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Article 
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Abstract: Background: Lactate is a metabolic byproduct. It has traditionally been seen as a 

byproduct of oxygen-deprived glycolysis and ischemia. Therefore, our main goal is to examine the 

influence of lactate levels (LLs) on clinical outcomes in patients with severe Traumatic brain injury 

(TBI). Method: This is a level 1 single-center, retrospective study of patients with severe TBI between 

January 1, 2020- December 31, 2023, inclusive. Only patients with an Abbreviated Injury Scale (AIS), 

value of 3 or higher were included. Results: Single-factor ANOVA indicated a significant increase 

in LLs with decreasing age (Hospital admission: p = 1.53E-13, ICU admission: p = 0.0183, Hospital 

discharge: p = 0.02, Death: p = 0.0149). Linear regression models showed a significant decrease in 

age compared to Hospital admission LLs (p = 2.65E-09), Intensive Care Unit (ICU) admission LLs 

(p = 0.01), and Death LLs (p = 0.00295). Prognostic scores such as Injury Severity Scores (ISS) and 

Glasgow Coma Score (GCS) showed a strong correlation with both Hospital admission and ICU 

admission LLs. ANOVA indicated higher LLs with increasing ISS (Hospital admission: p = 5.22E-

06, ICU admission: p = 1.92E-05) and increasing LLs with decreasing GCS (Admission: p = 3.42E-08, 

ICU admission: p = 1.74E-09). Linear regressions revealed a strong positive correlation between ISS 

and LLs (Hospital admission: p = 3.69E-07, ICU admission: p = 2.90E-06). On linear regression, the 

lactate level measured at hospital admission and ICU admission strongly positively associated with 

the length of stay (LOS) in the hospital (Hospital admission: p = 0.00342, ICU admission: p = 0.0163), 

LOS in the ICU (Hospital admission: p = 0.0141, ICU admission: p = 0.0234), ventilator days (Hospital 

admission: p = 0.002513, ICU admission: p = 8.23E-05), and mortality (Hospital admission: p = 8.13E-

05, ICU admission: p = 3.93E-05). Discussion: We discovered that high LLs were linked to longer 

stays in the hospital and ICU, as well as more days requiring a ventilator, and higher mortality rates 

in patients with severe TBI. Enhanced LLs had the most notable impact on the number of days on a 

ventilator and mortality, followed by longer hospital and ICU stays. Therefore, lactate can be 

considered a strong predictor of poor clinical outcomes in patients with severe TBI.  

Keywords: lactate; traumatic brain injury; critical care; abbreviated injury severity scale; trauma 

 

Background 

Traumatic brain injury (TBI) is a wide umbrella of pathology that refers to neurologic injury 

resulting from an external mechanical force, including hematomas, contusions, and edema [10]. It is 

the most common cause of neurologic disability and has a mortality of 30-50% among patients with 

severe cases [1]. Though this range of brain injury has been studied extensively, it is often difficult to 

do so due to the many mechanisms that can cause TBIs and the multiple disease processes that are 

involved in them. 

In TBI patients, biomarkers, electrolytes, intracranial pressures, and imaging are all utilized to 

measure the initial severity and progress of injury throughout treatment. These findings, in addition 

to a patient’s presentation, are critical to the risk stratification of such cases and can help identify 

cases requiring hospital versus ICU level admissions. One such crucial value is Lactate levels (LLs), 
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something that can be easily obtained and quickly processed during an initial TBI evaluation or 

anytime thereafter. Lactate is a metabolic byproduct of the glycolysis pathway that increases in 

quantity when the final product of glycolysis, pyruvate, cannot be adequately shuttled into the 

pathways of aerobic metabolism. Without sufficient oxygen supply for these secondary pathways, 

pyruvate is converted to lactate by lactate dehydrogenase [4]. Thus, a high lactate is often associated 

with hypoxic injury of any kind. 

Among TBI patients specifically, high LLs indicate increased hypoxic brain injury. As described 

above, mitochondrial dysfunction or lack of available oxygen supply to enter secondary metabolic 

pathways results in lactate buildup. In TBI patients, often the neuronal activity is actually fueled by 

lactate, causing an increase in its production. Overall, high lactate levels indicate a more severe injury 

and can often predict worse outcomes in a patient’s care [12]. 

