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Septic shock is the typical form of distributive shock,
characteristically associated with a hyperkinetic (high
cardiac output) state and normal or high mixed venous
oxygen saturation (SVO2).

1 Rivers et al2 introduced the
concept of early goal-directed therapy in septic shock,
made on the basis of measurements of central venous
oxygen saturation (SCVO2), which are more easily
obtained than SVO2, especially in an ED. This strategy,
which included giving more fluids, transfusions, and
dobutamine when the SCVO2 was < 70%, was associated
with a reduction in mortality from 46.5% in the control
group to 30.5% in the early goal-directed therapy group.
Of importance, the patients included in the study by
Rivers et al2 had an initial SCVO2 of 49%. Three large
prospective, randomized, controlled trials showed no
differences in mortality when SCVO2-targeted strategies
were used, but the patients enrolled in these trials were
not severely ill and had a mean initial SCVO2 of at least
70%.3 Nevertheless, the clear message from these studies
was that protocols that target SCVO2 only do not improve
outcomes in heterogeneous populations of patients with
septic shock. Indeed, this would be too simple.

This finding does not mean that physiology is wrong,
however, and that SVO2/SCVO2 does not matter. SVO2

reflects the balance between oxygen consumption and
oxygen delivery (DO2), so that a low SVO2 is an
important signal in patients who are hemodynamically
unstable. In this issue of CHEST, Protti et al4

reevaluated the prognostic value of SCVO2 in a
retrospective analysis of data from their large Albumin
Italian Outcome Sepsis study on albumin
administration in 1,818 patients with sepsis. Mortality
rates at 90 days were higher in the 514 (35%) patients
who initially had a low SCVO2 (<70%) than in other
patients (44% vs 38%; P ¼ .03), but the differences
were no longer statistically significant in a
multivariable analysis. The majority (54%) of these
patients still had a low SCVO2 after 6 h of resuscitation;
these patients also had a higher 90-day mortality rate
than those in whom SCVO2 was only transiently
< 70% (50% vs 37%; P ¼ .005). This higher mortality
may reflect greater severity of disease but this was not
clearly the case, with the simplified acute physiology
score II and sequential organ failure assessment similar
in the two groups and, unlike the situation for initial
SCVO2, the differences between patients with persistent
SCVO2 and transient SCVO2 remained statistically
significant in multivariable analysis. Importantly, the
higher mortality may, in part, have been related to
under resuscitation (in 36% of these patients),
especially because these patients appeared to have
more severe cardiac dysfunction than the others. The
higher mortality rates were not clearly related to the
severity of the shock, implying that even careful
clinical examination cannot reveal underlying SCVO2
values. Fortunately, SCVO2 can be easily measured by
blood sampling through a central venous catheter,
which is required in any case for safe administration of
vasopressors and to guide fluid challenges.5

The implications of these results are as follows. In the
very early stages of resuscitation, consisting of fluids and
vasopressors, a SCVO2 measurement may not be needed,
and it may not be needed later either if the patient
improves rapidly. In cases of persistent septic shock,
however, if vasopressor support remains indicated,
SCVO2 should be checked to evaluate whether strategies
should be used to further increase DO2. If SCVO2 is >
70%, and especially if the venoarterial partial pressure of
carbon dioxide gradient is < 6 mm Hg,6 the benefits of
increasing DO2 further are doubtful. An SCVO2 value

AFFILIATIONS: From the Department of Intensive Care (Dr Vincent),
Erasme Hospital, Université libre de Bruxelles; and Department of
Intensive Care (Dr De Backer), CHIREC Hospitals, Université Libre de
Bruxelles.
FINANCIAL/NONFINANCIAL DISCLOSURES: None declared.
CORRESPONDENCE TO: Jean-Louis Vincent, MD, PhD, FCCP,
Department of Intensive Care, Erasme University Hospital, Route De
Lennik 808, 1070 Brussels, Belgium; e-mail: jlvincent@intensive.org
Copyright ! 2018 American College of Chest Physicians. Published by
Elsevier Inc. All rights reserved.
DOI: https://doi.org/10.1016/j.chest.2018.07.020

FOR RELATED ARTICLE, SEE PAGE 1291

[ Editorial ]

chestjournal.org 1267

http://crossmark.crossref.org/dialog/?doi=10.1016/j.chest.2018.07.020&domain=pdf
mailto:jlvincent@intensive.org
https://doi.org/10.1016/j.chest.2018.07.020
http://chestjournal.org
JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1



< 70% should, however, encourage use of strategies to
increase DO2. If the patient is no longer responding to
fluids, a small dose of dobutamine can significantly
improve tissue perfusion, as assessed clinically. This
approach was proposed almost 30 years ago7 and is
suggested in the Surviving Sepsis Campaign guidelines
for management of sepsis.8 SCVO2 is actually more
informative than cardiac output in circulatory shock.
Before giving dobutamine, an assessment of cardiac
function may be helpful, although dobutamine
administration should not be restricted to cases of severe
cardiac depression. Even though blood transfusions are
not indicated routinely in all patients with septic shock,9

a blood transfusion should be considered in the presence
of anemia when the situation is severe.10 Repeated
measurements of blood lactate levels can help to
ascertain the patient’s response to therapy.8 It is
important that attempts to normalize SCVO2 in the
absence of shock should not be attempted because this
may result in fluid overload, excessive transfusions, and

inappropriate use of inotropic agents. We propose a
management algorithm in Figure 1.

