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Objective: It was aimed to evaluate the effect of pre-hospital fluid 
resuscitation on serum lactate level, mortality, radiological imaging, 
and late post-trauma recovery (PRT) in patients with trauma, who were 
admitted to the emergency department.

Method: In this study, 532 patients over the age of 18 years, who were 
admitted to the emergency department due to trauma between January 
1, 2016, and December 31, 2017, were included. The average age of the 
patients was 37.19±13.91 years, 378 (71%) were male and 154 (29%) 
were female. The demographic characteristics, fluid resuscitation, and 
serum lactate levels, trauma patterns, mortality, and PRT results of these 
patients were evaluated retrospectively.

Results: PRT duration was shorter (22.48±7.17 days) in patients who 
underwent prehospital fluid resuscitation and longer (26.85±7.58 days) in 
those who did not receive it. Also, lactate levels were significantly lower 
in liquid areas (2.18±1.05 mmol/L) compared to those that did not take it 
(2.61±1.40 mmol/L). PRT time was 24.20±7.34 days in the group without 
mortality, and 33.43±12.87 days in the group with mortality. Serum 
lactate level was 2.29±1.10 mmol/L in the group without mortality, and 
5.51±1.87mmol/L in the group without mortality. Serum lactate levels were 
2.29±1.10 mmol/L in liquid areas and 5.51±1.87 mmol/L in those who did 
not receive it. Types of trauma were associated with fluid resuscitation 
and radiological imaging methods (p=0.001). These parameters showed 
a moderate and/or strong positive correlation among themselves, 
as well as in terms of lactate, PRT duration, and mortality. ROC curve 
analysis was performed to predict the development of mortality. The 
rates of lactate and PRT were over 45% with a sensitivity of 97.7% and 
a specificity of 94.3% and with a sensitivity of 89.7% and a specificity of 
83.6%, respectively.

Amaç: Acil servise başvuran travmalı hastalarda, hastane öncesi sıvı 
resusitasyonunun serum laktat düzeyi, mortalite, radyolojik görüntüleme 
ve geç post-travma iyileşmesine (PRT) etkisi amaçlandı.

Yöntem: Bu çalışmaya, 1 Ocak 2016-31 Aralık 2017 tarihleri arasında acil 
servisine travma nedeniyle başvuran 18 yaşından büyük 532 hasta dahil 
edildi. Hastaların yaş ortalaması 37,19±13,91/yıl, 378’i (%71) erkek, 154’ü 
(%29) kadındı. Bu hastaların demografik özellikleri, sıvı resusitasyonu 
ve serum laktat düzeyleri, travma şekilleri, mortalite ve PRT sonuçları 
retrospektif olarak değerlendirildi.

Bulgular: Hastane öncesi sıvı resusitasyonu yapılan hastalarda PRT 
süresi kısa (22,48±7,17 gün), almayanlarda daha uzundu (26,85±7,58 
gün). Ayrıca laktat düzeyi sıvı alanlarda (2,18±1,05 mmol/L), 
almayanlara (2,61±1,40 mmol/L) göre anlamlı olarak düşük bulundu. 
Mortalite gözlenmeyen grupta PRT süresi 24,20±7,34 gün, gözlenen 
grupta ise 33,43±12,87 gün olduğu tespit edildi. Serum laktat düzeyi 
mortalite gözlenmeyen grupta 2,29±1,10 mmol/L, gözlenmeyen 
grupta 5,51±1,87 mmol/L olarak saptandı. Serum laktat düzeyi 
sıvı alanlarda 2,29±1,10 mmol/L, almayanlarda 5,51±1,87 mmol/L 
olarak saptandı. Travma çeşitleri, sıvı resusitasyonu ve radyolojik 
görüntüleme yöntemleriyle ilişkiliydi (p=0,001). Bu parametreler kendi 
aralarında, ayrıca laktat, PRT süresi, mortalite açısından, orta ve/veya 
güçlü pozitif yönlü bir ilişki sergiledi. Mortalitenin gelişimini tahmin 
etmek için ROC curve analize yapıldı. Laktat %97,7 duyarlılık ve %94,3 
özgüllük, PRT %89,7 duyarlılık ve %83,6 özgüllük ile %45’in üzerinde 
bulunmuştur.
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Conclusion: Mortality and morbidity rates can be reduced by early 
detection of trauma cases with multidisciplinary understanding, 
adjustment of fluid and lactate levels, and early decision-making on the 
procedures to be performed.

