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ORIGINAL RESEARCH

lactate to determine significant bleeding (defined as the presence 
of hemostatic surgery and the need for transfusion of blood 
components and/or death due to hypovolemic shock) whether due 
to clinical history, diagnostic imaging, or surgical procedure. This 
study had an institutional ethical endorsement from the HUSJ in 
Popayán, Cauca, Colombia, and followed national and international 
bioethical regulations for research. Since there is an institutional 
protocol to measure arterial gases in emergency trauma, the 
patient’s informed consent was provided as an intervention, 
which is different from usual practice. Sociodemographic, clinical, 
and blood gas variables at admission, and results from 30 days of 
follow-up were included. The need for blood transfusions in the 

In t r o d u c t i o n

Hemorrhagic shock (HS) is the leading cause of death in 
trauma patients. Several triage markers have been proposed to 
predetermine HS in patients. The first is the SI, which was described 
by Allgower and Burri in 1967 as the relationship between heart 
rate and systolic blood pressure.1 The second is BD, recently 
adopted by the advanced trauma life support (ATLS) from its tenth 
edition in 2018.2 The last marker is lactate, which has been studied 
in different shock scenarios.3,4 Various trauma triage tools with 
adequate sensitivity allow for early identification of HS that would 
otherwise be overlooked due to compensatory mechanisms.

The objective of this study was to compare SI, BD, and lactate 
in trauma settings to predetermine patient bleeding and predict 
blood component transfusion, vasopressor requirement, Intensive 
Care Unit (ICU) admission, surgery to control bleeding, and 30-day 
mortality.

Me t h o d s 
A prospective cohort was carried out between October 2019 and 
March 2020. This included patients (14 years and older) admitted 
to the Hospital Universitario San José (HUSJ in Spanish) Emergency 
Department for Trauma that required attention from the general 
surgery team. Patients excluded were those who received 
extrainstitutional surgical management, who were admitted to 
cardiorespiratory arrest, and those referred to other institutions. 
All included patients had complete vital signs taken on admission, 
which were used to calculate SI and arterial blood gases with 
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Ab s t r ac t
Background: Hemorrhagic shock (HS) is the leading preventable cause of death in trauma patients. Shock index (SI), lactate, and base deficit 
(BD) are suggested to be rapid markers for triage tools; this study aimed to assess whether these tools can identify bleeding and predict specific 
outcomes in trauma patients.
Methods: A prospective cohort of trauma patients from a complex Emergency Department were analyzed between October 2019 and 
March 2020. Sociodemographic and clinical data, prehospital care, vital signs, arterial blood gases on admission, and 30-day follow-ups were 
collected. Evidence of significant bleeding was defined as physical or imaging findings of significant bleeding that led to blood transfusions, 
hemostatic surgery, and death due to hypovolemic shock.
Results: Out of the 111 patients aged 35 ± 16.2 years (97% male), 72% had nonpenetrating trauma, and 63% had high-energy trauma, with a 
mean injury severity score (ISS) of 15.8 ± 14.1, and revised trauma score (RTS) 7.3 ± 1.3. The cut-off points for bleeding were determined by the 
following—SI > 0.9 with an area under the curve (AUC) of 0.64 [95% confidence interval (CI) 0.541–0.743]; lactate levels >2 with an AUC of 0.77 
[95% CI 0.695–0.864], and a BD <−6 with an AUC of 0.74 [95% CI 0.657–0.839]. The sensitivity was 32.4, 76.5, and 64.7%, and the specificity 
was 93, 62.8, and 79.1%, respectively.
Conclusion: Base deficit (BD) and lactate are good triage tools for identifying HS in trauma patients.
Keywords: Base deficit, Blood gas analysis, Emergencies, Hemorrhage, Lactic acid, Shock, Shock index, Wounds and injuries. 
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of 1.39 (SD ± 0.45), 2.59 (SD ± 3.24), 2.84 (SD ± 1.14), and 6.1 (SD ± 4.2),  
respectively. Bicarbonate (HCO3) presented a trend inversely 
proportional to HS—23.7 (SD ± 1.1), 20.1 (SD ± 2.8), 17.8 (SD ± 1.4), 
and 14.6 (SD ± 2.7) (Table 1).

The presence of bleeding marked different cut-off points—for 
SI, it was >0.9, with an AUC of 0.64 [95% CI 0.541–0.743], a sensitivity 
of 32.4%, and a specificity of 93.0%; for lactate, it was >2 with 
an AUC of 0.77 [95% CI 0.695–0.864], a sensitivity of 76.5% and 
specificity of 62.8%; for the BD, it was <−6 with an AUC of 0.74 [95% 
CI 0.657–0.839], a sensitivity of 64.7%, and a specificity of 79.1% 
(Fig. 1 and Table 2).

