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ABSTRACT  

Background: Bleeding caused by trauma is still a prominent factor in death and organ 

system complications. Base deficit and lactate levels are experiencing disturbances that 

result in hypoxic acidosis conditions at the tissue and cellular levels.  

Objective: This study aims to determine the relationship between low base deficit levels 

and high lactate values, related to the need for blood transfusions in trauma patients with 

acute blood loss. 

Methods: This research is an observational analytic study with a prospective cohort study 

design. The target population of this study was all trauma patients with acute bleeding 

admitted to the emergency room of RSUP Prof. dr. I.G.N.G Ngoerah, Denpasar.  

Result: Age results showed a mean ± SD of 25.08 ± 6.38 years, the most gender was 

male, there were 36 subjects (72%), hemoglobin levels had an average of ± 10.47 ± 2.85 

g/dL, body mass index (BMI) results had mean ± SD 23.47 ± 3.54 kg/m2, the most 

common type of trauma was multiple trauma, the injury severity score (ISS) was found 

to have a mean ± SD 23.38 ± 9.09. The results for the base level showed a mean ± SD of 

4.08 ± 5.08 mmol/L in the transfusion group, with an average of -6.41 ± 4.65 mmol/L. 

Low base level <-3 mmol/L had a relative risk of 3.69 (95% CI 1.83-7.45; P<0.001) and 

an adjusted relative risk of 18.56 (95% CI 14.00-24.75; P = 0.002). The average lactate 

result was found to have a mean ± SD of 3.77 ± 2.29, and in the transfusion group, 4.78 

± 2.38 mmol/L, with high lactate levels (> 4 mmol/L) relative risk 5.53 (CI 95% 2, 25-

13.64; P<0.001) and adjusted relative risk 41.21 (95% CI 35.05-57.74; p<0.001).  

Conclusion: Low base deficit and high lactate levels are associated with the need for 

blood transfusions in patients with acute bleeding.  
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 INTRODUCTION 

Bleeding caused by trauma is still a 

prominent factor in death and organ 

system complications. The loss of a 

certain amount of blood volume 

containing erythrocytes caused by major 

trauma not only results in acute 

intravascular volume depletion but also 

tissue hypoxia, which has an impact on 

tissue metabolism in the body's organ 

systems. Knowing the need for a blood 

transfusion so that adequate resuscitation 

management, volume adequacy, and 

tissue hypoxia can be immediately 

corrected. Transfusion based on 

hemoglobin levels is a conventional 

method. The restrictive transfusion 

threshold uses a lower hemoglobin 

concentration as a threshold for 

transfusion (most commonly 7.0 g/dL to 

8.0 g/dL), and the liberal transfusion 

threshold uses a higher hemoglobin 

concentration as a threshold for 

transfusion (most commonly 9.0 g/dL to 

10.0 g/dL). Guidelines suggest 

maintaining hemoglobin levels of 7-9 

g/dL following transfusion, with a higher 

target (8-10 g/dL) considered in patients 

with cardiovascular disease. 

Hemoglobin levels in trauma patients 

who experience acute bleeding at the 

start can be within normal limits, with 

the base deficit and lactate levels already 

experiencing disturbances, which result 

in hypoxic acidosis conditions at the 

tissue and cellular levels. 

 

Occult hypoperfusion syndrome (OHS) 

is a clinical condition where the amount 

of blood flow decreases, then develops 

into ischemia. OHS is characterized by 

persistent symptoms of cellular hypoxia, 

but with normal vital signs, serum lactate 

concentration of more than 2.5 mmol/L 

that persists for more than 12 hours. This 

refers to reversible risk factors for 

negative outcomes after traumatic injury 

in the evaluation of changes in high 

lactate levels, which influence base 

levels, hypoxic deficit, and metabolic 

acidosis, impacting the incidence of 

morbidity and mortality.1 

 

Based on several previous studies, the 

number of trauma/multi-trauma patients 

who entered the emergency room with 

acute bleeding, ranging from class II 

bleeding requiring transfusion, was 41%, 

with the main cause of death in the first 

hour after trauma being bleeding, and 

around 40% of the causes of death are 

those caused by bleeding and its 

complications.2 The American College 

of Surgeons has combined 4 classes of 

hypovolemic shock based on vital signs 

and base deficit levels in the 'Advanced 

Trauma Life Support' (ATLS) 

guidelines, 2018 edition.3 This is 

because base deficit is considered to 

provide more accurate information on 

the presence of perfusion disorders at the 

cellular level in conditions of shock due 

to trauma that experience acute bleeding 

starting from class II bleeding, which 

then becomes a supporting diagnostic of 

physiological parameters for the 

emergence of vital sign responses.4 

 

Acute blood loss and hypotension due to 

trauma result in inadequate oxygen 

delivery, thereby accelerating the onset 

of anaerobic metabolism. Anaerobic 

metabolism then causes lactate 

accumulation, so that several studies also 

show that base deficit correlates with 

serum lactate levels in shock conditions.5 

In addition, monitoring base deficit has 

been recommended as an indicator of 

successful resuscitation. Base deficit 

examination using point-of-care testing 

(POCT) is also considered quick and 

easy to carry out in the emergency 

room.6 

 

The level of base deficit is related to the 

need for blood transfusions, which 
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 contain erythrocyte components as an 

important element that carries oxygen to 

tissues.7 An increase in the number of 

transfusions indicates an increasing 

severity of base and lactate deficit 

levels.8 This study aims to determine the 

relationship between low base deficit 

levels and high lactate values related to 

the need for blood transfusions in trauma 

patients with acute blood loss starting 

from class II bleeding degrees, as well as 

a physiological evaluation assessment of 

the adequacy of the resuscitation. 

 

METHOD 

This research is an analytical 

observational study with a prospective 

cohort study design. The research was 

conducted in the emergency room at 

RSUP Prof. dr. I.G.N.G. Ngoerah, 

Denpasar, from January 2023 to June 

2023. 

