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Introduction

In addition to being the leading cause of death in patients under 
45 years of age, trauma is associated with complications and late 
death  (1). Among these complications, multiple organ dysfunction 
syndrome (MODS) is the most common and causes a significant 
increase in mortality (2,3). Therefore, initiating effective treatment 
early in trauma patients requires identifying patients at high risk 
of developing MODS. This approach is at the forefront of reducing 
victimization resulting from trauma.

In recent years, several studies have investigated trauma-related 
mortality and its predictors in emergency settings in Türkiye. A 
study comparing falls from height and traffic accidents, reported 
that trauma mechanism significantly influences mortality rates, 
underlining the need for mechanism-based prognostic tools (4).

Another study focusing on pediatric trauma emphasized the 
importance of early physiological markers in identifying high-
risk patients in the emergency department (5). Additionally, 
mortality predictors in traffic accidents were explored in a study 
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Aim: Trauma is one of the most prevalent causes of death and disability in middle age, and early diagnosis and treatment are critical in 
minimizing mortality and morbidity. Lactate dehydrogenase (LDH) is an indicator of inflammation in many diseases. We aim to present this 
study, in which we measure the power of LDH to show us mortality in the blood sample taken at the first examination in trauma patients, in 
the light of the literature.

Materials and Methods: Trauma patients of emergency medicine department between November 2020 and November 2021, were analyzed. 
Trauma mechanism, consultations, mortality-morbidity, and scoring were evaluated retrospectively.

Results: The glasgow coma scale (GCS), injury severity score (ISS), and new injury severity score (NISS) values of the patients were 14.58±1.76 
(95% confidence interval: 14.43-14.73), 14 (0-76), and 18 (0-101) respectively. The data for leukocytes, hemoglobin, platelets, glucose, 
aspartate aminotransferase (AST), and LDH were significantly different between the control and patient groups. The comparison of leukocyte, 
hemoglobin, glucose, creatinine, AST, and LDH data between the survivors and the deceased in the patient group revealed a statistically 
significant difference. ROC analysis was then applied to evaluate these markers in the non-surviving patients. ISS, NISS, GCS, alanine 
aminotransferase, AST and LDH were found to be significant.

Conclusion: LDH elevation, which is studied between routine procedures, may be beneficial for physicians working in the periphery both in 
patient referral and in making an early operation decision. Thus, we believe that mortality and morbidity will decrease with the use of LDH, 
a cost-effective marker. 
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that highlighted the potential role of simple parameters for early 
prognostication (6). In light of these national findings, our study 
aims to evaluate whether lactate dehydrogenase (LDH)—a low-
cost and routinely available biomarker—could serve as an early 
predictor of trauma severity and mortality in adult patients.

Serum LDH is a low-cost test that is included in the regular procedures 
requested during a hospital admission evaluation. As a result, it 
could be an appropriate marker for physicians to use in determining 
the prognosis of trauma patients without incurring additional costs 
or requiring additional time or blood samples. LDH is a cytoplasmic 
enzyme that is found in every major organ, including the brain, lung, 
liver, and heart (7). Serum LDH levels are thought to be an indicator 
of inflammation and the extent of tissue damage. (8-13). The object 
of this retrospective study was to examine the association between 
mortality in trauma patients and serum LDH concentration.

Materials and Methods 

Patients and Methods

Five hundred fourteen cases of trauma patients, who were admitted 
to the emergency medicine clinic between November 2020 and 
November 2021, were analyzed. Trauma mechanism, consultations, 
mortality-morbidity and scoring were evaluated retrospectively. 
As the control group, 130 people who underwent non-traumatic 
routine control were included in the study. Approval was obtained 
from the University of Health Sciences Türkiye, Bakırköy Dr. Sadi 
Konuk Training and Research Hospital Clinical Research Ethics 
Committee (decision number: 2022-16-01; date: 15.08.2022).