Do we need a randomized, controlled trial to validate
this approach? We do not think so, because it would be
difficult, and hardly ethical, to simply observe a patient
in the control group without attempting to treat further
if the SCVO2 decreases to < 70%. These suggestions are
just good medicine, made on the basis of well-known
physiology.
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Figure 1 – Suggested algorithm for hemodynamic management of septic shock using SCVO 2. D O 2 ¼ oxygen delivery; Hb ¼ hemoglobin; MAP¼mitogen-
activated protein; SaO 2 ¼ oxygen saturation; SCVO 2 ¼ central venous oxygen saturation; VAPCO 2 ¼ venoarterial partial pressure of carbon dioxide.
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Persistence of Central Venous Oxygen
Desaturation During Early Sepsis Is
Associated With Higher Mortality
A Retrospective Analysis of the ALBIOS Trial

Alessandro Protti, MD; Serge Masson, PhD; Roberto Latini, MD; Roberto Fumagalli, MD; Marilena Romero, PhD;
Carla Pessina, MD; Giovanni Pasetti, MD; Gianni Tognoni, MD; Antonio Pesenti, MD; Luciano Gattinoni, MD;
and Pietro Caironi, MD

BACKGROUND: Relevance of low (< 70%) central venous oxygen saturation (SCVO2) during
early sepsis has been recently questioned by three negative trials (Protocol-Based Care for
Early Septic Shock, Australasian Resuscitation in Sepsis Evaluation, and Protocolized Man-
agement in Sepsis) on early goal-directed therapy; however, subjects included in those trials
had SCVO2 at enrollment as high as 71 ! 13%, 73 ! 11%, and 70 ! 12%. Here we assess the
association between SCVO2 < 70% at 6 h and 90-day mortality in subjects enrolled in the
Albumin Italian Outcome Sepsis (ALBIOS) trial, focusing on those with initial SCVO2 < 70%.

METHODS: Regardless of treatment assignment (to receive albumin or not), all subjects enrolled
in the ALBIOS trial received early goal-directed therapy aiming for SCVO2 $ 70% at 6 h. Using
multivariable logistic regression analyses, we tested the association between SCVO2< 70% at 6 h
and 90-day mortality in those with initial SCVO2 < 70% (n ¼ 514) or $ 70% (n ¼ 961).

RESULTS: SCVO2 < 70% at 6 h was independently associated with higher 90-day mortality in
subjects with initial SCVO2 < 70% (OR, 1.84; 95% CI, 1.19-2.85; P ¼ .007) but not in those
with initial SCVO2 $ 70% (OR, 1.25; 95% CI, 0.79-1.95; P ¼ .357). SCVO2 < 70% at enrollment
and at 6 h was associated with history and/or signs of cardiac dysfunction but not with
greater severity of disease or more aggressive resuscitation (required per protocol).

CONCLUSIONS: In the ALBIOS trial, persistence of low SCVO2 was associated with higher
90-day mortality, possibly because it reflected underlying cardiac dysfunction. Subjects with
SCVO2 < 70% may benefit most from individually tailored interventions aimed at normalizing
the balance between systemic oxygen delivery and consumption.

TRIAL REGISTRY: ClinicalTrials.gov; No. NCT00707122; URL: www.clinicaltrials.gov.
CHEST 2018; 154(6):1291-1300

KEY WORDS: cardiac dysfunction; early goal-directed therapy; resuscitation; sepsis
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ABBREVIATIONS: hs-cTnT = high-sensitivity cardiac troponin T; NT-
proBNP = N-terminal pro-B-type natriuretic peptide; SAPS =
Simplified Acute Physiology Score; SCVO2 = central venous oxygen
saturation; SOFA = Sequential Organ Failure Assessment
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Central venous oxygen desaturation (central venous
oxygen saturation [SCVO2] < 70%) signals a mismatch
between oxygen delivery and consumption in the upper,
and possibly even in the lower, part of the human body.1 If
severe or prolonged enough, inadequate oxygen supply
will limit cellular aerobic energy production and cause
cellular dysfunction or death.2 According to this model,
SCVO2 < 70% has been associated with poor prognosis.3,4

Approximately 15 years ago, one single-center
randomized controlled trial showed that (early goal-
directed) therapy aiming for prompt reversal of SCVO2
< 70% could reduce in-hospital mortality of subjects
with systemic inflammatory response to infection and
either hypotension or blood lactate concentration $
4 mmol/L.5 Since then, targeting SCVO2 $ 70% during
initial resuscitation from severe sepsis or septic shock
has been strongly encouraged.6 Subsequent large
retrospective and prospective studies further supported
this recommendation.7,8

More recently, three multicenter randomized controlled
trials did not confirm those previous findings:9-11

assignment of subjects with severe sepsis or septic shock

to early goal-directed therapy did not reduce 60- or
90-day mortality.12 On the basis of these results,
Surviving Sepsis Campaign Guidelines no longer
recommend monitoring and targeting SCVO2 during
early management of sepsis.13

One reason for this inconsistency may be the marked
difference in SCVO2 at enrollment between the first
positive trial (49 ! 11%)5 and the other three negative
trials (71 ! 13%,9 73 ! 11%,10 and 70 ! 12%11). It
seems that harms of SCVO2 < 70%, when cellular aerobic
energy production is limited by (inadequate) oxygen
supply, become clear only if initial SCVO2 is really < 70%.

On the basis of this hypothesis, we investigated the
incidence, risk factors, and association with 90-day
mortality of SCVO2 < 70% during the first 6 h of
treatment in subjects included in the Albumin Italian
Outcome Sepsis (ALBIOS) trial,14 separating those with
initial SCVO2 < 70% (who were more represented in the
study in which early goal-directed therapy was
beneficial)5 from those with initial SCVO2 $ 70% (who
were more represented in the other three studies in
which early goal-directed therapy was not beneficial).9-11

Methods
This is a retrospective analysis of the ALBIOS trial, a multicenter
randomized controlled study on the efficacy of albumin replacement
during severe sepsis or septic shock. The ALBIOS trial complied
with the 1975 Declaration of Helsinki as revised in 2008 and was
approved by the institutional review boards of the participating
centers. Written informed (deferred) consent was obtained from
each subject enrolled, according to the Italian legislation.

Study protocol and main results of the trial have been reported
elsewhere.14 Briefly, the trial enrolled 1,818 adults who received a
diagnosis of severe sepsis or septic shock from < 24 h, at any time
during their stay in 100 Italian ICUs. As recommended at the time of
designing the study, severe sepsis was defined as proven or suspected
infection; two or more signs of the systemic inflammatory response
syndrome; and at least one acute, sepsis-related organ dysfunction as
measured with the Sequential Organ Failure Assessment (SOFA) score
(Table 1).15-18 Septic shock was defined as a score $ 3 for the
cardiovascular component of the SOFA score.16 Subjects fulfilling
these criteria were randomly assigned to receive either 20% albumin
and crystalloid solutions (study group) or crystalloid solutions alone
(control group) for fluid resuscitation, from randomization until day
28 or ICU discharge, whichever came first.