 

Those included as research subjects in 

this study must meet the following 

inclusion criteria: Patients aged 18 – 35 

years with acute bleeding class I, II, III, 

and IV, body mass index (BMI) of 18.5 

– 35 kg/m2, and all trauma patients at 

RSUP Prof. dr. I.G.N.G. Ngoerah, 

Denpasar, during the study period. 

Samples are not included as subjects if 

they meet the following exclusion 

criteria: Patients under the influence of 

alcohol, a history of coagulopathy, 

severe liver cirrhosis, a history of 

chronic kidney failure, spinal shock 

caused by trauma, pregnancy, or patients 

who refused to be used as research 

samples. 

 

The sample in this study was selected by 

consecutive sampling. The minimum 

sample size was 38. This is a value that 

is close to the previous study, which was 

39 samples.9 The need for transfusion in 

this study was divided into 2 groups: 

those who underwent transfusion and 

those who did not receive transfusion. 

Low base deficit levels are base deficit 

values ≤ -3 immmol/L. Divided into 2 

categories, > (- 3 immmol/L) and ≤ (-3 

immmol/L). High lactate levels are 

lactate levels with a value ≥ 4 mmol/L. 

Divided into 2 groups, ≥ 4 mmol/L and < 

4 mmol/L. Acute bleeding is a trauma 

condition that experiences Class I, II, III, 

and IV acute bleeding from the estimated 

blood volume (EBV) value based on the 

estimated ideal body weight (IBW). 

Laboratory tests to determine the levels 

of base deficit and lactate, taken from 

peripheral arterial blood as much as 0.5 

mL, then 7 mL of blood for hemoglobin 

examination purposes, within 10 minutes 

of arriving at the emergency room. A 

hemoglobin level value of <10 gr/dL is 

the standard in this study to determine 

whether a blood transfusion is necessary 

or not. The data are categorical, 

hemoglobin < 10 gr/dL and ≥10 gr/dL. 

Age is expressed in years based on the 

date, month, and year of birth listed on 

the identity card at the time of the study. 

Data were obtained using a numerical 

and categorical scale, which was divided 

into 2 groups (<30 years and ≥ 30 years). 

The male or female gender is determined 

as stated on the identity card. Categorical 

scale data for men and women. Injury 

severity score (ISS) is a score to assess 

the severity of an injury. Each injury will 

be assessed using the abbreviated injury 

scale (AIS). The AIS score is calculated 

for each body region; then, the highest 

AIS score for each body region will be 

used. The three areas of the body with 

the most severe injuries based on the AIS 

score will be squared, and each added to 

produce the ISS score. The ISS score has 

a range between 0 – 75. Bolorunduro et 

al. classify the ISS score as follows: a) 

ISS score < 9 = minor injury; ISS score 

9 – 15 = moderate injury; score 16 – 24 

= serious injury; score > 25 = very 

serious injury. The ISS score is divided 
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 into 2 groups:≥ 23, which is high, and < 

23, which is low according to the 

division. Types of trauma are divided 

into 2 groups: single trauma and multiple 

trauma. Nutritional status is divided into 

2 groups: normal nutritional status and 

excessive nutritional status-obesity, 

which is based on the value of BMI. The 

calculation of BMI to determine whether 

a person's body weight is normal or at the 

obesity level is as follows, with the 

formula and categories according to the 

body mass of Asian people, based on the 

World Health Organization (WHO). 

 

Based on the results of recorded 

laboratory documentation, research 

subjects were divided into groups who 

received transfusions and those who did 

not receive transfusions in the first 24 

hours. 

 

RESULTS 

In this study, there were 50 research 

subjects with patient data characteristics 

(Table 1). Or result? Are the results 

consistent with other studies? Or are 

there differences? 

 

The age results obtained were mean ± 

SD 25.08 ± 6.38 years, with the largest 

gender being male; there were 36 

subjects (72%), and 14 subjects (28%) 

were female. Hemoglobin levels had a 

mean ± SD of 10.47 ± 2.85 gr/dL, with a 

division of <10 gr/dL as many as 23 

subjects (46%) and those with ≥ 10 gr/dL 

as many as 27 subjects (54%). The BMI 

results had a mean ± SD of 23.47 ± 3.54 

kg/m2, which was divided into normal 

nutritional status as many as 41 subjects 

(82%), and those with excessive 

nutritional status-obesity as many as 9 

subjects (18%). 

 

The most common type of trauma was 

multiple trauma compared to single 

trauma. Multiple trauma was found in 31 

subjects (62%) and single trauma in 19 

subjects (38%). The ISS score value was 

found to have a mean ± SD of 23.38 ± 

9.09, which was divided into mild in 5 

subjects (10%), moderate in 21 subjects 

(4%), and severe in 24 subjects (48%). 

Bleeding class was obtained with class 1 

results for 15 subjects (30%), class 2 for 

15 subjects (30%), class 3 for 9 subjects 

(18%), and class 4 for 11 subjects (22%). 

The mean base value was 4.08±5.08 

mmol/L. The average lactate result was 

3.77 ± 2.29 mmol/L. 

 

The data normality test with the Shapiro-

Wilk test for numerical data (Table 2) 

with the results of the numerical data 

(age, hemoglobin level, BMI, ISS score, 

body level, and lactate level) showing a 

normal distribution (p>0.05). 

 

Analysis of differences in proportions 

between bases and transfusions using 

Chi-Square analysis (Table 3) with the 

results that group of decreasing base 

content (≤-3.00 mmol/L) 24 subjects 

(80%) underwent transfusions and 6 

subjects (20%) did not undergo 

transfusions, while the high base group 

(>-3.00 mmol/L), only 2 subjects 

underwent transfusion (10%) and 18 

subjects did not undergo transfusion 

(90%) with the relative risk value 

obtained 3.69 (95% CI).1.83-7.45; 

P<0.001) which means that the lower the 

base level, the relative risk of transfusion 

is 3.69 times. 

 

Analysis of different proportions of 

bases was carried out with other variable 

groups, with age, gender, hemoglobin 

levels, nutritional status, trauma, and ISS 

scores (Table 4). What is statistically 

significant in influencing alkaline levels 

is the hemoglobin value and ISS score. 

