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Abstract 

Background: In India, trauma is the leading cause of death. Early recognition of 

hemorrhagic shock and prompt therapy can improve outcomes. Lactate and base deficit are 

used as signs of shock and resuscitation. 

Objective: To determine the association of Base Deficit and lactate and its used to determine 

a patient's prognosis after trauma. 

Methods: Total 146 subjects with poly/isolated trauma with the possibility of hemodynamic 

compromise were included in this prospective observational analysis. An arterial blood gas 

sample was obtained within one hour of admission to the surgical emergency department. 

Both arterial lactate and baseline deficit were noted. Patients were followed throughout their 

hospital stay. 

Results: Patients in the index study had a mean baseline deficit and arterial lactate values of 

5.071 mmol/L and 5.695 mmol/L, respectively. Overall, in chest and abdominal trauma 

patients in the current study, baseline deficit and arterial lactate levels at the time of 

admission were significant predictors of short-term outcomes such as the need for blood 

transfusion, length of hospital stay, and hospital mortality. 

Conclusion: Serum lactate and base deficit could be used as additional prognostic indicators 

for patients with chest and abdominal trauma. 

 

Keywords: Base deficit, lactate, trauma, blood transfusion, mortality 

 

1. Introduction 

 

In the last century, trauma has become one of the major causes of mortality and morbidity 

worldwide, along with industrialization, scientific and technological progress.
1 

Currently, 

India is among the countries with the highest age-standardised injury mortality (0.15 million 
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deaths per year).
2
 Treatment of trauma victims requires rapid assessment and resuscitation, 

which can only be achieved by early recognition of hemorrhagic shock and immediate 

action.
3
 In particular, thoracic and abdominal injuries have steadily increased with the 

increasing number of motor vehicles on the road. Together with urbanisation and 

industrialization, these traffic accidents have led to a noticeable increase in trauma.
4 

According to projections from WHO (World Health Organisation), road traffic accidents will 

replace homicides as the second leading cause of preventable death worldwide by 2020.
5
 

After cancer and cardiovascular disease, chest trauma is the third leading cause of death and 

morbidity worldwide.
4,6

 Chest injuries have been found to account for 1/4 to 1/5 of mortality 

in trauma patients.
7
 Trauma experts believe that abdominal injuries are among the most 

common.
8
 In addition, the abdomen has been found to be involved in one-fifth of traffic 

accident injuries.
9
 Hemorrhagic shock, which accounts for 30% to 40% of all deaths in 

trauma patients, is a leading cause of death. 

Oxygen delivery and consumption are in balance when the condition is stable. After 

haemorrhage, hypovolemic shock occurs, causing an imbalance in oxygen delivery. This 

results in an oxygen deficit that causes the cell to switch to anaerobic metabolism when tissue 

perfusion falls below the baseline level of required oxygen consumption. The base deficit 

(BD), a net metabolic acidosis resulting from the oxygen debt during this process, increases 

the total number of metabolic acids in plasma and increases arterial lactate. In some shock 

situations, lactate, an anaerobic metabolic byproduct, can serve as a marker of cellular 

hypoxia.
10

 Currently available portable point-of-care testing (POCT) provides rapid 

measurement of arterial lactate. It remains controversial whether blood lactate monitoring 

should be used for risk assessment in critically ill patients. Arterial lactate monitoring is used 

as an indirect indicator of tissue hypoxia in the ICU.
11,12

 

The goal of resuscitation in trauma patients with hypovolemic shock is to restore physiologic 

balance, as assessed by hemodynamic indicators (e.g., vital signs), biochemical markers (e.g., 

serum lactate, base excess), and coagulation factors. Trauma patients may arrive 

hemodynamically normal but still be at risk for deterioration due to occult damage. In 

patients who require massive transfusions (MT), early recognition of these patients may 

improve therapy. Currently, vital signs such as blood pressure (BP) and heart rate (HR) are 

used to determine the condition and treatment of trauma.
13

 However, blood pressure changes 

are a late sign of hemodynamic instability because they do not occur until 30% to 40% or 

more of the circulatory volume has been lost.
3
 In addition, tachycardia is not a good indicator 

of shock. Therefore, vital signs should be used only as surrogate indicators and not as precise 

indicators of oxygenation. Base deficit (BD) and lactate, which are true metabolic byproducts 

of tissue hypoperfusion, may serve as better indicators of the presence and extent of 

continuous haemorrhage. Current emergency risk assessment methods, such as the Injury 

