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Abstract

Background: Reliance on prehospital trauma triage guidelines misses patients with serious 

injury. Lactate is a biomarker capable of identifying high-risk trauma patients. Our objective is to 
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compare prehospital point of care lactate (P-LAC) to systolic blood pressure (SBP) for predicting 

the need for resuscitative care (RC) in trauma patients transported by ground emergency medical 

services (EMS).

Methods: A prospective observational study at 9 sites within the Resuscitation Outcomes 

Consortium conducted from March, 2011 to August, 2012. Lactate was measured on patients 

with a prehospital SBP ≤ 100 mmHg who were transported by EMS to a level I or II trauma 

center. Patients were followed up for need for RC, defined as any of the following within 6 hours 

of ED arrival: blood transfusion ≥5 units, intervention for hemorrhage including thoracotomy, 

laparotomy, pelvic fixation or interventional radiology (IR) embolization, or death.

Results: 387 patients had a lactate value and presented with SBP between 71–100 mmHg, 

and 70 (18%) required RC. Using a P-LAC decision rule (≥ 2.5 mmol/L) that yielded the same 

specificity as SBP ≤ 90 (48%), the observed sensitivities for RC were 93% (95% confidence 

interval [CI] 84–98%) for P-LAC ≥ 2.5 mmol/L and 67% (CI 55–78%) for SBP ≤ 90 mmHg 

(McNemar’s test [p<0.001]). P-LAC has an estimated area under the curve (AUC) of 0.78 (95% 

CI 0.73–0.83), which is statistically superior to that of SBP [0.59 (CI 0.53–0.66)] and shock index 

(heart rate / SBP) [0.66 (CI 0.60–0.74)].

Conclusion: P-LAC obtained at the scene is associated with the need for RC. P-LAC is superior 

to other early surrogates for hypoperfusion (SBP and shock index) in predicting the need for RC in 

trauma patients with 70 < SBP ≤ 100 mmHg.

Level of Evidence: III, Diagnostic Test Prospective
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Background:

Prehospital trauma triage guidelines rely primarily on vital signs, anatomic injury, 

mechanism, and provider judgment. Reliance on these guidelines has been reported to 

miss patients with serious injury1,2. Trauma system goals for under-triage range from 

0 to 5% of patients requiring Level I or Level II trauma-center care while over-triage 

may approach 25%−50%3. Prospective research suggests that field hypotension (systolic 

blood pressure [SBP] ≤ 90 mmHg) lacks sensitivity and specificity for predicting patient 

outcomes.4,5. Despite this, systolic hypotension remains a common component of trauma 

triage guidelines, an indication for trauma center care and a surrogate for cellular 

hypoperfusion. Delayed identification of hypoperfusion could lead to triage of some patients 

away from specialized trauma centers, failure to recognize compensated shock, and delayed 

resuscitation, all of which are associated with an increase in infection, multiple organ 

dysfunction (MOD), and mortality6–9.

Lactate is a biomarker that serves as a predictive tool for identifying high-risk trauma 

patients and provides information beyond that of vital signs and mechanism of injury6. A 

byproduct of anaerobic metabolism, lactate is a circulating biomarker of organ perfusion 

failure, and is associated with mortality in patients with sepsis, myocardial infarction, and 
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trauma 6,10–12. Previous studies have demonstrated that an elevated lactate is predictive of 

poor outcomes in the in-hospital setting 6,13–17. Trends in lactate levels are associated with 

the effectiveness of resuscitation, even in patients with normal vital signs11,18. Hospital 

and emergency department-based studies have validated hand-held point of care (P-LAC) 

devices in sepsis and suggest the utility of P-LAC testing among trauma patients7,8,19. 

P-LAC devices are now available for prehospital use and are operationally similar to 

glucometers with a per-patient cost of only a few dollars. Preliminary evidence from out-of-

hospital studies suggests that P-LAC also predicts death, organ dysfunction, and the need 

for operative intervention independent of vital signs and GCS12,20,21. We hypothesized that 

P-LAC is superior to SBP in predicting the need for early resuscitative care following injury.

The objective of this study was to compare prehospital P-LAC to prehospital hypotension 

for predicting the need for early resuscitative care in trauma patients transported by ground 

EMS agencies across 9 geographic regions in North America.