Based on the hemoglobin level value, it 

was found that the relative risk of having 

a low base level was 2.73 times (CI 
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 95%1.58-4.73; P<0.001) while the ISS 

score is ≥23 were found to have an 

relative risk of 3.28 (CI 95%1.73-6.22; 

P<0.001), these results will then be 

carried out in a multivariate analysis to 

see the effect on the value of transfusion 

requirements. 

 

Analysis of the difference in proportion 

between lactate levels and transfusion 

using Chi-Square analysis (Table 5) with 

the results that high lactate level group 

(>4.00 mmol/L) 24 subjects (85.7%) 

underwent transfusions and 4 subjects 

(14.3%) did not undergo transfusions, 

while the low lactate group (<4.00 

mmol/L), only 2 subjects underwent 

transfusion (9.1%) and 20 subjects did 

not undergo transfusion (90.9%) with a 

relative risk value of 5.53 (95% CI).2.25-

13.64; P<0.001) which means that the 

higher the lactate level, the relative risk 

of transfusion is 5.53 times. 

 

An analysis of different proportions of 

lactate was carried out with other 

variable groups, such as age, gender, 

hemoglobin levels, nutritional status, 

trauma, and ISS scores (Table 6). The 

statistically significant influence on high 

lactate levels was the hemoglobin value 

and ISS score. Based on the hemoglobin 

level value, it was found that the relative 

risk of having high lactate levels was 

2.47 times (CI 95%1.41-4.36; P<0.001), 

while the ISS score> 23 was found to 

have a relative risk of 2.11(CI 95%1.19-

3.72; P=0.004); these results will then be 

carried out in a multivariate analysis to 

see the effect on the value of transfusion 

requirements. 

 

In this study, to see whether there was a 

difference between whether a 

transfusion was carried out or not, the 

researcher carried out an independent t-

test analysis for numerical scale data, a 

Chi-Square analysis for 2x2 categorical 

data, and the Mann-Whitney test for 

categories >2 (Table 7). The results show 

that hemoglobin levels, ISS scores, 

bleeding class, alkaline and lactate levels 

play a role in whether a transfusion is 

carried out. 

 

The results of the logistic regression 

analysis (Table 8 and Table 9). The 

results show that the factors that play the 

most role in the dependent variable was 

the need for blood transfusions, are 

based on the values of low alkaline levels 

and high lactate which are the 

independent variables with results at low 

base obtained adjusted relative risk 

18.56 (CI 95%14.00-24.75; p=0.002) 

and at high lactate, adjusted relative risk 

is obtained 41.21(CI 95%35.05;-57.74; 

p<0.001). The results of hemoglobin 

levels, ISS, and bleeding were not 

significant in influencing the need for 

blood transfusions. 
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 Table 1. Characteristics of research data 
Variable Mean±SD n=50 (%) 

Age (mean ± SD) years 25.08±6.38  

Gender   

Man  36 (72) 

Woman  14 (28) 

Hb (gr/dL) 10.47±2.85  

< 10 gr/dL  23 (46) 

≥ 10 gr/dL  27 (54) 

BMI (mean±SD) kg/m2 23.47±3.54  

Normal nutritional status  41 (82) 

Excessive nutritional status-obesity  9 (18) 

Trauma   

Multiple  31 (62) 

Single  19 (38) 

ISS (mean±SD) 23.38±9.09  

Mild  5 (10) 

Moderate  21 (42) 

Severe  24 (48) 

Bleeding class   

Class 1  15 (30) 

Class 2  15 (30) 

Class 3  9 (18) 

Class 4  11 (22) 

Average base (mmol/L) -4.08±5.08  

Mean lactate (mmol/L) 3.77 ± 2.29  

SD: Standard deviation; Hb: Hemoglobin; BMI: body mass index; ISS: injury severity score 

 

 

Table 2. Data normality test results 
Variable p-value Information 

Age 0.200 Normal 

Hemoglobin levels 0.133 Normal 

BMI 0.200 Normal 

ISS 0.125 Normal 

Base levels 0.200 Normal 

Lactate levels 0.115 Normal 

*Data is normally distributed with p-value>0.05. Test normality with the Shapiro-Wilk test 

 

 

Table 3. Analysis of different base proportions on transfusion needs 

Variable 

Base level group 

RR CI 95% p-value 
Low 

≤-3.00 mmol/L 

n=30 (%) 

Tall 

>-3.00 mmol/L 

n=20 (%) 

Transfusion      

Yes 24 (80) 2 (10) 3.69 1.83-7.45 <0.001* 

No 6 (20) 18 (90) 

*Significant from Chi-Square test p<0.05 
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Table 4. Results of the analysis of different base proportions with other variables 

Variable 

Base group 

RR CI 95% p-value 
Low 

≤-3.00 

n=30 (%) 

Tall 

>-3.00 

n=20 (%) 

Age      

< 30 years 18 (60.0) 10 (50.0) 
1.88 0.96-3.67 0.126 

≥ 30 years 12 (40.0) 10 (50.0) 

Gender      

Man 22 (73.3) 14 (70.0) 
1.06 0.63-1.81 0.797 

Woman 8 (26.7) 6 (30.0) 

Hb      

<10gr/dL 21 (70.0) 2 (10.0) 
2.73 1.58-4.73 <0.001* 

≥ 10 gr/dL 9 (30.0) 18 (90.0) 

Nutritional status      

over-obesity 5 (16.7) 4 (8.0) 
1.09 0.58-2.06 0.764 

Normal 25 (83.3) 16 (80.0%) 

Trauma      

Multiple 19 (63.3) 12 (60.0) 
1.06 0.66-1.70 0.812 

Single 11 (36.7) 8 (40.0) 

ISS      

≥23 23 (76.7) 2 (10.0) 
3.28 1.73-6.22 <0.001* 

<23 7 (23.3) 18 (90.0) 

Hb: Hemoglobin; ISS: Injury Severity Score;*Significant from Chi-Square test p<0.05 

 

 

 

Table 5. Results of analysis of different proportions of lactate on transfusion needs 

