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Abstract 

Purpose:  Changes of lactate concentration over time were reported to be associated with survival in septic patients. 
We aimed to evaluate delta-lactate (ΔLac) 24 h after admission (Δ24Lac) to an intensive care unit (ICU) in critically ill 
patients for short- and long-term prognostic relevance.

Methods:  In total, 26,285 lactate measurements of 2191 patients admitted to a German ICU were analyzed. Inclu-
sion criterion was a lactate concentration at admission above 2.0 mmol/L. Maximum lactate concentrations of day 1 
and day 2 were used to calculate Δ24Lac. Follow-up of patients was performed retrospectively. Association of Δ24Lac 
and both in-hospital and long-term mortality were investigated. An optimal cut-off was calculated by means of the 
Youden index.

Results:  Patients with lower Δ24Lac were of similar age, but clinically sicker. As continuous variable, higher Δ24Lac 
was associated with decreased in-hospital mortality (per 1% Δ24Lac; HR 0.987 95%CI 0.985–0.990; p < 0.001) and an 
optimal Δ24Lac cut-off was calculated at 19%. Δ24Lac ≤ 19% was associated with both increased in-hospital (15% 
vs 43%; OR 4.11; 95%CI 3.23–5.21; p < 0.001) and long-term mortality (HR 1.54 95%CI 1.28–1.87; p < 0.001), even after 
correction for APACHE II, need for catecholamines and intubation. We matched 256 patients with Δ24Lac ≤ 19% to 
case–controls > 19% corrected for APACHE II scores, baseline lactate level and sex: Δ24Lac ≤ 19% remained associated 
with lower in-hospital and long-term survival.

Conclusions:  Lower Δ24Lac was robustly associated with adverse outcome in critically ill patients, even after cor-
rection for confounders. Δ24Lac might constitute an independent, easily available and important parameter for risk 
stratification in the critically ill.
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Introduction
Increased blood lactate levels have been described 
as marker of impaired organ perfusion in critically ill 
patients [1, 2]. To understand the pathophysiology of 
hyperlactatemia, it is first important to consider the 
physiology of lactate metabolism. Briefly, at the cellu-
lar level, under stable conditions glucose is converted to 
pyruvate by glycolysis delivering adenosine triphosphate 
(ATP). Under stress conditions, increased glycolysis leads 
to an increased pyruvate production causing conversion 
of pyruvate to lactate [3]. Most commonly, hyperlac-
tatemia in the context of circulatory failure, is consid-
ered a result of anaerobic glycolysis, and the relationship 
between tissue hypoxia and lactate generation has been 
confirmed in animal and clinical studies [3–6]. However, 
hyperlactatemia does not solely reflect anaerobic glycoly-
sis. Generally, hyperlactatemia occurs when lactate pro-
duction exceeds lactate consumption [7], which makes 
clinical interpretation a challenging task [8]. Several con-
ditions have been described to influence blood lactate 
levels. For instance, in septic patients, further metabolic 
alterations such as increased catecholamine-stimulated 
Na+/K+-ATPase activity or aerobic glycolysis, contrib-
ute to increased lactate production [9–11]. Further, drugs 
impairing oxidative phosphorylation, such as propofol, 
metformin or antiretroviral agents, can augment lactic 
acid production [7]. On the other hand, decreased lactate 
elimination can lead to hyperlactatemia. Thus, as the liver 
accounts for up to 70% of lactate clearance, fulminant 
liver dysfunction is another possible mechanism [7, 12]. 
Furthermore, the half-life of blood lactate in its proper 
sense differs from the actual half-life in different patho-
logical conditions. Whereas Huckabee and colleagues 
have shown in an experimental design a half-life of blood 
lactate of approximately 20  min [13], real-world studies 
in patients with grand-mal seizures revealed considerably 
longer time frames until blood lactate levels halved [14, 
15].

Independently on the origin of hyperlactatemia, 
numerous clinical studies established blood lactate lev-
els as reliable outcome predictor in different subgroups 
of critically ill patients, such as patients with cardiogenic 
shock, sepsis or trauma [16–20]. Different cut-offs of 
serum lactate concentration have been reported to pre-
dict adverse outcomes. Thus, a threshold of 4  mmol/L 
has been reported to be associated with adverse outcome 
in a multicentric analysis of the Surviving Sepsis Cam-
paign database including 28,150 patients, recommending 
normalization of lactate to guide initial resuscitation in 
septic patients [21, 22].

