substitutes on organ
perfusion, microcirculation, and tissue oxygenation in the
clinical setting.

Pathophysiology of the hypovolemic microcirculation

Hypovolemia leads to inadequate perfusion of the
microcirculation resulting in insufficient oxygen avail-
ability to meet the needs of mitochondrial oxidative
phosphorylation [2, 7]. Weil and Shubin [8] in their
keynote paper classified the different types of shock
into four main categories: hypovolemic, cardiogenic,
obstructive, and distributive shock (Fig. 1, 2). Hypovo-
lemic shock can be described as the condition whereby
there is a decrease in circulating volume. Cardiogenic
shock occurs where there is a loss of cardiac contractility
with elevation of diastolic filling pressure and volume.
Obstructive shock can occur as a result of massive pul-
monary embolism, tension pneumothorax, or pericardial
tamponade where there is a physical obstruction in the
circulation resulting in impaired diastolic filling and
increased afterload. Distributive shock involves a defect
in the (micro)vascular distribution of a normal or even of
a supranormal cardiac output resulting in inadequate
regional oxygen delivery. Hypovolemia induced by dis-
tributive shock is highly heterogeneous and targets the
microcirculation. Its detection by measuring systemic
hemodynamics is complicated by shunting of the micro-
circulation resulting in microcirculatory alterations and
hypoxia with normal systemic hemodynamics and oxy-
gen-derived variables [9]. Distributive shock especially
occurs under conditions of inflammation and infection
such as in sepsis and reperfusion injury. Inflammatory

mediators and hypoxemia result in abnormal blood flow
distributions and shunting leading to a mismatch between
oxygen delivery and oxygen need by the parenchymal
cells, and thus heterogeneous hypoxemia, and organ
dysfunction [9, 10].

Distributive shock provides the biggest challenge with
regard to identifying endpoints for assessing an adequate
fluid replacement [11]. Currently these endpoints are
aimed at correcting changes in systemic hemodynamics.
Fluid resuscitation can cause an apparent improvement in
systemic circulation while leaving regional and micro-
circulatory oxygenation and perfusion underresuscitated.
In animal investigations it has been shown that fluid
resuscitation improved organ blood flow of the gut and
kidneys, while leaving other areas hypoxemic [12]. This
is important in the light of recent clinical studies using
new techniques for monitoring microcirculation, which
have shown the persistence of microcirculatory underre-
suscitation in the presence of normalized systemic
hemodynamic variables and association with adverse
clinical outcome [5, 13–15].

Adequate microcirculation relies on the function of the
different components of the microcirculation. Red and
white blood cells, endothelial cells, and smooth muscle
cells have to function in close harmony to guarantee
adequate microcirculatory blood flow to transport oxygen
to the tissues. The function of each of these cellular
and subcellular systems is affected by hypovolemia.

Fig. 1 The classification of shock according to Weil and Shubin
[8]. I Normal conditions. II Cardiogenic shock, related to cardiac
pump failure resulting from loss of the pump function of the heart.
III Hypovolemic shock as a result of decreased circulating volume
from, for example, hemorrhage. IV Obstructive shock as result of
an obstruction in the cardiovascular circuit as a result of, for
example, massive pulmonary embolism, tension pneumothorax, or
pericardial tamponade. V Distributive shock where vascular
dysfunction is unable to distribute a normal or even high cardiac
output, resulting in underperfused microcirculatory areas being
shunted by well perfused areas

1300

most commonly used hemodynamic and perfusion parameters
for hemodynamic optimization during sepsis, emphasizing the
physiological background for their use, as well as the studies
that demonstrated (or not) the efficacy of these parameters in
guiding volemic replacement.

Mean arterial pressure

The autoregulation of mean arterial pressure (MAP) is a
key feature of the cardiovascular system. An acute decrease in
MAP promotes a prompt compensatory response from the
autonomous nervous system. However, in critically ill patients,
especially in septic ones, this response can become inadequate
because of sepsis-induced derangements in vascular reactivity
and in these compensatory mechanisms. The MAP is consid-
ered the driving pressure for perfusion of most vital organs,
and when it declines below the lower limit of autoregulation,
regional blood flow becomes linearly dependent on MAP (13).

Several guidelines for the management of sepsis patients
recommend a goal of 65 to 90 mmHg for MAP (2, 14).
According to some clinical data (15, 16), a minimum MAP of
65 mmHg would be adequate to preserve tissue perfusion,
therefore being a safe value to be used as a guide in septic
shock patients. However, when comorbidities such as severe
arterial hypertension are present, a shift of autoregulation
curve may occur and this threshold may not be adequate. A
recent study demonstrated that the administration of escalating
doses of norepinephrine targeting a higher MAP can improve
global hemodynamics and tissue perfusion without exacerbat-
ing microcirculatory flow abnormalities (17). Trzeciak et al.
(18) studied the relationship of EGDT and microcirculation
and found a good correlation between MAP and micro-
circulatory flow. The EGDT study also aimed a MAP of 65 to
90 mmHg during the first 6 h of resuscitation and demon-
strated a benefit of this approach, as will be described later (8).

FIG. 1. Different hemodynamic profiles during sepsis and therapeutic approach. BEYbase excess; CIYcardiac index; CVPYcentral venous pressure;
DO2Yoxygen delivery; MAPYmean arterial pressure; ScvO2/SvO2Yvenous oxygen saturation; VO2Yoxygen consumption (adapted from Rivers et al. [10, 11]
with permission).
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Hyperlactatémie et sévérité clinique

shock state may increase for several reasons
other than tissue hypoxia (16). The possible
heterogenous sources of lactate in septic
shock, however, have rarely been
quantified. Alegŕıa and colleagues (17) in a
retrospective analysis of 90 patients with
septic shock, found that 70 patients
presented elevated lactate in association
with signs of hypoperfusion (including
ScvO2

, 70%). In our analysis on 1,741
patients, after admission in ICU, we found
that only 35% of the patients had an ScvO2

less than 70%, whereas 65% had high
lactate coexisting with normal or increased
ScvO2

. This finding suggests that high
lactate levels, as observed in an ICU setting
after initial fluid resuscitation made in the
emergency department, are caused by a

macrocirculatory oxygen transport defect
only in a minority of cases. Furthermore,
we found that hyperlactatemia in this
setting is reliably associated with acidemia
only if renal dysfunction is simultaneously
present. Finally, the estimation of the
alactic BE is a useful tool by which the
degree of renal compensation of the acid-
base disorder can be rapidly determined.

Lactate and Tissue Hypoxia
Despite its limitations, ScvO2

is one of the
best surrogates for the assessment of tissue
oxygen availability (i.e., the relationship
between oxygen delivery and demand) and
is widely used in clinical practice. We found
that, on admission, only approximately
35% of our patients had ScvO2

lower than

70%. This finding is consistent with what
has been observed in most large clinical
trials performed for sepsis (18–20).
Although, admittedly, ScvO2

is an imperfect
indicator of the cellular oxygen
environment, it is reasonable to associate
extreme values of ScvO2

either to a
predominant oxygen transport insufficiency
(low ScvO2

) or to a predominant oxygen use
impairment (high ScvO2

). These two
extremes of ScvO2

are indeed associated
with the highest lactate levels, renal
dysfunction, disease severity, and mortality,
so that ScvO2

has a U-shaped relationship
with these characteristics. This
interpretation is supported by other
findings: the highest arteriovenous oxygen
content difference and the greatest
venoarterial difference in PCO2

were found
in the first ScvO2

sextile (24–62%).
At the opposite extreme, the presence

of hyperlactatemia at the most elevated
ScvO2

levels (78–98%) strongly suggests
mechanisms other than an oxygen
transport deficit. In sepsis, elevated lactate
levels with high ScvO2

may be explained by
a variety of mechanisms ranging from the
lack of pyruvate decarboxylation caused by
thiamine deficiency (21–24) to the
impairment of the electron transport chain
caused by dysfunctional structure of the
respiratory mitochondrial enzymes,
induced, for example, by nitric oxide (25)
or oxygen radicals (26). Another possible
explanation for this association, although
physiologically indistinguishable from the
aforementioned mechanisms, entails the
dysregulation of the microcirculation
leading to peripheral shunting (3, 27).

Lactate and Metabolic Acidosis
An increase in the concentration of lactate
results in metabolic acidosis (i.e., a process
leading to an excess of negative strong ions)
(14, 28). However, acidemia (i.e., an
abnormally high proton concentration [low
pH]) is not necessarily present if other
processes simultaneously promote a
compensatory decrease in negative strong
ions, with consequent widening of strong
ion difference and restoration of pH toward
normality. The kidney has a pivotal role in
correcting for the excess of lactate. Indeed,
given that PaCO2

in our population was
similar across lactate sextiles, the
compensatory mechanisms when present
were mainly caused by an offsetting
increase in the strong ion difference by
the kidney.
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Figure 1. (A–D) The 90-day mortality (A), Sequential Organ Failure Assessment score (B), central
venous oxygen saturation (C), and arterial pH (D) as a function of lactate sextiles at baseline (ICU
admission). Data are presented as mean6SE. Lactate sextile ranges: 1, 0.1–1.2 mmol $ L21; 2,
1.2–1.8 mmol $ L21; 3, 1.8–2.5 mmol $ L21; 4, 2.5–3.5 mmol $ L21; 5, 3.5–5.6 mmol $ L21; and 6,
5.6–27 mmol $ L21. Level of statistical significance: *P, 0.05, **P,0.01, and ***P,0.001. The level
of significance represented in A refers to the chi-square test, whereas for B–D it refers to pairwise
comparison in ANOVA model. Only significant comparisons are displayed. ScvO2

= central venous
oxygen saturation; SOFA=Sequential Organ Failure Assessment score.
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Lactate elevation …risk stratification

Figure 2. Relationship between initial venous lactate level and fitted 28-day mortality, using a
fractional polynomial regression.
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Figure 3. Association between serum lactate level
and 28-day mortality, stratified by the presence of
shock. Serum lactate categorized as follows:
low ! 0–1.9 mmol/L, intermediate (Int) ! 2–3.9
mmol/L, and high ! !4 mmol/L.

Table 3. Comorbidities, organ dysfunction, and treatment received in the emergency department in the 830 subjects by serum lactate stratum and shock status

Variable

Lactate Stratum for Nonshock Subjects (n ! 634) Lactate Stratum for Shock Subjects (n ! 196)

Low (n ! 160)
Intermediate

(n ! 317) High (n ! 157) p Low (n ! 39)
Intermediate

(n ! 59) High (n ! 98) p

Comorbiditiesa,b

Coronary artery disease, n (%) 15 (9.4) 31 (9.8) 10 (6.4) 0.45 5 (12.8) 10 (17.0) 10 (10.2) 0.44
Chronic renal insufficiency, n (%)b 32 (20.0) 42 (13.3) 19 (12.1) 0.08 6 (15.4) 13 (22.0) 13 (13.3) 0.36
Congestive heart failure, n (%)b 16 (10.0) 31 (9.8) 12 (7.6) 0.71 7 (18.0) 11 (18.6) 15 (15.3) 0.85
Chronic obstructive pulmonary

disease, n (%)
11 (6.9) 19 (6.0) 8 (5.1) 0.72 5 (12.8) 2 (3.4) 9 (9.2) 0.22

Diabetes mellitus, n (%)b 48 (30.0) 93 (29.3) 40 (25.5) 0.61 9 (23.1) 17 (28.8) 26 (26.8) 0.82
End-stage renal disease, n (%) 11 (6.9) 21 (6.6) 6 (3.8) 0.41 2 (5.1) 7 (11.9) 7 (7.2) 0.48
Human immunodeficiency virus,

n (%)
6 (3.8) 12 (3.8) 7 (4.5) 0.93 4 (10.3) 1 (1.7) 8 (8.2) 0.14

Hypertension,b n (%) 64 (40.2) 128 (41.4) 59 (39.1) 0.89 13 (33.3) 18 (31.0) 44 (47.3) 0.09
Liver failure, n (%) 7 (4.4) 17 (5.4) 19 (12.1) 0.009 1 (2.6) 4 (6.8) 13 (13.4) 0.13
Oncology, n (%) 55 (34.4) 91 (28.7) 52 (33.1) 0.38 15 (38.5) 21 (35.6) 30 (30.6) 0.66
Transplant, n (%) 21 (13.3) 36 (11.4) 12 (7.6) 0.27 4 (10.3) 8 (13.6) 6 (6.1) 0.29

Organ failure observed in emergency
departmentb

Cardiovascular failure
Mean arterial pressure "60 mm

Hg, n (%)
36 (22.5) 49 (15.5) 24 (15.3) 0.12 27 (69.2) 45 (76.3) 69 (70.4) 0.67

Central nervous system failureb

Change in mental status, n (%) 38 (23.8) 64 (20.2) 57 (36.3) 0.001 6 (15.4) 15 (25.4) 46 (46.9) "0.001
Glasgow Coma Scale "15, n (%) 29 (18.1) 43 (13.6) 52 (33.1) "0.001 7 (18.0) 11 (18.6) 30 (30.6) 0.14

Coagulation failure
International normalized ratio #1.5

or partial thromboplastin time
#60, n (%)

6 (3.8) 18 (5.7) 28 (17.8) "0.001 2 (5.1) 4 (6.8) 33 (33.7) "0.001

Hematologic failure
Platelets "100, n (%) 31 (19.4) 39 (12.3) 25 (15.9) 0.12 6 (15.4) 8 (13.6) 18 (18.4) 0.72

Hepatic failureb

Total bilirubin #2, n (%) 8 (5.0) 28 (8.8) 30 (19.1) "0.001 3 (7.7) 5 (8.5) 25 (25.5) 0.005
Total bilirubin #4, n (%) 6 (3.7) 14 (4.4) 17 (10.8) 0.008 3 (7.7) 4 (6.8) 18 (18.4) 0.078

Renal failureb

Creatinine #0.5 baseline, n (%) 53 (33.1) 80 (25.2) 50 (31.8) 0.13 17 (43.6) 22 (37.3) 50 (51.0) 0.24
Creatinine #2.0 mg/dL, n (%) 42 (26.2) 60 (18.9) 36 (22.9) 0.17 18 (46.2) 22 (37.3) 45 (45.9) 0.53
Oliguria, n (%) 7 (4.4) 10 (3.2) 13 (8.3) 0.046 4 (10.2) 4 (6.8) 14 (14.3) 0.40

Respiratory failure
PaO2/FIO2 "300, n (%) 17 (10.6) 24 (7.6) 21 (13.4) 0.12 6 (15.4) 3 (5.1) 23 (23.5) 0.01

Treatment received in emergency
departmenta,b

EGDT, n (%) 1 (0.6) 13 (4.1) 89 (56.7) "0.001 17 (43.6) 42 (71.2) 74 (75.5) 0.001
Intravenous fluids (mL) 1635 (1125–2500) 2100 (1250–3000) 2750 (2000–4070) "0.001 3400 (2350–5250) 3975 (2250–5500) 4000 (3000–5000) 0.38
Blood transfusion received, n (%) 4 (2.6) 12 (3.9) 15 (9.6) 0.008 7 (18.4) 7 (11.9) 20 (20.4) 0.39
Vasoactive agent,c n (%) 0 0 0 NA 11 (28.2) 17 (28.8) 50 (51.0) 0.006

EGDT, early goal-directed therapy; NA, not applicable.
aPercentiles are based on those in whom data were recorded (missing in "5% in each instance); bfactors hypothesized to be associated with elevated

serum lactate levels; cvasoactive agents used in shock: norepinephrine (n ! 66), dopamine (n ! 9), dobutamine (n ! 10), epinephrine (n ! 1), and
vasopressin (n ! 3). A combination of agents was used in 11 subjects. Continuous measures are presented as medians with interquartile ranges (25th, 75th
percentile). Categorical variables are presented as counts and percentiles.
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Evaluation hémodynamique

MACROCIRCULATION
• Pression artérielle
• Fréquence cardiaque
• Débit cardiaque
• Pression veineuse centrale

PERFUSION TISSULAIRE
MICROCIRCULATION

• Téguments
• Diurèse
• Lactate
• SvcO2

Discordances et 
manque de cohérence 

dans le sepsis…

FIO2 = 80%
(optiflow)

most commonly used hemodynamic and perfusion parameters
for hemodynamic optimization during sepsis, emphasizing the
physiological background for their use, as well as the studies
that demonstrated (or not) the efficacy of these parameters in
guiding volemic replacement.

Mean arterial pressure

The autoregulation of mean arterial pressure (MAP) is a
key feature of the cardiovascular system. An acute decrease in
MAP promotes a prompt compensatory response from the
autonomous nervous system. However, in critically ill patients,
especially in septic ones, this response can become inadequate
because of sepsis-induced derangements in vascular reactivity
and in these compensatory mechanisms. The MAP is consid-
ered the driving pressure for perfusion of most vital organs,
and when it declines below the lower limit of autoregulation,
regional blood flow becomes linearly dependent on MAP (13).

Several guidelines for the management of sepsis patients
recommend a goal of 65 to 90 mmHg for MAP (2, 14).
According to some clinical data (15, 16), a minimum MAP of
65 mmHg would be adequate to preserve tissue perfusion,
therefore being a safe value to be used as a guide in septic
shock patients. However, when comorbidities such as severe
arterial hypertension are present, a shift of autoregulation
curve may occur and this threshold may not be adequate. A
recent study demonstrated that the administration of escalating
doses of norepinephrine targeting a higher MAP can improve
global hemodynamics and tissue perfusion without exacerbat-
ing microcirculatory flow abnormalities (17). Trzeciak et al.
(18) studied the relationship of EGDT and microcirculation
and found a good correlation between MAP and micro-
circulatory flow. The EGDT study also aimed a MAP of 65 to
90 mmHg during the first 6 h of resuscitation and demon-
strated a benefit of this approach, as will be described later (8).

FIG. 1. Different hemodynamic profiles during sepsis and therapeutic approach. BEYbase excess; CIYcardiac index; CVPYcentral venous pressure;
DO2Yoxygen delivery; MAPYmean arterial pressure; ScvO2/SvO2Yvenous oxygen saturation; VO2Yoxygen consumption (adapted from Rivers et al. [10, 11]
with permission).
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Baisse extraction O2…

oxygen delivery and death is very short, less than 1 h,23

which emphasizes the importance of early and adequate
hemodynamic resuscitation, optimally driven by a
resuscitation protocol. A variety of related resuscitation
protocols that achieve reasonable physiologic targets
for volume administration, blood pressure support
using infused vasoconstrictors, and oxygen delivery
related to oxygen demand have been highly effective in

decreasing mortality of septic shock from 40% to 60% to
approximately 20% reported in recent randomized
controlled trials (RCTs).32,33 Thus, anaerobic metabolism
is a key element of lactic acidosis found during the early
resuscitation phase of septic shock. Early institution of
antibiotic therapy and early hemodynamic resuscitation
combined have been transformative therapies in
increasing survival of patients with sepsis and septic shock.

Initial aggressive resuscitation aims to address tissue
hypoxia as a contributor to lactic acidosis. Following
initial resuscitation, other causes of hyperlactatemia
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Figure 2 – A, Normal oxygen (O2) extraction. When oxygen delivery
(cardiac output multiplied by oxygen carrying capacity of the blood)
decreases from normal high levels (approximately 1,000 mL/min), there
is no significant change in oxygen consumption (basal metabolism)
(blue line) until oxygen delivery falls below a critical value (critical O2
delivery). Below this critical value, tissue hypoxia ensues with generation
of lactic acid (red line). Normally, this critical oxygen delivery point
occurs at a very low value (approximately 4 mL O2/kg/min) when
oxygen extraction ratio of the tissues is about 70% (O2 consumption
divided by O2 delivery). B, Sepsis oxygen extraction. Sepsis impairs tissue
oxygen extraction so the onset of anaerobic metabolism occurs at an
increased critical oxygen delivery and at a decreased critical oxygen
extraction ratio. Even before the onset of true tissue hypoxia, lactate
concentrations can rise above the normal range because of nonanaerobic
factors such as increased glycolysis from sepsis and catecholamine
administration.

TABLE 1 ] Causes of Lactic Acidosis (Cohen and Woods’
Classification)

Type A (clinical evidence of tissue hypoxia)

Shock (Septic, Hypovolemic, Obstructive, Cardiogenic,
“Kombinations”, rare Kinds)

Regional hypoperfusion (mesenteric, limb ischemia)

Severe hypoxemia

Severe anemia

Carbon monoxide, cyanide, iron poisoning

Severe muscle activity (exercise, seizures, asthma)

Type B (no clinical evidence of tissue hypoxia)

B1 (association with an underlying disease)

Liver disease

Sepsis

Diabetes mellitus

Malignancy

Pheochromocytoma

Thiamine deficiency

B2 (drugs/toxins)

Biguanides

Epinephrine, terbutaline, other adrenergic agonists

Ethanol, methanol, ethylene glycol, propylene glycol

Propofol

Nitroprusside, inhaled nitric oxide

Fructose

Sorbitol

Salicylates

Acetaminophen

Isoniazid

Linezolid

B3, from inborn errors of metabolism

Gucose-6-phosphatase deficiency
(von Gierke’s disease)

Fructose-1,6-diphosphatase deficiency

Pyruvate carboxylase deficiency

Pyruvate dehydrogenase deficiency

Oxidative phosphorylation defects

Miscellaneous

D-lactic acidosis

Hypoglycemia
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oxygen delivery and death is very short, less than 1 h,23

which emphasizes the importance of early and adequate
hemodynamic resuscitation, optimally driven by a
resuscitation protocol. A variety of related resuscitation
protocols that achieve reasonable physiologic targets
for volume administration, blood pressure support
using infused vasoconstrictors, and oxygen delivery
related to oxygen demand have been highly effective in

decreasing mortality of septic shock from 40% to 60% to
approximately 20% reported in recent randomized
controlled trials (RCTs).32,33 Thus, anaerobic metabolism
is a key element of lactic acidosis found during the early
resuscitation phase of septic shock. Early institution of
antibiotic therapy and early hemodynamic resuscitation
combined have been transformative therapies in
increasing survival of patients with sepsis and septic shock.

Initial aggressive resuscitation aims to address tissue
hypoxia as a contributor to lactic acidosis. Following
initial resuscitation, other causes of hyperlactatemia
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Figure 2 – A, Normal oxygen (O2) extraction. When oxygen delivery
(cardiac output multiplied by oxygen carrying capacity of the blood)
decreases from normal high levels (approximately 1,000 mL/min), there
is no significant change in oxygen consumption (basal metabolism)
(blue line) until oxygen delivery falls below a critical value (critical O2
delivery). Below this critical value, tissue hypoxia ensues with generation
of lactic acid (red line). Normally, this critical oxygen delivery point
occurs at a very low value (approximately 4 mL O2/kg/min) when
oxygen extraction ratio of the tissues is about 70% (O2 consumption
divided by O2 delivery). B, Sepsis oxygen extraction. Sepsis impairs tissue
oxygen extraction so the onset of anaerobic metabolism occurs at an
increased critical oxygen delivery and at a decreased critical oxygen
extraction ratio. Even before the onset of true tissue hypoxia, lactate
concentrations can rise above the normal range because of nonanaerobic
factors such as increased glycolysis from sepsis and catecholamine
administration.

TABLE 1 ] Causes of Lactic Acidosis (Cohen and Woods’
Classification)

Type A (clinical evidence of tissue hypoxia)

Shock (Septic, Hypovolemic, Obstructive, Cardiogenic,
“Kombinations”, rare Kinds)

Regional hypoperfusion (mesenteric, limb ischemia)

Severe hypoxemia

Severe anemia

Carbon monoxide, cyanide, iron poisoning

Severe muscle activity (exercise, seizures, asthma)

Type B (no clinical evidence of tissue hypoxia)

B1 (association with an underlying disease)

Liver disease

Sepsis

Diabetes mellitus

Malignancy

Pheochromocytoma

Thiamine deficiency

B2 (drugs/toxins)

Biguanides

Epinephrine, terbutaline, other adrenergic agonists

Ethanol, methanol, ethylene glycol, propylene glycol

Propofol

Nitroprusside, inhaled nitric oxide

Fructose

Sorbitol

Salicylates

Acetaminophen

Isoniazid

Linezolid

B3, from inborn errors of metabolism

Gucose-6-phosphatase deficiency
(von Gierke’s disease)

Fructose-1,6-diphosphatase deficiency

Pyruvate carboxylase deficiency

Pyruvate dehydrogenase deficiency

Oxidative phosphorylation defects

Miscellaneous

D-lactic acidosis

Hypoglycemia

journal.publications.chestnet.org 255

SEPSIS



Baisse extraction O2…recognized that blood lactate concentration could be
increased out of proportion to pyruvate and associated
with acidosis (lactic acidosis) or, in contrast, that blood
lactate concentration could be increased, accompanied
by a proportional increase in pyruvate without
acidosis.5,6 In 1976, Cohen and Woods divided
hyperlactatemia into two categories: lactic acidosis
associated with clinical evidence of inadequate tissue
oxygenation (type A) and hyperlactatemia in which
clinical evidence of tissue hypoxia was absent (type B).
Type B hyperlactatemia was further subdivided into B1,
in which hyperlactatemia was associated with certain
underlying diseases such as liver failure; B2, in which
hyperlactatemia was due to drugs or toxins; and B3, in
which hyperlactatemia was caused by inborn errors of
metabolism.7

Lactate Production
Under normal conditions, lactate is produced at the
remarkably high rate of approximately 1.5 mol per day;
thus, lactate is not simply a waste product indicating
anaerobic metabolism. Rather, the “lactate shuttle”
theory highlights the role of lactate in the distribution of
oxidative and gluconeogenic substrates as well as in cell
signalling.8,9 Lactate produced in one location can be
used as a preprocessed fuel for mitochondrial respiration
by numerous distant tissues or can be used by the
liver in gluconeogenesis.10,11 Normal lactate production
arises mainly from skeletal muscle; skin, brain, intestine,
and erythrocytes also contribute.12 The lungs can
create lactate during acute lung injury without tissue
hypoxia,13,14 and leukocytes also generate lactate
during phagocytosis or when activated in sepsis.15 In
pathological conditions in which oxygen delivery is
limited, lactate generation develops in other tissues.