Keywords: Fluid resuscitation, lactate, mortality, post-trauma recovery, 
trauma

Sonuç: Travma olgularının erken multidisipliner bir anlayışla saptanması, 
sıvı ve laktat düzeyinin ayarlanması ve yapılacak işlemlerin kararının 
erken verilmesi ile mortalite ve morbidite oranları düşürülebilir.

Anahtar kelimeler: Laktat, mortalite, post-travma iyileşme, sıvı 
resusitasyonu, travma 

Abstract Öz

Introduction
Trauma is one of the most important causes of young 
age deaths and causes serious disabilities (1). Despite 
technological developments and measures taken, 5.8 
million people are lost in the world every year due to various 
injuries. This constitutes 10% of all deaths in the world (2). 
Trauma-related deaths are divided into three groups: pre-
hospital, emergency, and intensive care. According to the 
reports of the World Health Organization, when all age 
groups are evaluated, traffic accidents rank 10th among the 
most common causes of death in the world and constitute 
2.1% of all deaths (3). According to estimates, if the number 
of injured continues to increase rapidly, trauma will be 
ranked 3rd among ‘‘Causes of Death in the World’’ in 2020 
(2).

Bleeding, the preventable cause of death that occurs in 
the first 24 hours after trauma, is responsible for 30-40% 
of trauma-related mortality (4). The general approach 
is to perform an intravenous fluid replacement, which 
begins at the site of the trauma and during the patient’s 
transfer. However, some publications contain evidence 
that this practice may not be the right approach in all 
trauma patients (5). In some studies, there are opinions 
that as patients’ time to reach the hospital increases, the 
risk of death due to intravenous route opening and fluid 
replacement application at the scene and during transfer 
also increases (6,7). It has been reported that prehospital 
fluid administration in penetrating trauma can increase 
bleeding and mortality, so delaying fluid resuscitation may 
be appropriate in these patients. For patients with blunt 
trauma, studies on this subject remain limited (8).

The markers we will use to decide the adequacy of 
resuscitation in patients with trauma should also be a 
reliable parameter in the follow-up of tissue hypoxia. In 
practice, keeping vital parameters such as blood pressure, 
urine output, and heart rate within normal limits is used 
to evaluate the effectiveness of the resuscitation, but it 
is a fact that these criteria are not sufficient alone in the 
resuscitation of critically ill patients. In this respect, two 

markers commonly used today to evaluate the effectiveness 

of resuscitation are base deficit and lactate. Base deficit 

and lactate level measured for the first time after trauma 

can be used as early indicators in determining the 

prognosis of shock. Early identification of patients prone 

to shock after trauma and effective resuscitation of these 

patients are also very important in terms of prognosis. 

Therefore, centers dealing with trauma prefer blood gas 

analysis and base deficit values, the results of which can 

be obtained immediately, to manage the treatment (9). 

Lactate measurements in arterial blood gas can be used as 

a predictor of post-traumatic tissue hypoxia and metabolic 

acidosis. Serial lactate measurements may be useful in 

predicting mortality in trauma patients (10).