During the study, 85 patients underwent surgery, 34.2% (n = 29)  
underwent reconstructive surgeries, 65.8% (n = 56) underwent 
hemostatic surgical procedures, and 41.1% (n = 24) of these 
underwent damage control surgeries. The average number of 
interventions performed in patients undergoing damage control 
surgery was 5.6 ± 4.2, with a minimum of two and a maximum 
of 16. The mean SI of 0.8 ± 0.3, BD −8 ± 5, and lactate 3.6 ± 3.2 in 
patients who underwent hemostatic surgeries differ from patients 
who did not require surgery or were taken only for reconstructive 
surgeries. The latter group of patients had a mean SI of 0.8 ± 0.3, 
BD −5 ± 3, and lactate 2.8 ± 3.1, revealing statistically significant 
differences between the three variables (p ≤ 0.001, p ≤ 0.001, and 
p = 0.001) (Table 3).

A total of 22.5% of the transfused patients (n = 25) had a mean 
of 6.2 units, median of 4, SD 5.5, and range of 1–27 units of blood 
components. In the blood transfused patients, there was a SI 
average of 1.16 ± 0.46 BD −10 ± 5.23 and lactate 4.97 ± 4.26.

A total of 38 patients were admitted to the ICU, including 
22 transfused patients, of whom had a mean BD of −9.9 ± 5.8, 
lactate of 5.1 ± 4.7, and SI of 1.03 ± 0.44. There were 27 patients who 
required vasoactive agents, with the following mean values—−10.7 
± 5.9 for BD, 5.8 ± 2.3 for lactate, and 1.13 ± 0.47 for SI.

There was an association between transfusion, the use of 
vasoactive agents, admission to the ICU, and the need for hemostatic 
surgery with a BD, lactate, and SI (p < 0.001). A mortality of 7.2%  
(n = 8) was reported. There was also an association between BD 
and SI (p ≤ 0.001 and p ≤ 0.001, respectively) but not with lactation 
(p = 0.002). These results were confirmed with the nonparametric 
Mann–Whitney U test. The multivariate logistic regression analysis 
identified the excess base as the variable that best predicts the 
outcomes studied in the trauma patient.

Di s c u s s i o n

Hemorrhagic shock (HS) has become one of the leading causes of 
death in trauma patients, mainly affecting people around 35 years 
of age. Traumatic injuries account for 1,920.7 years of potential 
life lost per 1,00,000 people.5 For this reason, there is a need to 
establish better triage methods for trauma patients. This study had 
a predominantly male population with an average age of 35 years, 
similar to another study from Southwestern Colombia.6 However, 
unlike the study in Southwestern Colombia, where the main 
cause of trauma was from penetrating wounds,6 the main cause 
of trauma in this study was due to vehicular collisions. Only four 
patients met the definition of massive transfusion (MT),7 despite 
not undergoing institutional protocol. Some studies have found 
that SI values >0.9 significantly increase the possibility of receiving 
MT protocol in trauma.8 In this study, an average of 1.16 patients 
required blood components. Similarly, lactate has demonstrated 
its predictive value in terms of MT when values ​​>2.5 mmol/L are 

first 24 hours and the need for vasopressors, hemostatic surgical 
procedures, admission to the ICU, and mortality were evaluated.

Statistical analysis was performed using the Statistical Package 
for the Social Sciences V.25 program. Descriptive statistics were 
applied, presenting frequencies and proportions or means ± 
standard deviation according to the variables. Receiver operating 
characteristic curves were developed to estimate the AUC and 
determine the cut-off points to calculate the sensitivity, specificity, 
and predictive values.

Re s u lts

Between 15th October 2019, and 17th March 2020, 188 trauma 
patients were admitted to HUSJ. Of these patients, 63 were excluded 
because they lacked adequate initial care, arterial blood gases upon 
admission, and insufficient clinical histories (Flowchart 1).