Lactate arises from the metabolism of glucose (Fig 1).
Glycolysis metabolizes glucose to pyruvate, which is
catalyzed by phosphofructokinase in the Embden-
Meyerhof pathway.16 Further metabolism of pyruvate
follows one of two routes. First, under aerobic conditions,
pyruvate enters mitochondria and is converted to acetyl
coenzyme A by pyruvate dehydrogenase, which enters
the tricarboxylic acid (Krebs) cycle. Note that thiamine
diphosphate is a coenzyme required for the catalytic
activity of several enzymes involved in two-carbon
transfers, including pyruvate dehydrogenase. Once
within the Krebs cycle, stepwise metabolism of acetyl
coenzyme A occurs in concert with stepwise transport
of electrons in high-energy states down to lower energy
states with the production of adenosine triphosphate

(ATP) molecules. Oxygen provides a very low-energy
electron sink at the end of the electron transport chain,
allowing generation of 38 ATP molecules for each
molecule of metabolized glucose.

The second route for pyruvate is conversion to or from
lactate in the cytosol. This reaction is bidirectionally
catalyzed by lactate dehydrogenase, resulting in a
normal lactate:pyruvate ratio of approximately 10:1.
When sufficient oxygen is not available, the Krebs
cycle cannot metabolize pyruvate so lactate is generated
(Fig 1A). This is tissue hypoxia. However, lactate
production independent of tissue hypoxia can also
occur. Entry of pyruvate into the Krebs cycle, catalyzed
by pyruvate dehydrogenase, can be limited by thiamine
deficiency, which results in diversion of pyruvate toward
lactate production (Fig 1B). The conversion of pyruvate
to lactate requires nicotinamide adenine dinucleotide
hydride (NADH) and Hþ. Conditions which result
in a reducing cellular environment (elevated NADH/
oxidized form of nicotinamide adenine dinucleotide
[NADþ]), such as ethanol ingestion and ketoacidosis,
promote production of lactate independent of tissue
oxygenation (Fig 1C). Importantly, in patients with
sepsis, increased glycolytic flux results in increased

Mitochondrion

D
B

A

C

E

Embden-Meyerhof pathway

Glucose Pyruvate

Krebs
Cycle

ATP

Lactate

NADH + H+ NAD+

PFK LDH

PDH + thiamine
diphosphate

Acetyl CoA

Figure 1 – The pathway from glycolysis to pyruvate to lactate production
is illustrated, with key features leading to increased lactate concentrations
labeled in red. A, Lactic acidosis from tissue hypoxia. Anaerobic
metabolism reduces flux through the Krebs cycle so pyruvate is shunted
toward lactate. B, Hyperlactatemia not directly resulting from tissue
hypoxia. Thiamine deficiency reduces flux of pyruvate to the Krebs cycle,
increasing lactate production. C, A reducing environment has increased
NADH/NADþ, which favors lactate production. D, Increased glycolytic
flux through the Embden-Meyerhof pathway results in increased pyruvate
availability, potentially beyond the capacity of mitochondrial respiration
to metabolize pyruvate, so lactate production increases. E, Decreased
lactate clearance also increases lactate concentrations even in the absence
of tissue hypoxia. ATP ¼ adenosine triphosphate; CoA ¼ coenzyme A;
LDH ¼ lactate dehydrogenase; NADH ¼ nicotinamide adenine dinu-
cleotide hydride; NADþ ¼ nicotinamide adenine dinucleotide;
PDH ¼ pyruvate dehydrogenase; PFK ¼ phosphofructokinase.
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oxygen delivery and death is very short, less than 1 h,23

which emphasizes the importance of early and adequate
hemodynamic resuscitation, optimally driven by a
resuscitation protocol. A variety of related resuscitation
protocols that achieve reasonable physiologic targets
for volume administration, blood pressure support
using infused vasoconstrictors, and oxygen delivery
related to oxygen demand have been highly effective in

decreasing mortality of septic shock from 40% to 60% to
approximately 20% reported in recent randomized
controlled trials (RCTs).32,33 Thus, anaerobic metabolism
is a key element of lactic acidosis found during the early
resuscitation phase of septic shock. Early institution of
antibiotic therapy and early hemodynamic resuscitation
combined have been transformative therapies in
increasing survival of patients with sepsis and septic shock.

Initial aggressive resuscitation aims to address tissue
hypoxia as a contributor to lactic acidosis. Following
initial resuscitation, other causes of hyperlactatemia
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Figure 2 – A, Normal oxygen (O2) extraction. When oxygen delivery
(cardiac output multiplied by oxygen carrying capacity of the blood)
decreases from normal high levels (approximately 1,000 mL/min), there
is no significant change in oxygen consumption (basal metabolism)
(blue line) until oxygen delivery falls below a critical value (critical O2
delivery). Below this critical value, tissue hypoxia ensues with generation
of lactic acid (red line). Normally, this critical oxygen delivery point
occurs at a very low value (approximately 4 mL O2/kg/min) when
oxygen extraction ratio of the tissues is about 70% (O2 consumption
divided by O2 delivery). B, Sepsis oxygen extraction. Sepsis impairs tissue
oxygen extraction so the onset of anaerobic metabolism occurs at an
increased critical oxygen delivery and at a decreased critical oxygen
extraction ratio. Even before the onset of true tissue hypoxia, lactate
concentrations can rise above the normal range because of nonanaerobic
factors such as increased glycolysis from sepsis and catecholamine
administration.

TABLE 1 ] Causes of Lactic Acidosis (Cohen and Woods’
Classification)

Type A (clinical evidence of tissue hypoxia)

Shock (Septic, Hypovolemic, Obstructive, Cardiogenic,
“Kombinations”, rare Kinds)

Regional hypoperfusion (mesenteric, limb ischemia)

Severe hypoxemia

Severe anemia

Carbon monoxide, cyanide, iron poisoning

Severe muscle activity (exercise, seizures, asthma)

Type B (no clinical evidence of tissue hypoxia)

B1 (association with an underlying disease)

Liver disease

Sepsis

Diabetes mellitus

Malignancy

Pheochromocytoma

Thiamine deficiency

B2 (drugs/toxins)

Biguanides

Epinephrine, terbutaline, other adrenergic agonists

Ethanol, methanol, ethylene glycol, propylene glycol

Propofol

Nitroprusside, inhaled nitric oxide

Fructose

Sorbitol

Salicylates

Acetaminophen

Isoniazid

Linezolid

B3, from inborn errors of metabolism

Gucose-6-phosphatase deficiency
(von Gierke’s disease)

Fructose-1,6-diphosphatase deficiency

Pyruvate carboxylase deficiency

Pyruvate dehydrogenase deficiency

Oxidative phosphorylation defects

Miscellaneous

D-lactic acidosis

Hypoglycemia
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oxygen delivery and death is very short, less than 1 h,23

which emphasizes the importance of early and adequate
hemodynamic resuscitation, optimally driven by a
resuscitation protocol. A variety of related resuscitation
protocols that achieve reasonable physiologic targets
for volume administration, blood pressure support
using infused vasoconstrictors, and oxygen delivery
related to oxygen demand have been highly effective in

decreasing mortality of septic shock from 40% to 60% to
approximately 20% reported in recent randomized
controlled trials (RCTs).32,33 Thus, anaerobic metabolism
is a key element of lactic acidosis found during the early
resuscitation phase of septic shock. Early institution of
antibiotic therapy and early hemodynamic resuscitation
combined have been transformative therapies in
increasing survival of patients with sepsis and septic shock.

Initial aggressive resuscitation aims to address tissue
hypoxia as a contributor to lactic acidosis. Following
initial resuscitation, other causes of hyperlactatemia
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Figure 2 – A, Normal oxygen (O2) extraction. When oxygen delivery
(cardiac output multiplied by oxygen carrying capacity of the blood)
decreases from normal high levels (approximately 1,000 mL/min), there
is no significant change in oxygen consumption (basal metabolism)
(blue line) until oxygen delivery falls below a critical value (critical O2
delivery). Below this critical value, tissue hypoxia ensues with generation
of lactic acid (red line). Normally, this critical oxygen delivery point
occurs at a very low value (approximately 4 mL O2/kg/min) when
oxygen extraction ratio of the tissues is about 70% (O2 consumption
divided by O2 delivery). B, Sepsis oxygen extraction. Sepsis impairs tissue
oxygen extraction so the onset of anaerobic metabolism occurs at an
increased critical oxygen delivery and at a decreased critical oxygen
extraction ratio. Even before the onset of true tissue hypoxia, lactate
concentrations can rise above the normal range because of nonanaerobic
factors such as increased glycolysis from sepsis and catecholamine
administration.

TABLE 1 ] Causes of Lactic Acidosis (Cohen and Woods’
Classification)

Type A (clinical evidence of tissue hypoxia)

Shock (Septic, Hypovolemic, Obstructive, Cardiogenic,
“Kombinations”, rare Kinds)

Regional hypoperfusion (mesenteric, limb ischemia)

Severe hypoxemia

Severe anemia

Carbon monoxide, cyanide, iron poisoning

Severe muscle activity (exercise, seizures, asthma)

Type B (no clinical evidence of tissue hypoxia)

B1 (association with an underlying disease)

Liver disease

Sepsis

Diabetes mellitus

Malignancy

Pheochromocytoma

Thiamine deficiency

B2 (drugs/toxins)

Biguanides

Epinephrine, terbutaline, other adrenergic agonists

Ethanol, methanol, ethylene glycol, propylene glycol

Propofol

Nitroprusside, inhaled nitric oxide

Fructose

Sorbitol

Salicylates

Acetaminophen

Isoniazid

Linezolid

B3, from inborn errors of metabolism

Gucose-6-phosphatase deficiency
(von Gierke’s disease)

Fructose-1,6-diphosphatase deficiency

Pyruvate carboxylase deficiency

Pyruvate dehydrogenase deficiency

Oxidative phosphorylation defects

Miscellaneous

D-lactic acidosis

Hypoglycemia
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Q4. La lactatémie est à 5.5 mmol/L.
Quelle(s) doit(vent) désormais être votre(vos) 
priorité(s) dans l’heure?

A. Drainage des urines
B. Antibiothérapie adaptée
C. Remplissage vasculaire par soluté colloïde
D. Remplissage vasculaire par soluté cristalloïde
E. Mise sous noradrénaline



Q4. La lactatémie est à 5.5 mmol/L. 
Quelle(s) doit(vent) désormais être votre(vos) 
priorité(s) dans l’heure?

A. Drainage des urines
B. Antibiothérapie adaptée
C. Remplissage vasculaire par solutés colloïdes
D. Remplissage vasculaire par solutés cristalloïdes
E. Mise sous noradrénaline



It is also important to note that there are no published 
studies that have evaluated the efficacy in important 
subgroups, including burns and immunocompromised 
patients. "is knowledge gap needs to be addressed in 
future studies specifically targeting these subgroups. "e 
elements included in the revised bundle are taken from 
the Surviving Sepsis Campaign Guidelines, and the level 
of evidence in support of each element can be seen in 
Table 1 [12, 13]. We believe the new bundle is an accurate 
reflection of actual clinical care.

Measure lactate level
While serum lactate is not a direct measure of tissue 
perfusion [22], it can serve as a surrogate, as increases 
may represent tissue hypoxia, accelerated aerobic gly-
colysis driven by excess beta-adrenergic stimulation, or 
other causes associated with worse outcomes [23]. Ran-
domized controlled trials have demonstrated a significant 
reduction in mortality with lactate-guided resuscitation 
[24–28].

If initial lactate is elevated (> 2  mmol/L), it should be 
remeasured within 2–4  h to guide resuscitation to nor-
malize lactate in patients with elevated lactate levels as a 
marker of tissue hypoperfusion [24].

Obtain blood cultures prior to antibiotics
Sterilization of cultures can occur within minutes of the 
first dose of an appropriate antimicrobial [29, 30], so cul-
tures must be obtained before antibiotic administration 
to optimize the identification of pathogens and improve 
outcomes [31, 32]. Appropriate blood cultures include at 
least two sets (aerobic and anaerobic). Administration of 
appropriate antibiotic therapy should not be delayed in 
order to obtain blood cultures.

Administer broad-spectrum antibiotics
Empiric broad-spectrum therapy with one or more intra-
venous antimicrobials to cover all likely pathogens should 
be started immediately [21] for patients presenting with 
sepsis or septic shock. Empiric antimicrobial therapy 
should be narrowed once pathogen identification and 
sensitivities are established, or discontinued if a decision 
is made that the patient does not have infection. "e link 
between early administration of antibiotics for suspected 
infection and antibiotic stewardship remains an essential 
aspect of high-quality sepsis management. If infection 
is subsequently proven not to exist, then antimicrobials 
should be discontinued.

Fig. 1 Hour-1 Surviving Sepsis Campaign Bundle of Care

Table 1 Bundle elements with strength of recommendations and under-pinning quality of evidence [12, 13]

Bundle element Grade of recommendation and level of evidence

Measure lactate level. Re-measure if initial lactate is > 2 mmol/L Weak recommendation, low quality of evidence

Obtain blood cultures prior to administration of antibiotics Best practice statement

Administer broad-spectrum antibiotics Strong recommendation, moderate quality of evidence

Rapidly administer 30 ml/kg crystalloid for hypotension or lactate ≥ 4 mmol/L Strong recommendation, low quality of evidence

Apply vasopressors if patient is hypotensive during or after fluid resuscitation to maintain 
MAP ≥ 65 mm Hg

Strong recommendation, moderate quality of evidence

Intensive Care Med
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Introduction
!e “sepsis bundle” has been central to the implemen-
tation of the Surviving Sepsis Campaign (SSC) from the 
first publication of its evidence-based guidelines in 2004 
through subsequent editions [1–6]. Developed separately 
from the  guidelines publication by the SSC, the bundles 
have been the cornerstone of sepsis quality improve-
ment since 2005 [7–11]. As noted when they were intro-
duced, the bundle elements were designed to be updated 
as indicated by new evidence and have evolved accord-
ingly. In response to the publication of “Surviving Sepsis 
Campaign: International Guidelines for Management of 
Sepsis and Septic Shock: 2016” [12, 13], a revised “hour-1 
bundle” has been developed and is presented below  
(Fig. 1).

!e compelling nature of the evidence in the literature, 
which has demonstrated an association between com-
pliance with bundles and improved survival in patients 
with sepsis and septic shock, led to the adoption of the 
SSC measures by the National Quality Forum (NQF) and  
subsequently both by the New York State (NYS) Depart-
ment of Health [14] and the Centers for Medicare and 
Medicaid Services (CMS) [15] in the USA for mandated 
public reporting. !e important relationship between the 
bundles and survival was confirmed in a publication from 
this NYS initiative [16].

Paramount in the management of patients with sep-
sis is the concept that sepsis is a medical emergency. As 
with polytrauma, acute myocardial infarction, and stroke, 
early identification and appropriate immediate manage-
ment in the initial hours after development of sepsis 

improves outcomes [7–11, 14, 16–21]. !e guidelines 
state that these patients need urgent assessment and 
treatment, including initial fluid resuscitation while pur-
suing source control, obtaining further laboratory results, 
and attaining more precise measurements of hemody-
namic status. A guiding principle is that these complex 
patients need a detailed initial assessment and then ongo-
ing re-evaluation of their response to treatment. !e ele-
ments of the 2018 bundle, intended to be initiated within 
the first hour, are listed in Table 1 and presented in the 
following. Consistent with previous iterations of the SSC 
sepsis bundles, “time zero” or “time of presentation” is 
defined as the time of triage in the emergency depart-
ment or, if referred from another care location, from the 
earliest chart annotation consistent with all elements 
of sepsis (formerly severe sepsis) or septic shock ascer-
tained through chart review. Because this new bundle is 
based on the 2016 Guidelines publication, the guidelines 
themselves should be referred to for further discussion 
and evidence related to each element and to sepsis man-
agement as a whole.

Hour-1 bundle
!e most important change in the revision of the SSC 
bundles is that the 3-h and 6-h bundles have been com-
bined into a single “hour-1 bundle” with the explicit 
intention of beginning resuscitation and management 
immediately. We believe this reflects the clinical reality 
at the bedside of these seriously ill patients with sepsis 
and septic shock—that clinicians begin treatment imme-
diately, especially in patients with hypotension, rather 
than waiting or extending resuscitation measures over a 
longer period. More than 1 h may be required for resusci-
tation to be completed, but initiation of resuscitation and 
treatment, such as obtaining blood for measuring lactate 
and blood cultures, administration of fluids and antibiot-
ics, and in the case of life-threatening hypotension, ini-
tiation of vasopressor therapy, are all begun immediately. 
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3-hour bundle completed within that time win-
dow. Continuous data are expressed as means 
with standard deviations or as medians with 
interquartile ranges, depending on normality. 
Categorical variables are shown as proportions. 
The range and variability in the times to treat-
ments are shown with the use of histograms and 
cumulative proportions.

Multivariable modeling of the association be-
tween the time to treatment and in-hospital 
mortality was performed with the use of logistic 
regression, with adjustment for covariates. Bi-
nary variables were modeled as indicator covari-
ates, and continuous variables were included as 
linear covariates, after assessment for nonlinear 
relationships with the use of fractional polyno-
mials (P>0.05 for all models).14 We used multi-
level regression with a random effect of hospital 
to account for hospital-level clustering. Each ex-
posure (i.e., time to completion of the 3-hour 
bundle, time to the administration of broad-
spectrum antibiotics, and time to completion of 
initial bolus of intravenous fluids) was evaluated 

separately. The risk of in-hospital death across 
the range of time to treatment was generated for 
the “typical” patient with the use of predictive 
margins that were adjusted for an average of the 
independent variables, as appropriate. We show 
adjusted risk estimates that are derived from the 
nonlinear models in order to show changes in 
risk over time.14

We used empirical Bayesian methods to de-
termine the hospital-level rate of completion of 
the 3-hour bundle within 3 hours, administration 
of antibiotics within 3 hours, and completion of 
the initial bolus of intravenous f luids within 
6 hours.9 We show the ranked order of adjusted 
rates across hospitals in caterpillar plots. All the 
analyses were performed with the use of Stata 
software, version 14.2 (StataCorp).

R esult s

Population of Patients and Time to Treatment
Of 111,816 patients at 185 hospitals, we exclud-
ed 21,046 patients (18.8%) who were ineligible, 
32,665 (29.2%) who had protocols initiated out-
side the emergency department, 3648 (3.3%) 
who had protocols initiated after 6 hours, and 
5126 (4.6%) who did not have the 3-hour bundle 
completed within 12 hours (Fig. S1 and Table S3 
in the Supplementary Appendix). Of the remain-
ing 49,331 eligible patients in the emergency 
department at 149 hospitals, most (40,696 pa-
tients [82.5%]) had the 3-hour bundle completed 
within 3 hours.

The median time to the completion of the 
3-hour bundle was 1.30 hours (interquartile 
range, 0.65 to 2.35), the median time to the ad-
ministration of broad-spectrum antibiotics was 
0.95 hours (interquartile range, 0.35 to 1.95), 
and the median time to the completion of the 
initial bolus of intravenous fluids was 2.56 
hours (interquartile range, 1.33 to 4.20) (Fig. 1). 
The characteristics of the patients who had the 
3-hour bundle completed within 3 hours were 
similar to those who had the bundle completed 
during hours 3 through 12 (Table 1, and Table 
S4 in the Supplementary Appendix).

Primary Analyses
In a multivariable model, each hour of time to 
the completion of the 3-hour bundle was associ-
ated with higher mortality (odds ratio of death 
until completion of 3-hour bundle, 1.04 per 
hour; 95% confidence interval [CI], 1.02 to 1.05; 

Figure 1. Cumulative Probability of Completion of  
the 3-Hour Bundle, Administration of Broad-Spectrum 
Antibiotics, and Completion of the Initial Intravenous-
Fluid Bolus after the Time That the Sepsis Protocol 
Was Initiated.

The 3-hour bundle for the care of patients with sepsis 
or septic shock had to include receipt of the following 
care within 3 hours: obtaining of a blood culture before 
the administration of antibiotics, measurement of the 
serum lactate level, and the administration of broad-
spectrum antibiotics; however, protocols could be tai-
lored by each hospital. We also assessed the time to 
the administration of broad-spectrum antibiotics and 
the time to the completion of an initial bolus of intra-
venous fluids.
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tal deaths or when we excluded patients who had 
treatments completed before protocol initiation. 
When the time window for protocol initiation or 
completion of the 3-hour bundle was relaxed to 
24 hours, the association between completion of 
the bolus of intravenous fluids and mortality 
became significant, albeit of very small magni-
tude (odds ratio 1.001; 95% CI, 1.000 to 1.002; 
P = 0.03). Details are provided in Table S6 in the 
Supplementary Appendix.

In supporting analyses, we found that the 
time to obtaining a blood culture was associated 
with mortality (odds ratio, 1.04 per hour; 95% 
confidence interval, 1.02 to 1.06; P<0.001). Sim-
ilar findings were observed for each hour until 
serum lactate measurement (Figs. S5 and S6 in 
the Supplementary Appendix). The quantitative 
bias analysis indicated that our results would 
be robust unless an unmeasured confounder 
was at least twice as prevalent among patients 
who had the 3-hour bundle completed later as 
among those who had it completed 1 hour ear-
lier and unless the unmeasured confounder 
increased the odds of in-hospital death by more 
than 1.35 times (Fig. S7 in the Supplementary 
Appendix).

The risk-adjusted and reliability-adjusted rates 
of completing the 3-hour bundle ranged from 53 
to 97% (median, 83%; interquartile range, 75 to 
88) (Fig. 4, and Fig. S8 in the Supplementary 
Appendix). After we ranked hospitals from the 
lowest to greatest likelihood of completing the 
3-hour bundle, the hospitals in the highest de-
cile, despite similar illness severity among their 
patients, were 1.5 times as likely to complete the 
3-hour bundle as hospitals in the lowest decile 
(94.3% vs. 64.1%). Hospitals that had a higher 
rate of bundle completion within 3 hours were 
somewhat smaller and less likely to be teaching 
hospitals than those that took longer than 3 
hours to complete the bundle (Table S7 in the 
Supplementary Appendix).

Discussion

Our findings support an association between 
time to treatment and outcome among patients 
with sepsis or septic shock treated in the emer-
gency department during a statewide initiative 
mandating protocolized care. We found that a 
longer time to completion of a 3-hour bundle of 
care for patients with sepsis and the administra-
tion of broad-spectrum antibiotics were each 

Figure 3. Crude In-Hospital Mortality and Predicted Risks 
of In-Hospital Death.

Shown are the crude in-hospital mortality and predicted 
risks of in-hospital death, with adjustment for covariates 
across a range of time after protocol initiation, for the 
completion of the 3-hour bundle of sepsis care (Panel A), 
the administration of broad-spectrum antibiotics (Panel B), 
and the completion of the initial bolus of intravenous 
fluids (Panel C) in a typical patient. I bars represent 95% 
confidence intervals.
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BACKGROUND
In 2013, New York began requiring hospitals to follow protocols for the early 
identification and treatment of sepsis. However, there is controversy about whether 
more rapid treatment of sepsis improves outcomes in patients.

METHODS
We studied data from patients with sepsis and septic shock that were reported to 
the New York State Department of Health from April 1, 2014, to June 30, 2016. 
Patients had a sepsis protocol initiated within 6 hours after arrival in the emer-
gency department and had all items in a 3-hour bundle of care for patients with 
sepsis (i.e., blood cultures, broad-spectrum antibiotic agents, and lactate measure-
ment) completed within 12 hours. Multilevel models were used to assess the asso-
ciations between the time until completion of the 3-hour bundle and risk-adjusted 
mortality. We also examined the times to the administration of antibiotics and to 
the completion of an initial bolus of intravenous fluid.

