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Introduction: Lactate levels are increasingly used to risk stratify emergency department (ED) patients with 
and without infection. Whether a serum lactate provides similar prognostic value across diseases is not 
fully elucidated. This study assesses the prognostic value of serum lactate in ED patients with and without 
infection to both report and compare relative predictive value across etiologies. 

Methods: We conducted a prospective, observational study of ED patients displaying abnormal vital signs 
(AVS) (heart rate ≥130 bpm, respiratory rate ≥24 bpm, shock index ≥1, and/or systolic blood pressure <90 
mmHg). The primary outcome, deterioration, was a composite of acute renal failure, non-elective intubation, 
vasopressor administration or in-hospital mortality. 

Results: Of the 1,152 patients with AVS who were screened, 488 patients met the current study criteria: 
34% deteriorated and 12.5% died. The deterioration rate was 88/342 (26%, 95% CI: 21 – 30%) for lactate 
< 2.5 mmol/L, 47/90 (52%, 42 – 63%) for lactate 2.5 – 4.0 mmol/L, and 33/46 (72%, 59 – 85%) for lactate 
>4.0mmol/L. Trended stratified lactate levels were associated with deterioration for both infected (p<0.01) 
and non-infected (p<0.01) patients. In the logistic regression models, lactate > 4mmol/L was an independent 
predictor of deterioration for patients with infection (OR 4.8, 95% CI: 1.7 – 14.1) and without infection (OR 
4.4, 1.7 – 11.5). 

Conclusion: Lactate levels can risk stratify patients with AVS who have increased risk of adverse outcomes 
regardless of infection status. [West J Emerg Med. 2017;18(2)258-266.] 

INTRODUCTION
The use of lactate to identify patients at risk for adverse 

outcomes and to guide treatment decisions for emergency 
department (ED) patients with infection has gained 
widespread adoption based upon a number of studies.1-6 The 
Surviving Sepsis Campaign7 has incorporated the 
measurement of serum lactate concentrations into its most 
current guidelines, emphasizing measurement within three 

hours of identification of sepsis. Despite there being many 
causes of elevated lactate levels, lactate functions well as a 
severity marker in ED patients with infection,1,8 and it has 
been widely adopted as a method to risk stratify ED 
patients with infection. 

In non-infectious diseases, such as cardiac arrest, 
ST-elevation myocardial infarction (STEMI),9,10 trauma11 and 
other causes of hospitalization,1,12,13 lactate levels have also 
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demonstrated utility for risk stratification. For instance, 
current trauma guidelines14 recommend using lactate to risk 
stratify patients and guide fluid administration, and a lactate is 
recommended for the diagnosis and staging of shock in the 
intensive care unit. 15 Furthermore, a recent study from 
Denmark demonstrated that stratified lactate concentrations 
predict 10-day mortality in an undifferentiated acute care 
population that had a lactate measured.16 Although this study 
did not assess the potential effect of the underlying disease, it 
further supports the use of lactate to risk stratify patients 
regardless of diagnosis. 

Animal model evidence suggests that sepsis alters 
regional perfusion, even after adjusting for decreased cardiac 
output, and that this sepsis-specific perfusion derangement is 
associated with elevated lactate levels compared with non-
septic etiologies.17 Furthermore, lactate metabolism is 
decreased during sepsis, compared to sterile inflammation, 
leading to prolonged elevation of lactate in septic animals.18 
Based on the altered physiology of lactate production and 
clearance during sepsis, it is plausible for lactate 
concentrations to have different strengths of association with 
adverse outcomes depending on the underlying disease. 
Therefore, for clinicians ordering a serum lactate to risk 
stratify potentially ill patients, there remains a need to 
understand if the strength of association is disease-dependent, 
or whether lactate concentrations add the same predictive 
value in non-infectious conditions. It is possible that the 
predictive value of serum lactate concentrations is modified by 
the underlying diagnosis, requiring clinicians to interpret 
lactate values differently depending on the disease process. 

The objectives of this study were the following: 1) to 
describe the association between lactate concentrations and 
adverse outcomes in patients with and without infectious causes 
of abnormal vital signs (AVS); and 2) to assess whether lactate 
concentrations add significant prognostic value to clinical data 
when predicting adverse outcomes in a single ED population 
stratified by infectious or non-infectious cause of illness.