Regardless of treatment assignment, all subjects had to receive fluids,
catecholamine(s), RBC, sedation, and/or mechanical ventilation
according to a standardized protocol to reach the following targets
within the first 6 h: mean arterial pressure, 65-90 mm Hg; central
venous pressure, 8 to 12 mm Hg; and SCVO2, $ 70% (early goal-
directed therapy).5

In the present analysis, we included only subjects with SCVO2 recorded
both at enrollment and at 6 h (Fig 1). Some of these subjects also had
plasma levels of biomarkers of cardiac injury N-terminal pro-B-type
natriuretic peptide (NT-proBNP) and high-sensitivity cardiac
troponin T (hs-cTnT) measured at day 1 as part of a predefined
substudy.19

Statistical Analysis
Continuous variables are reported as mean (SD) or median
(interquartile range), whereas categorical variables are reported as
proportions. Groups were compared with Student t or Mann-
Whitney rank sum test, c2 or Fisher exact test, as appropriate.
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liero-Universitaria S. Luigi Gonzaga, Orbassano (TO), Italy; Diparti-
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TABLE 1 ] Comparison of Baseline Characteristics, Physiological Variables, and Laboratory Variables at Enrollment
Between Subjects With or Without Initial SCVO2 < 70%

Variables Entire Study Population
With Initial
SCVO2 < 70%

With Initial
SCVO2 $ 70% P

No. (%) 1,475 (100) 514 (35) 961 (65)

SCVO2 at enrollment (%) 72 ! 10 61 ! 8 78 ! 5 < .001

Age, y 66 ! 14 68 ! 14 65 ! 15 < .001

Women 583 (40) 201 (39) 382 (40) .809

BMI, kg/m2 27 ! 6 26 ! 5 27 ! 6 .713

Reason for admission to ICU < .001

Medical 830 (56) 288 (56) 542 (56)

Elective surgery 105 (7) 55 (11) 50 (5)

Emergency surgery 540 (37) 171 (33) 369 (38)

Preexisting conditions

Liver disease 20 (2) 2 (0) 18 (2) .019

COPD 172 (12) 57 (11) 115 (12) .617

Chronic renal failure 55 (4) 25 (5) 30 (3) .093

Immunodeficiency 192 (13) 62 (12) 130 (14) .426

Congestive or ischemic
heart disease

259 (18) 129 (25) 130 (14) < .001

SAPS II score 48 (37-59) 50 (38-61) 47 (36-58) .002

SOFA score 8.00 (6.00-10.00) 8.00 (6.00-10.00) 8.00 (6.00-10.00) .193

Physiological variables at
enrollment

Arterial oxygen saturation
(%)

97 (95-98) 96 (93-98) 97 (96-99) < .001

Heart rate, beats/min 106 ! 21 106 ! 22 106 ! 20 .965

Mean arterial pressure,
mm Hg

73 ! 15 71 ! 16 74 ! 15 < .001

Central venous pressure,
mm Hg

10 ! 5 10 ! 5 10 ! 5 .125

Urine output, mL/h 50 (25-100) 50 (20-100) 60 (30-100) .003

Laboratory variables at
enrollment

Leukocytes, 103/mm3 11.8 (5.2-18.3) 12.2 (4.8-18.8) 11.4 (5.4-17.9) .907

Hemoglobin, g/dL 11.0 ! 2.0 10.8 ! 2.0 11.1 ! 2.0 < .001

Lactate, mmol/L 2.5 (1.5-4.2) 2.5 (1.6-4.7) 2.5 (1.5-4.0) .128

Serum albumin, g/L 24 ! 6 24 ! 6 24 ! 6 .064

NT-proBNP on day 1, ng/L 4,393 (1,271-13,444) 6,464 (2,521-21,777) 3,467 (1,036-9,607) < .001

hs-cTnT on day 1, ng/L 51 (21-133) 68 (33-206) 43 (18-116) < .001

Organ(s) dysfunction .444

1 organ 304 (21) 93 (18) 211 (22)

2 organs 553 (37) 200 (39) 353 (37)

3 organs 404 (27) 144 (28) 260 (27)

4 organs 160 (11) 60 (12) 100 (10)

5 organs 54 (4) 17 (3) 37 (4)

Septic shock 943 (64) 311 (61) 632 (66) .045

With mechanical ventilation
at enrollment

1,173 (80) 369 (72) 804 (84) < .001

(Continued)
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TABLE 1 ] (Continued)