In the trauma bay, each TBI is evaluated by the Glasgow Coma Scale (GCS) to risk stratify and 

identify the need for specific diagnostic testing or treatment. This scale is divided into the three 

categories of eye, verbal, and motor response, with scores accumulating to a range from 3 to 15. A 

severe TBI is classified by a GCS score between 3 and 8. Moderate TBIs range from a GCS of 9 to 12, 

and mild cases have scores of 13-15 [9]. 

The Abbreviated Injury Scale (AIS), last updated in 2005, is an anatomically based scoring 

system that has been thought of as the gold standard for scoring injury severity. This scoring system 

grades brain injury on a scale of 1 to 6. 1 and 2 are minor and moderate injuries, respectively. A score 

of 3 indicates a severe, but not life-threatening injury. Scores of 4, 5, and 6 represent potentially life-

threatening injuries with likely survival, critical injuries with uncertain survival, and unsurvivable 

injuries, respectively. This scale considers scalp injury, skull fractures, intracranial injury, hypoxic or 

ischemic brain damage, and concussive injury in its calculations [3]. The injury severity score is an 

expanded version of the AIS, which considers the six body regions of the head, face, chest, abdomen, 

extremities (including pelvis), and external. Each of these regions is allocated an AIS score, all of 

which are combined to provide an ISS from 0 to 75 [6]. 

An important feature of this study is its completion in a hospital treating a uniquely diverse 

population. The center used here is a 545 bed, level 1 trauma center, and a major tertiary care provider 

within a borough of New York City. It serves an extremely ethnically diverse population of 

approximately one million people. With 130,042 emergency department visits in the previous year, 

it has one of the busiest emergency rooms among the five boroughs. It has a 12 bed Surgical Trauma 

ICU that is operated by surgical critical care, neurocritical care, and surgical departments [7]. 

There has been intensive research on TBIs and lactate, including the significance of increased 

lactate after TBI, the use of lactate in neurocritical care in regards to treatment planning, and the use 

of lactate as a preferred fuel by the brain following injury [2,5]. However, we have yet to thoroughly 

explore the use of LLs in specific outcome prediction. Additionally, the use of AIS as an indicator of 

TBI severity is unique to this study, offering a more anatomically specific definition of our inclusion 

criteria. Through the following paper, we explain the significant correlations we found between 

lactate levels and multiple values in the categories of demographics, trauma mechanisms, severity 

scores, and outcomes. While we consider a number of metabolites in the treatment and care of our 

TBI patients, we found it crucial to understand the significance of each lab value. In this paper, as 

explained above, we focus on the contributions of lactate. 

Method 

This is a level 1 single-center, retrospective study. Data from patients presenting with severe 

traumatic brain injuries was collected between January 1, 2020 and December 31, 2023. The 

Abbreviated Injury Scale was utilized as the basis of our inclusion criteria, defining severe TBI as any 

brain injury with an AIS value of 3 or above. Among these patients, anyone with a COVID-19 

infection at the time of injury and death or discharge within 24 hours of initial injury were excluded 

from the study. These inclusion and exclusion criteria ultimately resulted in a total patient population 

of 1,125. 
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The above data was statically analyzed through both excel and R studio. LLs taken at the time 

of admission, ICU admission, discharge, ICU discharge, and death were utilized in this analysis. 

Levels taken at initial presentation in the trauma bay were not utilized in this study, as this data is 

primarily used for initial risk stratification and is not utilized in treatment plans. Both admission and 

discharge lactate levels were utilized in single factor ANOVA, two tailed T-tests, and linear 

regression models to identify the correlation between lactate and demographic variables, mechanism 

of injury, severity scores, hospital outcome variables, and specific diagnoses. 

The single factor ANOVA model was utilized to identify possible correlation between LLs and 

the demographic variables of age and sex. Lactate levels were the dependent variable in both cases. 

Age was divided into four categories (<18, 18-45, 46-75, >75) and sex was interpreted in the two 

categories of male and female. Both age and sex were compared to lactate levels at hospital admission, 

ICU admission, hospital discharge, ICU discharge, and death. Age was also compared to the same 

five lactate levels via a linear regression model. LLs were again used as a dependent variable when 

comparing blunt versus penetrating trauma through the two tailed T-test model. Trauma 

mechanisms were also compared to LLs at hospital admission, ICU admission, hospital discharge, 

ICU discharge, and death. 