METHODS
This was a pre-planned secondary analysis of a 

prospective, observational cohort study of a consecutively 
enrolled population of ED patients with AVS who also had a 
lactate level obtained during the routine course of clinical 
care. We enrolled patients with AVS to target an “at risk” 
population.19 Patients were enrolled from November 11, 2012, 
to January 31, 2013. The study was conducted at an urban, 
academic, tertiary care hospital with 55,000 annual ED visits. 
This study was granted waiver of informed consent after 
expedited review by the human subjects committee of our 
institutional review board.

We included patients above 18 years old with the 
presence of at least one of the following AVS at triage or 
during their ED stay: heart rate ≥ 130, respiratory rate ≥ 24, 
shock index ≥1, or systolic blood pressure < 90 mmHg, or a 

lactate level ≥ 4mmol/L. Vital sign thresholds were chosen 
based on our hospital system’s previously published criteria 
to identify patients at higher risk of short-term adverse 
outcomes20 and prior investigations of AVS and elevated 
shock index.21,22 Exclusion criteria were the following: 
patients with tachycardia due to atrial fibrillation with rapid 
ventricular response or supraventricular tachycardia who 
were then discharged once rate control was achieved; vital 
sign abnormalities due to intoxication, withdrawal, 
psychiatric disorder, seizure, or simple trauma (i.e., 
fracture). We also excluded patients who were discharged 
from the ED. Excluding these patients focused our 
investigation on a population with AVS due to critical 
illness and needing further risk stratification in the 
original cohort. For the current study, we also excluded 
patients without a lactate measured in the ED. We 
continuously and prospectively screened patients in the 
ED for possible inclusions using our information 
technology system. If patients had qualifying vital signs 
in triage, in nursing notes, or through the bedside 
monitors, then they were identified for possible inclusion 
in the study. Identified patients then underwent a 
confirmatory chart review to affirm the presence of 
inclusion criteria and absence of exclusion criteria. 

We reviewed hospital charts and abstracted the history 
of present illness, past medical history, pre-hospital and ED 
administered medications, and vital signs from the 
emergency physician notes. Past medical history and current 
medications were abstracted from the admission note from 
the inpatient team if the ED note was incomplete. Vital signs 
at the time of inclusion were used. We included the first 
peripheral venous or central venous lactate level sample, 
consistent with previous studies based on venous 
sampling3,5,23. Data abstraction was performed by two 
research assistants, trained and directly supervised by the 
principal investigator (PI). Chart abstraction was performed 
without knowledge of the final diagnosis, since adjudication 
of diagnosis was performed at a later date. Demographic 
information, hospital length of stay, and laboratory testing, 
including first lactate obtained in the ED, were matched to 
each patient from the hospital’s electronic database after all 
abstractions were completed. 

We defined the primary composite outcome 
“deterioration” as one or more of the following at any time 
during the present hospitalization: acute renal failure, 
non-elective intubation, vasopressors administration, and 
in-hospital mortality. Acute renal failure was defined as a 
creatinine value double the patient’s most recent available 
value or new initiation of hemodialysis during admission. If 
a prior creatinine measurement was not available, an initially 
elevated creatinine was marked as acute renal failure if the 
value decreased greater than 50% during hospitalization. The 
secondary outcome was in-hospital mortality. We defined 
“shock in the ED” as 1) systolic blood pressure < 90 mmHg 
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after at least 1L fluid; 2) at least two systolic blood pressure 
readings < 90mmHg and with clear nursing or physician 
documentation of withholding fluids due to concern for 
fluid overload; or 3) use of vasopressors. The variable 
“triage acuity” (1, 2, or 3 inversely related to severity) was 
determined by the triage nurse at the time that patients 
arrived in the ED.

The presence of an infection and outcomes during 
admission were adjudicated by the PI through a review 
of both ED and hospital documentation after discharge 
from the hospital. The diagnosis of infection was guided 
by objective data (e.g. blood cultures, chest radiograph 
interpretations, urinalysis, etc.), and the final diagnosis 
was a clinical judgment based on integration of this data. A 
second reviewer adjudicated the first 500 subjects enrolled 
in the primary study to assess inter-rater reliability. This 
secondary analysis includes 343 patients (70%) that had 
a second review, and in this subset kappa = 0.85 (95% 
confidence intervals (CI): 0.78 – 0.90). 

Data Analysis
We performed statistical analysis using SPSS version 18. 