Recently, kinetics of lactate levels as a prognostic pre-
dictor have shifted into focus of clinical studies [23, 24]. 
In the present study, we aimed to investigate prognostic 

impact of lactate concentration changes in a large, real-
world cohort of unselected critically ill patients admitted 
to an intensive care unit (ICU).

Methods
Study subjects
We included in the present study 2191 patients admit-
ted to the medical ICU of the Jena University Hospital 
between January 2004 and December 2009 with an arte-
rial lactate concentration above 2.0 mmol/L on admission 
to the ICU. The primary endpoint of the study was all-
cause ICU mortality. Secondary endpoint was long-term 
mortality. Patients were collected prospectively, and their 
medical history, clinical data and standard laboratory 
parameters were documented. Follow-up of patients was 
performed retrospectively. Mortality data were collected 
by review of medical records in the in-hospital patient 
data management system (COPRA System GmbH, Ber-
lin, Germany) and/or patient contact.

The study has been approved by the local ethics com-
mittee of the Jena University Hospital. A sub-group of 
this cohort was analyzed in other contexts before [25, 26].

Lactate measurements
There was no prespecified time-based protocol regard-
ing lactate measurements. Lactate concentrations were 
obtained at a regular basis (at least two times during 
each 8-h shift, adding up to at least six times per day) 
and additionally in each patient, at the discretion of treat-
ing physicians and nurses in case of clinical alterations 
such as increases in catecholamine doses, decreasing 
blood pressure or other signs of patients’ impairment. 
This reflects a real-world scenario with regards to timing 
and frequency of lactate concentration determination. In 
order to further characterize lactate changes over time 
delta-lactate (ΔLac) was calculated. Since the main focus 
of this study is on lactate concentration changes over the 
first 24 h of admission, Δ24Lac was calculated. To obtain 
Δ24Lac we set the maximum lactate concentration of the 
day of admission in relation to the maximum lactate con-
centration on day 2. This allows to evaluate a clinically 
meaningful and practical parameter since the mathemati-
cal use of all measured lactate parameters and derived 
cut-offs seems not practical in the clinical setting.

Calculation of SAPS II and APACHE II scores
Initial Simplified Acute Physiology Score II (SAPS II) 
and Acute Physiology And Chronic Health Evaluation 
II (APACHE II) scores were calculated within 24 h after 
admission as reported before [27, 28].
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Statistical analysis
The association between ICU mortality and the Δ24Lac 
was analyzed by both univariable and multivariable 
logistic regression and odds ratios (OR) were calcu-
lated. First, Δ24Lac was analyzed as a continuous vari-
able in univariable logistic regression (change per %). 
Then, for detection of the optimal cut-off value of the 
Δ24Lac for prediction of intra-ICU mortality we per-
formed ROC-analysis, calculated the area under the 
curve (AUC) and an optimal cut-off by means of the 
Youden-Index. Patients with Δ24Lac values below and 
above the determined optimal cut-off of Δ24Lac (19%) 
were compared: Patients were retrospectively subdi-
vided into two groups, representing subjects with low 
(≤ 19%) versus high ΔLac (> 19%) in the first 24 h after 
admission. Differences between groups were assessed 
using ANOVA. Metric data was summarized as 
mean ± standard error of the mean (SEM). Categorical 
data are expressed as numbers (percentage). Chi-square 
test was applied to assess differences between groups. 
Univariable and multivariable Cox regression analyses 
were used to analyze associations of Δ24Lac with long-
term mortality, to adjust for confounding factors and 
calculate hazard ratios (HR). For the multivariable Cox 
regression analysis, a backward elimination has been 
performed. A p value of < 0.05 was considered statisti-
cally significant. For case-control matching we matched 
patients by APACHE II, baseline lactate level and sex. 
To compare in-hospital mortality between these paired 
groups we used McNemar’s test.

SPSS version 22.0 (IBM, Chicago, IL, USA) and Med-
Calc version 17.4.4 (MedCalc Software, Ostend, Belgium) 
were used for statistical analyses.

Results
Our database consists of 6449 patients admitted to an 
ICU in whom lactate concentration on admission day 
were reported. Of these, 3740 patients evidenced an ini-
tial lactate concentration below 2.0  mmol/L and were 
excluded from further calculations. Intra-ICU mortality 
in this excluded cohort was 6%. Baseline characteristics 
of these patients are shown in Supplemental Table 1. Of 
2709 patients evidencing a lactate concentration above 
2.0  mmol/L on admission day, in 2191 patients, at least 
one lactate concentration was reported per day, allowing 
the calculation of Δ24Lac. These patients were included 
in the present analysis. In total in these patients, 26,285 
lactate measurements, in median 17 per patient, were 
screened. Follow-up data allowing analysis of long-term 
outcome were available for 1484 patients. Baseline char-
acteristics of the patient cohort are presented in the 
Table 1.