Severity Score (ISS) and the Abbreviated Injury Score (AIS), are widely used but have 

limited utility for clinical decision making.
14

 In addition, they are difficult to calculate. 

Numerous research efforts have attempted to find biochemical markers that can signal 

severity and mortality to circumvent this limitation.
15 

In addition, research has shown that 

uptake BD is a valid indicator of the relative extent of volume deficit and a predictor of death 

after trauma. 

Biochemical markers at the point of care are increasingly used as prognostic indicators in 

trauma but have not been thoroughly studied in India. The use of arterial lactate to determine 

the dangerousness of critical trauma patients is still controversial. This is primarily due to the 

lack of clarity regarding the reference interval that determines whether a series of 

measurements is required or whether an initial baseline arterial lactate value can be 

predictive. In addition, there is still no agreement on how arterial lactate should be measured 
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in arterial, venous, or capillary blood. The issue of single or serial sampling, limits, or timing 

of sampling has not been addressed in previous assessments. 

In India, the emergency care system is still under development.
16

 Studies examining trauma 

care and predictors of outcomes are lacking. The present study aims to show how arterial 

lactate and base deficit (BD) are used to determine a patient's prognosis after trauma. 

 

2. Materials and methods 

 

In this prospective observational study, 146 patients with poly/isolated trauma and the 

potential for hemodynamic compromise were admitted to the surgical emergency department 

of BRD Medical University, Gorakhpur. The institutional ethics committee gave its approval 

for the project. Patients with penetrating and blunt thoracic and abdominal trauma aged 18 to 

65 years were included. Exclusion criteria included cerebral haemorrhage, blood transfusion 

before arrival, cardiac arrest before arrival, transfer after stabilisation, and resuscitation for 

patients with severe head injury (GCS 8 on arrival). 

Patients who arrived at the surgical emergency department were evaluated for trauma to the 

chest or abdomen. All patients who met the inclusion criteria and had either abdominal or 

thoracic trauma or both gave informed consent. A sample of arterial blood gas was obtained 

within 1 hour of admission to the surgical emergency department. Baseline deficiency values 

and arterial lactate were recorded. 

Patients were monitored throughout their hospital stay. The length of time patients remained 

in the hospital, whether they required blood transfusion during their stay, whether they were 

treated conservatively or surgically, and whether they died or were discharged were recorded. 

 

Statistical analysis 

Data were entered into Microsoft Excel. SPSS 26.0 was used for analysis. Frequencies and 

proportions were used to represent categorical variables. The Kolmogorov-Smirnov test was 

used to determine that continuous variables were not normally distributed. Spearman 

correlation was used to examine the relationship between continuous variables. ROC Curves 

were developed to examine the prognostic value of base deficit and arterial lactate for 

mortality, type of treatment, and need for blood transfusion. Statistical significance is defined 

as a p value of 0.05. 

 

3. Results: 

 

Majority of the patients in our study were in the age group of 21-30 years (26%), followed by 

41-50 years (22.6%) and 31-40 years (19.9%). Majority of the patients in our study were 

males (91.1%), while 8.9% were females. Among the patients, majority had blunt trauma 

abdomen (57.5%), followed by chest injury (25.3%). 17.1% of the patients had penetrating 

injury of their abdomen. 