LLs and severity score values were initially compared through the single factor ANOVA model. 

Here, LLs at hospital admission, ICU admission, hospital discharge, ICU discharge, and death were 

divided into three categories (0-2, 2-4, >4) and utilized as the independent variable. These were 

analyzed against average Injury Severity Scores and Glasgow Coma Scales. The same five LLs were 

also compared to ISS and GCS with a linear regression model. Here, LLs were again used as the 

independent variable. 

Both single factor ANOVA and linear regression models were used to study the hospital 

outcome variables of hospital length of stay, ICU length of stay, days on ventilator, and mortality. 

For the ANOVA, lactate levels at hospital admission and ICU admission were divided into three 

categories (0-2, 2-4, >4) and utilized as the independent variable. For the linear regression model, all 

patients were initially divided into categories based on the number of injuries they had: one, two, 

three or multiple. Then, within each category, the numerical range of LLs was used as the 

independent variable and compared to the same four hospital outcome variables. 

Each patient in our study had associated ICD codes based on their diagnoses. The various ICD 

codes were then divided into the following six broad categories: subdural hematoma, subarachnoid 

hematoma, epidural hematoma, intraparenchymal hemorrhage, concussion, and other. Both 

concussion and other categories did not have sufficient data to analyze. Within each of the other four 

injury classification categories, LLs were again used as the independent variable and compared to 

hospital length of stay, ICU length of stay, days on ventilator, and mortality. Hospital admission and 

ICU admission LLs were used for the first three outcome variables, and hospital admission, ICU 

admission, and ICU discharge LLs were used for the analysis of mortality. 

Results 

For demographic data both age and sex had some statistically significant correlations with LLs 

(Table 1). The single-factor ANOVA indicated a significant decrease in LLs with increasing age, at 

hospital admission (p = 1.13E-16), ICU admission (p = 0.01), hospital discharge (p = 0.02), and death 

(p = 0.03). It did not show a significant correlation of the same at ICU discharge (p = 0.50). Linear 

regression also showed a significant decrease in LLs with increasing age at hospital admission (p = 

2.65E-09), ICU admission (p = 0.01), and death (p = 0.002). The same correlations were not statistically 

significant at hospital discharge (p = 0.07) or ICU discharge (p = 0.54). The two tailed T-test indicated 

a significant increase in LLs among male patients at hospital admission (p = 2.99E-05) and hospital 

discharge (p = 0.01). The same was not significant at ICU admission (p = 0.06), ICU discharge (p = 0.6), 

or death (p = 0.44). 
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Table 1. Single-factor ANOVA analysis comparing both diagnostic and injury related factors and LLs 

at 5 different time points (admission, ICU admission, ICU discharge, hospital discharge, death). The 

distribution of different mechanisms of injury is shown in Figure 1 below. 

 Admissio

n 

ICU 

Admission 

ICU 

Discharge 

Hospital 

Discharge 

Death 

Sex Female 2.6154098 2.22795699 1.568817204 1.80542168 3.02941176 

Male 3.5314417 2.66322165 1.970618557 2.16117241 3.83424658 

p-value 2.999E-05 0.06027030 0.063706245 0.01367872 0.4381257 

 

Age Range Under 18 3.6076923 1.325 1.4625 2.81538462  

18 - 45 3.8326284 2.80155660 1.943396226 2.05914474 5.23703704 

46 – 74 3.3079114 2.60588235 1.977058824 2.20731707 3.12333333 

75+ 2.4018286 2.12087912 1.656043956 1.81056338 2.91818182 

p-value  1.25E-16 0.01434776 0.501572021 0.0255 0.0309 

 

Injury 

Type 

Blunt 3.3216585 2.57252118 1.90656779 2.09411444 3.6264368 

Penetrating 3.824 2.92222222 1.17777777 1.34166667 5.3 

p-value 0.4647014 0.60513036 0.24903905 0.11515861 0.4597395 

 

