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Abstract
Introduction
An increased blood lactate level is 
������� ��������� ��� ��� �� ������� ���
inadequate oxygen delivery and an-
aerobic metabolism. Furthermore, 
the rate of decline in lactate concen-
tration (lactate clearance) has been 
 recommended as an end-point of 
early goal directed therapy in critical 
���� ��������� ����� ������Ǥ� ��� ��������
compelling data that an elevated lac-
tate concentration is a consequence 
of increased aerobic glycolysis as part 
of the stress response and that titrat-
ing therapy to the rate of decline in 
lactate concentration is a potentially 
harmful endeavour. Furthermore, an 
increased lactate concentration may 
be an important adaptive survival re-
sponse during critical illness. 
Conclusion
An elevated lactate concentration in 
���������������������������������������-
ease severity and not an indication of 
anaerobic metabolism. Increasing ox-
ygen delivery to treat a non-existent 
oxygen debt may be a harmful under-
taking. ‘Lactate clearance’ should not 
be used as the end-point of resuscita-
����������������������������Ǥ

Introduction
���������������������������������������������
���������������������������������������
meet oxygen demand an oxygen debt 
����� ������� ��������������� ������1–2. 
This results in anaerobic metabolism 
and increased lactate production1–2. 

An increased blood lactate concentra-
tion is therefore regarded as irrefut-
able evidence of anaerobic metabo-
lism and tissue hypoxia1Ǥ�Nguyen reǦ
ported that ‘lactate ���������ǯǡ������Ǧ
���������������������decrease in lacǦ
tate from emergency �������������Ǧ
��������������͸�ǡ�����an independeǦ
nt predictor of mortality1.They conǦ
cluded that ‘lactate clearance in the 
early hospital course may indicate a 
resolution of global tissue hypoxia anǦ
d that this is associ-ated with decreaǦ
sed mortality rates.’ This study popuǦ
larized the concept of ‘lactate clearaǦ
nce’ and has led to a ��������������Ǧ
��������������������‘lactate clearanǦ
ce’ as the major end-point of haemoǦ
dynamic resuscitation �����������������
��������������������3–5. ��� �����������
�������������������������������������Ǧ
������������ ����������� �������������Ǧ
��� ��� �������� �������� ��� �� ������
�������� ������ ���� ��� �������Ǥ� ���
�������� ����� �������������� ����������
����������������������������������������
���������������������������������������
������������������������������������

(and release of epinephrine) rather 
than being a marker of anǦaerobic  
metabolism. Furthermore, an increaǦ
sed lactate concentration may be an 
important adaptive survival responǦ
se during critical illness.

����������
���� �������� ����� ����������� �����
��� ������ ���� �������� ��� ����� ������Ǥ�
������ ����������� ������������������
���������� ��� ����������� ����� ����
������������ ��� ��������� ȋͳͻ͸ͶȌ� ����
���� ���������� ��� ������ �������� �����
����� ��������� ��� ���� ���������
������� ����������� �������� ��� ����
������������ ��� ������ ����� �����
���������Ǥ� ���� ������ ��������ǡ� ���
������ ����������� �������ǡ� �����
��������� �������� ��� ������������ ���
�������������Ǥ

������������������
Lactate is produced by glycolysis 
and metabolised by the liver and to a 
lesser degree by the kidney. Lactate 
is produced in the cytoplasm accord-
���� ��� ���� ���������� ��������� ȋ����
Figure 1):
���������Ϊ������Ϊ��Ϊ�� � � � ��������Ϊ�
���Ϊ�
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ĚďǀǌƐĚĩǌĚĨ

This reaction favours lactate for-
mation, yielding a ten-fold lactate/ 
pyruvate ratio. In physiological condi-
tions, lactate is produced by muscles 
(25%), skin (25%), brain (20%), 
intestine (10%) and red blood cells 
(20%)6. Increased glycolysis results 
in increased lactate formation. Arteri-
al lactate concentration is dependent 
��� ���� ��������������� ���� ������-
tion and consumption. Ingeneral, this 
concentration is less than 2 mmol/l, 
although daily production of lactate 
is actually 1500 mmol/l6. Generated 
lactate can be transformed into oxa-
loacetate oralanine via the pyruvate 
�������� ��� ���� ��� ��������� ���������
by periportal hepatocytes (60%) to 
produce glycogen and glucose (glyco-
genesis and glucogenesis; Cori cycle). 
The kidney also participates in the 
����������������������ȋ͵ͲΨȌǡ����������
cortex classically acting as the metab-
olizer by glucogenesis and the medul-
la as a producer of lactate. Pyruvate 
is metabolized by the mitochondrial 
�������� ���������� �������� ���� ����
Krebs cycle. This reaction leads to the 
production of large quantities of ATP 
(36 molecules of ATP for one mol-
ecule of pyruvate) (see  Figure 2).

Hypoxia blocks mitochondrial 
oxidative phosphorylation, thereby 

inhibiting ATP synthesis and reoxida-
tion of NADH. This leads to a decrease 
in the ATP/ADP ratio and an increase 
in the NADH/NAD ratio. A decrease 
in the ATP/ADP ratio induces bothan 
������������� ��� ��������ǡ� ������
������� ��� ��������� ��� ���� ��� ����-
phofructokinase stimulation, and a 
decreasein pyruvate utilization by in-
�����������������������������ǡ�������
converts pyruvate into oxaloacetate.6 
Consequently, the increase in lactate 
production in ana-erobic setting is 
the result of an accumulation of py-
���������������������������������������
stemming from alterations in the re-
dox potential; this results in an in-
crease in the lactate/pyruvate ratio.

Classic teaching suggests that 
increased production of lactate re-
������ ��� ��������ǡ� ������ ������� ���
lactic acidosis.7Close examination 
ofglycolysis reveals that complete 
metabolism of glucose to lactate re-
sults in no net release of protons 
and, thus, does not contribute to aci-
dosis. In fact, during the production 
of lactate from pyruvate, protons are 
consumed and acidosis isinhibited 
(Figure 1)8. Furthermore, lactate oxi-
dationand lactate consumption via 
gluconeogenesis consume hydrogen 
 ions and are alkalinizing processes. 

This implies that ‘lactic acidosis’ is a 
condition that does not exist8.

Lactate as a marker of illness severity
��� ���� ���������� ������������ ����� ���
increased blood lactate concentra-
����� ��� ���������������������������-
tality in critically ill patients. Over 50 
������ ��������� ���� ��������������-
onstrated an exponential increase in 
the mortality of critically ill patients 
������������������������������������-
trations9–10. More recently, studies in 
both septic and trauma patients have 
demonstrated an independent as-
���������� �������� ����������� ������
�������������������������������������-
ure and mortality11–19. These studies 
suggest that the mortality increases 
linearly above a lactate concentra-
tion of approximately 1 mmol/l and 
that this association is independent 
of organ dysfunction or the presence 
of shock11–20Ǥ������������������������ǡ���
serum lactate concentration of more 
than 4 mmol/l is used as a marker 
�������������������������������������
high risk of death2,14.

Lactate clearance
A number of studies performed dur-
ing the 1980s demonstrated that the 
ability to ‘clear lactate’ to normal in 

	������͸Ǥ౯
�����������������Ǥ������������Ǧ�������������������������������������+/K+ ATPase activity. From James et al39.
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Abstract Lactic acid was first found
and described in sour milk by Karl
Wilhelm Scheele (1742–1786) in
1780. The German physician–chemist
Johann Joseph Scherer (1841–1869)
demonstrated the occurrence of
lactic acid in human blood under
pathological conditions in 1843 and
1851. In this article we honour the
forgotten observations by Scherer and
describe the influence of Scherer’s
finding on further research on lactic
acid at the end of the 19th century.
We conclude that Scherer’s 1843

case reports should be cited as the
first description of lactic acid in
human blood after death and also as
the first demonstration of lactic acid
as a pathological finding in septic
and haemorrhagic shock. Carl
Folwarczny was, in 1858, the first to
demonstrate lactic acid in blood in
a living patient.
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Introduction

Lactic acid was first found and described in sour milk by
the Swedish chemist Karl Wilhelm Scheele (1742–1786)
in 1780 [1]. The Swedish chemist Jöns Jakob Berzelius
(1779–1848) found lactic acid in fluid extracted from meat
in 1808 [2, 3], and the German chemist Justus von Liebig
(1803–1873), who established the world’s first school of
chemistry at Giessen, proved that lactic acid was always
present in muscular tissue of dead organisms [4]. In 1859,
Emil Heinrich du Bois-Reymond (1818–1896) published
several articles on the influence of lactic acid on muscle
contraction [5–9]. Araki and Zillessen found that if they
interrupted oxygen supply to muscles in mammals and
birds, lactic acid was formed and increased [10–14]. This
was the first demonstration of the relationship between
tissue hypoxia and the formation of lactate. The occur-
rence of increased lactic acid in blood (hyperlactataemia)
nowadays reflects severe illness, in which the increased
blood lactate levels may result from both anaerobic and
aerobic production or from a decreased clearance.

It was the German physician–chemist Johann Joseph
Scherer who first demonstrated the occurrence of lactic

acid in human blood under pathological conditions after
death in 1843 and 1851 [15, 17], and Carl Folwarczny
in 1858 who first demonstrated lactic acid in blood of
a living patient. In this article we wish to honour Scherer’s
forgotten observations and describe the influence of his
finding on further research on lactic acid at the end of the
19th century.

Biography of Johann Joseph Scherer
Born on 18 March 1814 in Aschaffenburg, Germany,
Scherer studied medicine, chemistry, geology and min-
eralogy at the university of Würzburg between 1833 and
1836. He obtained his PhD in medicine and surgery in
1838 with a thesis entitled “Versuche über die Wirkung
einiger Gifte auf verscheidene Thierclassen” (Experiments
on the action of some poisons on several classes of ani-
mals). He practised medicine in Wipfeld, but inspired by
the chemist Ernst von Bibra (1806–1878) he completed his
studies in chemistry at the University of Munich between
1838–1840 [18]. In 1840 he was employed at the labora-
tory of Justus Liebig at Giessen, and became professor at
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Introduction

Lactic acid was first found and described in sour milk by
the Swedish chemist Karl Wilhelm Scheele (1742–1786)
in 1780 [1]. The Swedish chemist Jöns Jakob Berzelius
(1779–1848) found lactic acid in fluid extracted from meat
in 1808 [2, 3], and the German chemist Justus von Liebig
(1803–1873), who established the world’s first school of
chemistry at Giessen, proved that lactic acid was always
present in muscular tissue of dead organisms [4]. In 1859,
Emil Heinrich du Bois-Reymond (1818–1896) published
several articles on the influence of lactic acid on muscle
contraction [5–9]. Araki and Zillessen found that if they
interrupted oxygen supply to muscles in mammals and
birds, lactic acid was formed and increased [10–14]. This
was the first demonstration of the relationship between
tissue hypoxia and the formation of lactate. The occur-
rence of increased lactic acid in blood (hyperlactataemia)
nowadays reflects severe illness, in which the increased
blood lactate levels may result from both anaerobic and
aerobic production or from a decreased clearance.

It was the German physician–chemist Johann Joseph
Scherer who first demonstrated the occurrence of lactic

acid in human blood under pathological conditions after
death in 1843 and 1851 [15, 17], and Carl Folwarczny
in 1858 who first demonstrated lactic acid in blood of
a living patient. In this article we wish to honour Scherer’s
forgotten observations and describe the influence of his
finding on further research on lactic acid at the end of the
19th century.

Biography of Johann Joseph Scherer
Born on 18 March 1814 in Aschaffenburg, Germany,
Scherer studied medicine, chemistry, geology and min-
eralogy at the university of Würzburg between 1833 and
1836. He obtained his PhD in medicine and surgery in
1838 with a thesis entitled “Versuche über die Wirkung
einiger Gifte auf verscheidene Thierclassen” (Experiments
on the action of some poisons on several classes of ani-
mals). He practised medicine in Wipfeld, but inspired by
the chemist Ernst von Bibra (1806–1878) he completed his
studies in chemistry at the University of Munich between
1838–1840 [18]. In 1840 he was employed at the labora-
tory of Justus Liebig at Giessen, and became professor at

• 1780  Scheele: first description of lactic acid found in sour milk
• 1808 Berzelius: found lactic acid in fluid extracted from meat
• 1843 Scherer: lactic acid is increased in human blood of 

patients that died of septic shock
• 1858 Folwarczny: first measurement of lactic acid in blood of a 

living patient (leukaemia)
• 1891-1892 Araki and Zillessen: interruption of oxygen supply to 

muscles result in lactic acid production and increased levels
• 1907 Fletcher and Hopkins: muscle contraction is accompanied 

by anaerobic formation of lactic acid that is removed 
aerobically at a rate depending on the level of exposure to 
oxygen
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Predictive value of lactate

• Survivors decrease lacate levels within 60 minutes after start of therapy (Vincent et al Crit Care Med 
1983;11:449-451)

• Increased area under the time-lactate curve is associated with organ failure and mortality in septic 
shock (Bakker et al Am J Surg 1996;171:221-226)

• Lactate levels predict mortality in Metformin-associated lactic acidosis (Misbin et al N Engl J Med 
1998;338:265-266)

• Lacate levels predict survival in paracetamol-induced liver failure (Bernal et al Lancet 2002;359:558-563)

• Increasing lactate levels in Asthma are associated with persistent severe obstruction (Appel et al Am J 
Med 1983;75:580-584)

• Lactate production by the lung is related to lung injury (Kellum et al Chest 1997;111:1301-1305)

• Lactate levels predict Injury Severity Score, Survival and OF in Trauma (Cerović et al Intensive Care Med 
2003;29:1300-1305) (Manikis et al. Am J Emerg Med 1995;13:619-622)

• Survivors decrease lacate levels within 60 minutes after start of therapy (Vincent et al Crit Care Med 
1983;11:449-451)

• Increased area under the time-lactate curve is associated with organ failure and mortality in septic 
shock (Bakker et al Am J Surg 1996;171:221-226)

• Lacate levels predict survival in paracetamol-induced liver failure (Bernal et al Lancet 2002;359:558-563)

• Increasing lactate levels in Asthma are associated with persistent severe obstruction (Appel et al Am J 
Med 1983;75:580-584)

• Lactate production by the lung is related to lung injury (Kellum et al Chest 1997;111:1301-1305)

• Lactate levels predict Injury Severity Score, Survival and OF in Trauma (Cerović et al Intensive Care Med 
2003;29:1300-1305) (Manikis et al. Am J Emerg Med 1995;13:619-622)
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Abstract Objective: To determine,
in the early stages of suspected
clinically significant infection, the
independent relationship of the
presenting venous lactate level to
28-day in-hospital mortality. Design:
Prospective, observational cohort
study. Setting: Urban, university
tertiary-care hospital. Patients: One
thousand two hundred and eighty
seven adults admitted through the
emergency department who had clin-
ically suspected infection and a lac-
tate measurement. Measurements
and results: Seventy-three [5.7%
(95% CI 4.4–6.9%)] patients died in
the hospital within 28 days. Lactate
level was strongly associated with
28-day in-hospital mortality in uni-
variate analysis (p < 0.0001). When
stratified by blood pressure, lactate
remained associated with mortality
(p < 0.0001). Normotensive patients

with a lactate level ≥ 4.0 mmol/l had
a mortality rate of 15.0% (6.0–24%).
Patients with either septic shock
or lactate ≥ 4.0 mmol/l had a mor-
tality rate of 28.3% (21.3–35.3%),
which was significantly higher than
those who had neither [mortality of
2.5% (1.6–3.4%), p < 0.0001]. In
a model controlling for age, blood
pressure, malignancy, platelet count,
and blood urea nitrogen level, lactate
remained strongly associated with
mortality. Patients with a lactate
level of 2.5–4.0 mmol/l had ad-
justed odds of death of 2.2 (1.1–4.2);
those with lactate ≥ 4.0 mmol/l had
7.1 (3.6–13.9) times the odds of
death. The model had good discrim-
ination (AUC = 0.87) and was well
calibrated. Conclusions: In patients
admitted with clinically suspected
infection, the venous lactate level
predicts 28-day in-hospital mortality
independent of blood pressure and
adds significant prognostic informa-
tion to that provided by other clinical
predictors.

Keywords Sepsis · Infection · Lactic
acid/lactate · Triage · Prognosis ·
Risk assessment

Introduction

Severe sepsis and septic shock afflict about three-quarters
of a million patients in the USA annually, resulting
in approximately 215,000 deaths [1]. After decades of

negative sepsis trials, Rivers et al. published a randomized,
controlled trial of an early goal-directed hemodynamic
management strategy for emergency department patients
with sepsis which resulted in a decrease in absolute mor-
tality from 46% to 31% [2]. Since approximately one-third

Emergency Room
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• SAP < 100 mmHg OR 30 ≤ RR < 10 /min OR GCS<14
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Abstract

Introduction A limitation of pre-hospital monitoring is that vital
signs often do not change until a patient is in a critical stage.
Blood lactate levels are suggested as a more sensitive
parameter to evaluate a patient's condition. The aim of this pilot
study was to find presumptive evidence for a relation between
pre-hospital lactate levels and in-hospital mortality, corrected for
vital sign abnormalities.

Methods In this prospective observational study (n = 124),
patients who required urgent ambulance dispatching and had a
systolic blood pressure below 100 mmHg, a respiratory rate
less than 10 or more than 29 breaths/minute, or a Glasgow
Coma Scale (GCS) below 14 were enrolled. Nurses from
Emergency Medical Services measured capillary or venous
lactate levels using a hand-held device on arrival at the scene
(T1) and just before or on arrival at the emergency department
(T2). The primary outcome measured was in-hospital mortality.

Results The average (standard deviation) time from T1 to T2
was 27 (10) minutes. Non-survivors (n = 32, 26%) had
significantly higher lactate levels than survivors at T1 (5.3 vs 3.7
mmol/L) and at T2 (5.4 vs 3.2 mmol/L). Mortality was
significantly higher in patients with lactate levels of 3.5 mmol/L

or higher compared with those with lactate levels below 3.5
mmol/L (T1: 41 vs 12% and T2: 47 vs 15%). Also in the
absence of hypotension, mortality was higher in those with
higher lactate levels. In a multivariable Cox proportional hazard
analysis including systolic blood pressure, heart rate, GCS (all
at T1) and delta lactate level (from T1 to T2), only delta lactate
level (hazard ratio (HR) = 0.20, 95% confidence interval (CI) =
0.05 to 0.76, p = 0.018) and GCS (HR = 0.93, 95% CI = 0.88
to 0.99, p = 0.022) were significant independent predictors of
in-hospital mortality.