The primary outcome was deterioration and secondary 
outcome was in-hospital mortality. The variable of interest 
was initial blood lactate level, which was stratified as low (< 
2.5 mmol/L), intermediate (2.5 – 4.0 mmol/L) or high (> 4.0 
mmol/L). To allow for easier clinical interpretation and 
application we used stratified lactate levels, as opposed to 
continuous lactate levels,. 

Continuous variables were presented as mean ± SD and 
were compared using Student’s t-test. Variables were compared 
using chi-square test, Mann-Whitney test, and chi-square test 
for trend, as appropriate. We tested the association between 
stratified lactate levels and both deterioration and mortality 
outcomes grouped by infection status.

We created multivariate logistic regression models to 
assess whether lactate was independently associated with 
deterioration and/or mortality. Variable selection for the 
models was based on clinical and statistical significance, 

Variable Without infection (n=202) With infection (n=286) aP-value
Age (median ±SD) 62 ±18 66 ±18 0.95
Female (n, %) 100 (49.5%) 141 (49.3%) 0.97

Past medical history (n, %)
Diabetes 69 (34.2%) 69 (24.1%) 0.02
Coronary artery disease 39 (19.3%) 51 (17.8%) 0.68
Myocardial infarction 14 (6.9%) 12 (4.2%) 0.19
Congestive heart failure 51 (25.2%) 49 (17.1%) 0.03
Hypertension 101 (50%) 129 (45.1%) 0.29
Dementia 12 (5.9%) 23 (8%) 0.38
Active cancer 47 (23.3%) 72 (25.2%) 0.63
Chronic obstructive pulmonary disease 37 (18.3%) 53 (18.5%) 0.95
Liver disease 17 (8.4%) 17 (5.9%) 0.29
Chronic renal insufficiency 13 (6.4%) 20 (7%) 0.81
Dialysis 19 (9.4%) 20 (7%) 0.33
History of stroke 11 (5.4%) 19 (6.6%) 0.59

Vital signs (median ±SD)

Heart rate 104 ±24 110 ±24 0.02
Temperature 98.0 ±1.3 98.8 ±2.3 <0.001
Systolic blood pressure 105 ±30 102 ±28 0.5
Diastolic blood pressure 64 ±19 60 ±17 0.14
Respiration rate 20 ±6 20 ±5 0.89
SO2 (%) 97±4 98 ±4 0.07

aStatistical test used: Continuous variables: Student’s t-test. 
Categorical variables: Chi-squared test.

Table 1. Population characteristics of emergency department patients with abnormal vital signs in a study analyzing serum lactate 
levels as a measure of adverse outcomes.
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defined as p < 0.05. We used the n/10 rule to determine the 
maximum number of covariates to include in each model to 
prevent overfitting. We reported a final model and used the 
Hosmer-Lemeshow test for assessing model calibration and 
c-statistics for modeling discriminatory abilities. 

Integrated discrimination improvement (IDI) was used to 
assess the added discriminate value of including stratified 
lactate to models predicting the outcomes of deterioration and 
mortality without lactate. IDI compares the predicted 
probability of an event for models before and after the 
addition of stratified lactate, and tests the improvement in 
reclassification of subjects with and without an event (i.e. 
deterioration). IDI was performed for patients with and 
without infection and for each outcome, using the best model 
created without lactate as a reference.24

Finally, we used locally weighted polynomial regression 
(LOESS) to analyze the association between lactate 
values expressed as a continuous variable and the adjusted 
probability of each outcome (deterioration or mortality) in 
both groups.

RESULTS 
Patient Population 

We identified 1,152 patients with AVS, of whom 366 met 
clinical exclusion criteria. Of the remaining 786 patients 
eligible for this analysis, 298 did not have ED lactate 
measurements, leaving 488 for the analysis. The mean age of 

our population was 63 (± 18) years. There were 168 patients 
(34.4%) who had a deterioration, and 61 (12.5%) died. Of the 
488 patients analyzed, 286 (58.6%) had infectious etiologies; 
the non-infectious etiologies are shown in supplemental Table 
1. The population without infection had a significantly higher 
prevalence of diabetes (34% vs. 24%, p = 0.02) and 
congestive heart failure (25% vs. 17%, p = 0.03). A 
comparison of vital sign variables between groups showed 
that patients with infection had a higher average heart rate and 
temperature (Table 1). 

