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Ventilator-associated pneumonia (VAP) is the most 
frequent nosocomial infection encountered in the 
critically ill patients. Adequate first-line antibiotics is 
likely to improve the outcome but little is known about 
the mechanical ventilation (MV) strategy influence.  

However, growing evidences support the fact that 
reducing tidal volume (VT) could be beneficial in 
patients with or without ARDS [1]. Accordingly, 
cumulative experimental data showed that stretching 
the lung may hamper its ability to clear bacterial 
pathogens [2,3]. 

PEEP level, muscular paralysis and prone position 
remain to be evaluated in the VAP setting as well. 

 

 

 

 

 

 

 

 

 

 

Background : Ventilator-associated pneumonia (VAP) is the most frequently encountered 
infection in the critically ill patients submitted to mechanical ventilation (MV).  Cumulative 
evidences support the fact that MV is likely to cause tissue damages as well as to promote 
extra-pulmonary organ failure, especially if applied to infected lungs. Tidal volume (VT) 
reduction, positive end-expiratory pressure (PEEP) level optimization, neuromuscular 
blockade and prone position could attenuate such a deleterious effect of MV, in the setting 
of the acute respiratory distress syndrome (ARDS) and maybe beyond. We hypothesized 
therefore that such strategies could improve the outcome of the patients with VAP, with or 
without ARDS. 
  
Methods: observational study in a French teaching hospital including every patient 
submitted to volume-controlled MV with suspected VAP according to usual criteria.  Proven 
VAP diagnosis required that clinical pulmonary infectious score (CPIS) reached 5 points 
together with a positive tracheal aspirates culture. Baseline characteristics and VAP episode 
description including severity assessment through daily sequential organ failure assessment 
(SOFA) score, were collected prospectively. Daily ventilator settings (i.e., mean VT and 
PEEP level) as well as data regarding neuromuscular blockade and prone position at the 
onset of VAP were obtained. The primary endpoint was ICU survival. A Cox model was 
conducted in the subgroup of patients with proven VAP. Adjusted hazard-ratios were 
determined after including relevant covariates according to univariate analysis (i.e., SOFA 
on day-1, age, steroids, septic shock, early/late VAP). 
  
Results: 225 patients (including 121 proven VAP) fulfilled the inclusion criteria over the 7-
year study period. Mortality was greater if PEEP≥5 cm H2O (50.0 vs. 36.8%; p=0.18), as 
well as if VT>6 mL/kg ideal body weight (43.9 vs. 27.3%; p=0.15), while neither 
neuromuscular blockade nor prone position was related to the outcome. After adjusting for 
potential confounders, only VT remained independently associated with death (aHR=1.3 
[1.0-1.7], 95% CI; p=0.04). 
  
Conclusion: lowering the VT of patients submitted to MV while developing VAP could 
improve their outcome.  

Lowering the VT of patients submitted to MV even 
below VT recommended for ARDS (i.e., 6 mL/kg IBW) 
while developing VAP could improve their outcome [4]. 
This finding is line with recently published data 
showing that the so-called “protective” MV should 
applied to non-ARDS patients, supporting the 
deleterious effect of stretching infected lungs. Further 
studies are however mandatory. 

VAP: Ventilator-associated Pneumonia; ICU: Intensive Care Unit; IBW: Ideal Body Weight; PEEP: Positive End-Expiratory Pressure; VT: Tidal Volume;  
MV: Mechanical Ventilation; TA: Tracheal Aspirates; CPIS: Clinical Pulmonary Infection Score 

To determine to which extent the following factors were 
likely to influence the outcome upon VAP onset : 
-  Tidal volume 
-  PEEP level 
-  Body position (prone or supine) 
-  Neuromuscular blockade 

Results 
- Among the 416 eligible patients,121 patients fulfilling 
inclusion criteria were analyzed 
- ICU mortality reached 40.5% 
- VT was below 8 mL/kg IBW in 65.3% and below 6 mL/
kg IBW in 18.2% of the patients 
- Baseline as well as VAP episode severity indicators 
were found to be related to the outcome (Table 1) 
- Ongoing steroid therapy on VAP onset was also 
significantly associated with ICU death 
- Interestingly, VT the day before VAP diagnosis was 
found to be lower in the survivors, and the difference 
reached statistical significance after adjusting for 
potential confounders (Table 2); however, similar VT 
values were recorded the day after; 
- PEEP level on VAP D-1 and D0 tended to be lower in 
the survivors (Tables 1 & 2) 
- In contrast, neither prone position nor neuromuscular 
blockade were found to be associated with death 
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Prospective 7-year observational study (2005-2012) 
Setting: 15-bed ICU in a French teaching hospital 
Patients:  
   - proven VAP (CPIS≥ 5 & positive TA culture) 
   - volume-controlled MV 
Primary end point: ICU mortality 
Comparisons by univariate analysis followed by 
multivariate survival analysis (time-to-event Cox 
model) 
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Kaplan-Meier Graphe de Survie Cum. pour J1-DC ou S ( J )
Variable censure : DEVENIR
Facteur : VT j-1<6
Critère d’inclusion : CPIS>=5 & culture+ de PAVM-VM-corrigé.xls (importé).svd

Hazard ratio 95% CI p value 

Steroids  2.06 [0.91-1.07] 0.03 
Age  1.03 [1.01-1.06] <0.01 
SOFA D0 1.17 [1.04-1.31] <0.01 
VT D-1 1.30 [1.01-1.66] 0.04 
PEEP D-1 0.90 [0.81-1.01] 0.08 

Survivors Non survivors p 
Age (year-old) 57.1 (15.7) 65.8 (14.5) <0.01 

Male (%) 62.5% 65.3% 0.75 

Underlying disease (%) 
Chronic cardiac disease 

Chronic renal failure 
COPD 

Diabetes mellitus 
Immunosuppression 

 
23.5% 
0.0% 
15.3% 
11.8% 
7.3% 

 
46.8% 
8.5% 
20.4% 
21.3% 
8.5% 

 
<0.01 
0.01 
0.46 
0.17 
0.82 

SAPS II (points) 43.9 (15.1) 54.6 (13.2) <0.01 

Late onset VAP (%) 59.7% 83.7% <0.01 

CPIS D3 (points) 7.3 (1.9) 7.3 (1.7) 0.95 

Involved pathogen (%) 
S. aureus 

Enterobacteriacae 
Pseudomonas aeruginosa 

Miscellaneous 

 
23.6% 
45.8% 
15.3% 
15.3% 

 
12.2% 
49.0% 
28.6% 
10.2% 

 
0.18 
0.73 
0.08 
0.72 

Appropriate first-line ATB (%) 63.9% 63.3% 0.96 

SOFA D0 (points) 
Septic shock (%) 

7.6 (3.1) 
19.4% 

9.6 (3.1) 
42.9% 

<0.01 
<0.01 

PaO2/FIO2 D-1 (mmHg) 
PaO2/FIO2 D 0 (mmHg) 
PaCO2 D-1 (mmHg) 
PaCO2 D 0 (mmHg) 

271.9 (133.2) 
266.3 (112.3) 
38.9 (8.3) 
38.1 (8.1) 

231.5 (101.2) 
217.2 (107.3) 
43.2 (12.3) 
42.7 (11.6) 

0.09 
0.02 
0.03 
0.01 

VT D-1 (mL/kg IBW) 
VT D 0 (mL/kg IBW) 

6.9 (1.3) 
7.1 (1.4) 

7.3 (1.1) 
7.2 (1.0) 

0.11 
0.68 

PEEP D-1 (cm H2O) 
PEEP D 0 (cm H2O) 

4.9 (2.4) 
4.9 (1.7) 

5.1 (2.6) 
5.2 (2.3) 

0.69 
0.41 

Prone position (%) 6.9% 6.1% 0.86 

Neuromuscular blockade (%) 9.7% 16.3% 0.28 

Steroids on VAP onset (Yes) 31.1% 59.6% <0.01 

Figure 1. ICU survival in patients with VAP according to the VT set 
on D-1 (≤6 [blue]; >6 mL/kg IBW [red]) (logrank: p=0.16). 

Table 1. Baseline characteristics, VAP episode description and MV 
settings according to the outcome. 

Table 2. Independent predictors of death in the ICU among patients 
with VAP. 
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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

Consensus Definitions for Sepsis and Septic Shock Special Communication Clinical Review & Education
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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
https://doi.org/10.1007/s00134-018-5085-0
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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. 

*Correspondence:  mitchell_levy@brown.edu 
1 Department of Medicine, Division of Pulmonary/Critical Care Medicine, 
Alpert Medical School at Brown University, Providence, RI, USA
Full author information is available at the end of the article
This article is being simultaneously published in Critical Care Medicine 
(https://doi.org/10.1097/CCM.0000000000003119) and Intensive Care 
Medicine.
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Diagnosing sepsis is subjective and highly
variable: a survey of intensivists using case
vignettes
Chanu Rhee1,2* , Sameer S. Kadri3, Robert L. Danner3, Anthony F. Suffredini3, Anthony F. Massaro2, Barrett T. Kitch4,
Grace Lee1 and Michael Klompas1,2

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.

* Correspondence: crhee1@partners.org
1Department of Population Medicine, Harvard Medical School and Harvard
Pilgrim Health Care Institute, 401 Park Drive, Suite 401, Boston, MA, USA
2Department of Medicine, Brigham and Women’s Hospital, Boston, MA, USA
Full list of author information is available at the end of the article

© 2016 Rhee et al. Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.
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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.