RESULTS
Among 49,331 patients at 149 hospitals, 40,696 (82.5%) had the 3-hour bundle 
completed within 3 hours. The median time to completion of the 3-hour bundle 
was 1.30 hours (interquartile range, 0.65 to 2.35), the median time to the adminis-
tration of antibiotics was 0.95 hours (interquartile range, 0.35 to 1.95), and the 
median time to completion of the fluid bolus was 2.56 hours (interquartile range, 
1.33 to 4.20). Among patients who had the 3-hour bundle completed within 12 
hours, a longer time to the completion of the bundle was associated with higher 
risk-adjusted in-hospital mortality (odds ratio, 1.04 per hour; 95% confidence in-
terval [CI], 1.02 to 1.05; P<0.001), as was a longer time to the administration of 
antibiotics (odds ratio, 1.04 per hour; 95% CI, 1.03 to 1.06; P<0.001) but not a 
longer time to the completion of a bolus of intravenous fluids (odds ratio, 1.01 per 
hour; 95% CI, 0.99 to 1.02; P = 0.21).

CONCLUSIONS
More rapid completion of a 3-hour bundle of sepsis care and rapid administration 
of antibiotics, but not rapid completion of an initial bolus of intravenous fluids, 
were associated with lower risk-adjusted in-hospital mortality. (Funded by the 
National Institutes of Health and others.)
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Abstract

Rationale: Prior sepsis studies evaluating antibiotic timing have
shown mixed results.

Objectives: To evaluate the association between antibiotic timing
andmortality among patients with sepsis receiving antibiotics within
6 hours of emergency department registration.

Methods: Retrospective study of 35,000 randomly selected
inpatients with sepsis treated at 21 emergency departments between
2010 and 2013 in Northern California. The primary exposure was
antibiotics given within 6 hours of emergency department
registration. The primary outcome was adjusted in-hospital
mortality. We used detailed physiologic data to quantify severity of
illness within 1 hour of registration and logistic regression to estimate
the odds of hospital mortality based on antibiotic timing and patient
factors.

Measurements and Main Results: The median time to antibiotic
administration was 2.1 hours (interquartile range, 1.4–3.1 h). The
adjusted odds ratio for hospital mortality based on each hour of delay
in antibiotics after registration was 1.09 (95% confidence interval
[CI], 1.05–1.13) for each elapsed hour between registration and
antibiotic administration. The increase in absolute mortality
associated with an hour’s delay in antibiotic administration was 0.3%
(95% CI, 0.01–0.6%; P = 0.04) for sepsis, 0.4% (95% CI, 0.1–0.8%;
P = 0.02) for severe sepsis, and 1.8% (95% CI, 0.8–3.0%; P = 0.001)
for shock.

Conclusions: In a large, contemporary, and multicenter sample of
patients with sepsis in the emergency department, hourly delays
in antibiotic administration were associated with increased
odds of hospital mortality even among patients who received
antibiotics within 6 hours. The odds increased within each sepsis
severity strata, and the increased odds of mortality were greatest in
septic shock.

Keywords: sepsis; septic shock; antibacterial agents

At a Glance Commentary

Scientific Knowledge on the Subject: Prior work
evaluating antibiotic timing in sepsis has shown mixed results
and focused on more severely ill patients, often including
patients with long delays in antibiotic administration. This has
resulted in clinical equipoise regarding timing thresholds for
antibiotic administration in sepsis.

What This Study Adds to the Field: We evaluated 35,000
patients treated within a contemporary multicenter sepsis
quality improvement program using granular data including
vital signs, laboratory values, and severity of illness indices.
Although increased time to antibiotics after emergency
department presentation was associated with increased
mortality in all sepsis severity groups, the increase in the odds
of mortality was greatest in septic shock.
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data, heterogeneity in the eligible studies,
and a smaller sample size may have limited
the power to detect statistical significance
for the point estimates, which favored
earlier antibiotics and could still be
associated with meaningful absolute
population-level mortality benefits given
sepsis’ high prevalence. Other smaller
studies have reported similar findings
(14, 17, 18, 28, 29, 31, 32, 43).

The current study seeks to address the
limitations of prior studies. First, we
evaluated a multicenter sample of patients
treated within the contemporary framework
of a sepsis quality improvement program.
We sought to evaluate whether antibiotic
timing continued to show an association
with improved outcomes in the modern era
of care, especially because some earlier

elements of sepsis care no longer seem to
impact patient outcomes (44). We further
chose to limit our evaluation to patients
who received antibiotics within 6 hours
because, in the context of aggressive
screening and treatment, patients who
receive antibiotics later than 6 hours are
likely to have demonstrated diagnostic
uncertainty or received potentially delayed
care (1). Even in the setting where the median
time to antibiotics was 2.1 hours from ED
registration, early antibiotics were significantly
associated with improved survival.

Second, we evaluated patients
presenting with variable sepsis severity,
most of who were not treated in critical care
settings. Although critically ill patients with
sepsis have high mortality, they comprise a
relatively small proportion of all patients

with sepsis based on 2001 consensus
definitions (34). We sought to demonstrate
whether the biologically plausible principle
of early infection control with antibiotics
would show consistent benefits for all
infected patients with systemic
inflammation. We found that early
antibiotics were associated with improved
survival among all patients with sepsis, a
finding that has broad implications for a
large cohort of inpatients whom together
comprise as many as half of all hospital
deaths in the United States (35). However,
the increasing odds of mortality associated
with later antibiotics were most prominent
among patients with septic shock for whom
each hourly delay was associated with a
1.8% increase in hospital mortality.

Finally, we addressed prior limitations
by using inpatient data characterized by
breadth (drawn from a large population
sample of 35,000 hospitalizations) and
depth (including detailed physiologic and
treatment measures). We also included a
wide variety of predictors that would be
clinically relevant for emergency providers
in the midst of early decision-making about
antibiotic administration. Our findings
demonstrate the benefits of leveraging
already available electronic medical record
data from narrow time intervals to address
confounding and reliably evaluate highly
time-sensitive outcomes.

Our findings support currently held
beliefs that administering early antibiotics to
infected patients with systemic
inflammation is beneficial for reducing
mortality. Our study also helps address prior
conflicting evidence and redefines what
constitutes equipoise about the exact timing
thresholds that are necessary to ensure
optimal care. This is especially relevant

Table 2. Antibiotic Usage (Number and Percentage) in the Cohort Stratified by Sepsis Severity level

Overall (n = 35,000)

Sepsis Severity

Sepsis (n = 12,122) Severe Sepsis (n = 18,210) Septic Shock (n = 4,668)

Unique antibiotics administered
within 6 h, n (%)

One 14,767 (42.2) 5,815 (48.0) 7,632 (41.9) 1,320 (28.3)
Two 14,869 (42.5) 5,053 (41.7) 7,796 (42.8) 2,020 (43.3)
Three or more 5,364 (15.3) 1,254 (10.3) 2,782 (15.3) 1,328 (28.5)

Most common antibiotics (n; %)
First Ceftriaxone (16,796; 48.0) Ceftriaxone (5,846; 48.2) Ceftriaxone ( 8,754; 48.1) Ceftriaxone (2,196; 47.0)
Second Vancomycin (8,840; 25.3) Azithromycin (2,370; 19.6) Vancomycin (4,721; 25.9) Pip/Tazo (1,819; 39.0)
Third Pip/Tazo (8,131; 23.2) Vancomycin (2,348; 19.4) Pip/Tazo (4,264; 23.4) Vancomycin (1,771; 37.9)
Fourth Azithromycin (6,706; 19.2) Pip/Tazo ( 2,048; 16.9) Azithromycin (3,438; 18.9) Azithromycin (898; 19.2)
Fifth Ciprofloxacin (5,435; 15.5) Ciprofloxacin (1,961; 16.2) Ciprofloxacin (2,753; 15.1) Ciprofloxacin (721; 15.4)

Definition of abbreviation: Pip/Tazo = pipercillin-tazobactam.
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Figure 1. Kernel density plot showing time to first antibiotic administration from emergency
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because a clinical trial that randomizes
patients with sepsis to delayed antibiotics is
unlikely to be deemed ethical, at least while
the harms of indiscriminate antibiotics
remain incompletely characterized.

The current study does not resolve all
questions about antibiotic timing (e.g., are
antibiotics given at 2 h more beneficial than
those given at 3 or 4 h) because the odds
ratio confidence limits we observed between
2 and 5 hours are overlapping. These data
could suggest that among patients with clear
evidence of septic shock, earliest antibiotics
confer the greatest mortality benefits.

However, among patients with less
diagnostic certainty for sepsis, modest
delays in antibiotics may not substantially
increase mortality. This finding has
important implications for antibiotic timing
when it is placed within the larger context of
competing ED priorities and resource needs.
Clinical trials that examine antibiotic timing
intervals when sepsis is uncertain and/or
cost-effectiveness studies evaluating the
costs and benefits of accelerated antibiotic
pathways may prove highly useful.

Our study was limited in several
important ways. First, we evaluated a sample

of patients treated at a network of hospitals
with an existing sepsis performance
improvement program. The mortality
among full code patients with septic shock
(21.6%) was similar to that reported in
recent clinical trials (44–47). Thus, our
results may be less generalizable to
hospitals where sepsis care occurs outside
of focused sepsis improvement programs.
Second, we were not able to adjust for
concomitant sepsis treatments
administered to patients along with
antibiotics. For example, patients receiving
earlier antibiotics may have also received
other treatments, such as fluid
resuscitation, earlier, such that early
antibiotics are only a marker of an overall
higher quality of sepsis care. We were
also not able to adjust for patients who
received preexisting antibiotics. Third, we
did not specifically evaluate the adequacy
of antibiotics based on microbiologic
results and specific susceptibility patterns.
Fourth, we limited our evaluation to
patients who received antibiotics within
6 hours of ED presentation because this
represents a contemporary and guideline-
concordant standard of sepsis care. Fifth,
we identified patients with sepsis with
diagnostic codes that may lack sensitivity
for certain patient subgroups (e.g., low-risk
patients with sepsis). Finally, we did
not evaluate the impact of antibiotic
timing outside of the ED because the
recognition and treatment of sepsis in
other hospital settings is highly variable
and less amenable to robust analysis.

In summary, in a large, contemporary,
multicenter sample of patients with sepsis
admitted through the ED, we found that
each elapsed hour between presentation
and antibiotic administration was
associated with a 9% increase in the odds of
mortality in patients with sepsis of all
severity strata. Although antibiotics given
within the first hour of registration were
associated with the greatest benefit,
antibiotics given between hours 2 and 5
were associated with similar odds of
mortality. Earlier antibiotics conferred the
greatest absolute benefit in patients with
septic shock. n

Author disclosures are available with the text
of this article at www.atsjournals.org.

Acknowledgment: The authors thank the
hundreds of clinicians and support staff engaged
in ongoing sepsis quality improvement work
across Kaiser Permanente Northern California.
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Figure 2. Adjusted odds ratios for hospital mortality comparing patients within each hourly antibiotic
administration group with the reference group of patients given antibiotics in,1 hour. The y-axis is on
logarithmic scale and the error bars represent 95% confidence intervals.

Table 3. Odds Ratios for Hospital Mortality Based on the Time of Antibiotic
Administration in Unadjusted and Adjusted Logistic Regression Models

Model

Odds Ratio for Hospital
Mortality, per Elapsed Hour
until Antibiotic Administration 95% CI P Value

Unadjusted 0.89 0.86–0.91 ,0.001
1 Sepsis severity strata 0.96 0.93–0.99 0.013
1 Severity of illness 1.08 1.04–1.12 ,0.001
1 Demographics 1.09 1.05–1.13 ,0.001

Fully adjusted model, in each subgroup
Sepsis only 1.09 1.00–1.19 0.046
Severe sepsis only 1.07 1.01–1.24 0.014
Septic shock only 1.14 1.06–1.23 0.001

Definition of abbreviation: CI = confidence interval.
Beyond the unadjusted model, each subsequent model includes an additional set of covariates,
including sepsis severity strata (categorized as sepsis, severe sepsis, or septic shock), severity of
illness (Laboratory and Acute Physiology Score, version 2; Emergency Severity Index; mean vital sign
values; presence of altered mental status; laboratory data; need for direct intensive care unit transfer;
number of vasopressors given within the first h; and number of antibiotics given within 6 h), and
demographics (age; sex; code status; Comorbidity Point Score, version 2; and facility). The results of
the fully adjusted model within each sepsis severity subgroup are shown at the bottom of the table.
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including sepsis severity strata (categorized as sepsis, severe sepsis, or septic shock), severity of
illness (Laboratory and Acute Physiology Score, version 2; Emergency Severity Index; mean vital sign
values; presence of altered mental status; laboratory data; need for direct intensive care unit transfer;
number of vasopressors given within the first h; and number of antibiotics given within 6 h), and
demographics (age; sex; code status; Comorbidity Point Score, version 2; and facility). The results of
the fully adjusted model within each sepsis severity subgroup are shown at the bottom of the table.

ORIGINAL ARTICLE

Liu, Fielding-Singh, Greene, et al.: Timing of Early Antibiotics in Sepsis 861

Liu VX et al Am J Respir Crit Care Med 2017



Q5. Le(s)quel(s) des solutés suivants allez 
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A. Sérum physiologique
B. Sérum hypersalé
C. Ringer lactate
D. Isofundine®
E. Glucosé à 5%
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Quel soluté cristalloïde?Table 4 Types and compositions of resuscitation fluids (from N Engl J Med, Myburgh JM, Mythen MG. Resuscitation Fluid 369:1246, Copyright & 2013 Massachusetts Medical Society.
Reprinted with permission)

Variable Human
plasma

Colloids Crystalloids

4%
Albumin

Hydroxyethyl starch 4% succinylated
modified F:luid
gelatin

3.5%
urea-linked
gelatin

0.9%
saline

Compounded
sodium lactate

Balanced salt
solution

10%
(200/0.5)

6%
(450/0.7)

6% (130/0.4) 6% (130/0.42)

Trade name Albumex Hemohes Hextend Voluven Volulyte Venofundin Tetraspan Gelofusine Haemaccel Normal
saline

Hartmann’s or
Ringer’s lactate

PlasmaLyte

Colloid source Human
donor

Potato
starch

Maize
starch

Maize
starch

Maize
starch

Potato
starch

Potato
starch

Bovine gelatin Bovine gelatin

Osmolarity
(mmol litre21)

291 250 308 304 308 286 308 296 274 301 308 280.6 294

Sodium (mmol
litre21)

135–145 148 154 143 154 137 154 140 154 145 154 131 140

Potassium
(mmol litre21)

4.5–5.0 3.0 4.0 4.D 5.1 5.4 5.0

Calcium (mmol
litre21)

2.2–2.6 5.0 2.5 6.25 2.0

Magnesium
(mmol litre21)

0.8–1.0 0.9 15 1.0 3.0

Chloride (mmol
litre21)

94–111 128 154 124 154 11D 154 118 12D 145 154 111 98

Acetate (mmol
litre21)

34 24 27

Lactate (mmol
litre21)

1–2 28 29

Malate (mmol
litre21)

5

Gluconate
(mmol litre21)

23

Bicarbonate
(mmol litre21)

23–27

Octanoate
(mmol litre21)

6.4

Choice
offluid

in
acute

illness
BJA779
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(mmol litre21)
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broad range of baseline characteristics (Fig. 2). 
Patients who presented to the emergency depart-
ment with renal dysfunction (serum creatinine 
concentration, ≥1.5 mg per deciliter [133 µmol 
per liter]) or hyperchloremia (serum chloride 
concentration, >110 mmol per liter) appeared to 
have the largest benefit from balanced crystal-
loids for avoiding major adverse kidney events 
within 30 days and acute kidney injury. Among 
patients who presented to the emergency depart-
ment meeting KDIGO criteria for stage 2 or 
higher acute kidney injury (1274 patients), reso-
lution of acute kidney injury during hospitaliza-
tion was more common with balanced crystal-
loids, as shown by a lower incidence of major 

adverse kidney events within 30 days in the 
balanced-crystalloids group (28.0%) than in the 
saline group (37.6%) (P<0.001).

 Sensitivity and Per-Protocol Analyses
Sensitivity analyses that were adjusted for period 
effect and that limited the trial population to 
patients without end-stage renal disease at pre-
sentation in the emergency department (13,112 
patients), to patients with a measured baseline 
serum creatinine value (8681 patients), and to 
the first emergency department visit among 
unique patients in the trial (10,573 patients) all 
produced results similar to those of the primary 
analysis (Table S4 in the Supplementary Appendix). 

Figure 1. Serum Electrolyte Concentrations in the First 72 Hours after Arrival in the Emergency Department (ED).

Lines and bands represent means and 95% confidence intervals, respectively. Plots were generated with the use of locally weighted scatter-
plot smoothing. The P values in the figure represent the overall difference between groups, calculated with the use of proportional-odds 
models. Over time, the separation between groups increased for chloride (P<0.001 for interaction) and bicarbonate (P<0.001 for inter-
action); interaction terms for the other variables were not significant. To convert the values for blood urea nitrogen to millimoles per liter, 
multiply by 0.357. To convert the values for creatinine to micromoles per liter, multiply by 88.4.
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BACKGROUND
Comparative clinical effects of balanced crystalloids and saline are uncertain, par-
ticularly in noncritically ill patients cared for outside an intensive care unit (ICU).

METHODS
We conducted a single-center, pragmatic, multiple-crossover trial comparing bal-
anced crystalloids (lactated Ringer’s solution or Plasma-Lyte A) with saline among 
adults who were treated with intravenous crystalloids in the emergency department 
and were subsequently hospitalized outside an ICU. The type of crystalloid that 
was administered in the emergency department was assigned to each patient on 
the basis of calendar month, with the entire emergency department crossing over 
between balanced crystalloids and saline monthly during the 16-month trial. The 
primary outcome was hospital-free days (days alive after discharge before day 28). 
Secondary outcomes included major adverse kidney events within 30 days — a com-
posite of death from any cause, new renal-replacement therapy, or persistent renal 
dysfunction (defined as an elevation of the creatinine level to ≥200% of baseline) 
— all censored at hospital discharge or 30 days, whichever occurred first.

RESULTS
A total of 13,347 patients were enrolled, with a median crystalloid volume admin-
istered in the emergency department of 1079 ml and 88.3% of the patients exclu-
sively receiving the assigned crystalloid. The number of hospital-free days did not 
differ between the balanced-crystalloids and saline groups (median, 25 days in 
each group; adjusted odds ratio with balanced crystalloids, 0.98; 95% confidence 
interval [CI], 0.92 to 1.04; P = 0.41). Balanced crystalloids resulted in a lower inci-
dence of major adverse kidney events within 30 days than saline (4.7% vs. 5.6%; 
adjusted odds ratio, 0.82; 95% CI, 0.70 to 0.95; P = 0.01).

CONCLUSIONS
Among noncritically ill adults treated with intravenous fluids in the emergency 
department, there was no difference in hospital-free days between treatment with 
balanced crystalloids and treatment with saline. (Funded by the Vanderbilt Insti-
tute for Clinical and Translational Research and others; SALT-ED ClinicalTrials.gov 
number, NCT02614040.)
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Abstract

Rationale: Administration of intravenous crystalloid solutions is a
fundamental therapy for sepsis, but the effect of crystalloid
composition on patient outcomes remains unknown.

Objectives: To compare the effect of balanced crystalloids versus
saline on 30-day in-hospital mortality among critically ill adults with
sepsis.

Methods: Secondary analysis of patients from SMART (Isotonic
Solutions and Major Adverse Renal Events Trial) admitted to the
medical ICU with an International Classification of Diseases, 10th
Edition, Clinical Modification System code for sepsis, using
multivariable regression to control for potential confounders.

Measurements and Main Results: Of 15,802 patients enrolled in
SMART, 1,641 patients were admitted to the medical ICU with a
diagnosis of sepsis. A total of 217 patients (26.3%) in the balanced

crystalloids group experienced 30-day in-hospital morality
compared with 255 patients (31.2%) in the saline group (adjusted
odds ratio [aOR], 0.74; 95% confidence interval [CI], 0.59–0.93;
P= 0.01). Patients in the balanced group experienced a lower
incidence of major adverse kidney events within 30 days (35.4% vs.
40.1%; aOR, 0.78; 95% CI, 0.63–0.97) and a greater number of
vasopressor-free days (206 12 vs. 196 13; aOR, 1.25; 95% CI,
1.02–1.54) and renal replacement therapy–free days (206 12 vs.
196 13; aOR, 1.35; 95% CI, 1.08–1.69) compared with the saline
group.

Conclusions: Among patients with sepsis in a large randomized
trial, use of balanced crystalloids was associated with a lower 30-day
in-hospital mortality compared with use of saline.

Clinical trial registered with www.clinicaltrials.gov (NCT02444988).

Keywords: sepsis; septic shock; balanced crystalloids; saline;
lactated Ringer’s
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Our study also has important
limitations. First, all patients were enrolled
from a single academic center. Second, fluid
group assignment was not blinded. Third,
our primary analysis employed ICD-10
codes as a surrogate for prospective clinical
assessment of sepsis. ICD-10 codes are not
available at baseline and organ dysfunction
arising after treatment allocation may
influence ICD-10 code assignment.
However, 1) agreement between this ICD-
10–based approach and physician manual
review is similar to the interrater reliability
of two-physician manual chart review (39),
2) using ICD-10 codes identified a similar
number of patients in each group with
sepsis, and 3) our results were similar in
sensitivity analyses using multiple other

methods of identifying patients with
sepsis that did not rely on ICD-10 codes.
Fourth, ventilator-free, vasopressor-free,
and renal replacement therapy–free days
are sensitive to differences in in-hospital
mortality between groups due to
competing risk. Fifth, we observed a
very large reduction in mortality with the
use of balanced crystalloids instead of
saline, particularly given the relatively
small volumes of fluids that patients
received on average, and our study is a
secondary analysis of a clinical trial from
a single site; therefore, our results are at
risk of type I error. Sixth, many
comparisons were made when looking at
secondary and exploratory outcomes
without adjustment; therefore, we did not

present P values for these outcomes and
they should be considered hypothesis-
generating.

In conclusion, in this secondary
analysis of 1,641 critically ill adults with
sepsis from a large pragmatic trial, the use of
balanced crystalloids was associated with a
lower incidence of 30-day in-hospital
mortality than saline. These results should
be viewed as hypothesis-generating. Future
research should examine the effect of
crystalloid composition on mortality in
sepsis and explore mechanisms linking
crystalloid composition to clinical
outcomes. n

Author disclosures are available with the text
of this article at www.atsjournals.org.
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Figure 3. Vasopressor dose and plasma lactate concentration according to study group. The mean and 95% confidence interval (denoted by gray
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day is displayed for each group.
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Hemodynamics
Mean arterial pressure in the first 5 days
after ICU admission did not differ
significantly between the balanced
crystalloids and saline groups (Figure E4).
Despite similar doses of vasopressors at
ICU admission, patients in the balanced
crystalloids group received lower doses of

vasopressors than patients in the saline
group in the days following ICU admission
(Figure 3A). Despite similar plasma lactate
levels at ICU admission, patients in the
balanced crystalloids group experienced
lower plasma lactate concentrations in the
days following ICU admission than patients
in the saline group (see Figure 3B).