Methods:

This was a prospective observational study at 8 regional clinical centers and 1 satellite 

center within the Resuscitation Outcomes Consortium (ROC). ROC is a network of 10 

regional clinical centers and 7 satellite clinical centers across North America tasked to study 

prehospital resuscitation in severe traumatic injury and cardiac arrest. All sites were invited 

to participate and site leadership selected EMS agencies within the site. EMS agencies with 

historical data demonstrating a favorable ratio of eligible patients per prehospital vehicle 

were selected for participation so that the limited number of lactate meters could be most 

efficiently deployed. Patients were recruited from 23 ground-based, EMS agencies (air 

transport will be reported separately) serving a mix of urban, suburban and rural regions 

with a total catchment area of approximately 10 million people. The Institutional Review 

Boards and Research Ethics Boards of all the participating ROC institutions approved this 

study as minimal risk; informed consent was not required for participation.

Blinded P-LAC values were collected following IV placement in blunt or penetrating trauma 

patients transported by ground EMS agencies to a level I or II trauma center. Patients were 

included in the study and further data collection performed on those with a prehospital 

SBP ≤ 100 mmHg. Exclusion criteria included age younger than 15 years, obvious isolated 

penetrating head injury, drowning, asphyxia due to hanging, burns on more than 20% of total 

body surface area, or prisoner status.

In addition, patients presenting with systolic blood pressure ≤ 70 mmHg were excluded from 

the primary analyses a priori, as the probability of requiring resuscitative care is known to be 

greater than 50% in that cohort.4

A drop of blood obtained during intravenous line (IV) insertion (either with the first or 

second IV) was placed on a measurement strip for lactate testing by the hand-held, point 

of care (POC) device (Lactate Pro, Arkray, Japan). If a patient had already received fluid 

through an IV and an additional IV was required, the lactate sample was obtained from the 

second IV upon insertion. To avoid influencing prehospital care or transport decisions, EMS 
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providers were blinded to the initial lactate and remained blinded until hospital arrival by 

obscuring the value displayed on the screen. The receiving care team was also blinded to the 

lactate value. Following arrival at the hospital, EMS recorded the lactate measurement, the 

time and location of blood sampling, and the qualifying blood pressure.

A centralized, web-based data collection system was employed using standardized 

definitions, a manual of operations (including detailed instructions for data collection) and 

standard data entry formats. Data entry and quality were overseen and maintained by the 

ROC Data Coordinating Center (DCC). The DCC used rigorous quality assurance processes 

for data collection and processing, identical to those described for a previous observational 

trauma cohort in ROC22.

Variables collected included baseline demographics, injury characteristics, and care process 

data including age, sex, mechanism of injury, prehospital Glasgow Coma Scale (GCS), serial 

prehospital vital signs (heart rate [HR], systolic blood pressure [SBP], and respiratory rate 

[RR]), and revised trauma score (RTS). Outcomes collected included survival and need for 

resuscitative care. Also recorded were type and amount of fluid administered prior to lactate 

draw, total fluids, and date and time of procedures (laparotomy, thoracotomy, pelvic fixation, 

or angiographic hemorrhage control) in the first 6 hours after ED arrival. In addition, data 

regarding potential adverse events including transport delays, device issues, and documented 

protocol violations were collected. Following the patient’s evaluation, the Injury Severity 

Score (ISS) was calculated.

The primary endpoint was the need for resuscitative care (RC), defined as any of the 

following within 6 hours of ED arrival: blood transfusion ≥ 5 units, intervention for 

hemorrhage including thoracotomy, laparotomy, pelvic fixation or interventional radiology 

(IR) embolization, or death (including death prior to hospital arrival).

In the primary analysis, the sensitivity of P-LAC ≥ 2.5 mmol/L for identifying patients 

requiring early resuscitative care was compared to that of SBP ≤ 90 mmHg using 

McNemar’s test. The P-LAC cutoff of 2.5 mmol/L was selected by an a priori decision 

rule requiring the specificity to be the same as that of SBP ≤ 90 mmHg. SBP ≤ 90 mmHg 

was selected as it is one of the criteria used in the 2012 CDC Guidelines for Field Triage 

of Trauma Patients.23 In secondary analyses, the McNemar test was repeated on subgroups 

of interest defined by mechanism of injury (blunt vs. penetrating) and time to lactate 

measurement (within 15 minutes of dispatch to lactate sample vs. greater than 15 minutes). 