As continuous variable, higher was associated with 
decreased ICU mortality (per 1% Δ24Lac; OR 0.987 
95%CI 0.985–0.990; p < 0.001). ROC-analysis was per-
formed for prediction of ICU mortality by Δ24Lac (AUC 
0.70; 95%CI 0.68–0.73) and an optimal Δ24Lac cut-off 
was calculated to be 19% (18.56; 95%CI 15.25–32.56) by 
means of the Youden-Index. Patients in the Δ24Lac ≤ 19% 
group were of similar age (p = 0.36), but with higher 
severity of disease than patients in the Δ24Lac > 19% 
group as reflected by both higher SAPS II (p < 0.001) and 
APACHE II (p < 0.001) scores. In patients with lower 
Δ24Lac, laboratory signs of multi-organ failure such as 
liver parameters (ASAT: p = 0.01; ALAT: p = 0.02) were 
more pronounced. There were no differences in baseline 
lactate, hemoglobin and procalcitonin levels, but patients 
with low Δ24Lac needed catecholamines more often 
(Table 1).

We analyzed short-term and long-term survival 
depending on the Δ24Lac. Δ24Lac ≤ 19% was associ-
ated with increased ICU mortality (15% vs 43%; OR 
4.11; 95%CI 3.23–5.21; p < 0.001), even after correction 
for SAPS II (OR 2.17; 95%CI 1.60–2.94; p < 0.001) and 
APACHE II (OR 2.27; 95%CI 1.68–3.06; p < 0.001) scores, 
as well as need for catecholamines and intubation (OR 
2.30; 95%CI 1.69–3.12; p < 0.001).

Δ24Lac ≤ 19% was further associated with increased 
long-term mortality (HR 2.22; 95%CI 1.90–2.61; p < 0.001; 
Fig. 1) regardless of admission diagnosis (Supplementary 
Table  1). This association remained after correction for 
APACHE II scores (HR 1.53; 95%CI 1.27–1.85; p < 0.001), 
SAPS II scores (HR 1.46; 95%CI 1.21–1.76; p < 0.001) and 
even APACHE II, need for catecholamines and intuba-
tion (HR 1.55 95%CI 1.28–1.87; p < 0.001) (Table 2).

We matched 256 patients with Δ24Lac ≤ 19% to case-
controls evidencing Δ24Lac > 19% corrected for APACHE 
II scores, baseline lactate level and sex. Δ24Lac ≤ 19% not 
only remained associated with lower in-hospital survival, 
with the difference being 13.28% (95%CI 6.20%–20.36%; 
p = 0.004).

Discussion
In our study cohort of critically ill medical patients, the 
decrease in maximum lactate levels during the first 24 h 
was associated with in-hospital as well as long-term mor-
tality. This association remained highly significant even 
after correction for severity of disease.

In clinical practice, serum lactate concentration is 
a well-established prognostic marker in critically ill 
patients [22, 29, 30]. In current literature, optimal cut-
offs of single static arterial lactate measurements in terms 
of prediction of outcome vary considerably. In this con-
text, volatility of blood lactate levels has attracted broad 
interest of clinicians and researchers in recent years. 
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A number of groups hypothesized that early changes 
of lactate concentration could be a useful tool for risk 
evaluation [29–31]. Thus, Nguyen and colleagues have 
shown in a study collective of 111 patients with severe 
sepsis or septic shock that a higher early lactate clear-
ance (LC), as the kinetics of lactate are defined in sev-
eral studies, obtained by comparison of blood lactate 
concentrations at and 6 h after admission to emergency 
department, was significantly associated with decreased 
mortality rate [29]. In a work published in 2007, Donnino 
and coworkers have shown in a collective of 79 patients 
with cardiac arrest the significance of LC as independ-
ent predictor of 24 h survival [30]. In these observational 
studies, the authors demonstrated that higher LC is asso-
ciated with higher survival rates [29, 30], whereas, vice 
versa, prolonged duration until restoration of normal 
blood lactate levels is associated with increased mortal-
ity [31]. However, the stated studies investigated speci-
fied patient cohorts and subject numbers were low. In 
2011, Nichol et al. [32] provided a multi-center analysis 
investigating dynamic lactate parameters with over 5000 

Table 1  Laboratory and clinical patient characteristics according to delta-lactate