Discussion

This secondary analysis of a large clinical
trial found that, compared with use of saline,
use of balanced crystalloids was associated
with a lower rate of 30-day in-hospital
mortality for critically ill adults with sepsis. Use
of balanced crystalloids was associated with a

Table 2. Clinical Outcomes

Outcome* n
Balanced

Crystalloids (n= 824) Saline (n= 817) Adjusted OR (95% CI)†

Primary outcome
30-d in-hospital mortality, n (%) 1,641 217 (26.3) 255 (31.2) 0.74 (0.59 to 0.93)

Additional clinical outcomes
60-d in-hospital mortality, n (%) 1,641 241 (29.2) 269 (32.9) 0.80 (0.64 to 1.01)
ICU-free days‡, median (IQR) 1,641 23 (0 to 26) 23 (0 to 26) 1.15 (0.97 to 1.38)

Mean6SD — 176 11 166 12 —
Ventilator-free days‡, median (IQR) 1,641 27 (0 to 28) 26 (0 to 28) 1.37 (1.12 to 1.68)

Mean6SD — 196 12 186 13 —
Vasopressor-free days‡, median

(IQR)
1,641 27 (0 to 28) 27 (0 to 28) 1.25 (1.02 to 1.54)

Mean6SD — 206 12 196 13 —
Renal replacement therapy–free

days‡, median (IQR)
1,641 28 (0 to 28) 28 (0 to 28) 1.35 (1.08 to 1.69)

Mean6SD — 206 12 196 13 —

Additional renal outcomesx
Major adverse kidney event

within 30 d, n (%)jj
1,641 292 (35.4) 328 (40.1) 0.78 (0.63 to 0.97)

Receipt of new renal
replacement therapy, n (%)x

1,458 54 (7.4) 75 (10.3) 0.71 (0.48 to 1.04)

Final creatinine >200% of
baseline, n (%)

1,458 164 (22.4) 162 (22.3) 0.99 (0.76 to 1.28)

Stage II or greater AKI
developing after ICU
admission, n (%)¶

1,458 201 (27.4) 231 (31.9) 0.79 (0.63 to 1.00)

Creatinine**, mg/dl 1,458
Highest before discharge or
30 d

— 1.58 (0.87 to 3.00) 1.59 (0.93 to 2.97) 0.95 (0.79 to 1.13)

Change from baseline to
highest value

— 0.18 (20.07 to 1.13) 0.23 (20.07 to 1.20) 0.99 (0.82 to 1.18)

Final value before discharge or
30 d

— 0.94 (0.69 to 1.77) 0.95 (0.71 to 1.80) 0.97 (0.81 to 1.16)

Definition of abbreviations: AKI = acute kidney injury; CI = confidence interval; IQR= interquartile range; OR=odds ratio.
*Continuous data are presented as median (25th percentile to 75th percentile) or mean6SD.
†The adjusted OR is for the balanced crystalloids group compared with the saline group. Categorical outcomes are compared between study groups
using a logistic regression model accounting for covariates (age, sex, race, source of admission, use of mechanical ventilation, and use of vasopressors).
Continuous outcomes are compared between groups using a proportional odds model adjusting for the same variables.
‡ICU-free, ventilator-free, vasopressor-free, and renal replacement therapy–free days refer to the number of days alive and free from the specified therapy
in the first 28 days after ICU admission. ORs greater than 1.0 indicate a better outcome (i.e., more days alive and free from the specified therapy) with
balanced crystalloids compared with saline.
xReceipt of new renal replacement therapy and additional renal outcomes based on creatinine measurements are among the 1,458 patients (733 in the
balanced crystalloid group and 725 in the saline group) not known to have received renal replacement therapy before ICU admission.
jjMajor adverse kidney events within 30 days is the composite of death, receipt of new renal replacement therapy, or final creatinine greater than or equal
to 200% baseline, all censored at the first of hospital discharge or 30 days after ICU admission.
¶Stage II or greater AKI developing after ICU admission is defined using the Kidney Disease: Improving Global Outcomes creatinine criteria (31) as any
creatinine value between ICU admission and discharge or 30 days that is 1) increased at least 0.3 mg/dl from a preceding postenrollment value and 2) at
least 200% of the baseline value, at least 200% of a preceding postenrollment value, or at least 4.0 mg/dl; or new receipt of renal replacement therapy.
**Among patients who had not received prior renal replacement therapy, plasma creatinine was measured a mean of 8.0 times between ICU admission
and the first of discharge or 30 days in each group; plasma creatinine was not measured between ICU admission and the first of discharge or 30 days for 8
patients (1.0%) in the balanced crystalloid group and 9 patients (1.1%) in the saline group.
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Hemodynamics
Mean arterial pressure in the first 5 days
after ICU admission did not differ
significantly between the balanced
crystalloids and saline groups (Figure E4).
Despite similar doses of vasopressors at
ICU admission, patients in the balanced
crystalloids group received lower doses of

vasopressors than patients in the saline
group in the days following ICU admission
(Figure 3A). Despite similar plasma lactate
levels at ICU admission, patients in the
balanced crystalloids group experienced
lower plasma lactate concentrations in the
days following ICU admission than patients
in the saline group (see Figure 3B).

Discussion

This secondary analysis of a large clinical
trial found that, compared with use of saline,
use of balanced crystalloids was associated
with a lower rate of 30-day in-hospital
mortality for critically ill adults with sepsis. Use
of balanced crystalloids was associated with a

Table 2. Clinical Outcomes

Outcome* n
Balanced

Crystalloids (n= 824) Saline (n= 817) Adjusted OR (95% CI)†

Primary outcome
30-d in-hospital mortality, n (%) 1,641 217 (26.3) 255 (31.2) 0.74 (0.59 to 0.93)

Additional clinical outcomes
60-d in-hospital mortality, n (%) 1,641 241 (29.2) 269 (32.9) 0.80 (0.64 to 1.01)
ICU-free days‡, median (IQR) 1,641 23 (0 to 26) 23 (0 to 26) 1.15 (0.97 to 1.38)

Mean6SD — 176 11 166 12 —
Ventilator-free days‡, median (IQR) 1,641 27 (0 to 28) 26 (0 to 28) 1.37 (1.12 to 1.68)

Mean6SD — 196 12 186 13 —
Vasopressor-free days‡, median

(IQR)
1,641 27 (0 to 28) 27 (0 to 28) 1.25 (1.02 to 1.54)

Mean6SD — 206 12 196 13 —
Renal replacement therapy–free

days‡, median (IQR)
1,641 28 (0 to 28) 28 (0 to 28) 1.35 (1.08 to 1.69)

Mean6SD — 206 12 196 13 —

Additional renal outcomesx
Major adverse kidney event

within 30 d, n (%)jj
1,641 292 (35.4) 328 (40.1) 0.78 (0.63 to 0.97)

Receipt of new renal
replacement therapy, n (%)x

1,458 54 (7.4) 75 (10.3) 0.71 (0.48 to 1.04)

Final creatinine >200% of
baseline, n (%)

1,458 164 (22.4) 162 (22.3) 0.99 (0.76 to 1.28)

Stage II or greater AKI
developing after ICU
admission, n (%)¶

1,458 201 (27.4) 231 (31.9) 0.79 (0.63 to 1.00)

Creatinine**, mg/dl 1,458
Highest before discharge or
30 d

— 1.58 (0.87 to 3.00) 1.59 (0.93 to 2.97) 0.95 (0.79 to 1.13)

Change from baseline to
highest value

— 0.18 (20.07 to 1.13) 0.23 (20.07 to 1.20) 0.99 (0.82 to 1.18)

Final value before discharge or
30 d

— 0.94 (0.69 to 1.77) 0.95 (0.71 to 1.80) 0.97 (0.81 to 1.16)

Definition of abbreviations: AKI = acute kidney injury; CI = confidence interval; IQR= interquartile range; OR=odds ratio.
*Continuous data are presented as median (25th percentile to 75th percentile) or mean6SD.
†The adjusted OR is for the balanced crystalloids group compared with the saline group. Categorical outcomes are compared between study groups
using a logistic regression model accounting for covariates (age, sex, race, source of admission, use of mechanical ventilation, and use of vasopressors).
Continuous outcomes are compared between groups using a proportional odds model adjusting for the same variables.
‡ICU-free, ventilator-free, vasopressor-free, and renal replacement therapy–free days refer to the number of days alive and free from the specified therapy
in the first 28 days after ICU admission. ORs greater than 1.0 indicate a better outcome (i.e., more days alive and free from the specified therapy) with
balanced crystalloids compared with saline.
xReceipt of new renal replacement therapy and additional renal outcomes based on creatinine measurements are among the 1,458 patients (733 in the
balanced crystalloid group and 725 in the saline group) not known to have received renal replacement therapy before ICU admission.
jjMajor adverse kidney events within 30 days is the composite of death, receipt of new renal replacement therapy, or final creatinine greater than or equal
to 200% baseline, all censored at the first of hospital discharge or 30 days after ICU admission.
¶Stage II or greater AKI developing after ICU admission is defined using the Kidney Disease: Improving Global Outcomes creatinine criteria (31) as any
creatinine value between ICU admission and discharge or 30 days that is 1) increased at least 0.3 mg/dl from a preceding postenrollment value and 2) at
least 200% of the baseline value, at least 200% of a preceding postenrollment value, or at least 4.0 mg/dl; or new receipt of renal replacement therapy.
**Among patients who had not received prior renal replacement therapy, plasma creatinine was measured a mean of 8.0 times between ICU admission
and the first of discharge or 30 days in each group; plasma creatinine was not measured between ICU admission and the first of discharge or 30 days for 8
patients (1.0%) in the balanced crystalloid group and 9 patients (1.1%) in the saline group.
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HEMODYNAMIC MANAGEMENT
Fluid Management

Rationale
Fluid therapy is a key part of the resuscitation of 
sepsis and septic shock. Crystalloids have the advan-
tage of being inexpensive and widely available. !e 
absence of clear bene"t 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 op-
timal #uid 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$ects that include hyperchlo-
remic metabolic acidosis, renal vasoconstriction, 
increased cytokine secretion and concern about acute 
kidney injury (AKI) have led to increased interest in 
chloride-restrictive solutions, known as balanced or 
bu$ered solutions (326–330). Subsequently, a net-
work meta-analysis of 14 RCTs of patients with sepsis 
showed in an indirect comparison that balanced crys-
talloids were associated with decreased mortality, 
compared to saline (331).

!ere have been a number of recent RCTs assess-
ing the question of which crystalloid may be most 
bene"cial in patients with sepsis. In the SPLIT mul-
ticenter, 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 #uid, the predominance of surgical 
patients, and the low number of septic patients (4%) 
precludes generalizability of the results. In 2016, the 
SALT pilot trial (n = 974) compared balanced solu-
tions versus normal saline; with septic patients com-
prising 25% and 28% of the population, respectively 
(333). !e primary outcome, a composite 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 pub-
lished in 2018, a single-center, multiple-crossover 
study including 15,802 patients who received balanced 
solutions or normal saline, alternating on a monthly 
basis (334). In the pre-speci"ed subgroup of patients 
admitted with sepsis in all participating ICUs, 30-day 
mortality was lower in those receiving balanced solu-
tions, compared to normal saline (OR, 0.80; 95% CI, 
0.67−0.94). Likewise, in a secondary analysis including 
only the 1,641 patients admitted to medical ICUs with 
a diagnosis of sepsis, balanced solutions were associ-
ated with reduced 30-day hospital mortality (OR, 0.74; 
95% CI, 0.59–0.93) and MAKE30, and increased vaso-
pressor- and RRT-free days (335).

!e SMART trial was a single-center study without 
individual patient randomization and no blinded 
assignment of the intervention, it exposed partici-
pants to moderate amount of #uid volume, identi"ca-
tion of sepsis 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 solutions. No cost-e$ectiveness 
studies compared balanced and unbalanced crystal-
loid solutions. !erefore, we considered the desir-
able and undesirable consequences to favor balanced 
solutions, but as the quality of the evidence 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 
maintain oncotic pressure than crystalloids (339), it is 
more costly and there is no clear bene"t with its routine 
use. Since the publication of the 2016 guidelines (12),  

Recommendations

32.  For adults with sepsis or septic shock, we recommend 
using crystalloids 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 crystalloids 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.

Evans L et al. Crit Care Med 2021

Clearance lactate 
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patient…

TRC = 7s
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E. Selon l’évolution du temps de recoloration cutané
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patients [13]. Should volume expansion fail to result in a 
significant haemodynamic improvement, it inherently 
leads to haemodilution, to increased cardiac filling pres-
sures and eventually to fluid overload. All these facts taken 
together lead one to view fluid therapy as any other medi-
cation, which must be neither overdosed nor under-dosed. 
Moreover, it argues for a careful prediction of the effects of 
fluids before they are administered when these effects are 
not sure, i.e. after the very initial phase of circulatory fail-
ure and/or if fluid losses are not obvious. For this predic-
tion, the method that has been used for decades, namely 
central venous pressure (CVP), has been demonstrated to 
be unreliable. Conversely, a number of “dynamic” meth-
ods have been developed to test preload responsiveness 
[14, 15]. In this review, we will summarise the most recent 
findings regarding this strategy of fluid management.

Central venous pressure and static markers 
of cardiac preload: please, stop using it… 
for predicting "uid responsiveness!
"e question of predicting fluid responsiveness with 
CVP use is quite controversial and somewhat perplex-
ing. On the one hand, there is a tremendous amount of 
evidence that a given value of CVP does not predict fluid 

responsiveness. "is has been established by a number 
of studies and meta-analyses [14, 16]. On the other hand, 
surveys regularly report that clinicians still continue to 
use CVP for predicting fluid responsiveness. "e FEN-
ICE study, an observational study conducted in inten-
sive care units (ICUs) around the World, showed that 
static markers of preload are still used to test preload 
responsiveness in one-third of instances [17]. In a survey 
regarding haemodynamic monitoring in patients under-
going high-risk surgery, 73% of American and 84% of 
European anaesthesiologists reported that they used the 
CVP to guide fluid management [18].

"is inconsistency is even more difficult to understand 
since the inability of CVP to reflect preload responsive-
ness comes from simple physiology. A static value of 
CVP could correspond to preload responsiveness as well 
as preload unresponsiveness, depending on the shape of 
the Frank–Starling curve, which varies from one patient 
to another and, in a patient, from one time to another 
(Fig.  1). "is is true even for relatively low CVP values 
[19]. What is true for the CVP is true for all static indi-
cators of cardiac preload, such as the pulmonary artery 
occlusion pressure, the global end-diastolic volume 
measured with transpulmonary thermodilution and the 

Cardiac preload

Stroke 
volume

Normal
ventricular systolic func!on

Poor
ventricular systolic func!on

• Mechanical ven!la!on
• EEO test
• PLR test
• "Mini" fluid challenge 

No response

Significant response

Preload challenge

Fig. 1 Frank–Starling relationship. The slope of the Frank–Starling curve depends on the ventricular systolic function. Then, one given level of car-
diac preload does not help in predicting fluid responsiveness. By contrast, dynamic tests include a preload challenge (either spontaneous, induced 
by mechanical ventilation or provoked, by passive leg raising, end-expiratory occlusion or fluid infusion). Observing the resulting effects on stroke 
volume allows for the detection of preload responsiveness. EEO end-expiratory occlusion, PLR passive leg raising

Amélioration DO2:
Précharge-dépendance?
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interesting out of the ICU and the operating room. !e 
decrease in the pleth variability index during PLR has 
been shown to weakly detect the concomitant changes in 
cardiac output, especially with low specificity [68].

An original and totally non-invasive method is to meas-
ure the PLR-induced increase in end-tidal carbon dioxide 
(CO2) [69–71]. !is technique requires that the patient 
has perfectly stable mechanical ventilation, in order to be 

Perform volume expansion
(no need to test preload responsiveness)

Is there preload responsiveness?

Is there acute circulatory failure?•

• Low blood pressure or cardiac output?
• Signs of !ssue hypoperfusion?

YES

•

• Obvious fluid loss?
• Ini!al phase of sep!c shock?

Is hypovolemia obvious ?

NOYES

NO

Pulse pressure or stroke volume varia!on

Passive leg raising test

End-expiratory occlusion test

Passive leg raising test

End-expiratory occlusion test

"Mini" fluid challenge"Mini" fluid challenge

•

• Spontaneous breathing?
• Cardiac arrhythmias?
• ARDS with low !dal volume / lung compliance?

Are the following condi!ons present?

Respiratory varia!on of IVC/SVC*

NOYES

Consider volume expansion
(depending on the risk of fluid overload)

NOYES

Do not
consider volume expansion

Fig. 2 Fluid strategy.*The variation in inferior/superior vena cava diameters can be used in case of cardiac arrhythmias. ARDS acute respiratory 
distress syndrome, IVC inferior vena cava, PCO2 gap veno-arterial difference in carbon dioxide tension, SVC superior vena cava
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flow time of aortic flow by oesophageal Doppler. It is 

also the case for the left ventricular end-diastolic dimen-

sions measured by echocardiography—even if, otherwise, 

this method has the advantage to provide a full investi-

gation of cardiac function and structure. !e fact that 

CVP is unhelpful to assess preload responsiveness does 

not mean that it should not be measured in patients with 

or at risk of acute circulatory failure. !e CVP is a good 

marker of preload (not preload responsiveness) and a 

key determinant of cardiac function. It is also one of the 

determinants of the pressure gradient for organ perfu-

sion (mean arterial pressure minus CVP). High CVP val-

ues, because they impair renal perfusion, are associated 

with acute kidney injury [20, 21].Pulse pressure and stroke volume variation: 

well-established accurate indices…
!e variations of stroke volume (SVV), and of surrogates, 

that are induced by mechanical ventilation were the first 

methods to be developed for the dynamic assessment of 

preload responsiveness. !e rationale is that, during pos-

itive pressure ventilation, insufflation decreases preload 

of the right ventricle. When transmitted to the left side, 

this induces a decrease in preload of the left ventricle. 

If left ventricular stroke volume changes in response to 

cyclic positive pressure ventilation, this indicates that 

both ventricles are preload dependent. Mechanical ven-

tilation can be used as a provocative test to challenge the 

slope of the Frank–Starling curve at the bedside (Fig. 1). 

!e amplitude of arterial pulse pressure (the difference 

between systolic and diastolic pressures) during mechan-

ical ventilation was first used to estimate stroke volume. 

In 2000, pulse pressure variation (PPV) was shown to 

predict the response of cardiac output to volume expan-

sion [22]. !is has been confirmed by several studies. To 

date, PPV is the marker of preload responsiveness that 

has accumulated the largest amount of evidence [14, 23, 

24]. A recent meta-analysis which included 22 studies 

and 807 patients reported a pooled sensitivity for pre-

dicting fluid responsiveness of 88% with a specificity of 

89%. !e median threshold of the PPV was 12% (inter-

quartile range 10–13%) [23] (Table 1).
!e diagnostic accuracy of PPV has been analysed 

through the prism of the “grey zone analysis”. Using com-

plex statistical methods, a study demonstrated that there 

is a grey zone of PPV values, between 9 and 13%, where 

the sensitivity or the specificity is lower than 90% [25]. 

It was estimated that 24% of PPV values encountered 

in practice remain within these limits [25]. !e concept 

of the grey zone analysis has been widely adopted, and 

some have used it to question the validity of the PPV. 

Nevertheless, the grey zone analysis only expresses the 

fact that, as for any continuous diagnostic variable, the 

farther PPV from the diagnostic threshold, the stronger 

the accuracy of the prediction of fluid responsiveness or 

unresponsiveness.Following invasive arterial pulse pressure, many other 

surrogates of stroke volume have been investigated to 

assess SVV during mechanical ventilation. In recent 

years, research has focused on less-invasive and non-

invasive techniques. !ese techniques may be particu-

larly useful when no arterial line is in place, typically in 

the operating room. !e ventilation-induced variations 

in arterial pulse pressure estimated by volume-clamp 

photoplethysmography [26], stroke volume measured by 

pulse contour analysis, the velocity time integral of the 

flow in the left ventricular outflow track at echocardiog-

raphy, the aortic blood flow by oesophageal Doppler [27], 

and the amplitude of the plethysmographic signal [28, 29] 

have been established as preload responsiveness indica-

tors [23, 24]. !e reliability of the latter index is likely 

lower in the ICU patients than in the operating room 

Table 1 Summary of methods predicting preload responsiveness with diagnostic threshold and limitations

* Thresholds from 12 to 40% have been reported

** 10% is more compatible with echography precision. Citations indicate the most important reference regarding the test

Method

Threshold Main limitations

Pulse pressure/stroke volume variations [22] 12%
Cannot be used in case of spontaneous breathing, cardiac arrhythmias, low tidal volume/

lung compliance

Inferior vena cava diameter variations [44] 12%
Cannot be used in case of spontaneous breathing, low tidal volume/lung compliance

Superior vena caval diameter variations [44] 36%*
Requires performing transesophageal Doppler

Cannot be used in case of spontaneous breathing, low tidal volume/lung compliance

Passive leg raising [55]

10%
Requires a direct measurement of cardiac output

End-expiratory occlusion test [75]
5%

Cannot be used in non-intubated patients

Cannot be used in patients who interrupt a 15-s respiratory hold

“Mini”-fluid challenge (100 mL) [84]
6%**

Requires a precise technique for measuring cardiac output

“Conventional” fluid challenge (500 mL) [81] 15%
Requires a direct measurement of cardiac output

Induces fluid overload if repeated

Monnet X et al. Ann Intensive Care 2016

remain controversial. One of the reasons for this uncer-
tainty is that fluid resuscitation has traditionally been
targeted to correct macrocirculation, whereas the physi-
ological impact of fluids at the microcirculatory level is
still unclear. Uncorrected microcirculatory alterations
result in inadequate oxygen transport to achieve sufficient
oxidative phosphorylation and, ultimately, cause tissue
damage and organ dysfunction [1–4]. The primary aim of
optimal fluid resuscitation should be to achieve adequate
perfusion without compromising oxygen transport by
excessive hemodilution. It still remains unclear whether
this can be achieved by correction of hypovolemia itself
or whether the kind of volume replacement is also
of importance. The ideal volume replacement strategy
should correct hypovolemia and restorate systemic
hemodynamics, but also improve microcirculatory
perfusion and tissue oxygenation [5, 6].

The purpose of this review is to consider the current
insights into the effects of fluid therapy on microcircu-
lation and oxygen transport to the parenchymal cells.
A review of the literature will be given with regard to the
effects of commonly used plasma substitutes on organ
perfusion, microcirculation, and tissue oxygenation in the
clinical setting.

Pathophysiology of the hypovolemic microcirculation

Hypovolemia leads to inadequate perfusion of the
microcirculation resulting in insufficient oxygen avail-
ability to meet the needs of mitochondrial oxidative
phosphorylation [2, 7]. Weil and Shubin [8] in their
keynote paper classified the different types of shock
into four main categories: hypovolemic, cardiogenic,
obstructive, and distributive shock (Fig. 1, 2). Hypovo-
lemic shock can be described as the condition whereby
there is a decrease in circulating volume. Cardiogenic
shock occurs where there is a loss of cardiac contractility
with elevation of diastolic filling pressure and volume.
Obstructive shock can occur as a result of massive pul-
monary embolism, tension pneumothorax, or pericardial
tamponade where there is a physical obstruction in the
circulation resulting in impaired diastolic filling and
increased afterload. Distributive shock involves a defect
in the (micro)vascular distribution of a normal or even of
a supranormal cardiac output resulting in inadequate
regional oxygen delivery. Hypovolemia induced by dis-
tributive shock is highly heterogeneous and targets the
microcirculation. Its detection by measuring systemic
hemodynamics is complicated by shunting of the micro-
circulation resulting in microcirculatory alterations and
hypoxia with normal systemic hemodynamics and oxy-
gen-derived variables [9]. Distributive shock especially
occurs under conditions of inflammation and infection
such as in sepsis and reperfusion injury. Inflammatory

mediators and hypoxemia result in abnormal blood flow
distributions and shunting leading to a mismatch between
oxygen delivery and oxygen need by the parenchymal
cells, and thus heterogeneous hypoxemia, and organ
dysfunction [9, 10].

Distributive shock provides the biggest challenge with
regard to identifying endpoints for assessing an adequate
fluid replacement [11]. Currently these endpoints are
aimed at correcting changes in systemic hemodynamics.
Fluid resuscitation can cause an apparent improvement in
systemic circulation while leaving regional and micro-
circulatory oxygenation and perfusion underresuscitated.
In animal investigations it has been shown that fluid
resuscitation improved organ blood flow of the gut and
kidneys, while leaving other areas hypoxemic [12]. This
is important in the light of recent clinical studies using
new techniques for monitoring microcirculation, which
have shown the persistence of microcirculatory underre-
suscitation in the presence of normalized systemic
hemodynamic variables and association with adverse
clinical outcome [5, 13–15].

Adequate microcirculation relies on the function of the
different components of the microcirculation. Red and
white blood cells, endothelial cells, and smooth muscle
cells have to function in close harmony to guarantee
adequate microcirculatory blood flow to transport oxygen
to the tissues. The function of each of these cellular
and subcellular systems is affected by hypovolemia.

Fig. 1 The classification of shock according to Weil and Shubin
[8]. I Normal conditions. II Cardiogenic shock, related to cardiac
pump failure resulting from loss of the pump function of the heart.
III Hypovolemic shock as a result of decreased circulating volume
from, for example, hemorrhage. IV Obstructive shock as result of
an obstruction in the cardiovascular circuit as a result of, for
example, massive pulmonary embolism, tension pneumothorax, or
pericardial tamponade. V Distributive shock where vascular
dysfunction is unable to distribute a normal or even high cardiac
output, resulting in underperfused microcirculatory areas being
shunted by well perfused areas
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ill patients, PPI is significantly lower in patients with 
a peripheral perfusion alteration (0.7 vs 2.3, p < 0.01) 
[21]. He et al. [45] showed that the PPI is altered in sep-
tic shock patients, as compared to control subjects in 
postoperative scheduled surgery. Moreover, in the same 
study, the PPI was significantly lower in non-survivors. 
With a 0.20 cutoff value, PPI was predictive of ICU mor-
tality with an AUC of 84% (69–96), a sensitivity of 65% 
and a specificity of 92%.