Inclusion and Exclusion Criteria

In this retrospective study, patients whose laboratory values were 
assessed later and whose glasgow coma scale (GCS), injury severity 
score (ISS), and new injury severity score (NISS) values were recorded 
at admission to the emergency department were included.

Patients with trauma or malignancy (liver, lung, and 
hematological malignancy) who were using anticoagulant drugs 
were removed from the study.

Patients who came for non-traumatic routine control were 
included as the control group, while patients with malignancies 
(liver, lung, and hematological malignancies) and those using 
anticoagulant drugs were left out of the study.

Statistical Analysis

The normal distribution analysis was performed by considering 
the data in the study: Five parameters [Skewness-Kurtosis, 
standard deviation (Std)/mean, Q-Q plots, histogram, and Shapiro-
Wilk test]. Normally distributed parameters with sufficient data 
were shown as mean ± Std, and the independent samples t-test 

was applied for pairwise comparisons. The median (minimum-
maximum) Mann-Whitney U test was used for groups that did 
not have enough data or did not have a normal distribution. 
The chi-square test was applied to analyze the frequency of 
categorical data. The ROC curve was developed by examining the 
sensitivity and specificity of diagnostic tests. A multiple logistic 
regression analysis was performed with risk factors for estimating 
mortality. In the study, a significance level of α=0.05 was used, 
and a p-value less than α was considered significant.

Results

In this study, there were 514 individuals in the patient group, 
and the mean age was 39.88±13.45 [95% confidence interval 
(CI): 37.85-41.91]. Of the patients, 161 were female, and 353 
were male. The GCS, ISS, and NISS values of the patients were 
14.58±1.76 (95% CI: 14.43-14.73), 14 (0-76), and 18 (0-101), 
respectively.

 Leukocyte, hemoglobin, platelet, glucose, aspartate 
aminotransferase (AST), and LDH data revealed statistically 
significant differences between the control and patient groups. 
Creatinine and alanine aminotransferase (ALT), data did not 
reveal any statistically significant distinctions between the control 
and patient groups (p>0.05). While patient group leukocyte data 
increased by 20% relative to control group data, patient group 
hemoglobin data decreased. The patient group had greater 
levels of glucose, blood urea nitrogen, AST, and LDH than the 
control group (Table 1).

 The mortality frequency observed in those who underwent 
surgery (2), was statistically significantly different from the 
expected mortality frequency (8.5) (p<0.001). There is no 
substantial difference between expected and observed mortality 
rates for other causes of trauma (Table 2).

The observed frequency of death (2) of patients who received 
neurosurgery consultation was statistically different from the 
expected frequency of death (6) (p=0.007). The observed death 
frequency of patients who received pediatric surgical consultation 
(3) was different from the observed death frequency in another 
group, and this difference was statistically significant (p=0.022). 
No statistically significant differences were found between 
the expected and observed death frequencies of patients who 
received other consultations (p>0.05). 

 There was a statistically significant difference in the comparison 
of leukocyte, hemoglobin, glucose, creatinine, AST, and LDH data 
between the survivors and the deceased in the patient group. The 
p-values were 0.006, 0.027, 0.015, 0.031, p<0.001, and p<0.001, 
respectively (Table 3).
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Table 3. Comparison of blood values between patients who 
survived and those who died

  Survival Died p value

Leukocyte 11870 (1175-40650) 17280 (7930-53580) 0.006

Hemoglobin 13 (3-18) 9.20 (6.30-14.90) 0.027

Platelet 245 (16-862) 222 (105-437) 0.312

Glucose 117 (33-421) 158 (73-678) 0.015

BUN 31 (3-470) 24 (14-73) 0.134

Creatinin 0.75 (0.33-3.20) 0.85 (0.63-3.89) 0.031

Alanine 
aminotransferase 20 (6-1143) 169 (11-1396) 0.002

Aspartate 
aminotransferase 29 (8-675) 241 (16-1058) <0.001

Lactate 
dehydrogenase 267 (105-1900) 1036 (232-3166) <0.001

Table 2. Comparison of trauma mechanisms patients who 
survived and those who died