0%

20%

40%

60%

80%

100%

Case A Case B Case C Case D Case E
(Control)

P
er

ce
nt

ag
e 

of
 R

es
po

ns
es

SIRS Sepsis Severe Sepsis Septic Shock None of the Above

A

0%

20%

40%

60%

80%

100%

Case A Case B Case C Case D Case E
(Control)

P
er

ce
nt

ag
e 

of
 R

es
po

ns
es

Severe Sepsis/Septic Shock Not Severe Sepsis/Septic Shock

B

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

Rhee et al. Critical Care  (2016) 20:89 Page 4 of 8

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
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tion (22.1 %). The distribution of explanations differed
for each case (Table 2). For case A, most of the disagree-
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cases B–D, most of the disagreement centered on
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Only one explanation was judged to represent a misun-
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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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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.
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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       )

Monitor clinical condition; 
reevaluate for possible sepsis
if clinically indicated

Monitor clinical condition; 
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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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
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Despite adequate fluid resuscitation, 
1. vasopressors required to maintain 
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Bilirubin
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Respiratory rate
Mental status
Systolic blood pressure
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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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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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of septic states, the concept of irreversible shock as originally 
described by Wiggers.29 This concept suggests that shock, irre-
spective of the etiology, can only be tolerated for a limited time. 
Once present, shock will become irreversible with inevitable pro-
gression to death if the condition is not reversed within a short 
period of time. This concept is directly associated with the idea 
of the “golden hour” first demonstrated in the context of hemor-
rhagic/traumatic shock but applicable to various forms of critical 

injury particularly other shock states. Many 
studies have now shown that early definitive 
intervention (i.e., correction of the underlying 
problem) within a short time of potentially 
lethal injury has a major impact on survival. 
Patients with such injury can be maintained 
for a limited period of time with non-defini-
tive support modalities (e.g., blood products 
for hemorrhagic shock, intra-aortic balloon 
pump for myocardial infarction-associated 
cardiogenic shock, pressors for all forms of 
shock) but mortality will not be improved 
without definitive elimination of the underly-
ing source of hemodynamic instability (e.g., 
thrombolysis,30 angioplasty31 or bypass for car-
diogenic shock due to myocardial infarction, 
embolectomy or thrombolysis of massive pul-
monary embolus causing obstructive shock,32 
or definitive repair/control of a bleeding lesion 
causing hypovolemic shock33).

Septic shock can be viewed through a simi-
lar prism. In this circumstance, the underly-
ing source of shock is the total microbial load. 
This paradigm of septic shock implies that 
the speed with which the inciting infection 
is reduced to a sub-critical thresh-hold after 
the onset of persistent or recurrent hypoten-
sion (as a marker of shock) will be of para-
mount importance in survival. The presence 
of shock becomes a central driver in the gen-
esis of irreversible organ injury rather than 
an incidental epiphenomenon. A conceptual 
model that incorporates the key elements of 
this infectious paradigm of sepsis, immuno-
logic elements from the model described pre-
viously and the concept of irreversible shock 
can be created and used to predict key aspects 
of pathogenesis of septic shock and develop 
novel approaches to effective therapy. This 
construct is similar to the infectious diseases 
model of septic shock with two major addi-
tions (Fig. 4). First, the hatched line indicates 
the point at which inflammatory mediator-
associated cellular dysfunction and tissue 
injury manifest as septic shock. This threshold 
will be highly variable between individuals. 
Those with impaired cardiovascular reserve 
will go into shock at lower levels of cellular 

dysfunction/tissue injury. Young, healthy persons may require a 
substantially greater degree of inflammatory stimulation to reach 
the same shock threshold. The second new element to the model 
is that the presence of shock (as commonly manifested by persis-
tent/recurrent hypotension) sets the patient on the path toward 
irreversible organ injury. At some indeterminate point after 
onset of hypotension (depending on the degree of hypotension, 
comorbid contributors, and genotype of the patient), the patient 

Figure 3. Microbiologic view of sepsis and septic shock. See text for explanation.

Figure 4. Composite view of sepsis and septic shock. See text for explanation.
Kumar et al Virulence 2014

bactéricidie



Intensive Care Med (2017) 43:304–377
DOI 10.1007/s00134-017-4683-6

CONFERENCE REPORTS AND EXPERT PANEL

Surviving Sepsis Campaign: 
International Guidelines for Management 
of Sepsis and Septic Shock: 2016
Andrew Rhodes1*, Laura E. Evans2, Waleed Alhazzani3, Mitchell M. Levy4, Massimo Antonelli5, Ricard Ferrer6, 
Anand Kumar7, Jonathan E. Sevransky8, Charles L. Sprung9, Mark E. Nunnally2, Bram Rochwerg3, 
Gordon D. Rubenfeld10, Derek C. Angus11, Djillali Annane12, Richard J. Beale13, Geoffrey J. Bellinghan14, 
Gordon R. Bernard15, Jean-Daniel Chiche16, Craig Coopersmith8, Daniel P. De Backer17, Craig J. French18, 
Seitaro Fujishima19, Herwig Gerlach20, Jorge Luis Hidalgo21, Steven M. Hollenberg22, Alan E. Jones23, 
Dilip R. Karnad24, Ruth M. Kleinpell25, Younsuk Koh26, Thiago Costa Lisboa27, Flavia R. Machado28, 
John J. Marini29, John C. Marshall30, John E. Mazuski31, Lauralyn A. McIntyre32, Anthony S. McLean33, 
Sangeeta Mehta34, Rui P. Moreno35, John Myburgh36, Paolo Navalesi37, Osamu Nishida38, Tiffany M. Osborn31, 
Anders Perner39, Colleen M. Plunkett25, Marco Ranieri40, Christa A. Schorr22, Maureen A. Seckel41, 
Christopher W. Seymour42, Lisa Shieh43, Khalid A. Shukri44, Steven Q. Simpson45, Mervyn Singer46, 
B. Taylor Thompson47, Sean R. Townsend48, Thomas Van der Poll49, Jean-Louis Vincent50, W. Joost Wiersinga49, 
Janice L. Zimmerman51 and R. Phillip Dellinger22

© 2017 SCCM and ESICM 

*Correspondence:  andrewrhodes@nhs.net 
1 St. George’s Hospital, London, England, UK
Full author information is available at the end of the article

This article is being simultaneously published in Critical Care Medicine 
(DOI: 10.1097/CCM.0000000000002255) and Intensive Care Medicine.

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.

Rhodes et al. Intensive Care Med 2016

Broad-spectrum
is tantalizing!



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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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
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at the infection site by sequencing the retro-transcribed 
RNA, possibly adding to its diagnostic yield [77]. None-
theless, significant improvements in nucleic extraction 
rates, antibiotic susceptibility inference, and the exploita-
tion of results into actionable data must be made before 
clinical metagenomics can be part of routine diagnostic 
algorithms.

Besides new-generation tools, rapidly applicable infor-
mation can still be obtained from culture-based methods 
such as direct AST on lower respiratory tract samples 

(time from sample collection ca. 24 h) [78] or lab auto-
mation with real-time imaging of growing colonies—for 
instance, the Accelerate Pheno™ system (Accelerate 
Diagnostics, Tucson, AZ) provides AST results in 6–8 h 
from a positive blood culture [79].

To be effective, all these tests must be integrated into 
the clinical workflow, thereby raising other organizational 
challenges and requiring the implementation of ASP [80].

Table 2 Spectrum of empirical antimicrobial therapy in immunocompromised patients

HAI hospital-acquired infection, CAI community-acquired infection, OI opportunistic infection, CMV cytomegalovirus, PCP Pneumocystis jirovecii pneumonia
a Encapsulated bacteria: S. pneumoniae, H. in!uenza, N. meningitidis, Salmonella spp., Klebsiella spp.

Type of immune de"ciency Infection risk to guide antimicrobial rationale Antimicrobial empirical coverage

Solid organ transplant Timing from transplant surgery
0–2 months: high risk of HAI
2–6 months: high risk of both HAI and CAI
6–12 months: low risk of HAI, moderate risk of HAI and OI
> 12 months: low risk of HAI, moderate risk of CAI and OI

Pseudomonas spp., S. aureus, Candida spp., Aspergil-
lus spp., Cryptococcus spp.

Nocardia spp., endemic mycoses, CMV
PCP, tuberculosis, S. pneumoniae

Neutropenia Absolute neutrophil count, duration, and comorbidities
> 500 cells/µL, anticipated to last < 7 days
< 100 cells/µL, anticipated to last > 7 days
Shock, mucositis, diarrhea, central line

Low risk
Pseudomonas spp., S. aureus, S. viridans, molds
Pseudomonas spp., S. aureus, S. viridans, Candida spp.

HIV CD4 cell count
200–500 cells/µL: low risk of OI
50–200 cells/µL: high risk of OI
< 50 cells/µL: very high risk of OI
HIV-induced humoral immunodeficiency at any CD4 level
HIV and intravenous drug abuse

Tuberculosis
Tuberculosis, PCP
Cryptococcosis, toxoplasmosis, CMV
S. pneumoniae
S. aureus

Immunoglobulin deficiency Common variable immunodeficiency
Chronic lymphocytic leukemia
Multiple myeloma
Chronic granulomatous disease

Encapsulated  bacteriaa

Encapsulated  bacteriaa, S. aureus
Encapsulated  bacteriaa

S. aureus, Burkholderia cepacia, Aspergillus spp.

Iatrogenic immunosuppression Steroids (prednisone > 20 mg/day)
Inhibitors of TNF, IL-1, IL-6, IL-17, IL-12/23
Anti-CD20 monoclonal antibodies
Anti-CD52 monoclonal antibodies

Candida spp., PCP, Nocardia spp.
Tuberculosis, S. aureus, Listeria spp., Legionella
Low risk
Aspergillus spp., Mucor, Listeria spp.

Table 3 New diagnostic tools for bacterial infection in critically ill patients

AST antimicrobial susceptibility testing, TAT  turnaround time, NGS next-generation sequencing

Method Based on Available Pros Cons

Direct AST Culture Yes Cheap
Decreases TAT by 24 h

Lacks standardization
Does not work for polymicrobial infection

Accelerate Pheno™ Culture Yes Faster than conventional methods
Automatized
1 h for identification, 6–8 h for AST

Expensive
Low throughput
For positive blood cultures only

Lab automation Culture Yes Real-time culturing decreasing TAT Integration with stewardship
Cost
Exploitation of results outside working hours

Syndromic tests PCR Yes Fast (TAT 1–8 h)
Minimal hands-on time

Expensive
Not exhaustive
Minimal information on antibiotic resistance

Clinical metagenomics NGS In development Exhaustive
Potentially fast
Host response

Experimental
Interpretation of results
Expensive
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Source control in the management of severe sepsis and septic
shock: An evidence-based review

John C. Marshall, MD; Ronald V. Maier, MD, FACS; Maria Jimenez, MD; E. Patchen Dellinger, MD

T he term “source control” en-
compasses all those physical
measures that can be used to
control a focus on infection

and to modify factors in the infectious
milieu that promote microbial growth or
impair host antimicrobial defenses (1).
The term was first used in the early 20th
century and has renewed appeal with the
increasing use of invasive nonsurgical ap-
proaches to treat infection. Its principles
derive from a body of surgical experience
dating back many centuries, although the
validation of these principles through
randomized, controlled trials is quite
modest.

Biological and Therapeutic
Principles

The invasion of host tissues by micro-
organisms evokes a complex and highly
conserved response that serves to recruit
inflammatory cells to the site of chal-

lenge and to optimize local defenses to
kill the invading bacteria, minimize mi-
crobial dissemination beyond the site of
infection, and initiate the processes of
tissue repair. Source control measures
rely for their success on this response,
and so a brief consideration of the biology
of local inflammation is invaluable in un-
derstanding the variables that guide clin-
ical decision making.