Variable 

Lactate level group 

R CI 95% p-value 
High 

≥4.00 mmol/L 

n=28 (%) 

Low 

<4.00 mmol/L 

n=22 (%) 

Transfusion      

Yes 24 (85.7) 2 (9.1) 
5.53 2.25-13.64 <0.001* 

No 4 (14.3) 20 (90.9) 
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 Table 6. Results of analysis of different proportions of lactate with other variables 

Variable 

Lactate group 

RR CI 95% p-value 
High 

≥4.00 mmol/L 

n=28 (%) 

Low 

<4.00 mmol/L 

n=22 (%) 

Age      

< 30 years 18 (64.2) 11 (50.0) 
1.16 0.49-4.64 0.116 

≥ 30 years 10 (35.8) 11 (50.0) 

Gender      

Man 20 (71.4) 16 (72.7) 
0.97 0.56-1.67 0.919 

Woman 8 (28.6) 6 (27.3) 

Hb      

< 10 gr/dL 19 (67.9) 4 (18.2) 
2.47 1.41-4.36 <0.001* 

≥ 10 gr/dL 9 (32.1) 18 (81.8) 

Nutritional status      

Over-obesity 2 (7.1) 7 (31.8) 
2.85 0.82-9.90 0.124 

Normal 26 (92.9) 15 (68.2) 

Trauma      

Multiple 20 (71.4) 11 (50.0) 
1.53 0.85-2.76 0.121 

Single 8 (28.6) 11(50.0) 

ISS      

≥23 19 (67.9) 6 (27.3) 
2.11 1.19-3.72 0.004* 

<23 9 (32.1) 16 (72.7) 

Hb: Hemoglobin; ISS: Injury Severity Score;*Significant from Chi-Square test p<0.05 

 

 

Table 7. Comparison of demographic data and laboratory results for transfusion and 

non-transfusion procedures 

Variable 
Transfusion group p-value 

Transfusion n=26 (%) No transfusion n=24 (%)  

Age 23.92±6.29 26.33±6.38 0.185 

< 30 years 20 (76.9) 14 (58.3) 
0.159 

≥ 30 years 6 (23.1) 10 (41.7) 

Gender    

Man 18 (69.2) 18 (75.0) 
0.650 

Woman 8 (30.8) 6 (25.0) 

Hb 8.69±2.11 12.39±2.24 <0.001* 

<10 gr/dL 19 (73.1) 4 (16.7) 
<0.001** 

≥ 10 gr/dL 7 (26.9) 20 (83.3) 

BMI kg/m2 23.33±3.35 23.62±3.79 0.778 

Nutritional status    

Over-obesity 3 (11.5) 6 (25.0) 
0.216 

Normal 23 (88.5) 18 (75.0%) 

Trauma    

Multiple 17 (65.4) 14 (58.3) 
0.608 

Single 9 (34.6) 10 (41.7) 

ISS 26.73±8.74 19.75±8.15 0.005* 

≥23 19 (73.1) 6 (25.0) 
0.001** 

<23 7 (26.9) 18 (75.0) 

Bleeding    

Class 1 5 (19.2) 10 (41.7) 0.009*** 

Class 2 6 (23.1) 9 (37.5) 

Class 3 6 (23.1) 3 (12.5) 

Class 4 9 (34.6) 2 (8.3) 

Base Level -6.41±4.65 -1.55±4.32 <0.001* 

Lactate Levels 4.78±2.38 2.67±1.60 0.001* 

Hb: Hemoglobin; ISS: Injury Severity Score;*Independent t test;** Chi-Square test, *** Mann-Whitney 
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 Table 8. Multivariate analysis results with low base 

Variable B S.E Adj RR CI 95% p-value 

Step 1 

Low base 3.278 1.098 26.516 8,085-42,905 0.003 

Bleeding 1.849 1.007 6.352 0.882-45.732 0.066 

Hb <10 g/dL 0.287 0.578 1.333 0.429-4.139 0.619 

ISS ≥ 23 -0.252 1.315 0.777 0.059-10.231 0.848 

Step 2 

Low base 3.221 1.053 25.064 12,184-32,287 0.002 

Hb <10 g/dL 1.795 0.976 6.021 0.889-40.791 0.066 

ISS ≥ 23 0.347 0.494 1.415 0.537-3.727 0.482 

Step 3 

Low base 2.921 0.929 18.568 14,004-24,757 0.002 

Hb <10 g/dL 1.495 0.845 4.460 0.852-23.357 0.077 

*Significant with p<0.05 

 

 

Table 9. Multivariate analysis results with high lactate 

Variable B S.E Adj RR CI 95% p-value 

Step 1 

High lactate 3.717 0.992 41.141 25.889-77.431 0.003 

Hb <10 g/dL 1.448 1.223 4.256 0.387-46.809 0.066 

Bleeding -0.007 0.639 0.993 0.284-3.473 0.619 

ISS ≥ 23 0.907 1.474 2.476 0.138-4.553 0.848 

Step 2 

High lactate 3.221 1.053 25.064 30.890-67.431 0.000 

Hb <10 g/dL 1.795 0.976 6.021 0.409-44.474 0.225 

ISS ≥ 23 0.347 0.494 1.415 0.245-25.456 0.439 

Step 3 

High lactate 3.719 0.979 41.214 35.050-57.737 <0.001 

Hb <10 g/dL 2.019 0.955 7.532 1.158-48.999 0.077 

 

 

DISCUSSION 

Age showed that the mean ± SD was 

25.08 ± 6.38 years and was found not to 

be related to the incidence of transfusion. 