In parallel with the resuscitation and stabilization efforts 

in the first hour, which is called the ‘‘golden hour’’, it is 

of great importance to start radiological examinations 

to have an idea about the extent of trauma in patients 

before treatment. Initial radiological examinations to be 

performed on patients with polytrauma are divided into 

4 groups: First, X-ray examinations to be performed in 

trauma patients include direct and contrast-enhanced 

examinations. Second, ultrasonographic examinations are 

inexpensive, practical, non-invasive applications that can 

be used safely in determining free fluid in the abdomen 

with significant parenchymal damage in hemodynamically 

unstable patients. Thirdly, while computed tomographic 

examinations can display all body parts, high accuracy data 

can be obtained regarding the functions of most organs 

with the contrast agents given. Therefore, some advocate 

the use of head, thorax, abdomen, and extremity computed 

tomography (CT) as a non-invasive, more advantageous, and 

highly accurate method in patients with initial polytrauma. 

Finally, there are advanced radiological examinations. 

Advanced radiological modalities (such as magnetic 

resonance imaging and angiography) are carried out under 

the supervision of a specialist radiologist and generally 

adhering to the routine trauma protocol. Since most of 

the devices with advanced radiological examinations are 
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not located directly adjacent to the trauma room, it should 
be ensured that the patient’s condition is stable before 
transport (11).

Materials and Methods 
In our study, we aimed to investigate the effects of pre-
hospital fluid support on early radiological imaging and 
serum lactate levels on mortality and post-trauma recovery 
time.

Study Design and Population
In this retrospective study, 532 patients over the age of 18 
years, who were admitted to the emergency department due 
to trauma between 1 January and 31 December 2017, were 
included. Patients with minor home accidents and cuts, 
patients who did not undergo the necessary examination 
and treatment in the emergency service, those with isolated 
head and neck trauma, and extremity trauma after the 
first 24 hours were excluded from the study. Demographic 
characteristics, trauma types, radiological images, organ 
injuries, fluid resuscitation, serum lactate levels, and blood 
results were evaluated.

In the study, patients were divided into two groups 
according to fluid resuscitation therapy. Data on whether 
these patients received fluid resuscitation were obtained 
from hospital automation and patient file records. Trauma 
patients were followed up retrospectively for three months 
with an automation system after they were discharged. 
Patients who did not visit hospital during this period were 
called by phone and the recovery period was questioned. 
Diagnoses, admission dates, contact information, 
demographic, clinical, and laboratory data are included 
in the registry system of our hospital. As a result, recovery 
levels three months after discharge were obtained from the 
patients and/or relatives and/or hospital records.

Traumas were divided into three general groups as falls 
(low and high), traffic accidents (inside and outside the 
vehicle), and penetrating (penetrating, cutting, and firearm 
injuries) injuries.

Post-traumatic recovery time (PRT) described the period 
of recovery and mobilization after the trauma patient was 
discharged. Patients who recovered and became active 
after discharge described those with mobilization who had 
extremity rest due to fractures, dislocations, and injuries 
and/or immobile patients after surgical operation after 
recovery. Patients in good general condition described 
those whose vital signs were defined as stable, conscious, 
not life-threatening, oriented and cooperative after they 

were evaluated in the emergency department. Patients with 
no complaints described those who were brought to the 
emergency service after trauma, whose general condition 
and physical examination were normal, and who needed to 
be followed up.

Apart from these, two groups were formed according to the 
presence or absence of thoracic vertebra, lumbar vertebra, 
thorax, and intraabdominal injuries. Two groups were 
evaluated considering whether or not fluid resuscitation 
was performed and whether there was mortality.

Laboratory Design

Arterial blood gas, lactate level, hemogram, and biochemical 
blood analyses of the patients were evaluated on admission 
to the emergency service.

Arterial blood gas; The lactate levels of the patients were 
obtained from arterial blood gas analysis using the Acobas® 
b221 Blood Gas system (Roche, Basel, Switzerland). Arterial 
blood gas results were analyzed in 5-10 minutes.

Hemogram blood analysis was performed using Sysmex 
DI-60 CBC Analyzer (Istanbul, Turkey). Biochemistry blood 
was analyzed by Beckman Coulter Automated AU-680 
(Beckman Coulter, Inc., Fullerton, CA, USA). Hemogram 
and biochemistry results were studied in 45-60 minutes. 