Conclusions In a cohort of patients that required urgent
ambulance dispatching, pre-hospital blood lactate levels were
associated with in-hospital mortality and provided prognostic
information superior to that provided by the patient's vital signs.
There is potential for early detection of occult shock and pre-
hospital resuscitation guided by lactate measurement. However,
external validation is required before widespread
implementation of lactate measurement in the out-of-hospital
setting.

Introduction
An important limitation of patient monitoring in the pre-hospital
phase is that the standard vital signs such as heart rate and
blood pressure often do not change until a patient reaches a
critical stage [1-3]. Pain and anxiety, contributing to increased

sympathetic tone, influence these vital signs and render them
insensitive for monitoring the adequacy of tissue perfusion [4].
Many patients who appear to be haemodynamically stable
based on normal vital signs have increased blood lactate lev-
els ('occult hypoperfusion' or 'compensated shock') [1,5]; as a

AUROC: area under the ROC curve; CI: confidence interval; ED: emergency department; EMS: Emergency Medical Services; GCS: Glasgow Coma 
Scale; ICU: intensive care unit; LPA: Landelijk Protocol Ambulancezorg (Dutch ambulance protocols); NPV: negative predictive value; PH: propor-
tional hazards; PPV: positive predictive value; ROC: receiver operating characteristic; SD: standard deviation; SpO2: peripheral oxygen saturation 
obtained by pulseoxymeter; T1: on arrival of the ambulance at the scene; T2: just before or on arrival at the emergency department.
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Abstract

Introduction A limitation of pre-hospital monitoring is that vital
signs often do not change until a patient is in a critical stage.
Blood lactate levels are suggested as a more sensitive
parameter to evaluate a patient's condition. The aim of this pilot
study was to find presumptive evidence for a relation between
pre-hospital lactate levels and in-hospital mortality, corrected for
vital sign abnormalities.

Methods In this prospective observational study (n = 124),
patients who required urgent ambulance dispatching and had a
systolic blood pressure below 100 mmHg, a respiratory rate
less than 10 or more than 29 breaths/minute, or a Glasgow
Coma Scale (GCS) below 14 were enrolled. Nurses from
Emergency Medical Services measured capillary or venous
lactate levels using a hand-held device on arrival at the scene
(T1) and just before or on arrival at the emergency department
(T2). The primary outcome measured was in-hospital mortality.

Results The average (standard deviation) time from T1 to T2
was 27 (10) minutes. Non-survivors (n = 32, 26%) had
significantly higher lactate levels than survivors at T1 (5.3 vs 3.7
mmol/L) and at T2 (5.4 vs 3.2 mmol/L). Mortality was
significantly higher in patients with lactate levels of 3.5 mmol/L

or higher compared with those with lactate levels below 3.5
mmol/L (T1: 41 vs 12% and T2: 47 vs 15%). Also in the
absence of hypotension, mortality was higher in those with
higher lactate levels. In a multivariable Cox proportional hazard
analysis including systolic blood pressure, heart rate, GCS (all
at T1) and delta lactate level (from T1 to T2), only delta lactate
level (hazard ratio (HR) = 0.20, 95% confidence interval (CI) =
0.05 to 0.76, p = 0.018) and GCS (HR = 0.93, 95% CI = 0.88
to 0.99, p = 0.022) were significant independent predictors of
in-hospital mortality.

Conclusions In a cohort of patients that required urgent
ambulance dispatching, pre-hospital blood lactate levels were
associated with in-hospital mortality and provided prognostic
information superior to that provided by the patient's vital signs.
There is potential for early detection of occult shock and pre-
hospital resuscitation guided by lactate measurement. However,
external validation is required before widespread
implementation of lactate measurement in the out-of-hospital
setting.

Introduction
An important limitation of patient monitoring in the pre-hospital
phase is that the standard vital signs such as heart rate and
blood pressure often do not change until a patient reaches a
critical stage [1-3]. Pain and anxiety, contributing to increased

sympathetic tone, influence these vital signs and render them
insensitive for monitoring the adequacy of tissue perfusion [4].
Many patients who appear to be haemodynamically stable
based on normal vital signs have increased blood lactate lev-
els ('occult hypoperfusion' or 'compensated shock') [1,5]; as a

AUROC: area under the ROC curve; CI: confidence interval; ED: emergency department; EMS: Emergency Medical Services; GCS: Glasgow Coma 
Scale; ICU: intensive care unit; LPA: Landelijk Protocol Ambulancezorg (Dutch ambulance protocols); NPV: negative predictive value; PH: propor-
tional hazards; PPV: positive predictive value; ROC: receiver operating characteristic; SD: standard deviation; SpO2: peripheral oxygen saturation 
obtained by pulseoxymeter; T1: on arrival of the ambulance at the scene; T2: just before or on arrival at the emergency department.
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0.015) at T1 and 0.69 (95% CI = 0.55 to 0.82, p = 0.007) at
T2. A lactate level of 3.5 mmol/L remained the most appropri-
ate cut-off value at both time points. Using this value at T1,
mortality was 35% (95% CI = 21 to 49%) in the group with
high lactate levels compared with 12% (95% CI = 4 to 20%)
in the group with low lactate levels (p = 0.005). At T2, this was
43% (95% CI = 26 to 61%) compared with 15% (95% CI =
11 to 19%)(p = 0.002). In the final model of multivariable Cox
PH analysis performed in the non-cardiac arrest patients, the
effect of the change in lactate levels from T1 to T2 remained
equally strong with a hazard ratio of 0.22 (95% CI = 0.04 to
1.11), but it was not statistically significant (p = 0.067).

Discussion
Our results show that in a cohort of patients that required
urgent ambulance dispatching, pre-hospital blood lactate lev-
els were associated with in-hospital mortality. In addition, lac-
tate was more sensitive in identifying patients at risk of death

than the conventional vital parameters such as systolic blood
pressure and heart rate.

The mortality rate of 41% for patients with a first lactate level
of 3.5 mmol/L or more indicates that a high-risk population
could be identified immediately on arrival of the ambulance at
the scene. This was clinically relevant because a simple proce-
dure such as measurement of lactate levels increased the abil-
ity to predict death from 26% (pre-test probability or study
population mortality) to 41% at T1 and 47% at T2 (post-test
probability or PPV). Furthermore, the NPV of 88% demon-
strated that low lactate levels identified patients with a low risk
of dying. Our study found that a cut-off value of 3.5 mmol/L for
the out-of-hospital setting is close to 4.0 mmol/L, which was
found to have prognostic significance in the ED [7,9,19]. The
prognostic accuracy of pre-hospital lactate levels for predict-
ing in-hospital death, as expressed by AUROC, sensitivity and
specificity, was comparable with values found in the ED and
ICU setting [5,7,9,19]. Aside from the prognostic information
obtained from single lactate measurements, our data also
emphasised the value of serial measurements in which the
response to administered pre-hospital therapy could be moni-
tored [10,20].

Importantly, the prognostic value of lactate was independent
of vital signs. In particular, the association between hyperlac-
tataemia and mortality was not confounded by simultaneous
hypotension. Our observation that lactate was a more sensi-
tive marker is in line with earlier studies in the ED or ICU
describing the phenomenon of occult hypoperfusion
[1,5,11,20-23]. Apparently, compensated shock in which
there are signs of tissue hypoperfusion despite the presence
of stable vital signs is equally important in the pre-hospital set-
ting. Insufficient oxygen delivery might have been an important
cause of hyperlactataemia in our patients, particularly in the

Figure 2

Patient survival according to lactate levels below or above the cut-off threshold of 3.5 mmol/LPatient survival according to lactate levels below or above the cut-
off threshold of 3.5 mmol/L.

Figure 3

In-hospital mortality stratified by systolic blood pressure and blood lac-tate level measured at arrival of the ambulance at the scene (T1)In-hospital mortality stratified by systolic blood pressure and 
blood lactate level measured at arrival of the ambulance at the 
scene (T1). *p = 0.046 #p = 0.032 Number of patients per group: low 
systolic blood pressure (SBP)/low lactate n = 8, low SBP/high lactate 
n = 25, high SBP/low lactate n = 58, high SBP/high lactate n = 33.
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Production of lactate
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Zhang et al. Amr Rev Respir Dis 1993;148:867-871 Θ De Backer et al. Shock 1995;4(2):107-112
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sepsis
Increased activity of the Na+-K+ pump increased lactate 
production
(James et al J Clin Invest 1996;98:2388-2397 Levy et al Lancet 2005;365:871-875)

Decreased lactate clearance in patients with Sepsis and 
following CABG
(Levraut et al Am J Respir Crit Care Med 1999;157:1021-1026 – Intensive Care Med 
2003;29:1279-1285)

Decreased lactate clearance in patients with liver 
dysfunction
(Almenoff et al Crit Care Med 1989;17:870-873)

The effect of sepsis on activity of PDH-complex in 
skeletal muscle and liver
(Vary Am J Physiol 1986;250:E634-E640)

Aerobic production and clearance
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In hemorrhage Lactate production is increased more in 
the absence of Ouabain

During Epinephrine: Lactate production is increased more in 
the absence of Ouabain

Luchette et al. J Trauma 1998;44(5):796-801

Na+K+ATPase and Lactate 
in Shock
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Mechanisms of Disease

per min (0·1) at 24 h, respectively. Blood lactate fell
within the 24 h study period (p=0·02) (figure). Muscle
lactate concentrations were always higher than arterial
lactate concentrations during the study, with a mean
positive gradient of 1·98 mmol/L (SD 0·2, p=0·001)
(figure). Ouabain infusion totally abolished the gradient
between muscle and arterial lactate concentrations
(p=0·0001)(figure). Similarly, an initial positive pyruvate
musculoarterial gradient of 230 !mol/L (30) (p=0·001)
was also abolished by ouabain. Lactate to pyruvate ratios
were similar in both blood and muscle (p=0·28) and
remained unchanged during ouabain infusion. Muscle
PO2 measured in the last five patients remained
unchanged during the study. The lowest mean value was
36 mm Hg (4) and the highest was 44 mm Hg (7).

Discussion
All patients had increased blood lactate concentrations,
and lactate and pyruvate concentrations were
consistently higher in muscle than in arteries during the
study period. Selective inhibition of Na"K" ATPase with
ouabain infusion stopped over-production of muscle
lactate and pyruvate.

Hypoxic-anaerobic metabolic production of lactate can
be global (eg, hypovolaemia, cardiac failure) or focal (eg,
bowel ischaemia). A non-hypoxic increase in lactate
concentration can result from impaired lactate clearance
(liver dysfunction), a dysfunction of pyruvate
dehydrogenase (the enzyme that regulates the rate of
pyruvate use by the tricarboxylic acid cycle), or an
increased muscular protein degradation causing
aminoacid conversion to pyruvate. Nevertheless,
evidence seems to implicate accelerated aerobic
glycolysis, a definite state when the rate of glucose
metabolism exceeds the oxidative capacity of the
mitochondria. Accelerated aerobic glycolysis is induced
by an endogenous or exogenous catecholamine and an
inflammatory state. Gore and colleagues12 showed that
pyruvate production and oxidation are enhanced in
septic patients. The rise in pyruvate concentration will
ultimately drive lactate production by a mass effect.
Another possible cause of non-hypoxic hyperlactataemia
in sepsis could be the inhibition of mitochondrial
respiration.13

Microdialysis is a unique method for assessing local
production of substances such as lactate and pyruvate.14

Moreover, it allows analysis of local effects of
pharmacological agents added to the perfusate, thus
avoiding confounding systemic effects. The technique
uses the insertion of a semi-permeable membrane
continuously infused with dialysis solution in a specific
tissue (brain, muscle, adipose tissue). At the tissue level,
the solutes present in the interstitium freely diffuse into
the catheter according to their concentration gradient. At
a very low perfusion flow rate (0·3 !L/min), the gradient
between muscular interstitium and arterialised blood
concentration indicates whether muscle produces or

uses a specific substrate.11 Microdialysis can also be used
to study the effects of biologically active substances on
muscle metabolism. The tissue can be exposed to a high
concentration through the microdialysis device without
causing any systemic effect. 

In our study, lactate concentrations were consistently
higher in muscle than in blood, which contrasts sharply
with concentrations reported in volunteers in whom the
gradient between muscle and arterial blood was very low
and did not change with ouabain. Our finding lends
support to the notion of muscle lactate production
during septic shock.15 As skeletal muscles account for
roughly 40% of total body-cell mass, it could represent a
major source of lactate during sepsis. Epinephrine-
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Figure: Lactate concentrations (A) and gradients (B) in 14 patients with septic shock in 24 h of study
Data are mean and SD (vertical bars). Gradient=difference between dialysate lactate and arterial blood lactate.
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Introduction
Raised blood lactate concentrations during shock states
are often viewed as evidence of tissue hypoxia, with
values being proportional to the defect in oxidative
metabolism.1 However, many tissues generate pyruvate
and lactate under aerobic conditions (aerobic glycolysis)
in a process linking glycolytic ATP supply to the activity
of membrane ion pumps such as Na!K! ATPase.2 Indeed,
aerobic glycolysis and glycogenolysis occur not only in
resting, well oxygenated skeletal muscles, but also
during experimental haemorrhagic shock and
experimental sepsis, and are closely linked to
stimulation of active sarcolemmal Na!K! ATPase
transport due to epinephrine release.3–5

Hyperlactataemia and lactic acidosis are not
synonymous. Lactic acidosis refers to a cellular
metabolic process characterised by rises in blood lactate
("5 mmol/L) and decreases in blood pH (#7·25).
During cellular hypoxia, hydrolysis of ATP leads to
accumulation of H! ions in the cytosol and subsequent
acidosis. On the other hand, under aerobic conditions
the H! ions produced by hydrolysis of ATP are recycled
during metabolism of glucose and therefore the process
is non-acidifying. During septic shock, the distinction
between hypoxic or non-hypoxic production of lactate is
critical for understanding cellular responses to injury

and for interpretation of lactate concentration during
resuscitation.6 This knowledge could lead to the
abandonment of potentially harmful actions aimed at
increasing oxygen delivery to the tissue.7

We propose that increased epinephrine release in septic
shock stimulates sarcolemmal Na!K! ATPase and greatly
accelerates aerobic glycolysis and Na!K! ATPase–coupled
lactate production in skeletal muscle. Consequently, most
of the increase in blood lactate would thus be unrelated to
poor perfusion and unlikely to respond to a rise in oxygen
delivery. To our knowledge, there is no human study that
has addressed whether the reported increase in lactate
concentrations in septic shock is associated with a rise in
muscle Na!K! ATPase activity. We used microdialysis
technology to assess whether specific inhibition of Na!K!

ATPase by ouabain is able to prevent production of lactate
in muscle in patients with septic shock.

Methods
Patients
Our institutional review board approved this study, and
patients or their relatives provided written informed
consent before enrolment. 14 consecutive patients with
septic shock, defined according to the International
Sepsis Definitions Conference,8 were prospectively
enrolled within 12 h of the occurrence of shock. All
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Lactate
Mainly derived from pyruvate
through the action of the
enzyme lactate dehydrogenase,
located in the inner
mitochondrial membrane,
according to the following
equation: Pyruvate ! NADH
!H! ! lactate ! NAD!.

Na!K! ATPase 
Pump system located in the
sarcolemma, which requires a
continuous source of ATP to
function. For every ATP molecule
used, three Na! ions are pumped
out of the cell and 2 K! ions are
pumped into the cell.

Glycolysis
Oxidation of glucose to either
pyruvate or lactate. Glycolysis
proper is completely anaerobic.
The global reaction of glycolysis
is: Glucose ! 2 NAD! ! 2 ADP
! 2 Pi " 2 NADH ! 2 pyruvate
! 2 ATP ! 2 H2O ! 4 H!
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Relation between muscle Na!K! ATPase activity and raised
lactate concentrations in septic shock: a prospective study
Bruno Levy, Sébastien Gibot, Patricia Franck, Aurélie Cravoisy, Pierre-Edouard Bollaert

Summary
Background Hyperlactataemia during septic shock is often viewed as evidence of tissue hypoxia. However, this blood
disorder is not usually correlated with indicators of perfusion or diminished with increased oxygen delivery. Muscles
can generate lactate under aerobic conditions in a process linking glycolytic ATP supply to stimulation of Na!K!

ATPase. Using in-vivo microdialysis, we tested whether inhibition of Na!K! ATPase can reduce muscle lactate.

Methods In 14 patients with septic shock, two microdialysis probes were inserted into the quadriceps muscles and
infused with lactate-free Ringer’s solution in the absence or presence of 10–7 mol/L ouabain, a specific inhibitor of
Na!K! ATPase. We measured lactate and pyruvate concentrations in both the dialysate fluid and arterial blood samples.

Findings All patients had increased blood lactate concentrations (mean 4·0 mmol/L; SD 2·1). Lactate and pyruvate
concentrations were consistently higher in muscle than in arteries during the study period, with a mean positive
gradient of 1·98 mmol/L (SD 0·2; p=0·001) and 230 $mol/L (30; p=0·01), respectively. Ouabain infusion stopped
over production of muscle lactate and pyruvate (p=0·0001). Muscle lactate to pyruvate ratios remained unchanged
during ouabain infusion with no differences between blood and muscle. 

Interpretation Skeletal muscle could be a leading source of lactate formation as a result of exaggerated aerobic
glycolysis through Na!K! ATPase stimulation during septic shock. Lactate clearance as an end-point of resuscitation
could therefore prove useful. 

Relevance to clinical practice In patients with septic shock, a high lactate concentration should be interpreted as a
marker of disease, portending a bad outcome. The presence of hyperlactataemia in resuscitated septic patients should
not be taken as proof of oxygen debt needing increases in systemic or regional oxygen transport to supranormal
values. Lactate, instead of being regarded only as a marker of hypoxia, might be an important metabolic signal.

Lancet 2005
365;871-875
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per min (0·1) at 24 h, respectively. Blood lactate fell
within the 24 h study period (p=0·02) (figure). Muscle
lactate concentrations were always higher than arterial
lactate concentrations during the study, with a mean
positive gradient of 1·98 mmol/L (SD 0·2, p=0·001)
(figure). Ouabain infusion totally abolished the gradient
between muscle and arterial lactate concentrations
(p=0·0001)(figure). Similarly, an initial positive pyruvate
musculoarterial gradient of 230 !mol/L (30) (p=0·001)
was also abolished by ouabain. Lactate to pyruvate ratios
were similar in both blood and muscle (p=0·28) and
remained unchanged during ouabain infusion. Muscle
PO2 measured in the last five patients remained
unchanged during the study. The lowest mean value was
36 mm Hg (4) and the highest was 44 mm Hg (7).

Discussion
All patients had increased blood lactate concentrations,
and lactate and pyruvate concentrations were
consistently higher in muscle than in arteries during the
study period. Selective inhibition of Na"K" ATPase with
ouabain infusion stopped over-production of muscle
lactate and pyruvate.