The results of this study are in 

accordance with Abdel Razik et al.10 

who found that the highest age for 

trauma incidents coming to the 

emergency room was in the range of 20-

30 years, with a total of 114 subjects 

(38%) with an overall average age of 

27.3 ± 9.1 years. Age was not related to 

transfusion procedures, which were also 

found in research with the results of 

p=0.789.11 The results are also in 

accordance with data in Saudi Arabia, 

with a mean age of 29.56 ± 9.34 years for 

patients who received transfusions due to 

road accidents. An older mean age was 

found in a study in Pakistan, with a mean 

of patients who received transfusions of 

47.9 ± 13.1 years and those who did not 

receive transfusions of 46.3 ± 18.2 years, 

p=0.503.12 Older mean results were also 

found in research conducted with a 

median of 56,13 range 39-64; older age 

>65 years was associated with mortality 

rates in patients who received 

transfusions due to organ failure, sepsis, 

and infection, which were also found to 

be higher compared to young 

people.6,14,15 
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 The most common gender was male, 

there were 36 subjects (72%), and 

female, with 14 subjects (28%), with the 

highest incidence of multiple trauma was 

31 subjects (62%), and it was not related 

to transfusion events. This is in 

accordance with data from WHO 2020, 

which showed that multiple trauma 

occurs more often in men, about 78.6%, 

with an average patient age of 32.5 years. 

This is because the majority of multiple 

traumas occur in young men due to 

traffic accidents.16 The results of other 

studies are also the same as10,17,18,19 

where it is most common in men. Gender 

was found to have no effect on 

transfusion procedures. 

 

Hemoglobin levels had a mean ± SD 

10.47 ± 2.85 gr/dL with a division of <10 

gr/dL as many as 23 subjects (46%) and 

those with ≥ 10 gr/dL as many as 27 

subjects (54%), hemoglobin levels <10 

gr/dL were known to have an effect on 

the incidence of transfusions and also the 

risk of having low base and high lactate 

levels. Giving blood transfusions in 

accordance with the recommendations of 

clinical practice guidelines at RSUP 

Prof. dr. I.G.N.G. Ngoerah, Denpasar, is 

carried out when hemoglobin is <8 

gr/dL. Research resuscitation transfusion 

with blood if hemoglobin levels were 

found to be 7-9 gr/dL.2 The mortality rate 

decreases with an OR of 2.56 (95% CI 

0.45-5.69; P <0.001) if blood transfusion 

resuscitation is carried out at hemoglobin 

≤10 gr/dL.20 

 

The BMI results had a mean ± SD of 

23.47 ± 3.54 kg/m2, which was divided 

into normal nutritional status in as many 

as 41 subjects (82%) and those with 

excessive nutritional status-obesity in as 

many as 9 subjects (18%). These BMI 

results were not related to transfusions or 

the results of base and lactate levels. 

Abdel Razik obtained a mean BMI of 

23.89 ± 5.87 in patients who received 

transfusions and those who did not 

receive transfusions, with a mean BMI of 

24.37 ± 7.89, p = 0.897, which was not 

significantly different.10 In obesity, the 

need for transfusions in research 

conducted was found to be not 

significantly related to transfusion 

administration.21 

 

The most common type of trauma is 

multiple trauma compared to single 

trauma. This is in accordance with 

several studies conducted by3,22,23 that 

the incidence of trauma on the road is, in 

the first place, where trauma sufferers 

enter the emergency room. Most cases 

are motorbike accidents because the 

rider is not wearing a protective helmet, 

so head trauma and fractures to the body 

and extremities can occur. Single-

accident cases are most often caused by 

falling from stairs or being hit by a 

vehicle. Cases of road accidents in 

Indonesia continue to increase every 

year; in 2016, there was an increase of up 

to 3.93% from the previous number, 

506,747 accidents, which had been 

reported before COVID-19 occurred, 

and there was a decrease in 2020 due to 

COVID-19 to 1.96%.24,25,26 

 

The ISS score value was found to have a 

mean ± SD of 23.38 ± 9.09, which was 

divided into mild in 5 subjects (10%), 

moderate in 21 subjects (42%), and severe 

in 24 subjects (48%), and was found to have 

a significant relationship with transfusion 

and also has a relative risk of low base and 

high lactate levels. The research results of 

Tonglet showed that the highest number of 

ISS who received transfusions was 

ISS≥23.27 Research by Griggs shows that 

ISS had a median of 33 (95% CI 23.5–43.0) 

compared to those who did not receive 

transfusions, with a median of 22 (95% CI 

13-33), and is statistically significant with a 

P value <0.001.6 
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 A mortality rate of 18.7% (95% CI 35-

38%; P=0.003) was found in multiple 

trauma with an ISS value ≥16.28 

Research with higher ISS results was 

found in research by Maegele, which 

showed that multiple trauma patients had 

a mean ISS of 30 (±SD 15), while the 

mean ISS score in patients without 

coagulopathy was 21 (±SD 12). 

Coagulopathy occurs in 26% of patients 

with ISS 16-24, in 42% of patients with 

ISS 25-49, and in 70% of patients with 

ISS >50.29 

 

Bleeding class was found to be 

significantly related to transfusion, with 

the result P=0.009. The results of this 

study are similar to research conducted 

by those who received class 3-4 

bleeding, which affected transfusion 

compared to bleeding class 1-224, but the 

results were different from research14, 

which obtained class score values. 

Bleeding was not significantly related to 

transfusion with a p-value of 0.303. 

Bleeding in class 2 has clinical 

significance in that it shows a fairly clear 

sympathetic compensatory response to 

the blood loss that occurs; the 

confounding factor is that the patient still 

has a clinically stable response to the 

administration of crystalloid fluids, so 

that the decision to give a blood 

transfusion is often delayed. However, as 

long as the evaluation of tissue damage 

due to trauma is not corrected to stop the 

bleeding, the acute bleeding process will 

continue, so that the patient's bleeding 

class status from the beginning of class 2 

can continue to increase in monitoring at 

the hospital's surgical triage. Because the 

source of bleeding due to trauma is 

stopping the bleeding. 

 

The results of the mean ± SD value of 

base deficit levels were found to be -4.08 

± 5.08 mmol/L, and it was found that 

there was a difference between eating 

and transfusion, with p < 0.001; the 

transfusion group with a mean of -6.41 ± 

4.65 mmol/L, and the group without 

transfusion -1.55 ± 4.32 mmol/L. The 

results of this study are similar to those 

obtained in6 patients who received a 

transfusion had an average base level of 

-6.78 ± 4.56, and those who did not 

receive a transfusion had a higher base 

level, 1.34 ± 3.42. 

