
Abstract. Aim: We sought to determine for serum lactate its
specificity and sensitivity in sepsis development prognosis in
critically-ill, non-septic patients. Additionally, we evaluated
whether sE-selectin or sP-selectin add prognostic value to
lactate in sepsis. Patients and Methods: Using a cohort
previously studied in another context, in this retrospective
investigation we plotted receiver operating characteristic
(ROC) curves using sepsis development as the classification
variable and serum lactate levels and their linear
combinations with soluble sE-selectin and/or sP-selectin
levels at intensive care unit (ICU) admission, as prognostic
variables. Results: Lactate levels combined with sE- and sP-
selectin levels have the best prognostic accuracy showing a
sensitivity and specificity of 76% and 84%, respectively, and
an area under the curve (AUC) at 0.854 (95% confidence
interval (CI)=0.775-0.932; p<0.001). Conclusion: In our
patient cohort, combining sE- and sP-selectin with serum
lactate offers better prognostic value for sepsis development
during ICU hospitalization.   

Sepsis is the most common cause of death among
hospitalized patients in non-coronary intensive care units
(ICUs) and, despite significant progress in the investigation
of sepsis mechanisms, mortality due to severe sepsis
remains high (1).  

Recently, we published a report showing that at ICU
admission, elevated levels of the soluble endothelial adhesion
molecules sE-selectin or sP-selectin in non-septic patients are
associated with subsequent sepsis development (2). This
family, an early mediator of the adhesion of activated
neutrophils to endothelia in inflammatory states, has been
implicated in the pathogenesis of sepsis and organ failure (3).
However, the aforementioned study is based on a more
expensive methodology than conventional measurements,
such as serum lactate. 

In the last years, several studies have emphasized on the
prognostic value of initial lactate levels or lactate clearance (4,
5). Lactate, apart from being the end product of anaerobic
glycolysis reflecting tissue oxygen delivery-utilization, is also,
inter alia, increased during stress and critical illness (6). The
presence of elevated serum lactate levels has been strongly
associated with morbidity and mortality in diverse populations
of critically-ill patients (7). Clinically, serum lactate is a
potentially useful biomarker to risk-stratify patients with
severe sepsis presenting to the emergency department (5, 8,
9); therefore, it has been hypothesized that early detection of
elevated lactate levels may result in early identification of
patients at-risk of adverse outcomes (6). Nonetheless, studies
until now have not shown any relationship between ICU
admission serum lactate levels in originally non-septic patients
and a risk in developing sepsis. Given the morbidity and
mortality associated with severe sepsis, the ability to risk-
stratify patients in the most proximal phase of their critical
illness may assist clinicians to more effectively manage the
care of these patients to improve their outcomes. 

Hence, the aim of this study was to evaluate lactate
association with subsequent sepsis development and
determine whether sE-selectin and/or sP-selectin values at
ICU admission add prognostic value to serum lactate levels.  
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Patients and Methods 

The study was approved by the Evangelismos Hospital Research
Ethics Committee and all procedures carried-out on patients were
in compliance with the Helsinki Declaration. Informed written
consent was obtained from all patients’ next-of-kin prior to any
study procedure.

Study population. This retrospective study included a cohort of 89
critically-ill, non-septic patients, suffering from medical, surgical
and trauma-related pathologies, the data of whom have been
recorded in a different context (2).  

Lactate measurement. Serum lactate measurements taken at the day
of admission to the ICU with a blood gas analyser (Radiometer
ABL 700 series; Radiometer Medical APS, Brønshøj, Copenhagen,
Denmark) were used in the analyses.   

Statistical analysis. Data are presented as median with interquartile
range (IQR; Q1-Q3). The two-group comparisons were made by the
non-parametric Mann-Whitney test for skewed data. To investigate
for variables with better sensitivity and specificity than solely sE-
selectin, sP-selectin or lactate levels, we explored possible linear
combinations of the aforementioned variables. To estimate the best
linear combinations of either all three variables or for the pairs sE-
selectin and lactate, as well as sP-selectin and lactate, we used
logistic regression on whether the patients developed sepsis during
ICU stay. Hence, we formulated linear combinations using the
estimated coefficients for these groups of covariates. Receiver
operating characteristic (ROC) curves were plotted thereafter using
sepsis development during ICU stay as the classification variable
and lactate levels and their linear combination with E-selectin and/or
P-selectin levels at ICU admission as prognostic variables. The
optimal cut-off value for predicting sepsis was calculated as the
point with the greatest combined sensitivity and specificity. All p-
values are two-sided; p<0.05 was considered significant. 