Hypoxic-anaerobic metabolic production of lactate can
be global (eg, hypovolaemia, cardiac failure) or focal (eg,
bowel ischaemia). A non-hypoxic increase in lactate
concentration can result from impaired lactate clearance
(liver dysfunction), a dysfunction of pyruvate
dehydrogenase (the enzyme that regulates the rate of
pyruvate use by the tricarboxylic acid cycle), or an
increased muscular protein degradation causing
aminoacid conversion to pyruvate. Nevertheless,
evidence seems to implicate accelerated aerobic
glycolysis, a definite state when the rate of glucose
metabolism exceeds the oxidative capacity of the
mitochondria. Accelerated aerobic glycolysis is induced
by an endogenous or exogenous catecholamine and an
inflammatory state. Gore and colleagues12 showed that
pyruvate production and oxidation are enhanced in
septic patients. The rise in pyruvate concentration will
ultimately drive lactate production by a mass effect.
Another possible cause of non-hypoxic hyperlactataemia
in sepsis could be the inhibition of mitochondrial
respiration.13

Microdialysis is a unique method for assessing local
production of substances such as lactate and pyruvate.14

Moreover, it allows analysis of local effects of
pharmacological agents added to the perfusate, thus
avoiding confounding systemic effects. The technique
uses the insertion of a semi-permeable membrane
continuously infused with dialysis solution in a specific
tissue (brain, muscle, adipose tissue). At the tissue level,
the solutes present in the interstitium freely diffuse into
the catheter according to their concentration gradient. At
a very low perfusion flow rate (0·3 !L/min), the gradient
between muscular interstitium and arterialised blood
concentration indicates whether muscle produces or

uses a specific substrate.11 Microdialysis can also be used
to study the effects of biologically active substances on
muscle metabolism. The tissue can be exposed to a high
concentration through the microdialysis device without
causing any systemic effect. 

In our study, lactate concentrations were consistently
higher in muscle than in blood, which contrasts sharply
with concentrations reported in volunteers in whom the
gradient between muscle and arterial blood was very low
and did not change with ouabain. Our finding lends
support to the notion of muscle lactate production
during septic shock.15 As skeletal muscles account for
roughly 40% of total body-cell mass, it could represent a
major source of lactate during sepsis. Epinephrine-
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Figure: Lactate concentrations (A) and gradients (B) in 14 patients with septic shock in 24 h of study
Data are mean and SD (vertical bars). Gradient=difference between dialysate lactate and arterial blood lactate.
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62 yr old male
admitted with respiratory 
failure following 1st 
chemtherapy for B-cell 
lymphoma

High lactate levels

Lactate in B-cel lymphoma
The Warburg effect
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amine is beneficial. These data neverthe-
less highlight that dobutamine, one of
the components of the Rivers approach
(35), can have beneficial effects on micro-
circulatory alterations in the early stages
of sepsis. Of note, acetylcholine fully nor-
malized the microcirculation in these pa-
tients. This suggests that vasodilatory
compounds may be more effective than
dobutamine for improving microcircula-
tory blood flow, a concept supported by
Ince and collaborators (4, 9).

A limitation of this study is that blood
flow in venules and capillaries was not
measured. However, measurement of red
blood cell velocity in the microvascular
network is very difficult. This is due in
part to the movement of the background,
and it is often difficult to separate move-
ment of red blood cells within a vessel
from movement of the vessel itself. In
addition, the sublingual microvascular
network is quite tortuous, and all vessels
are not in the same plane, but the OPS
images provide only a two-dimensional

projection of these vessels. Unfortunately,
other techniques do not perform better,
as laser Doppler measures the average
velocity of all vessels included in the sam-
pling volume and is, of course, mostly
affected by high flow vessels. Of note, the
sampling volume of the most recent laser
Doppler is 1 mm3, which represents the
total surface investigated by our !5 OPS
probe over a depth of 20 "m.

CONCLUSIONS

The administration of 5 "g/kg·min do-
butamine improved but failed to restore
capillary perfusion in patients with septic
shock. The changes in microcirculatory
perfusion were independent of changes in
systemic hemodynamic variables and
thus cannot be predicted by global hemo-
dynamic measurements. The concomi-
tant decrease in blood lactate levels sug-
gests that changes in microvascular
perfusion were associated with improved
cellular metabolism.
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Figure 3. Relationship between changes in capillary perfusion (upper panel) or cardiac index (lower
panel) and changes in arterial lactate concentrations. In this graph, absolute changes in capillary
perfusion, cardiac index, and lactate levels are reported for the entire population (n $ 22). These
changes were not corrected for baseline value. The relationship between changes in capillary perfusion
and in lactate levels was statistically significant (y $ %0.15x & 0.07, r2 $ .45, p $ .005) but not the
relationship between changes in cardiac index and lactate levels (r2 $ .04, p $ .55).
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capillary perfusion in pa-

tients with septic shock.
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Effect of Dobutamine on 
microcirculatory flow

De Backer et al. Crit Care Med 2006;34(2):403-408 § Creteur et al. Intensive Care Med 2006;32:516-523

520

Baseline Dobutamine

Total vascular density (n/mm) 4.3 ± 0.7 5.1 ± 0.5*
Proportion of well-perfused venules (%) 100 100
Proportion of well-perfused capillaries (%) 45 ± 13 62 ± 8*
Density of all capillaries (n/mm) 2.5 ± 0.3 3.1 ± 0.3*
Density of well-perfused capillaries (n/mm) 1.1 ± 0.4 1.9 ± 0.4*

*p < 0.05 vs baseline

Table 3 Sublingual microcircu-
latory variables

Sublingual microcirculation

In the 12 patients in whom the sublingual microcirculation
was assessed using the OPS technique, vascular density
increased from 4.3 ± 0.7 to 5.1 ± 0.5/mm (Table 3); this
was entirely due to an increase in the well-perfused capil-
lary density. Accordingly, the proportion of well-perfused
capillaries increased from 45 ± 13 to 62 ± 8% (p < 0.01)
(Table 3). At baseline, there was a significant correlation
between PslCO2gap and the proportion of well-perfused

Fig. 4 Relation between sublingual PCO2 and the proportion of
well-perfused capillaries at baseline in 12 patients

Fig. 5 Relation between gastric mucosal PCO2 (PgCO2gap; mmHg)
and the proportion of well-perfused capillaries at baseline in 12 pa-
tients

Fig. 6 Individual effects of a dobutamine infusion on sublingual to
arterial PCO2 gradient (PslCO2gap; mmHg) and the proportion of
well-perfused capillaries in 12 patients

capillaries (r2 = 0.80, p < 0.01) (Fig. 4), as well as between
PgCO2gap and the proportion of well-perfused capillaries
(r2 = 0.68, p < 0.05) (Fig. 5). The decrease in PslCO2gap
was associated with the increase in the proportion of well-
perfused capillaries in each patient (Fig. 6).

Discussion
The main findings of our study are that, in patients
with septic shock: (1) dobutamine infusion can decrease
PslCO2gap and improve the sublingual microcirculation;
(2) the significant correlation between PslCO2gap and
sublingual capillary perfusion and their inverse evolution
in each patient during the dobutamine infusion indicates
that the main determinant of PslCO2 is the sublingual
microcirculatory blood flow; and (3) PslCO2 values and
sublingual capillary perfusion were well correlated to
PgCO2 values, suggesting that the sublingual micro-
circulation is representative of other areas like the gut
mucosa.

Experimental studies have shown that beta-adrenergic
agents, such as dobutamine, do improve microcirculatory
blood flow [18, 19, 20, 21]. In endotoxemic rats, dobu-
tamine maintained microvascular blood flow in intestinal
villi [18] and in liver sinusoids [21]. Also, in critically
ill patients, dobutamine has been found to increase gas-
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by the institutional review board at each institution. Of the 166 subjects in
this report, the subjects from one center (n = 110) were a subset of a total of
1,352 patients in two prior publications (8, 15), and the remainder were
previously unpublished. Neither of the previous reports was focused on serial
lactate measurement in sepsis.

Participants
The inclusion criteria were based on consensus definitions for severe sepsis

(17) and included (a) age older than 17 years, (b) suspected infection, (c) two
or more criteria of the systemic inflammatory response syndrome, (d) either a
systolic blood pressure (SBP) less than 90 mmHg after 20 mL/kg or greater
i.v. fluid or an initial serum lactate 4 mmol/L or greater, (e) initial and repeat
lactate measurement within 6 h of resuscitation initiation, and (e) intensive
care unit admission.

Interventions
Consistent with international treatment guidelines for patients with severe

sepsis and evidence of tissue hypoperfusion (hypotension after i.v. fluids or initial
lactateQ4mmol/L) (4), each participating center uses a similar quantitative resus-
citation algorithm targeting normalization of ScvO2 (Q70%) in the ED (14Y16).
Figure 1 displays elements of the resuscitation protocol common to each
center. The registry used in this study was designed to measure the achievement
of each goal within the protocol as a dichotomous variable (yes/no) at specified
time intervals (i.e., 6 h). We did not accrue specific data on the use of red blood
cell transfusion, dobutamine use, or time of antibiotic administration.

ScvO2 was measured using a central venous catheter inserted into the
superior vena cava via internal jugular or subclavian venous access that
provides continuous measurement of ScvO2 via reflection spectrophotometry
(Edwards Lifesciences, Irvine, Calif). Treatment algorithms at each center
mandate the measurement of an initial serum lactate in the ED. Obtaining a
repeat lactate level is not a mandated practice at any of the centers and is
obtained at the discretion of the treating clinician. All lactate assessments
were obtained from venous blood samples and were measured according to
local institutional standard methods using a central laboratory at two centers
and a point-of-care analyzer (Abbott Point of Care, Abbott Park, Ill) at the
third center.

Data collection
Using a standardized data abstraction template, we queried each of the

three registries and collected the following data: demographics, suspected
source of infection, vital signs, initial and repeat serum lactate concentrations,

laboratory values for organ failure assessment, and outcome information.
Illness severity was defined using the presence of individual organ system
failures as assessed by the worst recorded values for each organ system while
in the ED: cardiovascular = initial SBP less than 90 mmHg; pulmonary = new
oxygen requirement or PaO2/FIO2 less than 300 or SpO2/FIO2 less than 221;
renal = serum creatinine more than 2.0 mg/dL; hepatic = serum bilirubin
greater than 2.0 mg/dL; hematologic = platelets less than 100,000/2L or
international normalized ratio more than 1.5 sec (18); and calculation of the
Sequential Organ Failure Assessment (SOFA) score (19) as modified by
Vincent et al. (20).

Data analysis
To determine the association between lactate clearance and mortality, we

stratified patients into two groups defined a priori based on previously
published data (12): (a) lactate clearanceVrepeat lactate decrease by 10% or
greater from initial (or both initial and repeat levels e2.0 mmol/L), and (b)
lactate non-clearanceVrepeat lactate decrease by less than 10% from initial.
The primary outcome was in-hospital mortality.

We wanted to determine if ScvO2 optimization during resuscitation could
reliably exclude lactate non-clearance; therefore, we evaluated the concord-
ance between achievement of ScvO2 optimization (Q70%) and lactate
clearance goals (Q10%) over the first 6 h of resuscitation using a 2 ! 2 table.

Statistical analysis
We analyzed the difference in proportions of death between lactate

clearance and non-clearance groups using the binomial test and the associated
95% confidence intervals (CIs) and P values. All other variables between
lactate clearance versus lactate non-clearance groups and between survivors
versus nonsurvivors were compared using the binomial test or Student t test
when appropriate. We performed multivariate logistic regression analysis
using candidate variables that were significantly different (P G 0.05) between
survivors and nonsurvivors on bivariate analysis, with in-hospital mortality as
the dependent variable. We used SigmaStat (v. 3.5; Systat, Chicago, Ill) for all
analyses.

Sample size estimate
We estimated the necessary sample size based on the following

assumptions: (a) a predicted mortality rate of 25% overall (based on
previously published experience with quantitative resuscitation for severe
sepsis at the three centers) (14Y16); (b) an event (death) per variable ratio of

FIG. 1. Quantitative resuscitation protocol. Common elements of the resuscitation protocols in the ED of each participating center (14Y16) (based on
international consensus guidelines from the Surviving Sepsis Campaign [2004]).
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MULTICENTER STUDY OF EARLY LACTATE CLEARANCE AS A
DETERMINANT OF SURVIVAL IN PATIENTS WITH PRESUMED SEPSIS
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ABSTRACT—We sought to determine (a) if early lactate clearance is associated with improved survival in emergency
department patients with severe sepsis and (b) the concordance between central venous oxygen saturation (ScvO2)
optimization and lactate clearance during early sepsis resuscitation. Within a multicenter shock research network that uses
quantitative resuscitation for severe sepsis, we analyzed prospectively collected registries of consecutive emergency
department patients diagnosed with severe sepsis at three urban hospitals. Inclusion criteria are as follows: (a) age older
than 17 years, (b) two or more systemic inflammation criteria, (c) systolic blood pressure 90 mmHg or less after fluid
challenge or initial lactate of 4mmol/L or greater, and (d ) initial and repeat lactate measurement within 6 h of resuscitation
initiation. We stratified patients into two groups defined a priori based on previously published data: (a) lactate
clearanceVrepeat lactate decrease by 10% or greater from initial (or both initial and repeat levels e2.0 mmol/L), and (b)
lactate non-clearanceVrepeat lactate decrease by less than 10% from initial. The primary outcome was in-hospital
mortality. Among 166 patients, lactate non-clearance occurred in 15 (9%) of 166. Mortality was 60% for lactate non-
clearance versus 19% for lactate clearance, P G 0.001. On multivariate analysis, lactate non-clearance was an
independent predictor of death (odds ratio, 4.9 [confidence interval, 1.5Y15.9]). We found discordance between ScvO2
optimization and lactate clearance; 79% of lactate non-clearance had concomitant ScvO2 of 70% or greater. In this
multicenter cohort of sepsis patients, failing to clear lactate during resuscitation carried a high risk of death, and ScvO2
optimization did not reliably exclude lactate non-clearance. These data provide rationale for a clinical trial of lactate
clearance as a distinct end point of early sepsis resuscitation.
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INTRODUCTION

Severe sepsis is the most common cause of death in
critically ill patients (1). The effectiveness of early resuscita-
tion is an important determinant of sepsis survival (2).
Specifically, early quantitative resuscitation, the use of a
structured set of cardiovascular interventions targeting pre-
defined hemodynamic end points, can have a profound effect
on hospital mortality (3). Currently, international consensus
treatment guidelines recommend a quantitative resuscitation
strategy that includes targeting central venous oxygen satu-
ration (ScvO2) of 70% or greater in the first 6 h of severe
sepsis therapy (4). However, the optimal end points of sepsis
resuscitation remain controversial (5, 6).
Serum lactate elevation is an important marker of impaired

tissue perfusion in patients with sepsis and is often elevated even

in the absence of arterial hypotension (7). Numerous studies
show that a single early lactate measurement has important
prognostic significance and predicts mortality in populations of
patients with infection (8, 9). A small number of studies have
previously reported that serial measurements of lactate have
potential prognostic value during conventional sepsis manage-
ment (10Y12); however, it is not known if lactate clearance is
associated with survival in the context of medical centers that
have adopted and routinely perform aggressive quantitative
resuscitation for severe sepsis. In addition, it is not known if
lactate clearance is important independent of other recommen-
ded quantitative resuscitation end points, specifically ScvO2.

The objectives of this study were to determine (a) if early
lactate clearance is associated with improved survival in
emergency department (ED) patients with severe sepsis and
(b) the concordance between ScvO2 optimization and lactate
clearance during early sepsis resuscitation.

METHODS

Setting and study design
We analyzed prospectively collected registries of consecutive ED patients

diagnosed with severe sepsis at three urban hospitals. The three hospitals are
part of a multicenter research collaborative (Emergency Medicine Shock
Research Network) (13), where each institution uses ED-based protocolY
directed quantitative resuscitation for patients with severe sepsis (14Y16).
The registries were compiled between 2004 and 2007 and were approved
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10:1 necessary for multivariate modeling (21, 22); and (c) the multivariate
model would need to, at a minimum, include the following covariates that
have previously been shown to differentiate sepsis survivors from non-
survivors: arterial hypotension (23), failure to achieve ScvO2 70% or greater
(2), and lactate non-clearance (12). To accrue the necessary 30 cases of
mortality to test these three covariates in a multivariate model, we estimated
that a minimum of 120 total cases would be necessary.

RESULTS

Characteristics of study cohort

There were 166 subjects who met inclusion criteria. The
overall mortality rate was 23% (38/166). Table 1 shows
characteristics of the entire cohort. Of the 166 subjects, 110
came from center 1, 22 came from center 2, and 34 came from
center 3. Using multivariate analysis, there was no apparent
center effect on in-hospital mortality.

The quantitative resuscitation algorithm targeting ScvO2
70% or greater was successfully initiated in the ED in 148
(89%) of 166 study subjects. Study patients received an
average of 4.4 L (95% CI, 4.1Y4.7 L) of i.v. crystalloid fluid
during their ED resuscitation. Lactate non-clearance occurred
in 15 (9%) of 166, and the remainder (151/166, 91%) cleared
lactate.

Lactate clearance versus lactate non-clearance

Table 2 displays data for comparison between lactate
clearance and lactate non-clearance groups. Mortality was
60% in the lactate non-clearance group versus 19% in the
lactate clearance group (proportion difference, 41% [95% CI,
19%Y63%; P G 0.001]). Vasopressor use was not significantly
dissimilar between the groups (lactate non-clearance: 11/15 or
73%, and lactate clearance: 87/151 or 58%; P = 0.39). Figure 2
displays the Kaplan-Meier curves for survival fractions over
time. The curves diverge significantly by log-rank test (P =
0.003). There was no significant difference in achievement of

TABLE 1. Characteristics of the study cohort (n = 166)

Age, mean (SD), y 66 (15)

Sex, % female, n (%) 83 (50)

Suspected source of infection in ED, n (%)
Urinary tract 46 (28)

Pneumonia 22 (13)

Skin/soft tissue 23 (14)

Intra-abdominal 14 (8)

Line/device 10 (6)

Other 7 (4)
Unknown primary source 44 (27)

Signs of systemic inflammation, n (%)

Body temperature 938-C or G36-C 131 (79)

Heart rate 990 beats/min 140 (84)

Respiratory rate 920 breaths/min 137 (83)

White blood cell count, 912,000 or G4,000/2L 121 (73)

SBP G90 mmHg despite i.v. fluids, n (%) 91 (55)

Initial serum lactate 94 mmol/L, n (%) 90 (54)

Vasopressor use in ED, n (%) 39 (23)

Individual organ failures, n (%)

Cardiovascular 63 (44)

Pulmonary 28 (17)

Renal 54 (33)

Hepatic 14 (8)

Coagulopathy 23 (14)

Acidosis 140 (84)
Total SOFA score, mean (SD) 3.6 (2.6)

Mortality, n (%) 38 (23)

SOFA, Sequential Organ Failure Assessment; ED, Emergency
Department.