Discussion
Abnormal skin perfusion evaluation and resuscitation
Despite some differences between micro and macrovas-
cular compartments, it would be over-simplifying and 
possibly wrong to completely separate these two vascu-
lar compartments. In the study by Ait-Oufella et al. [37] 
focusing on mottling, global hemodynamic improvement 

within the first hours following resuscitation, based on 
blood volume optimization and catecholamine use, was 
associated with mottling improvement. Patients whose 
mottling score improved through the first 6-hour resus-
citation had a good prognosis, whereas those whose 
score was stable or even worsened had a poor progno-
sis (14-day mortality: 23% vs 88%, p < 0.001). Finger-tip 
CRT is also quickly normalized in septic shock patients 
within 2–6 h after resuscitation, whereas hyperlactatemia 
requires longer time to recover [27, 46]. Interestingly, 
patients in whom CRT did not recover after fluid infu-
sion had pejorative outcome [47]. Altogether, these stud-
ies suggest that peripheral tissue perfusion could be 
used as triage tool at the early steps of sepsis manage-
ment at admission and after fluid infusion. #e ongo-
ing ANDROMEDA-SHOCK trial aims to compare two 
resuscitation strategies during the first hours of sepsis 

1
2

3

4

5 

STAGE 4

a b

Fig. 4 a The mottling score, ranging from 0 to 5, is based on skin mottling area extension on legs. Score 0 represents no mottling, score 1 
represents small mottling area (coin size) localized to the center of the knee, score 2 represents mottling area not exceeding the superior edge of 
the knee cap, score 3 represents mottling area not exceeding the middle thigh, score 4 represents mottling area not exceeding the fold of the groin 
and score 5 otherwise. b Example of mottling score 5. Adapted from [37]
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!e aim of this review is to evaluate whether peripheral 
tissue perfusion assessment in septic patients could be 
helpful in evaluating organ failure severity and to screen 
patients at high risk of mortality. Finally, we analyze avail-
able data regarding implementation of peripheral perfu-
sion evaluation in sepsis management.

Skin as a tool for the evaluation of the microcirculation 
and tissue perfusion
!e skin provides important information in patients with 
septic shock. As a visible and easily accessible organ, the 
skin allows simple observation of local microcirculatory 
perfusion through skin temperature alterations (skin 
temperature gradient), perfusion (capillary refill time) 
and color (mottling). !e pathophysiology of these clini-
cal disorders has not been investigated in depth, but sev-
eral authors assume that the main driven mechanism of 
reduced blood flow is local vasoconstriction mediated by 
sympathetic neuroactivation [8]. Additional mechanisms 
could participate to impair microvascular blood flow 
(Fig. 1) [9, 10] such as local endothelial dysfunction [11, 
12] (Fig.  2), leukocyte adhesion, platelet activation and 
fibrin deposition [13]. !ese clinical, noninvasive, easy-
to-use, parameters are attractive tools to follow micro-
circulatory perfusion in patients with acute circulatory 
failure [14, 15]. In 2014, several European experts recom-
mended to integrate abnormal skin perfusion parameters 
in the definition and treatment of shock [16].

Subjective assessment of peripheral skin temperature 
may be a valuable tool in the evaluation of patients with 
septic shock. Eighty years ago, Ebert et al. [17] described 
the skin of septic shock patients as being «pale, often 
sweaty». Altemeier et  al. [18] then noticed that a moist 
and cold skin was a factor of worse prognosis in patients 
with septic shock. Cold hands and feet, and abnor-
mal skin color are the first clinical signs that developed 

Fig. 1 Examples of skin microvascular perfusion evaluation using laser Doppler imaging in the knee area according to the mottling score. Skin 
perfusion decreases when mottling score worsens. Adapted from [9]
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Fig. 2 Examples of skin microcirculatory endothelial reactivity in 
the knee area in a patients with sepsis, in a patient with septic shock 
that was alive at day 14 and in a patient with septic shock that was 
ultimately dead at day 14. Skin microcirculatory blood flow was 
measured at baseline and after acetylcholine iontophoresis. Adapted 
from [11]
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identify critically ill patients with worse outcome. In 
a study including septic shock patients, the mottling 
score at 6 h after resuscitation was predictive of death 
at day 14 (odds radio [OR] 16, CI 95% 4–81, for stages 
2–3; vs 74, CI 95% 11–1568, for stages 4–5). Mortality 
occurred within 12–24 h for stages 4–5, within 24–72 h 
for stages 2–3 and later than 72  h for the rare deaths 
for stages 0–1 (Kaplan–Meier charts, p < 0.0001). In the 
same study, cardiac output and blood pressure were 
not associated with mortality at day 14, confirming the 
disparity between microcirculatory and macrocircula-
tory parameters [37]. "ese results were confirmed in 
cirrhotic patients with septic shock [38]. In addition, 
in mottling groups ≤ 3, knee CRT improved patient 
discrimination according to their outcome, with non-
survivors presenting a significantly higher knee CRT 
[35]. Another South American study confirmed these 
results in septic shock patients. Mortality rate at day 
28 was 100% when the mottling score was higher or 
equal to stage 4, 77% for stages 2 and 3, and 45% for 
stages 1 or lower [39]. Prognostic value of mottling 
was also reported in unselected ICU patients: Persis-
tent (> 6 h) mottling extending over the knee (> stage 2) 
was an independent risk factor for mortality (OR 3.29, 
95% CI 2.08–5.19; p < 0.0001) [40]. Finally, Preda et al. 

[41] found the good predictive value of the mottling 
score for mortality at day 28 in patients with sepsis not 
receiving vasopressors.

In summary, mottling score is a reliable semi-quan-
titative tool that reflects organ failure severity in non-
selected septic patients with or without vasopressors and 
is helpful to identify critically ill patients with pejorative 
outcome and also to monitor changes during resuscita-
tion. In patients with mottling score ranging from 0 to 
3, knee CRT measurement could be associated with 
improving risk stratification (Table 1, Fig. 3).

Peripheral perfusion index
Peripheral perfusion index is defined as the difference 
between the pulsatile and non-pulsatile portion of pulse 
wave, measured by plethysmography. Peripheral perfu-
sion index (PPI) gives information on peripheral vascular 
tonus by the pulsatility, decreasing in vasoconstriction 
and raising in vasodilation [42]. Peripheral perfusion 
index is an early predictor of central hypovolemia [43]. 
In a prospective observational study in an emergency 
department, PPI was not significantly different between 
patients admitted to the hospital and patients discharged 
from the emergency department suggesting that it could 
not be used as a triage tool [44]. However, in critically 
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Methods
This trial was approved by the Erasmus MC Institutional Review
Board. Deferred proxy consent was obtained from a relative
authorized to consent on behalf of each patient.

In brief, we performed a prospective randomized controlled
pilot study in patients with septic shock admitted to the ICU;

more details are listed in the online supplement. Directly after
ICU admission, patients were randomly assigned into the control
group or the intervention group (peripheral perfusion–targeted
fluid management [PPTFM] group) to determine the
resuscitation strategy during the first 6 hours. In the PPTFM
group, fluid management was based on peripheral tissue

Treatment period

Intervention therapy for 6 hrs

Peripheral
perfusion?

Give volume
based on PP

Assess:
CRT, PPI, Tskin-diff,

and StO2

Good Bad

STOP CONTINUE
Observation period

Vital signs, laboratory data,
systemic hemodynamics,
peripheral perfusion, fluids, and
organ function obtained every
24 hr for 72 hr

Follow-up

Randomization
N = 30

Intensive care unit
admission

MAP < 65 mmHg or
Lactate ≥ 3 mmol/L

Assessment and
consent

Standard therapy 
for 6 hrs

Vital signs, laboratory data,
systemic hemodynamics, pulse
oximetry, arterial and central
venous catheterization, fluids

PPTFM group
N = 15

Control group
N = 15

Give volume until
SV ≤ 10% increase

CI ≥ 2.5 L/min/m2

MAP ≥ 65 mmHg

CVP ≥ 8–12 mmHg

SaO2 ≥ 92%

HR ≤ 100/min

UO ≥ 0.5 ml/kg/hr

Volume
resuscitation

No fluids if:
- CI ≥ 2.5 L/min/m2

- HR ≤ 100/min

SV ≥ 10%
increase

SV ≤ 10%
increase

Figure 1. Study algorithm for the first 6 hours of intensive care unit admission (control vs. peripheral perfusion–targeted fluid management [PPTFM]
group). In the control group, fluid resuscitation was based on systemic hemodynamic parameters. In the intervention group, treatment was based on
peripheral perfusion parameters: if three of four parameters were considered impaired, a fluid challenge (250 ml colloids in 15 minutes) was administered,
aiming at an increase in peripheral perfusion. If peripheral perfusion parameters did not improve after two consecutive challenges, fluid administration was
stopped. CI = cardiac index; CRT = capillary refill time; CVP = central venous pressure; HR = heart rate; MAP =mean arterial pressure; PP = peripheral
perfusion; PPI = peripheral perfusion index; SaO2

= arterial exygenation; StO2
= tissue oxygenation saturation; SV = stroke volume; Tskin-diff = forearm-

to-fingertip skin temperature gradient; UO = urine output.
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perfusion parameters: the capillary refill time, the peripheral
perfusion index, the forearm-to-fingertip body temperature
gradient, and the tissue oxygenation saturation (11). Only
patients with “poor peripheral perfusion” (i.e., three of four
parameters altered) were considered suitable for fluid repletion
(Figure 1). In the control group, hemodynamic goals were based
on the 2012 Surviving Sepsis guidelines (12). We assessed
protocol adherence at 2, 4, and 6 hours after study entry.
Thereafter, data were collected daily until 72 hours after study
entry (observation period). More details are provided in the
online supplement.

We used linear mixed-model analyses to calculate differences
between groups in systemic hemodynamics, peripheral perfusion
parameters, laboratory variables, and fluid therapy over time (see the
online supplement).

Results
Thirty patients were included, of whom 15 were allocated to each
group. Baseline characteristics of all patients are shown in Table E1
in the online supplement. Both groups were well matched, and
there were no statistical differences between groups at baseline.
During the study period, we observed no significant difference
between groups in systemic hemodynamic parameters and
peripheral perfusion parameters. Importantly, the two groups

had similar lactate concentrations and central venous oxygen
saturation values over time. PPTFM patients received less mean
(standard error) fluids during the treatment period (4,227
[1,081 ml] vs. 6,069 [1,715 ml]; P = 0.39), and almost 2.5 L less
during the observation period (7,565 [982 m] vs. 10,028 [941
ml]; P = 0.08) in the control group (Table 1). Interestingly,
patients in the control group stayed longer in the hospital
compared with PPTFM patients, with 43 (8) versus 16 (3) days
(P = 0.05), and had a higher organ failure scores (Sequential
Organ Failure Assessment total scores and neurologic
subscores).

Discussion
This proof-of-concept study shows that early peripheral
perfusion–targeted fluid resuscitation leads to a trend toward less
fluids when compared with a conventional regimen, based on
systemic hemodynamic parameters.

Although the difference in fluid administration was not
significant, PPTFM patients received almost 2 L less in just the
first 6 hours, leading up to 2.5 L less 72 hours after ICU admission.
If performed on a larger scale, this could have important clinical
implications, as large volumes of fluids are associated with
pulmonary and renal failure and adverse outcomes (13). One
can hypothesize that, using our algorithm for targeting the
peripheral circulation, less fluids are administered because
infusion is stopped earlier: as soon as peripheral perfusion is
not impaired (anymore) or when perfusion remains impaired,
although maximum cardiac output is reached. Surprisingly,
we observed that PPTFM patients have a significantly shorter
hospital length of stay and significantly lower organ failure
scores. It must, however, be noted that our study was not
powered for this purpose, so these results should be interpreted
with caution. A larger trial is needed to confirm and elaborate
our findings.

Still, to our knowledge, this is the first randomized controlled
study that incorporates peripheral perfusion parameters as
a target for fluid resuscitation in patients with septic shock. In our
opinion, this approach provides an important complement to
currently targeted systemic hemodynamic parameters. From
a physiological point of view, peripheral tissues are the first to
reflect hypoperfusion during shock and are the last to reperfuse
during resuscitation, as a result of compensatory sympathetic
nervous system activation (14). If this response is adequate,
restored peripheral perfusion indicates that enough fluid has
been administered and a conservative strategy can be followed.
It therefore makes sense to strive toward a more tissue
perfusion–based approach that allows the physician to titrate
therapy in a way conventional targets such as blood pressure
and urine production do not provide. These considerations, as
well as the limitations of our study, are elaborated in the online
supplement.

Further research is needed to confirm our findings and
definitely demonstrate whether the use of peripheral perfusion
parameters as resuscitation targets can benefit outcome in critically
ill patients. n

Author disclosures are available with the text of this letter at
www.atsjournals.org.

Table 1. Fluid Therapy and Outcome Variables

Variables and Groups
Study Period

0–6 h 7–72 h

Cumulative fluids, ml
Control 6,069 (1,715) 10,028 (941)
PPTFM 4,227 (1,081) 7,565 (982)

Urine output, ml
Control 520 (160) 2,469 (542)
PPTFM 332 (84) 1,680 (527)

SOFAtotal
Control 12.8 (10.0–16.8) 11.0 (5.3–15.3)
PPTFM 11.5* (8.0–13.0) 8.3 (5.5–13.1)

Mechanical ventilation
free days, d

Control 2 (2–6)
PPTFM 2 (1–5)

Intensive care unit
mortality, n (%)

Control 6 (40)
PPTFM 7 (47)

Intensive care unit stay, d
Control 8 (3–8)
PPTFM 10 (2–10)

Hospital stay, d
Control 43 (8–45)
PPTFM 16 (5– 28)*

Definition of abbreviations: PPTFM= peripheral perfusion–targeted fluid
management; SOFA = Sequential Organ Failure Assessment.
Data are presented as mean (SE) or mean (interquartile range) unless
otherwise stated. Dash (–) indicates the mean value between subsequent
points during the study periods for the period from 0 to 6 hours and for the
period from 7 to 72 hours.
*P, 0.05 between groups (control vs. PPTFM).
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that hydrotherapy was performed in a university hospital with extensive
experience with early mobilization in ICU patients. No patient reported
discomfort or exhibited severe oxygen desaturation or hemodynamic
instability. No interventions were needed to improve hemodynamics.

In addition to immediate complications, transmission of
infections through contaminated water was an initial concern.
However, microbiological screening of pool water did not reveal any
relevant contamination.

In conclusion, hydrotherapy appears to be a feasible and safe
intervention in selected critically ill ventilated patients. Future studies are
needed to evaluate potential clinical benefits and cost-effectiveness. n

Author disclosures are available with the text of this letter at
www.atsjournals.org.
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Early Peripheral Perfusion–guided Fluid
Therapy in Patients with Septic Shock

To the Editor:

Septic shock remains the most frequent cause of death in patients
admitted to the intensive care unit (ICU) (1). Careful titration
of therapy is essential; undertreatment results in persistence of
impaired tissue oxygenation, whereas overtreatment leads to
a positive fluid balance that can result in pulmonary edema,
prolonged mechanical ventilation, and finally death (2–6).
Although peripheral perfusion alterations are stronger predictors
of outcome than systemic hemodynamic variables in patients
with septic shock, end points to guide volume resuscitation are
still based on systemic parameters, and little is known about
resuscitation guided by endpoints of peripheral tissue perfusion
(7–9). We therefore undertook a proof-of-concept randomized
controlled study comparing early goal-directed fluid resuscitation
based on clinical assessment of peripheral perfusion with
standard fluid therapy to investigate whether peripheral
perfusion–guided resuscitation is feasible and would lead to less
fluid administration in patients with septic shock. Some of the
results of these studies have been previously reported in the form
of an abstract (10).

Clinical trial registered with www.clinicaltrials.gov (NCT
01397474).

Table 2. Characteristics of the Hydrotherapy Sessions and
Water Quality

Duration per session, mean (range), min 29.6 (15–40)
Type of exercises*
Movements in supine position 72%
Swimming (back stroke) 12%
Seated position 36%
Standing position 64%
Walking 56%
Rate of complications (95%
confidence interval)

0% (0–4.1%)

Number of sessions during intensive
care unit stay

Total 88
Median (interquartile range) 2 (1–3)
Mean (range) 3.5 (1–20)

Microbiological screening of pool
water (17 samples in 15 mo)

Coagulase-negative Staphylococcus 2 (1 and 2 cfu)
Gram-negative rods, not Pseudomonas 2 (43 and 27 cfu)
Nonfermative gram-negative rods 3 (51, 22, and 55 cfu)

*Exercises could be combined during one session.

Author Contributions: M.E.v.G. conducted the study, analyzed and
interpreted the data, and drafted the manuscript. N.E. assisted in conducting
the study. R.J.P.v.d.V. assisted in analyzing the data and reviewed the final
data. A.L. assisted in the design of the study and assisted in conducting the
study and participated in data interpretation and statistical analysis. E.K.
assisted in the design of the study and data interpretation. J.B. assisted
with study design and manuscript preparation. J.v.B. conceived the study,
participated in its design and coordination, and reviewed the manuscript. All
authors read and approved the final manuscript.

This letter has an online supplement, which is accessible from this issue’s
table of contents at www.atsjournals.org
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perfusion parameters: the capillary refill time, the peripheral
perfusion index, the forearm-to-fingertip body temperature
gradient, and the tissue oxygenation saturation (11). Only
patients with “poor peripheral perfusion” (i.e., three of four
parameters altered) were considered suitable for fluid repletion
(Figure 1). In the control group, hemodynamic goals were based
on the 2012 Surviving Sepsis guidelines (12). We assessed
protocol adherence at 2, 4, and 6 hours after study entry.
Thereafter, data were collected daily until 72 hours after study
entry (observation period). More details are provided in the
online supplement.

We used linear mixed-model analyses to calculate differences
between groups in systemic hemodynamics, peripheral perfusion
parameters, laboratory variables, and fluid therapy over time (see the
online supplement).

Results
Thirty patients were included, of whom 15 were allocated to each
group. Baseline characteristics of all patients are shown in Table E1
in the online supplement. Both groups were well matched, and
there were no statistical differences between groups at baseline.
During the study period, we observed no significant difference
between groups in systemic hemodynamic parameters and
peripheral perfusion parameters. Importantly, the two groups

had similar lactate concentrations and central venous oxygen
saturation values over time. PPTFM patients received less mean
(standard error) fluids during the treatment period (4,227
[1,081 ml] vs. 6,069 [1,715 ml]; P = 0.39), and almost 2.5 L less
during the observation period (7,565 [982 m] vs. 10,028 [941
ml]; P = 0.08) in the control group (Table 1). Interestingly,
patients in the control group stayed longer in the hospital
compared with PPTFM patients, with 43 (8) versus 16 (3) days
(P = 0.05), and had a higher organ failure scores (Sequential
Organ Failure Assessment total scores and neurologic
subscores).

Discussion
This proof-of-concept study shows that early peripheral
perfusion–targeted fluid resuscitation leads to a trend toward less
fluids when compared with a conventional regimen, based on
systemic hemodynamic parameters.

Although the difference in fluid administration was not
significant, PPTFM patients received almost 2 L less in just the
first 6 hours, leading up to 2.5 L less 72 hours after ICU admission.
If performed on a larger scale, this could have important clinical
implications, as large volumes of fluids are associated with
pulmonary and renal failure and adverse outcomes (13). One
can hypothesize that, using our algorithm for targeting the
peripheral circulation, less fluids are administered because
infusion is stopped earlier: as soon as peripheral perfusion is
not impaired (anymore) or when perfusion remains impaired,
although maximum cardiac output is reached. Surprisingly,
we observed that PPTFM patients have a significantly shorter
hospital length of stay and significantly lower organ failure
scores. It must, however, be noted that our study was not
powered for this purpose, so these results should be interpreted
with caution. A larger trial is needed to confirm and elaborate
our findings.

Still, to our knowledge, this is the first randomized controlled
study that incorporates peripheral perfusion parameters as
a target for fluid resuscitation in patients with septic shock. In our
opinion, this approach provides an important complement to
currently targeted systemic hemodynamic parameters. From
a physiological point of view, peripheral tissues are the first to
reflect hypoperfusion during shock and are the last to reperfuse
during resuscitation, as a result of compensatory sympathetic
nervous system activation (14). If this response is adequate,
restored peripheral perfusion indicates that enough fluid has
been administered and a conservative strategy can be followed.
It therefore makes sense to strive toward a more tissue
perfusion–based approach that allows the physician to titrate
therapy in a way conventional targets such as blood pressure
and urine production do not provide. These considerations, as
well as the limitations of our study, are elaborated in the online
supplement.

Further research is needed to confirm our findings and
definitely demonstrate whether the use of peripheral perfusion
parameters as resuscitation targets can benefit outcome in critically
ill patients. n

Author disclosures are available with the text of this letter at
www.atsjournals.org.

Table 1. Fluid Therapy and Outcome Variables

Variables and Groups
Study Period

0–6 h 7–72 h

Cumulative fluids, ml
Control 6,069 (1,715) 10,028 (941)
PPTFM 4,227 (1,081) 7,565 (982)

Urine output, ml
Control 520 (160) 2,469 (542)
PPTFM 332 (84) 1,680 (527)

SOFAtotal
Control 12.8 (10.0–16.8) 11.0 (5.3–15.3)
PPTFM 11.5* (8.0–13.0) 8.3 (5.5–13.1)

Mechanical ventilation
free days, d

Control 2 (2–6)
PPTFM 2 (1–5)

Intensive care unit
mortality, n (%)

Control 6 (40)
PPTFM 7 (47)

Intensive care unit stay, d
Control 8 (3–8)
PPTFM 10 (2–10)

Hospital stay, d
Control 43 (8–45)
PPTFM 16 (5– 28)*

Definition of abbreviations: PPTFM= peripheral perfusion–targeted fluid
management; SOFA = Sequential Organ Failure Assessment.
Data are presented as mean (SE) or mean (interquartile range) unless
otherwise stated. Dash (–) indicates the mean value between subsequent
points during the study periods for the period from 0 to 6 hours and for the
period from 7 to 72 hours.
*P, 0.05 between groups (control vs. PPTFM).
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Effect of a Resuscitation Strategy Targeting Peripheral
Perfusion Status vs Serum Lactate Levels on 28-Day Mortality
Among Patients With Septic Shock
The ANDROMEDA-SHOCK Randomized Clinical Trial
Glenn Hernández, MD, PhD; Gustavo A. Ospina-Tascón, MD, PhD; Lucas Petri Damiani, MSc; Elisa Estenssoro, MD;
Arnaldo Dubin, MD, PhD; Javier Hurtado, MD; Gilberto Friedman, MD, PhD; Ricardo Castro, MD, MPH;
Leyla Alegría, RN, MSc; Jean-Louis Teboul, MD, PhD; Maurizio Cecconi, MD, FFICM; Giorgio Ferri, MD;
Manuel Jibaja, MD; Ronald Pairumani, MD; Paula Fernández, MD; Diego Barahona, MD;
Vladimir Granda-Luna, MD, PhD; Alexandre Biasi Cavalcanti, MD, PhD; Jan Bakker, MD, PhD; for the
ANDROMEDA-SHOCK Investigators and the Latin America Intensive Care Network (LIVEN)

IMPORTANCE Abnormal peripheral perfusion after septic shock resuscitation has been
associated with organ dysfunction and mortality. The potential role of the clinical
assessment of peripheral perfusion as a target during resuscitation in early septic shock
has not been established.

OBJECTIVE To determine if a peripheral perfusion–targeted resuscitation during early
septic shock in adults is more effective than a lactate level–targeted resuscitation for
reducing mortality.

DESIGN, SETTING, AND PARTICIPANTS Multicenter, randomized trial conducted at 28 intensive
care units in 5 countries. Four-hundred twenty-four patients with septic shock were included
between March 2017 and March 2018. The last date of follow-up was June 12, 2018.

INTERVENTIONS Patients were randomized to a step-by-step resuscitation protocol aimed
at either normalizing capillary refill time (n = 212) or normalizing or decreasing lactate levels
at rates greater than 20% per 2 hours (n = 212), during an 8-hour intervention period.

MAIN OUTCOMES AND MEASURES The primary outcome was all-cause mortality at 28 days.
Secondary outcomes were organ dysfunction at 72 hours after randomization, as assessed by
Sequential Organ Failure Assessment (SOFA) score (range, 0 [best] to 24 [worst]); death
within 90 days; mechanical ventilation–, renal replacement therapy–, and vasopressor-free
days within 28 days; intensive care unit and hospital length of stay.

RESULTS Among 424 patients randomized (mean age, 63 years; 226 [53%] women),
416 (98%) completed the trial. By day 28, 74 patients (34.9%) in the peripheral perfusion
group and 92 patients (43.4%) in the lactate group had died (hazard ratio, 0.75 [95% CI,
0.55 to 1.02]; P = .06; risk difference, −8.5% [95% CI, −18.2% to 1.2%]). Peripheral
perfusion–targeted resuscitation was associated with less organ dysfunction at 72 hours
(mean SOFA score, 5.6 [SD, 4.3] vs 6.6 [SD, 4.7]; mean difference, −1.00 [95% CI, −1.97 to
−0.02]; P = .045). There were no significant differences in the other 6 secondary outcomes.
No protocol-related serious adverse reactions were confirmed.

CONCLUSIONS AND RELEVANCE Among patients with septic shock, a resuscitation strategy
targeting normalization of capillary refill time, compared with a strategy targeting serum
lactate levels, did not reduce all-cause 28-day mortality.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT03078712

JAMA. 2019;321(7):654-664. doi:10.1001/jama.2019.0071
Published online February 17, 2019.
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and light, and pressure applied during the maneuver—all
factors that might influence results.28-30 Although no rela-
tionship between CRT and hypovolemia was found in older
studies,31 more recent studies performed in critically ill
patients, including those with septic shock, have shown
clinically relevant associations with outcome.9-11,19,32 More
importantly, CRT was used as a measure of tissue perfusion
rather than a surrogate for macrohemodynamics.