   Survival
n=503

Died
n=11 p value

Surgery

No 108 (21.5) 9 (81.8)
<0.001

Yes 395 (21.5) 2 (18.2)

Gunshot wound

No 488 (97) 11 (100)
1.000

Yes 15 (3) 0 (0)

Stab wound

No 448 (89.1) 10 (90.9)
1.000

Yes 55 (10.9) 1 (9.1)

Falls

No 342 (68) 10 (90.9)
0.186

Yes 161 (32) 1 (9.1)

Traffic Accident

No 343 (68.2) 5 (45.5)
0.188

Yes 160 (31.8) 6 (54.5)

Falling from Height

No 436 (86.7) 9 (81.8)
0.649

Yes 67 (13.3) 2 (18.2)

Judicial Case

No 275 (54.7) 9 (81.8)
0.122

Yes 228 (45.3) 2 (18.2)

Data are presented as n (%).

Table 1. Comparison of control and patient group data.

  Control (n=130) Patient (n=514) p value

Leukocyte 10190 (4650-30950) 12030 (1175-53580) <0.001

Hemoglobin 13.25±1.89 12.68±2.21 0.007

Platelet 253.50 (66-491) 245 (16-862) 0.034

Glucose 103 (63-436) 117 (33-678) <0.001

Blood urea 
nitrogen 27 (6-148) 31 (3-470) <0.001

Creatinin 0.73 (0.41-3.47) 0.76 (0.33-3.89) 0.127

Alanine 
aminotransferase 18 (6-266) 20 (6.00-1396) 0.254

Aspartate 
aminotransferase 24 (13-371) 29 (8-1058) 0.001

Lactate 
dehydrogenase 252 (43-870) 270 (105-3166) 0.016

Data are presented as mean ± SD or median (minimum-maximum) 

The leukocyte, glucose, AST, ALT and LDH frequencies, categorized 
as normal and abnormal according to clinical cut-off values, were 
statistically significant. The p-value was respectively: p=0.011, 
p=0.021, p=0.002, p<0.001, and p<0.001.

The sensitivity and specificity values of risk factors are shown in 
Table 4. The ROC curve of ALT, AST and LDH is shown in Figure 1, 
and ISS, NISS and GCS are shown in Figure 2.

 ROC analysis was then applied to evaluate these markers in the 
non-surviving patients. ISS [area under the curve (AUC): 0.843, 
95% CI: 0.709-0.977, p<0.001), NISS (AUC: 0.874, 95% CI: 0.750-
0.998, p<0.001) GCS (AUC: 0.937, 95% CI: 0.834-1.000, p<0.001), 
ALT (AUC: 0.773, 95% CI: 0.587-0.960), AST (AUC: 0.808, 95% CI: 
0.636-0.980, p<0.001) and LDH (AUC: 0.896, 95% CI: 0.782-1.000) 
were found to be significant (Table 4).

 To this end, we analyzed LDH and GCS characteristics in binary 
logistic regression models. LDH was revealed to be the most 
important parameter in defining the mortality rate of patients 
in a multiple binary logistic regression analysis. (Table 5). The 
predictive power of the model was measured using Nagelkerke’s 
R2 coefficient. In terms of longevity, this model is 99.49% accurate 
and 45.46% accurate in predicting death (Table 3). There is a 
59.1% variance explained in the probability of death according 
to the Nagelkerke’s R2 value (Table 5).