TABLE 2. Lactate clearance versus lactate non-clearance

Lactate
clearance
(n = 151)

Lactate
non-clearance

(n = 15) P

Age, mean (SD), y 67 (15) 62 (16) 0.22

SBP G90 mmHg despite i.v.
fluids, n (%)

50 (33) 13 (87) 0.02

Initial serum lactate, mean (SD) 4.5 (2.7) 3.9 (1.7) 0.08

Serial serum lactate, mean (SD) 2.3 (1.8) 5.1 (2.9) G0.001

Vasopressor usage, n (%) 87 (58) 11 (73) 0.39

Individual organ failure, n (%)

Cardiovascular 50 (33) 13 (87) G0.001

Pulmonary 25 (17) 3 (20) 0.94

Renal 48 (32) 6 (40) 0.73

Hepatic 12 (8) 2 (13) 0.86

Coagulopathy 18 (12) 5 (33) 0.06

Total SOFA score, mean (SD) 3.6 (2.6) 4.1 (2.3) 0.47

Continuous ScvO2 monitoring,
n (%)

134 (81) 14 (93) 0.42

ScvO2 Q70% achieved 114 (85) 11 (79) 0.84

Mortality, n (%) 29 (19) 9 (60) G0.001

Characteristics of study subjects with lactate clearance (910%) and non-
clearance (G10%) over the first 6 h (n = 166).
SOFA, Sequential Organ Failure Assessment; ED, Emergency
Department.

FIG. 2. Kaplan-Meier survival curves. This graph depicts survival curves
over time for lactate clearance (lactate decrease by Q10%) and lactate non-
clearance (lactate decrease G10%) groups. The curves diverge significantly
by log-rank test (P = 0.003).

TABLE 3. Lactate clearance and ScvO2 goals

Lactate non-clearance Lactate clearance Total

ScvO2 G70% 3 20 23

ScvO2 Q70% 11 114 125

14 134 148

Among 148 subjects in whom ScvO2 was targeted as an end point of
resuscitation, this table depicts the lack of concordance between lactate
clearance and ScvO2. There was no evidence of a relationship between
lactate clearance and ScvO2 (Fisher exact test, P = 0.457).
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lactate clearance is associated with improved survival in
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ABSTRACT—We sought to determine (a) if early lactate clearance is associated with improved survival in emergency
department patients with severe sepsis and (b) the concordance between central venous oxygen saturation (ScvO2)
optimization and lactate clearance during early sepsis resuscitation. Within a multicenter shock research network that uses
quantitative resuscitation for severe sepsis, we analyzed prospectively collected registries of consecutive emergency
department patients diagnosed with severe sepsis at three urban hospitals. Inclusion criteria are as follows: (a) age older
than 17 years, (b) two or more systemic inflammation criteria, (c) systolic blood pressure 90 mmHg or less after fluid
challenge or initial lactate of 4mmol/L or greater, and (d ) initial and repeat lactate measurement within 6 h of resuscitation
initiation. We stratified patients into two groups defined a priori based on previously published data: (a) lactate
clearanceVrepeat lactate decrease by 10% or greater from initial (or both initial and repeat levels e2.0 mmol/L), and (b)
lactate non-clearanceVrepeat lactate decrease by less than 10% from initial. The primary outcome was in-hospital
mortality. Among 166 patients, lactate non-clearance occurred in 15 (9%) of 166. Mortality was 60% for lactate non-
clearance versus 19% for lactate clearance, P G 0.001. On multivariate analysis, lactate non-clearance was an
independent predictor of death (odds ratio, 4.9 [confidence interval, 1.5Y15.9]). We found discordance between ScvO2
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optimization did not reliably exclude lactate non-clearance. These data provide rationale for a clinical trial of lactate
clearance as a distinct end point of early sepsis resuscitation.
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INTRODUCTION
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10:1 necessary for multivariate modeling (21, 22); and (c) the multivariate
model would need to, at a minimum, include the following covariates that
have previously been shown to differentiate sepsis survivors from non-
survivors: arterial hypotension (23), failure to achieve ScvO2 70% or greater
(2), and lactate non-clearance (12). To accrue the necessary 30 cases of
mortality to test these three covariates in a multivariate model, we estimated
that a minimum of 120 total cases would be necessary.

RESULTS

Characteristics of study cohort

There were 166 subjects who met inclusion criteria. The
overall mortality rate was 23% (38/166). Table 1 shows
characteristics of the entire cohort. Of the 166 subjects, 110
came from center 1, 22 came from center 2, and 34 came from
center 3. Using multivariate analysis, there was no apparent
center effect on in-hospital mortality.

The quantitative resuscitation algorithm targeting ScvO2
70% or greater was successfully initiated in the ED in 148
(89%) of 166 study subjects. Study patients received an
average of 4.4 L (95% CI, 4.1Y4.7 L) of i.v. crystalloid fluid
during their ED resuscitation. Lactate non-clearance occurred
in 15 (9%) of 166, and the remainder (151/166, 91%) cleared
lactate.

Lactate clearance versus lactate non-clearance

Table 2 displays data for comparison between lactate
clearance and lactate non-clearance groups. Mortality was
60% in the lactate non-clearance group versus 19% in the
lactate clearance group (proportion difference, 41% [95% CI,
19%Y63%; P G 0.001]). Vasopressor use was not significantly
dissimilar between the groups (lactate non-clearance: 11/15 or
73%, and lactate clearance: 87/151 or 58%; P = 0.39). Figure 2
displays the Kaplan-Meier curves for survival fractions over
time. The curves diverge significantly by log-rank test (P =
0.003). There was no significant difference in achievement of

TABLE 1. Characteristics of the study cohort (n = 166)

Age, mean (SD), y 66 (15)

Sex, % female, n (%) 83 (50)

Suspected source of infection in ED, n (%)
Urinary tract 46 (28)

Pneumonia 22 (13)

Skin/soft tissue 23 (14)

Intra-abdominal 14 (8)

Line/device 10 (6)

Other 7 (4)
Unknown primary source 44 (27)

Signs of systemic inflammation, n (%)

Body temperature 938-C or G36-C 131 (79)

Heart rate 990 beats/min 140 (84)

Respiratory rate 920 breaths/min 137 (83)

White blood cell count, 912,000 or G4,000/2L 121 (73)

SBP G90 mmHg despite i.v. fluids, n (%) 91 (55)

Initial serum lactate 94 mmol/L, n (%) 90 (54)

Vasopressor use in ED, n (%) 39 (23)

Individual organ failures, n (%)

Cardiovascular 63 (44)

Pulmonary 28 (17)

Renal 54 (33)

Hepatic 14 (8)

Coagulopathy 23 (14)

Acidosis 140 (84)
Total SOFA score, mean (SD) 3.6 (2.6)

Mortality, n (%) 38 (23)

SOFA, Sequential Organ Failure Assessment; ED, Emergency
Department.

TABLE 2. Lactate clearance versus lactate non-clearance

Lactate
clearance
(n = 151)

Lactate
non-clearance

(n = 15) P

Age, mean (SD), y 67 (15) 62 (16) 0.22

SBP G90 mmHg despite i.v.
fluids, n (%)

50 (33) 13 (87) 0.02

Initial serum lactate, mean (SD) 4.5 (2.7) 3.9 (1.7) 0.08

Serial serum lactate, mean (SD) 2.3 (1.8) 5.1 (2.9) G0.001

Vasopressor usage, n (%) 87 (58) 11 (73) 0.39

Individual organ failure, n (%)

Cardiovascular 50 (33) 13 (87) G0.001

Pulmonary 25 (17) 3 (20) 0.94

Renal 48 (32) 6 (40) 0.73

Hepatic 12 (8) 2 (13) 0.86

Coagulopathy 18 (12) 5 (33) 0.06

Total SOFA score, mean (SD) 3.6 (2.6) 4.1 (2.3) 0.47

Continuous ScvO2 monitoring,
n (%)

134 (81) 14 (93) 0.42

ScvO2 Q70% achieved 114 (85) 11 (79) 0.84

Mortality, n (%) 29 (19) 9 (60) G0.001

Characteristics of study subjects with lactate clearance (910%) and non-
clearance (G10%) over the first 6 h (n = 166).
SOFA, Sequential Organ Failure Assessment; ED, Emergency
Department.

FIG. 2. Kaplan-Meier survival curves. This graph depicts survival curves
over time for lactate clearance (lactate decrease by Q10%) and lactate non-
clearance (lactate decrease G10%) groups. The curves diverge significantly
by log-rank test (P = 0.003).

TABLE 3. Lactate clearance and ScvO2 goals

Lactate non-clearance Lactate clearance Total

ScvO2 G70% 3 20 23

ScvO2 Q70% 11 114 125

14 134 148

Among 148 subjects in whom ScvO2 was targeted as an end point of
resuscitation, this table depicts the lack of concordance between lactate
clearance and ScvO2. There was no evidence of a relationship between
lactate clearance and ScvO2 (Fisher exact test, P = 0.457).
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THE RATE OF SEVERE SEPSIS HOS-
pitalizations has doubled dur-
ing the last decade with esti-
mates indicating that at least

750 000 persons are affected annually
in the United States.1-3 Approxi-
mately, 500 000 patients with severe
sepsis in the United States annually are
initially treated in emergency depart-
ments.4 The Surviving Sepsis Cam-
paign international consensus guide-
lines recommend protocol-driven
treatment that uses quantitative resus-
citation for emergency department pa-
tients with severe sepsis and septic
shock.5

Quantitative resuscitation refers to
the use of an explicit protocol that tar-
gets predefined physiological or labo-
ratory goals to be achieved within the
first several hours. This concept was
pioneered by Shoemaker et al6 to treat
high-risk surgical patients. Results of
a recent meta-analysis indicated a sur-
vival benefit associated with the use of
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Context Goal-directed resuscitation for severe sepsis and septic shock has been re-
ported to reduce mortality when applied in the emergency department.

Objective To test the hypothesis of noninferiority between lactate clearance and cen-
tral venous oxygen saturation (ScvO2) as goals of early sepsis resuscitation.

Design, Setting, and Patients Multicenter randomized, noninferiority trial involv-
ing patients with severe sepsis and evidence of hypoperfusion or septic shock who
were admitted to the emergency department from January 2007 to January 2009 at
1 of 3 participating US urban hospitals.

Interventions We randomly assigned patients to 1 of 2 resuscitation protocols. The
ScvO2 group was resuscitated to normalize central venous pressure, mean arterial pres-
sure, and ScvO2 of at least 70%; and the lactate clearance group was resuscitated to
normalize central venous pressure, mean arterial pressure, and lactate clearance of at
least 10%. The study protocol was continued until all goals were achieved or for up to
6 hours. Clinicians who subsequently assumed the care of the patients were blinded
to the treatment assignment.

Main Outcome Measure The primary outcome was absolute in-hospital mortal-
ity rate; the noninferiority threshold was set at ! equal to −10%.

Results Of the 300 patients enrolled, 150 were assigned to each group and
patients were well matched by demographic, comorbidities, and physiological fea-
tures. There were no differences in treatments administered during the initial 72
hours of hospitalization. Thirty-four patients (23%) in the ScvO2 group died while in
the hospital (95% confidence interval [CI], 17%-30%) compared with 25 (17%;
95% CI, 11%-24%) in the lactate clearance group. This observed difference between
mortality rates did not reach the predefined −10% threshold (intent-to-treat analysis:
95% CI for the 6% difference, −3% to 15%). There were no differences in
treatment-related adverse events between the groups.

Conclusion Among patients with septic shock who were treated to normalize cen-
tral venous and mean arterial pressure, additional management to normalize lactate
clearance compared with management to normalize ScvO2 did not result in signifi-
cantly different in-hospital mortality.

Trial Registration clinicaltrials.gov Identifier: NCT00372502
JAMA. 2010;303(8):739-746 www.jama.com
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My problems with the design
• why would lactate or ScvO2 be specific for sepsis
• would a patient with a lactate of 5.0 mmol/L be sufficiently treated when it 
decreases to 4.5 mmol/L
• is there no more than dobutamine and Ht to optimize the balance between 
oxygen delivery and oxygen demand?
• what if lactate does not decrease and ScvO2 and Ht are optimal?
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Objective To test the hypothesis of noninferiority between lactate clearance and cen-
tral venous oxygen saturation (ScvO2) as goals of early sepsis resuscitation.

Design, Setting, and Patients Multicenter randomized, noninferiority trial involv-
ing patients with severe sepsis and evidence of hypoperfusion or septic shock who
were admitted to the emergency department from January 2007 to January 2009 at
1 of 3 participating US urban hospitals.

Interventions We randomly assigned patients to 1 of 2 resuscitation protocols. The
ScvO2 group was resuscitated to normalize central venous pressure, mean arterial pres-
sure, and ScvO2 of at least 70%; and the lactate clearance group was resuscitated to
normalize central venous pressure, mean arterial pressure, and lactate clearance of at
least 10%. The study protocol was continued until all goals were achieved or for up to
6 hours. Clinicians who subsequently assumed the care of the patients were blinded
to the treatment assignment.

Main Outcome Measure The primary outcome was absolute in-hospital mortal-
ity rate; the noninferiority threshold was set at ! equal to −10%.

Results Of the 300 patients enrolled, 150 were assigned to each group and
patients were well matched by demographic, comorbidities, and physiological fea-
tures. There were no differences in treatments administered during the initial 72
hours of hospitalization. Thirty-four patients (23%) in the ScvO2 group died while in
the hospital (95% confidence interval [CI], 17%-30%) compared with 25 (17%;
95% CI, 11%-24%) in the lactate clearance group. This observed difference between
mortality rates did not reach the predefined −10% threshold (intent-to-treat analysis:
95% CI for the 6% difference, −3% to 15%). There were no differences in
treatment-related adverse events between the groups.

Conclusion Among patients with septic shock who were treated to normalize cen-
tral venous and mean arterial pressure, additional management to normalize lactate
clearance compared with management to normalize ScvO2 did not result in signifi-
cantly different in-hospital mortality.

Trial Registration clinicaltrials.gov Identifier: NCT00372502
JAMA. 2010;303(8):739-746 www.jama.com
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CARING FOR THE
CRITICALLY ILL PATIENT

Lactate Clearance vs Central Venous
Oxygen Saturation as Goals
of Early Sepsis Therapy
A Randomized Clinical Trial
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THE RATE OF SEVERE SEPSIS HOS-
pitalizations has doubled dur-
ing the last decade with esti-
mates indicating that at least

750 000 persons are affected annually
in the United States.1-3 Approxi-
mately, 500 000 patients with severe
sepsis in the United States annually are
initially treated in emergency depart-
ments.4 The Surviving Sepsis Cam-
paign international consensus guide-
lines recommend protocol-driven
treatment that uses quantitative resus-
citation for emergency department pa-
tients with severe sepsis and septic
shock.5

Quantitative resuscitation refers to
the use of an explicit protocol that tar-
gets predefined physiological or labo-
ratory goals to be achieved within the
first several hours. This concept was
pioneered by Shoemaker et al6 to treat
high-risk surgical patients. Results of
a recent meta-analysis indicated a sur-
vival benefit associated with the use of
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Context Goal-directed resuscitation for severe sepsis and septic shock has been re-
ported to reduce mortality when applied in the emergency department.

Objective To test the hypothesis of noninferiority between lactate clearance and cen-
tral venous oxygen saturation (ScvO2) as goals of early sepsis resuscitation.

Design, Setting, and Patients Multicenter randomized, noninferiority trial involv-
ing patients with severe sepsis and evidence of hypoperfusion or septic shock who
were admitted to the emergency department from January 2007 to January 2009 at
1 of 3 participating US urban hospitals.

Interventions We randomly assigned patients to 1 of 2 resuscitation protocols. The
ScvO2 group was resuscitated to normalize central venous pressure, mean arterial pres-
sure, and ScvO2 of at least 70%; and the lactate clearance group was resuscitated to
normalize central venous pressure, mean arterial pressure, and lactate clearance of at
least 10%. The study protocol was continued until all goals were achieved or for up to
6 hours. Clinicians who subsequently assumed the care of the patients were blinded
to the treatment assignment.

Main Outcome Measure The primary outcome was absolute in-hospital mortal-
ity rate; the noninferiority threshold was set at ! equal to −10%.

Results Of the 300 patients enrolled, 150 were assigned to each group and
patients were well matched by demographic, comorbidities, and physiological fea-
tures. There were no differences in treatments administered during the initial 72
hours of hospitalization. Thirty-four patients (23%) in the ScvO2 group died while in
the hospital (95% confidence interval [CI], 17%-30%) compared with 25 (17%;
95% CI, 11%-24%) in the lactate clearance group. This observed difference between
mortality rates did not reach the predefined −10% threshold (intent-to-treat analysis:
95% CI for the 6% difference, −3% to 15%). There were no differences in
treatment-related adverse events between the groups.

Conclusion Among patients with septic shock who were treated to normalize cen-
tral venous and mean arterial pressure, additional management to normalize lactate
clearance compared with management to normalize ScvO2 did not result in signifi-
cantly different in-hospital mortality.

Trial Registration clinicaltrials.gov Identifier: NCT00372502
JAMA. 2010;303(8):739-746 www.jama.com
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ing and real-time calibration and
troubleshooting that can divert atten-
tion from the patient.28 We thus sub-
mit that the need exists for a simpler
and more generalizable method to
monitor the adequacy of tissue oxy-
gen delivery as a research imperative in
the treatment of patients with severe in-
fection. Our results address this un-
met need by providing data that jus-
tify the use of lactate clearance instead
of continuous ScvO2 monitoring.

The sample size assumed a mortality
rate of 25% in the active comparator
(ScvO2) group. The observed mortality
was 23% in the ScvO2 group, indicating
that we maintained approximately 80%
power to detect a true difference. Al-
though our observed overall mortality
rate (20%) is lower than the 37% over-
all rate reported in the sentinel emer-
gency department–based resuscitation
study,9 it is nearly identical to mortality
rates that both individual investigators
from our group22-24 and others29 have pre-
viously reported in effectiveness stud-
ies conducted in more heterogeneous
populations. We believe that that the
mortality rate represents a contempora-
neous and accurate estimate of the true
mortality rate for patients with severe
sepsis and septic shock treated with an
early quantitative resuscitation proto-
col in the emergency department.