Radiological Design

Patients whose general condition was good had no 
complaints but they were brought to the emergency room 
for trauma and they were followed up in the emergency 
observation unit for a certain period. X-rays were not 
taken for them unless necessary. X-rays of patients with 
a good general condition, no thoracic and abdominal 
trauma, bruises, simple fractures, and dislocations were 
taken. Ultrasonography (USG) was planned in two ways. 
First, patients with good general conditions and stable 
vital signs were taken to the radiology unit. The other 
group included patients with the poor general condition 
and bad vital signs. Patient-Focused Assessment 
Sonography for Trauma was applied to these patients. CT, 
non-contrast, and/or contrast CT scans were performed 
for patients who could go to the radiology unit due to the 
general condition of thoracic and/or lumbar vertebral 
fracture, thoracic injury, abdominal organ injury, or 
bleeding. Multiple imaging was applied to patients with 
polytrauma. Resuscitation measures were taken in these 
patients and filming was performed in the presence of 
a physician. All USG and CTs were analyzed jointly with 
radiology, emergency, and related specialists.
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The study was conducted according to the Helsinki 
Declaration on human research, after getting approval 
from the local Ethics Board (2019-12/22).

Statistical Analysis

The data obtained from this study were analyzed with SPSS 
20 (SPSS Inc., Chicago, IL, USA) package program. The 
Kolmogorov-Smirnov test was used while investigating the 
normal distributions of the variables. Descriptive statistics 
were presented as mean ± standard deviation or median 
(minimum-maximum) for continuous variables and as the 
number of cases and percentage (%) for nominal variables. 
When examining the differences between the groups, the 
Mann-Whitney U test was used because the variables did not 
come from the normal distribution. The chi-square analysis 
was used when examining the relationships between the 
groups of nominal variables. The Pearson’s correlation 
analysis was used for assessing the linear relationship 
between variables. Receiver operating characteristic (ROC) 
curve analysis was performed to predict the development 
of mortality. When interpreting the results, values below 
the significance level of 0.05 were considered statistically 
significant.

Results
The average age of the patients was 37.19±13.91 years, 
378 (71%) were male and 154 (29%) were female. When 
the patients were evaluated in terms of biochemical, 
hematological, and arterial blood gas parameters, blood 
urea nitrogen, creatinine, alanine aminotransferase, 
aspartate aminotransferase, blood sugar, hematocrit values 
were not found to be significant in terms of trauma types. 
White blood cell was 10.45±3.90 mg/dL (p=0.019) and the 
lactate level in blood gas was 2.37±1.23 mmol/L (p=0.001) 
and it was significant. In addition, in the mortality group, 
lactate was found higher than in those living with 5.51±1.87 
mmol/L (p=0.001) and PRT 33.43±12.87 days (p=0.004). 
PRT was found to be 22.48±7.17 days and lactate level was 
2.18±1.05 mmol/L (p=0.001) in patients who underwent 
prehospital fluid resuscitation, which was significantly 
lower than in those who did not take fluid (Table 1).

There was no statistically significant difference in the 
distribution of trauma types by gender (p=0.410). Mortality 
was detected more in falls and traffic accidents with 6 
(1.1%) patients and penetrating injuries (p=0.003). Thoracic 
injuries were detected in 183 (22.2%) and abdominal 
traumas in 25 (4.7%) falls (p=0.001). In 10 (1.9%) of the 
thoracic vertebra and 30 (5.6%) of the lumbar vertebra 

injuries, the rate of a traffic accident was the highest 
(p=0.001). Fluid resuscitation was given in falls in 244 
(45.9%) patients (p=0.016). X-ray, USG, and CT imaging 
were most frequently performed in falls. While 58 (10.9%) 
of the traffic accident cases were performed CT imaging, 
it was found that none of the penetrating traumas was 
X-rayed (p=0.001, Table 2). 

