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Abstract

Background—Lactate clearance is a standard resuscitation goal in patients in non-traumatic 

shock but has not been investigated adequately as a tool to identify trauma patients at risk of 

dying. Our objective was to determine if trauma patients with impaired lactate clearance have a 

higher 24-hour mortality rate than patients whose lactate concentration normalizes.

Methods—A retrospective chart review identified patients who were admitted directly from the 

scene of injury to an urban trauma center between 2010 and 2013 and who had at least one lactate 

concentration measurement within 24 hours. Transfers, patients without lactate measurement, and 

those who were dead on arrival were excluded. Of the 26,545 screened patients, 18,304 

constituted the initial lactate measurement population and 3,887 were the lactate clearance 

cohorts.

Results—Initial lactate had an area-under-the-receiver operating curve of 0.86 and 0.73 for 

mortality at 24 hours and in-hospital, respectively. An initial concentration ≥3 mmol/L had 

sensitivity of 0.86 and specificity of 0.73 for mortality at 24 hours. The mortality rate among 

patients with elevated lactate concentrations (n=2381, 5.6±2.8 mmol/L) that did not decline to 

<2.0 mmol/L in response to resuscitative efforts (mean second measurement, 3.7±1.9 mmol/L) 

was nearly seven times higher (4.1% vs 0.6% [p<0.001]) than among those with an elevated 

concentration (n=1506, 5.3±2.7 mmol/L) that normalized (1.4±0.4 mmol/L). Logistic regression 
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analysis showed that failure to clear lactate was associated with death more than any other feature 

(OR=7.4; CI, 1.5–35.5), except having an Injury Severity Score >25 (OR=8.2; CI, 2.7–25.2).

Conclusions—Failure to clear lactate is a strong negative prognostic marker after injury. An 

initial lactate measurement combined with a second measurement for high-risk individuals might 

constitute a useful method of risk-stratifying injured patients.
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Introduction

Estimating depth of shock and adequacy of resuscitation is at the cornerstone of the care of 

badly injured patients. Vital signs are often used as an initial measure of hemodynamic 

stability, but we have known for many years that they might grossly underestimate the depth 

of shock1. Other measures such as base deficit and central venous oxygen saturation are far 

more accurate than vital signs2,3.

In 1993, Abramson et al4 demonstrated that the ability to clear lactate to normal was the 

most accurate predictor of outcome following critical injury. Their study revealed a stepwise 

increase in the mortality rate as the time to lactate clearance increased. All patients whose 

lactate concentration fell to normal within 24 hours survived.

In the past 20 years, trauma resuscitation techniques have changed dramatically. 

Hypotensive resuscitation—allowing patients to remain with a lower-than-normal blood 

pressure until hemorrhage is controlled—is now common practice in major American 

trauma centers. Several prospective randomized trials have demonstrated its efficacy5,6. In 

addition, damage control resuscitation, limiting the volume of crystalloid administered, and 

using blood and plasma early have been demonstrated to improve outcome7,8.

Lactate, the metabolic byproduct of anaerobic metabolism9, should be a sensitive marker of 

shock and resuscitation. High lactate levels at the time of patient presentation have been 

shown to predict death in studies of sepsis as well as trauma10–13, and is now used as a 

marker of resuscitation14,15. Base deficit also correlates with volume resuscitation and 

survival in trauma16–18. However, lactate has been shown to predict mortality as well, or 

better than, base deficit in several studies19–21, including injured patients with normal base 

deficits22. Serum lactate is an ideal biomarker because the technology is inexpensive23, the 

test is fast24, and there are multiple ways to obtain equivalent samples25–28. Many studies 

that examined the utility of lactate clearance have used in-hospital mortality as the 

endpoint29–34, yet death in the hospital can be caused by many events unrelated to the 

adequacy of resuscitation. Lactate has a half-life of 15–30 minutes in healthy subjects35, 

suggesting lactate levels may change rapidly in response to resuscitative efforts. Given 

validated point-of-care devices37–40, if lactate was shown to predict early death, we could 

use lactate in the prehospital arena to enhance triage protocols41. The objective of this work 

is to show that lactate clearance is a better marker of early death (within 24 hours after 

admission) than a marker of in-hospital mortality.
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Methods

Population and Setting

We retrospectively reviewed the trauma registry at the R Adams Cowley Shock Trauma 

Center, University of Maryland, for the period of January 1, 2010, to December 31, 2012. At 

our institution, patients with acute complications of previous injuries (e.g. soft tissue 

infections in paraplegics), medical emergencies (e.g. myocardial infarction, acute stroke, 

etc.), and those with non-traumatic causes of shock (e.g. sepsis, ruptured abdominal aortic 

aneurysm, bowel infarction) are not recorded in the trauma registry. We reviewed the 

records of all patients admitted within the study dates and excluded those who 1) did not 

have a lactate measurement within 24 hours after arrival, 2) were transferred to the trauma 

center from other facilities, or 3) died within 15 minutes after arrival. We excluded files that 

contained corrupted data or had obvious data entry errors.