Injury 

Mechanis

m 

Fall 3.3463030 2.43843416 1.88007117 2.13470319 3.3280702 

Blunt Assault 3.0515790 2.81738095 2.35238095 2.30666666 4.38 

MVC 3.5062791 2.59122807 1.55614035 1.83740260 2.8777778 

Pedestrian 

Struck 

3.4444444 3.23095238 1.80952381 1.86481482 5.3333333 

Micro MVC 3.1140625 2.54102564 2.36153846 2.06271186 5.46 

Penetrating 

Assault 

3.4808696 2.72 1.24666667 1.52631579 4.4 

Other  4.1 2.74 1.58 1.96666667  

p-value  0.8276688

1 

0.36812311 0.18511477 0.31870875 0.7006647 

 

Diagnosis Subdural 3.3306096 2.54098360 1.92267760 2.08507462 3.64507042 

Subarachnoid 3.5255471 2.60420074 1.87360595 2.06144578 3.42580645 

Epidural 3.64375 2.93876712 1.95 1.98651685 2.114285714 

Intraparenchy

mal 

3.5436263

7 

2.79230769 2.015384615 2.11111111

1 

3.806666667 

Concussion 2.3105263 1.36666667 1.3 1.72222222 1.80 

Other 3.9837736 2.95727273 1.902479339 1.74263566 3.836666667 

p-value 0.0363428 0.10275604 0.93498739 0.33794851 0.850618733 

 

One 3.1107463 2.4 1.96 2.10313480 4.675 
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Number of 

Injuries  

Two 3.1721612 2.40974026 1.683116883 2.0593360 3.6 

Three 3.8209009 2.70869047 1.969047619 2.16111111

1 

3.109090909 

Four+ 4.2129577 3.13333333 2.114285714 1.65 3.916666666 

p-value 0.0020071 0.05308225 0.375168012 0.28076018 0.663996862 

 

Figure 1. Mechanisms of injury within each diagnostic category. 

In regards to trauma mechanism, the two tailed T-test did not show significant correlation 

between LLs and blunt versus penetrating trauma (Table 1). LLs in penetrating trauma were 

insignificantly higher than blunt trauma at hospital admission (p = 0.46), ICU admission (p = 2.92), 

and death (p = 0.46). They were lower than blunt trauma at hospital discharge (p = 0.12) and ICU 

discharge (p = 0.25). 

Single-factor ANOVA indicated significant correlations between LL ranges and ISS and GCS 

(Table 2). ISS increased significantly with increasing LLs at hospital admission (p = 5.22E-06), ICU 

admission (p = 1.92E-05), and hospital discharge (p = 4.62E-04). The same correlation was not 

significant at ICU discharge (p = 0.19) and death (p = 0.08). Similarly, GCS scores increased 

significantly with increasing LLs at hospital admission (p = 3.42E-08), ICU admission (p = 1.73E-09), 

and ICU discharge (p = 5.91E-07). The same correlation was not significant at hospital discharge (p = 

0.44) or death (p = 0.17). 
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Table 2. Two-tailed t-test comparing ISS and GCS scores at different LL ranges (normal (0 – 2), 

increase (2-4), severely increased (>4)). 

 Normal Increased Severely 

Increased 

p-value 

Admission ISS 17.42608696 17.79790026 21.23350254 5.226E-06 

GCS 13.72246696 13.01075268 11.60209424 3.423E-08 

 

ICU 

Admission 

ISS 19.907834101 20.82894737 25.43589744 1.917E-05 

GCS 12.99029126 11.36734694 9.513157895 1.736E-09 

 

ICU 

Discharge 

ISS 21.027777778 20.488636363 24.18518519 0.1912781 

GCS 12.53479853 10.73563218 8.666666666 5.907E-07 

 

Discharge ISS 17.99487179 15.68493151 15.82352941 0.00046246 

GCS 13.465789474 13.70642202 13.3333333 0.44712712 

 

Death ISS 31.17948718 22.88888888 28.03703703 0.0796926 

GCS 9.176470588 8.1111111111 6.814814815 0.1703850 

Among the overall patient population, outcome variables showed significant correlations with 

LLs. Single-factor ANOVA showed a significant increase in hospital length of stay with increasing 

hospital admission (p = 0.008) and ICU admission (p = 1.79E-04) LLs. The same significant correlation 

was seen through linear regression at hospital admission (p = 0.003) and ICU admission (p = 0.02) 

(Figure 2). Single-factor ANOVA indicated a significant increase in ICU length of stay with increased 