 

Table 1: Baseline characteristics of the patients 

  n % 

Gender 11-20 years 18 12.3 

21-30 years 38 26.0 

31-40 years 29 19.9 

41-50 years 33 22.6 

51-60 years 19 13.0 

61-70 years 9 6.2 
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Gender Male 133 91.1 

Female 13 8.9 

Injury Chest Injury 37 25.3 

Blunt Trauma 

Abdomen 

84 57.5 

Penetrating Injury 

Abdomen 

25 17.1 

 

The mean age of patients in our study was 37.42±14.01 years. The median SBP and DBP of 

our patients were 88 and 53 mm Hg, respectively. The median pulse rate and SpO2 were 115 

and 98%, respectively. The mean GCS was 15. The mean base deficit of the patients was 

5.071±1.81, mean arterial lactate values were 5.695±1.55, and the median length of hospital 

stay of the patients was 10 days (Table 2). 

 

Table 2: Mean, ±SD, median and IQR of age, SBP, DBP, pulse rate, SpO2 on room air, 

GCS, Base deficit, arterial lactate and hospital stay (days) of patients 

 Mean ±SD Median IQR 

Age 37.42 14.01 35.00 24-48 

SBP 96.07 15.12 88.00 85-110 

DBP 58.86 12.19 53.00 50-70 

Pulse rate 109.54 18.89 115.50 88-128 

Spo2 on room air 97.54 1.97 98.00 98-98 

GCS 15.00 0.00 15.00 15-15 

Base deficit 5.07 1.81 5.90 3.4-6.6 

Arterial lactate 5.70 1.55 6.70 4.2-6.9 

Hospital stay (days) 9.99 3.74 10.00 7-12 

 

Overall, the majority of patients had a hospital stay of 6 to 10 days (44.5%), while 37.7% of 

patients had a stay of 11-15 days. 65.8% of patients required a blood transfusion. The 

majority of patients required two units of blood transfusion (53.4%). Only 6.8% needed more 

than two blood transfusions. 35.6% of patients did not need any blood transfusion (Table 3). 

 

Table 3: Details of length of hospital stay, blood transfusion, and number of units of blood 

transfused 

  n % 

Duration of 

hospital stay 

1-5 days 19 13.0 

6-10 days 65 44.5 

11-15 days 55 37.7 

16-20 days 5 3.4 

>20 days 2 1.4 

Blood transfusion Yes 96 65.8 

No 50 34.2 

No. of units of 

blood transfused 

0 52 35.6 

1 6 4.1 

2 78 53.4 

3 10 6.8 
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The most common patients treated conservatively had a chest injury (53.7%). The majority of 

surgically treated patients had blunt trauma to the abdomen (64.1%) and penetrating injury to 

the abdomen. The majority of patients were treated surgically (63%), while 37% were treated 

conservatively. The mortality rate was 2.7% of patients (Table 4). 

 

Table 4: Distribution of patients after conservative treatment and surgical intervention for 

different injuries and final outcome 

  n % 

Chest injury Conservative management 29 78.4 

Operative intervention 8 21.6 

Blunt Trauma 

Abdomen 

Conservative management 25 46.1 

Operative intervention 59 64.1 

Abdomen injury Conservative management 25 22.9 

Operative intervention 84 77.1 

Intervention Conservative management 54 37.0 

Operative intervention 92 63.0 

Final outcome Discharged 142 97.3 

Expired 4 2.7 

 

There was a significant positive and high correlation between base deficit (0.742), arterial 

lactate (0.782), and length of hospital stay (Table 5). 

 

Table 5: Correlation of base deficit and arterial lactate with length of hospital stay 

 Correlation 

coefficient 

P value 

Base deficit 0.742 <0.001 

Arterial lactate 0.782 <0.001 
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Figure 1: ROC curve of base deficit predicting surgical intervention [A] Base deficit 

predicting need for surgical intervention, [B] arterial lactate predicting need for surgical 

intervention, [C] base deficit predicting mortality, [D] arterial lactate predicting mortality, [E] 

base deficit predicting need for blood transfusion, and [F] arterial lactate predicting need for 

blood transfusion 

 