A local insult such as infection or tis-
sue injury triggers innate host defense
mechanisms that result in local vasodila-
tation increases in microvascular perme-
ability, activation of coagulation, and the
influx of large numbers of activated neu-
trophils. The visible clinical conse-
quences are the cardinal manifestations
of inflammation—rubor (redness), calor
(warmth), dolor (pain), tumor (swelling),
and functio laesa (loss of function). Va-
sodilatation and increased capillary per-
meability result in an outpouring of tissue
fluid. Local activation of macrophages and
endothelial cells leads results in the release
of cytokines such as interleukin-8 that
serve as neutrophil chemoattractants and
interleukin-1 that prolong neutrophil sur-
vival and in the activation of coagulation
through the induction of tissue factor. The

evolving melange of microorganisms, tis-
sue debris, and tissue fluid, enclosed within
a capsule of fibrin, comprises an abscess
(Table 1), a structure that prevents the dis-
semination of microorganisms, but also
protects the abscess contents from sys-
temic host defenses (Fig. 1) (2). Microbial
proliferation, microvascular coagulation,
and the release of potent but nonspecific
neutrophil products such as reactive oxy-
gen species produce varying amounts of
local tissue injury and necrosis.

These stereotypical and predictable
consequences of local inflammation pro-
vide the basis for the cardinal principles
of source control: 1) drainage of infected
fluid collections, 2) debridement of in-
fected solid tissue and the removal of
devices or foreign bodies, and 3) defini-
tive measures to correct anatomic de-
rangements resulting in ongoing micro-
bial contamination and to restore optimal
function.

Drainage

Drainage of an abscess converts a
closed-space infection into a controlled
sinus (an abnormal communication with
an epithelial surface) or fistula (an abnor-

From the Toronto General Hospital, University
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Copyright © 2004 by the Society of Critical Care
Medicine and Lippincott Williams & Wilkins
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Objective: In 2003, critical care and infectious disease experts
representing 11 international organizations developed manage-
ment guidelines for source control in the management of severe
sepsis and septic shock that would be of practical use for the
bedside clinician, under the auspices of the Surviving Sepsis
Campaign, an international effort to increase awareness and to
improve outcome in severe sepsis.

Design: The process included a modified Delphi method, a
consensus conference, several subsequent smaller meetings of
subgroups and key individuals, teleconferences, and electronic-
based discussion among subgroups and among the entire com-
mittee.

Methods: The modified Delphi methodology used for grading
recommendations built on a 2001 publication sponsored by the
International Sepsis Forum. We undertook a systematic review of
the literature graded along five levels to create recommendation-

grades from A to E, with A being the highest grade. Pediatric
considerations to contrast adult and pediatric management are in
the article by Parker et al. on p. S591.

Conclusion: Source control represents a key component of suc-
cess in therapy of sepsis. It includes drainage of infected fluids,
debridement of infected soft tissues, removal of infected devices or
foreign bodies, and finally, definite measures to correct anatomic
derangement resulting in ongoing microbial contamination and to
restore optimal function. Although highly logical, since source control
is the best way to reduce quickly the bacterial inoculum, most
recommendations are, however, graded as D or E due to the difficulty
to perform appropriate randomized clinical trials in this respect.
Appropriate source control should be part of the systematic checklist
we have to keep in mind in setting up the therapeutic strategy in
sepsis. (Crit Care Med 2004; 32[Suppl.]:S513–S526)

S513Crit Care Med 2004 Vol. 32, No. 11 (Suppl.)
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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 
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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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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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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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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
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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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Lactatémie et ScvO2

Gattinoni et al. Am J Respir Crit Care Med 2019

because it refers to a standard PCO2
and

pH, whereas the anion gap does not. The
weak correlation between alactic BE and
anion gap (adjusted R2 = 0.113) is
reported in Figure E6.

Possible Model of Sepsis
Pathophysiology
We believe that the controversial lactate
shuttle theory (30), broadly applied in
other settings of lactate generation, fits
well with the bulk of our findings. That
construct considers lactate the normal
product of glycolysis (see online
supplement for details and description).
Indeed, the model emphasizes the
importance of lactate as a central key of
glucose metabolism, instead of considering
it, as historically proposed (1), as the result
of anaerobiosis. According to this model,
all molecules of glucose entering the
cytoplasm are metabolized into lactate,
which is finally oxidized to CO2 and water.
If lactate production exceeds oxidative
capacity (e.g., excessive b-adrenergic
stimulation, thiamine deficiency,
respiratory chain impairment, lack of
oxygen), excess lactate is transported out
of the cells, usually in association with a
proton (30). The decrease in pH caused by
the increase in plasma lactate is sensed by
the kidney, which decreases the urinary
strong ion difference (31) to restore the
normal plasma pH.

The plasma concentration of lactate
reaches a plateau if the rate of lactate
production in the nonfunctioning metabolic
units equals the rate of lactate oxidation by
the metabolically active functioning units.
Most organs, primarily the liver, may “clear”
circulating lactate (i.e., completely oxidize
lactate) and the rate of oxidation in the
functioning metabolic units increases
with the lactate input. Indeed, a strong
relationship has been shown between
exogenous lactate input and its oxidation in
patients during dialysis (32), and the same
phenomenon has been observed in
experimental animal models (33).
Therefore, we may hypothesize that in
sepsis, the lactate oxidation capability of the
functioning metabolic units (see Figure
E10) increases with the increased
availability of lactate (34) (see Figures E8
and E11). Interestingly, other metabolites
that normally are oxidized by the Krebs
cycle within the mitochondria (e.g.,
nonesterified fatty acids) behave in sepsis as
does lactate: increased levels promote
higher rates of oxidation (35).

Clinical Implications
Our findings may help account for the
ability of lactate to predict the severity and
outcome of patients with sepsis. Indeed, we
showed that whatever the prevalent
mechanism underlying the deterioration in
organ function in sepsis (i.e., impairment in
the oxygen transport or oxygen use), the end
result is an increase in the production of
lactates and a decrease in their oxidation,
leading to hyperlactatemia. However,
despite this apparent similarity in outcome,
a better understanding of the primary
mechanism of hyperlactatemia, as we
suggest in this model, might guide a more
targeted and less indiscriminate approach
to the management of sepsis. In strictly
following the management guidance
currently advocated, all patients with overt
sepsis would receive similar amount of
fluids, regardless of their mixed venous
oxygen saturation (36).

Actually, a deficit in the oxygen
transport, as suggested by low ScvO2

, may
justify a therapeutic approach aiming at
increasing it, such as early goal-directed
therapy (37), and, even better, correcting,
if possible, the precise cause of oxygen
transport impairment. In contrast, at high
ScvO2

(impaired oxygen use) the same
therapeutic approach may seem, at best,
ineffective, as suggested by recent
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Figure 4. (A–D) Creatinine (A), diuresis (B), renal-replacement therapy (C), and simplified strong ion
difference [(Na11K1)2Cl2] (D) as a function of alactic base excess sextiles at baseline (ICU
admission). Data are presented as mean6SE. BE=base excess; RRT= renal-replacement therapy;
SID= strong ion difference.
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Figure 5. Lactate metabolic pathways and
kidney response. The arrows’ direction indicates
increase (↑) or decrease (↓) of the given variable.
See text and online supplement for further
details. ScvO2

= central venous oxygen
saturation; SID= strong ion difference.
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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?

DO2 = Hb x 1.36 x SaO2 x Qc
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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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Jusqu’où faut-il remplir 
les patients septiques?

Deleterious effects on the microcirculation include dys-
function of endothelial signal transductory pathways
by inflammatory mediators and reactive oxygen spe-
cies, deterioration of endothelial barrier function (e.g.,
glycocalyx), alterations in red blood cell function
(deformability, aggregability), and increased leukocyte
adhesion and activation [6, 9]. Any one of these altera-
tions either alone or acting together can lead to a loss of
functional capillary density resulting in heterogeneous
abnormalities in the distribution of blood to the micro-
circulatory network, enhanced oxygen diffusion distances
from the perfused intracapillary lumens to the tissue cell,
tissue hypoxemia, and finally organ dysfunction.

Administration of fluids to correct hypovolemia may
modulate microcirculatory function by various mecha-
nisms. The most important is increasing flow by enhanced
filling of the vasculature, thus generating forcing pressure
promoting microcirculatory perfusion. Fluids also modify
the hemorheology of blood by decreasing viscosity, which
additionally promotes blood flow. There are different
effects of fluids on blood viscosity depending on the
composition of the fluid; the microcirculation can be either
improved or impaired by these effects [16]. Excessive
hemodilution can cause shunting of the microcirculation
and impair regional tissue oxygenation [14]. This effect
can differ among the different organ systems [12].

Acid-base balance has been shown to be influenced by
the administration of fluids [17]. Alterations in acid-base
status can cause deleterious effects on organ function
(e.g., kidney function [18]). Saline solution appears to
have the most negative effect on the (micro)circulation

[19]. Infusion of large amounts of saline results in
increased plasma chloride concentration and causes a
reduction in the strong ion difference, which in turn
produces an increase in free hydrogen ions [20]. This
effect can be avoided when using more plasma-adapted
(‘‘balanced’’) crystalloids [21].

Release of inflammatory mediators secondary to
hypovolemia is another important factor contributing to
microcirculatory dysfunction. The volume replacement
strategy can modulate inflammatory activation, genera-
tion of reactive oxygen, and leukocyte adhesion to the
microcirculatory endothelium [22]. Saline solution
appears to be the most pro-inflammatory fluid, whereas
certain colloids (especially when dissolved in a balanced
solution) may be more beneficial in controlling the
inflammatory process [23–25]. Studies using intravital
microscopy have shown this to be the case by imaging the
effects of different fluids on leukocyte adherence on organ
microvascular surfaces [26, 27]. In this context colloids
showed more beneficial effects on the microcirculation
than saline resuscitation in a variety of experimental
models using direct observation of leukocyte endothelial
interaction [27, 28]. The use of crystalloids as volume
replacement has been shown to impair microcirculation
and to cause vascular leakage resulting in fluid shift to the
interstitial space [29, 30]. The negative effects on oxygen
transport pathways occur as a result of increased diffusion
path length and poor oxygen solubility in aqueous solu-
tions causing reduced oxygen availability and impaired
cellular respiration.