Several limitations of our study war-
rant discussion. By its design, the
groups could not be blinded, allowing
for possible treatment bias. Our proto-
col was designed with safeguards to
minimize this potential effect. For ex-
ample, every participant received iden-
tical central venous catheters so that
group assignment would not be easily
identifiable. Also, investigators in-
volved with the study were not al-
lowed to provide care for the partici-
pants or influence their care in the ICU.
Second, we did not have a method to
assess whether an indicated therapeu-
tic action was performed in response to
a parameter below the intended goal
(eg, if central venous pressure was 4
mm Hg, we did not record whether a
fluid bolus was given). Rather, we only
assessed for compliance with indi-

vidual treatment goals during the study
treatment period. Third, this study was
conducted at 3 institutions that had es-
tablished emergency department–
based quantitative resuscitation pro-
grams for sepsis prior to initiation of the
study. Therefore, our results may not
be generalizable to centers that do not
routinely perform early quantitative re-
suscitation. Fourth, if other influ-
ences on care were ignored, it could be

suggested that the potential difference
in protocol actions directly attribut-
able to using lactate clearance vs ScvO2

was small, because only 10% of pa-
tients went on to receive dobutamine
or packed red blood cell transfusion.
Fifth, we did not have a mechanism to
query ICU admission for potentially
missed cases; thus, we may have missed
patients who met criteria because a
clinical alert was not activated. Finally,

Table 4. Administered Treatments and Resuscitation Goals

Intervention, h

No. (%) of Patients

P
Valuea

Lactate Clearance Group
(n = 150)

ScvO2 Group
(n = 150)

Crystalloid volume, mean (SD), L
0-!6 4.5 (2.36) 4.3 (2.21) .55
6-72 12.4 (6.15) 11.8 (6.41) .44

Vasopressor administration
0-!6 108 (72) 113 (75) .60
6-72 100 (67) 108 (72) .45

Dobutamine administration
0-!6 5 (3) 8 (5) .57
6-72 10 (7) 13 (9) .66

PRBC transfusion
0-!6 11 (7) 5 (3) .20
6-72 35 (23) 31 (21) .78

Mechanical ventilation
0-!6 40 (27) 39 (26) .99
6-72 69 (46) 75 (50) .56

Activated protein C
0-!6 0 0
6-72 3 (2) 2 (1) .68

Parenteral corticosteroids
0-!6 18 (12) 26 (17) .25
6-72 59 (39) 51 (34) .40

Abbreviations: PRBC, packed red blood cell; ScvO2, central venous oxygen saturation.
aContinuous variables are compared using unpaired t test; categorical variables, using "2 test except activated protein C

which was analyzed using Fisher exact test.

Table 5. Hospital Mortality and Length of Stay

Variable

Lactate Clearance
Group

(n = 150)
ScvO2 Group

(n = 150)

Proportion
Difference (95%

Confidence
Interval)

P
Valueb

In-hospital mortality, No. (%)a
Intent to treat 25 (17) 34 (23) 6 (−3 to 15)
Per protocol 25 (17) 33 (22) 5 (−3 to 14)

Length of stay, mean (SD), d
ICU 5.9 (8.46) 5.6 (7.39) .75
Hospital 11.4 (10.89) 12.1 (11.68) .60

Hospital complications
Ventilator-free days, mean (SD) 9.3 (10.31) 9.9 (11.09) .67
Multiple organ failure, No. (%) 37 (25) 33 (22) .68
Care withdrawn, No. (%) 14 (9) 23 (15) .15

Abbreviations: ICU, intensive care unit; ScvO2, central venous oxygen saturation.
aPrimary study end point.
bContinuous data are compared using an unpaired t test; categorical variables, using the "2 test.
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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 admittedwith 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.

(Received in original form December 23, 2010; accepted in final form May 11, 2010)

Supported by Pulsion Medical Systems AG (Munich, Germany), which provided
the CeVOX central venous oximetry monitors and catheters, and by Roche
Diagnostics (Mannheim, Germany), which provided Accutrend hand-held lactate
analyzers. Sponsors have not been involved in the design of the study and have
had no access to the data, nor were they involved in the analysis of the data or
content of this article.

* A complete list of members may be found at the end of the article.

Correspondence and requests for reprints should be addressed to Jan Bakker
M.D., Ph.D., Department of Intensive Care, Erasmus MC University Medical
Centre, PO Box 2040 – Room Hs 324, 3000 CA Rotterdam, The Netherlands.
E-mail: jan.bakker@erasmusmc.nl

This article has an online supplement, which is accessible from this issue’s table of
contents at www.atsjournals.org

Am J Respir Crit Care Med Vol 182. pp 752–761, 2010
Originally Published in Press as DOI: 10.1164/rccm.200912-1918OC on May 12, 2010
Internet address: www.atsjournals.org

Early Lactate-Guided Therapy in Intensive Care
Unit Patients
A Multicenter, Open-Label, Randomized Controlled Trial

Tim C. Jansen1, Jasper van Bommel1, F. Jeanette Schoonderbeek3, Steven J. Sleeswijk Visser4,
Johan M. van der Klooster5, Alex P. Lima1, Sten P. Willemsen2, and Jan Bakker1, for the LACTATE study group*

1Department of Intensive Care, Erasmus MC University Medical Centre, Rotterdam, The Netherlands; 2Department of Biostatistics, University
Medical Centre Rotterdam, Rotterdam, The Netherlands; 3Department of Intensive Care, Ikazia Hospital, Rotterdam, The Netherlands; 4Department
of Intensive Care, Reinier de Graaf Hospital, Delft, The Netherlands; and 5Department of Intensive Care, St. Franciscus Gasthuis, Rotterdam,
The Netherlands

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 admittedwith 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.

(Received in original form December 23, 2010; accepted in final form May 11, 2010)

Supported by Pulsion Medical Systems AG (Munich, Germany), which provided
the CeVOX central venous oximetry monitors and catheters, and by Roche
Diagnostics (Mannheim, Germany), which provided Accutrend hand-held lactate
analyzers. Sponsors have not been involved in the design of the study and have
had no access to the data, nor were they involved in the analysis of the data or
content of this article.

* A complete list of members may be found at the end of the article.

Correspondence and requests for reprints should be addressed to Jan Bakker
M.D., Ph.D., Department of Intensive Care, Erasmus MC University Medical
Centre, PO Box 2040 – Room Hs 324, 3000 CA Rotterdam, The Netherlands.
E-mail: jan.bakker@erasmusmc.nl

This article has an online supplement, which is accessible from this issue’s table of
contents at www.atsjournals.org

Am J Respir Crit Care Med Vol 182. pp 752–761, 2010
Originally Published in Press as DOI: 10.1164/rccm.200912-1918OC on May 12, 2010
Internet address: www.atsjournals.org

3351 evaluated 2623 lactate < 3.0 mmol/L
96 liver failure/surgery
19 epileptic seizure
43 DNR
105 contra-indication to CVcatheter
103 other

362 randomized 14 refused deferred consent

348 ITT analysis
177 control group

171 lactate group

Tuesday, March 22, 2011



amine is beneficial. These data neverthe-
less highlight that dobutamine, one of
the components of the Rivers approach
(35), can have beneficial effects on micro-
circulatory alterations in the early stages
of sepsis. Of note, acetylcholine fully nor-
malized the microcirculation in these pa-
tients. This suggests that vasodilatory
compounds may be more effective than
dobutamine for improving microcircula-
tory blood flow, a concept supported by
Ince and collaborators (4, 9).

A limitation of this study is that blood
flow in venules and capillaries was not
measured. However, measurement of red
blood cell velocity in the microvascular
network is very difficult. This is due in
part to the movement of the background,
and it is often difficult to separate move-
ment of red blood cells within a vessel
from movement of the vessel itself. In
addition, the sublingual microvascular
network is quite tortuous, and all vessels
are not in the same plane, but the OPS
images provide only a two-dimensional

projection of these vessels. Unfortunately,
other techniques do not perform better,
as laser Doppler measures the average
velocity of all vessels included in the sam-
pling volume and is, of course, mostly
affected by high flow vessels. Of note, the
sampling volume of the most recent laser
Doppler is 1 mm3, which represents the
total surface investigated by our !5 OPS
probe over a depth of 20 "m.

CONCLUSIONS

The administration of 5 "g/kg·min do-
butamine improved but failed to restore
capillary perfusion in patients with septic
shock. The changes in microcirculatory
perfusion were independent of changes in
systemic hemodynamic variables and
thus cannot be predicted by global hemo-
dynamic measurements. The concomi-
tant decrease in blood lactate levels sug-
gests that changes in microvascular
perfusion were associated with improved
cellular metabolism.
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Figure 3. Relationship between changes in capillary perfusion (upper panel) or cardiac index (lower
panel) and changes in arterial lactate concentrations. In this graph, absolute changes in capillary
perfusion, cardiac index, and lactate levels are reported for the entire population (n $ 22). These
changes were not corrected for baseline value. The relationship between changes in capillary perfusion
and in lactate levels was statistically significant (y $ %0.15x & 0.07, r2 $ .45, p $ .005) but not the
relationship between changes in cardiac index and lactate levels (r2 $ .04, p $ .55).
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Effect of Dobutamine on 
microcirculatory flow

amine is beneficial. These data neverthe-
less highlight that dobutamine, one of
the components of the Rivers approach
(35), can have beneficial effects on micro-
circulatory alterations in the early stages
of sepsis. Of note, acetylcholine fully nor-
malized the microcirculation in these pa-
tients. This suggests that vasodilatory
compounds may be more effective than
dobutamine for improving microcircula-
tory blood flow, a concept supported by
Ince and collaborators (4, 9).

A limitation of this study is that blood
flow in venules and capillaries was not
measured. However, measurement of red
blood cell velocity in the microvascular
network is very difficult. This is due in
part to the movement of the background,
and it is often difficult to separate move-
ment of red blood cells within a vessel
from movement of the vessel itself. In
addition, the sublingual microvascular
network is quite tortuous, and all vessels
are not in the same plane, but the OPS
images provide only a two-dimensional

projection of these vessels. Unfortunately,
other techniques do not perform better,
as laser Doppler measures the average
velocity of all vessels included in the sam-
pling volume and is, of course, mostly
affected by high flow vessels. Of note, the
sampling volume of the most recent laser
Doppler is 1 mm3, which represents the
total surface investigated by our !5 OPS
probe over a depth of 20 "m.

CONCLUSIONS

The administration of 5 "g/kg·min do-
butamine improved but failed to restore
capillary perfusion in patients with septic
shock. The changes in microcirculatory
perfusion were independent of changes in
systemic hemodynamic variables and
thus cannot be predicted by global hemo-
dynamic measurements. The concomi-
tant decrease in blood lactate levels sug-
gests that changes in microvascular
perfusion were associated with improved
cellular metabolism.
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Microcirculatory effect of 
NTG
NTG used in patients with microcirculatory dysfunction (high ScvO2 and 
no decrease in lactate levels)
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Result
Unadjusted Hospital Mortality
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Mortality

Log rank test: p = 0.076

opnameduur_ZH
120,00100,0080,0060,0040,0020,000,00

C
um

 S
ur

vi
va

l

1 ,0

0,8

0,6

0,4

0,2

0,0

controle groep therapie-
censored

early lactate- directed therapy-
censored

controle groep therapie
early lactate- directed therapy

randomisatie_therapie

Survival Functions

Page 1

opnameduur_ZH
120,00100,0080,0060,0040,0020,000,00

C
um

 S
ur

vi
va

l

1 ,0

0,8

0,6

0,4

0,2

0,0

controle groep therapie-
censored

early lactate- directed therapy-
censored

controle groep therapie
early lactate- directed therapy

randomisatie_therapie

Survival Functions

Page 1

days

non sepsis

sepsis

Tuesday, March 22, 2011



Effect on organ failure
SOFA score
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New end-points of resuscitation?
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‣50 critically ill patients following initial resuscitation 
and stabilization

‣Abnormal peripheral circulation was defined as

• increase in capillary refill time (> 4.5 sec) or cool skin 
(subjective)

‣Measurements:  Forearm-Finger Skin temperature 
difference, Central-Toe temperature difference, 
Peripheral Perfusion Index, SOFA score
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Clinical significance

‣Odds for increase in SOFA score during first 48h of 
admission are 7.4 times higher (CI: 2-19, P<0.05) in 
patients with abnormal peripheral perfusion

‣Odds to have increased lactate levels following initial 
resuscitation are 4.6 times higher (CI: 1.4-15, P<0.05) in 
patients with abnormal peripheral perfusion

Tuesday, March 22, 2011



Available online http://ccforum.com/content/13/S5/S13

Page 1 of 7
(page number not for citation purposes)

Abstract
Introduction: The prognostic value of continuous monitoring of
tissue oxygen saturation (StO2) during early goal-directed therapy
of critically ill patients has not been investigated. We conducted
this prospective study to test the hypothesis that the persistence of
low StO2 levels following intensive care admission is related to
adverse outcome.
Methods: We followed 22 critically ill patients admitted with
increased lactate levels (>3 mmol/l). Near-infrared spectroscopy
(NIRS) was used to measure the thenar eminence StO2 and the rate
of StO2 increase (RincStO2) after a vascular occlusion test. NIRS
dynamic measurements were recorded at intensive care admission
and each 2-hour interval during 8 hours of resuscitation. All repeated
StO2 measurements were further compared with Sequential Organ
Failure Assessment (SOFA), Acute Physiology and Chronic Health
Evaluation (APACHE) II and hemodynamic physiological variables:
heart rate (HR), mean arterial pressure (MAP), central venous oxygen
saturation (ScvO2) and parameters of peripheral circulation (physical
examination and peripheral flow index (PFI)).
Results: Twelve patients were admitted with low StO2 levels (StO2
<70%). The mean scores for SOFA and APACHE II scores were
significantly higher in patients who persisted with low StO2 levels
(n = 10) than in those who exhibited normal StO2 levels (n = 12) at
8 hours after the resuscitation period (P <0.05; median
(interquartile range): SOFA, 8 (7 to 11) vs. 5 (3 to 8); APACHE II,
32 (24 to 33) vs. 19 (15 to 25)). There was no significant
relationship between StO2 and mean global hemodynamic variables
(HR, P = 0.26; MAP, P = 0.51; ScvO2, P = 0.11). However, there
was a strong association between StO2 with clinical abnormalities
of peripheral perfusion (P = 0.004), PFI (P = 0.005) and RincStO2
(P = 0.002). The persistence of low StO2 values was associated
with a low percentage of lactate decrease (P <0.05; median
(interquartile range): 33% (12 to 43%) vs. 43% (30 to 54%)).
Conclusions: We found that patients who consistently exhibited
low StO2 levels following an initial resuscitation had significantly
worse organ failure than did patients with normal StO2 values, and
found that StO2 changes had no relationship with global hemo-
dynamic variables.

Introduction
A more complete evaluation of tissue perfusion can be
achieved by adding non-invasive assessment of peripheral
perfusion to global parameters [1]. Non-invasive monitoring of
peripheral perfusion is an alternative approach that allows
very early application throughout the hospital, including the
emergency department, operating room, and hospital wards.
The rationale of monitoring peripheral perfusion is based on
the concept that peripheral tissues are the first to reflect
hypoperfusion in shock and the last to reperfuse during
resuscitation [1,2]. Poor peripheral perfusion may therefore
be considered an early predictor of tissue hypoperfusion and
a warning signal of ongoing shock.

In the clinical practice, non-invasive monitoring of peripheral
perfusion can be performed easily using current new
technologies, such as near-infrared spectroscopy (NIRS) [3].
NIRS technology has been used as a tool to monitor tissue
oxygen saturation (StO2) in acutely ill patients [4]. In addition,
the analysis of changes in StO2 during a vascular occlusion
test, such as a brief episode of forearm ischemia, has been
used as a marker of integrity of the microvasculature – in
particular, the StO2 recovery after the vascular occlusion test
[5-7]. These reports, however, have studied the correlation of
intermittent StO2 measurements and outcome where there
are only limited data describing whether continuous monitor-
ing of StO2 during the early resuscitation phase is related to
morbidity or to mortality.

We therefore conducted the present prospective obser-
vational study to investigate the association between
continuous StO2 measurements during early resuscitation of
high-risk patients and subsequent adverse outcomes. The
primary study objective was to investigate whether persis-
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persistence of StO2 <70% on the SOFA and APACHE II
scores. We used the linear mixed-model analysis to assess
the magnitude of contribution from each systemic and
peripheral physiological variable on all repeated StO2
measurements during the 8-hour period of resuscitation.
P ≤0.05 was considered statistically significant.

Results
Patients’ demographic data are summarized in Table 1. All
data used in the analysis were obtained at 2 hours, 4 hours,
6 hours and 8 hours after admission.

To explore the relationship between changes of StO2 and the
severity of organ dysfunction, we stratified patients according
to the evolution of StO2 levels within the 8-hour period of ICU
resuscitation. Upon ICU admission, 12 (54%) patients had
low StO2 levels. From these 12 patients, two patients
showed normalization of the StO2 levels. All patients admitted
with normal StO2 still had a normal StO2 at 8 hours of
resuscitation. A total of 10 patients therefore persisted with
low StO2 and 12 patients with normal StO2 levels after the
8 hours of ICU resuscitation (Figure 1).

Figure 2 shows the SOFA and APACHE II scores stratified
by the groups after 8 hours of resuscitation. The mean scores
for both SOFA and APACHE II scores were significantly
higher in patients who persisted with low StO2 levels than in
those who exhibited normal StO2 levels 8 hours after the
resuscitation period (P <0.05; median (interquartile range):
APACHE II score, 32 (24 to 33) vs. 19 (15 to 25); SOFA
score, 8 (7 to 11) vs. 5 (3 to 8)) (Figure 2). Multiple

regression analysis on low StO2 levels adjusted for global
hemodynamic variables (HR, MAP and central venous
pressure) showed that low StO2 levels had a significant
contribution for the prediction of SOFA score (regression
coefficient = 3.0, 95% confidence interval = 2.2 to 5.7;
P = 0.04) and APACHE II score (regression coefficient = 9.1,
95% confidence interval = 3.3 to 13; P = 0.026).

The relationship between all repeated StO2 measurements
during the 8-hour period of resuscitation with standard hemo-
dynamic variables and with peripheral circulation parameters
was assessed using the mixed-model analysis to further
explore the contribution from each of these variables on the
StO2 level. Table 2 presents the estimation coefficient from
each variable. There was no significant relationship between
StO2 and global hemodynamic variables. There was a strong
association, however, between StO2 and clinical abnor-
malities of peripheral perfusion, the PFI and RincStO2. Table 3
presents the descriptive analysis of global hemodynamic
variables and peripheral circulation parameters stratified by
the level of StO2 at admission and after 8 hours. In patients
who received vasopressor therapy during resuscitation
(number of patients = 16; number of StO2 measurements =
64), the dose of vasopressor (noradrenaline) did not differ
between low (n = 35) and normal (n = 29) StO2 levels
(P = 0.13; median (interquartile range): 0.19 (0.10 to 0.33)
vs. 0.13 (0.06 to 0.25) µg/kg/minute).