Results

The patient cohort included mostly male (70%), young (46
years old), trauma patients (50%). Patients were assigned to
groups based on the appearance (sepsis-positive, N=45) or
not (sepsis-negative, N=44) of sepsis at any point during
ICU stay. These two groups did not differ in their

demographics or illness severity scores, except from
diagnosis and sequential organ failure assessment (SOFA)
scores at ICU admission; the sepsis-positive group consisted
mostly of trauma patients, whereas it also exhibited higher
SOFA scores (6.5 vs. 4.7, respectively; p=0.002). Moreover,
at ICU admission lactate levels differed significantly
between the two groups; median lactate levels for the sepsis-
positive and sepsis-negative groups were 1.50 mmol/l
(IQR=1.05-2.90) and 1.05 mmol/l (0.80-1.58; p=0.004),
respectively. 

Therefore, a ROC curve was generated to determine the
prognostic accuracy of serum lactate; the area under the
ROC curve (AUC) and 95% confidence intervals (CI) for
detecting the main outcome, i.e. sepsis development, were
estimated (Table I and Figure 1). Lactate at 1.6 mmol/l
showed a sensitivity of 49% and a specificity of 82%. In our
previous report mentioned earlier, we had determined the
prognostic accuracy of sE-selectin and sP-selectin in the
same patient cohort (AUC (95% CI=0.762 (0.659-0.845);
p<0.0001 and 0.789 (0.689-0.868); p<0.0001, respectively)
(2). Pair-wise comparisons of the ROC curves, generated
then and now, revealed that sE-selectin and sP-selectin
tended to be better in predicting sepsis than lactate without
reaching, however, statistical significance. Consequently, we
combined the predictive value of lactate with either sE- or
sP-selectin; these two molecules combined separately with
lactate had a significantly better accuracy in predicting
sepsis than lactate alone (p<0.05). Their respective AUCs,
sensitivities and specificities are listed in Table I and Figure
1. Furthermore, when lactate was combined with both
endothelial factors, its prognostic accuracy was further
enhanced (Table I and Figure 1).  

Discussion

In our critically-ill, non-septic patients, circulating lactate
levels combined with sE- and sP-selectin at ICU admission
increase its prognostic value in terms of AUC, sensitivity and
specificity in identifying patients at possible risk of sepsis
development over the use of a single biomarker. 
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Table I. Receiver operating characteristic (ROC) curve analysis. ROC curves were generated to determine the prognostic accuracy of lactate and its
linear combinations with sE-selectin and/or sP-selectin. The prognostic accuracy is expressed in terms of AUC, sensitivity and specificity.

Variables Sensitivity Specificity AUC 95% CI p-Value

Lactate 0.49 0.82 0.677 0.566-0.788 0.0018*
Lactate + sE-selectin 0.64 0.75 0.795 0.704-0.886 <0.001*
Lactate + sP-selectin 0.67 0.73 0.823 0.737-0.909 <0.001*
Lactate + sE-selectin + sP-selectin 0.76 0.84 0.854 0.775-0.932 <0.001*

Levels of all molecules were estimated on the day of intensive care unit (ICU) admission in initially non-septic patients. *p-Value<0.05. AUC, Area
under the curve; CI, confidence interval. 



In a previous report, we were able to demonstrate -in the
same cohort- that increased sE- or sP-selectin levels
differentiate non-septic critically-ill patients at ICU
admission who will subsequently become septic, probably
reflecting the on-going endothelial dysfunction prior to the
clinical presence of sepsis (2). However, the cost of such
measurements is high, compared to serum lactate
estimations. Thus, we sought to determine related
information provided by serum lactate at ICU admission. 

Elevated serum lactate levels are associated with poor
outcomes (7-10). In sepsis, these elevated levels may be
due to either impaired lactate clearance or excessive
production (11, 12). It is also known that the endothelium
plays a central role in the pathophysiology of sepsis and
organ dysfunction (13, 14); hence, combining lactate levels
with markers of endothelial activation/dysfunction, such as
soluble selectins, may give us more reliable prognostic
results. 

Two very recent studies (6, 15) utilized early serum lactate
levels in order to diagnose sepsis in undifferentiated patients
with suspected sepsis, emphasizing on the utility of early
lactate measurement in such context. However, serum lactate
levels at ICU admission have not been associated as yet with

subsequent sepsis development. Moreover, we have
previously shown that sE- and sP-selectin are better
predictors of sepsis development than more inexpensive
routine laboratory measurements, such as procalcitonin
(PCT) and C-reactive protein (CRP) (2). 

Our study has the limitation of retrospectively analyzing
a rather small sample size. However, we were able to show
that combining a routine ICU measurement with endothelial-
related biomarkers offers a better prognosis of future sepsis
manifestation.
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(0.775-0.932, p<0.001; open box). Levels of all molecules were
estimated on the day of ICU admission in initially non-septic patients.
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