A variable analysis of prehospital fluid resuscitation was 
not found to be significant in terms of gender, thoracic, 
and lumbar vertebral injuries. In the group receiving fluid 
resuscitation, mortality was high in 12 patients (2.3%), 13 
patients with thoracic vertebrae (2.4%), and 40 patients 
with abdominal trauma (7.5%). Multiple radiological 
imaging was performed in the group of 38 (7.1%) patients 
who did not receive fluid resuscitation. However, all other 
images were performed in the fluid resuscitation group 
(p=0.001, Table 3).

No relationship was found in the analysis of radiological 
images in terms of gender (p=0.203). Mortality was 
associated with multiple imaging in 10 (1.9%), abdominal 
injuries in 47 (8.8%), thoracic injuries in 16 (3%), and 
lumbar vertebral injuries in 26 (4.9%) patients. On the other 
hand, thoracic injuries were detected mostly on CT imaging 
in 157 (29.5%) patients (p=0.001, Table 4).

In the correlation analysis of the variables with 
radiological imaging, types of trauma and fluid 
resuscitation, a relationship between age and gender in all 
three parameters could not be determined. Considering 
trauma types, a moderate and/or strong positive 
correlation was observed with radiological imaging 
(r=0.405, p=0.001), fluid resuscitation (r=0.115, p=0.008), 
plasma lactate level (r=0.311, p=0.001), PRT (r=0.105, 
p=0.015), and mortality (r=0.177, p=0.001). Considering 
fluid resuscitation, a strong positive relationship was 
found with radiological imaging (r=0.097, p=0.025), 
plasma lactate level (r=0.174, p=0.001), PRT (r=0.284, 
p=0.001), and mortality (r=0.135, p=0.002). Considering 
radiological imaging, a moderate and/or strong positive 
correlation was found with plasma lactate level (r=0.677, 
p=0.001), PRT (r=0.390, p=0.001) and mortality (r=0.216, 
p=0.001). Correlation analysis of other parameters are 
given in Table 5.

‘‘The ROC curve analysis’’ of mortality is shown in Figure 
1. According to this analysis, the rates of lactate and PRT 
optimal cut-off value to predict the development of 
mortality were above 45%, with a sensitivity of 97.7% and 
specificity of 94.3% for lactate [area under the curve (AUC): 
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0.947, 95% confidence interval: 0.908-0.986], and with a 

sensitivity of 89.7% and specificity of 83.6% for PRT (AUC: 

0.724, 95% confidence interval: 0.570-0.879). 

Discussion
Trauma triage guidelines are typically based on the injury 

mechanism, detected injuries, and reported vital signs 

(5-8). Vital signs and physical examination findings vary 

individually and may cause patients with serious injuries 

to be overlooked. Standard parameters that give results 

within minutes that can be used in the initial evaluation of 

trauma patients are required. Serum lactate measurement, 

in addition to pre-hospital clinical evaluation, is a marker 

that has the potential to guide triage and further treatment 

decision-making (9-11). Ter Avest et al. (12), in their study 

on 156 trauma patients, showed that prehospital lactate 

levels correlated with the severity of trauma and the need for 

resuscitative in-hospital care. Similar results were obtained 

in previous multi-center studies, which stated that serum 

Table 1. Baseline characteristics and laboratory variables of the types of trauma
All patients Types of trauma