Patients began resuscitation with immediate vascular access and an initial bolus of 

intravenous crystalloid solution. All patients undergo standardized testing, including 

ultrasound and computed tomography imaging, at the time of admission. Testing includes an 

initial venous lactate level that is repeated six hours later. Blood products are immediately 

available as needed. Our massive transfusion protocol is activated if the patient’s has two 

successive systolic blood pressures less than 90 millimeters of mercury) or has received two 

units of uncross-matched blood, in combination with obvious blood loss, bleeding seen on 

imaging, penetrating torso injury, or if the patient plan will be managed in the operating 

room. Hypotensive and damage-control resuscitation strategies are used as the clinical 

picture dictates.

This study was approved by the institutional review board at the University of Maryland, 

Baltimore (HP-00050293).

Data Management

The study population included every patient who had at least one lactic acid measurement 

within the first 24 hours after admission. Within this population, we created two subgroups 

of patients who had at least two lactate measurements within the first 24 hours after arrival. 

The first subgroup, the High Clearance Group, comprised all patients who arrived with an 

elevated lactate concentration (≥3.0 mmol/L) that then normalized (<2.0 mmol/L). The 

second subgroup, the Poor Clearance Group, had an initially elevated lactate level (≥3.0 

mmol/L) that did not normalize (≥2.0 mmol/L). Lactate measures <2.0 mmol/L are 

considered normal at our institution’s laboratory.

Data Analysis

We recorded Injury Severity Score (ISS)42, age, sex, race, and mechanism of injury. All 

between-group differences were evaluated using student’s t-test or chi-squared statistics and 

an alpha of 0.05. Using a cutoff of 3.0 mmol/L, we calculated the sensitivity and specificity 

of the initial lactate concentration to predict 24-hour mortality and in-hospital mortality. We 

also derived a receiver operating characteristic curve43 using the initial lactate level to 

predict 24-hour mortality and in-hospital mortality. We derived percent mortality for 
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patients based on initial lactate and shock index (heart rate [beats per minute] / systolic 

blood pressure [mmHg])44. We obtained the demographics for the patients with a normal 

shock index and hyperlactemia for comparison to our lactate clearance cohorts.

We performed a multivariate logistic regression to compare the association of initial lactate 

concentration and lactate clearance with other commonly cited factors of poor outcome after 

traumatic injury (age, sex, ISS, and mechanism as well as blood pressure, Glasgow Coma 

Scale [GCS] score45, and heart rate on admission) on 24-hour mortality for patients with an 

initial lactate concentration ≥3.0 mmol/L. Delong’s method was used to compare the areas 

under receiver operating characteristic curves (AUC)46. SAS 9.2 software, Version 8 (SAS 

Institute, Cary, North Carolina), was used for all calculations.

Results

Study Population and Cohorts

Of the 26,454 patients for whom data were recorded in the trauma registry during the study 

period, 18,304 met the inclusion criteria (Figure 1). The High Clearance Group consisted of 

1,506 patients and the Poor Clearance Group had 2,381 patients. In the initial population, 

14,417 patients had only one lactate measurement or their initial lactate level was not 

elevated.

The general study population was predominantly Caucasian males, approximately 40 years 

of age, who were victims of motor vehicle crashes and had minor injuries (ISS<9) (Table 1). 

The High and Poor Clearance Groups had higher proportions of African-Americans, patients 

with penetrating trauma, and patients in higher ISS categories.