The issue of interrater reliability is controversial.33 How-
ever, objective CRT measurements obtained by trained ICU

physicians using a chronometer revealed good interrater
reliability,11,12 contrasting with unreliable observations when
CRT was subjectively measured.34 To reduce inaccuracies, a
standardized procedure adopting a CRT of 3 seconds as nor-
mal was used according to recent clinical observations.11

Limitations
This study has several limitations. First, the nonblinded
design might have introduced bias. However, a primary out-
come not subject to observer bias was used. In addition,

Figure 3. Risk of Death Within 28 Days in the Prespecified Subgroups Among Patients Treated With Peripheral Perfusion–Targeted Resuscitation
vs Lactate Level–Targeted Resuscitation

P for
Interaction

Favors
Peripheral Perfusion

Favors
Lactate

0.3 31
Hazard Ratio (95% CI)

No. of Events/Total (%)
Peripheral Perfusion–
Targeted Resuscitation

Lactate Level–
Targeted ResuscitationSubgroup

Baseline lactate, mmol/L

Hazard Ratio
(95% CI)

37/85 (43.5) 41/88 (46.6)>4 0.82 (0.52-1.28)
37/127 (29.1) 51/124 (41.1)≤4 0.70 (0.46-1.07)

APACHE II
32/130 (24.6) 49/135 (36.3)<25 0.61 (0.39-0.96)
42/82 (51.2) 43/77 (55.8)≥25 0.90 (0.59-1.38)

SOFA
21/103 (20.4) 42/107 (39.3)<10 0.46 (0.27-0.78)
53/109 (48.6) 50/105 (47.6)≥10 0.98 (0.67-1.45)

Confirmed source of infection
25/61 (41) 26/59 (44.1)No 0.84 (0.48-1.45)
49/151 (32.5) 66/153 (43.1)Yes 0.71 (0.49-1.03)

Lactate decrease from admission to baseline measurement, %
64/181 (35.4) 80/171 (46.8)≤10 0.73 (0.53-1.02)
10/31 (32.3) 12/41 (29.3)>10 0.87 (0.38-2.04)

.61

.23

.03

.63

.70

The area of the square representing the hazard ratio is proportional to the
number of events in each subgroup. Horizontal bars represent 95% CI. P values
are for heterogeneity of treatment effect on the primary outcome in each
subgroup. Hazard ratios and 95% CIs were calculated with Cox proportional
hazards model adjusted for the baseline covariates Acute Physiology and

Chronic Health Evaluation (APACHE) II score,23 Sequential Organ Failure
Assessment (SOFA) score,24 lactate level, capillary refill time, and source of
infection. P values were calculated with treatment × subgroup interaction
terms. See Table 1 notes for APACHE II and SOFA definitions.

Figure 2. Kaplan-Meier Estimates of Cumulative Mortality Within 28 Days Among Patients Treated
With Peripheral Perfusion–Targeted Resuscitation vs Lactate Level–Targeted Resuscitation
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baseline Acute Physiology and
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II score,23 Sequential Organ Failure
Assessment (SOFA) score,24 lactate
level, capillary refill time, and source
of infection. Median follow-up for
peripheral perfusion–targeted
resuscitation was 28 days
(interquartile range, 8-28 days) and
for lactate level–targeted
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(interquartile range, 6-28 days).
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higher MAP targets in patients with septic shock and a his-
tory of chronic hypertension.

Peripheral perfusion–targeted resuscitation was associ-
ated with beneficial effects on the secondary outcome of
SOFA score at 72 hours and lower 28-day mortality in the pre-
defined subgroup of patients with less severe organ dysfunc-
tion at baseline. These results are in line with those
from some observational studies that showed that normal-
ization of peripheral perfusion after initial resuscitation

was associated with lower mortality and less organ dys-
function9-11 and from a pilot study that suggested that re-
striction of fluid resuscitation based on normal peripheral
perfusion was associated with improvement in organ
dysfunction.14 Because of the exploratory nature of such sec-
ondary outcomes and analyses, these findings should be con-
firmed by further research.

The use of CRT in clinical practice is not devoid of prob-
lems. CRT is dependent on age, sex, ambient temperature

Table 2. Main Outcomes of the Study of Resuscitation Strategies in Septic Shock

Outcome

Peripheral
Perfusion–Targeted
Resuscitation
(n = 212)

Lactate
Level–Targeted
Resuscitation
(n = 212)

Unadjusted
Absolute Difference
(95% CI)

Adjusted
Relative Measure
(95% CI) P Value

Primary Outcome

Death within 28 d, No. (%) 74 (34.9) 92 (43.4) −8.5 (−18.2 to 1.2)b HR, 0.75 (0.55 to 1.02)a .06a

Secondary Outcomes

Death within 90 d, No. (%) 87 (41.0) 99 (46.7) −5.7 (−15.6 to 4.2)b HR, 0.82 (0.61 to 1.09)a .17a

Mechanical ventilation–free days
within 28 d, mean (SD)c

14.6 (12.1) 12.7 (12.2) 1.9 (−0.6 to 4.3) .14

Renal replacement therapy–free days
within 28 d, mean (SD)c

18.5 (12.1) 16.9 (12.1) 1.7 (−1.5 to 4.8) .31

Vasopressor-free days within 28 d,
mean (SD)c

16.7 (12.0) 15.1 (12.3) 1.6 (−0.7 to 3.9) .18

SOFA at 72 h, No.d 165 166 .045

Mean (SD) 5.6 (4.3) 6.6 (4.7) −1.00 (−1.97 to −0.02)

ICU length of stay, mean (SD), de 9.1 (9.8) 9.0 (9.6) 0.1 (−1.7 to 2.0) .91

Hospital length of stay,
mean (SD), df

22.9 (28.8) 18.3 (19.0) 4.6 (0.0 to 9.1) .05

Exploratory Outcomes

Amount of resuscitation fluids
within the first 8 h, No.

206 209

Mean (SD), mL 2359 (1344) 2767 (1749) −408 (−705 to −110) .01

Total fluid balance, mLg

Within 8 h, No. 198 205

Mean (SD) 1587 (1388) 1874 (1756) −288 (−598 to 22.0) .07

Within 24 h, No. 176 185

Mean (SD) 2025 (2181) 2343 (2336) −318 (−785 to 149) .18

Within 48 h, No. 153 160

Mean (SD) 992 (1810) 1224 (3336) −233 (−831 to 366) .45

Within 72 h, No. 157 162

Mean (SD) 1389 (2809) 1601 (3069) −212 (−858 to 434) .52

Intra-abdominal hypertension,
No. of events/total (%)h

75/119 (63.0) 68/120 (56.7) 6.4 (−6.9 to 19.6) RR, 1.11 (0.90 to 1.37) .36i

Use of renal replacement therapy,
No. (%)

30 (14.2) 42 (19.8) −5.7 (−13.3 to 1.9) RR, 0.71 (0.47 to 1.10) .15i

In-hospital mortality, No. (%) 84 (39.6) 97 (45.8) −6.1 (−16.0 to 3.7) RR, 0.87 (0.69 to 1.08) .20i

Abbreviations: HR, hazard ratio; ICU, intensive care unit; RR, risk ratio;
SOFA, Sequential Organ Failure Assessment.
a Hazard ratio (95% CI) and P value calculated with Cox proportional hazards

model with adjustment for baseline values of Acute Physiology and Chronic
Health Evaluation II score, SOFA score, lactate levels, capillary refill time,
and source of infection.

b Absolute difference (95% CI) calculated from Cox proportional hazard model
without adjustment for covariates.

c Treatment effects on mechanical ventilation, renal replacement therapy,
and vasopressor use assessed with zero inflated negative binomial models.

d Treatment effect calculated with linear regression adjusting for baseline
SOFA score.

e Treatment effects on ICU stay, hospital stay, and resuscitation fluids assessed
with generalized linear models with gamma distribution.

f Patients still in the hospital for 90 days or more after randomization were
considered to be discharged alive at day 90.

g Fluid balance within 8, 24, and 72 hours was calculated as all intravenous fluids
minus urine output and gastrointestinal losses from randomization to the
specified time point. Treatment effect on total fluid balance was calculated
with linear regression.

h Defined as an intra-abdominal pressure equal or higher than 12 mm Hg.
Intra-abdominal pressure was measured via the bladder, with instillation
of 25 mL of sterile saline at end-expiration in the complete supine position,
with transducer zeroed at the level of the mid-axillary line.

i From Fisher exact test.
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higher MAP targets in patients with septic shock and a his-
tory of chronic hypertension.

Peripheral perfusion–targeted resuscitation was associ-
ated with beneficial effects on the secondary outcome of
SOFA score at 72 hours and lower 28-day mortality in the pre-
defined subgroup of patients with less severe organ dysfunc-
tion at baseline. These results are in line with those
from some observational studies that showed that normal-
ization of peripheral perfusion after initial resuscitation

was associated with lower mortality and less organ dys-
function9-11 and from a pilot study that suggested that re-
striction of fluid resuscitation based on normal peripheral
perfusion was associated with improvement in organ
dysfunction.14 Because of the exploratory nature of such sec-
ondary outcomes and analyses, these findings should be con-
firmed by further research.

The use of CRT in clinical practice is not devoid of prob-
lems. CRT is dependent on age, sex, ambient temperature

Table 2. Main Outcomes of the Study of Resuscitation Strategies in Septic Shock

Outcome

Peripheral
Perfusion–Targeted
Resuscitation
(n = 212)

Lactate
Level–Targeted
Resuscitation
(n = 212)

Unadjusted
Absolute Difference
(95% CI)

Adjusted
Relative Measure
(95% CI) P Value

Primary Outcome

Death within 28 d, No. (%) 74 (34.9) 92 (43.4) −8.5 (−18.2 to 1.2)b HR, 0.75 (0.55 to 1.02)a .06a

Secondary Outcomes

Death within 90 d, No. (%) 87 (41.0) 99 (46.7) −5.7 (−15.6 to 4.2)b HR, 0.82 (0.61 to 1.09)a .17a

Mechanical ventilation–free days
within 28 d, mean (SD)c

14.6 (12.1) 12.7 (12.2) 1.9 (−0.6 to 4.3) .14

Renal replacement therapy–free days
within 28 d, mean (SD)c

18.5 (12.1) 16.9 (12.1) 1.7 (−1.5 to 4.8) .31

Vasopressor-free days within 28 d,
mean (SD)c

16.7 (12.0) 15.1 (12.3) 1.6 (−0.7 to 3.9) .18

SOFA at 72 h, No.d 165 166 .045

Mean (SD) 5.6 (4.3) 6.6 (4.7) −1.00 (−1.97 to −0.02)

ICU length of stay, mean (SD), de 9.1 (9.8) 9.0 (9.6) 0.1 (−1.7 to 2.0) .91

Hospital length of stay,
mean (SD), df
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Mean (SD) 992 (1810) 1224 (3336) −233 (−831 to 366) .45

Within 72 h, No. 157 162

Mean (SD) 1389 (2809) 1601 (3069) −212 (−858 to 434) .52

Intra-abdominal hypertension,
No. of events/total (%)h

75/119 (63.0) 68/120 (56.7) 6.4 (−6.9 to 19.6) RR, 1.11 (0.90 to 1.37) .36i

Use of renal replacement therapy,
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30 (14.2) 42 (19.8) −5.7 (−13.3 to 1.9) RR, 0.71 (0.47 to 1.10) .15i

In-hospital mortality, No. (%) 84 (39.6) 97 (45.8) −6.1 (−16.0 to 3.7) RR, 0.87 (0.69 to 1.08) .20i

Abbreviations: HR, hazard ratio; ICU, intensive care unit; RR, risk ratio;
SOFA, Sequential Organ Failure Assessment.
a Hazard ratio (95% CI) and P value calculated with Cox proportional hazards

model with adjustment for baseline values of Acute Physiology and Chronic
Health Evaluation II score, SOFA score, lactate levels, capillary refill time,
and source of infection.

b Absolute difference (95% CI) calculated from Cox proportional hazard model
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with generalized linear models with gamma distribution.
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minus urine output and gastrointestinal losses from randomization to the
specified time point. Treatment effect on total fluid balance was calculated
with linear regression.

h Defined as an intra-abdominal pressure equal or higher than 12 mm Hg.
Intra-abdominal pressure was measured via the bladder, with instillation
of 25 mL of sterile saline at end-expiration in the complete supine position,
with transducer zeroed at the level of the mid-axillary line.
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function9-11 and from a pilot study that suggested that re-
striction of fluid resuscitation based on normal peripheral
perfusion was associated with improvement in organ
dysfunction.14 Because of the exploratory nature of such sec-
ondary outcomes and analyses, these findings should be con-
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The use of CRT in clinical practice is not devoid of prob-
lems. CRT is dependent on age, sex, ambient temperature
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14.6 (12.1) 12.7 (12.2) 1.9 (−0.6 to 4.3) .14
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within 28 d, mean (SD)c

18.5 (12.1) 16.9 (12.1) 1.7 (−1.5 to 4.8) .31
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Within 48 h, No. 153 160

Mean (SD) 992 (1810) 1224 (3336) −233 (−831 to 366) .45

Within 72 h, No. 157 162

Mean (SD) 1389 (2809) 1601 (3069) −212 (−858 to 434) .52

Intra-abdominal hypertension,
No. of events/total (%)h

75/119 (63.0) 68/120 (56.7) 6.4 (−6.9 to 19.6) RR, 1.11 (0.90 to 1.37) .36i

Use of renal replacement therapy,
No. (%)

30 (14.2) 42 (19.8) −5.7 (−13.3 to 1.9) RR, 0.71 (0.47 to 1.10) .15i

In-hospital mortality, No. (%) 84 (39.6) 97 (45.8) −6.1 (−16.0 to 3.7) RR, 0.87 (0.69 to 1.08) .20i

Abbreviations: HR, hazard ratio; ICU, intensive care unit; RR, risk ratio;
SOFA, Sequential Organ Failure Assessment.
a Hazard ratio (95% CI) and P value calculated with Cox proportional hazards

model with adjustment for baseline values of Acute Physiology and Chronic
Health Evaluation II score, SOFA score, lactate levels, capillary refill time,
and source of infection.

b Absolute difference (95% CI) calculated from Cox proportional hazard model
without adjustment for covariates.

c Treatment effects on mechanical ventilation, renal replacement therapy,
and vasopressor use assessed with zero inflated negative binomial models.

d Treatment effect calculated with linear regression adjusting for baseline
SOFA score.

e Treatment effects on ICU stay, hospital stay, and resuscitation fluids assessed
with generalized linear models with gamma distribution.

f Patients still in the hospital for 90 days or more after randomization were
considered to be discharged alive at day 90.

g Fluid balance within 8, 24, and 72 hours was calculated as all intravenous fluids
minus urine output and gastrointestinal losses from randomization to the
specified time point. Treatment effect on total fluid balance was calculated
with linear regression.

h Defined as an intra-abdominal pressure equal or higher than 12 mm Hg.
Intra-abdominal pressure was measured via the bladder, with instillation
of 25 mL of sterile saline at end-expiration in the complete supine position,
with transducer zeroed at the level of the mid-axillary line.

i From Fisher exact test.
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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 sepsis 
among undifferentiated adult patients with clini-
cally suspected (but not confirmed) sepsis. Several 
studies have assessed the use of lactate in this con-
text (50–52).

The lactate cutoffs determining an elevated level 
ranged from 1.6−2.5 mmol/L, although diagnostic 
characteristics were similar regardless of the cutoff. 
Sensitivities range from 66−83%, with specificities 
ranging from 80−85%. Pooled positive and negative 
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 measure-
ments at presentation and reduced mortality; how-
ever, the results are inconsistent (53). In summary, 
the presence 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 nei-
ther 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 set-
tings (54–61). Therefore, we issued a weak recom-
mendation favoring the use of serum lactate as an 
adjunctive test to modify the pretest probability of 
sepsis in patients with suspected but not confirmed 
sepsis.

Initial Resuscitation

Rationale
Timely, e"ective #uid resuscitation is crucial for the 
stabilization of sepsis-induced tissue hypoperfusion 
in sepsis and septic shock. Previous guidelines rec-
ommend initiating appropriate resuscitation imme-
diately upon recognition of sepsis or septic shock and 
having a low threshold for commencing 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 #uid resuscitation. $is 
%xed volume of initial resuscitation was based on ob-
servational evidence (62). $ere are no prospective 
intervention studies comparing di"erent volumes for 
initial resuscitation in sepsis or septic shock. A ret-
rospective analysis of adults presenting to an emer-
gency department with sepsis or septic shock showed 
that failure to receive 30 mL/kg of crystalloid #uid 
therapy within 3 hours 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 
PROCESS (64), ARISE (65) and PROMISE (66) tri-
als, the average volume of #uid received pre-random-
ization was also in the range of 30 mL/kg, suggesting 
that this #uid volume has been adopted in routine 
clinical practice (67).

Most patients require continued #uid adminis-
tration following initial resuscitation. Such admin-
istration needs to be balanced with the risk of #uid 

Recommendations

4.  Sepsis and septic shock are medical emergencies, 
and we recommend that treatment and resuscitation 
begin immediately.

Best practice statement.

5.  For patients with sepsis induced hypoperfusion or 
septic shock we suggest that at least 30 mL/kg of IV 
crystalloid fluid should be given within the first 3 hours 
of resuscitation.

Weak recommendation, low-quality evidence.

6.  For adults with sepsis or septic shock, we suggest 
using dynamic measures to guide fluid resuscitation 
over physical examination or static parameters alone.

Weak recommendation, very low-quality evidence.
Remarks:
Dynamic parameters include response to a passive leg 
raise or a fluid bolus, using stroke volume (SV), stroke 
volume variation (SVV), pulse pressure variation (PPV), or 
echocardiography, where available.

7.  For adults with sepsis or septic shock, we suggest 
guiding resuscitation to decrease serum lactate in 
patients with elevated lactate level, over not using 
serum lactate.

Weak recommendation, low-quality evidence.
Remarks:
During acute resuscitation, serum lactate level should 
be interpreted considering the clinical context and other 
causes of elevated lactate.

8.  For adults with septic shock, we suggest using cap-
illary refill time to guide resuscitation as an adjunct to 
other measures of perfusion.

Weak recommendation, low-quality evidence.
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4.  Sepsis and septic shock are medical emergencies, 
and we recommend that treatment and resuscitation 
begin immediately.

Best practice statement.

5.  For patients with sepsis induced hypoperfusion or 
septic shock we suggest that at least 30 mL/kg of IV 
crystalloid fluid should be given within the first 3 hours 
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 
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Remarks:
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8.  For adults with septic shock, we suggest using cap-
illary refill time to guide resuscitation as an adjunct to 
other measures of perfusion.

Weak recommendation, low-quality evidence.
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HEMODYNAMIC MANAGEMENT
Fluid Management

Rationale
Fluid therapy is a key part of the resuscitation of 
sepsis and septic shock. Crystalloids have the advan-
tage of being inexpensive and widely available. !e 
absence of clear bene"t 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 op-
timal #uid 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$ects that include hyperchlo-
remic metabolic acidosis, renal vasoconstriction, 
increased cytokine secretion and concern about acute 
kidney injury (AKI) have led to increased interest in 
chloride-restrictive solutions, known as balanced or 
bu$ered solutions (326–330). Subsequently, a net-
work meta-analysis of 14 RCTs of patients with sepsis 
showed in an indirect comparison that balanced crys-
talloids were associated with decreased mortality, 
compared to saline (331).

!ere have been a number of recent RCTs assess-
ing the question of which crystalloid may be most 
bene"cial in patients with sepsis. In the SPLIT mul-
ticenter, 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 #uid, the predominance of surgical 
patients, and the low number of septic patients (4%) 
precludes generalizability of the results. In 2016, the 
SALT pilot trial (n = 974) compared balanced solu-
tions versus normal saline; with septic patients com-
prising 25% and 28% of the population, respectively 
(333). !e primary outcome, a composite 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 pub-
lished in 2018, a single-center, multiple-crossover 
study including 15,802 patients who received balanced 
solutions or normal saline, alternating on a monthly 
basis (334). In the pre-speci"ed subgroup of patients 
admitted with sepsis in all participating ICUs, 30-day 
mortality was lower in those receiving balanced solu-
tions, compared to normal saline (OR, 0.80; 95% CI, 
0.67−0.94). Likewise, in a secondary analysis including 
only the 1,641 patients admitted to medical ICUs with 
a diagnosis of sepsis, balanced solutions were associ-
ated with reduced 30-day hospital mortality (OR, 0.74; 
95% CI, 0.59–0.93) and MAKE30, and increased vaso-
pressor- and RRT-free days (335).

!e SMART trial was a single-center study without 
individual patient randomization and no blinded 
assignment of the intervention, it exposed partici-
pants to moderate amount of #uid volume, identi"ca-
tion of sepsis 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 solutions. No cost-e$ectiveness 
studies compared balanced and unbalanced crystal-
loid solutions. !erefore, we considered the desir-
able and undesirable consequences to favor balanced 
solutions, but as the quality of the evidence 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 
maintain oncotic pressure than crystalloids (339), it is 
more costly and there is no clear bene"t with its routine 
use. Since the publication of the 2016 guidelines (12),  

Recommendations

32.  For adults with sepsis or septic shock, we recommend 
using crystalloids 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 crystalloids 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.

Soluté?
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Q7. Parmi les propositions suivantes, 
la(les)quelle(s) de ces antibiothérapies empiriques 
vous paraît(aissent)-elle(s) appropriée(s)?

A. Amoxicilline-Acide clavulanique
B. Céfotaxime
C. Imipénème
D. Céfotaxime + Amikacine
E. Céfotaxime + Amikacine+ Métronidazole
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Abstract 
Objective: To provide an update to “Surviving Sepsis Campaign Guidelines for Management of Sepsis and Septic 
Shock: 2012”.

Design: A consensus committee of 55 international experts representing 25 international organizations was con-
vened. Nominal groups were assembled at key international meetings (for those committee members attending 
the conference). A formal conflict-of-interest (COI) policy was developed at the onset of the process and enforced 
throughout. A stand-alone meeting was held for all panel members in December 2015. Teleconferences and 
electronic-based discussion among subgroups and among the entire committee served as an integral part of the 
development.

Methods: The panel consisted of five sections: hemodynamics, infection, adjunctive therapies, metabolic, and 
ventilation. Population, intervention, comparison, and outcomes (PICO) questions were reviewed and updated as 
needed, and evidence profiles were generated. Each subgroup generated a list of questions, searched for best avail-
able evidence, and then followed the principles of the Grading of Recommendations Assessment, Development, and 
Evaluation (GRADE) system to assess the quality of evidence from high to very low, and to formulate recommenda-
tions as strong or weak, or best practice statement when applicable.
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point of identification and then again when susceptibili-
ties are obtained. De-escalation of antimicrobial therapy 
is a mainstay of antibiotic stewardship programs and is 
associated with less resistant microorganisms, fewer side 
effects, and lower costs [51]. Several retrospective stud-
ies have suggested that obtaining cultures prior to anti-
microbial therapy is associated with improved outcome 
[52, 53]. Similarly, de-escalation has also been associated 
with improved survival in several observational studies 
[54, 55]. "e desire to obtain cultures prior to initiating 
antimicrobial therapy must be balanced against the mor-
tality risk of delaying a key therapy in critically ill patients 
with suspected sepsis or septic shock who are at signifi-
cant risk of death [56, 57].

We recommend that blood cultures be obtained prior to 
initiating antimicrobial therapy if cultures can be obtained 
in a timely manner. However, the risk/benefit ratio favors 
rapid administration of antimicrobials if it is not logisti-
cally possible to obtain cultures promptly. "erefore, in 
patients with suspected sepsis or septic shock, appropri-
ate routine microbiologic cultures should be obtained 
before initiation of antimicrobial therapy from all sites 
considered to be potential sources of infection if it results 
in no substantial delay in the start of antimicrobials. "is 
may include blood, cerebrospinal fluid, urine, wounds, 
respiratory secretions, and other body fluids, but does not 
normally include samples that require an invasive proce-
dure such as bronchoscopy or open surgery. "e decision 
regarding which sites to culture requires careful consid-
eration from the treatment team. “Pan culture” of all sites 
that could potentially be cultured should be discouraged 
(unless the source of sepsis is not clinically apparent), 
because this practice can lead to inappropriate antimi-
crobial use [58]. If history or clinical examination clearly 
indicates a specific anatomic site of infection, cultures of 
other sites (apart from blood) are generally unnecessary. 
We suggest 45 min as an example of what may be consid-
ered to be no substantial delay in the initiation of antimi-
crobial therapy while cultures are being obtained.

Two or more sets (aerobic and anaerobic) of blood cul-
tures are recommended before initiation of any new anti-
microbial in all patients with suspected sepsis [59]. All 
necessary blood cultures may be drawn together on the 
same occasion. Blood culture yield has not been shown 
to be improved with sequential draws or timing to tem-
perature spikes [60, 61]. Details on appropriate methods 
to draw and transport blood culture samples are enumer-
ated in other guidelines [61, 62].