The AUC of the base deficit values was 0.998 (p < 0.001). Base deficit was a significant 

predictor of the need for surgical intervention. The ideal cutoff value for Base deficit to 

predict the need for surgical intervention is 4.75. A base deficit of > 4.75 can predict the need 

for surgical intervention with a sensitivity of 97.8% and a specificity of 98.1%. The AUC of 

arterial lactate was 0.999 (p < 0.001). Arterial lactate was a significant predictor of the need 

for surgical intervention. The ideal cutoff value for the Base deficit to predict the need for 

surgical intervention is 5.85. An arterial lactate value of > 5.85 can predict the need for 

surgical intervention with a sensitivity of 97.8% and a specificity of 100%. The AUC of the 

base deficit values was 0.996 (p < 0.001). Base deficit was a significant predictor of 

mortality. The ideal cutoff value for Base deficit to predict mortality is 6.85. A Base deficit 

value of > 6.85 can predict mortality with a sensitivity of 100% and a specificity of 97.2%. 

The AUC of arterial lactate levels was 1.000 (p < 0.001). Base deficit was a significant 

predictor of mortality. The ideal arterial lactate cut-off value to predict mortality is 7.2, and 

an arterial lactate value of > 7.2 can predict mortality with a sensitivity of 100% and a 

specificity of 100%. The AUC of the Base deficit values was 0.984 (p < 0.001). Base deficit 

was a significant predictor of the need for blood transfusion. The ideal cutoff value for Base 

deficit to predict the need for blood transfusion is 4.3. A Base deficit of > 4.3 can predict the 

need for blood transfusion with a sensitivity of 95.8% and a specificity of 98%. The AUC of 

arterial lactate was 0.979 (p < 0.001). Arterial lactate was a significant predictor of the need 

for blood transfusion. The ideal arterial lactate cutoff value for predicting the need for blood 

transfusion is 5.85. An arterial lactate value of > 5.85 can predict the need for blood 

transfusion with a sensitivity of 93.8% and a specificity of 100% [Figure 1]. 
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4. Discussion 

 

In trauma patients who have sustained severe injuries and are at high risk of mortality, it is 

critical to determine the extent of damage as soon as possible to protect the patient and reduce 

the likelihood of adverse medical outcomes.
15,16

 The results of such assessments and 

biomarkers are used to determine patient triage and treatment, with additional emphasis on 

minimising time spent at the scene or in the emergency department as much as possible, as 

well as ensuring rapid and adequate oxygen delivery and improving organ perfusion to 

increase the likelihood that the patient will survive the incident.
17

 Thoracic trauma is an 

important cause of mortality and morbidity, ranking third worldwide after cancer and 

cardiovascular disease.
4,18

 It has been stated that 20% to 25% of deaths in trauma patients are 

due to thoracic injuries.
7
 It is reported that nearly one-third of all patients treated for trauma 

had abdominal injuries. Because surgical intervention is required in approximately 25% of 

these injuries, rigorous and accurate biomarkers are needed to determine the best course of 

treatment and, therefore, outcomes.
19

 Therefore, it is necessary to examine in detail the 

prognostic signs in individuals who have sustained abdominal and thoracic trauma. The 

present study was conducted in 146 trauma patients with thoracic and abdominal injuries to 

assess the prognostic significance of baseline deficit and arterial scores at a tertiary institute 

in Gorakhpur, India. 

In a similar study from Patna, India, Jyoti et al evaluated the ability of lactate levels and base 

deficit to predict mortality in polytrauma patients.
17

 In another study from India, Javali et al 

evaluated arterial and base deficit outcomes in trauma patients.
20

 Odom et al evaluated the 

role of lactate clearance in predicting mortality in trauma patients from Boston, USA.
21

 

Similar studies examining the prognostic value of base deficit and/or lactate level on 

outcomes in trauma patients have been conducted in Germany (Rixen et al., Mutschler et al.), 

Iran (Mofidi et al.), the United States (Brooke et al., Davis et al.), Brazil (Freitas et al.), 