Variables Entire Study Population
With Initial
SCVO2 < 70%

With Initial
SCVO2 $ 70% P

Albumin in previous 24 h 259 (18) 73 (14) 186 (19) .013

Synthetic colloids in
previous 24 h

799 (54) 269 (52) 530 (55) .301

With $2 catecholamines at
enrollment

402 (27) 128 (25) 274 (29) .138

With antibiotic(s) 1,379 (93) 475 (92) 904 (94) .219

With adequate antibiotic(s)
on day 1

647 (77) 238 (79) 409 (76) .294

Enrolled within 6 h 485 (33) 194 (38) 291 (30) .004

Data are presented as No. (%) unless otherwise indicated. Variables were defined as in the original study protocol.14 BMI was the ratio between body weight
and the square of body height. Liver disease denoted the presence of cirrhosis, portal hypertension, or previous episodes of liver insufficiency. Immu-
nodeficiency denoted the presence of immunosuppressive diseases or receipt of immunosuppressive therapies. Congestive or ischemic heart disease was
defined as New York Heart Association class II (class III and class IV were original exclusion criteria). SAPS II was used to assess the severity of systemic
illness at baseline. Scores range from 0 to 163, with higher scores indicating more severe illness.17 The SOFA score includes subscores ranging from 0 to 4
for each of 6 components (neurological, respiration, coagulation, liver, cardiovascular, and renal components), with higher scores indicating more severe
acute organ dysfunction.15 In the original Albumin Italian Outcome Sepsis trial, and here, this scoring system was slightly modified by excluding the
assessment of the neurological component (with the Glasgow Coma Scale), which was not performed in these subjects, and by decreasing to 65 mm Hg the
mean arterial pressure threshold for a cardiovascular subscore of 1, for consistency with the target of early goal-directed therapy. Organ dysfunctions were
defined as a SOFA score $ 2 for the respiratory component; $ 2 for the coagulation component; $ 2 for the liver component; 1, 3, or 4 for the car-
diovascular component; and $ 2 for the renal component. Shock was defined as a SOFA score $ 3 for the cardiovascular component, that is need of
dopamine (> 5 mg/kg/min), epinephrine, or norepinephrine.16 Antibiotic(s) were considered appropriate if all pathogenic microorganisms isolated at the
site of infection were susceptible to at least 1 of the drugs administered by day 1, as judged by a local microbiologist.18 Data on SOFA score were available
for 1,434 subjects; data on arterial oxygen saturation for 1,461; data on central venous pressure for 1,450; data on leukocytes for 1,468; data on he-
moglobin for 1,458; data on lactate for 1,419; data on albumin for 1,349; data on NT-proBNP for 771; data on high-sensitivity cardiac troponin T on 772;
and data on adequacy of antibiotic(s) on day 1 for 837. hs-cTnT ¼ high-sensitivity cardiac troponin T; NT-proBNP ¼ N-terminal pro-B-type natriuretic
peptide; SAPS ¼ Simplified Acute Physiology Score; SCVO2 ¼ central venous oxygen saturation; SOFA ¼ Sequential Organ Failure Assessment.

Figure 1 – Study design of the present
analysis and crude 90-day mortality rates
in the identified subgroups. ALBIOS ¼
Albumin Italian Outcome Sepsis; SCVO2 ¼
central venous oxygen saturation.
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Multivariable logistic regression analyses were applied to identify risk
factors for 90-day mortality. Variables recorded at enrollment or at
6 h associated with 90-day mortality at univariate analyses (P < .05),
were included in multivariable models. For multivariable analyses
only, missing data were handled depending on their frequency:20

if < 5%, they were imputed with median (by subgroup) values; if
5% to 10% (as for serum albumin at enrollment), subjects were
excluded from the analysis. This rule did not apply to the variable

“with adequate antibiotic therapy at day 1” (yes or no) because it
reasonably affected outcome.21 This variable was always included in
multivariable models, and missing values (culture-negative samples)
were replaced with a dummy indicator. Backward selection was used
to define final models. Results are reported as OR and 95% CI.

Statistical analyses were performed with SAS software 9.3 (SAS
Institute) and Sigma Plot software 11.0 (Jandel Scientific Software).

Results

Incidence, Risk Factors, and Association With
90-Day Mortality of Initial SCVO2 < 70%

Eight subjects were excluded from the original analysis
because of withdrawal of consent (n ¼ 2) or
randomization error (n ¼ 6); 335 subjects were excluded
from this present analysis because of missing SCVO2 at
enrollment (n ¼ 218) and/or at 6 h (n ¼ 268). Among
the remaining 1,475 subjects, 514 (35%) had an initial
SCVO2 < 70% (61 ! 8%; range, 28%-69%) (Fig 1).

Subjects with initial SCVO2 < 70% differed in several
aspects from those with initial SCVO2 $ 70% (Table 1).
More commonly, they had undergone elective surgery,
had a history of cardiac disease, and were enrolled early
after fulfillment of inclusion criteria. Less commonly,
they had undergone emergency surgery, suffered from
septic shock, were treated with mechanical ventilation,
and had received albumin in the previous 24 h. On
average, they were older, had higher Simplified Acute
Physiology Score (SAPS) II and lower, but still quite
normal, arterial oxygenation, mean arterial pressure,
urine output, and hemoglobin concentration. Initial
SCVO2 < 70% was also associated with higher plasma
levels of biomarkers of cardiac injury at day 1.

Ninety-day mortality was higher in subjects with initially
low, compared with normal, SCVO2 (44% vs 38%;
P ¼ .033) (Fig 2). However, at multivariable analysis,
initial SCVO2 < 70% did not emerge as a significant risk
factor for death (OR, 0.98; 95% CI, 0.75-1.28; P ¼ .877)
(e-Tables 1 and 2).

Incidence, Risk Factors, and Association With
90-Day Mortality of SCVO2 < 70% at 6 h

Among 514 subjects with initial SCVO2 < 70%, 277
(54%) had SCVO2 < 70% even at 6 h (“persistent”
SCVO2 < 70%) (Fig 1). As shown in Table 2, these latter
subjects more commonly had undergone elective, but
not emergency, surgery and more frequently had
chronic cardiac disease than those with SCVO2 < 70% at
enrollment but not at 6 h (“transient” SCVO2 < 70%). On
average, they also had lower initial SCVO2 at enrollment,

lower arterial oxygenation, mean arterial pressure and
hemoglobin concentration at 6 h, and higher plasma
levels of biomarkers of cardiac injury at day 1 than the
others.

Mortality at 90 days was higher in subjects with
persistent, compared with transient, SCVO2
< 70% (50% vs 37%; P ¼ .005) in spite of similar scores
of severity of disease (SAPS II score) and organ
dysfunction (SOFA score). When this analysis was
adjusted for possible confounders, persistence of
SCVO2 < 70% appeared to increase the risk of death
(Fig 3 and e-Tables 1, 3-5).

Among 961 subjects with initial SCVO2 $ 70%, 122 (13%)
had SCVO2 < 70% and 839 (87%) had SCVO2 $ 70% at 6 h
(Fig 1). Mortality at 90 days differed between these two
groups at univariate (48% vs 37%; P ¼ .023) but not at
multivariable analyses (Fig 3 and e-Tables 1, 3-5).