The glycocalyx is a gel-like structure that forms the
interface between the intracapillary lumen and the endo-
thelial cells, and its integrity is highly sensitive to
oxidative stress [31]. It is likely that endothelial dys-
function and microcirculatory deterioration resulting from
hypovolemia and reperfusion injury are caused by a loss
of the endothelial glycocalyx [32]. Depletion of this
barrier results in leukocyte adhesions and loss of the
endothelial barrier function [33, 34]. This in turn results
in alterations of the Starling forces promoting tissue
edema. The loss of this important supracellular compart-
ment of the microcirculation may form an important
rationale for using colloids [32]. Of the colloids, starches
have been shown to protect the glycocalyx barrier [35]. It
is expected that modifications of the molecular and
pharmacological properties of colloids as well as of the
solvent may provide additional protection of the glyco-
calyx and thereby of the microcirculation.

How can the effects of volume replacement
be monitored?

Currently, endpoints of volume replacement are aimed at
correcting changes in systemic hemodynamic variables.

Fig. 2 The impact of fluid therapy on the microcirculation. Fluid
administration is the therapy of choice following shock. The
amount and/or composition of the fluids, however, can either have
beneficial or deleterious effects on the microcirculation
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Early Lactate-Guided Therapy in Intensive Care
Unit Patients
A Multicenter, Open-Label, Randomized Controlled Trial
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Rationale: It is unknown whether lactate monitoring aimed to de-
crease levels during initial treatment in critically ill patients improves
outcome.
Objectives: To assess the effect of lactate monitoring and resuscita-
tion directed at decreasing lactate levels in intensive care unit (ICU)
patients admitted with a lactate level of greater than or equal to 3.0
mEq/L.
Methods: Patients were randomly allocated to two groups. In the
lactate group, treatment was guided by lactate levels with the
objective to decrease lactate by 20% or more per 2 hours for
the initial 8 hours of ICU stay. In the control group, the treatment
team had no knowledge of lactate levels (except for the admission
value) during this period. The primary outcome measure was
hospital mortality.
Measurements and Main Results: The lactate group received more
fluids and vasodilators. However, there were no significant differ-
ences in lactate levels between the groups. In the intention-to-treat
population (348 patients), hospital mortality in the control group
was 43.5% (77/177) compared with 33.9% (58/171) in the lactate
group (P 5 0.067). When adjusted for predefined risk factors,
hospital mortality was lower in the lactate group (hazard ratio,
0.61; 95% confidence interval, 0.43–0.87; P 5 0.006). In the lactate
group, Sequential Organ Failure Assessment scores were lower
between 9 and 72 hours, inotropes could be stopped earlier, and
patients could be weaned from mechanical ventilation and dis-
charged from the ICU earlier.
Conclusions: In patients with hyperlactatemia on ICU admission,
lactate-guided therapy significantly reduced hospital mortality
when adjusting for predefined risk factors. As this was consistent
with important secondary endpoints, this study suggests that initial
lactate monitoring has clinical benefit.
Clinical trial registered with www.clinicaltrials.gov (NCT00270673).

Keywords: lactate; shock; central venous oxygenation; early goal
directed therapy; oxygen delivery

Increased blood lactate levels have been associated with
significant morbidity and mortality ever since their first de-
scription in 1843 by Scherer (1). Many studies have emphasized
the prognostic importance of either a single lactate level (2) or
limited lactate reduction during treatment (3–5). Interestingly,
the prognostic value of lactate levels seems to be independent
from the underlying critical illness (6) or the presence of shock
or organ failure (7).

Despite this strong and already long-lasting predictive power
of lactate levels, little evidence exists on what interventions
would benefit patients with increased lactate levels or a failure
to reduce lactate (8). Earlier studies have shown that improving
lactate metabolism by the administration of dichloroacetate
decreases lactate levels but does not result in improved outcome
in critically ill patients (9, 10). This could indicate that the
detrimental outcome associated with increased lactate levels or
delayed reduction is more likely related to the underlying cause
than to the hyperlactatemia itself.

Both experimental (11) and clinical studies (12, 13) have
emphasized tissue hypoxia, characterized by supply-dependent
oxygen consumption, as a cause of increased lactate levels.
These findings would support therapy aimed at improving the
balance between the demand for oxygen by the tissues and the
delivery of oxygen to the tissues, by increasing oxygen delivery
and/or decreasing oxygen demand, in patients with increased
lactate levels or a failure to reduce lactate. However, as other
processes, not related to anaerobic metabolism, can also result
in increased blood lactate levels (14, 15), the efficacy of the
latter approach could be limited. In the literature, the efficacy of

AT A GLANCE COMMENTARY

Scientific Knowledge on the Subject

Increased blood lactate levels have been associated with
significant morbidity and mortality. Nevertheless, it is
unknown whether monitoring of lactate aimed to decrease
levels during initial treatment in critically ill patients
improves outcome.

What This Study Adds to the Field

In patients with hyperlactatemia on ICU admission, lactate
monitoring followed by targeted treatment significantly
reduced ICU length of stay. In addition, ICU and hospital
mortality were reduced when adjusting for predefined risk
factors. This study suggests that initial treatment aimed at
reducing lactate levels has clinical benefit.
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P 5 0.91), therapeutic hypothermia (10% vs. 6%, P 5 0.20), and
a percutaneous coronary intervention (1% vs. 1%, P 5 0.96).

During the observation period, more patients assigned to the
lactate group received vasodilators when compared with the
control group (Table 3). During the observation period a trend
toward less use of fluids was observed in the lactate group when
compared with control group.

Mortality

In the control group 43.5% (77/177) of the patients did not sur-
vive to hospital discharge, whereas in the lactate group 33.9%
(58/171) died during their hospital stay (P 5 0.067, Table 4,
Figure 2). When adjusted for the predefined risk factors at
baseline, the treatment protocol to decrease lactate levels re-
sulted in a significant reduction in the risk of hospital death
(hazard ratio [HR], 0.61; confidence interval [CI], 0.43–0.87;
Table 4, Table E5).

Organ Failure, Inotropes, Vasopressors, Renal Replacement
Therapy, and Length of Stay

Patients assigned to the lactate group had reduced organ failure
(SOFA score) in the observation period (Table 5). Patients in
the lactate group were faster weaned from mechanical ventila-
tion (HR, 0.72; 95% CI, 0.54–0.98; Figure 3A) and inotropes
(HR, 0.65; 95% CI, 0.42–1.00; Figure 3B) than patients in the
control group. More importantly, patients in the lactate group
could be discharged from the ICU earlier (HR, 0.65; 95% CI,
0.50–0.85; Figure 4).

There were no significant differences in the time to stop
vasopressors (HR, 0.84; 95% CI, 0.61–1.15; Figure 3C) or renal
replacement therapy (HR, 0.56; 95% CI, 0.22–1.43; Figure 3D)
between both groups.

Subgroup and Exploratory Analyses

Prespecified and post hoc specified subgroup analyses are
shown in Figure 5. In addition, two post hoc exploratory
analyses were performed to investigate the difference in
statistical significance between the unadjusted and the ad-
justed primary outcome. First, when adding interaction terms
for age and APACHE II score to the predefined multivariable

model for hospital mortality, effect modification could not be
demonstrated (age 3 randomization group [P 5 0.74] and
APACHE II score 3 randomization group [P 5 0.85]).
Second, when excluding six patients with missing data on
covariates (APACHE II and SOFA scores at 0 h), effect size
and P value remained similar (data not shown).

DISCUSSION

In this multicenter, open-label randomized controlled study,
lactate monitoring during the first 8 hours of ICU admission,
aimed at reducing lactate levels by at least 20% per 2 hours,
significantly reduced ICU length of stay and also ICU and
hospital mortality when adjusting for predefined and commonly
accepted risk factors.

There was a discrepancy in statistical significance between
the adjusted and unadjusted analysis of the study’s primary
outcome measure. This could not be explained by different data
sets being used due to missing data or by a heterogeneous effect
of the randomization therapy in some end of the spectrum of
age or APACHE II score. Instead, this difference might prob-

Figure 2. Kaplan-Meier survival curve. Survival was fol-
lowed up until hospital discharge. The longest duration of
hospital stay was 196 days.

TABLE 5. DISEASE SEVERITY AND ORGAN FAILURE

Hours after Start of Therapy Control Group Lactate Group P Value

APACHE II score
Baseline (0 h) 15.6 (14.4–16.8) 16.3 (15.1–17.5) 0.28
8 13.4 (12.2–14.7) 13.0 (11.8–14.3) 0.52
0–8 14.5 (13.4–15.7) 14.7 (13.5–15.8) 0.78
9–72 10.5 (9.3–11.6) 9.9 (8.7–11.0) 0.17
SOFA score
Baseline (0 h) 6.4 (5.6–7.1) 6.4 (5.6–7.1) 0.89
8 7.2 (6.5–7.9) 6.9 (6.2–7.6) 0.27
0–8 6.8 (6.0–7.5) 6.8 (6.0–7.5) 0.58
9–72 7.0 (6.3–7.7) 6.4 (5.7–7.2) 0.009

Definition of abbreviations: APACHE 5 Acute Physiology and Chronic Health
Evaluation; CI 5 confidence interval; SOFA 5 Sequential Organ Failure Assess-
ment.

The adjusted mean values (95% CI) were obtained from mixed model analysis.
APACHE II and SOFA scores were calculated at the various time points (0, 8, 24,
48, and 72 h after study entry).
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tion of renal replacement therapy was assessed by cumulative hazard
estimates and adjusted Cox proportional hazard analysis, censoring for
early deaths (34).

Because of possible heterogeneity between septic and nonseptic
hyperlactatemia and its subsequent treatment, prespecified subgroup
analyses were performed in these two groups of patients and in further
subsets of severe sepsis, septic shock, neurologic, cardiac arrest, and
other nonsepsis patients.

RESULTS

Patient enrollment is shown in Figure E1 of the online sup-
plement. The intention-to-treat population consisted of 348
patients; 177 patients were randomized to the control group
and 171 to the lactate group. In 18 patients a major protocol
violation occurred (Table E1). These patients remained in the
intention-to-treat population. Table 1 shows the baseline char-
acteristics of the patients in the intention-to-treat population.
Sixteen patients died during the 8-hour treatment period (10
control patients vs. 6 patients in the lactate group). From 8 to 72
hours after study entry another 52 patients died (27 control
patients vs. 25 patients in the lactate group) and 79 patients
were discharged from the ICU to the ward (38 control patients
vs. 41 patients in the lactate group). At 72 hours after study
entry, 201 patients were still admitted to the ICU (102 control
patients and 99 patients in the lactate group).

Therapeutic Endpoints

The proportion of patients who reached the conventional re-
suscitation goals that were applicable to both randomization
groups was equal in both groups at any time point (except for
heart rate at 6 h, which was more often met in the control
group) (Table E2). However, despite that the goal of a decrease
in lactate level of 20% or more per 2 hours was only used in the
lactate group, this goal was also equally met in both random-
ization groups.