Overall, 342/488 (70.1%) had lactate < 2.5 mmol/L, 
100/488 (20.5%) had lactate 2.5 – 4.0 mmol/L, and 46/488 
(9.4%) had lactate > 4.0 mmol/L. Table 2 shows the distribution 
of deterioration stratified by lactate level for both infected and 
non-infected patients. We were unable to detect a difference (p 
= 0.92) when comparing the distribution of patients with and 
without infection between the stratified lactate groups. 

Clinical Outcomes
Table 3 depicts the clinical outcomes of the cohort. Our 

data showed no difference between the two diagnostic groups 
in mortality rate (p = 0.95) or deterioration (p = 0.76). There 
was a significantly higher frequency of shock in the ED (p = 
0.002) and administration of vasopressors (p<0.001) in 
patients with infection. 

Overall, the deterioration rate was 88/342 (26%) for lactate 
< 2.5 mmol/L, 47/100 (47%) for lactate 2.5 – 4.0 mmol/L, and 

Without infection (n, %) Infection (n, %)
Lactate < 2.5 (n=342) 142 (70.3) 200 (69.9)
2.5 ≤ Lactate ≤ 4 (n=100) 40 (19.8) 60 (21.0)
Lactate > 4 (n=46) 20 (9.9) 26 (9.1)

Table 2. Distribution of deterioration by stratified lactate value for both infected and non-infected patients.

Without infection (n=202) With infection (n=286) aP-value
Length of stay (days, median, IQRb) 4 (2-7) 5 (3-8) 0.03
Deteriorationc (n, %) 68 (33.7) 100 (35) 0.76

Acute renal failure (n, %) 32 (15.8) 46 (16.1) 0.94
Intubation (n, %) 27 (13.4) 38 (13.3) 0.98
Vasopressors during hospitalization (n, %) 23 (11.4) 69 (24.1) <0.001
Death (n, %) 25 (12.4) 36 (12.6) 0.95

Shock in ED (n, %) 33 (16.3) 81 (28.3) 0.002

Table 3. Outcome measures in the population of ED patients.

aStatistical test used for variable length of stay: Mann Witney, categorical variables: Chi-squared test 
bIQR: Interquartile range
cDeterioration was considered to be one or more of the following outcomes during hospitalization: acute renal failure, non-elective 
intubation, vasopressors requirement, death.
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Figure 1  
Incidence of deterioration and death in patients with and without 
infection stratified by lactate concentration 
 

P-values by chi-square test for trend for positive association across stratified lactate levels. 
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Figure 1. Incidence of deterioration and death in patients with and without infection stratified by lactate concentration;
P-values by chi-square test for trend for positive association across stratified lactate levels.

Variable AORa 95% CI P-value
a: For deterioration in patients with infection

Lactate > 4 4.84 1.66-14.13 0.004
Systolic blood pressure < 90 mmHg 2.48 1.32-4.66 0.005
Triage acuityb 0.44 0.28-0.68 <0.001
Blood urea nitrogen 1.05 1.03-1.08 <0.001

b: For mortality in patients with infection
Lactate > 4 4.41 1.7-11.45 0.002
History of stroke 4.52 1.42-14.33 0.01
Blood urea nitrogen 1.02 1.00-1.04 0.03
Triage acuityb 0.26 0.12-0.59 0.001

c: For deterioration in patients without infection
Lactate > 4 3.6 1.25-10.32 0.02
Triage acuityb 0.49 0.29-0.82 0.007
History of stroke 0.11 0.01-1.11 0.06
Blood urea nitrogen 1.02 1.01-1.03 0.002
Altered mental status 5.9 1.89-18.4 0.002

d: For mortality in patients without infection
Lactate > 4 1.19 0.27-5.21 0.81
Age 1.04 1.01-1.07 0.01
Active cancer 3.09 1.43-15.02 0.01
Altered mental status 4.63 1.43-8.13 0.02

Table 4. Multivariable logistic regression models.

a, Adjusted odds ratio; b, Triage acuity determined by emergency department nurse
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33/46 (72%) for lactate >4.0mmol/L. Mortality was 26/342 
(8%) for lactate < 2.5 mmol/L, 20/100 (20%) for lactate 2.5 – 
4.0 mmol/L, and 15/46 (33%) for lactate > 4.0 mmol/L. Figure 
1 shows the rates of deterioration and mortality by lactate levels 
for each group. Both groups demonstrated a significant positive 
association between stratified lactate level and deterioration 
rates (p<0.001 for infected and p = 0.007 for non-infected 
patients). Our data likewise showed lactate levels were 
associated with mortality in patients with infection (p<0.001), 
but not patients without infection (p = 0.32). 