The receiver operating characteristic area under the curve (AUC) for the binary classification 

of patients as needing or not needing RC was estimated for P-LAC, SBP and Shock Index 

(SI = HR/SBP). The P-LAC AUC was compared to the AUCs of SBP and SI.24

Multivariable logistic regression was used to evaluate the predictive value of P-LAC above 

other clinically available variables to identify injured patients requiring early RC. Lactate 

was modeled as a linear spline with knots at 2.5 and 4.0 mmol/L and evaluated over and 

above the predictive ability of age, sex, mechanism of injury, prehospital vital signs (SBP, 

shock index, GCS), airway status, and regional site.
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Sensitivity analyses were performed using two alternative definitions of RC: one in which 

the blood transfusion component was any blood within 6 hours of ED arrival rather than ≥ 5 

units and one in which the death component was any prehospital or in-hospital death rather 

than death within 6 hours of ED arrival.

Analyses were conducted using R v3.01 and the following R libraries: pROC, epiR, mice, 

and exact2×2 25–28.

Results:

Of the 1,251 eligible patients who met the inclusion/exclusion criteria over an 18 

month period, 514 had a lactate measurement attempted and 492 yielded a valid P-LAC 

measurement. Of these, 387 (79%) presented with SBP 71–100 and were included in the 

primary analyses; 70 (18%) required RC. Among the 105 excluded patients presenting with 

SBP ≤ 70, 56 (53%) required RC (Figure 1). The primary analysis sample was enrolled from 

the following sites (enrollment in parenthesis): Dallas-Fort Worth (105), Milwaukee (99), 

Seattle-King County (84), Birmingham, Alabama (51), Pittsburgh (23), Memphis (10), San 

Diego (10), and British Columbia (5).

The demographic, injury, and prehospital care data of patients who required RC were 

compared to those who did not (Table 1). Those requiring RC were significantly more likely 

to be non-white or Hispanic and more likely to suffer a penetrating mechanism of injury. 

They also had a significantly higher mean ISS, lower initial SBP, higher initial heart rate, 

higher SI, lower RTS, and higher P-LAC. The populations did not differ significantly with 

regard to initial respiratory rate or initial GCS. The P-LAC cutpoint of 2.5 mmol/L was 

chosen to yield approximately the same estimated specificity as SBP ≤ 90 mmHg (49% vs. 

48%).

The observed sensitivities associated with these cut points were 93% (95% CI 84–98%) 

for P-LAC ≥ 2.5 mmol/L and 67% (CI 55–78%) for SBP ≤ 90 mmHg. This difference in 

sensitivity is statistically significant by McNemar’s test (p < 0.001). In addition, P-LAC 

< 2.5 mmol/L has a negative predictive value (NPV) of 97% (CI 93–99%) compared to 

87% (CI 81–91%) for a SBP > 90 mmHg and the estimated area under the curve (AUC) 

associated with all possible P-LAC cut points in these data is 0.78 (95% CI 0.73–0.83), 

which is statistically significantly superior to that of SBP [0.59 (CI 0.53–0.66)] and SI [0.66 

(CI 0.60–0.74)] (Figure 2). The 2×2 table in Figure 2 presents a cross of the P-LAC ≥ 

2.5 mmol/L and SBP ≤ 90 mmHg decision rules among the patients who needed RC. The 

P-LAC rule identified 21 of the patients not identified by the SBP rule as needing RC while 

the SBP rule only identified 3 patients that the P-LAC rule did not identify. In sensitivity 

analyses exploring alternative definitions of RC, one in which in-hospital deaths beyond 6 

hours after ED arrival were added to the composite endpoint (RC + later death) and one 

in which patients receiving blood transfusions < 5 units within 6 hours of ED arrival were 

added to the composite endpoint (RC + any blood), there were no qualitative differences in 

results for the McNemar test or the comparison of AUC.
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McNemar tests comparing P-LAC to SBP were performed on subgroups defined by 

mechanism of injury (blunt, n=276 vs. penetrating, n=111) and time to lactate (within 15 

minutes of dispatch, n=84 vs. greater than 15 minutes, n=302). A P-LAC decision rule with 

comparable specificity to SBP ≤ 90 has a substantially higher estimated sensitivity than SBP 

≤ 90 for patients with blunt injury: 96% (CI 82–100%) vs. 64% (CI 44–81%) (p = 0.01). The 

estimated difference in sensitivity for patients experiencing penetrating trauma is smaller: 

79% (CI 63–90%) for the P-LAC decision rule compared to 69% (CI: 53–82%) for SBP ≤ 

90 (p = 0.42).