Finally, when we extended the multivariable analyses
to the entire study population (514 subjects with
initial SCVO2 < 70% and 961 subjects with initial
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Figure 2 – The 90-day mortality of subjects enrolled in the ALBIOS trial,
stratified according to their initial SCVO2 . Error bars indicate 95% CI.
See Figure 1 legend for expansion of abbreviations.
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TABLE 2 ] Comparison of Baseline Characteristics, Physiological and Laboratory Variables at 6 h, and Treatments
Administered During the First 6 h Between Subjects With SCVO2 < 70% at Enrollment and at 6 h (as for
Nonsuccessful Early Goal-Directed Therapy), and Subjects With SCVO2 < 70% at Enrollment but Not at
6 h (as for Successful Early Goal-Directed Therapy)

Variables SCVO2 < 70% at 6 h SCVO2 $ 70% at 6 h P

No. (%) 277 (54) 237 (46)

SCVO2 at 6 h, % 60 ! 9 76 ! 5 < .001

SCVO2 at enrollment, % 59 ! 8 63 ! 7 < .001

Age, y 68 ! 13 68 ! 14 .998

Women 113 (41) 86 (37) .396

BMI, kg/m2 26 ! 5 26 ! 5 .726

Reason for admission to ICU .022

Medical 153 (55) 135 (57)

Elective surgery 39 (14) 16 (7)

Emergency surgery 85 (31) 86 (36)

Preexisting conditions

Liver disease 1 (0) 1 (0) .912

COPD 29 (10) 28 (12) .628

Chronic renal failure 16 (6) 9 (4) .299

Immunodeficiency 35 (13) 27 (11) .666

Congestive or ischemic heart disease 82 (30) 47 (20) .011

SAPS II score 49 (38-63) 50 (38-60) .757

SOFA score 8 (6-10) 8 (6-10) .752

Physiological variables at 6 h

Arterial oxygen saturation (%) 97 (94-98) 98 (96-99) < .001

Heart rate, beats/min 100 ! 21 98 ! 21 .482

Mean arterial pressure, mm Hg 75 ! 13 80 ! 14 < .001

Central venous pressure, mm Hg 11 ! 5 11 ! 5 .763

Urine output, mL/h 83 (33-150) 85 (42-167) .442

Laboratory variables at 6 h

Leukocytes, 103/mm3 NA NA

Hemoglobin, g/dL 10.3 ! 1.6 10.7 ! 1.7 .028

Lactate, mmol/L NA NA

Serum albumin, g/L NA NA

NT-proBNP on day 1 (ng/L) 6,463 (2,167-19,341) 5,230 (2,340-15,265) .024

hs-cTnT on day 1 (ng/L) 80 (37-269) 56 (28-134) < .001

Organ(s) dysfunction .790

1 organ 53 (19) 40 (17)

2 organs 102 (37) 98 (41)

3 organs 81 (29) 63 (27)

4 organs 33 (12) 27 (11)

5 organs 8 (3) 9 (4)

Septic shock 165 (60) 146 (62) .638

With mechanical ventilation at 6 h 206 (74) 195 (82) .031

Albumin in previous 24 h 37 (13) 36 (15) .553

Synthetic colloids in previous 24 h 139 (50) 130 (55) .291

With two or more catecholamines at 6 h 98 (35) 68 (29) .106

With antibiotic(s) 255 (92) 220 (93) .743

(Continued)

1296 Original Research [ 1 5 4 # 6 CHE ST D E C EM B E R 2 0 1 8 ]



SCVO2 $ 70%; n ¼ 1,475), SCVO2 < 70% at 6 h emerged
as an independent risk factor for death (Fig 3 and
e-Tables 1, 3-5).

Clinical Characteristics and Interventions
Associated With Persistence of SCVO2 < 70%

Among 514 subjects with initial SCVO2 < 70%, those
with or without SCVO2 < 70% even at 6 h were similar
for age, SAPS II score, SOFA score, initial arterial lactate

concentration (2.4 [1.6-4.7] vs 2.8 [1.6-4.6] mmol/L;
P ¼ .666) and prevalence of shock (Table 2). As for the
first 6 h of treatment, subjects with persistent SCVO2
< 70% received fewer crystalloids and fluids in general,
no more blood transfusions, no more catecholamine(s),
and less mechanical ventilation than those with transient
SCVO2 < 70% (Table 2).

Biomarkers of Cardiac Stress and Injury

Circulating levels of NT-proBNP and hs-cTnT were
measured in 772 subjects at day 1 (Table 3). Among
subjects with initial SCVO2 < 70%, these biomarkers were
higher in those with persistent, compared with transient,
SCVO2 < 70%. According to multivariable analyses
reported previously, these were the subjects with an
increased risk of death. By contrast, among subjects
with initial SCVO2 $ 70%, circulating levels of NT-
proBNP and hs-cTnT did not differ between those
with SCVO2 < 70% or $ 70% at 6 h. According to
multivariable analyses, these two groups also had a
similar risk of death.

Discussion
In this retrospective analysis of a multicenter
randomized trial, nonresolution of initially low SCVO2
was associated with higher 90-day mortality of severe
sepsis or septic shock, independently from other risk
factors for death.

Initial SCVO2 < 70% was associated with higher 90-day
mortality at univariate, but not at multivariable, analysis.
By contrast, SCVO2 < 70% at 6 h in spite of early

TABLE 2 ] (Continued)

Variables SCVO2 < 70% at 6 h SCVO2 $ 70% at 6 h P

With adequate antibiotic(s) on day 1 131 (80) 107 (78) .629

Enrolled within 6 h 102 (37) 92 (39) .642

Randomized to albumin 144 (52) 130 (55) .516

Fluids administered fromenrollment to 6 h

20% albumin (mL) 0 (0-300) 100 (0-300) .295

RBC units (n) 0 (0-0) 0 (0-0) .589

Fresh frozen plasma (mL) 0 (0-0) 0 (0-0) .819

Platelets (mL) 0 (0-0) 0 (0-0) .565

Crystalloids (mL) 1,000 (600-2,000) 1,500 (725-2,120) .028

Other fluids (mL) 200 (0-500) 100 (0-500) .118

Total (mL) 1,860 (1,250-2,750) 2,080 (1,490-2,900) .039

Data are presented as No. (%) unless otherwise indicated. These data refer to 514 subjects with initial SCVO2 < 70% (see Fig 1). Data on SOFA score were
available for 500 subjects; data on arterial oxygen saturation for 510; data on central venous pressure for 504; data on hemoglobin for 510; data on
NT-proBNP for 250; data on hs-cTnT on 251; and data on adequacy of antibiotic(s) on day 1 for 300. NA ¼ not available. See Table 1 legend for expansion of
other abbreviations.