Δ24Lac delta-lactate over the first 24 h, BMI body mass index, SAPS simplified acute physiology score, APACHE acute physiology and chronic health evaluation, ASAT 
aspartate aminotransferase, ALAT alanine aminotransferase, BUN blood urea nitrogen

Δ24Lac > 19% Δ24Lac ≤ 19% Overall cohort p value

Mean SEM Mean SEM Mean SEM

Age (years) 67.00 0.46 66.73 0.55 66.88 0.35 0.71

BMI (kg/m2) 27.09 0.21 26.85 0.22 26.98 0.15 0.44

SAPS II (pts) 46.56 0.81 55.32 1.07 50.45 0.67 < 0.001

APACHE II (pts) 23.51 0.38 27.13 0.47 25.12 0.30 < 0.001

Lactate (mmol/L)

 Lactate (mmol/L) day 1 5.10 0.12 5.25 0.18 5.16 0.11 0.46

 Lactate (mmol/L) day 2 2.47 0.06 6.43 0.21 4.15 0.11 < 0.001

 PCT (mmol/L) 19.64 2.34 22.24 3.06 20.86 1.89 0.49

 Glucose (mmol/L) 10.27 0.13 11.92 0.18 10.99 0.11 < 0.001

 Haemoglobine (mmol/L) 7.54 0.04 7.78 0.21 7.64 0.09 0.20

 ASAT (µmol/L*s) 7.07 0.74 11.21 1.40 8.90 0.75 0.01

 ALAT (µmol/L*s) 3.87 0.42 4.89 0.56 4.32 0.34 0.13

 Gamma GT (µmol/L*s) 2.01 0.10 2.26 0.13 2.12 0.08 0.11

 Leucocytes (g/L) 14.06 0.37 14.80 0.43 14.37 0.28 0.19

 BUN (mg/dL) 13.97 0.36 15.32 0.47 14.53 0.29 0.02

 Creatinine (mg/dL) 180.89 5.08 189.75 6.07 184.59 3.89 0.26

 Intubation 42% 56% 48% < 0.001

 Catecholamine use 19% 16% 18% 0.22

Admission diagnosis

 Pneumonia 18% 21% 20% 0.15

 Acute heart failure 20% 18% 19% 0.33

 Acute myocardial infarction 30% 27% 28% 0.23

 Sepsis 21% 33% 26% < 0.001

 Pulmonary embolism 3% 3% 3% 0.99

Fig. 1  Delta-lactate (Δ24Lac) at a cut-off of ≤ 19% is associated with 
higher long-term mortality (log-rank p < 0.001)
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patients. They could demonstrate that time-weighted 
average lactate and the change in lactate over the first 
24  h after admission independently predicted in-hospi-
tal mortality. Recently, Haas and colleagues conducted a 
retrospective analysis of a remarkable number of 14,040 
ICU patients [33]. However, contrary to our study, the 
aim of this study was specifically to evaluate the etiol-
ogy and association with in-hospital mortality of severe 
lactatemia and LC including patients with blood lactate 
concentrations > 10  mmol/L. It could be demonstrated 
that severe hyperlactatemia is associated with very high 
ICU mortality, especially when LC within 12 h was low 
[33]. By contrast, we provide here an extensive analysis of 
a large cohort of unselected ICU patients with mid- and 
high-range lactate elevations, starting with lactate con-
centrations > 2.0  mmol/L, thus, including very hetero-
geneous collective of patients, reflecting real-world ICU 
practice. In this regard, we think that the focus on maxi-
mum lactate concentrations is a strength of our analysis, 
as it might better reflect real-world lactate measurements 
compared to time-based protocols: In each patient, lac-
tate was measured at least six times a day per protocol 
(two times during an 8-h shift), and additionally at the 
treating physician’s discretion in case of patient’s health 
deterioration, such as increased catecholamine doses. In 
our opinion, in this way, the maximum lactate concen-
tration of each patient was measured relatively reliably, 
although there was no prespecified protocol for lactate 
determinations.

In addition to demonstrating an association of lower 
Δ24Lac with increased short-term mortality, we show 
here for the first time the impact not only on in-hospital, 
but also long-term mortality, analyzing follow-up data for 

up to 9 years. We aimed to provide a useful tool for daily 
clinical practice and calculated a Δ24Lac cut-off being 
19% and confirmed its reliability in predicting in-hospital 
and long-term mortality in multivariable and matched-
controlled analyses. This cut-off differs from the cut-off 
of 32.8% reported in the publication of Haas et  al. [33]; 
however, it must be taken into account that this higher 
cut-off has been calculated for lactate changes within 
12 h for patients with severe lactatemia.