In potentially septic patients with an intravascular 
catheter (in place >48 h) in whom a site of infection is not 
clinically apparent or a suspicion of intravascular cathe-
ter-associated infection exists, at least one blood culture 
set should be obtained from the catheter (along with 

simultaneous peripheral blood cultures). "is is done 
to assist in the diagnosis of a potential catheter-related 
bloodstream infection. Data are inconsistent regarding 
the utility of differential time to blood culture positivity 
(i.e., equivalent volume blood culture from the vascular 
access device positive more than 2 h before the periph-
eral blood culture) in suggesting that the vascular access 
device is the source of the infection [63–65].

It is important to note that drawing blood cultures from 
an intravascular catheter in case of possible infection of 
the device does not eliminate the option of removing the 
catheter (particular nontunneled catheters) immediately 
afterward.

In patients without a suspicion of catheter-associated 
infection and in whom another clinical infection site is 
suspected, at least one blood culture (of the two or more 
that are required) should be obtained peripherally. How-
ever, no recommendation can be made as to where addi-
tional blood cultures should be drawn. Options include: 
(a) all cultures drawn peripherally via venipuncture, 
(b) cultures drawn through each separate intravascu-
lar device but not through multiple lumens of the same 
intravascular catheter, or (c) cultures drawn through 
multiple lumens in an intravascular device [66–70].

In the near future, molecular diagnostic methods may offer 
the potential to diagnose infections more quickly and more 
accurately than current techniques. However, varying tech-
nologies have been described, clinical experience remains 
limited, and additional validation is needed before recom-
mending these methods as an adjunct to or replacement for 
standard blood culture techniques [71–73]. In addition, sus-
ceptibility testing is likely to require isolation and direct test-
ing of viable pathogens for the foreseeable future.

D. ANTIMICROBIAL THERAPY

1. We recommend that administration of IV antimi-
crobials be initiated as soon as possible after rec-
ognition and within 1 h for both sepsis and septic 
shock (strong recommendation, moderate quality 
of evidence; grade applies to both conditions).

Rationale "e rapidity of administration is central to 
the beneficial effect of appropriate antimicrobials. In the 
presence of sepsis or septic shock, each hour delay in 
administration of appropriate antimicrobials is associated 
with a measurable increase in mortality [57, 74]. Further, 
several studies show an adverse effect on secondary end 
points (e.g., LOS [75], acute kidney injury [76], acute lung 
injury [77], and organ injury assessed by Sepsis-Related 
Organ Assessment score [78] with increasing delays. 
Despite a meta-analysis of mostly poor-quality studies 
that failed to demonstrate a benefit of rapid antimicrobial 
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of progression from gram-negative bacteremic infection 
to septic shock is increased [98]. Accordingly, the initial 
selection of antimicrobial therapy must be broad enough 
to cover all likely pathogens. !e choice of empiric anti-
microbial therapy depends on complex issues related to 
the patient’s history, clinical status, and local epidemio-
logic factors. Key patient factors include the nature of the 
clinical syndrome/site of infection, concomitant underly-
ing diseases, chronic organ failures, medications, indwell-
ing devices, the presence of immunosuppression or other 
form of immunocompromise, recent known infection or 
colonization with specific pathogens, and the receipt of 
antimicrobials within the previous three months. In addi-
tion, the patient’s location at the time of infection acqui-
sition (i.e., community, chronic care institution, acute 
care hospital), local pathogen prevalence, and the suscep-
tibility patterns of those common local pathogens in both 
the community and hospital must be factored into the 
choice of therapy. Potential drug intolerances and toxicity 
must also be considered.

!e most common pathogens that cause septic shock 
are gram-negative bacteria, gram-positive, and mixed 
bacterial microorganisms. Invasive candidiasis, toxic 
shock syndromes, and an array of uncommon pathogens 
should be considered in selected patients. Certain spe-
cific conditions put patients at risk for atypical or resist-
ant pathogens. For example, neutropenic patients are at 
risk for an especially wide range of potential pathogens, 
including resistant gram-negative bacilli and Candida 
species. Patients with nosocomial acquisition of infec-
tion are prone to sepsis with methicillin-resistant Staph-
ylococcus aureus (MRSA) and vancomycin-resistant 
Enterococci.

Historically, critically ill patients with overwhelming 
infection have not been considered a unique subgroup 
comparable to neutropenic patients for purposes of 
selection of antimicrobial therapy. Nonetheless, critically 
ill patients with severe and septic shock are, like neutro-
penic patients, characterized by distinct differences from 
the typical infected patient that impact on the optimal 
antimicrobial management strategy. Primary among 
these differences are a predisposition to infection with 
resistant organisms and a marked increase in frequency 
of death and other adverse outcomes if there is a failure 
of rapid initiation of effective antimicrobial therapy.

Selection of an optimal empiric antimicrobial regimen 
in sepsis and septic shock is one of the central deter-
minants of outcome. Survival may decrease as much as 
fivefold for septic shock treated with an empiric regimen 
that fails to cover the offending pathogen [95]. Because 
of the high mortality associated with inappropriate ini-
tial therapy, empiric regimens should err on the side 
of over-inclusiveness. However, the choice of empiric 

antimicrobial regimens in patients with sepsis and sep-
tic shock is complex and cannot be reduced to a simple 
table. Several factors must be assessed and used in deter-
mining the appropriate antimicrobial regimen at each 
medical center and for each patient. !ese include:

(a) !e anatomic site of infection with respect to the 
typical pathogen profile and to the properties of indi-
vidual antimicrobials to penetrate that site.

(b) Prevalent pathogens within the community, hospital, 
and even hospital ward.

(c) !e resistance patterns of those prevalent pathogens.
(d) !e presence of specific immune defects such as 

neutropenia, splenectomy, poorly controlled HIV 
infection and acquired or congenital defects of 
immunoglobulin, complement or leukocyte function 
or production.

(e) Age and patient comorbidities including chronic ill-
ness (e.g., diabetes) and chronic organ dysfunction 
(e.g., liver or renal failure), the presence of invasive 
devices (e.g., central venous lines or urinary catheter) 
that compromise the defense to infection.

In addition, the clinician must assess risk factors for 
infection with multidrug-resistant pathogens including 
prolonged hospital/chronic facility stay, recent antimi-
crobial use, prior hospitalization, and prior colonization 
or infection with multidrug-resistant organisms. !e 
occurrence of more severe illness (e.g., septic shock) may 
be intrinsically associated with a higher probability of 
resistant isolates due to selection in failure to respond to 
earlier antimicrobials.

Given the range of variables that must be assessed, the 
recommendation of any specific regimen for sepsis and 
septic shock is not possible. !e reader is directed to 
guidelines that provide potential regimens based on ana-
tomic site of infection or specific immune defects [67, 
99–109].

However, general suggestions can be provided. Since 
the vast majority of patients with severe sepsis and septic 
shock have one or more forms of immunocompromise, 
the initial empiric regimen should be broad enough to 
cover most pathogens isolated in healthcare-associated 
infections. Most often, a broad-spectrum carbapenem 
(e.g., meropenem, imipenem/cilastatin or doripenem) 
or extended-range penicillin/β-lactamase inhibitor com-
bination (e.g., piperacillin/tazobactam or ticarcillin/
clavulanate) is used. However, several third- or higher-
generation cephalosporins can also be used, especially 
as part of a multidrug regimen. Of course, the specific 
regimen can and should be modified by the anatomic site 
of infection if it is apparent and by knowledge of local 
microbiologic flora.
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When involvement of multidrug-resistant bacteria in
VAP is suspected, studies confirmed the value of taking into
account the colonization status of different sites. Tracheal
aspirates are more reliable than samples collected at other
sites. One study suggests that colonization status was useful
for predicting appropriate antibiotic therapy for bacteraemia
caused by antibiotic-resistant Gram-negative bacteria.

b) When and how should use of carbapenems be 
reduced? 

Recommendations are presented in Table 6.

Rationale

The use of carbapenems in intensive care is associated
with the emergence of bacterial resistance [41, 42]. To
preserve their efficacy, these molecules should be spared
as much as possible [43].

Given the new EUCAST recommendations on MIC
breakpoints (third-generation cephalosporin and aztreon-
am), based on pharmacokinetic-pharmacodynamic data,
there are possible alternatives to carbapenems [44], in-
cluding b-lactam/b-lactamase inhibitor combinations
[45]. In all cases, these adaptations are made taking into
account the site and the microbiological data (MIC).

c) When and how should use of quinolones be reduced?

Recommendations are presented in Table 7.

Rationale

Fluoroquinolones are widely used because of their unde-
niable clinical value, good oral bioavailability and
favourable diffusion in tissues.

But their use is accompanied by numerous deleterious
effects. The ecological consequences [46, 47] include the
emergence of resistance to fluoroquinolones [21] by mu-
tation of DNA gyrase or of topoisomerase, overexpression
of efflux pumps or lack of permeability. Some of these
mechanisms affect both Gram-negative bacilli and Gram-
positive cocci. They also affect the resistance of other
classes of antibiotics. The emergence of MRSA associ-
ated with fluoroquinolones use should therefore be noted
[48]. There is also an impact on intestinal flora, with the
emergence of highly virulent Clostridium difficile [49] or
the emergence and spread of extended-spectrum b-lacta-
mase-producing Enterobacteriaceae [50, 51].

Moreover, the toxicity and side effects of these antibiotics
may be significant (tendinopathy, phototoxicity, hepatitis, QT
prolongation), which led the European Medicines Agency
(EMA) to issue warnings and restrictions for use.

Table 6 Recommendations for field 3b: how to use carbapenems

Recommendation

We recommend not using carbapenem as empirical
antimicrobial treatment when community-acquired bacterial
infection is suspected

1B

Carbapenem should, however, be considered in patients with a
combination of:

A known history of colonization/infection by extended-
spectrum b-lactamase-producing Enterobacteriaceae or by
ceftazidime-resistant P. aeruginosa, determined within the last
3 months, whatever the sampling site, and
Severe sepsis or septic shock

2D

In terms of empirical antimicrobial treatment, if a hospital-
acquired severe bacterial infection is suspected, we
recommend not prescribing carbapenem solely on the basis
of the nosocomial nature of the infection, but rather
considering the presence of at least two of the following
criteria:

Previous treatment with a third-generation cephalosporin,
fluoroquinolones (including a single dose) or a piperacillin–
tazobactam combination in the last 3 months,
Carriage of extended-spectrum b-lactamase-producing
Enterobacteriaceae or of ceftazidime-resistant P. aeruginosa,
determined within the last 3 months, whatever the sampling
site,
Hospitalization during the last 12 months,
Patient living in a nursing facility or in a long-term care
facility for elderly and carrying an indwelling catheter and/or
a gastrostomy tube,
Ongoing epidemic episode of multidrug-resistant bacteria in
the healthcare institution for which the only treatment option
is carbapenem

1C

After documenting the bacterial infection, an alternative to
carbapenems should be found, according to the infected site
and after microbiologist and clinician interactions

UG

Table 7 Recommendations for field 3c: how to use
fluoroquinolones

Recommendation

In septic shock, in combination with b-lactam antibiotic, we
recommend preferring aminoglycosides to fluoroquinolones

UG

We recommend not prescribing fluoroquinolones when other
antibiotics could be used

UG

Fluoroquinolones can, however, be used in the following
indications:

Proven severe Legionnaires’ disease,
Infections of bone and of the diabetic foot after antibiotic
susceptibility testing,
Prostatitis after antibiotic susceptibility testing

2C

We recommend not prescribing fluoroquinolones repeatedly in
the same patient (take into account prescriptions of
fluoroquinolones within the last 6 months, whatever the
indication)

1B

We recommend not prescribing fluoroquinolones as empirical
monotherapy in severe nosocomial infections

1B

We recommend not prescribing fluoroquinolones for strains of
Enterobacteriaceae that have acquired resistance to
nalidixic acid and/or pipemidic acid

1B
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céphalosporine de 2ème ou 3ème génération, ou fluoroquinolone< 6 mois, voyage récent en zone d'endémie d'EBLSE, 
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PNA grave 

Traitement probabiliste 
x C3G IV (céfotaxime ou ceftriaxone) + amikacine 

 
- si allergie :  

x aztréonam + amikacine  
 
- si antécédent de BLSE (IU ou colonisation urinaire < 6 mois) 

x carbapénème (imipénème, méropénème) + amikacine 
x en cas d’allergie aux carbapénèmes : aztréonam + amikacine 

 
- si choc septique, ET présence d'au moins un facteur de risque d'EBLSE* 

x carbapénème (imipénème, méropénème) + amikacine 
x en cas d’allergie aux carbapénèmes : aztréonam + amikacine 

Relais par voie orale adapté aux résultats de l’antibiogramme (hors BLSE ; si BLSE : cf tableau 
ad hoc) : par ordre alphabétique 

x amoxicilline (à privilégier sur souche sensible) 
x amoxicilline-acide clavulanique 
x céfixime 
x fluoroquinolone (ciprofloxacine ou ofloxacine ou lévofloxacine) 
x TMP-SMX 

 
Durée totale de traitement  

x 10 – 14 jours  

 

143/147, bd Anatole France F-93285 Saint-Denis Cedex – tél. +33 (0)1 55 87 30 00 – www.afssaps.sante.fr 
Juin 2008 

1

 
 

 
 
 
 

Recommandations de bonne pratique 
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- cystite aiguë simple 
- cystite compliquée 
- cystite récidivante 
- pyélonéphrite aiguë simple 
- pyélonéphrite aiguë compliquée 
- prostatite aiguë 
- infections urinaires de la femme enceinte 
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a tetracycline (omadacycline); yet, the yield of these new 
options remains to be investigated in critically ill patients 
with severe MRSA infection [100].

Single-drug or combination regimen
!e question of whether antibiotic combinations pro-
vide a beneficial effect beyond the empirical treatment 
period remains unsettled. Meta-analyses of randomized 
controlled trials (RCTs) comparing beta-lactams vs. beta-
lactams combined with another agent demonstrate no 
difference in clinical outcomes in a variety of infections 
caused by Gram-negative pathogens; however, patients 

with sepsis or septic shock were underrepresented [101, 
102]. In contrast, a meta-analysis of randomized and 
observational studies focused on sepsis or septic shock 
showed that combination therapy is beneficial in high-
risk patients (i.e., projected mortality rate greater than 
25%) [103]. !is positive impact may be especially pro-
nounced in neutropenic patients and when a pathogen 
with reduced antimicrobial susceptibility is involved (e.g., 
P. aeruginosa) [104].

To date, there is no RCT to examine whether combina-
tion therapy is superior to monotherapy for CRE infec-
tions. Observational studies suggest that the benefit of 

Table 4 Indications and doses of new and long-established antibiotics for treating MDR bacteria

BSI bloodstream infection, HAP hospital-acquired pneumonia, VAP ventilator-associated pneumonia, cIAI complicated intra-abdominal infection, UTI urinary tract 
infection, CI continuous infusion, FDA US Food and Drug Administration, EMA European Medicines Agency

Drug Usual dosing regimen for serious 
infections

Indication Status

Recent release or late development phases

 Ceftaroline 600 mg q12 h, IV BSI, CAP, cSSTI Approved

 Ceftobiprole 500 mg q8 h IV BSI, HAP Approved

 Ceftazidime/avibactam 2.5 g q8 h IV BSI, HAP, VAP, cIAI, UTI Approved

 Ceftolozane/tazobactam 1.5 g q8 h/3 g q8 h (VAP) IV BSI, UTI, cIAI, HAP, VAP Approved for cIAI and UTI
Phase 3 for HAP and VAP

 Aztreonam/avibactam 6500 mg ATM/2167 mg AVI q24 h 
on day 1 followed by 6000 mg 
ATM/2000 mg AVI q24 h, IV

HAP, VAP, BSI, UTI Phase 3

 Meropenem/vaborbactam 2 g/2 g q8 h IV BSI, UTI, cIAI, HAP/VAP Approved (FDA)

 Cefiderocol 2 g q8 h IV BSI, HAP, VAP, cIAI, UTI Phase 3

 Imipenem/relebactam 500 mg/250–125 mg q6 h IV BSI, HAP, VAP, cIAI, UTI Phase 3

 Eravacycline 1 mg/kg q12 h IV cIAI Under evaluation (EMA and FDA)

 Plazomicin 15 mg/kg q24 h IV In combination for BSI, UTI, HAP, VAP Approved

 Tedizolid 200 mg q24 h IV, oral cSSTI, HAP/VAP Approved for cSSTI, phase 3 for HAP 
and VAP

Long-established antibiotics

 Piperacillin/tazobactam 4.5 g every 6 h CI BSI, HAP, VAP, UTI, cIAI Approved

 Ceftazidime 6 g every 24 h CI BSI, HAP, VAP, UTI Approved

 Cefepime 2 g every 8 h or CI BSI, HAP, VAP, UTI Approved

 Aztreonam 1 g (2 g) every 8 h BSI, HAP, VAP, UTI, SSTI Approved

 Imipenem/cilastatin 500 mg (1 g) every 6 h BSI, HAP, VAP, UTI, cIAI Approved

 Meropenem 1 g (2 g) every 8 h or CI BSI, HAP, VAP, UTI, cIAI Approved

 Tigecycline 100–200 mg loading those, then 
50–100 mg every 12 h

cIAI Approved

“Old” antibiotics

 Gentamicin 7 mg/kg/day every 24 h In combination for BSI, UTI, c HAP, cIAI, 
VAP

Approved

 Amikacin 25–30 mg/kg/day every 24 h In combination for BSI, UTI,VA HAP, VAP Approved

 Colistin 9 MU loading dose, 4.5 MU every 
8–12 h

In combination for BSI, UTI, HAP, VAP Approved

 Fosfomycin 4–6 g every 6 h CI In combination for BSI, UTI, HAP, VAP Approved

 Vancomycin 15–30 mg/kg loading dose, 30–60 mg/
kg every 12 h, 6 h or CI

BSI, HAP, VAP Approved

 Linezolid 600 mg every 12 h BSI, HAP, VAP, SSTI Approved

Timsit et al. Intensive Care Med 2019
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Figure 1. Modélisation des concentrations plasmatiques obtenues après administration de 12g/j de 
Pipéracilline en bolus discontinus (à gauche) ou en perfusion continue sans (au milieu) ou avec dose de 
charge (à droite). La perfusion continue précédée d’une dose unitaire en bolus est le schéma d’administration 
permettant d’obtenir le plus grand %fT ≥ CMI. La concentration résiduelle avant l’injection suivante redescend 
sous la CMI dans le schéma d’administration discontinu (à gauche), tandis que la concentration peut rester 
inférieure à la CMI pendant plusieurs heures en cas d’administration continue sans dose de charge (milieu).  
 
De façon complémentaire, la quasi-totalité des études cliniques et/ou pharmacocinétiques 
relatives à l’administration continue des bêta-lactamines ont utilisé une dose de charge avant 
l’administration de bêta-lactamines en perfusion continue. A l’inverse, l’étude de Kollef et al. 
comparant l’administration de doripénème 1 g x3/j en perfusion prolongée de 4 h sans dose de 
charge vs imipénème 1 g x3/j discontinue en traitement des pneumonies acquises sous 
ventilation mécanique (PAVM) a été interrompue prématurément du fait d’une tendance à une 
moindre efficacité clinique et à une mortalité augmentée à J28 avec le traitement par 
doripénème, en particulier pour les PAVM due à Pseudomonas aeruginosa (1). Sans pouvoir 
conclure formellement à la part d’imputabilité de l’absence de dose de charge dans ces 
résultats, il apparaît probable que le délai supérieur pour atteindre des concentrations efficaces 
ait joué un rôle (1,2). 

S’il n’existe à l’heure actuelle aucun consensus quant à la dose d’antibiotique à utiliser pour la 
dose de charge, il semble raisonnable et pragmatique de proposer d’administrer une dose 
unitaire de bêta-lactamines identique à celle utilisée en cas d’administration discontinue, 
suivie du début immédiat de la perfusion continue. 

Références : 
1. Kollef MH, Chastre J, Clavel M, Restrepo MI, Michiels B, Kaniga K, Cirillo I, Kimko 

H, Redman R. A randomized trial of 7-day doripenem versus 10-day imipenem-
cilastatin for ventilator-associated pneumonia.	Crit Care. 2012 Nov 13;16(6):R218. 

2. Gonçalves-Pereira J, Póvoa P. Antibiotics in critically ill patients: a systematic review 
of the pharmacokinetics of β-lactams. Crit Care. 2011;15(5):R206. 

	

ADDENDA AU CHAMP 3 

1) Concernant le profil de sécurité, les études cliniques n’ont pas mis en évidence de différence 
significative de fréquence de survenue (exemple : diarrhée, rash cutané, phlébite…) ou de gravité 
(exemple : niveau d’insuffisance rénale) des effets indésirables attribuable aux bêta-lactamines entre 
les schémas d’administration continue ou prolongée et discontinue. 

2) Si la perfusion continue ou prolongée de bêta-lactamines peut être à privilégier dans certaines 
indications, ce mode d’administration doit cependant tenir compte de la stabilité de ces antibiotiques 

CHAMP 3. MODALITES D’ADMINISTRATION DES BETA-LACTAMINES 

 

Question 1. Quelle est la place de l’administration prolongée ou continue des bêta-lactamines 
pour le traitement des patients de soins critiques ? 

 

R3.1. Les experts suggèrent d’administrer les bêta-lactamines en perfusion prolongée 
ou continue en cas de CMI élevée de la bactérie responsable de l’infection pour 
augmenter les chances d’atteindre l’objectif PK-PD. 

Parmi tous les articles publiés entre 2000 et 2018 ayant pour critère de jugement principal le 
temps passé au-dessus de la CMI (%T ≥ CMI), cinq études ont été menées selon une 
méthodologie suffisamment robuste pour évaluer la pertinence de la perfusion continue par 
rapport à une administration discontinue dans le cadre d’infections dues à des bactéries de 
CMI élevées.  
Pour quatre d’entre elles (1-4), la méthodologie a été similaire et subdivisée de façon 
systématique en trois étapes : 

1) La première a consisté à créer et valider un modèle de PK de population (PK POP) à 
partir des concentrations plasmatiques/sériques mesurées chez des volontaires (sains 
ou patients) selon les schémas d’administration usuels.  

2) A partir du modèle de PK POP, c’est-à-dire des paramètres PK moyens associés à 
leur variabilité intra- et inter-individuelles, 10000 profils cinétiques ont été simulés 
(simulations de Monte Carlo) selon différents schémas d’administration (perfusion 
continue + dose de charge vs perfusion discontinue) et différentes posologies.  

3) Les auteurs ont ensuite calculé le pourcentage de profils simulés atteignant un certain 
pourcentage de temps au-dessus de la CMI (par exemple 50%T>CMI), nommé 
« Probability of Target Attainment » ou « PTA», et ce pour une gamme étendue de 
valeurs de CMI (par exemple de 0,01 à 40 mg/L). La CMI « limite » à partir de 
laquelle le schéma d’administration testé (i.e. dose 1 vs dose 2 ; fréquence 
d’administration 1 vs fréquence d’administration 2 ; ou ici administration 
continue/prolongée vs discontinue) n’est plus jugé « pharmacologiquement » efficace, 
est définie comme la CMI pour laquelle le PTA est inférieur à 90 % ou 95 % 
(PTA90% ; PTA95%) pour un objectif de %T≥CMI donné (Figure 1). 
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Fig. 2 Kaplan–Meier analysis. Overall survival rates at day 28 among patients with piperacillin TDM-guided therapy (TDM) and patients in the 
control group (control). Number of patients at risk for each group included in the analysis along the x-axis scale
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Tree analysis was used to delineate
patient subgroups associated with
greatest separation in the outcome
of interest for each treatment group
(23).

Statistical analysis was performed using
IBM SPSS Statistics version 22 software
(IBM Corp., Armonk, NY). A two-sided
P value less than 0.05 was considered
statistically significant.