 

Lactate was found to have a mean ± SD 

of 3.77 ± 2.29, and the difference in 

eating was found with a p-value < 0.001 

in the transfusion group, 4.78 ± 2.38 

mmol/L, and the group without 

transfusion, 2.67 ± 1.60 mmol/ L. 

Similar results were obtained in research 

conducted by6 who obtained lactate 

levels in transfusion administration with 

a mean of 4.60 ± 2.4 mmol/L, while in 

the non-transfusion group, it was 

obtained with a mean of 3.5 ± 3.5 mmol 

/L. The limit value for lactate levels is 

with a cutoff point of 4, which has a 

sensitivity of 50.34%, specificity 

82.95%, LR+ 3.30, LR- 0.52 with a 

correlation area of 73.5, whereas if you 

use a cutoff point of 3, you get a value of 

sensitivity 69.01%, specificity 62.78%, 

LR+ 1.85, LR – 0.49 with an area of 

65%. If the lactate value is >6 mmol/L, 

the patient must receive a transfusion, 

while the lactate level value of 2.5-6 

mmol/L is still under observation with 

the possibility of transfusion, whereas if 

the lactate level is low <2.5 mmol/L, no 

transfusion will be carried out.30 

 

The "fluid challenge" technique to 

evaluate the effectiveness and safety of 

administering fluids is considered to 

immediately administer a transfusion 

when high lactate and low base levels are 

found, but if the hemodynamic status 

improves with fluid administration, 

further fluid administration can be 

considered. Fluid administration must be 
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 stopped if the response to fluid 

administration does not provide further 

effects, and the patient is immediately 

given a transfusion using blood adapted 

to the patient's needs.31 

 

The relative risk of transfusion with low 

base levels <-3 mmol/L was found to be 

3.69 (95% CI 1.83-7.45; P<0.001) and 

adjusted relative risk 42.40 (95% CI 

3.41- 526.97.1; p=0.004). The results of 

this study are similar to those conducted 

by14 who obtained the results of the 

relative risk of transfusion with a low 

base <-3 mmol/L, with a relative risk of 

17.4 (95% CI 1.11-271.1, p=0.042). Low 

base levels of -3 mmol/L in 103 patients 

compared with normal base levels in 130 

patients were found to be given 

immediate transfusions and had 

significantly better organ dysfunction 

scores compared to the control group, 

with shorter hospital stays and reduced 

cardiovascular complications such as 

cardiac arrest, hypotension, and lower 

levels of acute respiratory failure.29 

 

Patients with low baseline transfusions 

were found to undergo transfusions with 

levels of -3.2 (-1.4-5.4) mmol/L, while 

the values obtained were higher with 

results for those who did not receive 

transfusions of 2.2 (1.4-3 .3) mmol/L; 

relative risk was found to be 2.32 (95% 

CI 1.32-4.10; P=0.004).32 

 

Lactate levels had a relative risk of 5.53 

(95% CI 2.25-13.64; P<0.001), and 

adjusted relative risk 69.51 (95% CI 

5.94-813.3; p=0.001) when transfusion 

was carried out. The results of the study 

are similar to those carried out by Lo et 

al. (2021), who obtained the results of 

the relative risk of undergoing 

transfusion if the lactate level value was 

≥5 mmol/L, relative risk 1.86 (95% CI 

0.66-5.22). 

 

In 103 patients who received transfusion 

therapy due to high lactate levels ≥4, 

organ dysfunction scores were found to 

be significantly better compared to the 

control group of 130 subjects. It is also 

associated with shorter hospital stays and 

lower rates of cardiovascular 

complications such as cardiac arrest, 

hypotension, and acute respiratory 

failure.31 Elevated lactate is an 

independent predictor of mortality, 

which correlates with increased 

transfusion 2-29 times compared to 

normal lactate levels. Lactate levels > 5 

mmol/L have an OR of 5.69 times 

transfusion.32 

 

Base deficit values and arterial lactate 

concentration at admission were 

correlated; however, lactate levels are a 

different predictor and are not related in 

parallel to base deficit. Worsening of 

base deficit levels and lactate 

concentrations after shock is related to an 

imbalance in oxygen transport at the 

cellular level. Persistent low arterial base 

deficit values are associated with 

impaired oxygen use, so serial base 

deficit monitoring is useful to assess the 

adequacy of oxygen transport during 

resuscitation. If acidosis continues, it 

will cause dangerous effects on the body, 

including vasodilation, myocardial 

depression, hyperkalemia, shift of 

oxyhemoglobin dissociation to the right, 

confusion, and stupor. When using base 

deficit to guide fluid resuscitation in 

trauma patients, base deficit should be 

monitored serially along with the 

patient's clinical response.33 

 

There is still a huge risk of death due to 

hemorrhagic shock caused by acute 

bleeding due to trauma at 64%, with a 

death presentation rate that is even 

greater if the patient has experienced 

acid-base disorders.4 This is a big 

concern and a challenge that must be 
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 addressed quickly. Stopping the source 

of bleeding and carrying out appropriate 

and adequate blood replacement, which 

is the aim of maintaining adequate 

oxygenation of tissue perfusion. There is 

a need for rapid and accurate initial 

physiological diagnostic modalities to 

determine the patient's initial condition, 

whether or not there is tissue 

oxygenation disturbance in trauma 

patients upon arrival, so that diagnostic 

and trauma management decisions can 

be taken immediately. The 

hemodynamic response to the 

replacement of crystalloid or colloid 

fluids given does not have any 

significant effects on the adequate 

oxygenation of tissue perfusion in 

trauma patients with acute bleeding. 

Where the physiology of cellular 

metabolism is greatly influenced by the 

adequate quality of content in blood 

vessels (erythrocytes, hemoglobin, 

oxygen bonds), conduit, and the heart. 

So, the patient is in acid-base stability. 

Acute bleeding, which removes a 

number of blood which disrupts acid-

base stability in the body, so that cellular 

metabolism becomes anaerobic. 