During the treatment period and the subsequent observation
period, mean values of lactate were similar (Table 2). pH, base
excess, bicarbonate, MAP, heart rate, CVP, and hemoglobin
were similar in both groups as well (Table E3).

Administered Therapy

During the treatment period, patients in the lactate group
received significantly more fluids than control group patients
(Table 3). In addition, more patients in the lactate group
received vasodilator therapy (Table 3, Table E4). Patients in
both groups received similar quantities of red blood cell trans-
fusion. Similar proportions of patients in both groups required
the use of vasopressors and inotropes.

Similar proportions of patients in the control and lactate
group received mechanical ventilation (86% vs. 84%, P 5 0.76,
including 2% vs. 2% noninvasive ventilation), antibiotics (67%
vs. 61%, P 5 0.27), corticosteroids (45% vs. 40%, P 5 0.38),
additional surgery after ICU admission (9 vs. 6%, P 5 0.36),
analgesics (fentanyl or morphine; 58% vs. 50%, P 5 0.13),
sedatives (midazolam, lorazepam, or propofol; 71% vs. 71%,

TABLE 2. BLOOD LACTATE LEVELS

Lactate Level (mEq/L)
P Value

Hours after Start of Therapy Control Group Lactate Group

Baseline (0 h) 4.7 (3.9–5.5) 4.6 (3.9–5.4) 0.75
8 2.7 (2.3–3.2) 2.6 (2.2–3.1) 0.59
0–8 3.3 (2.8–3.9) 3.2 (2.7–3.8) 0.80
9–72 1.7 (1.4–2.0) 1.6 (1.3–1.9) 0.17

The adjusted mean values (95% confidence interval) were obtained from
mixed model analysis. Lactate levels are expressed as geometric means. P values
were calculated after logarithmic transformation of lactate levels.

TABLE 3. FLUIDS AND VASOACTIVE MEDICATION USE DURING
THE INITIAL TREATMENT PHASE AND UP TO 72 HOURS

Treatment Control Group Lactate Group P Value

Fluids, ml*
0–8 h† 2,194 6 1,669 2,697 6 1,965 0.011
9–72 h‡ 10,043 6 6,141 8,515 6 4,987 0.055

Red blood cell transfusion, ml
0–8 h† 196 6 495 322 6 1037 0.15
9–72 h‡ 345 6 667 423 6 1300 0.59

Any inotropic agent, %x

0–8 h† 32.9 40.1 0.17
9–72 hk 44.2 35.2 0.12

Any vasodilator, %{

0–8 h† 20.2 42.5 ,0.001
9–72 hk 27.1 43.2 0.005

Any vasopressor, %**
0–8 h† 63.6 69.5 0.25
9–72 hk 63.7 71.4 0.16

Definition of abbreviation: ICU 5 intensive care unit.
P values as calculated by two-sample Student t test or the chi-square test, as

appropriate.
* Sum of crystalloid and colloid fluids.
† Values are shown for all patients.
‡ Cumulative values (6 SD) are shown for patients who were still admitted to

the ICU after 72 h.
x Dobutamine, enoximone, or epinephrine.
k Proportions are shown for patients who stayed for more than 8 h in the ICU.
{ Nitroglycerin or ketanserin.
** Norepinephrine, dopamine, or phenylephrine.

TABLE 4. MORTALITY

Variable Control Group (n 5 177) Lactate Group (n 5 171) Relative Risk (95% CI) P Value

Unadjusted analysis, % (n)*
In-hospital mortality 43.5 (77/177) 33.9 (58/171) 0.78 (0.60–1.02) 0.067
28-d mortality 35.6 (63/177) 30.4 (52/171) 0.85 (0.63–1.16) 0.30
ICU mortality 34.5 (61/177) 28.7 (49/171) 0.83 (0.61–1.14) 0.24

Adjusted analysis, hazard ratio (95% CI)†

In-hospital mortality 0.61 (0.43–0.87) 0.006
28-d mortality 0.75 (0.52–1.09) 0.134
ICU mortality 0.66 (0.45–0.98) 0.037

Definition of abbreviations: APACHE 5 Acute Physiology and Chronic Health Evaluation; CI 5 confidence interval; ICU 5
intensive care unit; SOFA 5 Sequential Organ Failure Assessment.

* Chi-square test.
† Cox proportional hazard analysis with adjustment for age, sex, APACHE II score (modified; at baseline) and SOFA score

(modified; at baseline), and stratified for center and sepsis group, as predefined in the study protocol.
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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]

Knee area (Perfusion Units)
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Septic shock survivor

Septic shock non-survivor

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 

Dark skin ?

No Yes

Temperature gradient
-Finger-to-Forearm
-Toe-to-Room

Mottling score

Stage >3 ?

Yes No

Finger or knee CRT

Hypothermia ?

No Yes

P Perfusion Index

Trained physician ?

Yes
Quantitative CRT

No
Qualitative CRT
Finger threshold 3 s
Knee threshold 5 s

Fig. 3 Proposed strategy to evaluate peripheral tissue perfusion using the skin. CRT  capillary refill time, P.Perfusion index peripheral perfusion index
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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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Hazard ratio, 0.75 (95% CI, 0.55-1.02); P = .06

Hazard ratio, 95% confidence
interval, and P value were calculated
with a Cox proportional hazards
model that included as covariates
baseline 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. Median follow-up for
peripheral perfusion–targeted
resuscitation was 28 days
(interquartile range, 8-28 days) and
for lactate level–targeted
resuscitation was 28 days
(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

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
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(n = 212)

Unadjusted
Absolute Difference
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(95% CI) P Value
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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
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Amount of resuscitation fluids
within the first 8 h, No.

206 209
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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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Background
Hydroxyethyl starch (HES) is widely used for fluid resuscitation in intensive care 
units (ICUs), but its safety and efficacy have not been established in patients with 
severe sepsis.
Methods
In this multicenter, parallel-group, blinded trial, we randomly assigned patients 
with severe sepsis to fluid resuscitation in the ICU with either 6% HES 130/0.42 
(Tetraspan) or Ringer’s acetate at a dose of up to 33 ml per kilogram of ideal body 
weight per day. The primary outcome measure was either death or end-stage kidney 
failure (dependence on dialysis) at 90 days after randomization.
RESULTS
Of the 804 patients who underwent randomization, 798 were included in the modi-
fied intention-to-treat population. The two intervention groups had similar baseline 
characteristics. At 90 days after randomization, 201 of 398 patients (51%) assigned 
to HES 130/0.42 had died, as compared with 172 of 400 patients (43%) assigned to 
Ringer’s acetate (relative risk, 1.17; 95% confidence interval [CI], 1.01 to 1.36; 
P = 0.03); 1 patient in each group had end-stage kidney failure. In the 90-day period, 
87 patients (22%) assigned to HES 130/0.42 were treated with renal-replacement 
therapy versus 65 patients (16%) assigned to Ringer’s acetate (relative risk, 1.35; 95% 
CI, 1.01 to 1.80; P = 0.04), and 38 patients (10%) and 25 patients (6%), respectively, 
had severe bleeding (relative risk, 1.52; 95% CI, 0.94 to 2.48; P = 0.09). The results 
were supported by multivariate analyses, with adjustment for known risk factors for 
death or acute kidney injury at baseline.
CONCLUSIONS
Patients with severe sepsis assigned to fluid resuscitation with HES 130/0.42 had an 
increased risk of death at day 90 and were more likely to require renal-replacement 
therapy, as compared with those receiving Ringer’s acetate. (Funded by the Danish 
Research Council and others; 6S ClinicalTrials.gov number, NCT00962156.)
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Table 1. Baseline Characteristics of the Patients.*

Characteristic
HES 130/0.42

(N = 398)
Ringer’s Acetate

(N = 400)

Age — yr

Median 66 67

Interquartile range 56–75 56–76

Male sex — no. (%) 239 (60) 244 (61)

Ideal body weight — kg†

Median 72 72

Interquartile range 60–80 60–80

Admitted to university hospital — no. (%) 194 (49) 188 (47)

Surgery — no. (%)‡

Emergency 114 (29) 116 (29)

Elective 34 (9) 48 (12)

Source of ICU admission — no. (%)

Emergency department 109 (27) 94 (24)

General ward 177 (44) 196 (49)

Operating or recovery room 59 (15) 54 (14)

Other ICU in the same hospital 21 (5) 14 (4)

Other hospital 32 (8) 42 (10)

Source of sepsis — no. (%)§

Lungs 212 (53) 229 (57)

Abdomen 130 (33) 133 (33)

Urinary tract 56 (14) 50 (12)

Soft tissue 38 (10) 46 (12)

Other 43 (11) 33 (8)

SAPS II — median (interquartile range)¶ 50 (40–60) 51 (39–62)

SOFA score — median (interquartile range)∥� 7 (5–9) 7 (5–9)

Shock — no. (%)** 336 (84) 337 (84)

Acute kidney injury — no. (%)†† 142 (36) 140 (35)

Mechanical ventilation — no. (%) 240 (60) 245 (61)

* None of the differences between the two groups were significant (P>0.05). The values for the Simplified Acute Physiology 
Score (SAPS)21 II, Sepsis-related Organ Failure Assessment (SOFA)15 score, acute kidney injury, and mechanical ven-
tilation (invasive or noninvasive) pertain to the 24 hours before randomization. For additional baseline characteris-
tics, see Table S1 in the Supplementary Appendix. HES denotes hydroxyethyl starch, and ICU intensive care unit.

† Ideal body weight was calculated as estimated height in centimeters minus 100 for men and estimated height in cen-
timeters minus 105 for women.

‡ Data are shown for patients who underwent surgery during the index hospitalization but before randomization.
§ Some patients had more than one source of infection. The “other” category included sepsis from a vascular catheter–

related infection, meningitis, or endocarditis, as well as sepsis from unknown sources.
¶ SAPS II is calculated from 17 variables; scores range from 0 to 163, with higher scores indicating more severe disease. 

Data regarding 1 or 2 of the 17 variables were missing for 105 patients in the HES 130/0.42 group and 108 patients 
in the Ringer’s acetate group, so the scores for these patients are not included here.

�∥ The SOFA score includes subscores ranging from 0 to 4 for each of five components (circulation, lungs, liver, kid-
neys, and coagulation). Aggregated scores range from 0 to 20, with higher scores indicating more severe organ failure 
(Table S9 in the Supplementary Appendix). The scoring was modified because cerebral failure was not assessed. One 
of the five subscores was missing for two patients in the HES 130/0.42 group, so their scores are not included here.