This study included 111 patients with a mean age of 35 years 
[standard deviation (SD) ± 16.2], where 87.4% (n = 97) were male 
with a mean ISS of 15.8 (SD ± 14.1). Only seven patients reported 
chronic diseases, with arterial hypertension being the most 
frequently reported (n = 5), followed by diabetes mellitus (n = 4). 
Additionally, 64.9% presented nonpenetrating trauma (n = 92), 
which involved high-energy kinematics in 56.8% of the cases (n = 
63). Out of the 83.7% of patients (n = 93) who received care before 
they were admitted to the Emergency Department, 57.7% of them 
(n = 64) received care from health centers in rural areas and care 
centers in urban areas of Cauca. The median time spent from the 
moment of the traumatic event to admission to the Emergency 
Department was 2 hours. Still, there were records of up to 5 days 
from trauma to admission, probably because they came from areas 
that were difficult to access. The mean ISS was 15.8, with a mean 
RTS of 7.3. When classifying the patients according to the BD values ​​
from ATLS for HS, 40.5% of the patients (n = 45) fell into a range 
of −2 to−6, corresponding to HS grade II, followed by 27.9% (n = 31) 
of the group from −6 to −10, HS grade III, and 19.8% of the group 
with values ​​<−10, HS grade IV (n = 22). For hemodynamic variables 
and arterial blood gases according to the HS classification, there 
was a mean IS of 0.67 (SD ± 0.13), 0.78 (SD ± 0.27), 0.83 (SD ± 0.29), 
and 1.09 (SD ± 0.47), respectively. For lactate, there was a mean 

Flowchart 1: Data collection flowchart
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Hemorrhage (TASH) score, which presents a sensitivity of 84.4% 
with its highest cut-off point to 8.5 for MT.12 This coincides with 
the mean value of our patients.

Differences were found in SI, BD, and lactate between patients 
undergoing hemostatic surgical procedures and those without. 
In patients with penetrating wounds, values ​​above 4 mmol/L 
increase the probability of requiring hemostatic surgery up 

present.9 In this study, an average of 4.97 mmol/L was required 
for blood transfusions; however, this sample is much smaller than 
in other works. These two tools have been used in MT protocol 
activation scales, such as the focused assessment with sonography 
in trauma score, which has a sensitivity of 90%.10 For the BD, values ​​
<−10 are associated up to 51% with the requirement of MT,11 and its 
results have even been included in the Trauma Associated Severe 

Table 1:  Hemodynamic variables according to the ATLS classification of hemorrhagic shock using the BD

Category BD ATLS 2/-2.00 -2.01/-6.00 -6.01/-10.0 < -10
n (%) 13 (11.7%) 45 (40.5%) 31 (27.9%) 22 (19.8%)

Media (DE) Media (DE) Media (DE) Media (DE)

SBP* 125.7 (14.8) 115.8 (18.4) 116.3 (25.1) 101.7 (31.1)
DBP** 77.4 (10.3) 68.8 (11.8) 71.6 (13.9) 61.3 (20.2)
HR*** 83.7 (14.5) 86.5 (13.9) 90.9 (16.2) 100.7 (23.1)
SI 0.67 (0.13) 0.78 (0.27) 0.83 (0.29) 1.09 (0.47)
RR**** 18.8 (2.6) 18.7 (4.2) 19.7 (4.3) 21.2 (7.7)
Sat O2% 94.7 (3.1) 94.9 (3.7) 92.7 (4.2) 90.5 (7.5)
Temperature 36.1 (0.2) 36.0 (0.2) 36.1 (0.2) 36.1 (0.4)
pH 7.43 (0.03) 7.39 (0.14) 7.24 (0.66) 7.21 (0.15)
HCO3 23.7 (1.1) 20.1 (2.8) 17.8 (1.4) 14.6 (2.7)
PCO2 36.1 (3.9) 33.6 (5.7) 32.3 (7.1) 35.2 (8.3)
PO2 77.0 (19.6) 99.0 (62.1) 96.3 (39.2) 130.8 (85.1)

Lactate 1.39 (0.45) 2.59 (3.24) 2.84 (1.14) 6.1 (4.2)

*SBP, Systolic Blood Pressure; **DBP, Diastolic Blood Pressure; *** HR, Heart Rate; ****RR, Respiratory Rate

Fig. 1: ROC curve of DB, lactate and shock index depending on the evidence of bleeding. Graphic left DB, graphic right SI (blue line) and lactate 
(red line)

Table 2:  Sensitivity, specificity, positive and negative predictive values of the variables studied

Area SD CI 95% PPV NPV Sensitivity Specificity

BD < –6 0.748 0.047 0.657–0.839 83.0 58.6 64.7 79.1
Lactate >2 0.779 0.043 0.695–0.864 76.5 62.8 76.5 62.8

SI >0.9 0.642 0.052 0.541–0.743 88.0 46.5 32.4 93.0

SD; standard deviation, CI; confidence interval, PPV; positive predictive value, NPV; negative predictive value
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A SI is a clinical tool that shows altered values ​​in its cut-off 
points. However, it cannot be used to rule out the presence of 
active bleeding or hidden HS in trauma patients. Studies with 
a larger sample size are required to determine cut-off points in 
terms of mortality, transfusion requirements, hemostatic surgical 
interventions, or admission to the ICU.
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