Results

Study Selection and Characteristics
A Preferred Reporting Items for Systematic
reviews and Meta-Analyses flowchart for

Study or Subgroup

Abdul-Aziz 2016
Dulhunty 2015
Dulhunty 2013

Total events
Heterogeneity: Chi2 = 0.69, df = 2 (P = 0.71); I2 = 0%
Test for overall effect: Z = 2.11 (P = 0.03)

CI
A

B

C

D

II

20
39
2

61 85

Events

312 320 100.0% 0.73 [0.55, 0.98]

Total

70
212
30

28
52
5

Events Total Weight

70
220
30

33.3%
60.7%
5.9%

Risk Ratio
M-H, Fixed, 95% CI

0.71 [0.45, 1.14]
0.78 [0.54, 1.13]
0.40 [0.08, 1.90]

0.1 0.2 0.5
Favors CI Favors II

1 2 5 10

Study or Subgroup

Abdul-Aziz 2016
Dulhunty 2015
Dulhunty 2013

Total (95% CI)

Total events
Heterogeneity: Chi2 = 0.49, df = 2 (P = 0.78); I2 = 0%
Test for overall effect: Z = 1.14 (P = 0.25)

CI II

13
32
2

47 59

Events

312 320 100.0% 0.82 [0.58, 1.16]

Total

70
212
30

17
38
4

Events Total Weight

70
220
30

29.2%
64.0%
6.9%

Risk Ratio
M-H, Fixed, 95% CI

Risk Ratio
M-H, Fixed, 95% CI

Risk Ratio
M-H, Fixed, 95% CI

0.76 [0.40, 1.45]
0.87 [0.57, 1.34]
0.50 [0.10, 2.53]

0.1 0.2 0.5
Favors CI Favors II

1 2 5 10

Study or Subgroup

Abdul-Aziz 2016
Dulhunty 2015
Dulhunty 2013

Total (95% CI)

Total events
Heterogeneity: Tau2 = 0.05; Chi2 = 5.56, df = 2 (P = 0.06); I2 = 64%
Test for overall effect: Z = 1.78 (P = 0.07)

CI II

39
111
23

173 148

Events

312 320 100.0% 1.32 [0.97, 1.80]

Total

70
212
30

24
109
15

Events Total Weight

70
220

30

28.8%
44.0%
27.2%

Risk Ratio
M-H, Random, 95% CI

Risk Ratio
M-H, Random,  95% CI

1.63 [1.10, 2.39]
1.06 [0.88, 1.27]
1.53 [1.02, 2.31]

0.2 0.5
Favors II Favors CI

1 2 5

Study or Subgroup

Abdul-Aziz 2016
Dulhunty 2015
Dulhunty 2013

Total (95% CI)

Heterogeneity: Chi2 = 4.96, df = 2 (P = 0.08); I2 = 60%
Test for overall effect: Z = 0.84 (P = 0.40)

Continuous infusion

16.33
14.56
17.2

312 0.66 [–0.89, 2.21]

8.91
10.06
8.29

70
212
30

Mean SD Total
Intermittent bolus

13.51
15.17
13.67

320 100.0%

10.54
10.23
9.53

70
220
30

Mean SD Total
Mean Difference
IV, Fixed, 95% CI

Mean Difference
IV, Fixed, 95% CI

2.82 [–0.41, 6.05]
–0.61 [–2.52, 1.30]
3.53 [–0.99, 8.05]

–10 –5 0
Favors IB Favors CI

105

22.9%
65.4%
11.7%

Weight

Total (95% CI)
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Q8. Malgré le remplissage, la pression artérielle a 
chuté à 72/41 mmHg. Quelle est votre attitude 
thérapeutique à présent? 

A. Mise sous noradrénaline sur VVP avec un objectif de PAM à 65 
mmHg

B. Mise sous terlipressine
C. Mise sous noradrénaline sur VVP avec un objectif de PAM à 75 

mmHg
D. Mise sous noradrénaline sur VVC avec un objectif de PAM à 75 

mmHg
E. Mise sous noradrénaline sur VVC avec un objectif de PAM à 65 

mmHg
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Background
The Surviving Sepsis Campaign recommends targeting a mean arterial pressure of 
at least 65 mm Hg during initial resuscitation of patients with septic shock. 
However, whether this blood-pressure target is more or less effective than a higher 
target is unknown.

Methods
In a multicenter, open-label trial, we randomly assigned 776 patients with septic 
shock to undergo resuscitation with a mean arterial pressure target of either 80 to 
85 mm Hg (high-target group) or 65 to 70 mm Hg (low-target group). The primary 
end point was mortality at day 28.

Results
At 28 days, there was no significant between-group difference in mortality, with 
deaths reported in 142 of 388 patients in the high-target group (36.6%) and 132 of 
388 patients in the low-target group (34.0%) (hazard ratio in the high-target group, 
1.07; 95% confidence interval [CI], 0.84 to 1.38; P = 0.57). There was also no sig-
nificant difference in mortality at 90 days, with 170 deaths (43.8%) and 164 deaths 
(42.3%), respectively (hazard ratio, 1.04; 95% CI, 0.83 to 1.30; P = 0.74). The occur-
rence of serious adverse events did not differ significantly between the two groups 
(74 events [19.1%] and 69 events [17.8%], respectively; P = 0.64). However, the inci-
dence of newly diagnosed atrial fibrillation was higher in the high-target group 
than in the low-target group. Among patients with chronic hypertension, those in 
the high-target group required less renal-replacement therapy than did those in the 
low-target group, but such therapy was not associated with a difference in mortality.

Conclusions
Targeting a mean arterial pressure of 80 to 85 mm Hg, as compared with 65 to 
70 mm Hg, in patients with septic shock undergoing resuscitation did not result in 
significant differences in mortality at either 28 or 90 days. (Funded by the French 
Ministry of Health; SEPSISPAM ClinicalTrials.gov number, NCT01149278.)
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fluid balance, and the fluid balance was lower 
than those reported previously,7,8 possibly be-
cause our population of patients differed from 
those in previous studies or because of more re-
strictive protocols for fluid administration in 
France. In addition, there were no significant 
between-group differences in the overall rates of 
organ dysfunction or death at 90 days. However, 
in patients with a history of chronic arterial hy-
pertension, targeting a mean arterial pressure of 
80 to 85 mm Hg reduced both the incidence of a 
doubling of the blood creatinine level and the 
rate of renal-replacement therapy. There was no 
significant between-group difference in the over-
all rate of serious adverse events, but patients in 
the high-target group had significantly more 
episodes of atrial fibrillation.

No differences in the primary and secondary 
outcomes were observed between the two 
groups. Our study was prospectively powered to 
detect an absolute difference of 10 percentage 
points in the rate of death on the basis of an 
expected rate of 45% in the low-target group, at 
an alpha level of 0.05 and a beta level of 0.20, 
with the use of a two-tailed test. The expected 
overall death rate in our study was consistent 
with the rates among patients with septic shock 
that were reported in previous multicenter trials 
(37%,5 39%,8 47%,4 and 49%6) at the time the 

trial was designed. The absolute reduction of 10 
percentage points in mortality was chosen in 
our study because the trials that were available 
in the literature when the protocol was designed 
in 2008 had tested the hypothesis of absolute 
reductions of 20 percentage points,5 15 percent-
age points,4 and 10 percentage points8 in rates 
of death. Two other trials that were published 
after we started recruiting patients tested the 
hypothesis of an absolute mortality reduction of 
7 percentage points7,15 and 10 percentage points.16 
Hence, the anticipated risk reduction in our 
study was close to the risk reductions tested in 
previous studies. However, our observed rate of 
death at 28 days was lower than the rate in some 
other studies, although it was in line with the 
rate in more recent trials, in which death rates 
ranging from 25 to 57% were reported.7,15 
Nevertheless, the lower-than-expected rate of 
death led to an underpowered study. Therefore, 
we may not have detected differences in the in-
cidence of some adverse events, especially rare 
events such as myocardial infarction.

Septic shock is a major risk factor for atrial 
fibrillation,17 and in our study, atrial fibrillation 
was significantly more common in the high-
target group than in the low-target group. This 
adverse effect might be related to the signifi-
cantly higher doses of catecholamine and the 
longer duration of catecholamine infusions in 
the high-target group. However, given the small 
number of episodes of atrial fibrillation, other 
confounding factors cannot be ruled out. The 
association between atrial fibrillation and septic 
shock should be considered only as a hypothe-
sis-generating concept for future trials.

At randomization, patients were stratified ac-
cording of the presence or absence of chronic 
hypertension. More than 40% of the patients 
reported having a history of chronic hyperten-
sion, which is in line with rates in previous stud-
ies.18 Among patients with chronic hyperten-
sion, a rightward shift of the curve for organ 
pressure-flow autoregulation is expected, which 
means that an increased mean arterial pressure 
could hypothetically result in improved organ 
perfusion11 and, eventually, in improved survival 
rates. No significant differences in adverse effects 
between patients with chronic hypertension and 
those without chronic hypertension were evi-
dent. The results in the subgroup with chronic 
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Figure 2. Mean Arterial Pressure during the 5-Day Study Period.

Mean arterial pressures were significantly lower in the low-target group than 
in the high-target group during the 5 protocol-specified days (P = 0.02 by 
repeated-measures regression analysis), although the values exceeded the 
target values of 80 to 85 mm Hg in the high-target group and 65 to 70 mm Hg 
in the low-target group. The I bars represent 95% confidence intervals.
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were also higher (between 85 and 90 mm Hg) than 
the predefined target range of 80 to 85 mm Hg. 
Thus, the target between-group difference was 
well maintained. Whether higher achieved mean 
arterial pressures in the two groups influenced 
the results is impossible to ascertain. However, 
given the pragmatic nature of the trial, these 
data were not recorded as protocol violations. 
In addition, the higher mean arterial pressures 
in the two groups may reflect the reluctance of 
some attending physicians to decrease the vaso-
pressor infusion rate when the mean arterial 

pressure is about 70 mm Hg, as recently re-
ported by Pouk kanen et al.19 In that study, pa-
tients spent more than 75% of the time at a 
mean arterial pressure of more than 70 mm Hg. 
Finally, the generalizability of our trial results 
may be limited because of the frequent use of 
glucocorticoids and activated protein C and 
because of the large number of patients who 
were excluded because of the narrow inclusion 
window.

In conclusion, among patients with septic 
shock, 28-day and 90-day mortality did not dif-
fer significantly between those who were treated 
to reach a target mean arterial pressure of 80 to 
85 mm Hg and those who were treated to reach 
a target of 65 to 70 mm Hg.
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Figure 3. Kaplan–Meier Curves for Cumulative Survival.

Data for the survival analysis, which was performed in the intention-to treat 
population, were censored at 90 days. There was no significant difference 
in survival between the high-target group and the low-target group (P = 0.57 
at 28 days; P = 0.74 at 90 days).
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hypertension may indicate that targeting a high-

er mean arterial pressure is acceptable because 

it was not associated with greater harms.

The guidelines of the Surviving Sepsis Cam-

paign recommend targeting a mean arterial pres-

sure of at least 65 mm Hg. According to our study 

design, investigators were invited to follow these 

guidelines in the low-target group. How ever, the 

observed mean arterial pressures in the low-target 

group (target range, 65 to 70 mm Hg) were for the 

most part between 70 and 75 mm Hg. Similarly, 

the observed values in the high-target group 

Table 2. Clinical Results, Primary and Secondary Outcomes, and Serious Adverse Events.

Variable

Low-Target Group

(N = 388)

High-Target Group

(N = 388) P Value

Cumulative fluid intake from day 1 to day 5 — liters 10.0 (5.8–14.0) 10.5 (5.5–14.0) 0.89

Cumulative urine output from day 1 to day 5 — liters 6.7 (2.9–10.7) 6.9 (2.4–10.7) 0.87

Cumulative fluid balance from day 1 to day 5 — liters 2.8 (0.0–6.2) 2.4 (0.0–6.0) 0.74

Median dose of norepinephrine (IQR) — µg/kg/min

Day 1

0.45 (0.17–1.21) 0.58 (0.26–1.80) <0.001

Day 2

0.16 (0.03–0.48) 0.38 (0.14–0.90) <0.001

Day 3

0.02 (0.00–0.16) 0.14 (0.01–0.50) <0.001

Day 4

0.00 (0.00–0.05) 0.03 (0.00–0.22) <0.001

Day 5

0.00 (0.00–0.03) 0.01 (0.00–0.15) <0.001

Duration of catecholamine infusion — days
3.7±3.2

4.7±3.7 <0.001

Primary outcome: death at day 28 — no. (%)*
132 (34.0) 142 (36.6) 0.57

Secondary outcomes — no./total no. (%)

Death at day 90†

164 (42.3) 170 (43.8) 0.74

Survival at day 28 without organ support‡
241 (62.1) 235 (60.6) 0.66

Doubling of plasma creatinine
161 (41.5) 150 (38.7) 0.42

No chronic hypertension
71/215 (33.0) 85/221 (38.5) 0.32

Chronic hypertension

90/173 (52.0) 65/167 (38.9) 0.02

Renal-replacement therapy from day 1 to day 7
139 (35.8) 130 (33.5) 0.50

No chronic hypertension
66/215 (30.7) 77/221 (34.8) 0.36

Chronic hypertension

73/173 (42.2) 53/167 (31.7) 0.046

Serious adverse events — no. (%)

Any

69 (17.8)
74 (19.1) 0.64

Acute myocardial infarction§

2 (0.5)
7 (1.8) 0.18

Atrial fibrillation

11 (2.8)
26 (6.7) 0.02

Ventricular fibrillation or tachycardia
15 (3.9)

22 (5.7) 0.24

Digital ischemia

9 (2.3)
10 (2.6) 0.82

Mesenteric ischemia

9 (2.3)
9 (2.3) 1.00

Bleeding

42 (10.8)
31 (8.0) 0.22

* The hazard ratio for death at 28 days was 1.07 (95% confidence interval [CI], 0.84 to 1.38) in the high-target group, as 

compared with the low-target group. 

† The hazard ratio for death at 90 days was 1.04 (95% CI, 0.83 to 1.30) in the high-target group, as compared with the 

low-target group. 

‡ Organ support refers to the use of vasopressors, mechanical ventilation, or renal-replacement therapy.  

§ Acute myocardial infarction was defined as typical electrocardiographic changes, with a concomitant increase in tropo-

nin, and segmental echocardiographic hypokinesia or akinesia, with the infarction confirmed, when possible, by means 

of coronary angiography.
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Fig. 2 Subgroup analysis for primary outcomes (28-day mortality and serious adverse events)
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a 12% relative increase in the risk of 28-day mortality 
with vasopressin therapy. Second, vasopressin appears 
safe regarding serious adverse events overall and in all 
planned subgroups but with a different side effect profile 
to norepinephrine borne out by more digital ischaemia 
and fewer arrhythmias. "ird, there is weak evidence for 
vasopressin resulting in a reduced requirement for RRT. 
Fourth, we had hypothesised that that there might be 
beneficial effects of vasopressin therapy in specific sub-
groups but the subgroup interactions were not statisti-
cally significant although the 95% confidence intervals 
imply considerable uncertainty.

Comparing our findings to the existing literature 
requires caution for several reasons. Most existing non-
IPD meta-analyses assess not only vasopressin but also 
its analogues and these are assessed in distributive shock 
states other than just sepsis (e.g., vasoplegia post cardiac 
surgery). Also, the as yet unpublished VANCS II trial has 
not been included in any meta-analyses to date [24]. McI-
ntyre and colleagues found a reduced 28-day mortality in 
the subgroup of septic trials [31]. However, these trials 
also included terlipressin and limiting to only vasopres-
sin resulted in a non-significant estimate. Vasopressin did 
not have a material impact on ICU or hospital length of 
stay, and this was in line with our results. A recent non-
IPD meta-analysis by Nedel et al. found no significantly 
reduced incidence of RRT in the subgroup of septic 
patients receiving vasopressin (OR 0.75, 95% CI 0.54–
1.04) but the effect estimate was broadly similar to ours 
[32]. "e variation in event rates among the four included 
trials is not unexpected given the different inclusion/
exclusion criteria and trial time frames that they encom-
pass [33].

"e high number of critical care trials that have 
found no mortality benefit for a proposed interven-
tion has resulted in increasing attention toward enrich-
ment strategies and identification of specific subgroups 
that disproportionately benefit from a therapy. Our IPD 
meta-analysis did not show significant interactions in 
the subgroups. In a re-analysis of the VASST trial, Rus-
sell and colleagues assessed the impact of the new sep-
tic shock 3.0 definitions on the original trial results [34]. 

"ey found that vasopressin was not efficacious in the 
new septic shock 3.0 cohort but was beneficial in patients 
with a lactate level ≤ 2  mmol/l. Bhatraju et  al. investi-
gated the response to vasopressin in two distinct AKI 
sub-phenotypes. "ree hundred twenty-eight patients 
from the VASST trial who had IL-8, Ang-1 and Ang-2 
measured were classified into two groups with a signifi-
cantly improved 90-day mortality only found in one of 
the groups [35]. However, Antcliffe and colleagues per-
formed a post hoc analysis of 176 VANISH trial patients 
with blood samples enabling categorisation into two 
groups according to their transcriptomic sepsis response 
signatures and found no significant interaction between 
vasopressin/norepinephrine and 28-day mortality for the 
two groups [36]. "ese studies highlight the differential 
responses to vasopressin for some but not all phenotypes.

"e data on serious adverse events also merit atten-
tion. It may surprise clinicians that vasopressin, at these 
low doses, does not increase the incidence of mesenteric 
ischaemia. Vasopressin results in a decreased incidence 
of arrhythmias, possibly by decreasing the use of adr-
energic vasopressors. "is result is consistent with the 
SOAP2 trial where dopamine led to more arrhythmias 
than norepinephrine (dopamine has far greater beta-adr-
energic activity than norepinephrine) [2]. Our findings 
provide actionable evidence for clinicians when choosing 
a vasopressor for septic shock patients: greater concern 
for arrhythmia will favour vasopressin while concern 
about digital ischaemia may favour norepinephrine.

Our findings have several implications. First, they may 
inform future versions of the Surviving Sepsis Campaign 
guidelines, which currently recommend vasopressin only 
as an adjunct agent [13]. In practice, this means that 
vasopressin is often used only as a rescue therapy. Addi-
tional guidance could recommend earlier use in those 
with dysrhythmias or a tachycardia. Second, our results 
align with the finding of reduced RRT use initially identi-
fied in the VANISH trial (although the overall evidence 
is weak considering the sensitivity analysis that does not 
achieve statistical significance and the multiple second-
ary outcomes assessed in this analysis) [12]. "erefore, 
this finding should be viewed as hypothesis generating 

Table 3 Serious adverse events

a Percentage absolute risk di!erence
b The reduced denominator for mesenteric ischaemia is due to no available data on this serious adverse event in the trial by Dunser et al.

Outcome Vasopressin Norepinephrine ARDa (95% CI)

Serious adverse events, no./total (%) 124/735 (16.9) 120/718 (16.7) 0.2 (− 3.7 to 4.0)

Digital ischaemia 21/735 (2.9) 8/718 (1.1) 1.7 (0.3–3.2)

Mesenteric  ischaemiab 14/727 (1.9) 18/711 (2.5) − 0.6 (− 2.1 to 0.9)

Acute coronary syndrome 18/735 (2.5) 17/718 (2.4) 0.1 (− 1.5 to 1.7)

Arrhythmia 39/735 (5.3) 58/718 (8.1) − 2.8 (− 0.2 to − 5.3)
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Discussion
!is is the first individual patient data meta-analysis 
of vasopressin in septic shock and there are four main 
findings. First, we found no evidence of a statistically 

significant reduction in 28-day mortality with the use 
of vasopressin therapy in adults with septic shock. In 
our analysis, observed 95% CIs were consistent with an 
effect that ranges between a 14% relative reduction and 

Fig. 1 Forest plot of primary outcomes: (a) 28-day mortality, (b) serious adverse events and secondary outcome, and (c) requirement for renal 
replacement therapy (RRT)
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Abstract 
Purpose: We performed an individual patient data meta-analysis to investigate the possible benefits and harms of 
vasopressin therapy in adults with septic shock both overall and in pre-defined subgroups.

Methods: Our pre-specified study protocol is published on PROSPERO, CRD42017071698. We identified randomised 
clinical trials up to January 2019 investigating vasopressin therapy versus any other vasoactive comparator in adults 
with septic shock. Individual patient data from each trial were compiled. Conventional two-stage meta-analyses were 
performed as well as one-stage regression models with single treatment covariate interactions for subgroup analyses.

Results: Four trials were included with a total of 1453 patients. For the primary outcomes, there was no effect of 
vasopressin on 28-day mortality [relative risk (RR) 0.98, 95% CI 0.86–1.12] or serious adverse events (RR 1.02, 95% CI 
0.82–1.26). Vasopressin led to more digital ischaemia [absolute risk difference (ARD) 1.7%, 95% CI 0.3%–3.2%] but 
fewer arrhythmias (ARD − 2.8%, 95% CI − 0.2% to − 5.3%). Mesenteric ischaemia and acute coronary syndrome events 
were similar between groups. Vasopressin reduced the requirement for renal replacement therapy (RRT) (RR 0.86, 95% 
CI 0.74–0.99), but this finding was not robust to sensitivity analyses. There were no statistically significant interactions 
in the pre-defined subgroups (baseline kidney injury severity, baseline lactate, baseline norepinephrine requirement 
and time to study inclusion).

Conclusions: Vasopressin therapy in septic shock had no effect on 28-day mortality although the confidence inter-
vals are wide. It appears safe but with a different side effect profile from norepinephrine. The finding on reduced RRT 
should be interpreted cautiously. Future trials should focus on long-term outcomes in select patient groups as well as 
incorporating cost effectiveness analyses regarding possible reduced RRT use.
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sufficient clinical evidence favoring the early start of 
vasopressors is currently lacking, the possible beneficial 
hemodynamic effects should be considered in early sep-
tic shock resuscitation and warrant further interventional 
studies. Fluid resuscitation based on markers of periph-
eral perfusion seems to be safe and has been associated 
with a decreased net fluid balance [13, 33]. Cautious use 
of fluids is warranted and constant reassessment of the 
benefit/risk ratio should be part of the resuscitation pro-
tocol as rational and restrictive fluid administration may 
decrease fluid overload [53].

Fluid overload can be estimated using the change 
in body weight (or net fluid balance) and is frequently 
associated with evidence of organ disfunction (weaning 
related heart failure, organ edema, intraabdominal hyper-
tension, acute kidney injury, etc.) resulting in increased 
morbidity (increased duration of mechanical ventilation 
(MV) and length of stay) and mortality [54].

Removal of excess fluid following stabilization of the 
patient, thus, seems rational. However, this is still an 
evolving concept as guidelines on how to execute this 
in clinical practice are lacking [54, 55]. Frequently used 
interventions include the use of diuretics [56] or renal 
replacement therapy [57]. As this may induce exces-
sive fluid removal possibly resulting in hypovolemia 

and regional hypoperfusion [54] other more physiology 
driven approaches are needed. #e diagnosis of fluid 
unresponsiveness in stabilized patients has been success-
fully used to start removal of fluids [19] and use of ultra-
sound to guide fluid removal showed improved efficiency 
[58], whereas the use of continuous fluid removal, using 
renal replacement therapy, has been associated with 
improved outcome [57]. Given these scarce data, further 
studies in both patients on continuous renal replacement 
therapy or without kidney injury are warranted.

Evolving concepts in vasopressor use
Use of norepinephrine according to vasomotor tone
Decreased vasomotor tone is a common characteristic of 
sepsis-related hypotension. A low diastolic blood pres-
sure (DAP) frequently indicates a state of vasodilation 
and the use of the diastolic shock index (ratio between 
DAP and heart rate) [59], may optimize the early use of 
vasopressors.

#e coupling between the pump and the vasculature 
(ventriculo-arterial coupling, VAC) assessed by the ratio 
between arterial elastance (Ea) and end-systolic elastance 
(Ees) [60] might be used to predict and monitor the effect 
of norepinephrine on myocardial performance [12] and 
VAC [21] and may detect drug-induced uncoupling [61]. 

Table 2 Potential reasons for  immediate (or concomitant) start of  vasopressors during  early resuscitation of  sepsis-
related cardiovascular dysfunction

Problem E"ect Setting Potential bene#t of early start of vaso-
pressors

Time of hypotension and outcomes Prolonged hypotension is related with 
worse clinical outcomes

Clinical Shortening time of hypotension

Low preload / low myocardial contractil-
ity

Decreased cardiac output Clinical/experimental Mobilization of blood volume from the 
non-stressed to the stressed circulatory 
compartment

Increasing myocardial contractility
Optimization of ventriculo-arterial 

coupling

Low diastolic pressure Altered myocardial perfusion Clinical Severe hypotension derived from serious 
vasodilation is unlikely to be reversed by 
simple fluid administration

Low microcirculatory driving pressure Altered convective microcirculatory 
blood flow

Clinical Correcting hypotension improves micro-
circulatory blood flow

Nevertheless, increasing vasopressor dose 
can derange microcirculatory blood 
flow when baseline microcirculation is 
already corrected

Altered splanchnic flow Decreased splanchnic perfusion Experimental Early combination of fluids and vasopres-
sors might be superior at restoring 
mesenteric blood flow and tissue oxy-
genation compared to fluid resuscita-
tion alone

Nevertheless, isolated use of vasopressors 
might worsen splanchnic flow

Using a pre-defined fixed volume of 
resuscitation fluids

Paradoxical increase in vasopressor 
requirements

Experimental A very early vasopressor start might 
decrease subsequent need for fluid 
therapy

Bakker J et al Intensive Care Med 2022



Prise en charge
du patient septique aux urgences

• Remplissage du patient septique démarre le plus souvent aux 
urgences
• Simultanément avec l’antibiothérapie 
• La précocité impacte fortement sur le devenir des patients (préserver 

les organes vulnérables)
• Objectifs: clinique (TRC), lactate, SvcO2

• Choix du soluté: cristalloïdes (sol. balancées+++)
• Introduction « rapide » de la noradrénaline