SCVO2 <70% at 6 h as predictor of 90-day mortality

OR

Initial SCVO2 <70%
Initial SCVO2 ≥70%
All subjects

0 1 2 3

Adjustment for variables recorded at 6 h

Adjustment for variables recorded at enrollment

Initial SCVO2 <70%
Initial SCVO2 ≥70%
All subjects

Figure 3 – Association between baseline characteristics, physiological
and laboratory variables, SCVO2 at 6 h, and 90-day mortality in subjects
enrolled in the ALBIOS trial. The results of multivariable analyses are
applied to identify predictors of 90-day mortality, including presence or
absence of SCVO2 < 70% at 6 h. Upper, Results adjusted for baseline
characteristics, physiological variables recorded at enrollment, and lab-
oratory variables recorded at enrollment (Table 1 ). Lower, results
adjusted for baseline characteristics, physiological variables recorded at 6
h, and laboratory variables recorded at 6 h (Table 2 ). Dot size reflects
sample size. Error bars indicate 95% CI. See Figure 1 legend for
expansion of abbreviations.
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goal-directed therapy remained associated with higher
mortality even after adjusting for possible confounders,
including initial diagnosis (severe sepsis or septic shock).
According to subgroup analysis, this result was valid
only for subjects with initial SCVO2 < 70% (and SCVO2
< 70% at 6 h); that is, those with persistent SCVO2
< 70%. These could be the subjects with an oxygen
deficit profound enough and/or prolonged enough to
trigger cellular dysfunction or death.22,23

There are several possible explanations for persistence of
SCVO2 < 70% in spite of early goal-directed therapy and
the associated higher risk of death. First, this
persistence reflected higher severity of disease; however,
at univariate analysis, many other well-validated
prognostic factors such as age, SAPS II score, SOFA
score, initial arterial lactate concentration, and
prevalence of shock did not differ between subjects with
or without SCVO2 < 70% even at 6 h. More important, at
multivariable analysis, persistence of SCVO2 < 70%
predicted death independently from several covariates
(e-Tables 3 and 5), including all those cited here
previously. Similar resuscitation efforts (Table 2) suggest
similar severity of disease, as perceived by attending
physicians.

Second, this persistence depended on low compliance to
resuscitation protocol. In fact, 99/277 (36%) subjects with
persistently low SCVO2 did not receive more fluids and/or
norepinephrine, although their central venous pressure
was <8 mm Hg and/or mean arterial pressure
was<65mmHg at 6 h; 70/277 (25%) did not receivemore
red blood cells although their arterial hemoglobin
concentration was< 10 g/dL at 6 h; 90/277 (32%) were not
treated with dobutamine, as expected, at 6 h; and 71/277
(26%) were not sedated andmechanically ventilated at 6 h.
Low adherence to early goal-directed therapy has been
previously reported7,8; being a pragmatic trial, the ALBIOS
trial confirms this finding. It is possible that stronger
adherence to the resuscitation protocol, as in the Rivers’
study, where, for example, 64% of the subjects assigned to
early goal-directed therapy received red blood cells, would

have resulted inmore subjects with SCVO2$ 70% at 6 h and
higher survival rate.

Third, this persistence reflected cardiac dysfunction that
was probably not recognized and not adequately treated.
In fact, it was associated with history of heart disease
and higher circulating levels of markers of myocardial
stress and injury (NT-proBNP and hs-cTnT),24 but no
other sign of higher severity of disease. Subjects with
SCVO2 < 70% even at 6 h mainly failed to respond to
fluid resuscitation; few of them received norepinephrine
(4%), RBC (22%), dobutamine (9%), and/or mechanical
ventilation (5%) after study entry, with the aim of
normalizing SCVO2. If persistence of low SCVO2
predominantly depended on cardiac dysfunction, some
of the other interventions would have been (more)
indicated.25,26 Protocol-based resuscitation may provide
no benefit, or even cause harm, when applied equally to
all subjects without considering the individual
hemodynamic phenotype.27 On the one hand, cardiac
dysfunction reasonably contributed at lowering SCVO2;
on the other, it possibly directly affected outcome, even
more strongly than SCVO2 < 70% at 6 h per se. In fact,
according to multivariable analyses, SCVO2 < 70% at 6 h
was associated with an increased risk of death only in
subjects with initial SCVO2 < 70% (Fig 3), exactly those
with highest plasma levels of NT-proBNP and hs-cTnT
at day 1 (Table 3).

The first, positive, trial on early-goal directed therapy
was quite small and with unexpectedly high mortality
among control patients.5 Trials published more recently
that were consistently negative addressed most of these
issues; however, they all enrolled many subjects with
SCVO2 $ 70%,9-11 who could have hardly benefited from
early goal-directed therapy because they lacked the
condition that was meant to be treated. Our own results
were positive when referring to subjects with initial
SCVO2 < 70%, just as in the first positive trial. At the
same time, they were negative (no better outcome) when
referring to subjects with initial SCVO2 $ 70%, just as in
the subsequent three negative trials.9-11

TABLE 3 ] Biomarkers of Cardiac (Dys)function in 772 Subjects Enrolled in the ALBIOS Trial, Divided in Groups on
the Basis of Their SCVO2 at Enrollment and at 6 h

Variable SCVO2 at 6 h < 70% SCVO2 at 6 h $ 70% P

Initial
SCVO2 < 70%

NT-proBNP (ng/L): 8,485 (2,902-23,405)
hs-cTnT (ng/L): 80 (37-269)