Although there was no difference in admission lactate levels
between patients with low and normal StO2 levels (P = 0.34;
median (interquartile range): 3.6 (2.2 to 6.0) vs. 3.4 (3.0 to
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Table 1

Patient demographic data

Number of patients 22

Age (years) 62 (57 to 71)

Male/female 16/6

Sequential Organ Failure Assessment score 7 (5 to 9)

Acute Physiology and Chronic Health Evaluation II score 23 (16 to 30)

Admission category

Septic shock 3 pneumonia, 3 abdominal sepsis, 1 meningitis

Circulatory failure not associated with sepsis 3 hypovolemic/hemorrhagic, 3 cardiogenic, 4 postoperative, 2 trauma

Without circulatory failure or sepsis 1 cerebrovascular accident, 2 postoperative

Noradrenaline use 16 (72%)

Noradrenaline dose (µg/kg/minute) 0.16 (0.07 to 0.24)

Dobutamine use 8 (36%)

Dobutamine dose (µg/kg/minute) 4.3 (3.6 to 6.3)

Mechanical ventilation 15 (68%)

Survivor/nonsurvivor 17/5

Data expressed as number, as median (25th to 75th percentile), or as n (%).

Patients with circulatory failure (increased lactate) enrolled in EGDT protocol (8 hours) immediately following admission 
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Clinical significance of low 
StO2 in patients with shock

patients with abnormal peripheral circulation following EGDT have more organ failure
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NTG in Septic Shock
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Conclusions
‣ Increased lactate levels or failure to clear associated with morbidity and 

mortality for more than 150 years

‣Delivery dependent oxygen consumption, present early in the course of 
disease, is associated with increased lactate

‣ Improvement in tissue oxygen delivery is associated with a decrease in 
lactate levels and ultimate survival

‣However other (aerobic) metabolic processes result in increased lactate 
levels

‣ Therapy aimed to improve the balance between oxygen demand and 
oxygen supply improves outcome in patients with increased lactate 
levels
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LACTATE : A REVIEW OF ITS 
METABOLISM IN SHOCK STATES 
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Normal lactate metabolism 

• Normal value less than 2 mmol/l 

• Released by skeletal muscle, adipose tissue, brain+++ 
• but also lung, heart and gut. 

• Daily production : 20 mmol/kg per day 

• Lactate clearance : 800-1800 ml/min 

• Every 3-4 minutes all of  the blood can be cleared of  lactate 

• Lactate released into the bloodstream is transported to the liver 
and the kidney  where it is subsequently metabolised 
• Oxydation (50% at rest and 75 % during exercise) 

• Neoglucogenesis 

 



Glucose 

Pyruvate Lactate 
LDH 

NADH +H+ NAD 
Cytosol 

PDH 

Acetyl CoA 

Respiratory chain 

CO2 + H2O + 34 ATP  

2ATP 

Mitochondria 

Simplified glycolysis 

Lactate therefore increases when production of pyruvate exceeds its 
utilization by the mitochondria 



Removal : Oxidation and Cori Cycle 



Cori Cycle 

• Lactate reaches the liver where 
it enters the Cori cycle and 
becomes glucose 

• The energy for such 
gluconeogenesis is supplied by 
b-oxidation of  fatty acids 

•  Conversion of  slow energy 
stored as fat into fast energy 
that is readily available as 
glucose.  

• Energy is used to sustain the 
increased glycolytic flux 
necessary to meet the metabolic 
demands of  severe sepsis  



Lactate oxydation 

Cytosol 
 
 
 
 
Mitochondria Lactate oxydation  

complex 



Cell-to-cell lactate shuttle 

• Hypothesis : Lactate is not only 
produced in muscle and 
disposal within the same 
myocyte  

• Lactate serve as a substrate in 
highly oxidative cells (eg, heart 
and brain) or contribute to 
gluconeogenesis (in the liver 
and kidney) 

• Lactate is also released by 
brain, lung, and heart. 
 



LACTATE AND SHOCK 

THE CLASSICAL 
PARADIGM 

Hyperlactataemia during shock is a marker of  tissue 
hypoperfusion or tissue hypoxia, and is indicative of  the 
onset of  anaerobic glycolysis  
 

1 

1. Absence of  O2 : stoppage or decrease in ATP production by mitochondrial  
electron transfer 
 

2. Decrease in ATP/ADP ratio and  increase in NADH/NAD ratio 
 

2 2 

3. The decrease in ATP/ADP ratio induces an  increase in  PFK activity 
 

3 



4. The increase in NADH/NAD ratio decreases in PDH  and increased LDH activity in 
 favour of  lactate formation 
 

4 

5. The conversion allows NAD regeneration and ATP production (2 ATP for one glucose) 

5 

Anaerobic metabolism 

• Hyperlactatemia and elevated L/P ratio 

• Accelerated aerobic glycolysis 

• Low energy production 

• Adaptive mechanism in crisis situation 



THE NEW PARADIGM 

Shock induced hyperlactataemia should no longer be 
seen as a biomarker of  hypoxia or anaerobic glycolysis, 
but as a major protective component of  the stress 
response.  
 
Proof  against hypoxia induced hyperlactatemia in septic 

shock 

• Oxygen delivery after initial resuscitation is generally 
elevated 

• Increasing oxygen delivery does not decrease lactate level 
in all patients 

• Muscular ATP and PO2 level are normal or elevated. 
• Splanchnic production is scarce (De Backer et al) 
• Lungs produce lactate  



Relationship between epinephrine and lactate 

Mazzeo RS, Marshall P. J Appl Physiol 1989; 
67: 1319–22. 



Glycolysis compartmentalisation and Na+-K+ase 
activity 

• Two glycolytic pathways with separate 
sets of  glycolytic pathways enzyme 

•  The enzyme of  the first pathway have 
been shown to be associated with NaK 
ATPase activity.  

• Accelerated aerobic glycolysis provide 
ATP to sustain Na+K+ ATPase activity 
in cells with intact oxydative activity 

• The two compartments are independent. 



Aerobic production of  lactate under epinephrine 
stimulation 

 
• Epinephrine binds to muscle adrenergic 

β 2 receptors and raises AMP 
production 
– Stimulation of  glycogenolysis and 

ATP production 
– ATP is used to fuel the 

sarcolemmal Na+-K+ATPase that 
consumes ATP and increases ADP 
level 

– ADP increases PFK activity and 
thus pyruvate production 

• Epinephrine increases glycogenolysis 
with a net increase in pyruvate 
production and thus an increase in 
lactate concentration 

 

James et al, Lancet 1999, 354 : 505-
508. 







LACTATE METABOLISM 
MODIFICATION 
DURING SHOCK 







Lactate and heart 

• Heart is an omnivore 
• Fatty acids : 60-90% 
• Pyruvate : 10-40% 

• Lactate oxydation 
• Glycolysis 

• Septic shock (Dhainault JF, 1988) 
• Fatty acids :12 % vs 54% in control group 
• Lactate : 36% vs 12% in control group 

 
 



Effects of substrate selection on 
contractile function 

• Better if the heart oxidizes more glucose and lactate than 
FFA. 

• Preferential FFA utilization increases MVO2 without 
changes in cardiac efficiency 

• During ischemia, high dependance of cardiac function to 
glycolytic flux 
 



Conclusions 
• Stress induced lactate formation is a ubiquitous 

phenomenon in shock state 
• During shock, the  heart uses lactate as a preferential fuel 
• Reconsideration of  the signification and the role of  

lactate in septic shock  
• Adapted mechanism 
• Preferential fuel for heart and brain  
• Metabolic signal 

 





Lactate: 
 any beneficial role? 

Antonio Pesenti 
University of Milano Bicocca 

Italy 
 

antonio.pesenti@unimib.it 
ISICEM 2014 



Lactate  

• What  is lactic acid? 
• A physiological metabolite 

 
• Does it have any function? 
• Restoring NAD/ NADH ratio 





Lactate 

• Its level may increase due to: 
– Increased production : increased glycolysis ( 

e.g. sepsis, exercise, catecholamines,  
inflammation etc ) 

– Decreased clearance :  
• Intracellular   ( lack of oxygen   ; 

mitochondrial dysfunction) 
• Intercellular   ( e.g.  Liver failure ) 



Oxygenation what for? 

• Oxydative Phosphorylation 
• End products of anaerobic metabolism  

(glycolysis, beta oxydation,)  enter the Krebs 
cycle as Acetil CoA to produce (some) ATP  
and   reduce  NAD FAD to NADH FADH 

• Glycolysis only can proceed without oxygen 
because of the conversion Pyruvate to 
lactate, which reconverts NADH to NAD 



Glyco  ATP summary 
• Glucose > 2 Lactate               =  2    ATPs 

 
• Glucose + O2> CO2+ H2O      =  36  ATPs 

 
• 2 Lactate > Glucose               =  - 6  ATPs 

 
• Glucose > Lactate > Glucose =  - 4  ATPs 

 



Lactate 

• Is lactate a toxic waste product? 
•  Apparently not. It may be useful 
• Turbo fuel for many tissues 

 



LACTATE 

• LACTATE SHUTTLE: 
»Within cells 
»Between cells 
»Between Organs 



Gladden J Physiol 2004 



Magistretti, Science 

Glucose and Lactate: a metabolic dialogue between  
neurons and astrocytes 



Gladden  Medicine and Science Sport Exercise 2008 



ANAEROBIC MAN 

• Some organs or cells are anaerobic: 
 

• Red Cells ( no mitochondria) a good 
example: 
 

• Approx 3.5 Kg of anaerobic cells: the liver 
breaths for them 
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Hochachka et al, PNAS 2001 



With this in mind, the increased lactate 
concentration 

permits an increase of a substrate readily 
oxidizable even after a transient 

period of hypoxia or ischemia 



Lactate and wound healing 

• Healing wounds produce and accumulate 
Lactate ( 10-15 mMol/l) 

• Lactate produced by rapidly multiplyng cells 
• Lactate enhances collagen deposition  
• Lactate enhances angiogenesis 



Glucose paradox of cerebral 
ischemia 

• Preischemic hyperglycemia  associated to 
increased [Lac] associated to increased brain 
damage.  

• Does Lac cause damage? 
 

• Lac used up by neural tissue post ischemia : 
it is there were it is most needed 
 



Interpretation : 
Skeletal muscle could be a leading  

source of lactate formation as a result of exaggerated aerobic 
glycolysis through NaK ATPase stimulation during septic shock. 



Lactate 
Conclusions 

• Is not a bad guy, but a friend of the physician 
• It is not dangerous in itself 
• Most often it indicates that something is 

wrong:  perfusion, oxygenation, sepsis, 
inflammation 

• Energy failure 
• Guide to therapy 
• We still have to exploit all the potential 

advantages of lactate as a therapeutic agent 



Lactate 
Time course in septic shock
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RELATIONSHIPS OF PYRUVATE AND LACTATE DURING 
ANAEROBIC METABOLISM. I. EFFECTS OF INFUSION OF 
PYRUVATE OR GLUCOSE AND OF HYPERVENTILATION 
!
WILLIAM E. HUCKABEE
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FIG. 1. TYPICAL CHANGES IN BLOOD LACTATE AND
PYRUVATE IN A DOG DURING INTRAVENOUS INFUSION OF
SODIUM BICARBONATE SOLUTION (CURVES A AND B) AND
SODIUM CHLORIDE SOLUTION (CURVES C AND D)
The effect of bicarbonate is essentially the same as

that of hyperventilation or the infusion of sodium pyru-
vate. No change occurred in arterial or mixed venous
blood oxygen saturations. Excess lactate values zero.

naturally. The third, hyperventilation and alka-
losis, was studied both because it produces the
most striking lactate accumulations and because
pH changes are complicating factors in most
studies of hypoxia.

blood samples was determined with a glass electrode at
370 C. after collection in sodium fluoride and preservation
in ice for about an hour.
Oxygen consumption rates were calculated from the

minute volume of inspired air delivered from a spirom-
eter and the oxygen, carbon dioxide, and nitrogen con-
tents of expired air as determined with the standard
Haldane apparatus. Control samples were taken after
an hour of rest. Animals were anesthetized with 20 mg.
chloralose per Kg., although the present results have
been duplicated in animals under pentobarbital anes-
thesia when arterial oxygen saturation was normal.

RESULTS

Infusing sodium pyruvate solutions having pH
7.0 or 7.4 led to a considerable alkalinizing effect.
Such infusions had previously been given by
Bueding and Goldfarb (16) and tacitly compared,
presumably, with control infusions of sodium
chloride. The proper control infusate, however,
should be sodium bicarbonate solution (17, 18)
which has an effect, as shown in Figure 1 (curves
A and B), essentially identical with that of sodium
pyruvate. From this observation it might be con-
cluded that pyruvate infusion, in fact, has no spe-
cific effect on blood lactate, but only the effect of
an alkalinizing salt. The same effects on blood
pyruvate and pH were elicited with 0.10 M sodium
pyruvate solutions at infusion rates between 1 and
4 ml. per minute (0.2 to 0.4 mM per minute) for

METHODS

Blood samples from human subjects were collected as
previously described (14). Briefly, an indwelling ar-
terial needle was inserted into a brachial artery under
local anesthesia, and blood was allowed to flow rapidly
through a short length of plastic tubing directly into a
weighed tube of ice cold 10 per cent trichloracetic acid
in 0.5 N HCI. Lactate and pyruvate analyses were car-
ried out in triplicate as previously described (14) ; each
recorded figure represents the mean of all analyses on
two blood samples collected in rapid succession. Re-
producibility of successively drawn samples during a
steady state was about 0.5 per cent for lactate and 1.0
per cent for pyruvate. Blood samples were collected
from dogs in the same manner except that each arterial
sample was accompanied by a similarly collected sample
of mixed venous blood from a wide-bore brass cannula
inserted through the jugular vein into the right ventricle of
the heart. Blood water content was determined with each
sample and all concentrations are given in millimoles per
liter of blood water. Blood oxygen determinations were
carried out either manometrically in the Van Slyke ap-
paratus, or spectrophotometrically (15). The pH of
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Lactate production theoretically 
is not controlled exclusively by 
the adequacy of cellular 
oxygenation, and is 
demonstrably affected to a very 
significant extend by the 
pyruvate changes of over-
ventilation or pH alterations of 
the body, of blood glucose 
changes and probably other 
stimuli. It would, therefore, 
seem quite inadvisable to 
draw any conclusions about 
tissue oxygen supply from 
determinations of lactate 
alone.
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A prospective study was conducted on 34 stable septic patients to determine whether mild hyperlac-
tatemia is a marker of lactate overproduction or an indicator of lactate underutilization during sepsis.
Plasma lactate clearance and lactate production were evaluated by modeling the lactate kinetic in-

 

duced by an infusion of 1 mmol / kg 
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-lactate over 15 min. The patients were divided in two groups
depending on their blood lactate: 
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 0.6 mmol / L). The hyperlactatemic patients had a lower lactate clearance
(473 
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 102 ml / kg / h) than those with normal blood lactate (1,002 
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 0.001),
whereas lactate production in the two groups was similar (1,194 
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 230 and 1,181 
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mol / kg / h,
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 0.90). A second analysis including all the patients confirmed that the blood lactate concentration

 

was closely linked to the reciprocal of lactate clearance (r
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 0.73, p 

 

⌃

 

 0.001) but not to lactate pro-
duction (r

 

2
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 0.03, p 
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 0.29). We conclude that a mild hyperlactatemia occurring in a stable septic
patient is mainly due to a defect in lactate utilization. 
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Jambou P, Carles M, Grimaud D. Mild hyperlactatemia in stable septic patients is due to im-

 

paired lactate clearance rather than overproduction.
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Blood lactate concentration is a parameter widely used in in-
tensive care units to assess tissue oxygenation. Severe hyper-
lactatemia during shock is a standard indicator of cellular hy-
poxia (1), and a blood lactate 

 

⌥

 

 5 mmol/L is usually associated
with a poor outcome (2–4). There is frequently a mild persis-
tent hyperlactatemia during sepsis in hemodynamically stable
patients (5, 6). This is widely interpreted, by extrapolation, as
evidence of lactate overproduction due to the presence of oc-
cult cell hypoxia during sepsis (7–10). The oxygen debt is gen-
erally believed to be due to a defect in oxygen extraction and
enhanced oxygen demand (11, 12). However, several lines of
evidence refute the existence of occult tissue hypoxia in stable
septic patients. The first is that increasing oxygen delivery to
hemodynamically stable septic patients improves neither mor-
tality nor morbidity (13–15). The second is that stable septic
patients are frequently not dependent on the oxygen supply
(16, 17), even those that have elevated lactate levels (18).

 

Lastly, tissue P

 

O2

 

 and energy stores seem to be unaffected by
sepsis (19). There could be other reasons of lactate overpro-
duction, such as increased glycolysis due to an insulin-like ac-
tivity of endotoxin, or enhanced catabolism of muscle alanine
via alanine aminotransferase (6). The hyperlactatemia that oc-

curs during sepsis could also be evidence of a decrease in blood
lactate clearance. This impaired lactate utilization may be
caused by altered liver function, which is common during sep-
sis (20) or due to a metabolic abnormality. Experimental stud-
ies have shown that pyruvate dehydrogenase activity is dis-
turbed during sepsis (21) and that hyperlactatemia is more
pronounced when acute circulatory failure is triggered by in-
jecting endotoxin (22).

Thus, the significance of mild hyperlactatemia during sepsis
remains unclear. Lactate could be overproduced or under-
utilized because of a metabolic pathway failure. The present
study was performed to evaluate the contributions of lactate
production and clearance to the concentration of blood lactate
during sepsis in hemodynamically stable, critically ill patients.

 

METHODS

 

Patients

 

This study was conducted in the intensive care unit of the Saint-Roch
University Hospital, Nice, France, from October 1994 to April 1996,
and was approved by the local ethics committee. Informed written
consent was obtained from each patient or their closest relative. The
patients were eligible for study if they satisfied the following criteria:
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 38.0
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 C or white cell count 
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 10,000/mm
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 300), acute
renal failure (creatinine clearance 
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 50 ml/min), heart rate 
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120
beats/min, or alteration of mental status in the absence of direct brain
injury; blood lactate concentration 

 

⌃

 

 4 mmol/L; no inotropic or vaso-
pressor support.

All patients were invasively monitored with a pulmonary artery
catheter (Baxter, Edwards Critical-Care Division, Irvine, CA). Car-
diac output was measured by thermodilution with an Explorer labora-
tory cardiac output computer (Baxter) by injecting 10 ml ice-cold 5%
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Figure 1. Relationship between lactate clearance estimated from a two-compartment model (model de-
pendent) and lactate clearance estimated by direct sampling (model independent). The excellent correla-
tion shows that the lactate concentrations predicted by the mathematical model are very close to the lac-
tate concentrations measured during and after the lactate infusion.