Discrimination Analysis 
Patients with infection: The model for predicting 

deterioration in patients with infection is shown in Table 
4a. Using non-lactate covariates resulted in an initial model 
with c-statistic of 0.81 (95% CI: 0.76-0.86) (p <0.001) 
when predicting deterioration. When lactate > 4.0 mmol/L 
is added to the reference model, area under the curve 
(AUC) = 0.83 (95% CI: 0.78-0.88) (p <0.001), with an 
absolute IDI of 0.03 (95% CI: 0.00-0.05) (p<0.001), 
showing a significant improvement in prediction. The 
model for predicting mortality in patients with infection is 
shown in Table 4b. The model using non-lactate covariates 
predicting mortality had a c-statistic of 0.80 (95%CI: 
0.74-0.86) (p <0.001). This improves to 0.83 (95% CI: 
0.78-0.88)(p <0.001) when lactate > 4.0 mmol/L is added to 
the model, with an absolute IDI of 0.02 (95%CI: 0.00-0.05) 
(p<0.001) for this model. 

Patients without infection: The analysis to predict 
deterioration among patients without infection is seen in Table 
4c. The best model predicting deterioration without using 
lactate had a c-statistic 0.76 (95% CI: 0.69-0.83) (p <0.001). 
Adding lactate > 4mmol/L to this model yielded an AUC = 
0.78 (95% CI: 0.71-0.85) (p <0.001). The new model had an 
absolute IDI of 0.03 (95% CI: 0.00-0.06) (p<0.04) suggesting 
that addition of lactate level improved the discriminatory 
value of the model for predicting deterioration. 

Table 4d shows the model for predicting mortality among 
patients without infection. The multivariate regression model 
without lactate > 4.0 mmol/L achieved an AUC of 0.62 (95% 
CI: 0.54-0.70), and after adding lactate to the model, had an 
AUC = 0.62 (95% CI: 0.54-0.70). The absolute IDI was 0.00 
(95% CI : 0.00-0.02) (p = 0.07). Of note, lactate > 4.0 mmol/L 
was not significant in this model (p = 0.81).

The LOESS graphs for adjusted outcomes and lactate 
levels provide a visual representation of the dose-response 
association for both deterioration and mortality between 
patient groups (Figure 2a+b). 

DISCUSSION 
This analysis evaluates the relationship between lactate 

concentrations and patient outcomes for patients with 
infectious and non-infectious causes of AVS. In patients with 

infection, a statistically significant association exists between 
both deterioration and mortality and an increasing lactate 

level. The regression models for predicting deterioration and 
mortality in infected patients further demonstrate that lactate 
concentrations add value to the prediction of both outcomes. 
Likewise, lactate concentrations can also assist in predicting 
deterioration in patients without infection. In this non-infected 
group, increasing lactate predicted increasing rates of 
deterioration. The model for non-infected patients likewise 
suggests that lactate levels can predict deterioration. While 

                                                                               
 

1 

Figure 2a. LOESS graph with adjusted probability for deterioration  
 
        
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 

Lactate (mmol/L) 
 
Figure 2b: LOESS graph with adjusted probability for death 
 
    
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 

 
Lactate (mmol/L) 

 

Infected  

Non-infected  

Infected  

Non-infected  

Deterioration 
(%) 

Mortaility 
(%) 

                                                                               
 

1 

Figure 2a. LOESS graph with adjusted probability for deterioration  
 
        
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 

Lactate (mmol/L) 
 
Figure 2b: LOESS graph with adjusted probability for death 
 
    
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 

 
Lactate (mmol/L) 

 

Infected  

Non-infected  

Infected  

Non-infected  

Deterioration 
(%) 

Mortaility 
(%) 

Figure 2a, b. Both groups exhibit increasing deterioration as 
lactate levels increase, although this figure suggests that the 
response may be larger in patients with infection. 
LOESS, locally weighted polynomial regression.
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neither the stratified analysis nor regression model for patients 
without infection demonstrated a significant relationship 
between lactate concentration and the outcome of mortality, 
this result is possibly due to type II error since the study was 
not powered to evaluate mortality primarily. 