NT-proBNP (ng/L): 5,230 (2,340-15,265)
hs-cTnT (ng/L): 56 (28-134)

.024

.024

Initial
SCVO2 $ 70%

NT-proBNP (ng/L): 3,467 (1,021-9,603)
hs-cTnT (ng/L): 43 (18-116)

NT-proBNP (ng/L): 3,324 (1,036-11,057)
hs-cTnT (ng/L): 42 (21-127)

.842

.567

See Table 1 legend for expansion of abbreviations. Refer to Masson et al19 for details on methods.
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Our study is novel in that it examines the prognostic
value and the underlying reasons for persistence of low
SCVO2 in 1,475 subjects, including 514 with initial
SCVO2 < 70%, with severe sepsis or septic shock, all
treated with early goal-directed therapy. In the three
most recent trials, SCVO2 was not recorded in control
patients.9-11 Therefore, these studies do not provide any
evidence for or against early-goal directed therapy in
subjects presenting with SCVO2 < 70%. It also has some
limitations. First, it is a retrospective analysis of a trial
that was not designed to investigate benefits or harms of
targeting SCVO2 during the early phase of sepsis.
Causality cannot be established by statistics alone; it
should be tested in prospective trials enrolling subjects
with initial SCVO2 < 70%. Second, arterial lactate was not
measured at 6 h; therefore, we cannot establish whether

normalization (or decrease) of lactate is a better initial
end point than normalization of SCVO2.

28 Third,
circulating biomarkers of cardiac dysfunction were
measured only in a subgroup of subjects. Nonetheless,
this subgroup was highly representative of the entire
study population of the ALBIOS trial.29

Conclusions
This analysis suggests that persistence of initial SCVO2
< 70% is associated with increased 90-day mortality of
severe sepsis or septic shock, possibly because it reflects
cardiac dysfunction. Subjects with SCVO2 < 70% may
benefit most from individually tailored interventions
aimed at normalizing the balance between systemic
oxygen delivery and consumption.

Acknowledgments
Author contributions: A. Pr. conceived the
present work, ran the analysis, and wrote the
manuscript. S. M., R. L., R. F., M. R., G. T., A.
Pe., L. G., and P.C. were members of the
steering committee of the original ALBIOS
trial. C. P. and G. P. collected data. P. C.
coordinated the original ALBIOS trial,
conceived the present work, ran the analysis,
and wrote the manuscript; he had full
access to all the data in the study and had
final responsibility for the decision to submit
the paper for publication. All authors
reviewed the final version of the manuscript
for important intellectual content and
approved it.

Financial/nonfinancial disclosures: None
declared.

Role of sponsors: The sponsor had no role in
the design of the study, the collection and
analysis of the data, or the preparation of the
manuscript.

Other contributions: We are grateful to
Caterina Fanizza, MStat, for her help with
data analysis.

Additional information: The e-Tables can
be found in the Supplemental Materials
section of the online article.

References
1. Reinhart K, Rudolph T, Bredle DL,

Hannemann L, Cain SM. Comparison of
central-venous to mixed-venous oxygen
saturation during changes in oxygen
supply/demand. Chest. 1989;95(6):
1216-1221.

2. Hochachka PW, Buck LT, Doll CJ,
Land SC. Unifying theory of hypoxia
tolerance: molecular/metabolic defense
and rescue mechanisms for surviving
oxygen lack. Proc Natl Acad Sci USA.
1996;93(18):9493-9498.

3. Varpula M, Tallgren M, Saukkonen K,
et al. Hemodynamic variables related to
outcome in septic shock. Intensive Care
Med. 2005;31(8):1066-1071.

4. Boulain T, Garot D, Vignon P, et al.
Prevalence of low ScvO2 in the first hours
of intensive care unit admission and
associated mortality in septic shock
patients: a prospective multicentre study.
Crit Care. 2014;18(6):609.

5. Rivers E, Nguyen B, Havstad S, et al. Early
goal-directed therapy in the treatment of
severe sepsis and septic shock. N Engl J
Med. 2001;345(19):1368-1377.

6. Dellinger RP, Levy MM, Rhodes A, et al.
Surviving Sepsis Campaign: international
guidelines for management of severe
sepsis and septic shock, 2012. Intensive
Care Med. 2013;39(2):165-228.

7. Levy MM, Rhodes A, Phillips GS, et al.
Surviving Sepsis Campaign: association
between performance metrics and
outcomes in a 7.5-year study. Intensive
Care Med. 2014;40(11):1623-1633.

8. Rhodes A, Phillips G, Beale R, et al. The
Surviving Sepsis Campaign bundles and
outcome: results from the International
Multicentre Prevalence Study on Sepsis
(the IMPreSS study). Intensive Care Med.
2015;41(9):1620-1628.

9. ProCESS Investigators, Yealy DM,
Kellum JA, et al. A randomized trial of
protocol-based care for early septic shock.
N Engl J Med. 2014;370(18):1683-1693.

10. ARISE Investigators; ANZICS Clinical
Trials Group, Peake SL, et al. Goal-
directed resuscitation for patients with
early septic shock. N Engl J Med.
2014;371(16):1496-1506.

11. Mouncey PR, Osborn TM, Power GS,
et al. Trial of early, goal-directed
resuscitation for septic shock. N Engl J
Med. 2015;372(14):1301-1311.

12. PRISM Investigators, Rowan KM,
Angus DC, et al. Early, goal-directed

therapy for septic shock – a patient-level
meta-analysis. N Engl J Med.
2017;376(23):2223-2234.

13. Rhodes A, Evans LE, Alhazzani W, et al.
Surviving Sepsis Campaign: international
guidelines for management of sepsis and
septic shock: 2016. Intensive Care Med.
2017;43(3):304-377.

14. Caironi P, Tognoni G, Masson S, et al.
Albumin replacement in patients with
severe sepsis or septic shock. N Engl J
Med. 2014;370(15):1412-1421.

15. Vincent JL, Moreno R, Takala J, et al. The
SOFA (Sepsis-related Organ Failure
Assessment) score to describe organ
dysfunction/failure. On behalf of the
working group on sepsis-related problems
of the European Society of Intensive Care
Medicine. Intensive Care Med. 1996;22(7):
707-710.