Discussion

In this study, we found that leukocytes, hemoglobin, platelets, 
glucose, AST, and LDH serum values increased with trauma 
and were closely related to survival among patients. In the 
ROC analysis performed between these blood values, GCS and 
LDH reached the best sensitivity and specificity. This analysis 
also included trauma scoring systems such as ISS, NISS, and 
GCS. LDH was found to be more effective in determining 
mortality in the binary regression analysis performed among 
these groups.
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Figure 1. Chart showing ROC analysis of ALT, AST, and LDH

ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, 
LDH: Lactate dehydrogenase

Figure 2. Chart showing ROC analysis of ISS and NISS

ISS: Injury severity score, NISS: New injury severity score

Table 4. ROC curves of risk factors

Risk factor AUC (95% CI) Cut-off value p value Sensitivity Specificity

Injury severity score 0.843 (0.709-0.977) 23.5 <0.001 0.818 0.839

New injury severity score 0.874(0.750-0.998) 24.5 <0.001 0.909 0.748

Glasgow coma scale 0.937 (0.834-1.000) 14.5 <0.001 0.909 0.911

Alanine aminotransferase 0.773 (0.587-0.960) 144.5 0.002 0.636 0.957

Aspartate aminotransferase 0.808 (0.636-0.980) 109.5 <0.001 0.727 0.901

Lactate dehydrogenase 0.896 (0.782-1.000) 621  <0.001 0.818 0.919

AUC: Area under the curve, CI: Confidence interval, ROC: Receiver operating characteristic

Table 5. Multiple logistic regression analysis of risk factors on mortality

  B SE Wald DF Sig. Exp (B) 95% CI for exp (B)

              Lower Upper

LDH 0.003 0.001 12.04 1 0.001 1.003 1.001 1.005

GCS -0.436 0.098 19.734 1 0 0.647 0.534 0.784

Constant -0.36 1.213 0.001 1 0.976 0.965    

Model summary

Step -2 Log likehood Cox and Snell R-square Nagelkerke’s square Step

1 44.395 0.131 0.591 1        

Observed Predicted

Mortality

Mortality No Yes

No 99.49% 0.51%

    Yes 54.54% 45.46%        

LDH: Lactate dehydrogenase, GCS: Glasgow coma scale, SE: Standard error, B: Regression coefficient, DF: Degrees of freedom, CI: Confidence interval
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LDH accelerates the process 14 times, by catalyzing the coordinated 
interconversion of pyruvate to lactate and nicotinamide adenine 
dinucleotide (NADH) to NAD+ (14,15).

As a result, the increasing lactate level will be closely correlated 
with the rise in LDH levels. The transfer of a hydride ion from 
NADH to pyruvate, at carbon C2 of pyruvate, furthers the 
chemical process. The initial stage in the molecular process is 
the binding of NADH to enzymes. This binding involves a large 
number of residues in the active site. When NADH binds, it helps 
lactate bind by interacting with the LDH residues. LDH-NAD+ 
lactate and LDH-NADH-pyruvate are two tertiary complexes that 
are created when a hydride moves quickly in both directions 
simultaneously  (16). In our study, we think elevated LDH is the 
underlying cause of higher LDH levels and mortality in patients 
compared to the control group. 

LDH is considered a marker of tissue damage following trauma. 
In cases of acute trauma, LDH levels generally increase within 
the first 48 hours, and this elevation can be used as an important 
parameter in evaluating patient prognosis. Specifically, the 
increase in LDH levels within 48 hours after admission to the 
intensive care unit demonstrates high sensitivity and specificity in 
predicting mortality  (17). In chronic trauma processes, however, 
LDH levels require longer-term monitoring. For example, in 
patients who have suffered an acute ischemic stroke, elevated 
LDH levels at hospital admission serve as an independent 
indicator of prognosis and long-term mortality risk  (18). These 
findings highlight the potential of LDH as a prognostic biomarker 
in both acute and chronic trauma processes.

In our study, we aimed to investigate the potential role of serum 
LDH levels measured at the initial admission of trauma patients 
in assessing the risk of mortality and morbidity. In this context, 
we believe that the use of LDH as a prognostic marker in both 
acute and chronic trauma processes may contribute to clinical 
practice.