Initial Lactate Results

18,304 patients were enrolled, and initial lactate levels were reported (i.e., blood was drawn, 

the test was completed, and the value was made available to the health care provider in the 

electronic medical record) within a median 13.0 minutes after the patient’s arrival 

(Interquartile range [IRQ]=9–19 minutes). There were 4,576 patients with normal shock 

indices and hyperlactemia (Table 2) who had a 24-hour and in-hospital mortality of 1.55% 

and 4.02%, respectively. The demographics of this subpopulation (See Supplemental Digital 

Content) are similar to the Poor and High Clearance cohorts (Table 1). The (AUC) was 0.87 

for mortality at 24 hours and 0.73 for in-hospital mortality (p-value<0.0001, Figure 2). A 

cut-off of 4.0 mmol/L had the best overall combination of sensitivity and specificity for 

mortality at 24 hours. Our pre-specified cut-off of 3.0 mmol/L had a considerably better 

sensitivity of 0.86, with a good specificity of 0.68, or a positive predictive value (PPV) of 

3.70% and negative predictive value (NPV) of 99.72%. Positive and negative likelihood 

ratios (LR+ and LR−) for a cut-off of 3.0 mmol/L were 2.72 and 0.20, respectively47.

Lactate Clearance Group Analysis

The mean initial lactate concentrations for the Poor and High Lactate Clearance Groups 

were different statistically but not clinically (5.6±2.8 and 5.3±2.6, respectively [P=0.0002]) 

(Table 3). The second lactate measurement was reported a median of 251 minutes after 
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arrival (IRQ=157–401 minutes). Compared with the High Clearance Group, the Poor 

Clearance Group was older (37.9±17.9 vs 39.9±18.0 years [P<0.001]) and had significantly 

worse injuries (ISS, 19.7±15.4 vs 13.0±11.5 [P<0.001]) and a nearly seven-fold higher 24-

hour mortality rate (P<0.001).

Multivariate Analysis

The following factors were found to be predictive of death at 24 hours: critical injury 

(ISS>25, OR=8.2), negative lactate clearance (OR=7.4), initial lactate concentration >7 

(OR=5.1), comatose presentation (GCS score=3, OR=4.3), hypotension on admission 

(OR=3.0), age >65 years (OR=2.7), and extreme tachycardia (heart rate >120, OR=2.0) 

(Table 4). Although none of the other lactate clearance groups shown in Table 4 reached 

statistical significance (the confidence intervals of the ORs contained 1), there is a trend in 

decreasing odds ratio as lactate clearance increases. The AUC for this multivariate model 

was 0.942 (95% confidence interval=0.923–0.960). Treating lactate clearance as a 

continuous variable did not significantly improve the predictive ability of the model 

(AUC=0.943 [0.934–0.953]) but it was still significantly associated with survival (OR=0.12, 

[0.07–0.21]). This suggests that each percentage point improvement in lactate clearance 

significantly improves the patient’s 24-hour survival.

Discussion

The ability to optimally resuscitate patients is thought to be important in maximizing 

survival. The aforementioned study by Abramson and colleagues4, demonstrating that 

trauma patients’ ability to return lactate to a normal level was the best predictor of survival, 

used in-hospital death as its endpoint. Those deaths could have been related to complications 

such as multiple organ failure, deep venous thrombosis, or sepsis, not necessarily to the 

adequacy of resuscitation.

Trauma resuscitation has evolved considerably since 1992. Newer techniques such as 

hypotensive resuscitation and damage control are enabling patients who would have died in 

past to now survive. It is unclear whether these changes have salutary effects on late deaths. 

Holcomb and associates demonstrated that patients who receive high ratios of plasma and 

platelets relative to the number of red cells transfused are much less likely to bleed to death 

but more likely to die from late complications such as traumatic brain injury8

In the series reported in this article, ISS, inability to clear lactate, mental obtundation at the 

time of presentation, initial lactate concentration, hypotension on admission, age, and heart 

rate at admission all predicted early death. Of these variables, only the ability to clear lactate 

to normal can be modified. Patients whose lactate concentration did not fall to normal had a 

nearly seven-fold increase in the 24-hour mortality rate compared with those whose lactate 

levels declined. The trend toward decreasing mortality as lactate clearance improved 

suggests that clearing lactate to normal is highly advantageous.

Admittedly, the patients with high lactate levels that did not decrease were more severely 

injured and older than those in whom the lactate level did return to normal. However, after 

adjusting for other risk factors, our multivariate analysis demonstrated that failure to clear 
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lactate was more predictive of death than age, hypotension, tachycardia, and mental 

obtundation. Only injury anatomy (ISS> 25) had a greater predictive value. Our model 

further showed that each incremental increase in lactate clearance was associated with an 

improvement in 24-hour survival (OR=0.12, 95%CI=0.07–0.21).