16. SAFE Study Investigators, Finfer S,
McEvoy S, et al. Impact of albumin
compared to saline on organ function
and mortality of patients with severe
sepsis. Intensive Care Med. 2011;37(1):
86-96.

17. Le Gall JR, Lemeshow S, Saulnier F. A new
Simplified Acute Physiology Score (SAPS
II) based on a European/North American
multicenter study. JAMA. 1993;270(24):
2957-2963.

18. Masson S, Caironi P, Fanizza C, et al.
Circulating presepsin (soluble CD14
subtype) as a marker of host response in
patients with severe sepsis or septic shock:
data from the multicenter, randomized
ALBIOS trial. Intensive Care Med.
2015;41(1):12-20.

19. Masson S, Caironi P, Fanizza C, et al.
Sequential N-terminal pro-B-type
natriuretic peptide and high-sensitivity
cardiac troponin measurements during
albumin replacement in patients with
severe sepsis or septic shock. Crit Care
Med. 2016;44(4):707-716.

chestjournal.org 1299

http://refhub.elsevier.com/S0012-3692(18)30738-4/sref1
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref1
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref1
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref1
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref1
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref1
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref2
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref2
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref2
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref2
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref2
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref2
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref3
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref3
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref3
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref3
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref4
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref4
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref4
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref4
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref4
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref4
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref4
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref5
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref5
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref5
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref5
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref6
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref6
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref6
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref6
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref6
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref7
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref7
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref7
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref7
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref7
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref8
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref8
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref8
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref8
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref8
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref8
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref9
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref9
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref9
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref9
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref10
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref10
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref10
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref10
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref10
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref11
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref11
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref11
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref11
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref12
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref12
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref12
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref12
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref12
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref13
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref13
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref13
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref13
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref13
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref14
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref14
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref14
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref14
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref15
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref15
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref15
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref15
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref15
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref15
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref15
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref15
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref16
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref16
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref16
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref16
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref16
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref16
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref17
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref17
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref17
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref17
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref17
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref18
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref18
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref18
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref18
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref18
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref18
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref18
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref19
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref19
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref19
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref19
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref19
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref19
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref19
http://chestjournal.org
JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1




20. Katz MH. Multivariable Analysis: A
Practical Guide for Clinicians. Cambridge,
UK: Cambridge University Press; 2011.

21. Paul M, Shani V, Muchtar E, Kariv G,
Robenshtok E, Leibovici L. Systematic
review and meta-analysis of the efficacy of
appropriate empiric antibiotic therapy for
sepsis. Antimicrob Agents Chemother.
2010;54(11):4851-4863.

22. Shoemaker WC, Appel PL, Kram HB.
Role of oxygen debt in the development of
organ failure sepsis, and death in high-risk
surgical patients. Chest. 1992;102(1):
208-215.

23. Lieberthal W, Menza SA, Levine JS.
Graded ATP depletion can cause necrosis
or apoptosis of cultured mouse proximal

tubular cells. Am J Physiol. 1998;274(2 Pt
2):F315-F327.

24. Latini R, Caironi P, Masson S. Cardiac
dysfunction and circulating cardiac
markers during sepsis. Minerva Anestesiol.
2016;82(6):697-710.

25. Ognibene FP, Parker MM, Natanson C,
et al. Depressed left ventricular
performance. Response to volume
infusion in patients with sepsis and septic
shock. Chest. 1988;93(5):903-910.

26. Bouferrache K, Amiel JB, Chimot L, et al.
Initial resuscitation guided by the
Surviving Sepsis Campaign
recommendations and early
echocardiographic assessment of
hemodynamics in intensive care unit

septic patients: a pilot study. Crit Care
Med. 2012;40(10):2821-2827.

27. Kalil AC, Kellum JA. Is early goal-directed
therapy harmful to patients with sepsis
and high disease severity? Crit Care Med.
2017;45(8):1265-1267.

28. Jones AE, Shapiro NI, Trzeciak S, et al.
Lactate clearance vs ScvO2 as goals of
early sepsis therapy: a randomized clinical
trial. JAMA. 2010;303(8):739-746.

29. Caironi P, Latini R, Struck J, et al.
Circulating biologically active
adrenomedullin (bio-ADM) predicts
hemodynamic support requirement and
mortality during sepsis. Chest.
2017;152(2):312-320.

1300 Original Research [ 1 5 4 # 6 CHE ST D E C EM B E R 2 0 1 8 ]

http://refhub.elsevier.com/S0012-3692(18)30738-4/sref20
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref20
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref20
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref21
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref21
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref21
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref21
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref21
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref21
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref22
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref22
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref22
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref22
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref22
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref23
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref23
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref23
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref23
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref23
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref24
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref24
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref24
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref24
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref25
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref25
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref25
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref25
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref25
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref26
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref26
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref26
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref26
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref26
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref26
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref26
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref26
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref27
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref27
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref27
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref27
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref28
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref28
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref28
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref28
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref29
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref29
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref29
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref29
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref29
http://refhub.elsevier.com/S0012-3692(18)30738-4/sref29

	Persistence of Central Venous Oxygen Desaturation During Early Sepsis Is Associated With Higher Mortality
	Methods
	Statistical Analysis

	Results
	Incidence, Risk Factors, and Association With 90-Day Mortality of Initial Scvo2 < 70%
	Incidence, Risk Factors, and Association With 90-Day Mortality of Scvo2 < 70% at 6 h
	Clinical Characteristics and Interventions Associated With Persistence of Scvo2 < 70%
	Biomarkers of Cardiac Stress and Injury

	Discussion
	Conclusions
	Acknowledgments
	References


