
Heldeweg et al. Critical Care          (2024) 28:249  
https://doi.org/10.1186/s13054-024-05039-2

CORRESPONDENCE Open Access

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Critical Care

Guiding resuscitation in shock: base excess 
or lactate?
Micah Liam Arthur Heldeweg1,2*, Thomas Langer3,4 and František Duška2 

Keywords Base excess, Base deficit, Lactate, Metabolic acidosis, Resuscitation, Fluid management

Base excess (BE) is a widely used parameter derived from 
blood gas analysis. A recent international study showed 
that 40% of surveyed anesthesia and critical care clini-
cians use BE to guide (intraoperative) fluid manage-
ment, and that 25% of respondents prefer BE over lactate 
[1]. This is surprising as lactate production is directly 
increased by hypovolemia-associated tissue hypoxia, 
whilst BE is a simple calculation of the metabolic compo-
nent of acid-base derangement.

In the 1960s, measuring lactate was laborious and time-
consuming: a typical colorimetric measurement of lactate 
took up to eight hours, clearly limiting its clinical point-
of-care use [2]. At the same time, Astrup and Siggaard-
Andersen introduced BE, a marker to quantify metabolic 
acid-base derangements independent of concomitant 
carbon dioxide variations, i.e. respiratory acid-base dis-
orders. Modern BE is a simple mathematical expression 
that corrects changes in bicarbonate for carbon dioxide 
variation by using the slope of an experimentally deter-
mined carbon dioxide titration curve [3].

In contrast to lactate, BE was able to provide an instant 
and inexpensive quantification of a metabolic acidosis, 
occurring, for example, during circulatory shock. Unsur-
prisingly, in this context, many researchers considered BE 
a surrogate indicator of oxygen debt and hypovolemia. 
BE was ideal in the predominantly healthy traumatology 
population: a single surrogate marker for hemorrhagic 
shock severity that could be used as a therapeutic trig-
ger for transfusion management. Investigations dem-
onstrated that BE was more accurate at quantifying the 
magnitude of blood loss during hemorrhagic shock than 
clinicians’ visual estimates of blood loss, volume replace-
ment counts, blood pressure, or heart rate [4].

Development of refined electrode-based lactate meas-
urement methods enabled direct and rapid assessment, 
starting the era of routine lactate measurement in the 
1980s [2]. Nonetheless, some authors deemed lactate as 
clinically less useful than BE because of potential con-
founding factors: inflammation, sympathetic stimu-
lation, drugs such as metformin, hepatic failure, and 
exogenous lactate may all lead to a hyperlactatemia in 
the absence of oxygen debt [4]. Moreover, lactate nor-
malization depends on its clearance and may be delayed 
despite effective resuscitative measures. Indeed, hyper-
lactatemia may reflect other pathophysiological mecha-
nisms unrelated to hemorrhagic shock [5]. However, any 
increase in endogenous lactate, by definition, leads to a 
decrease in BE. Moreover, BE is a composite marker and 
may be influenced by more factors than only hyperlac-
tatemia: changes in strong electrolytes, such as sodium 
and chloride, weak acids, such as albumin or phosphate, 
and other unmeasured acids, such as ketones and toxins. 
Notably, resuscitation with a 0.9% saline solution leads to 
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a hyperchloraemic metabolic acidosis with a decreased 
BE [3].

Nonetheless, research in traumatology continued to 
employ BE. A landmark Critical Care cohort study her-
alded ‘the renaissance of BE’: investigators found that BE 
may be superior to traditional vital parameters (heart 
rate, systolic blood pressure, and Glasgow coma scale) 
for identification of transfusion requirements in trauma-
tology patients [3]. BE was subsequently included in the 
guidelines and the ATLS classification of hypovolemic 
shock, an internationally-used teaching and management 
instrument for resuscitation. This established a paradigm 
in traumatology and resuscitation management that per-
meated into emergency medicine, anesthesia, and critical 
care [1]. Unfortunately, the original study did not per-
form a direct comparison of the performance of lactate 
versus BE to predict transfusion requirements [3].

Meanwhile, routine point-of-care testing spread across 
emergency and critical care settings worldwide, and 
mounting evidence supported the value of serial lactate 
measurements in the evaluation of critically ill patients 
and their response to (fluid) therapy. Clinicians widely 
embraced lactate as the best-available single high-sensi-
tivity indicator of shock severity and a central therapeutic 
trigger in resuscitation protocols. In critical care, apprais-
ing lactate jointly with central mixed venous oxygen satu-
ration may (partially) offset its limited specificity [5].

Currently lactate, an underlying metabolic substrate of 
tissue hypoxia, can be directly, reliably, and serially meas-
ured [2]. Considering BE its surrogate is, in our opinion, 
anachronistic. However, as these parameters provide 
different information, their joint evaluation remains 
informative. Indeed, if BE cannot be fully explained by 
hyperlactatemia, there may be a concurrent acid-base 
derangement, which should be identified and addressed. 
The presence of an ‘alactic’ BE may therefore be etiologi-
cally and prognostically valuable in traumatology, and 
perhaps, critically ill patients [1, 4]. There is a burning 
need for studies directly comparing the utility of meta-
bolic parameters such as BE, lactate and alactic BE as 
tailored resuscitation trigger and prognostic markers in 
acute hypovolemia.

In conclusion, the current literature does not advo-
cate for a single, optimal metabolic resuscitation trigger. 
Clinicians should integrate multiple metabolic variables 
with clinical parameters to decide the resuscitation strat-
egy and evaluate its effect. Until direct comparisons are 
available, there is good rationale to suggest that, mecha-
nistically, lactate is a more appropriate resuscitation trig-
ger, whilst BE remains useful in identifying acid-base 
derangements superimposed on lactic acidosis.
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