France (Raux et al.), and Egypt (Saad et al.).
22-29

 

 

In our study the majority of patients were male (91.1%). Similar studies in the past have also 

found a preponderance of males in trauma cases. In previous study, Jyoti et al. found 86% of 

patients were male,
21

 in Odom et al. 62-68%,
24

 and in Rixen et al. 70%.
17

 

The mean age of patients in our study was 37.42 years, similar to previous studies, in which 

reported that the mean age of the patients were 38.9 to 39.5 years.
22,24

 Another study included 

slightly younger patients (mean=34.8 years).
25

 The mean age of survivors and nonsurvivors 

was 37.36 years and 39.50 years, respectively, which was similar in our study. This was 

similar to the age in the study of Jyoti et al (mean=34.11 and 36.73 years, respectively).
17

 

However, in a study, the mean age of patients who died (67.89 years) was higher than that of 

survivors (48.20 years).
21

 The majority of patients in our study were in the age group of 21-

30 years (26%). Similarly, the majority of patients were in the age group of 20-29 years, but 

the proportion was higher than in our study (41.1%).
17

 

 

In this study the mean SBP and DBP of patients were 88 and 53 mm Hg, respectively. A 

previous study reported that the mean SBP of 118 and a DBP of 68 mm Hg.
25

 The mean 

pulse rate and SpO2 were 115 and 98%, respectively. The patients had a mean pulse rate of 

91.5 per minute.
25

 

In present study the mean GCS score on admission was 15 in both discharged and deceased 

patients. In contrast, previous study reported a significantly lower GCS score on admission in 

deceased patients (7.8) than in surviving patients (13.8).
21
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In the present study, patients were found to have a mean base deficit of 5.071 mmol/L. This 

was high compared with the base deficit at admission (3.5 mmol/L).
24

 The survivors had a 

mean base deficit of 5.013 and the nonsurvivors of 7.150. Another study reported a higher 

base deficit (7) in the deceased patients than in the surviving patients (4).
28

 

 

In our study the mean arterial lactate values were 5.695. The survivors had a mean base 

deficit of 5.640, whereas the nonsurvivors had a base deficit of 7.650. A study reported 

higher arterial lactate values in the deceased patients (3.8) than in the survivors (2.5), but the 

values were lower than in our study.
24

 Another study also reported higher lactate values 

(mean=5.4) in deceased than in surviving patients (mean=3.6).
28

 

 

In the present study, 65.8% of patients required one blood transfusion. The majority of 

patients required two blood transfusions (53.4%). In our study, base deficit was found to be a 

significant predictor of the need for blood transfusion at a cut-off value of 4.3. A study 

reported that at a cut-off value of 8 mEq/L, base deficit was a significant predictor of blood 

transfusion in trauma patients.
20

 This is consistent with the findings of various previous 

study, in which reported that the increased need for blood transfusion when base deficit 

worsened.
24,27

 Another study found that base deficit was a significant predictor of intra-

abdominal haemorrhage and transfusion requirements, with significant accuracy at a cut-off 

value of 6.
25

 The base deficit was significantly associated with the need for blood transfusion, 

and it was a better predictor than lactate levels.
28

 

A base deficit of > 4.3 can predict the need for blood transfusion with a sensitivity of 95.8% 

and a specificity of 98% in our study, whereas Mofidi et al reported a sensitivity and 

specificity of 88.2% and 95.2% at a cut-off value of 6.
25

 

The AUC of arterial lactate levels in our patients was 0.979, whereas Brooke et al reported an 

AUC of 0.71 for transfusion.
22

 In our study, arterial lactate was a significant predictor of the 

need for blood transfusion, similar to Brooke et al.
22 

The ideal cutoff value for arterial lactate 

to predict the need for blood transfusion is 5.85, whereas Brooke et al reported a value of 4 

mmol/L.
22

 Javali et al reported that arterial lactate at a cutoff value of 2.9 mmol/L is a 

significant predictor of transfusion in trauma patients.
20

 An arterial lactate value of > 5.85 can 

predict the need for blood transfusion with a sensitivity of 93.8% and a specificity of 100%. 