Besides being a potentially potent risk parameter, lac-
tate clearance might as well constitute a valuable treat-
ment goal in ICU patients and might help guiding fluid 
resuscitation therapy [34]. Analogous to goal-directed 
therapy concept guided by central venous oxygen satu-
ration (ScvO2), some groups have investigated therapy 
regimes guided by changes of serum lactate concentra-
tions. For instance, Jones and colleagues reported in a 
randomized multi-center study no differences in out-
comes between septic patients receiving ScvO2-guided or 
therapy additionally guided by lactate clearance [35]. By 
contrast, Jansen et al. [36] could demonstrate a reduced 
in-hospital mortality in patients with a treatment guided 
by the combination of ScvO2 and lactate levels with the 
objective to decrease lactate concentration by 20% or 
more per 2 h in the initial 8 h. However, the production, 
metabolism and elimination of lactate is a highly com-
plex process, requiring a thorough consideration of pos-
sible underlying causes of hyperlactatemia to establish an 
appropriate therapy regime [8]. A very recent ongoing 
multicenter randomized controlled trial, ANDROMEDA-
SHOCK study, deals with this problem by comparing 
early goal directed therapy targeting peripheral perfusion 
versus lactate levels in septic shock patients [37]. In the 

Table 2  Δ24Lac at a cut-off of ≤ 19% is associated with mortality after correction for APACHE II and need for catechola-
mines and intubation in a multivariable analysis

HR hazard ratio, CI confidence interval, Δ24Lac delta-lactate over the first 24 h, APACHE acute physiology and chronic health evaluation, SAPS simplified acute 
physiology score

Univariable Multivariable

HR 95%CI p value HR 95%CI p value

Model 1

 Δ24Lac ≤ 19% 2.22 1.90–2.61 < 0.001 1.53 1.27–1.85 < 0.001

 APACHE II 1.06 1.05–1.07 < 0.001 1.05 1.04–1.07 < 0.001

Model 2

 Δ24Lac ≤ 19% 2.22 1.90–2.61 < 0.001 1.46 1.21–1.76 < 0.001

 SAPS II 1.029 1.025–1.034 < 0.001 1.03 1.02–1.03 < 0.001

Model 3

 Δ24Lac ≤ 19% 2.22 1.90–2.61 < 0.001 1.55 1.28–1.87 < 0.001

 APACHE II 1.06 1.05–1.07 < 0.001 1.04 1.03–1.05 < 0.001

 Catecholamine use 1.15 0.92–1.44 0.21 0.93 0.74–1.16 0.54

 Intubation 2.60 2.16–3.12 < 0.001 1.59 1.26–1.99 < 0.001
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present study, patients did not underlie a pre-specified 
treatment algorithm and were treated at the responsible 
physicians’ discretion.

The long follow-up period allowing analysis of long-
term mortality, as well as the high number and het-
erogeneity of the patients are the strengths of our study. 
Main limitations are its retrospective and single-center 
design. One of the main restrictions is thus the lack of 
documented lactate measurements at short intervals as 
well as some clinical parameters. In a work published 
2016, Vincent and colleagues conclude after an exten-
sive review of studies on prognostic value of serial lactate 
measurements that for optimal prediction of prognosis 
lactate changes should be recorded every 1–2 h [24]. On 
the other hand, a study by Hernandez et al. [38] in septic 
shock patients has demonstrated a slower normalization 
of lactate levels as compared to other parameters such as 
ScvO2 or capillary refill time. Thus, after 24 h, only 52% 
of in-hospital survivors have re-achieved normal lactate 
levels. In the present study, we were not able to provide 
cut-offs for such short intervals, but only for changes 24 h 
after hospital admission. However, we suggest here a cut-
off for ΔLac at 24 h with a significant correlation to both 
in-hospital and long-term mortality, making it an easily 
applicable and valuable risk stratification tool. Another 
limitation linked to the retrospective design is the lack of 
a pre-specified treatment algorithm specifically targeting 
ΔLac, making the theory on lactate kinetics as therapy 
goal purely speculative in the context of our study. How-
ever, we suggest here a possible benchmark for future 
studies evaluating fluid management guided by a pre-
specified mixture of ΔLac and clinical parameters.

Conclusion
ΔLac was robustly associated with short- and long-term 
mortality in our study cohort of critically ill patients, 
constituting a quick and easy risk stratification param-
eter. For future prospective studies with treatment algo-
rithms specifically including ΔLac as target, we provide 
real-world data and suggest a handy Δ24Lac cut-off of 
approximately one fifth.
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