** Shock at randomization was defined as a mean arterial pressure of less than 70 mm Hg, the need for ongoing treat-
ment with vasopressor or inotropic agents, or a plasma lactate level of more than 4.0 mmol per liter in the hour be-
fore randomization.

†† Acute kidney injury was defined as a renal SOFA score of 2 or higher (plasma creatinine level >1.9 mg per deciliter 
[170 µmol per liter] or urinary output <500 ml per day).
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Figure 2. Time to Death and Relative Risk of the Primary Outcome.

Panel A shows the survival curves censored at day 90 for the two intervention groups in the modified intention-to-
treat population. Kaplan–Meier analysis showed that the survival time did not differ significantly between the two 
groups (P = 0.07). Panel B shows relative risks with 95% confidence intervals (CIs) for the primary outcome of death 
or dependence on dialysis at day 90 in the HES 130/0.42 group as compared with the Ringer’s acetate group, among 
all patients and in the two predefined subgroups. Shock at the time of randomization was defined as a mean arteri-
al pressure of less than 70 mm Hg, need for ongoing treatment with vasopressor or inotropic agents, or a plasma 
lactate level of more than 4.0 mmol per liter in the hour before randomization. Acute kidney injury at the time of 
randomization was defined as a renal score on the Sepsis-related Organ Failure Assessment (SOFA) of 2 or higher 
(plasma creatinine level >1.9 mg per deciliter [170 µmol per liter] or urinary output <500 ml) in the 24 hours before 
randomization. The SOFA score includes subscores ranging from 0 to 4 for each of five organ systems (circulation, 
lungs, liver, kidneys, and coagulation), with higher scores indicating more severe organ failure.
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ry were analyzed separately, the relative risks of 
meeting the criteria for the risk of kidney dys-
function (RIFLE-R) or kidney injury (RIFLE-I) 
were higher in the HES group than in the saline 
group (Fig. S3 in the Supplementary Appendix).

There was no significant between-group dif-
ference in rates of death in the ICU, at 28 days, 
and in the hospital or in rates of new respiratory 
or new coagulation organ failure. The incidence 
of new cardiovascular organ failure was signifi-
cantly lower in the HES group than in the saline 
group (36.5% vs. 39.9%) (relative risk, 0.91; 95% 
CI, 0.84 to 0.99; P = 0.03). The incidence of new 
hepatic organ failure was significantly higher in 
the HES group than in the saline group (1.9% 
vs. 1.2%) (relative risk, 1.56; 95% CI, 1.03 to 
2.36; P = 0.03). There were no significant differ-
ences in the duration of mechanical ventilation, 
of renal-replacement therapy, or of ICU or hospi-
tal stays between the two groups (Table 2). 
There was no significant between-group differ-
ence in cause-specific mortality within the 90-
day follow-up period (Table S5 in the Supple-
mentary Appendix). The main results were similar 
after adjustment for baseline covariates (Table 
S6 in the Supplementary Appendix).

The use of HES was associated with a sig-
nificant increase in the rate of adverse events 
(5.3 vs. 2.8%, P<0.001). Of these events, pruritus 
and rash were the most common (Table 2).

Discussion

In this randomized, controlled trial, there was no 
significant difference in mortality at 90 days in a 
heterogeneous population of ICU patients who 
received 6% HES (130/0.4) in 0.9% saline and 
those who received 0.9% saline alone for fluid re-
suscitation. The effect on mortality did not differ 
significantly in six predefined subgroup pairs.

Our study was a large-scale, pragmatic trial 
modeled on the Saline versus Albumin Fluid Evalu-
ation (SAFE) trial.15 We sought to minimize the 
risk of bias through centralized randomization, 
allocation concealment, and blinding of study-
group assignments. We used a robust primary 
outcome measured at an interval relevant to this 
study population.16,17 To further minimize the risk 
of bias, we published the statistical analysis plan, 
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Figure 3. Serum Creatinine Levels and Urine Output through Day 6.

Day 0 was defined as the day of randomization to the end of that day, which 
averaged 12 hours in the two study groups. P values are for the between-
group comparisons of means of the individual daily averages for 7 days, in-
cluding day 0. To convert the values for creatinine to milligrams per deci-
liter, divide by 88.4.
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risk, 0.91; 95% CI, 0.85 to 0.97; P = 0.005); and 
failure of kidney function (RIFLE-F), 336 of 3243 
patients (10.4%) in the HES group and 301 of 
3263 patients (9.2%) in the saline group (relative 
risk, 1.12; 95% CI, 0.97 to 1.30; P = 0.12).

Post hoc analysis showed that serum creati-

nine levels were significantly increased and urine 
output was significantly decreased in the HES 
group, as compared with the saline group, during 
the first 7 days (P = 0.004 and 0.003, respectively) 
(Fig. 3). In addition, when the creatinine and 
urine-output components of each RIFLE catego-

Table 2. Outcomes and Adverse Events.*

Variable HES Saline
Relative Risk 

(95% CI) P Value

Outcome

Primary outcome of death at day 90 —  
no./total no. (%)

597/3315 (18.0) 566/3336 (17.0) 1.06 (0.96 to 1.18) 0.26

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

Renal outcomes

RIFLE-R 1788/3309 (54.0) 1912/3335 (57.3) 0.94 (0.90 to 0.98) 0.007

RIFLE-I 1130/3265 (34.6) 1253/3300 (38.0) 0.91 (0.85 to 0.97) 0.005

RIFLE-F 336/3243 (10.4) 301/3263 (9.2) 1.12 (0.97 to 1.30) 0.12

Use of renal-replacement therapy 235/3352 (7.0) 196/3375 (5.8) 1.21 (1.00 to 1.45) 0.04

New organ failure†

Respiratory 540/2062 (26.2) 524/2094 (25.0) 1.05 (0.94 to 1.16) 0.39

Cardiovascular 663/1815 (36.5) 722/1808 (39.9) 0.91 (0.84 to 0.99) 0.03

Coagulation 142/2987 (4.8) 119/3010 (4.0) 1.20 (0.95 to 1.53) 0.13

Hepatic 55/2830 (1.9) 36/2887 (1.2) 1.56 (1.03 to 2.36) 0.03

Tertiary outcomes — no./total no. (%)

Death in ICU 364/3313 (11.0) 360/3331 (10.8) 1.02 (0.89 to 1.17) 0.81

Death within 28 days 458/3313 (13.8) 437/3331 (13.1) 1.05 (0.93 to 1.19) 0.40

Death in hospital 483/3307 (14.6) 456/3324 (13.7) 1.06 (0.95 to 1.20) 0.30

Mean Difference (95% CI)

Service utilization — no.

Days in ICU 7.3±0.2 6.9±0.2 0.4 (0.0 to 0.9) 0.07

Days in hospital 19.3±0.3 19.1±0.3 0.2 (-0.8 to 1.1) 0.72

Days receiving mechanical ventilation 6.0±0.2 5.7±0.2 0.4 (-0.1 to 0.8) 0.12

Days receiving renal-replacement therapy 5.6±0.4 5.5±0.4 0.1 (-0.1 to 1.2) 0.86

Treatment-related adverse events‡

Any event — no./total no. (%) 180/3416 (5.3) 95/3358 (2.8) <0.001

Pruritus 137/3416 (4.0) 73/3358 (2.2)

Skin rash 34/3416 (1.0) 16/3358 (0.5)

Other 9/3416 (0.3) 6/3358 (0.2)

Serious adverse events — no./total no. (%)§ 2/3416 (0.1) 2/3358 (0.1) 0.98

* Plus–minus values are means ±SE.
† New organ failure was defined as a Sequential Organ Failure Assessment (SOFA) score12 of at least 3 for each category in patients who did 

not have such organ failure at baseline.
‡ Adverse events in the HES group include those in patients who received HES both before and after randomization.
§ Among the serious (nonfatal) treatment-related adverse events were one case each of anaphylactic shock and extravasation of fluid causing 

airway obstruction in the HES group and one case each of toxic epidermal necrolysis requiring unblinding of the study-group assignment 
and unexplained severe hypotension in the saline group.
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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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Sodium bicarbonate therapy for patients with severe 
metabolic acidaemia in the intensive care unit (BICAR-ICU): 
a multicentre, open-label, randomised controlled, phase 3 trial
Samir Jaber, Catherine Paugam, Emmanuel Futier, Jean-Yves Lefrant, Sigismond Lasocki, Thomas Lescot, Julien Pottecher, Alexandre Demoule, 
Martine Ferrandière, Karim Asehnoune, Jean Dellamonica, Lionel Velly, Paër-Sélim Abback, Audrey de Jong, Vincent Brunot, Fouad Belafia, 
Antoine Roquilly, Gérald Chanques, Laurent Muller, Jean-Michel Constantin, Helena Bertet, Kada Klouche, Nicolas Molinari, Boris Jung, for the 
BICAR-ICU Study Group*

Summary
Background Acute acidaemia is frequently observed during critical illness. Sodium bicarbonate infusion for the 
treatment of severe metabolic acidaemia is a possible treatment option but remains controversial, as no studies to 
date have examined its effect on clinical outcomes. Therefore, we aimed to evaluate whether sodium bicarbonate 
infusion would improve these outcomes in critically ill patients.

Methods We did a multicentre, open-label, randomised controlled, phase 3 trial. Local investigators screened eligible 
patients from 26 intensive care units (ICUs) in France. We included adult patients (aged ≥18 years) who were admitted 
within 48 h to the ICU with severe acidaemia (pH ≤7⋅20, PaCO2 ≤45 mm Hg, and sodium bicarbonate concentration 
≤20 mmol/L) and with a total Sequential Organ Failure Assessment score of 4 or more or an arterial lactate concentration 
of 2 mmol/L or more. We randomly assigned patients (1:1), by stratified randomisation with minimisation via a restricted 
web platform, to receive either no sodium bicarbonate (control group) or 4⋅2% of intravenous sodium bicarbonate 
infusion (bicarbonate group) to maintain the arterial pH above 7⋅30. Our protocol recommended that the volume of each 
infusion should be within the range of 125–250 mL in 30 min, with a maximum of 1000 mL within 24 h after inclusion. 
Randomisation criteria were stratified among three prespecified strata: age, sepsis status, and the Acute Kidney Injury 
Network (AKIN) score. The primary outcome was a composite of death from any cause by day 28 and the presence of at 
least one organ failure at day 7. All analyses were done on data from the intention-to-treat population, which included all 
patients who underwent randomisation. This study is registered with ClinicalTrials.gov, number NCT02476253.