LLs at hospital admission (p = 0.046) and ICU admission (p = 3.25E-04). The same was seen through 

linear regression with p-values of 0.01 at hospital admission and 0.02 at ICU admission. Single-factor 

ANOVA showed a significant increase in days on a ventilator with increased LLs at hospital 

admission (p = 0.007) and ICU admission (p = 4.06E-04). The same was seen with linear regression, 

calculating p-values of 0.002 at hospital admission and 8.23E-05 at ICU admission. Single-factor 

ANOVA only showed significantly increased likelihood of mortality with increased LLs at ICU 

admission (p = 0.008), not hospital admission (p = 0.07). Linear regressions indicated an increased 

likelihood of mortality with increased LLs at hospital admission (p = 8.13E-05), ICU admission (p = 

3.93E-5), and ICU discharge (p = 2.37E-08) (Figure 3). 
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Figure 2. Linear regression showing the correlation between admission LLs and hospital length of 

stay (LOS). 

 

Figure 3. Graph indicating average LLs among patients who survive their injury and those who 

experience death during their hospitalization. 

Linear regression models were also utilized to compare change in lactate over the course of 

admission to the above mentioned four outcome variables. First off, the change in LLs from admission 

to ICU admission were used as the independent variable against hospital length of stay, ICU length 

of stay, days on ventilator, and mortality. This analysis did not show any significant relationship. 
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Then, the change in LLs from ICU admission to ICU discharge was utilized as an independent 

variable against the same four outcomes. Here we saw an increased hospital length of stay (p = 3.04E-

04), ICU length of stay (5.72E-04), and number of days on a ventilator (p = 5.00E-06) with decreased 

change in LLs. The change in lactate admissions over ICU stay did not significantly affect mortality 

(Table 3). 

Table 3. Linear regression analyses comparing change in LLs between admission and ICU admission 

or ICU admission and ICU discharge against outcome variables (hospital length of stay (LOS), ICU 

LOS, ventilator days, mortality). 

Timeframe Outcome p-value  Coefficient 

Admission to ICU 

Admission  

Hospital LOS 0.778 -0.1239 

ICU LOS 0.501 0.1053 

Ventilator Days 0.322 0.1481 

Mortality 0.243 0.007354 

 

ICU Admission to ICU 

Discharge 

Hospital LOS 0.000304 -2.4297 

ICU LOS 0.000572 -0.8269 

Ventilator Days  5.00E-06 -1.0407 

Mortality 0.204 0.01234 

Analyzing the same four outcome values within groups of patients based on number of 

diagnoses also produced some significant data points (Table 3). Among patients with only one severe 

TBI diagnosis, linear regressions indicated that both ICU length of stay (p = 0.01) and days on 

ventilator (p = 0.048) were significantly increased with higher lactate levels at hospital admission. In 

the same group, analysis showed a significantly increased likelihood of mortality with higher LLs at 

hospital admission (p = 0.018), ICU admission (p = 0.001), and ICU discharge (7.92E-04). Within the 

group of patients who had two diagnoses, hospital length of stay (p = 2.80E-05), ICU length of stay 

(p = 0.001), and days on the ventilator (p = 0.002) all increased significantly with higher ICU admission 

lactate levels (p = 2.80E-05). Among the same patients, likelihood of mortality was significantly higher 

among patients who had higher LLs at hospital admission (p = 0.04) and ICU discharge (p = 2.01E-

04). 

Among patients with three TBI diagnoses, linear regression indicated a significant increase in 

days on ventilator with higher LLs at ICU admission (p = 0.046) and increased likelihood of mortality 

with higher LLs on ICU discharge (0.018) (Table 3). Within the group of patients with more than 3 

diagnoses, the likelihood of mortality was significantly increased with higher LLs at hospital 

admission (p = 0.008), ICU admission (p = 0.046), and ICU discharge (p = 0.007) (Table 4). 

Table 4. Linear regression analysis comparing LLs at admission, ICU admission, and ICU discharge 

with outcome variables (hospital length of stay (LOS), ICU LOS, ventilator days, mortality) within 

categories based on number of diagnosed injuries. 