P-LAC sensitivity (100%, CI 73–100%) exceeds that of SBP (59%, CI 33–82%) for both 

early P-LAC, defined as time less than 15 minutes from 911 call to the lactate measure, and 

late P-LAC, defined as time greater than 15 minutes [P-LAC 89% (CI 77–96%) vs. SBP 

70% (CI 56–82%)]. All patients in the short time group who required RC had a P-LAC ≥ 

3.4.

To explore further the relationship between lactate level and the need for RC, we examined 

a multiple logistic model including lactate as a linear spline with knots at 2.5 and 4.0 

mmol/L, cutpoints selected from previous studies10. The adjusted odds ratios relating RC 

to a 1 mmol/L difference in P-LAC within the ranges <2.5, 2.5–3.9, and ≥ 4.0 mmol/L 

were 1.76 (95% CI 0.41–12.93), 3.61 (CI 1.67–8.35) and 0.97 (CI 0.87–1.07), respectively 

(Table 2). These results indicate that the adjusted linear association between P-LAC and 

RC is primarily evident in the 2.5–3.9 mmol/L range and that beyond 4.0 mmol/L, higher 

levels of lactate are not associated with additional increases in probability of RC. This is 

consistent with the unadjusted association (Figure 3), in which the greatest increase in the 

probability of RC is in the range of 2–4 mmol/L, with an apparent leveling-off beyond this 

range. Because of the sparsity of data at higher P-LAC levels and the concern that only a few 

patients’ data might have a disproportionate effect on the parameter estimates, the model in 

Figure 3 excludes the five patients for whom P-LAC was greater than 18 mmol/L29.

Discussion:

Compared to field vital signs and other injury related information, P-LAC is more useful 

in the recognition of trauma patients in need of RC.1–3 Consistent with previous studies, 

as P-LAC increases so does the need for RC.12,20 We selected a cut off point of 2.5 

mmol/L for lactate to have the same observed specificity as a systolic blood pressure 

(SBP) ≤90 mmHg since this categorization is one of the key physiologic criteria used in 

the CDC guidelines for trauma triage.23 Using a lactate cut point of 2.5 mmol/L is also 

consistent with previous studies looking to identify severe injury in trauma patients.13–15 In 

our sample, a decision rule based on P-LAC ≥2.5 mmol/L was more sensitive than a SBP 

≤90 mmHg for identifying the need for RC within 6 hours. When included in a multivariable 

model accounting for differences in age, sex, SBP, shock index, GCS, airway status, injury 

type, and regional site, prehospital P-LAC remained a significant independent predictor of 

the need for RC.

The prehospital recognition of shock in trauma patients is often inadequate leading to 

underestimation of severity and potential delays to definitive care7,8,30. Despite over-triage 
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rates estimated to be 25–50%31, more than 1.8 million trauma patients a year may 

be inappropriately under-triaged, increasing the time to definitive care and resulting in 

increased morbidity and mortality3. Current physiologic criteria are limited in their ability 

to predict shock and miss many severely injured patients due to population variation, effects 

of medication, associated comorbid illness, and presence of underlying intoxicants. Other 

surrogates for hypoperfusion, such as near infrared spectroscopy (NIRs) and base deficit, are 

not easily interpreted or available. P-LAC, which more directly represents tissue perfusion, 

appears to be an important adjunct to existing physiologic criteria.

Hyperlactemia, as a result of lactic acidosis, is a marker of cellular hypoxia. P-LAC 

measurements allow for an early assessment of global perfusion, which is useful for the 

recognition of underlying severe traumatic injury and may also aid in prognosis as well as 

management of these through frequent reassessment. P-LAC may also prevent inappropriate 

treatment of patients whose baseline pressure is low by providing another data point at 

the time of assessment. Furthermore, P-LAC may also be important in secondary triage 

decisions, which are necessary when patients are transferred from community hospitals to 

trauma centers.

In contrast to previous studies of prehospital lactate, this cohort of patients was sampled 

from disparate geographic regions within the ROC consortium. Previous studies involved 

single centers and highly selected subpopulations12,20. In addition, this study was designed 

to compare P-LAC to data available at the time of triage by EMS. This may help us further 

define the role of P-LAC in primary and secondary triage in a way that is generalizable 

for all EMS systems. In addition to the potential role of P-LAC in destination triage, 

P-LAC may also assist in prehospital activation of trauma teams thereby allowing a more 

appropriate level of activation and judicious use of resources. Many trauma centers employ 

a tiered level of response reserving a full response of resources and personnel for patients 

with abnormal vital signs.32 Given the association between elevated P-LAC and the need for 

RC, informing the trauma team may result in an appropriate response and a reduced time to 

definitive care.