Checking the status of base and lactic 

acid is the main option in this condition 

in the future, with the hope that 

researchers can use it as a basic reference 

in the emergency department at RSUP 

Prof. dr. I.G.N.G. Ngoerah, Denpasar, 

and the emergency rooms of all hospitals 

in Indonesia. 

 

A limitation of this study was that it did not 

record mortality or survival in patients 

who were given transfusions with low 

base and high lactate levels.  Researchers 

also did not include the use of the 

transfusion fluid used to carry out the 

transfusion (for example, packed red blood 

cells or whole blood). The relatively small 

sample size may limit the statistical power 

and generalizability of the findings. 

CONCLUSION 

Low base deficit and high lactate levels 

are associated with the need for blood 

transfusion in patients with acute 

bleeding. Clinicians can provide 

additional transfusions immediately if 

low base and high lactate values are 

found. Further research could be 

recommended with more subjects with a 

variety of different cases other than 

trauma, for example, in cases of non-

traumatic operative procedures. 

 

REFERENCES 

1. Luchette FA, Jenkins WA, Friend 

LA, Su C, Fischer JE, James JH. 

Hypoxia Is Not the Sole Cause of 

Lactate Production during Shock. 

The Journal of Trauma: Injury, 

Infection, and Critical Care. 2002 

Mar;52(3):415–9. 

doi:10.1097/00005373-200203000-

00001 

2. Faria I, Thivalapill N, Makin J, 

Puyana JC, Raykar N. Bleeding, 

Hemorrhagic Shock, and the Global 

Blood Supply. Crit Care Clin. 2022 

Oct;38(4):775–93. 

doi:10.1016/j.ccc.2022.06.013 

3. Jávor P, Csonka E, Butt E, Rárosi F, 

Babik B, Török L, et al. Comparison 

of the Previous and Current Trauma-

Related Shock Classifications: A 

Retrospective Cohort Study from a 

Level I Trauma Center. European 

Surgical Research. 2021;62(4):229–

37. doi:10.1159/000516102 

4. Mutschler M. Renaissance of base 

deficit for trauma assessment. Crit 

Care. 2013;17. doi:10.1186/cc12555 

5. Chawla LS, Nader A, Nelson T, 

Govindji T, Wilson R, Szlyk S, et al. 

Utilization of base deficit and 

reliability of base deficit as a 

surrogate for serum lactate in the 

peri-operative setting. BMC 

Anesthesiol. 2010 Dec 9;10(1):16. 

doi:10.1186/1471-2253-10-16 



 
 

 

177 

 
 

Volume , Number , 2023 

JAI (Jurnal Anestesiologi Indonesia) 

 6. Griggs JE, Lyon RM, Sherriff M, 

Barrett JW, Wareham G, ter Avest 

E. Predictive clinical utility of pre-

hospital point of care lactate for 

transfusion of blood product in 

patients with suspected traumatic 

haemorrhage: derivation of a 

decision-support tool. Scand J 

Trauma Resusc Emerg Med. 2022 

Dec 13;30(1):72. 

doi:10.1186/s13049-022-01061-x 

7. Ducrocq G, Gonzalez-Juanatey JR, 

Puymirat E, Lemesle G, Cachanado 

M, Durand-Zaleski I, et al. Effect of 

a Restrictive vs Liberal Blood 

Transfusion Strategy on Major 

Cardiovascular Events Among 

Patients With Acute Myocardial 

Infarction and Anemia. JAMA. 

2021 Feb 9;325(6):552. 

doi:10.1001/jama.2021.0135 

8. Kumar TV, Mathankumar M, 

Manjunathan A, Sathyaraj J. Time 

based costing of energy storage 

system with optimal scheduling and 

dispatch under demand. Mater 

Today Proc. 2021;45:1738–41. 

doi:10.1016/j.matpr.2020.08.620 

9. Özakın E, Yazlamaz NÖ, Kaya FB, 

Çanakçı ME, Bilgin M. Lactate and 

base deficit combination score for 

predicting blood transfusion need in 

blunt multi-trauma patients. Turkish 

Journal of Trauma and Emergency 

Surgery. 2022;28(5):599. 

doi:10.14744/tjtes.2021.02404 

10. AbdelRazik M, Alquwaiz IA, 

Khojah AA, Alshahrani AY, 

Aldakkan OZ, Alhumaydani NK, et 

al. Clinical and epidemiological 

characteristics of road traffic 

accidents patients received at 2 

intensive care units in Saudi 

Arabia—A cross-sectional study. J 

Family Med Prim Care. 2021 

Oct;10(10):3863–8. 

doi:10.4103/jfmpc.jfmpc_879_21 

11. Eastridge BJ, Holcomb JB, 

Shackelford S. Outcomes of 

traumatic hemorrhagic shock and 

the epidemiology of preventable 

death from injury. Transfusion 

(Paris). 2019 Apr 13;59(S2):1423–

8. doi:10.1111/trf.15161 

12. Dkhar I, Hazra D, Madhiyazhagan 

M, Joseph J, Abhilash KP. A 

retrospective study on the profile of 

long bone injuries in trauma patients 

presenting to emergency 

department. 2019;17(3):60. 

doi:10.4103/cmi.cmi_35_19 

13. Andersen LW, Mackenhauer J. 

Etiology and therapeutic approach 

to elevated lactate levels. Mayo Clin 

Proc. 2013;88:1127–40. 

doi:10.1016/J.MAYOCP.2013.06.0

12 

14. Lo BD, Merkel KR, Dougherty JL, 

Kajstura TJ, Cruz NC, Sikorski RA, 

et al. Assessing predictors of futility 

in patients receiving massive 

transfusions. Transfusion (Paris). 

2021 Jul 6;61(7):2082–9. 

doi:10.1111/trf.16410 

15. Lacroix J, Hébert PC, Hutchison JS, 

Hume HA, Tucci M, Ducruet T, et 

al. Transfusion Strategies for 

Patients in Pediatric Intensive Care 

Units. New England Journal of 

Medicine. 2007 Apr 

19;356(16):1609–19. 

doi:10.1056/NEJMoa066240 

16. Al Nefaie H, Alsuhaymi Z. Fracture 

Patterns in Saudi Arabian Road 

Traffic Accidents Over the Last 12 

Years: A Systematic Review. 