pFall Traffic accident Penetrating

Baseline characteristics Mean ± SD Mean ± SD Mean ± SD Mean ± SD 

Age, yr 37.19±13.91 36.92±13.80 38.52±14.03 35.40±17.76 0.415

Sex, female/male 154/378 134/300 29/69 1/9 0.410

PRT, day 24.44±7.66 24.05±7.47 25.87±8.10 27.30±10.03 0.095

Laboratory finding

Biochemistry BS, mg/dL 120.11±31.12 119.56±32.00 123.06±26.36 114.70±37.42 0.075

BUN, mg/dL 20.48±9.01 20.62±9.29 19.73±7.41 22.01±10.82 0.826

Krea, mg/dL 0.92±0.29 0.93±0.30 0.89±0.26 0.98±0.31 0.557

ALT, mg/dL 31.99±23.87 31.85±24.84 32.28±19.91 35.26±18.56 0.525

AST, mg/dL 30.70±26.28 30.86±27.55 29.35±20.53 37.20±21.71 0.353

ALP, mg/dL 10.56±55.08 102.94±57.48 101.10±42.75 100.90±62.97 0.704

Hemogram WBC, mg/dL 10.45±3.90 10.25±3.91 11.40±3.86 9.77±2.23 0.019

Hb, g/dL 14.08±1.91 14.10±1.86 14.01±2.04 14.24±2.72 0.877

Hct, % 42.36±7.18 42.30±7.15 42.51±7.18 43.26±8.66 0.723

Lactate, mmol/L 2.37±1.23 2.19±1.07 3.02±1.42 3.88±2.31 0.001

Mortality

No Yes

PRT, day 24.20±7.34 33.43±12.87 0.004

Lactate, mmol/L 2.29±1.10 5.51±1.87 0.001

Fluid resuscitation

No Yes

PRT, day 26.85±7.58 22.48±7.17 0.001

Lactate, mmol/L 2.61±1.40 2.18±1.05 0.001

SD: Standard deviation, Yr: Year, PRT: Posttraumatic recovery time, BS: Blood sugar, BUN: Blood urea nitrogen, Krea: Creatinine, ALT: Alanine aminotransferase, AST: Aspartate 
aminotransfersez, ALP: Alkaline phosphates, WBC: White blood cell, Hb: Hemoglobin, Hct: Hematocrit

Figure 1. ROC curve analysis according to the mortality 
relationship between lactate and post-trauma recovery 
time of trauma patients
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lactate levels could be an effective criterion in guiding the 

initial evaluation and resuscitative treatment of trauma 

patients. They also suggested that the lactate level could be 

used to predict trauma mortality and morbidity (13-16). In 
the study, high lactate level was found in patients who did 
not undergo prehospital fluid resuscitation. In this case, 
it was determined that there was an increase in mortality 
in the acute period and a prolongation in post-traumatic 
recovery in the late period. We think that pre-hospital 
fluid resuscitation in trauma patients will be an important 
indicator in terms of shortening the late PRT. Also, the 
fact that a significant difference was found in terms of 
mortality may be an important parameter in terms of fluid 
resuscitation and serum lactate level in future studies.

Lactate formation in body metabolism occurs as a result 
of anaerobic glycolysis by causing bleeding, insufficient 
ventilation, hypovolemia, hypoxemia, and end-organ 
hypoperfusion following a traumatic injury (17,18). 
However, in the last decade, it has become clear that 
accelerated aerobic glycolysis (beta adrenergically 
mediated) also contributes significantly to lactate formation 
under a variety of conditions. Intense adrenergic discharge 
increases lactate formation in trauma patients (19).

 Intense sympathetic activation and adrenergic stimulation 
occur in trauma patients for hypovolemic compensation 
secondary to possible bleeding and due to pain and 
stress (17). In some studies, it is aimed to control lactate 
production by modifying beta-adrenergic stimulation 

Table 2. Analysis of types of trauma with variables
Types of trauma

pFall n (%) Traffic accident n (%) Penetrating n ( %)

Gender Female 124 (23.3) 29 (5.5) 1 (0.2) 0.410

Male 300 (56.4) 69 (13) 9 (1.7)

Mortality No 418 (78.6) 92 (17.3) 8 (1.5) 0.003

Yes 6 (1.1) 6 (1.1) 2 (0.4)

Thorax No 306 (57.5) 15 (2.8) 1 (0.2) 0.001

Yes 118 (22.2) 83 (15.6) 9 (1.7)

Thoracic vertebra No 418 (78.6) 88 (16.5) 9 (1.7) 0.001

Yes 6 (1.1) 10 (1.9) 1 (0.2)