The data in this study are derived from enrollments across nine regions in North America 

representing a mix of rural, suburban and urban EMS systems transporting to both level 

one and two trauma centers. Qualifying blood pressures were obtained by both manual 

sphygmomanometry and automated blood pressure cuffs integrated into cardiac monitors, 

we are limited by the accuracy of both techniques. However, we were limited to enrolling 

patients with SBP≤100 mmHg, which may have prevented sampling from some patients 

with higher blood pressures and occult shock. Sampling of all patients would have yielded 

important data regarding overtriage but at an order of magnitude of additional cost. In 

addition, these cut points are only used to allow comparison of the fixed specificity of the 

current “gold standard” for prehospital assessment of hypoperfusion (blood pressure). The 

cut points are not intended to be clinical decision points and may result in over-triage if 

they are extended to a patient population that does not meet our eligibility criteria. The 

sampling of P-LAC was restricted to a venous sample from an IV line that was placed as 

part of standard clinical care. As a result many patients were excluded due to the inability 

to obtain a venous sample. Prehospital providers also failed to obtain P-LAC when they 
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perceived the scene to be dangerous. This may have been related to the patient’s severity 

of injury or concerns for crew safety. In many cases the provider simply forgot to perform 

the lactate (Figure 1). This may have been related to the relatively low frequency of eligible 

patients. In a prior study where all trauma patients were enrolled, compliance was 66%.12 

Review of available data on missed patients indicates that they have slightly higher blood 

pressures on average (90.6 vs. 89.5 mmHg). While we do not have reason to believe that 

there was selection bias that would significantly impact our results or conclusions, we do 

not have data available that would rule this out. Although blinded to the P-LAC, the trauma 

teams were not restricted from seeing values obtained in the trauma bay. It is possible that 

knowledge of an elevated lactate may have biased the trauma team towards intervention, 

though a recent study has suggested that when other data such as imaging is available, blood 

lactate has little impact on hospital course17. PLAC can be falsely elevated in the context of 

seizure, dehydration, and excessive alcohol consumption, which may further confound our 

interpretation of these data.

POC lactate obtained at the scene of injury is strongly associated with the need for RC. 

P-LAC is superior to other early surrogates for hypoperfusion (SBP and SI) in predicting 

the need for RC in trauma patients with 70 < SBP ≤ 100 mmHg. Prospective validation of 

P-LAC as a triage tool and trigger for protocolized trauma resuscitation is warranted.
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Figure 1. 
Patient Enrollment

Abbreviations: EMS, Emergency Medical Services; RC, Resuscitative Care; SBP, systolic 

blood pressure.

1. The percent is the portion of patients with qualifying SBP ≤ 70 that needed RC.

2. Patients in the “Death” category may have also had a procedure and/or ≥ 5 units of blood 

products. Patients with a procedure may have had ≥ 5 units of blood products.

3. The percent is the portion of patients with qualifying SBP between 71 and100 that needed 

RC.

4. Death here is “any death” and includes patients who died more than 6 hours after ED 

arrival. Those who died beyond 6 hours may have met the RC definition by getting a 

procedure or having ≥ 5 units of blood products before 6 hours.

5. The percent is the portion of patients with qualifying SBP ≤ 70 that died.

6. The percent is the portion of patients with qualifying SBP between 71 and 100 that died.

7. These are patients for whom hospital discharge status is unknown: one withdrew consent 

from another ROC study, one was transferred to a locked unit in the ICU (police custody), 

and one was transferred to a non-ROC hospital.
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Figure 2. 
Receiver Operating Characteristics for Lactate, Shock Index, and SBP

Abbreviations: P-LAC, prehospital point of care lactate; SBP, systolic blood pressure; SI, 

shock index.
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Figure 3. 
Estimated Probability of Need for Resuscitative Care (RC) as a Function of Prehospital 

Lactate

Loess smoother29 with span of 0.5 and degree of 1.
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TABLE 1.