Journal of Healthcare Sciences. 

2022;2:413–21. 

doi:10.52533/johs.2022.21113 

17. Hajjar LA, Vincent JL, Galas FRBG, 

Nakamura RE, Silva CMP, Santos MH, 

et al. Transfusion Requirements After 

Cardiac Surgery. JAMA. 2010 Oct 

13;304(14):1559. 

doi:10.1001/jama.2010.1446 



 
 

 

178 

 
 

Volume , Number , 2023 

JAI (Jurnal Anestesiologi Indonesia) 

 18. Binz S, McCollester J, Thomas S, 

Miller J, Pohlman T, Waxman D, et 

al. CRASH-2 Study of Tranexamic 

Acid to Treat Bleeding in Trauma 

Patients: A Controversy Fueled by 

Science and Social Media. J Blood 

Transfus. 2015 Sep 7;2015:1–12. 

doi:10.1155/2015/874920 

19. Benner A, Patel AK, Singh K, Dua A. 

Physiology, Bohr Effect. 2026. 

PubMed PMID: 30252284. 

20. Chang KY, Kim SH, Kim YO, Jin 

DC, Song HC, Choi EJ, et al. The 

impact of blood flow rate during 

hemodialysis on all-cause mortality. 

Korean J Intern Med. 2016 Nov 

1;31(6):1131–9. 

doi:10.3904/kjim.2015.111 

21. El Moheb M, Jia Z, Qin H, El Hechi 

MW, Nordestgaard AT, Lee JM, et al. 

The Obesity Paradox in Elderly 

Patients Undergoing Emergency 

Surgery: A Nationwide Analysis. 

Journal of Surgical Research. 2021 

Sep;265:195–203. 

doi:10.1016/j.jss.2021.02.008 

22. Benhamed A, Ndiaye A, Emond M, 

Lieutaud T, Boucher V, Gossiome A, 

et al. Road traffic accident-related 

thoracic trauma: Epidemiology, 

injury pattern, outcome, and impact 

on mortality—A multicenter 

observational study. PLoS One. 2022 

May 6;17(5):e0268202. 

doi:10.1371/journal.pone.0268202 

23. Fitschen-Oestern S, Lippross S, 

Lefering R, Klüter T, Behrendt P, 

Weuster M, et al. Missed hand and 

forearm injuries in multiple trauma 

patients: An analysis from the 

TraumaRegister DGU®. Injury. 2020 

Jul;51(7):1608–17. 

doi:10.1016/j.injury.2020.04.022 

24. Djalante S. Traffic Accident 

Characteristic Assessment to 

Enhance Sustainability in Road and 

Transportation Infrastructures in 

Indonesia. OAlib. 2020;07(10):1–12. 

doi:10.4236/oalib.1106796 

25. Fox EE, Holcomb JB, Wade CE, 

Bulger EM, Tilley BC. Earlier 

Endpoints are Required for 

Hemorrhagic Shock Trials Among 

Severely Injured Patients. Shock. 

2017 May;47(5):567–73. 

doi:10.1097/SHK.000000000000078

8 

26. Tumiwa MCR, Kapantow NH, Punuh 

M. Gambaran Asupan Vitamin Larut 

Lemak Mahasiswa Semester Iv 

Fakultas Kesehatan Masyarakat 

Universitas Sam Ratulangi Pada Saat 

Pembatasan Sosial Pandemi Covid-

19. Jurnal KESMAS [Internet]. 2020 

[cited 2026 Mar 23];9(6):101–6. 

Available from: 

https://ejournal.unsrat.ac.id/v3/index.

php/kesmas/article/view/30939 

27. Tonglet M, Lefering R, Minon JM, 

Ghuysen A, D’Orio V, Hildebrand F, 

et al. Prehospital identification of 

trauma patients requiring transfusion: 

results of a retrospective study 

evaluating the use of the trauma 

induced coagulopathy clinical score 

(TICCS) in 33,385 patients from the 

TraumaRegister DGU ®. Acta Chir 

Belg. 2017 Nov 2;117(6):385–90. 

doi:10.1080/00015458.2017.134114

8 

28. Rau CT, Olafsson VG, Delgado AJ, 

Ritter A V., Donovan TE. The quality 

of fixed prosthodontic impressions. 

The Journal of the American Dental 

Association. 2017 Sep;148(9):654–

60. doi:10.1016/j.adaj.2017.04.038 

29. Maegele M, Schöchl H, Menovsky T, 

Maréchal H, Marklund N, Buki A, et 

al. Coagulopathy and haemorrhagic 

progression in traumatic brain injury: 

advances in mechanisms, diagnosis, 

and management. Lancet Neurol. 

2017Aug;16(8):630–47. 

doi:10.1016/S1474-4422(17)30197-7 



 
 

 

179 

 
 

Volume , Number , 2023 

JAI (Jurnal Anestesiologi Indonesia) 

 30. Hejri M. Global Practical Stabilization 

of Discrete-Time Switched Affine 

Systems via a General Quadratic 

Lyapunov Function and a 

Decentralized Ellipsoid. IEEE/CAA 

Journal of Automatica Sinica. 2021 

Nov;8(11):1837–51. 

doi:10.1109/JAS.2021.1004183 

31. Mladinov D, Frank SM. Massive 

transfusion and severe blood 

shortages: establishing and 

implementing predictors of futility. Br 

J Anaesth. 2022 Feb;128(2):e71–4. 

doi:10.1016/j.bja.2021.10.013 

32. Huh HJ, Kim KH, Lee HK, Jeong 

BR, Hwang JH, Chae JH. Perceived 

Stress, Positive Resources and Their 

Interactions as Possible Related 

Factors for Depressive Symptoms. 

Psychiatry Investig. 2021 Jan 

25;18(1):59–68. 

doi:10.30773/pi.2020.0208 

33. Davis JW. Base deficit is superior to 

lactate in trauma. Am J Surg. 

2018;215:682–5. 

doi:10.1016/j.amjsurg.2018.01.025 

 

 