Overall Timeframe Outcome p-value Coefficient  

Admission Hospital LOS 0.00342 0.7903 

ICU LOS 0.0141 0.2467 

Ventilator Days 0.002513 0.26456 

Mortality 8.13E-05 0.01593 

 

ICU Admission Hospital LOS 0.0163 1.357 
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ICU LOS 0.0234 0.457 

Ventilator Days 8.23E-05 0.7532 

Mortality 3.93E-05 0.033152 

 

ICU Discharge Mortality 2.37E-08 0.04777 

 

One Diagnosed 

Injury 

Admission Hospital LOS 0.0525 0.3783 

ICU LOS 0.0126 0.24945 

Ventilator Days 0.0488 0.1392 

Mortality  0.0178 0.009953 

 

ICU Admission Hospital LOS 0.668 -0.1584 

ICU LOS 0.691 0.08158 

Ventilator Days 0.25872 0.1827 

Mortality 0.00148 0.028811 

 

ICU Discharge Mortality 0.000792 0.029763 

 

Two Diagnosed 

Injuries  

Admission Hospital LOS 0.285 0.6273 

ICU LOS 0.753 0.06705 

Ventilator Days 0.4574 0.09684 

Mortality  0.0395 0.017163 

 

ICU Admission Hospital LOS 2.80E-05 5.881 

ICU LOS 0.00104 1.6483 

Ventilator Days 0.00211 0.9871 

Mortality  0.4601 0.01359 

 

ICU Discharge Mortality 0.000201 0.06854 

 

Three Diagnosed 

Injuries  

Admission Hospital LOS 0.799 0.2287 

ICU LOS 0.848 0.07094 

Ventilator Days 0.153 0.4112 

Mortality 0.70104 -0.005115 

 

ICU Admission Hospital LOS 0.758509 0.5689 

ICU LOS 0.75403 0.2266 

Ventilator Days 0.0457 1.2047 

Mortality  0.134 0.03937 
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ICU Discharge Mortality  0.018 0.07784 

 

Four or More 

Diagnosed 

Injuries  

Admission Hospital LOS 0.2107 1.745 

ICU LOS 0.736 -0.1135 

Ventilator Days 0.7588 0.1896 

Mortality 0.00881 0.04687 

 

ICU Admission Hospital LOS 0.94263 0.147 

ICU LOS 0.918 -0.04942 

Ventilator Days 0.7588 1.3184 

Mortality 0.00881 0.04931 

 

ICU Discharge Mortality 0.00708 0.07927 

The same linear regression analysis completed for data grouped by specific diagnosis also 

showed some important results. Among patients with a single subdural hematoma, ICU length of 

stay (p = 0.02) and days on the ventilator (p = 0.045) were both significantly increased with higher 

lactate levels at hospital admission. In this group, the likelihood of mortality was significantly higher 

with higher LLs at ICU admission (p = 0.02) and ICU discharge (p = 0.03). In patients with a single 

subarachnoid hematoma, the likelihood of mortality was significantly increase with higher LLs at 

ICU admission (p = 0.049). There were no significant findings through linear regression when 

comparing the same outcome values with LLs in patients with a single epidural hematoma. Among 

patients with a single intraparenchymal hemorrhage, hospital length of stay was significantly higher 

with increased LLs at hospital admission (p = 0.03) and ICU admission (p = 0.01). In the same group, 

ICU length of stay was also significantly longer with higher lactate levels at hospital admission (p = 

0.01) and ICU admission (p = 0.03). Days on the ventilator were significantly increased with higher 

LLs at hospital admission (p = 3.25E-11). Additionally, in this group, the likelihood of mortality was 

significantly higher with increasing LLs at hospital admission (p = 0.04) and ICU discharge (p = 2.66E-

04). 

Discussion 

Lactate is a commonly used and essential biomarker in the risk stratification and following 

treatment of TBIs, especially in severe cases. The significance of an elevated lactate level in this patient 

population has long been understood and documented [2]. As such, many resources have already 

been dedicated to further understanding the significance of lactate in the overall treatment of TBIs. 

In this field of research, much attention has been dedicated to the formation and use of lactate as a 

possible source of energy after brain injury on a biochemical level [5]. Those studies that do focus on 

the use of LLs in outcome prediction either look at a different variety of outcome variables among all 

TBI patients or categorize TBI severity using GCS scores [8,11]. 