Lumbar vertebra No 411 (77.3) 68 (12.8) 7 (1.3) 0.001

Yes 13 (2.4) 30 (5.6) 3 (0.6)

Abdominal No 399 (75) 74 (13.9) 6 (1.1) 0.001

Yes 25 (4.7) 24 (4.5) 4 (0.8)

Fluid resuscitation No 180 (33.8) 51 (9.6) 8 (1.5) 0.016

Yes 244 (45.9) 47 (8.8) 2 (0.4)

Radiological imaging No 56 (10.5) 3 (0.6) 0 0.001

X-ray 125 (23.9) 9 (1.7) 0

USG 120 (22.6) 3 (0.6) 1 (0.2)

BT 102 (19.2) 58 (10.9) 5 (0.9)

Multiple 21 (3.9) 25 (4.7) 4 (0.8)

Table 3. Analysis with variables according to pre-hospital 
fluid resuscitation

Fluid resuscitation
pNo

n (%)
Yes
n (%)

Gender Female 78 (14.7) 76 (14.3) 0.090

Male 161 (30.3) 217 (40.8)

Mortality No 227 (42.7) 291 (54.7) 0.002

Yes 12 (2.3) 2 (0.4)

Thorax No 145 (27.3) 177 (33.3) 0.951

Yes 94 (17.7) 116 (21,8)

Thoracic vertebra No 226 (42.5) 289 (54.3) 0.008

Yes 13 (2.4) 4 (0.8)

Lumbar vertebra No 213 (40) 273 (51.3) 0.098

Yes 26 (4.9) 20 (3.8)

Abdominal No 199 (37.4) 280 (52.6) 0.001

Yes 40 (7.5) 13 (2.4)

Radiological 
imaging

No 22 (4.1) 37 (7) 0.001

X-ray 58 (10.9) 768 (14.3)

USG 59 (11.1) 65 (12.2)

BT 62 (11.7) 103 (19.4)

Multiple 38 (7.1) 12 (2.3)
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with different treatment regimens (13,14). Of course, 
since these treatments do not affect pre-hospital lactate 
levels, they do not restrict the use of lactate measurement 
as a prognostic marker for end-organ hypoperfusion 
and morbidity. In their study, Kruse et al. (20) suggested 
that the results obtained by blood lactate monitoring 
and especially serial lactate sampling were valuable in 
predicting in-hospital mortality in the risk assessment 
of patients who were acutely admitted to the hospital. In 
this study, it has been recommended that all patients with 
lactate above 2.5 mm on admission require close clinical 
follow-up, and serial lactate samples should be taken in 
patients with lower lactate levels (20). In the study, pre-
hospital fluid resuscitation has a significant relationship 
with lactate and recovery, as well as in-hospital mortality. 
Also, radiological imaging was found to be easier and faster 
in patients with fluid intake in terms of hemodynamic 

stability. This resulted in mortality, length of hospital stay, 

better hemodynamic parameters, and rapid transport of 

the patients to be operated on.

The type of trauma or mechanism of tissue damage is 

associated with lactate levels. In previous studies, it was 

observed that pulse fullness, heart rate, systolic blood 

pressure, shock index, oxygen saturation, and end-tidal 

carbon dioxide levels were correlated with plasma lactate 

levels (12,16). Pain and/or stress experienced by trauma 

patients contributes to prehospital lactate levels. In our 

study, the relationship between pain and lactate could 

not be directly evaluated. However, it was observed that 

prehospital fluid supplementation decreased lactate 

levels. It is well known that fluid administration and 

adequate analgesia dull the physiological stress response 

and limit endogenous catecholamine release, resulting 

Table 4. Analysis of radiological imaging methods with variables
Radiological imaging

pNo
n (%)

X-ray
n (%)

USG
n (%)

BT
n (%)

Multiple
n (%)

Gender Female 14 (2.6) 47 (8.8) 28 (5.3) 49 (9.2) 16 (3) 0.203

Male 45 (8.5) 87 (16.4) 96 (18) 116 (21.8) 34 (6.4)