The relationship between trauma, inflammation, and tissue 
injury constitutes a cornerstone of clinical practice. LDH has 
emerged as a significant biomarker in the evaluation of these 
processes. LDH is an enzyme present in various tissues and 
organs, released into the bloodstream as a result of cellular 
damage. Therefore, its serum levels are considered an indicator 
of inflammation and tissue injury (19). The association between 
LDH and inflammation has been highlighted in several studies. 
Particularly in severe inflammatory conditions such as sepsis, 
elevated serum LDH levels can be used to determine patient 
prognosis. For instance, one study reported that high LDH levels 
in septic patients were associated with poor prognosi s (20). 
Among the systemic effects of trauma are not only inflammation 

and tissue damage but also organ dysfunction. LDH may aid 
in the evaluation of these systemic effects. For example, one 
study found that elevated LDH levels were associated with 
organ dysfunction (21). In conclusion, LDH may be used as 
an important biomarker in the assessment of inflammation, 
tissue damage, and the systemic effects of trauma. Its role in 
these processes can contribute to clinical practice and assist in 
determining patient prognosis.

Both the activity of LDH and the concentration of global actin in the 
blood were observed to rise after trauma, as was previously reported 
by Hazeldine et al. (14) In cases with a fatal outcome, we discovered 
that LDH was considerably greater than that in the control group. 
LDH activity in serum samples was also compared between patients 
with isolated traumatic brain injury (TBI) and healthy controls, and 
it was observed that patients with TBI had greater LDH levels.

Since the serum concentration of LDH isoenzymes reflects tissue-
specific pathological conditions, the quantification of LDH is 
of clinical interest  (22). Their studies found that it was high in 
pericardial and peritoneal fluids (23), metastatic melanoma 
and fast-growing cancers (24,25), and this was associated with 
apparent inflammation.  Hazeldine et al. (14) determined in their 
study that trauma may be the initiation of inflammation in the 
body. Therefore, we attribute the cause of the high LDH in the 
trauma patients in our study, especially in the deceased patients, 
to the inflammation that developed as a result of the trauma. 

Study Limitations

This study has several limitations. Its retrospective and single-
center design limits the generalizability of the findings. The 
relatively small sample size may have reduced statistical power. 
LDH was measured only at admission, without evaluating 
dynamic changes over time. This single time-point measurement 
restricts the ability to capture temporal fluctuations that could 
provide a more accurate prognostic assessment, as serial 
measurements are known to yield more valid and reliable 
results when evaluating prognostic biomarkers. Additionally, 
comparisons with other established biomarkers (e.g., C-reaktif 
protein, lactate, procalcitonin) were not performed. The 
heterogeneity in trauma types and exclusion of critically ill 
patients referred to tertiary centers may have influenced 
mortality outcomes. Moreover, detailed data regarding the type 
and extent of injury (e.g., crushing, penetrating, or burn trauma) 
were not consistently available due to the retrospective nature 
of the study, limiting our ability to assess their specific impact 
on LDH levels. Therefore, future prospective, multicenter studies 
with serial LDH measurements and comprehensive trauma 
classification are warranted to better elucidate LDH’s prognostic 
value in trauma patients.
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Conclusion 

In our study, which determined that surgical intervention reduces 
mortality in appropriate patients, we found that LDH elevation—
measured upon initial admission—was associated with trauma 
severity and mortality. Given its routine availability and low-cost,  
LDH may serve as an accessible early indicator in trauma triage, 
especially in peripheral or resource-limited settings. However, 
considering the limitations of single-time-point measurement, 
we propose that this study should be regarded as a preliminary 
investigation suggesting a potential link between LDH and 
trauma outcomes. Future prospective studies incorporating serial 
LDH measurements are necessary to determine whether LDH can 
reliably predict mortality and morbidity in trauma patients.
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