As a compliment to the work done by Odom and colleagues33, this is the largest study to 

examine if lactate clearance predicts 24-hour mortality following injury. The more recent 

dates of our study make it more relevant in the era of damage control surgery and damage 

control resuscitation. In addition, our data set was quite complete: our data would represent 

more than 95% of the patients directly transported to our center. This is also the largest 

study to show that the initial lactate concentration is useful in predicting death after trauma. 

Patients with initial lactate levels >7 mmol/L had a five-fold greater risk of death after 24 

hours. There was a large group of patients (n=4,567, 25.0%) with elevated initial lactates 

and normal shock indices, and the mortality of this group was high (1.55% at 24-hours and 

4.02% in-hospital, respectively). We found the mathematically ideal cut off for initial lactate 

to be 4.0 mmol/L, which is remarkably similar to data from patients with sepsis13–15. We 

found that a value of 3 mmol/L yielded similar sensitivity but better specificity (0.86 and 

0.68, respectively) compared with data generated by Pal and colleagues (sensitivity, 0.85, 

and specificity, 0.38)29.

Our focus on 24-hour mortality might explain the increased specificity of the initial lactate 

concentration, as it eliminates confounding clinical scenarios that could influence patient 

outcome (e.g., hospital-acquired infections). Our decision was supported by our results: our 

in-hospital mortality AUC was 0.73 – similar to what had been reported by other 

investigators26,31,41 – yet the AUC for initial lactate concentration predicting 24-hour 

mortality was higher: 0.86. Given the results of this study, and the short half-life of lactate, 

this study suggests that clinicians should check the lactate levels of injured patients early 

and often.

In our trauma center, lactate levels can be determined quickly and, in this study, were 

available to clinicians approximately 20 minutes after patient presentation. Thus, the initial 

concentration is a rapidly available screening test that is useful in identifying patients at high 

risk for early death. In parallel, a normal initial lactate level should be reassuring, indicating 

that the risk of death is quite low.

For the current investigation, we did not extract registry data regarding patients’ initial 

treatment strategy. Our receiving physicians commonly employ hypotensive resuscitation as 

well as damage control resuscitation. It seems that patients with initially elevated lactate 

concentrations would be ideal candidates for those approaches. Once hemorrhage is 

controlled, efforts should be directed toward normalizing the lactate level as quickly as 

possible. A repeat measurement should be requested early in the resuscitation. Patients 

whose levels are not falling require particular diligence to ensure that hemorrhage is 

controlled and resuscitative efforts are optimized.
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Limitations

As with any retrospective study, this investigation is subject to sources of unmeasured bias. 

Clinicians determined at the point of care which patients should or should not have a second 

lactate measurement. As a result, we do not have a second lactate reading on all patients, and 

the timing of the second measurement is quite variable. Additionally, although we attempted 

to account for other factors that predict death after trauma, residual confounding might still 

have occurred.

Conclusions

After injury, an initially elevated serum lactate concentration predicts mortality. Each 

incremental improvement in lactate clearance enhances 24-hour survival. The inability to 

reduce lactate concentration toward normal increases the risk of death within the first 24 

hours of hospitalization. Serial measurements of the lactate concentration are important 

markers of the adequacy of resuscitation. No single value has been identified as “perfect,” 

but it appears that serial lactate measurements early after resuscitation are an important 

factor in treatment strategies for critically injured patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Consort diagram for lactate clearance population and cohort development.
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Figure 2. 
Receiver operating characteristic curve for initial lactate. Numbers on the curve denote the 

various cut-off values for lactate concentration (mmol/L). The AUC was 0.87 and 0.73 for 

death at 24 hours and in-hospital mortality, respectively
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Table 1

Demographics of total Lactate Clearance Population and Study Cohorts, Shock Trauma Center, Maryland, 

2010–2012

Lactate Population High Clearance Poor Clearance

N (%) 18,304 (100%) 1506 (7.8%) 2,381 (12.4%)

Age, mean (SD) 41.3 (19.7) 37.9 (17.9) 39.9 (18.0)

Male Sex, % 12,600 (68.8) 1180 (78.4) 1889 (79.3)

Race, %

  White 10,679 (58.5) 802 (53.4) 1235 (52.1)

  Black 6,247 (34.3) 629 (41.9) 956 (40.3)