Though the GCS score is a widely used scale for defining severe trauma diagnoses like TBIs, the 

AIS score used in our analysis offers a more specific, anatomically based approach by looking at 

identifiers of injury as opposed to symptomatic presentations seen secondary to a variety of traumatic 

injury. Especially because it is not commonplace to define the severity of TBIs in this way, our work 

offers a unique and possibly more accurate analysis of outcome variables in TBI patients. 

Additionally, it allows us to consider utilizing the AIS score more often when evaluating patients in 

the trauma bay [6]. 

The results we described above have a variety of significant findings indicating multiple 

important learning points from our study. Our analysis of demographic data showed an inverse 
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correlation between age and LLs, with LLs decreasing with increasing age. Though it is not exactly 

clear why this is the case, it is possible that the atrophy of the brain and its decreased mass at older 

ages means that there are fewer cells to undergo metabolic pathways and thus fewer opportunities 

to build up the byproducts of these pathways [13]. Interestingly, LLs were shown to be higher in men 

at their hospital admission and hospital discharge. The reasoning behind this is again unclear, but 

may have to do with brain mass or metabolism rates. 

Among the many analyses described above, we would like to highlight those identifying the 

possible effects of LLs on severity scores and outcome variables. In our data, the analysis comparing 

LLs at hospital admission, ICU admission, and ICU discharge against ISS and GCS scores indicated 

a significant correlation between LLs and these two severity scores. Not only does this show that LLs 

during these specific time markers in a patient’s admission can be used as predictors of the severity 

of injury, but it also confirms the validity of both ISS and GCS scoring systems as both have a similar 

response. Though we were purposeful in using the abbreviated ISS in our categorization of TBI 

severity in hopes to be more accurate, it is clear the there is a strong foundation behind the 

widespread use of GCS to achieve the same. 

Similar to this, our analysis of hospital admission and ICU admission LLs against hospital length 

of stay, ICU length of stay, days on the ventilator, and morality was crucial to this study. Here we 

saw that higher LLs at hospital and ICU admission caused longer hospital admissions, longer ICU 

admissions, and more days of mechanical ventilation. These findings are bolstered by the similar 

results via single-factor ANOVA and linear regressions. Mortality was found to be more likely with 

higher LLs at ICU admission through single-factor ANOVA. However, the correlation was seen 

between worse mortality and higher LLs at hospital admission, ICU admission, and ICU discharge 

through linear regression. 

While the above analysis shows that lactate levels, especially at hospital and ICU admission can 

indicate worse overall outcomes, the change in LLs over ICU admission is also very important. As 

mentioned above, we found that a decreased change in lactate over the course of a patient’s ICU 

admission would indicate longer hospital admissions, ICU admissions, and ventilator courses. It is 

certainly important that we can use LLs taken on admission to predict hospital outcomes, but this 

analysis shows the importance of trending LLs throughout a patient’s course. It has long been known 

that higher LLs often indicate increased severity of brain injury, based on the idea that severe TBI’s 

will have more hypoxic brain injury than other, less critical cases. However, our work through this 

project has allowed us to clearly indicate the role of these lactate levels in predicting tangible 

outcomes that are often discussed with patients and their families. 

It is important to note that the analysis of LLs and outcome variables was most fruitful when 

looking at the overall data base. Dividing our patients into groups based on specific diagnoses or 

number of diagnoses did not provide any clear indications that lactate levels could be more useful to 

predict outcomes in any specific group of patients. Similar to the analysis of the overall population, 

the outcome variables of hospital length of stay, ICU length of stay, days on ventilator, and mortality 

were generally worse off with higher LLs among patients with one, two, three, or more than three 

diagnoses. Among each of these subsets, LLs at different time points in the hospital course seemed 

to have a stronger effect. Patients with one diagnosis seemed to have more of a dependance on the 

LLs at initial hospital admission, those with two, three, or more than diagnoses had a stronger 

correlation with LLs at ICU admission. The variation in this could have been secondary to the small 

number of patients within each category, or the pattern could be due to the fact that those with more 

injuries are more likely to have a significant course in the ICU. 

Similar to these categories, data within groups dedicated to the specific diagnoses of subdural 

hematoma, subarachnoid hematoma, epidural hematoma, intraparenchymal hemorrhage varied, but 

mostly showed worse outcomes with higher LLs. There was no clear pattern among the different 

diagnoses, again possibly due to the limited number of data points within each diagnostic group. 