Findings Between May 5, 2015, and May 7, 2017, we enrolled 389 patients into the intention-to-treat analysis in the overall 
population (194 in the control group and 195 in the bicarbonate group). The primary outcome occurred in 138 (71%) of 
194 patients in the control group and 128 (66%) of 195 in the bicarbonate group (absolute difference estimate –5⋅5%, 
95% CI –15⋅2 to 4⋅2; p=0⋅24). The Kaplan-Meier method estimate of the probability of survival at day 28 between the 
control group and bicarbonate group was not significant (46% [95% CI 40–54] vs 55% [49–63]; p=0⋅09. In the prespecified 
AKIN stratum of patients with a score of 2 or 3, the Kaplan-Meier method estimate of survival by day 28 between the 
control group and bicarbonate group was significant (37% [95% CI 28–48] vs 54% [45–65]; p=0⋅0283). Metabolic alkalosis, 
hypernatraemia, and hypocalcaemia were observed more frequently in the bicarbonate group than in the control group, 
with no life-threatening complications reported.

Interpretation In patients with severe metabolic acidaemia, sodium bicarbonate had no effect on the primary 
composite outcome. However, sodium bicarbonate decreased the primary composite outcome and day 28 mortality in 
the a-priori defined stratum of patients with acute kidney injury.
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Introduction
Acute acidaemia is frequently observed during crit-
ical illness, with a reported incidence varying from 
14% to 42%.1–5 Persistent acidaemia has been associated 
with poor prognosis,1–3,6 with a mortality rate as high 
as 57% when the pH stays below 7⋅20.5 Along with case-
specific treatment, improvement of tissue perfusion and 
supportive measures such as mechanical ventilation 
and renal-replacement therapy are the cornerstones of 

severe metabolic acidaemia management in critically ill 
patients.2,3,7 Because an acidotic cellular environment 
can cause cellular dysfunction, intravenous sodium 
bicarbonate administration to increase the pH might 
also be beneficial. In a survey done in North America, 
more than two-thirds of the programme directors in 
nephrology or intensive care units (ICUs) declared that 
they used sodium bicarbonate for the treatment of 
acidaemia with hyperlactataemia.8

pH≤7.20
HCO3≤20 mmol/L
PaCO2≤45 mmHg

≤48H ICU
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a Holm-Bonferroni method was done to compute an 
adjusted p value. A mixed regression model was used to 
model repeated measures (appendix pp 18–21). Interactions 
between variables and time were tested. We also did all the 
analyses described above among prespecified strata of the 
randomisation. Tests for all outcomes were two-sided.

We did all analyses with SAS (version 9.2) or 
R (version 3.2.3). An independent data and safety 
monitoring committee, who were masked to the group 
allocation, supervised the conduct of the study and 
reviewed safety data, with interim analyses done after 
the inclusion of 100 and 200 patients. This trial is 
registered with ClinicalTrials.gov, number NCT02476253.

Role of the funding source
The funders of the study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report. SJ, HB, NM, and BJ had full access 
to all the data. The corresponding author had final 
responsibility for the decision to submit for publication.

Results
From May 5, 2015, to May 7, 2017, a total of 942 patients 
with severe metabolic acidaemia were assessed for trial 
eligibility (figure 1). Of these patients, 542 were excluded 
and 400 were randomly assigned to the study groups 
(201 in the control group and 199 in the bicarbonate group). 
After secondary exclusion of 11 patients who withdrew 
consent, a total of 389 patients were included in the 
intention-to-treat analysis (n=194 in the control group and 
n=195 in the bicarbonate group). The characteristics of the 
patients were well balanced between the two groups 
(table 1; appendix pp 28, 29). At randomisation, sepsis was 
present in 238 (61%) of 389 patients and acute kidney 
injury with AKIN scores of 2 or 3 in 182 (47%) patients. 
Invasive mechanical ventilation was used in 324 (83%) of 
389 patients and vasopressors in 310 (80%) patients. Data 
for the primary outcome were available for all patients.

Overall, 341 (88%) of 389 patients adhered to the planned 
treatment in their randomisation group. Sodium bicarb-
onate was infused in 47 (24%) of 194 patients in the control 
group, starting at a median of 7 h (IQR 3–27) after 
randomisation, and in 194 (99%) of 195 patients in the 
bicarbonate group, starting at a median of 0·2 h (0⋅1–0⋅4) 
after randomisation (table 2; appendix p 17). The pro-
portion of patients in whom the targeted pH of 7⋅30 was 
reached and maintained for at least 36 h from enrolment 
to day 2 was 50 (26%) of 194 patients in the control group 
and 117 (60%) of 195 patients in the bicarbonate group, 
taking into account patients who died in the first 48 h 
(p<0⋅0001; appendix pp 18, 19). Overall, fluid intake from 
enrolment to day 1 and from day 1 to day 2 was not different 
between the two groups (table 2; appendix p 30).

Follow-up data were available for all patients for the 
primary composite outcome (ie, death by day 28 or at least 
one organ failure at day 7). The primary outcome occurred 
in 138 (71%) of 194 patients in the control group and 

128 (66%) of 195 in the bicarbonate group (absolute 
difference estimate –5⋅5%, 95% CI –15⋅2 to 4⋅2; p=0⋅24; 
table 2) without significant effect of the treatment group 
(crude OR 0⋅775, 95% CI 0⋅505–1⋅190; p=0⋅24; appendix 
pp 33, 34). The Kaplan-Meier method estimate of the 
probability of survival at day 28 between the control group 
and bicarbonate group was not significant (46% [95% CI 
40–54] vs 55% [49–63]; p=0⋅09; figure 2A). After multi-
variate analysis, sodium bicarbonate treatment was 
significantly associated with fewer deaths than no sodium 
bicarbonate treatment at day 28 (crude HR 0⋅783, 95% CI 
0⋅0589–1⋅040; p=0⋅091; and adjusted HR 0⋅727, 95% CI 
0⋅540–0⋅979; p=0⋅0356; appendix pp 35, 36).

In the a-priori defined stratum of patients enrolled with 
acute kidney injury with AKIN scores of 2 or 3, the 
primary outcome occurred in 74 (82%) of 90 patients in 
the control group and 64 (70%) of 92 patients in the 
bicarbonate group (absolute difference estimate –12⋅3%, 
95% CI –26⋅0 to –0⋅1; p=0·0462; table 2). The 
Kaplan-Meier method estimate of survival by day 28 
between the control group and bicarbonate group was 
significant (37% [95% CI 28–48] vs 54% [45–65]; p=0⋅0283; 
figures 2B, 2C). Uni variate and multivariate analysis 
showed that sodium bicarbonate treatment was signifi-
cantly associated with better outcome than no sodium 
bicarbonate treatment at day 28 (primary composite 

Control group (n=194) Bicarbonate group (n=195)

(Continued from previous page)

Physiological support†

Invasive mechanical ventilation 160 (82%) 164 (84%)

Vasopressor support 156 (80%) 154 (79%)

Laboratory results

Arterial pH 7·15 (7·11–7·18) 7·15 (7·09–7·18)

PaO2-to-FIO2 ratio (mm Hg) 229 (142–355) 264 (144–403)

PaCO2 (mm Hg) 37 (32–42) 38 (33–42)

Serum bicarbonate (mmol/L) 13 (10–15) 13 (10–15)

Serum lactate (mmol/L) 5·3 (3·4–9·0) 6·3 (3·6–9·7)

Serum lactate ≥2 mmol/L at enrolment 152 (78%) 168 (86%)

Serum creatinine (mg/dL) 1·76 (1·21–2·48) 1·67 (1·11–2·33)

Blood urea nitrogen (mg/dL) 31 (20–48) 28 (20–45)

Data are median (IQR), mean (SD), or n (%). FIO2=fractional concentration of oxygen in inspired air. AKIN=Acute Kidney 
Injury Network. SOFA=Sequential Organ Failure Assessment. *The Simplified Acute Physiology Score II25 is based on 
17 variables; score ranges from 0 to 163, with higher scores indicating more severe disease. †Patients could have more 
than one pre-existing condition or physiological support, respectively. ‡Defined as >1 mg/kg per day prednisone for 
30 days or more, HIV infection, biotherapy, or ongoing chemotherapy. §The McCabe score can range from 0 to 3, with 
higher scores indicating more severe underlying conditions. McCabe scores were available for 158 patients in the 
control group and for 168 in the bicarbonate group. ¶AKIN7,26 stages: stage 1 is serum creatinine increase ≥0·3 mg/dL 
(≥26·5 μmol/L), increase to 1·5–2·0-times from baseline, or urine output <0·5 mL/kg per h for 6 h; stage 2 is serum 
creatinine increase >2·0–3·0-times from baseline or urine output <0·5 mL/kg per h for 12 h; stage 3 is serum creatinine 
increase >3·0-times from baseline or serum creatinine ≥4·0 mg/dL (≥354 μmol/L) with an acute increase of at least 
0·5 mg/dL (44 μmol/L), the need for renal replacement-therapy, or urine output <0·3 mL/kg per h for 12 h. AKIN zero 
means no kidney injury. To convert values for creatinine to μmol/L, multiply by 88·4. To convert values for blood urea 
nitrogen to mmol/L, multiply by 0·357. ||SOFA27 includes subscores ranging from 0 to 4 for each of six components 
(cardiovascular, respiratory, neurological, renal, hepatic, and haematological). Aggregated scores range from 0 to 24, 
with higher scores indicating more severe organ failure. The SOFA scores at days 1 and 2 after enrolment are shown in 
the appendix (p 24).

Table 1: Baseline characteristics of the intention-to-treat population
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endpoint crude OR 0⋅494, 95% CI 0⋅246–0⋅995; 
p=0⋅0483; and adjusted OR 0⋅387, 95% CI 0⋅163–0⋅918; 
p=0⋅0312; and mortality by day 28 crude HR 0⋅648, 
95% CI 0⋅435–0⋅966; p=0⋅0332; and adjusted HR 0⋅592, 
95% CI 0⋅392–0⋅895, p=0⋅0132; appendix pp 37–40).

In the per-protocol analysis, the primary outcome 
occurred in 88 (67%) of 132 patients in the control group 
and 117 (65%) of 179 in the bicarbonate group (p=0·81).