  Hispanic 502 (2.8) 25 (1.7) 68 (2.9)

  Other 814 (4.5) 46 (3.1) 112 (4.7)

ISS

  <9 9,639 (54.5) 573 (38.6) 596 (25.3)

  9<ISS<16 3,886 (22.0) 420 (28.3) 499 (21.2)

  16<ISS<25 2,206 (12.5) 249 (16.8) 440 (18.7)

  ISS>25 1,958 (11.1) 244 (16.4) 820 (34.8)

Mechanism

  MVC 8,576 (46.9) 545 (36.2) 1107 (46.5)

  Falls 4,493 (24.6) 312 (20.7) 413 (17.4)

  Stabbing 1,198 (6.6) 173 (11.5) 235 (9.9)

  GSW 951 (5.2) 191 (12.7) 280 (11.8)
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Table 2

Comparison of Mortality by Shock Index and Initial Lactate. Shock Trauma Center, Maryland, 1/1/2010–

12/31/12

Lactate <=3 Lactate >3

Total patients
SI ≤ 0.9 12302 4576

SI > 0.9 425 867

24-Hour Mortality, N (%)
SI ≤ 0.9 29 (0.24) 71 (1.55)

SI > 0.9 7 (1.65) 57 (6.57)

In-Hospital Mortality, N (%)
SI ≤ 0.9 138 (1.12) 184 (4.02)

SI > 0.9 14 (3.29) 107 (12.34)
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Table 3

Demographic characteristics and mortality of patients in the High and Poor Clearance Cohorts, Shock Trauma 

Center, Maryland, 1/1/2010–12/31/12.

High Clearance Poor Clearance p-values

1st Lactate (mmol/L), mean (SD) 5.3 (2.6) 5.6 (2.8) <0.001

2nd Lactate (mmol/L), mean (SD) 1.4 (0.4) 3.7 (1.9) <0.001

Lactate Clearance (%) 73.1 32.2 <0.001

ISS, mean (SD) 13.0 (11.5) 19.7 (15.4) <0.001

% male sex 78.4 79.3   0.464

Age, mean (SD) 37.9 (17.9) 39.9 (18.0) <0.001

% penetrating mechanism 25.0 21.9   0.023

% mortality at 24 hours 0.6 4.1 <0.001

Admission SBP (mmHg), mean (SD) 143.6 (25.8) 137.0 (36.1) <0.001

Admission Heart Rate, mean (SD) 96.6 (21.0) 100.5 (26.5) <0.001

Admission GCS, mean (SD) 13.6 (3.1) 12.4 (4.2) <0.001

Patients (n) 1506 2,381
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Table 4

Odds Ratios for classic clinical predictors of mortality in trauma, compared to lactate and lactate clearance in 

study cohort, Shock Trauma Center, Maryland, 1/1/2010–12/31/12.

Adjusted OR for mortality at 24-hours (95%CI)

Lactate clearance

  Negative* 8.9 (1.9–42.4)

  0–20% 3.23 (0.7–15.5)

  20–40% 2.5 (0.5–12.0)

  40–60% 1.2 (0.2–6.1)

  60–80% 1.1 (0.2–5.2)

  80–100% 1.0 (reference)

Initial Lactate (mg/L)

  3.0–4.0 1.0 (reference)

  4.0–7.0 1.6 (0.8–3.1)

  ≥7.0* 5.7 (2.8–11.9)

ISS

  <9 1.0 (reference)

  9<ISS<16 ---

  16<ISS<25 1.2 (0.3–4.8)

  ISS≥25* 8.2 (2.7–25.3)

Age (years)

  17–45 1.0 (reference)

  45–65 1.2 (0.7–2.1)

  65+* 2.9 (1.5–5.4)

Admission SBP (mmHg)

  <90* 3.0 (1.5–5.9)

  90–120 1.5 (0.8–3.0)

  120–150 1.0 (reference)

  ≥150 1.5 (0.8–2.7)

Admission Heart Rate (BPM)

  <60 2.0 (0.9–4.5)

  60–100 1.0 (reference)

  100–120 1.3 (0.7–2.5)

  ≥120* 2.0 (1.1–3.5)
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Adjusted OR for mortality at 24-hours (95%CI)

Admission GCS

  3–8* 4.3 (2.4–7.7)

  9–13 1.6 (0.7–3.4)

  14–15 1.0 (reference)

*
Statistically significant.
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