Figure 2. Change in blood lactate concentration induced by a sodium L-lactate infusion in two patients.
The lines indicate the curve calculated from the mathematical model, and the circles the measured lac-
tate concentrations. The closed circles are for Patient No. 28 (basal blood lactate � 0.8 mmol/L, estimated
lactate clearance � 1,777 ml/kg/h), and the open circles for Patient No. 33 (basal blood lactate � 3.1
mmol/L, estimated lactate clearance � 384 ml/kg/h).

Baseline: 0.8 mmol/L 
Clearance: 1777 ml/kg.h

Baseline: 3.1 mmol/L 
Clearance: 384 ml/kg.h



• 124 patients enrolled

‣ inclusion criteria

• SAP<100 mm Hg

• 29 < RR < 10 /min

• GCS < 14


‣ cap or venous lactate on arrival at the scene (T1) and just 
before arrival at the hospital (T2)

‣ Outcome: hospital mortality
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Abstract

Introduction A limitation of pre-hospital monitoring is that vital
signs often do not change until a patient is in a critical stage.
Blood lactate levels are suggested as a more sensitive
parameter to evaluate a patient's condition. The aim of this pilot
study was to find presumptive evidence for a relation between
pre-hospital lactate levels and in-hospital mortality, corrected for
vital sign abnormalities.

Methods In this prospective observational study (n = 124),
patients who required urgent ambulance dispatching and had a
systolic blood pressure below 100 mmHg, a respiratory rate
less than 10 or more than 29 breaths/minute, or a Glasgow
Coma Scale (GCS) below 14 were enrolled. Nurses from
Emergency Medical Services measured capillary or venous
lactate levels using a hand-held device on arrival at the scene
(T1) and just before or on arrival at the emergency department
(T2). The primary outcome measured was in-hospital mortality.

Results The average (standard deviation) time from T1 to T2
was 27 (10) minutes. Non-survivors (n = 32, 26%) had
significantly higher lactate levels than survivors at T1 (5.3 vs 3.7
mmol/L) and at T2 (5.4 vs 3.2 mmol/L). Mortality was
significantly higher in patients with lactate levels of 3.5 mmol/L

or higher compared with those with lactate levels below 3.5
mmol/L (T1: 41 vs 12% and T2: 47 vs 15%). Also in the
absence of hypotension, mortality was higher in those with
higher lactate levels. In a multivariable Cox proportional hazard
analysis including systolic blood pressure, heart rate, GCS (all
at T1) and delta lactate level (from T1 to T2), only delta lactate
level (hazard ratio (HR) = 0.20, 95% confidence interval (CI) =
0.05 to 0.76, p = 0.018) and GCS (HR = 0.93, 95% CI = 0.88
to 0.99, p = 0.022) were significant independent predictors of
in-hospital mortality.

Conclusions In a cohort of patients that required urgent
ambulance dispatching, pre-hospital blood lactate levels were
associated with in-hospital mortality and provided prognostic
information superior to that provided by the patient's vital signs.
There is potential for early detection of occult shock and pre-
hospital resuscitation guided by lactate measurement. However,
external validation is required before widespread
implementation of lactate measurement in the out-of-hospital
setting.

Introduction
An important limitation of patient monitoring in the pre-hospital
phase is that the standard vital signs such as heart rate and
blood pressure often do not change until a patient reaches a
critical stage [1-3]. Pain and anxiety, contributing to increased

sympathetic tone, influence these vital signs and render them
insensitive for monitoring the adequacy of tissue perfusion [4].
Many patients who appear to be haemodynamically stable
based on normal vital signs have increased blood lactate lev-
els ('occult hypoperfusion' or 'compensated shock') [1,5]; as a

AUROC: area under the ROC curve; CI: confidence interval; ED: emergency department; EMS: Emergency Medical Services; GCS: Glasgow Coma 
Scale; ICU: intensive care unit; LPA: Landelijk Protocol Ambulancezorg (Dutch ambulance protocols); NPV: negative predictive value; PH: propor-
tional hazards; PPV: positive predictive value; ROC: receiver operating characteristic; SD: standard deviation; SpO2: peripheral oxygen saturation 
obtained by pulseoxymeter; T1: on arrival of the ambulance at the scene; T2: just before or on arrival at the emergency department.
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Many patients who appear to be haemodynamically stable
based on normal vital signs have increased blood lactate lev-
els ('occult hypoperfusion' or 'compensated shock') [1,5]; as a

AUROC: area under the ROC curve; CI: confidence interval; ED: emergency department; EMS: Emergency Medical Services; GCS: Glasgow Coma 
Scale; ICU: intensive care unit; LPA: Landelijk Protocol Ambulancezorg (Dutch ambulance protocols); NPV: negative predictive value; PH: propor-
tional hazards; PPV: positive predictive value; ROC: receiver operating characteristic; SD: standard deviation; SpO2: peripheral oxygen saturation 
obtained by pulseoxymeter; T1: on arrival of the ambulance at the scene; T2: just before or on arrival at the emergency department.



Open Access

Available online http://ccforum.com/content/12/6/R160

Page 1 of 7
(page number not for citation purposes)

Vol 12 No 6Research
The prognostic value of blood lactate levels relative to that of vital 
signs in the pre-hospital setting: a pilot study
Tim C Jansen1, Jasper van Bommel1, Paul G Mulder2, Johannes H Rommes3, Selma JM Schieveld3 
and Jan Bakker1

1Department of Intensive Care, Erasmus MC University Medical Center, PO Box 2040, 3000 CA, Rotterdam, The Netherlands
2Department of Epidemiology & Biostatistics, Erasmus MC University Medical, PO Box 2040, 3000 CA, Rotterdam, The Netherlands
3Department of Intensive Care, Gelre Hospital, location Lukas, PO Box 9014, 7300 DS Apeldoorn, The Netherlands

Corresponding author: Jan Bakker, jan.bakker@erasmusmc.nl

Received: 29 Sep 2008 Revisions requested: 6 Nov 2008 Accepted: 17 Dec 2008 Published: 17 Dec 2008

Critical Care 2008, 12:R160 (doi:10.1186/cc7159)
This article is online at: http://ccforum.com/content/12/6/R160
© 2008 Jansen et al.; licensee BioMed Central Ltd. 
This is an open access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Abstract

Introduction A limitation of pre-hospital monitoring is that vital
signs often do not change until a patient is in a critical stage.
Blood lactate levels are suggested as a more sensitive
parameter to evaluate a patient's condition. The aim of this pilot
study was to find presumptive evidence for a relation between
pre-hospital lactate levels and in-hospital mortality, corrected for
vital sign abnormalities.

Methods In this prospective observational study (n = 124),
patients who required urgent ambulance dispatching and had a
systolic blood pressure below 100 mmHg, a respiratory rate
less than 10 or more than 29 breaths/minute, or a Glasgow
Coma Scale (GCS) below 14 were enrolled. Nurses from
Emergency Medical Services measured capillary or venous
lactate levels using a hand-held device on arrival at the scene
(T1) and just before or on arrival at the emergency department
(T2). The primary outcome measured was in-hospital mortality.

Results The average (standard deviation) time from T1 to T2
was 27 (10) minutes. Non-survivors (n = 32, 26%) had
significantly higher lactate levels than survivors at T1 (5.3 vs 3.7
mmol/L) and at T2 (5.4 vs 3.2 mmol/L). Mortality was
significantly higher in patients with lactate levels of 3.5 mmol/L

or higher compared with those with lactate levels below 3.5
mmol/L (T1: 41 vs 12% and T2: 47 vs 15%). Also in the
absence of hypotension, mortality was higher in those with
higher lactate levels. In a multivariable Cox proportional hazard
analysis including systolic blood pressure, heart rate, GCS (all
at T1) and delta lactate level (from T1 to T2), only delta lactate
level (hazard ratio (HR) = 0.20, 95% confidence interval (CI) =
0.05 to 0.76, p = 0.018) and GCS (HR = 0.93, 95% CI = 0.88
to 0.99, p = 0.022) were significant independent predictors of
in-hospital mortality.

Conclusions In a cohort of patients that required urgent
ambulance dispatching, pre-hospital blood lactate levels were
associated with in-hospital mortality and provided prognostic
information superior to that provided by the patient's vital signs.
There is potential for early detection of occult shock and pre-
hospital resuscitation guided by lactate measurement. However,
external validation is required before widespread
implementation of lactate measurement in the out-of-hospital
setting.

Introduction
An important limitation of patient monitoring in the pre-hospital
phase is that the standard vital signs such as heart rate and
blood pressure often do not change until a patient reaches a
critical stage [1-3]. Pain and anxiety, contributing to increased

sympathetic tone, influence these vital signs and render them
insensitive for monitoring the adequacy of tissue perfusion [4].
Many patients who appear to be haemodynamically stable
based on normal vital signs have increased blood lactate lev-
els ('occult hypoperfusion' or 'compensated shock') [1,5]; as a

AUROC: area under the ROC curve; CI: confidence interval; ED: emergency department; EMS: Emergency Medical Services; GCS: Glasgow Coma 
Scale; ICU: intensive care unit; LPA: Landelijk Protocol Ambulancezorg (Dutch ambulance protocols); NPV: negative predictive value; PH: propor-
tional hazards; PPV: positive predictive value; ROC: receiver operating characteristic; SD: standard deviation; SpO2: peripheral oxygen saturation 
obtained by pulseoxymeter; T1: on arrival of the ambulance at the scene; T2: just before or on arrival at the emergency department.

Open Access

Available online http://ccforum.com/content/12/6/R160

Page 1 of 7
(page number not for citation purposes)

Vol 12 No 6Research
The prognostic value of blood lactate levels relative to that of vital 
signs in the pre-hospital setting: a pilot study
Tim C Jansen1, Jasper van Bommel1, Paul G Mulder2, Johannes H Rommes3, Selma JM Schieveld3 
and Jan Bakker1

1Department of Intensive Care, Erasmus MC University Medical Center, PO Box 2040, 3000 CA, Rotterdam, The Netherlands
2Department of Epidemiology & Biostatistics, Erasmus MC University Medical, PO Box 2040, 3000 CA, Rotterdam, The Netherlands
3Department of Intensive Care, Gelre Hospital, location Lukas, PO Box 9014, 7300 DS Apeldoorn, The Netherlands

Corresponding author: Jan Bakker, jan.bakker@erasmusmc.nl

Received: 29 Sep 2008 Revisions requested: 6 Nov 2008 Accepted: 17 Dec 2008 Published: 17 Dec 2008

Critical Care 2008, 12:R160 (doi:10.1186/cc7159)
This article is online at: http://ccforum.com/content/12/6/R160
© 2008 Jansen et al.; licensee BioMed Central Ltd. 
This is an open access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Abstract

Introduction A limitation of pre-hospital monitoring is that vital
signs often do not change until a patient is in a critical stage.
Blood lactate levels are suggested as a more sensitive
parameter to evaluate a patient's condition. The aim of this pilot
study was to find presumptive evidence for a relation between
pre-hospital lactate levels and in-hospital mortality, corrected for
vital sign abnormalities.

Methods In this prospective observational study (n = 124),
patients who required urgent ambulance dispatching and had a
systolic blood pressure below 100 mmHg, a respiratory rate
less than 10 or more than 29 breaths/minute, or a Glasgow
Coma Scale (GCS) below 14 were enrolled. Nurses from
Emergency Medical Services measured capillary or venous
lactate levels using a hand-held device on arrival at the scene
(T1) and just before or on arrival at the emergency department
(T2). The primary outcome measured was in-hospital mortality.

Results The average (standard deviation) time from T1 to T2
was 27 (10) minutes. Non-survivors (n = 32, 26%) had
significantly higher lactate levels than survivors at T1 (5.3 vs 3.7
mmol/L) and at T2 (5.4 vs 3.2 mmol/L). Mortality was
significantly higher in patients with lactate levels of 3.5 mmol/L

or higher compared with those with lactate levels below 3.5
mmol/L (T1: 41 vs 12% and T2: 47 vs 15%). Also in the
absence of hypotension, mortality was higher in those with
higher lactate levels. In a multivariable Cox proportional hazard
analysis including systolic blood pressure, heart rate, GCS (all
at T1) and delta lactate level (from T1 to T2), only delta lactate
level (hazard ratio (HR) = 0.20, 95% confidence interval (CI) =
0.05 to 0.76, p = 0.018) and GCS (HR = 0.93, 95% CI = 0.88
to 0.99, p = 0.022) were significant independent predictors of
in-hospital mortality.

Conclusions In a cohort of patients that required urgent
ambulance dispatching, pre-hospital blood lactate levels were
associated with in-hospital mortality and provided prognostic
information superior to that provided by the patient's vital signs.
There is potential for early detection of occult shock and pre-
hospital resuscitation guided by lactate measurement. However,
external validation is required before widespread
implementation of lactate measurement in the out-of-hospital
setting.

Introduction
An important limitation of patient monitoring in the pre-hospital
phase is that the standard vital signs such as heart rate and
blood pressure often do not change until a patient reaches a
critical stage [1-3]. Pain and anxiety, contributing to increased

sympathetic tone, influence these vital signs and render them
insensitive for monitoring the adequacy of tissue perfusion [4].
Many patients who appear to be haemodynamically stable
based on normal vital signs have increased blood lactate lev-
els ('occult hypoperfusion' or 'compensated shock') [1,5]; as a

AUROC: area under the ROC curve; CI: confidence interval; ED: emergency department; EMS: Emergency Medical Services; GCS: Glasgow Coma 
Scale; ICU: intensive care unit; LPA: Landelijk Protocol Ambulancezorg (Dutch ambulance protocols); NPV: negative predictive value; PH: propor-
tional hazards; PPV: positive predictive value; ROC: receiver operating characteristic; SD: standard deviation; SpO2: peripheral oxygen saturation 
obtained by pulseoxymeter; T1: on arrival of the ambulance at the scene; T2: just before or on arrival at the emergency department.

Open Access

Available online http://ccforum.com/content/12/6/R160

Page 1 of 7
(page number not for citation purposes)

Vol 12 No 6Research
The prognostic value of blood lactate levels relative to that of vital 
signs in the pre-hospital setting: a pilot study
Tim C Jansen1, Jasper van Bommel1, Paul G Mulder2, Johannes H Rommes3, Selma JM Schieveld3 
and Jan Bakker1

1Department of Intensive Care, Erasmus MC University Medical Center, PO Box 2040, 3000 CA, Rotterdam, The Netherlands
2Department of Epidemiology & Biostatistics, Erasmus MC University Medical, PO Box 2040, 3000 CA, Rotterdam, The Netherlands
3Department of Intensive Care, Gelre Hospital, location Lukas, PO Box 9014, 7300 DS Apeldoorn, The Netherlands

Corresponding author: Jan Bakker, jan.bakker@erasmusmc.nl

Received: 29 Sep 2008 Revisions requested: 6 Nov 2008 Accepted: 17 Dec 2008 Published: 17 Dec 2008

Critical Care 2008, 12:R160 (doi:10.1186/cc7159)
This article is online at: http://ccforum.com/content/12/6/R160
© 2008 Jansen et al.; licensee BioMed Central Ltd. 
This is an open access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Abstract

Introduction A limitation of pre-hospital monitoring is that vital
signs often do not change until a patient is in a critical stage.
Blood lactate levels are suggested as a more sensitive
parameter to evaluate a patient's condition. The aim of this pilot
study was to find presumptive evidence for a relation between
pre-hospital lactate levels and in-hospital mortality, corrected for
vital sign abnormalities.

Methods In this prospective observational study (n = 124),
patients who required urgent ambulance dispatching and had a
systolic blood pressure below 100 mmHg, a respiratory rate
less than 10 or more than 29 breaths/minute, or a Glasgow
Coma Scale (GCS) below 14 were enrolled. Nurses from
Emergency Medical Services measured capillary or venous
lactate levels using a hand-held device on arrival at the scene
(T1) and just before or on arrival at the emergency department
(T2). The primary outcome measured was in-hospital mortality.

Results The average (standard deviation) time from T1 to T2
was 27 (10) minutes. Non-survivors (n = 32, 26%) had
significantly higher lactate levels than survivors at T1 (5.3 vs 3.7
mmol/L) and at T2 (5.4 vs 3.2 mmol/L). Mortality was
significantly higher in patients with lactate levels of 3.5 mmol/L

or higher compared with those with lactate levels below 3.5
mmol/L (T1: 41 vs 12% and T2: 47 vs 15%). Also in the
absence of hypotension, mortality was higher in those with
higher lactate levels. In a multivariable Cox proportional hazard
analysis including systolic blood pressure, heart rate, GCS (all
at T1) and delta lactate level (from T1 to T2), only delta lactate
level (hazard ratio (HR) = 0.20, 95% confidence interval (CI) =
0.05 to 0.76, p = 0.018) and GCS (HR = 0.93, 95% CI = 0.88
to 0.99, p = 0.022) were significant independent predictors of
in-hospital mortality.

Conclusions In a cohort of patients that required urgent
ambulance dispatching, pre-hospital blood lactate levels were
associated with in-hospital mortality and provided prognostic
information superior to that provided by the patient's vital signs.
There is potential for early detection of occult shock and pre-
hospital resuscitation guided by lactate measurement. However,
external validation is required before widespread
implementation of lactate measurement in the out-of-hospital
setting.

Introduction
An important limitation of patient monitoring in the pre-hospital
phase is that the standard vital signs such as heart rate and
blood pressure often do not change until a patient reaches a
critical stage [1-3]. Pain and anxiety, contributing to increased

sympathetic tone, influence these vital signs and render them
insensitive for monitoring the adequacy of tissue perfusion [4].
Many patients who appear to be haemodynamically stable
based on normal vital signs have increased blood lactate lev-
els ('occult hypoperfusion' or 'compensated shock') [1,5]; as a

AUROC: area under the ROC curve; CI: confidence interval; ED: emergency department; EMS: Emergency Medical Services; GCS: Glasgow Coma 
Scale; ICU: intensive care unit; LPA: Landelijk Protocol Ambulancezorg (Dutch ambulance protocols); NPV: negative predictive value; PH: propor-
tional hazards; PPV: positive predictive value; ROC: receiver operating characteristic; SD: standard deviation; SpO2: peripheral oxygen saturation 
obtained by pulseoxymeter; T1: on arrival of the ambulance at the scene; T2: just before or on arrival at the emergency department.

