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Abstract

Lactic acid was first discovered in human blood in
1843. Since then it has been used as a prognosticator
of outcome in critical illness. Regardless of its etiology,
lactate’s presence and trend over time have been
shown to be independently associated with mortality.
Two dynamic lactate measures, the time-weighted
average lactate and the absolute change in lactate over
the first 24 hours in the ICU, were recently shown to be
better than static lactate measurements in predicting
hospital and ICU deaths.

Since the beginning of the 21st century, with evidence
that effective treatment of septic shock requires early
recognition supplemented by the use of lactate levels,
there has been increasing interest in lactate as a
diagnostic, prognostic and therapeutic guide. Lactate in
its own right thus deserves a brief historical review with
respect to the recent article by Nichol and colleagues [1].

Lactic acid was first discovered in sour milk in 1780 by
the Swedish chemist Karl Wilhelm Scheele [2]. In January
1843, German physician—chemist Johann Joseph Scherer
found lactic acid in the blood of a woman who died from
postpartum septic shock [3]. This report was the
beginning of numerous investigations into the utility of
lactate as a marker of critical illness. Debate also arose
regarding whether lactate is a measure of oxygen debt or
some combination of increased production and decreased
clearance. In 1964, Broder and Weil measured lactate in
patients with circulatory shock. At that time, these
authors stated that they ‘neither support nor refute the
concept that excess lactate is a valuable index of oxygen
debt’ [4]. However, they advocated for the prognostic
value of lactate in patients with shock. Their data
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supported three groups of patients with lactate elevation:
lactate <1 mmol/l is a safe level; lactate of 2 to 4 mmol/l
signifies a twilight zone; and lactate >4 mmol/I reflects
probable irreversible global tissue hypoxia with mortality
approaching 100%. Despite varying opinions over the last
several decades regarding the etiology of lactate elevation
in critically ill patients, the fact to date remains that it
portends poor prognosis.

In 1983, Vincent and colleagues introduced the concept
of serial lactate measurements as frequently as every
20 minutes during circulatory shock [5]. They observed
that survivors had at least a 10% decrease in lactate
during the first 60 minutes of treatment. Several investi-
gators in the 1990s continued to study the time variable
in lactate kinetics [6-8]. In patients with septic shock, the
lactime — the time during which lactate levels remain
>2 mmol/l — was the best predictor of outcome in a
multiple regression analysis [7]. Similarly, in trauma
patients, lactate normalization within 24 hours was
associated with 100% survival [6].

At the turn of the century, with the results of early goal-
directed therapy, further data showed that a decrease in
lactate of at least 10% during the first 6 hours of septic
shock was associated with improved outcome, and a 11%
decrease in mortality was observed with each 10%
increase in lactate clearance [9]. Other studies have
confirmed these findings and further advocated for
lactate-guided treatment protocols [10-14].

In the recent article by Nichol and colleagues, both
static and dynamic measurements of lactate elevation in
critically ill patients were examined [1]. The authors
studied 36,673 lactate measurements in 5,041 hetero-
geneous critically ill patients, each with at least two
lactate measurements over the first 24 hours in four
Australian university hospitals. Static lactate measures
included admission lactate, maximum lactate, and
minimum lactate; whereas dynamic lactate measures
were time-weighted average lactate (LAC_,,,), absolute
change in lactate (LAC,,), and percentage change in
lactate over the first 24 hours in the ICU. In multivariate
analyses, they found that LAC. ., and LAC , were most
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increase in LAC_,, or LAC, ,, the risk of hospital death
increased by 37% or 15%, respectively. When examining
prediction models that included other established risk
factors such as age, gender, mechanical ventilation, and
Acute Physiology and Chronic Health Evaluation II score,
the addition of LAC_,, and LAC,, significantly increased
the area under the receiver operating characteristics
curve to 0.84 and 0.90 for predicting hospital death and
ICU death, respectively. Future comparisons of the
receiver operating characteristics curves of these
dynamic lactate measures against known prediction
models such as the Acute Physiology and Chronic Health
Evaluation, the Simplified Acute Physiology Score, or the
Mortality Prediction Model would also be informative.

The authors acknowledged that the study was limited
by its retrospective design, lack of information on
confounding patient conditions or treatments that may
have affected lactate levels, and assumption that lactate
kinetics was linear in nature. Additionally, the maximum
(range) lactate level of 3.4 (2.0 to 6.2) mmol/l in non-
survivors suggested that their study population may not
represent patients with a full range of abnormal lactate
levels.

Nichol and colleagues’ study, however, objectively
confirmed what we often do at the bedside when faced
with laboratory markers that have some prognostic
importance. When a marker decreases after some
treatment, we are relieved that we have done some good
for the patient. When a marker increases significantly, we
become concerned and are attentive to the patient’s
progress. We are more concerned if the marker worsens
over an unexpected period of time. In their study, Nichol
and colleagues provided a novel approach of examining
the dynamic lactate changes that incorporate both the
magnitude of change and the time interval of such
change. Their use of the time-weighted average lactate
was most intriguing and makes physiologic sense, which
they modeled after the work of Finney and colleagues in
glucose control [15]. LAC_,, is determined first by
multiplying the mean lactate between two consecutive
time points by its time period; that is, a time-weighted
lactate measurement. This computation is then repeated
for each pair of consecutive lactate measurements within
a 24-hour interval. The sum of all time-weighted lactate
measurements is then divided by the total time period of
lactate measurements to determine the time-weighted
average lactate over the 24-hour period. Importantly, this
approach also will provide a framework for investigators
to further study trends in lactate when the clinical setting
does not provide repeated lactate measurements at
absolute time points. Such computation can be easily
programmed in a handheld device for use at the bedside.

In summary, lactate as a marker of disease severity has
survived the test of time since its first discovery in 1843
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after a patient had died. Nichol and colleagues have taken
it beyond a static measurement; hopefully we will con-
tinue to use and study lactate, and respect the marker’s
presence over time in order to prevent unnecessary
patient deaths.

Abbreviations
LAC,,,, absolute change in lactate over the first 24 hours; LAC
weighted average lactate over the first 24 hours.
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