100 (52%) of 194 patients in the control group and 
68 (35%) of 195 in the bicarbonate group underwent 

Control group (n=194) Bicarbonate group (n=195) Absolute difference estimate (95% CI) p value

Primary outcome

Overall population (n=389)

Composite outcome 138 (71%) 128 (66%) –5·5 (–15·2 to 4·2) 0·24

Day 28 mortality 104 (54%) 87 (45%) –9·0 (–19·4 to 1·4) 0·07

At least one organ failure at day 7 134 (69%) 121 (62%) –2·8 (–15·4 to 9·8) 0·15

Patients with AKIN scores of 2–3* (n=182)

Composite outcome 74/90 (82%) 64/92 (70%) –12·3 (–26·0 to –0·1) 0·0462

Day 28 mortality 57/90 (63%) 42/92 (46%) –17·7 (–33·0 to –2·3) 0·0166

At least one organ failure at day 7 74/90 (82%) 61/92 (66%) –15·9 (–28·4 to –3·4) 0·0142

Secondary outcomes

Renal replacement therapy

Overall population (n=389)

Use of renal replacement therapy during ICU stay 100 (52%) 68 (35%) –16·7 (–26·4 to –7·0) 0·0009

Time from enrolment to initiation of renal replacement therapy (h) 7 (3–18) 19 (7–82) 8·8 (3·9 to 15·6) <0·0001

Renal replacement therapy-free days during ICU stay 8 (0–28) 19 (1–28) 0 (0·0 to 1·0) 0·015

Renal replacement therapy-free days during ICU stay in survivors 28 (25–28) 28 (25–28) 0 (0 to 0) 0·47

Dependence on dialysis at ICU discharge 11/32 (34%) 7/32 (22%) –12·5 (–34·3 to 9·3) 0·26

Patients with AKIN scores of 2–3* (n=182)

Use of renal replacement therapy during ICU stay 66/90 (73%) 47/92 (51%) –22·2 (–36·0 to –8·5) 0·0020

Time from enrolment to initiation of renal replacement therapy (h) 7 (3–17) 20 (8–82) 10·5 (4·0 to 18·5) <0·0001

Renal replacement therapy-free days during ICU stay 1 (0–22) 10 (1–28) 1·0 (0·0 to 5·0) 0·0040

Renal replacement therapy-free days during ICU stay in survivors 24 (22–28) 28 (19–28) 1·0 (0·0 to 3·0) 0·45

Dependence on dialysis at ICU discharge 10/21 (48%) 5/25 (20%) –27·6 (–54·1 to –1·1) 0·0465

Other secondary outcomes

Overall population (n=389)

Cumulative fluid intake from enrolment to 24 h (mL) 3500 (1500–5250) 3350 (1800–5250) 34·0 (–450 to 500) 0·835

Cumulative sodium bicarbonate volume intake from enrolment to 24 h (mL) 0 (0–0) 500 (250–750) 500 (375 to 500) <0·0001

Cumulative sodium bicarbonate intake from enrolment to 24 h (mmol) 0 (0–0) 250 (1255–375) 250 (187 to 250) <0·0001

Cumulative fluid intake from 24 h to 48 h (mL) 1050 (0–2000) 1000 (0–2250) 0 (0 to 250) 0·53

Cumulative sodium bicarbonate volume intake from 24 h to 48 h (mL) 0 (0–0) 0 (0–0) 0 (0 to 0) 0·57

Cumulative sodium bicarbonate intake from 24 h to 48 h (mmol) 0 (0–0) 0 (0–0) 0 (0 to 0) 0·57

Duration of invasive mechanical ventilation (days) 3 (2–8) 3 (2–10) 0·0 (0·0 to 1·0) 0·17

Invasive mechanical ventilation-free days 0 (0–24) 4 (0–24) 0 (0 to 0) 0·48

In survivors 24 (17–26) 23 (14–26) –1·0 (–2·0 to 0·0) 0·13

Duration of vasopressor therapy (days) 2 (1–3) 2 (1–4) 0 (0 to 0) 0·36

Vasopressor-free days 9 (0–26) 19 (0–26) 0·0 (0·0 to 1·0) 0·10

In survivors 26 (24–27) 26 (23–27) 0·0 (–1·0 to 0·0) 0·34

ICU-acquired infections

Overall 43 (22%) 48 (25%) 2·4 (–6·1 to 10·8) 0·58

Pneumonia 23 (12%) 29 (15%) 3·0 (–3·8 to 9·8) 0·39

Urinary 10 (5%) 3 (2%) –3·7 (–7·3 to –0·1) 0·0461

Catheter 6 (3%) 8 (4%) 1·0 (–2·8 to 4·7) 0·61

Unexplained bloodstream infection 14 (7%) 13 (7%) –0·6 (–5·7 to 4·5) 0·81

Length of ICU stay (days) 4 (1–13) 5 (2–16) 1·0 (–2·7 to 0·0) 0·10

ICU-free days 0 (0–18) 0 (0–18) 0·0 (–1·1 to 0·0) 0·77

In survivors 20 (8–24) 16 (1–24) –1·0 (–4·0 to 0·0) 0·12

(Table 2 continues on next page)
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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       )

Monitor clinical condition; 
reevaluate for possible sepsis
if clinically indicated

Monitor clinical condition; 
reevaluate for possible sepsis
if clinically indicated

Yes Yes
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Yes

No

No

No

Assess for evidence 
of organ dysfunction 

No

Patient with suspected infection

A
Sepsis still
suspected?
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(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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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.
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implications. The proposed criteria should aid diagnostic categori-
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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-
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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-
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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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In this review, wewill briefly summarize the epidemiology,

pathophysiology, and clinical manifestations of SICM and

then focus on diagnostic work-up and management in more

detail.

Epidemiology
Sepsis-induced cardiomyopathy is encountered in the inten-

sive care unit (ICU), and its prevalence in septic patients

ranges from 10 to 70% [6]. This variety between studies is

likely due to a lack of formal diagnostic criteria and under

recognition. Moreover, the epidemiologic variance empha-

sizes the complex factors in sepsis: source and severity,

promptness of resuscitation, and different antimicrobial and

hemodynamic treatment approaches.Risk Factors
A retrospective study of over 200 patients hospitalized

with sepsis or septic shock demonstrated a higher preva-

lence of SICM in patients who were younger, male, those

with higher illness severity scores, higher lactate and CRP

levels, and pre-existing heart failure [7]. A more recent

Korean study evaluated baseline risk factors for the de-

velopment of SICM and stress-induced cardiomyopathy

compared with controls. Increasing age, diabetes mellitus,

pre-existing heart failure, and elevated proBNP were all

associated with increased odds ratio for septic cardiomy-

opathy [8]. Again, there is some discrepancy between

these studies that may be based on patient population

(Japanese vs Korean, respectively), but both cite pre-

existing heart failure as a risk factor. It should also be

noted that in both studies, SICM was defined as an “EF

[ejection fraction] < 50% and a ≥ 10% decrease in the

patient’s baseline LVEF” [8]. It is possible that patients

with RV failure, diastolic dysfunction, and abnormal car-

diac strain were missed as will be outlined more later on.
Prognosis

Interestingly, the initial studies of SICM in the 1980s reported

a “paradoxical” lower mortality in patients with lower initial

Left Ventricular EF (LVEF) less than 40% and lower cardiac

index (CI) [9]. While recent echocardiographic outcome pre-

diction studies support these findings of LVEF [10, 11•, 12],

the strain of the myocardium (measured by echocardiographic

speckle) was found to be a significant predictor of higher

mortality in SICM [12•]. Additionally, isolated RV dysfunc-

tion in sepsis was associated with worse 1-year survival [13].

A recent database study suggested that among patients with

sepsis, echocardiographic assessment of the myocardium in-

fluenced hemodynamic management liberated patients from

vasopressors earlier and decreased 28-day mortality [14•]. In

summary, LVEF is a poor diagnostic tool, and better measures,

such as strain, do suggest that SICM portends a poorer prog-

nosis and proper diagnosis will effect management to improve

mortality.

Pathogenesis and Pathophysiology

A key early trial showed that infusion of LPS in human

volunteers resulted in significant myocardial depression

and left ventricular dilation within 5 h [15]. While it

was initially thought that SICM was pathologically akin

to coronary artery disease, a landmark study showed that

the gross coronary perfusion is actually increased in pa-

tients with established septic shock [16]. Since these tri-

als, many myocardial depressant factors have been iden-

tified including cytokines, components of the complement

cascade, pathogen-associated molecular patterns, endoge-

nous damage-associated molecular patterns, oxidative

stress, altered nitric oxide metabolism, mitochondrial dys-

function, abnormal calcium movement within cells,

myocyte apoptosis, and autonomic dysregulation [17,

18•]. Furthermore, the endothelial glycocalyx [19] is shed

in sepsis causing vascular leak, coagulation, and inflam-

mation and is associated with adverse outcomes [20].

Once disrupted, the endothelium can cause heterogeneous

microvascular flow and myocardial edema [21] which is

an underexplored mechanism of SICM. A very recent

study [21] used cardiac magnetic resonance imaging and

histology to show that myocardial edema may in part

explain the rise of cardiac troponin seen in SICM.

Fig. 1 Proposed diagnostic criteria for sepsis-induced cardiomyopathy

   35 Page 2 of 12

Curr Cardiol Rep           (2020) 22:35 

impairing the cardiovascular systems response to catechol-
amines. Methylene blue has routinely been used to treat
vasoplegia after cardiovascular surgery because it acts by
inhibiting guanylate cyclase and NOS to counteract this
mechanism. A 2014 review by Lo et al. found 16 articles

on the topic of MB for the treatment of septic shock in-
cluding two randomized controlled studies. These studies
showed a significant improvement in blood pressure and
decreased requirement for vasopressors but no difference
in other outcomes [81–83]. There is only one case report
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Fig. 2 Summary of basic pathophysiology and proposed diagnosis and
management of sepsis-induced cardiomyopathy. Risk factors include a
history of congestive heart failure. Biomarkers while sensitive, are not
specific, but do portent a poorer prognosis. Echocardiography should
include global longitudinal strain which is the most sensitive and
specific (although there are no agreed upon cutoff values). Judicious
fluids should include dynamic measures (such as pulse pressure

variation) to judge fluid responsiveness. Norepinephrine is considered
the standard vasopressor and dobutamine is considered the standard
inotrope. There is limited evidence for other vasopressors or inotropes.
Adjuncts can include mechanical support (i.e. ECMO). PAMPs,
pathogen-associated molecular patterns; DAMPs, damage-associated
molecular patterns; NO, nit r ic oxide; TTE, transthoracic
echocardiogram; ECMO, extracorporeal membrane oxygenation

   35 Page 8 of 12 Curr Cardiol Rep           (2020) 22:35 

L’Heureux et al Curr Cardiol Rep 2020 



Prise en charge
du patient septique

• Remplissage précoce du patient septique
• Solutés cristalloïdes (sol. balancés+++)
• Simultanément avec l’antibiothérapie 
• La précocité impacte fortement sur le devenir

des patients 
• Nécessité d’endpoints: clinique, lactate, SvcO2