20-25 min



Change in lactate levels 
data from MC lactate study

% of patients with normal lacate levels (≤2.0 mmol/L)

0

10

20

30

40

50

60

70

T2 T4 T6 T8

NonSurvivors
Survivors

Jansen et al. Am J Respir Crit Care Med 2010;182:752-761

%



Conclusions
‣ The metabolic process of lactate production is fast

‣ When metabolic production ceases lactate levels fall rapidly

‣ Lactate levels in shock rise rapidly

‣ Clearance of exogenous lactate is limited, though still fast, in 

sepsis, liver dysfunction of SIRS

‣ Treatment of hypo perfusion results in a rapid decrease in 

lactate levels

‣ In sepsis there may be a flow-dependent phase in lactate 

clearance that may have important clinical consequences
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Abstract Objective: To determine,
in the early stages of suspected
clinically significant infection, the
independent relationship of the
presenting venous lactate level to
28-day in-hospital mortality. Design:
Prospective, observational cohort
study. Setting: Urban, university
tertiary-care hospital. Patients: One
thousand two hundred and eighty
seven adults admitted through the
emergency department who had clin-
ically suspected infection and a lac-
tate measurement. Measurements
and results: Seventy-three [5.7%
(95% CI 4.4–6.9%)] patients died in
the hospital within 28 days. Lactate
level was strongly associated with
28-day in-hospital mortality in uni-
variate analysis (p < 0.0001). When
stratified by blood pressure, lactate
remained associated with mortality
(p < 0.0001). Normotensive patients

with a lactate level ≥ 4.0 mmol/l had
a mortality rate of 15.0% (6.0–24%).
Patients with either septic shock
or lactate ≥ 4.0 mmol/l had a mor-
tality rate of 28.3% (21.3–35.3%),
which was significantly higher than
those who had neither [mortality of
2.5% (1.6–3.4%), p < 0.0001]. In
a model controlling for age, blood
pressure, malignancy, platelet count,
and blood urea nitrogen level, lactate
remained strongly associated with
mortality. Patients with a lactate
level of 2.5–4.0 mmol/l had ad-
justed odds of death of 2.2 (1.1–4.2);
those with lactate ≥ 4.0 mmol/l had
7.1 (3.6–13.9) times the odds of
death. The model had good discrim-
ination (AUC = 0.87) and was well
calibrated. Conclusions: In patients
admitted with clinically suspected
infection, the venous lactate level
predicts 28-day in-hospital mortality
independent of blood pressure and
adds significant prognostic informa-
tion to that provided by other clinical
predictors.

Keywords Sepsis · Infection · Lactic
acid/lactate · Triage · Prognosis ·
Risk assessment

Introduction

Severe sepsis and septic shock afflict about three-quarters
of a million patients in the USA annually, resulting
in approximately 215,000 deaths [1]. After decades of

negative sepsis trials, Rivers et al. published a randomized,
controlled trial of an early goal-directed hemodynamic
management strategy for emergency department patients
with sepsis which resulted in a decrease in absolute mor-
tality from 46% to 31% [2]. Since approximately one-third
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Persistent sepsis-induced 
hypotension without hyperlactatemia 
may not constitute a real septic 
shock. 
Our results support the need to 
review the current definition of 
septic shock. 
Hyperlactatemia could represent an 
objective parameter worth to be 
explored as a potential diagnostic 
criterion for septic shock
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ABSTRACT—We sought to determine (a) if early lactate clearance is associated with improved survival in emergency
department patients with severe sepsis and (b) the concordance between central venous oxygen saturation (ScvO2)
optimization and lactate clearance during early sepsis resuscitation. Within a multicenter shock research network that uses
quantitative resuscitation for severe sepsis, we analyzed prospectively collected registries of consecutive emergency
department patients diagnosed with severe sepsis at three urban hospitals. Inclusion criteria are as follows: (a) age older
than 17 years, (b) two or more systemic inflammation criteria, (c) systolic blood pressure 90 mmHg or less after fluid
challenge or initial lactate of 4mmol/L or greater, and (d ) initial and repeat lactate measurement within 6 h of resuscitation
initiation. We stratified patients into two groups defined a priori based on previously published data: (a) lactate
clearanceVrepeat lactate decrease by 10% or greater from initial (or both initial and repeat levels e2.0 mmol/L), and (b)
lactate non-clearanceVrepeat lactate decrease by less than 10% from initial. The primary outcome was in-hospital
mortality. Among 166 patients, lactate non-clearance occurred in 15 (9%) of 166. Mortality was 60% for lactate non-
clearance versus 19% for lactate clearance, P G 0.001. On multivariate analysis, lactate non-clearance was an
independent predictor of death (odds ratio, 4.9 [confidence interval, 1.5Y15.9]). We found discordance between ScvO2
optimization and lactate clearance; 79% of lactate non-clearance had concomitant ScvO2 of 70% or greater. In this
multicenter cohort of sepsis patients, failing to clear lactate during resuscitation carried a high risk of death, and ScvO2
optimization did not reliably exclude lactate non-clearance. These data provide rationale for a clinical trial of lactate
clearance as a distinct end point of early sepsis resuscitation.

KEYWORDS—Shock, severe sepsis, resuscitation, lactic acid, emergency medicine

INTRODUCTION

Severe sepsis is the most common cause of death in
critically ill patients (1). The effectiveness of early resuscita-
tion is an important determinant of sepsis survival (2).
Specifically, early quantitative resuscitation, the use of a
structured set of cardiovascular interventions targeting pre-
defined hemodynamic end points, can have a profound effect
on hospital mortality (3). Currently, international consensus
treatment guidelines recommend a quantitative resuscitation
strategy that includes targeting central venous oxygen satu-
ration (ScvO2) of 70% or greater in the first 6 h of severe
sepsis therapy (4). However, the optimal end points of sepsis
resuscitation remain controversial (5, 6).
Serum lactate elevation is an important marker of impaired

tissue perfusion in patients with sepsis and is often elevated even

in the absence of arterial hypotension (7). Numerous studies
show that a single early lactate measurement has important
prognostic significance and predicts mortality in populations of
patients with infection (8, 9). A small number of studies have
previously reported that serial measurements of lactate have
potential prognostic value during conventional sepsis manage-
ment (10Y12); however, it is not known if lactate clearance is
associated with survival in the context of medical centers that
have adopted and routinely perform aggressive quantitative
resuscitation for severe sepsis. In addition, it is not known if
lactate clearance is important independent of other recommen-
ded quantitative resuscitation end points, specifically ScvO2.

The objectives of this study were to determine (a) if early
lactate clearance is associated with improved survival in
emergency department (ED) patients with severe sepsis and
(b) the concordance between ScvO2 optimization and lactate
clearance during early sepsis resuscitation.

METHODS

Setting and study design
We analyzed prospectively collected registries of consecutive ED patients

diagnosed with severe sepsis at three urban hospitals. The three hospitals are
part of a multicenter research collaborative (Emergency Medicine Shock
Research Network) (13), where each institution uses ED-based protocolY
directed quantitative resuscitation for patients with severe sepsis (14Y16).
The registries were compiled between 2004 and 2007 and were approved
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resuscitation for severe sepsis. In addition, it is not known if
lactate clearance is important independent of other recommen-
ded quantitative resuscitation end points, specifically ScvO2.

The objectives of this study were to determine (a) if early
lactate clearance is associated with improved survival in
emergency department (ED) patients with severe sepsis and
(b) the concordance between ScvO2 optimization and lactate
clearance during early sepsis resuscitation.

METHODS

Setting and study design
We analyzed prospectively collected registries of consecutive ED patients

diagnosed with severe sepsis at three urban hospitals. The three hospitals are
part of a multicenter research collaborative (Emergency Medicine Shock
Research Network) (13), where each institution uses ED-based protocolY
directed quantitative resuscitation for patients with severe sepsis (14Y16).
The registries were compiled between 2004 and 2007 and were approved
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10:1 necessary for multivariate modeling (21, 22); and (c) the multivariate
model would need to, at a minimum, include the following covariates that
have previously been shown to differentiate sepsis survivors from non-
survivors: arterial hypotension (23), failure to achieve ScvO2 70% or greater
(2), and lactate non-clearance (12). To accrue the necessary 30 cases of
mortality to test these three covariates in a multivariate model, we estimated
that a minimum of 120 total cases would be necessary.

RESULTS

Characteristics of study cohort

There were 166 subjects who met inclusion criteria. The
overall mortality rate was 23% (38/166). Table 1 shows
characteristics of the entire cohort. Of the 166 subjects, 110
came from center 1, 22 came from center 2, and 34 came from
center 3. Using multivariate analysis, there was no apparent
center effect on in-hospital mortality.

The quantitative resuscitation algorithm targeting ScvO2
70% or greater was successfully initiated in the ED in 148
(89%) of 166 study subjects. Study patients received an
average of 4.4 L (95% CI, 4.1Y4.7 L) of i.v. crystalloid fluid
during their ED resuscitation. Lactate non-clearance occurred
in 15 (9%) of 166, and the remainder (151/166, 91%) cleared
lactate.

Lactate clearance versus lactate non-clearance

Table 2 displays data for comparison between lactate
clearance and lactate non-clearance groups. Mortality was
60% in the lactate non-clearance group versus 19% in the
lactate clearance group (proportion difference, 41% [95% CI,
19%Y63%; P G 0.001]). Vasopressor use was not significantly
dissimilar between the groups (lactate non-clearance: 11/15 or
73%, and lactate clearance: 87/151 or 58%; P = 0.39). Figure 2
displays the Kaplan-Meier curves for survival fractions over
time. The curves diverge significantly by log-rank test (P =
0.003). There was no significant difference in achievement of

TABLE 1. Characteristics of the study cohort (n = 166)

Age, mean (SD), y 66 (15)

Sex, % female, n (%) 83 (50)

Suspected source of infection in ED, n (%)
Urinary tract 46 (28)

Pneumonia 22 (13)

Skin/soft tissue 23 (14)

Intra-abdominal 14 (8)

Line/device 10 (6)

Other 7 (4)
Unknown primary source 44 (27)

Signs of systemic inflammation, n (%)

Body temperature 938-C or G36-C 131 (79)

Heart rate 990 beats/min 140 (84)

Respiratory rate 920 breaths/min 137 (83)

White blood cell count, 912,000 or G4,000/2L 121 (73)

SBP G90 mmHg despite i.v. fluids, n (%) 91 (55)

Initial serum lactate 94 mmol/L, n (%) 90 (54)

Vasopressor use in ED, n (%) 39 (23)

Individual organ failures, n (%)

Cardiovascular 63 (44)

Pulmonary 28 (17)

Renal 54 (33)

Hepatic 14 (8)

Coagulopathy 23 (14)

Acidosis 140 (84)
Total SOFA score, mean (SD) 3.6 (2.6)

Mortality, n (%) 38 (23)

SOFA, Sequential Organ Failure Assessment; ED, Emergency
Department.

TABLE 2. Lactate clearance versus lactate non-clearance

Lactate
clearance
(n = 151)

Lactate
non-clearance

(n = 15) P

Age, mean (SD), y 67 (15) 62 (16) 0.22

SBP G90 mmHg despite i.v.
fluids, n (%)

50 (33) 13 (87) 0.02

Initial serum lactate, mean (SD) 4.5 (2.7) 3.9 (1.7) 0.08

Serial serum lactate, mean (SD) 2.3 (1.8) 5.1 (2.9) G0.001

Vasopressor usage, n (%) 87 (58) 11 (73) 0.39

Individual organ failure, n (%)

Cardiovascular 50 (33) 13 (87) G0.001

Pulmonary 25 (17) 3 (20) 0.94

Renal 48 (32) 6 (40) 0.73

Hepatic 12 (8) 2 (13) 0.86

Coagulopathy 18 (12) 5 (33) 0.06

Total SOFA score, mean (SD) 3.6 (2.6) 4.1 (2.3) 0.47

Continuous ScvO2 monitoring,
n (%)

134 (81) 14 (93) 0.42

ScvO2 Q70% achieved 114 (85) 11 (79) 0.84

Mortality, n (%) 29 (19) 9 (60) G0.001

Characteristics of study subjects with lactate clearance (910%) and non-
clearance (G10%) over the first 6 h (n = 166).
SOFA, Sequential Organ Failure Assessment; ED, Emergency
Department.

FIG. 2. Kaplan-Meier survival curves. This graph depicts survival curves
over time for lactate clearance (lactate decrease by Q10%) and lactate non-
clearance (lactate decrease G10%) groups. The curves diverge significantly
by log-rank test (P = 0.003).

TABLE 3. Lactate clearance and ScvO2 goals

Lactate non-clearance Lactate clearance Total

ScvO2 G70% 3 20 23

ScvO2 Q70% 11 114 125

14 134 148

Among 148 subjects in whom ScvO2 was targeted as an end point of
resuscitation, this table depicts the lack of concordance between lactate
clearance and ScvO2. There was no evidence of a relationship between
lactate clearance and ScvO2 (Fisher exact test, P = 0.457).
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the ScvO2 goal between the two groups (85% lactate clearance
vs. 79% lactate non-clearance; proportional difference, 6%
[95% CI, j14% to 26%]; P = 0.84). Table 3 is a 2 ! 2 table
comparing the concordance of ScvO2 measurement with
lactate clearance. There was no evidence of a relationship
between lactate clearance and ScvO2 (Fisher exact test, P =
0.457). We found discordance between the two measure-
ments. Specifically, 79% of lactate non-clearance had con-
comitant ScvO2 70% or greater.

Survivors versus nonsurvivors

Table 4 compares survivors with nonsurvivors. On bivariate
analysis, there were four factors that were significantly
different (P G 0.05) between survivors and nonsurvivors: (a)
initial cardiovascular organ failure (initial SBP G90 mmHg),
(b) persistent hypotension (SBP G90 mmHg) despite intra-
venous fluids, (c) maximum ScvO2 less than 70%, and (d )
lactate non-clearance. Table 5 shows the results for the multi-
variate logistic regression model. Because ScvO2 had a signif-
icant association with mortality in the bivariate analysis, we
limited the regression model to include only subjects in whom
ScvO2 was measured continuously (n = 148). We omitted one of
the two hypotension-related covariates (initial SBP G90 mmHg)
from inclusion in the model on the grounds that it could be
collinear with the persistent hypotension covariate. Lactate non-
clearance was found to be a strong independent predictor of in-
hospital mortality (odds ratio, 4.9; 95% CI, 1.5Y15.9).

DISCUSSION

In this multicenter sample of ED patients with severe
sepsis, we found that early lactate clearance was a strong
independent predictor of in-hospital death. In addition,
optimization of ScvO2 during resuscitation was not sufficient
to exclude lactate non-clearance. This is the first study to
evaluate the impact of lactate clearance on survival in the
presence of a protocol-directed quantitative resuscitation

algorithm for the treatment of patients with severe sepsis,
and to date, this is the largest study evaluating lactate
clearance in patients with sepsis (10Y12).

The cause of an elevated serum lactate in patients with
sepsis can be multifactorial. Although lactate elevation may
result from acute tissue hypoperfusion and anaerobic metab-
olism (24), other possible causes may include (a) sepsis-
induced impairment of pyruvate-dehydrogenase enzyme
activity (25), (b) increased lactate production via catechol-
amine-driven pathways (26Y28), and (c) decreased lactate
clearance due to hepatic dysfunction (29, 30). However,
regardless of etiology of an elevated serum lactate, lactate
elevation in sepsis has been consistently linked to increased
mortality (7Y12). Although initial reports of lactate clearance
in sepsis were published more than 15 years ago (10),
evaluating lactate trends during resuscitation is not yet part
of the current consensus recommendations for sepsis manage-
ment (4) and is not routinely performed in practice. While
optimizing ScvO2 could in theory be a single comprehensive
monitor of the systemic balance between global oxygen
delivery and consumption in sepsis patients with circulatory
shock (2, 4), our data show that assessment of lactate
clearance is important as a predictor of mortality independent
of achievement of ScvO2 goals and that tracking ScvO2 does
not reliably reflect the effectiveness of lactate clearance
during resuscitation. Therefore, these data suggest that serial
lactate measurement may provide unique and important
information on resuscitation effectiveness.

We acknowledge important limitations in interpreting these
results. First, this is a nonexperimental observational study
and as such can detect only the association between lactate
clearance and mortality but cannot establish cause and effect.
Second, because performing serial lactate measurement in
patients with sepsis is not a mandatory practice in our centers
and measurements are performed at the discretion of the
clinician, this could potentially represent a source of selection
bias. Third, there was a relatively low incidence (9%) of
lactate non-clearance in this cohort. This may be attributable
to highly aggressive resuscitation practices in the EDs of the
participating centers (14Y16). In the only other ED-based
study of lactate clearance in severe sepsis, Nguyen et al. (12)
reported a lactate non-clearance rate of 29% using the same
cutoffs for clearance and non-clearance used in this study. One
potential explanation for this disparity is the aggressiveness of
crystalloid resuscitation administered in the first 6 h, 4.4 L

TABLE 4. Survivors versus nonsurvivors (n = 166)

Survivors
(n = 128)

Nonsurvivors
(n = 38) P

Age, mean (SD), y 66 (15) 66 (16) 1.00

SBP G90 mmHg despite i.v.
fluids, n (%)

42 (33) 21 (55) 0.02

Initial serum lactate, mean (SD) 4.3 (2.6) 4.7 (2.8) 0.41

Serial serum lactate, mean (SD) 2.2 (1.6) 3.6 (2.8) G0.001

Individual organ failure, n (%)

Cardiovascular 42 (33) 21 (55) 0.02

Pulmonary 20 (16) 8 (21) 0.64

Renal 43 (34) 11 (29) 0.70

Hepatic 9 (7) 5 (13) 0.40

Coagulopathy 15 (12) 8 (21) 0.26

Total SOFA score, mean (SD) 3.6 (2.6) 3.7 (2.7) 0.84

Continuous ScvO2 monitoring,
n (%)

112 (87) 36 (95) 0.28

ScvO2 Q70% achieved, n (%) 99 (88) 26 (72) 0.03

Lactate clearance Q10%, n (%) 122 (95) 29 (76) 0.001

TABLE 5. Multivariate logistic regression analysis

Variable Coefficient
Odds
ratio

95% CIs for odds
ratio

Lactate non-clearance 1.59 4.9 1.5Y15.9

Maximum ScvO2 G70% 1.05 2.7 1.1Y7.6

Hypotension despite fluid
challenge

0.10 1.1 0.5Y2.5

Factors associated with increased mortality on bivariate analysis were
evaluated with in-hospital mortality as the dependent variable (n = 148)
Logistic regression model was limited to subjects for which ScvO2 was
measured continuously (148/166).
lactate non-clearance = less than 10% decrease in repeat lactate value;
hypotension = SBP G90 mmHg after a 20-mL/kg i.v. fluid bolus.
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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 admittedwith 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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No lactate levels
standard therapy

every 2h lactate level
goal: �20%
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Conclusion

‣Therapy aimed to optimize the balance 
between oxygen demand and oxygen 
supply (ScvO2) and decrease lactate levels 
by 20% /2h for 8h in patients with 
increased lactate levels reduced in-
hospital mortality (when corrected for predefined risk 

factors) and it decreased organ failure and 
use of health care resources.
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