A vital aspect to our study’s importance is the setting in which our data has been collected. As 

we highlighted earlier, the center used in this study serves an ethnically diverse and economically 

disadvantaged patient population. Many times, this population is overlooked in research due to 
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issues with funding and patient outreach. Not only is it important to focus our work on this 

population and further explore its needs, studying a group of patients with this level of diversity 

confirms that our findings are not confounded by the utilization of one specific demographic. 

Strengths 

As we have highlighted above, we believe the strengths of this study lie in our unique utilization 

of the AIS score to define TBI severity. This study also looks at a large variety of data points, analyzed 

in various combinations. The simultaneous use of single-factor ANOVA and linear regression 

analysis has allowed us to bolster the multiple significant findings we have described above. 

Additionally, the use of this analysis both in the overall population and within specific categories 

based on type of diagnosis or number of diagnoses identifies that lactate levels are very useful in 

predicting outcomes, but must be utilized within the correct context. 

Limitations 

As a single-center study with 1,125 patients, it is important to note that the size of our study 

causes an important limitation on our findings. While the above findings are significant, they have 

not been confirmed over a wide base of hospitals and patients. In the future, we aim to expand our 

data collection to more sites across the country. Including both academic and community centers 

with varying settings in urban, suburban, and rural areas. 

Additionally, this data was collected through the COVID-19 pandemic. Though patients with 

COVID-19 infections were excluded from the study, it is important to note that limitations in 

resources caused significant changes to patient care during this time. In many hospitals within 

epicenters of the pandemic, like Elmhurst, it was challenging to manage severely increase volumes 

of patients. While lab results and trauma evaluations were conducted by protocol, it is possible that 

treatment modules had to change to accommodate for limited resources. We hope to expand data 

collection in order to include enough data that falls outside of the critical months of the pandemic. 

Future Directions 

As discussed above, this study has helped us clarify the use of LLs in predicting outcomes for 

patients with severe TBIs. In the future, we hope to bolster the significant findings established 

through our work and expand upon the existing dataset. First off, it will be crucial to continue 

collecting data from patients with TBIs. While we will certainly continue data collection at the initial 

center, we also hope to expand this to multiple centers around the country. Involving multiple centers 

will not only increase the amount of data available for analysis, but also involve a variety of patient 

populations and hospital settings. This will inevitably create variation in TBI injury mechanisms and 

TBI risk stratification and treatment protocols. This will strengthen our current findings and make 

our data more applicable to the general public. 

Additionally, it will be helpful to expand upon the specific points we have chosen to analyze. 

To decrease any possible confounding factors, we could consider standardizing exact timings that 

LLs are collected on hospital or ICU admission. In order to better understand the change in lactate, 

we may consider collecting LLs at more time points in patients’ hospital courses. This would allow 

us to further clarify the importance of acting upon a patients lactate at certain parts of a hospital 

course. Collecting lactate after the first 24 or 48 hours for example, may help identify specific periods 

of time during which a significant change in a LL can impact overall outcome more. 

Due to the prevalence of ICU admissions for patients with severe TBIs, it may be beneficial to 

compare data between LLs during floor or step-down courses against those during ICU admissions. 

As we note above, higher LLs are often associated with more severe TBI cases. Because of this, it is 

very possible that TBIs that result in long ICU courses may be impacted by LLs differently than those 

cases that are stable enough to spend longer courses on non-ICU units. 

This study is part of a larger effort to understand the role of specific metabolites in the risk 

stratification, treatment, and recovery associated with severe TBI injuries. After we have expanded 
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upon our understanding of LLs in this space, we will also look at other metabolites and important 

lab values. In the long run, it may also be helpful to combine the analysis of LLs with that of other 

important values like pH on blood gas. 

Conclusions 

While there is more work to be done, it is certainly clear through our study that lactate levels 

have a significant effect, not only on initial risk stratification but also on multiple complications 

throughout treatment. For many years, we have been using whole number scoring systems in the 

trauma bay for patients with TBIs. While this is effective in providing fast risk stratification in an 

emergency setting, it may be beneficial to expand our approach to include metabolites like lactate. 

This will help to provide a more accurate understanding of the severity of our patients’ injuries and 

possible complications that they can cause down the line. 
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