As mentioned before, the physiology of sepsis likely 
causes increased lactate production17 and decreases lactate 
metabolism,18 which could alter the relationship between 
lactate concentrations and adverse outcomes seen in patients 
with and without infection. The LOESS graph visually 
demonstrates the difference in the dose-response of 
deterioration for each lactate level between groups, generally 
being more strongly associated with the outcomes in patients 
with infection than in those without infection. Yet, despite the 
differences in lactate production and metabolism, the 
association between lactate concentrations and deterioration 
was strong and added prognostic value in both groups. 

Prior studies have established the clinical utility of using 
lactate concentration in patients with a variety of critical 
illnesses [2,5,6,11-14,19]. For instance, Shapiro et al. showed 
that in ED patients with infection, the 28-day in hospital 
mortality rate was 28% if a single lactate was > 4 mmol/L, 9% 
if it was 2.5 to 4, and 4.9% if lactate levels were normal.2 Our 
results are consistent with these prior studies, demonstrating 
the prognostic ability of lactate measurements when predicting 
adverse outcomes. Yet these studies are generally limited to a 
single disease and do not allow a comparison of a serum 
lactate’s prognostic value between different disease categories. 

Our study differs from most prior investigations by 
enrolling an undifferentiated patient population, allowing the 
association between lactate concentrations and adverse 
outcomes in patients with and without infection to be 
evaluated side by side. This analysis, stratified by the apparent 
presence of infection, supports the conclusion that the 
relationship between serum lactate measurements and adverse 
outcomes is not limited to a specific disease. This finding is 
consistent with a recently published report by Haidl et al.,16 
which demonstrated that serum lactate levels confer an 
increased risk of 10-day mortality among undifferentiated 
patients who present to the ED. Our study also furthers the 
Haidl et al. findings by assessing for differences in the 
predictive value of lactate levels based on the underlying 
disease category. Our stratified analysis suggests qualitatively 
that lactate levels have a similar degree of association with 
deterioration in patients with and without infection. 
Furthermore, while a difference in the association between 
lactate concentrations and adverse outcomes likely exists in 
between infectious and non-infectious diseases, best seen in 
the LOESS graph (Figure 2a+b), adding lactate > 4mmol/L to 
the best clinical models in both patient groups, added value to 
the prediction of adverse outcomes. These data support the 
clinical use and similar interpretation of lactate concentrations 
in ED patients with and without infection when predicting 

adverse outcomes. 
When considering the secondary outcome of mortality, 

our study does contrast with the study by del Portal et al., 
which found that in an undifferentiated ED population of 
patients > 65 years old initial lactate levels were associated 
with increased mortality in both sepsis and non-sepsis patient 
populations. In part, the inability of our study to show that 
lactate added value to the prediction of mortality in patients 
without infection can be explained by differences between the 
studied populations. The population studied by del Portal et al. 
was older with a mean age of 77.2 (±7.8) years. 

Also, this study used patients from 2004-2006, when lactate 
levels were less frequently ordered, especially for patients 
without infection. Our study includes a more recent patient 
population, which more closely reflects the current utilization 
of lactate levels in patients with AVS. However, similar to our 
analysis, the prediction model used by del Portal performed 
better in patients with infection than in the non-infected patient 
population.8 Furthermore, our study was not powered to identify 
a difference in mortality, and it is possible that a difference may 
have been detected with a larger sample size.

Future Directions 
This study creates a foundation for further investigation 

into the relationship between lactate levels and outcomes 
in patients with and without infection. Lactate clearance is 
also being studied across the spectrum of disease to predict 
outcomes. A study similar to this analysis comparing the 
prognostic value of lactate clearance in a cohort including 
both infected and non-infected patients is warranted. 

LIMITATIONS 
This study has a number of limitations. Identifying a 

broad group of patients who were critically ill required us to 
screen using vital sign criteria that can be caused from less 
urgent etiologies. Our vital sign thresholds allowed high 
sensitivity for critical illness, yet identified many patients who 
were not critically ill. The excluded diagnoses were decided a 
priori to represent a very low-risk group that would require 
minimal stabilizing interventions, and they account for the 
majority of excluded patients. While these patients were 
excluded prior to the current analysis, it is reasonable to 
expect that some of these patients would have a serum lactate 
measured during clinical care. Other comorbidities (i.e., liver 
disease) and medications (i.e., metformin) can affect the 
lactate level, yet may not be related to the acute illness treated 
in the ED. This study does not account for these alternative 
factors influencing lactate levels, as an ED clinician would do 
in a real clinical setting. Lactate concentrations should be 
interpreted with discretion when non-acute factors that may 
influence the level are present. 