Demographic, Injury and Prehospital Care Characteristics Among Patients with SBP 71–100

Need for Resuscitative Care? Difference
(95% CI)

Yes (n=70) No (n=317)

Age, Mean (SD), y 35.9 (16.5) 39.6 (17.9) −3.6 (−8.0, 0.8)

Male, No. (%) 53 (75.7) 214 (67.5) 8.2 (−4.0, 20.4)

Non-White or Hispanic1, No. (%) 46 (73.0) 168 (56.9) 16.1 (2.8, 29.4)

Penetrating trauma, No. (%) 42 (60.0) 69 (21.8) 38.2 (25.0, 51.4)

ISS2, Mean (SD) 22.3 (14.8) 9.8 (10.1) 12.6 (8.8, 16.4)

 > 15, No. (%) 43 (64.2) 76 (24.0) 40.2 (26.9, 53.5)

Head AIS > 2, No. (%) 7 (10.0) 43 (13.6) −3.6 (−12.4, 5.3)

Qualifying SBP, Mean (SD), mmHg 87.5 (7.2) 89.9 (7.9) −2.4 (−4.3, −0.5)

 ≤ 90, No. (%) 47 (67.1) 166 (52.4) 14.8 (1.6, 27.9)

Shock index 1.20 (0.33) 1.01 (0.25) 0.19 (0.11, 0.27)

Initial GCS, Mean (SD) 12.7 (4.0) 13.4 (3.0) −0.7 (−1.7, 0.3)

Initial respiratory rate2, Mean (SD), breaths/m 19.0 (6.8) 19.6 (4.9) −0.5 (−2.2, 1.2)

Initial heart rate2, Mean (SD), beats/m 104.4 (24.7) 91.1 (21.0) 13.3 (7.0, 19.6)

Revised Trauma Score2, Mean (SD) 6.79 (1.39) 7.16 (0.90) −0.38 (−0.72, −0.03)

Lactate, Mean (SD), mmol/L 6.2 (3.7) 3.7 (3.4) 2.5 (1.6, 3.5)

 ≥ 2.5, No. (%) 65 (92.9) 163 (51.4) 41.4 (32.4, 50.5)

 ≥ 2.5 and SBP 91–100, No. (%) 21 (30.0) 72 (22.7) 7.3 (−5.3, 19.8)

Abbreviations: AIS, Abbreviated Injury Scale; CI, confidence interval; GCS, Glasgow Coma Scale; ISS, Injury Severity Score; SBP, systolic blood 
pressure.

1
Race or ethnicity is not reported for 29 patients.

2
ISS is missing for 3 patients; Respiratory rate and Revised Trauma Score are missing for 2 patients; and heart rate is missing for 1 patient.
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TABLE 2.

Multivariable Logistic Regression Model

Unadjusted Adjusted

Model variables1 Odds ratio (95% CI) Odds ratio (95% CI)

Lactate2 (per mmol/L in range)

 < 2.5 (n=159) 2.96 (0.62, 14.18) 1.76 (0.41, 12.93)

 2.5–3.9 (n=98) 4.51 (2.25, 9.05) 3.61 (1.67, 8.35)

 ≥ 4.0 (n=130) 0.98 (0.90, 1.06) 0.97 (0.87, 1.07)

Age3

 per 5-year increment for age < 45 0.94 (0.81, 1.08) 1.02 (0.85, 1.23)

 per 5-year increment for age ≥ 45 0.95 (0.79, 1.14) 1.15 (0.91, 1.43)

Male 1.51 (0.83, 2.73) 0.72 (0.33, 1.58)

Penetrating injury 5.47 (3.16, 9.47) 4.82 (2.17, 11.31)

SBP (per 5 mmHg) 0.82 (0.69, 0.96) 0.92 (0.73, 1.15)

Shock index (per increment of 0.1) 1.28 (1.16, 1.41) 1.21 (1.06, 1.38)

Initial GCS (per increment of 1) 0.94 (0.88, 1.01) 1.01 (0.90, 1.13)

Any airway/BVM attempted 4.41 (2.32, 8.38) 4.55 (1.40, 15.43)

Abbreviations: BVM, bag valve mask; CI, confidence interval; GCS, Glasgow Coma Scale; SBP, systolic blood pressure.

1
Site adjusted for as a fixed effect but not presented. Two patients who were missing shock index were excluded from the model.

2
Modeled as linear spline with knots at 2.5 and 4.0 mmol/L. The estimate for a given lactate range is the ratio of odds for need for resuscitative care 

between two patients who both have lactates within the same range (e.g. 2.5–3.9) and have the same covariate data except that their lactates differ 
by 1 mmol/L.

3
Age modeled as spline with one knot specified at 45 years.
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