Davis et al found that lactate level was significantly associated with the need for blood 

transfusion.
28 

In our study there was a significant positive and high correlation between base deficit (0.742), 

arterial lactate (0.782), and length of hospital stay. Lactate levels were found to be associated 

with longer duration of hospitalisation.
30

 

 

In this study the mortality rate in our study was 2.7%, whereas a study reported a higher 

mortality rate of 17%.
17

 The difference in mortality between studies could be due to the 

inclusion of other trauma (including head injury) as well as the treatment protocol and 

facilities available in each study setting. 

In the index study, baseline deficit was found to be a significant predictor of mortality (6.85), 

similar to the findings of Javali et al.
20

 whereas Rixen et al reported an increase in mortality 

with a low baseline deficit in trauma patients.
21

 Saad et al reported that a baseline deficit of > 

-5.6 predicted mortality in polytrauma patients with a sensitivity and specificity of 64% and 

93%, respectively.
26

 A study found that baseline deficit was significantly associated with 

mortality, and it was a better predictor than lactate levels.
21

 In contrast, a study reported that 
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baseline deficit on admission was not a significant predictor of mortality in trauma patients, 

but 24-hour higher baseline deficit values were predictive of mortality.
17 

In our study, we found that arterial lactate was a significant predictor of mortality, with a 

diagnostic ability of 100% sensitivity and specificity at a cut-off value of 7.2. Previous study 

found that arterial lactate was a significant predictor, with a cut-off value of 4 mol/L.
20

 

Another study reported in their study that arterial lactate levels at the time of admission were 

a significant prognostic factor for mortality, with a cut-off value of > 2.5.
21

 Similarly 

previous studies reported a lactate value of > 2.6 with a sensitivity and specificity of 92% and 

42% to predict mortality.
26

 However, caution should be exercised in interpreting our results 

because the sample size was smaller. Also, Arslan et al reported that lactate at the time of 

admission was one of the strongest predictors of mortality in trauma patients from New 

York.
31

 In contrast, previous studies reported, that arterial lactate on admission was not a 

significant predictor of mortality in trauma patients, but 12-hour higher arterial lactate levels 

were predictive of mortality.
17,29

 Serum lactate has also been reported to predict injury 

severity in trauma patients.
32

 Previous studies found that both baseline deficit and lactate 

levels were significant predictors of 72-hour and 48-hour mortality, respectively, in 

polytrauma patients.
16,33

 It has also been reported that the predictive power of baseline deficit 

and arterial lactate for clinical outcomes in trauma patients is not attenuated by drugs or 

alcohol, which are commonly present in trauma patients.
34

 

 

Limitations 

Because the study was conducted in patients from a single institution, external validity is 

limited. The descriptive nature of the study design limits the determination of a causal 

relationship between base deficit, arterial lactate, and outcomes. Serial measurements of base 

deficit and lactate clearance could have identified potential predictors of outcomes. 

Associated diseases could influence outcomes, which was not investigated. 

 

5. Conclusion 
 

We concluded that chest and abdominal trauma were responsible for a significant proportion 

of morbidity and mortality among trauma patients. The mean base deficit and arterial lactate 

values of the patients in the index study were 5.071 mmol/L and 5.695 mmol/L, respectively. 

Overall, base deficit and arterial lactate levels at the time of admission are significant 

predictors of short-term outcomes such as the need for blood transfusion, length of hospital 

stay, and in-hospital mortality in the chest and abdominal trauma patients in the present 

study. Serum lactate and base deficit can be used as additional prognostic factors for 

outcomes in chest and abdominal trauma patients. Biomarkers that predict the prognosis of 

patients with thoracic and abdominal injuries could help in early intervention and treatment, 

which in turn would reduce morbidity and mortality. Further prospective studies with 

sufficient power should be conducted in our setting to verify the results. 
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