As an observational study, the physician’s decision to 
obtain lactate measurements is likely to introduce selection 
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bias. However, in our institution it is common to obtain a 
lactate value in patients with signs of critical illness regardless 
of the underlying cause. Therefore, our vital sign thresholds 
likely reduce the degree of selection bias present based on 
physician ordering. Still, many patients were excluded 
because lactate measurements did not occur in the ED, and we 
do not know the rate of deterioration in this group. 

The outcomes we chose for our composite outcome of 
deterioration are not all encompassing. Other investigators 
may have included more outcomes, the need for non-invasive 
ventilator support. While this approach likely decreased the 
number of composite outcomes in our study, we believe that 
using acute renal failure, vasopressor administration, 
intubation and mortality, created a composite outcome that 
clearly represents significant clinical events. 

Misclassification of patients is another potential 
limitation, although using a second reviewer to assess 
agreement decreases this likelihood. Our kappa of 0.85 was 
fairly strong, yet some disagreements did occur, for instance, 
when considering whether bacterial translocation may have 
occurred in a small bowel obstruction or whether a COPD 
exacerbation was triggered by a respiratory infection. The PI 
determined the final diagnosis from the medical record, which 
may include only limited data to determine a diagnosis, thus 
contributing to misclassification bias. This fact would most 
likely not influence the study results, since it is unlikely to be 
systematically related to a patient’s lactate level. Therefore, 
such misclassification would likely weaken the apparent 
relationships between lactate levels and outcomes. Lastly 
the treating clinicians were not blinded to results of lactate 
analysis and we do not know how this information may have 
affected clinical care, and thereby possibly the outcome 
parameters (i.e., use of vasopressors). This could have an 
impact on the ability to investigate lactate as a predictor of 
this outcome. However, within our ED the decision to use 
vasopressors is based on blood pressure parameters, not 
guided by lactate levels. 

CONCLUSION
Lactate levels measured in ED patients exhibiting AVS 

correspond with adverse outcomes during their hospitalization 
in the presence and absence of infection. While differences 
in the predictive value may exist between patients with and 
without infection, lactate concentrations do add prognostic 
value in both groups at similar levels, justifying the utilization 
and similar interpretation of lactate levels regardless of 
underlying disease. 

Address for Correspondence: Kimie Oedorf, MD, Aarhus 
University Hospital, Research Center for Emergency Medicine, 
Brobergsgade 9 st. th., 1427 Copenhagen K, Denmark. Email: 
kimieoedorf@hotmail.com. 

REFERENCES 
1.	 Kruse O, Grunnet N, Barfod C. Blood lactate as a predictor for 

in-hospital mortality in patients admitted acutely to hospital: 
a systematic review. Scand J Trauma Resusc Emerg Med. 
2011;19(1):74.

2.	 Shapiro NI, Howell MD, Talmor D, et al. Serum Lactate as a Predictor 
of Mortality in Emergency Department Patients With Infection. Ann 
Emerg Med. 2005;45(5):524-8.

3.	 Puskarich MA, Trzeciak S, Shapiro NI, et al. Prognostic value and 
agreement of achieving lactate clearance or central venous oxygen 
saturation goals during early sepsis resuscitation. Acad Emerg Med. 
2012;19(3):252-8.

4.	 Jansen TC, Van Bommel J, Mulder PG, et al. Prognostic value of 
blood lactate levels: does the clinical diagnosis at admission matter? 
J Trauma. 2009;66(2):377-85. 

5.	 Shapiro NI, Fisher C, Donnino M, et al. The feasibility and accuracy 
of point-of-care lactate measurement in emergency department 
patients with suspected infection. J Emerg Med. 2010;39(1):89-94. 

6.	 Howell MD, Donnino M, Clardy P, et al. Occult hypoperfusion and 
mortality in patients with suspected infection. Intensive Care Med. 
2007;33(11):1892-9. 

7.	 Dellinger RP, Levy MM, Rhodes A, et al. Surviving Sepsis Campaign: 
international guidelines for management of severe sepsis and septic 
shock, 2012. Intensive Care Med. 2013;39(2):165-228. 