Mortality No 59 (11.1) 134 (25.2) 122 (22.9) 163 (30.6) 40 (7.5) 0.001

Yes 0 0 2 (0.4) 2 (0.4) 10 (1.9)

Thorax No 59 (11.1) 125 (23.5) 123 (23.1) 8 (1.5) 7 (1.3) 0.001

Yes 0 9 (1.7) 1 (0.2) 157 (29.5) 43 (8.1)

Thoracic vertebra No 59 (11.1) 134 (25.2) 124 (23.3) 164 (30.8) 34 (6.4) 0.001

Yes 0 0 0 1 (0.2) 16 (3)

Lumbar vertebra No 59 (11.1) 134 (25.2) 124 (23.3) 145 (27.3) 24 (4.5) 0.001

Yes 0 0 0 20 (3.8) 26 (4.9)

Abdominal No 59 (11.1) 133 (25) 123 (23.1) 161 (30.3) 3 (0.6) 0.001

Yes 0 1 (0.2) 1 (0.2) 4 (0.8) 47 (8.8)

Table 5. Correlation analysis of radiological imaging methods, types of trauma and fluid resuscitation with variables
Radiological imaging Types of trauma Fluid resuscitation
r p r p r p

Radiological imaging 1 0.405 0.001 0.097 0.025

Types of trauma 0.405 0.001 1 0.115 0.008

Fluid resuscitation 0.097 0.025 0.115 0.008 1

Lactate 0.677 0.001 0.311 0.001 0.174 0.001

PRT 0.390 0.001 0.105 0.015 0.284 0.001

Age 0.056 0.195 0.028 0.521 0.003 0.952

Gender -0.008 0.856 0.029 0.511 -0.073 0.091

Mortality 0.216 0.001 0.177 0.001 0.135 0.002

Thorax 0.749 0.001 0.456 0.001 -0.003 0.951

Lumbar vertebra 0.403 0.001 0.376 0.001 0.072 0.098

Thoracic vertebra 0.296 0.001 0.192 0.001 0.115 0.008

Abdominal 0.511 0.001 0.277 0.001 0.204 0.001
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in a decrease in glycolysis rate (21). ​In our study, lactate 

and mortality were found to be higher in trauma type 

of penetrating injuries. Also, the significant correlation 

of trauma causes with fluid resuscitation, radiological 

imaging, mortality, and lactate should be considered. In 

similar studies, the number of studies showing that the 

effect of fluid resuscitation increases mortality in patients 

with penetrating trauma has increased in recent years (22-

25). However, since the mechanism of penetrating trauma 

and the mechanism of blunt trauma are different from each 

other, it may be expected that fluid resuscitation may be 

beneficial in patients with blunt trauma (26). Mizushima 

et al. (23) stated that limited fluid resuscitation may be 

beneficial. On the other hand, it has been predicted that 

the aggressive administration of pre-hospital intravenous 

fluid therapy may lead to the opening of clots formed as a 

result of increasing blood pressure and causing recurrent 

bleeding (25,26). Therefore, limited fluid therapy is 

recommended only in hypotensive patients.

These factors may be the reason for the different results 

obtained in studies with lactate measurements. In the 

evaluation of lactate levels, not only pre-hospital and initial 

evaluation results but also serial laboratory measurements 

will provide enlightening and correlated results in the 

evaluation of organ damage and comorbidities, and shed 

light on advanced treatment methods.

Study Limitations

There were some limitations in our study. The most 

important of these is that it is single-center and retrospective. 

Also, difficulties in accessing hospital records, patients, 

and/or patients’ relatives by phone were other important 

limitations.

Conclusion
Lactate levels that give rapid results in trauma patients are 

a parameter associated with the type of injury, treatment at 

the scene, and final organ perfusion and oxygenation rates, 

which also show the effect of many factors that cannot 

be measured. Lactate values also need to be taken into 

account in the application of clinical algorithms to guide 

prehospital triage or treatment. 
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