8.	 Del Portal DA, Shofer F, Mikkelsen ME, et al. Emergency department 
lactate is associated with mortality in older adults admitted with and 
without infections. Acad Emerg Med. 2010;17(3):260-8.

9.	 Vermeulen RP, Hoekstra M, Nijsten MW, et al. Clinical correlates 
of arterial lactate levels in patients with ST-segment elevation 
myocardial infarction at admission: a descriptive study. Crit Care. 
2010;14(5):R164. 

10.	 Cocchi M, Miller J, Hunziker S. The association of lactate and 
vasopressor need for mortality prediction in survivors of cardiac 
arrest. Minerva Anestesiol. 2011;77(11):1063-71.

11.	 Ozdemír F. Markers of Inflammation, Severity of Injury, and Clinical 
Outcomes in Hemorrhagic Shock. Adv Ther. 2007;24(5):955-62.

12.	 Vanni S, Viviani G, Baioni M, et al. Prognostic value of plasma lactate 
levels among patients with acute pulmonary embolism: the thrombo-
embolism lactate outcome study. Ann Emerg Med. 2013;61(3):330-8. 

13.	 Kjelland CB, Djogovic D. The role of serum lactate in the acute care 

Conflicts of Interest: By the WestJEM article submission agreement, 
all authors are required to disclose all affiliations, funding sources 
and financial or management relationships that could be perceived 
as potential sources of bias. The authors disclosed none.

Copyright: © 2017 Oedorf et al. This is an open access article 
distributed in accordance with the terms of the Creative Commons 
Attribution (CC BY 4.0) License. See: http://creativecommons.org/
licenses/by/4.0/



Western Journal of Emergency Medicine	 266	 Volume XVIII, no. 2: February 2017

Serum Lactate Predicts Adverse Outcomes in ED Patients	 Oedorf et al.

setting. J Intensive Care Med. 2010;25(5):286-300. 
14.	 Tisherman SA, Barie P, Bokhari F, et al. Clinical Practice Guideline: 

Endpoints of Resuscitation. J Trauma Inj Infect Crit Care. 
2004;57(4):898-912. 

15.	 Antonelli M, Levy M, Andrews PJD, et al. Hemodynamic monitoring 
in shock and implications for management. International Consensus 
Conference, Paris, France, 27-28 April 2006. Intensive Care Med. 
2007;33(4):575-90.

16.	 Haidl F, Brabrand M, Henriksen DP, et al. Lactate is associated with 
increased 10-day mortality in acute medical patients. Eur J Emerg 
Med. 2015;22(4):282-4. 

17.	 Van Genderen ME, Klijn E, Lima A, et al. Microvascular perfusion as 
a target for fluid resuscitation in experimental circulatory shock. Crit 
Care Med. 2014;42(2):e96-e105. 

18.	 Vary TC. Sepsis-induced alterations in pyruvate dehydrogenase 
complex activity in rat skeletal muscle: effects on plasma lactace. 
Shock. 1996;6(2):89-94.

19.	 Henning D, Oedorf K, Day D, et al. Derivation and Validation of 

Predictive Factors for Clinical Deterioration after Admission in 
Emergency Department Patients Presenting with Abnormal Vital 
Signs Without Shock. West J Emerg Med. 2015;16(7):1059-66. 

20.	 McGillicuddy DC, O’Connell FJ, Shapiro NI, et al. Emergency 
department abnormal vital sign “triggers” program improves time to 
therapy. Acad Emerg Med. 2011;18(5):483-7. 

21.	 Berger T, Green J, Horeczko T, et al. Shock index and early 
recognition of sepsis in the emergency department: pilot study. West 
J Emerg Med. 2013;14(2):168-74. 

22.	 Perman SM, Goyal M, Gaieski DF. Initial emergency department 
diagnosis and management of adult patients with severe sepsis and 
septic shock. Scand J Trauma Resusc Emerg Med. 2012;20:41. 

23.	 Lavery RF, Livingston DH, Tortella BJ, et al. The utility of venous 
lactate to triage injured patients in the trauma center. J Am Coll Surg. 
2000;190(6):656-64.

24.	 Pencina M, D’Agostino R, Vasan R. Evaluating the added predictive 
ability of a new marker: from area under the ROC curve to 
reclassification and beyond. Stat Med. 2008;27(2):157-72. 




