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Abstract  
Receiver operating characteristic analysis is widely used in biomedical studies for evaluating 

the diagnostic accuracy of continuous markers. Continuous status severity evaluation and the 

accurate prediction of mortality risk for the polytrauma patients is crucial for triage, quality 

management, assessment of mortality prediction and the scientific study of trauma. The aim 

of this study is to investigate the possibility of the receiver operating characteristic analysis 

for determination of lethal outcome predictive markers for multiple trauma patients with 

severe thoracic trauma during early posttraumatic period. A single-center prospective 

observational cohort study involved 73 male patients. Patients’ examinations were performed 

on the 1
st
-2

nd
, 3

rd
-4

th
 and 5

th
-6

th
 days after trauma. A biochemical assay was conducted for 

estimation of biomarkers dynamics during observed posttraumatic period. Receiver operating 

characteristic analyses with the areas under receiver operating characteristic curves 

estimation was performed for the investigated biomarkers with the most significant 

differences between survivors and non-survivors for each of the time periods. According to 

Youden’s index the cut-off values of investigated biomarkers with contingency table 

statistics were calculated as possible predictive tests for negative outcomes during the first 5-

6 days after trauma. This study demonstrates that receiver operating characteristic analysis is 

a useful tool for decision-making in clinical medicine. The clinical example suggests that the 

same biomarkers and cut-off values cannot be equally useful for lethal outcome prediction 

for several days in patients with multiple trauma with severe thoracic trauma. These 

additional biomarkers for each of the investigated time periods can serve as criteria for the 

clinical course monitoring of polytraumatized patients via recognizing of those with a high 

risk of lethal outcome for improving the quality of patient care. 
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1. Introduction 

The receiver operating characteristic (ROC) analysis with an estimation of the area under the curve 

is the most common metric for evaluating the prediction of binary outcomes [1]. It was first used for 

detection of radio signals in the presence of noise following the Pearl Harbor battle [2]. After that, 
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contributions were made by researchers in engineering, psychology, radiology and mathematics [3]. 

At the present time, ROC analysis is widely used in biomedical studies for evaluating the diagnostic 

accuracy of continuous markers [4]. Application of ROC analysis is independent on data following a 

normal distribution. It is not substantially affected by sample asymmetry of positive or negative cases. 

Still, it is fundamentally dependent on unequivocal classification of cases and controls, generally 

using a gold standard diagnostic test, examination or the final outcome [5]. Besides, it allows 

determining the best cut-off value with the highest true positive rate together with the lowest false 

positive rate according to Youden’s index [1]. Also calculation of the area under receiver operating 

characteristic curve (AUROC) gives a measure of the general test usefulness, with the possibility of 

its comparison [2]. 

Healthcare has long pursued an understanding of the personal risk factors that contribute to disease 

onset [6, 7]. The decision from a clinical diagnostic test is mostly based on whether the marker value 

exceeds a cut-off value, in which case the diagnosis is “diseased” and “non-diseased” otherwise. It is 

not rare in modern medicine that classification criteria are not completely predictive, leading to 

incorrect classification, so it is important to compare the effectiveness of the different classification 

systems [5]. There is always a probability that the diagnostic test is positive for a non-diseased 

individual or a negative for a diseased patient [4]. Continuous status severity evaluation and the 

accurate prediction of mortality risk for polytrauma patients is crucial for triage, quality management, 

assessment of mortality prediction and the scientific study of trauma [8]. Some researchers 

incorporated the dependency of time in the sensitivity and specificity in disease for individuals instead 

of the standard ROC curve method. The application of time-dependent setting with the observation of 

disease status at each time point yields different values of sensitivity and specificity throughout the 

study. These methods have better effectiveness, but still are not fully used in medical research [4]. 

Accurate estimation of the mortality and morbidity risks can not only improve our understanding of 

the pathophysiological mechanisms involved in disease progression but also provide early warning for 

patients at high risk of developing complications. This knowledge could help guide clinical decisions 

and improve the quality of patient care through early intensive focused care. 

Most predictive tools for outcome evaluation of polytrauma patients were designed only for the 

first 24-hours or on the time in admission to the hospital. But on the other hand,  it is well-known that 

patients with multiple trauma, especially with severe thoracic trauma, change their clinical status 

dramatically, so intense monitoring, especially during early posttraumatic period, is mandatory [9]. 

Besides, the pathophysiology of polytrauma is complex and consists of certain stages of systemic 

reactions with different predominant mechanisms that are responsible for secondary insults and early 

and late systemic post-injury complications [10–12]. In such settings, the same clinical or laboratory 

markers cannot predict an outcome with unchanged accuracy at different time points during early 

intensive treatment. 

The combination of severe thoracic trauma with other injuries of the body regions significantly 

complicates patient treatment [13, 14]. Management of such multiple trauma patients requires a 

multidisciplinary approach and involves different medical specialists: emergency physicians both out 

of hospital and in hospital settings, anesthesiologists, intensivists, radiologists, advanced care 

practitioners, surgeons, respiratory therapy personnel and others [15, 16, 17]. Variety invasive and 

noninvasive interventions can be effective in treating severe chest injuries in multiple trauma patients 

requiring multiple medical and allied health disciplines. To ensure the best quality of coordination, 

implementation, monitoring and evaluation of recommended care, an organized trauma care system is 

required with proper continuous status severity understanding [18, 19]. Its evaluation for the 

polytraumatized patient during the early posttraumatic period is crucial for the triage, quality 

management, the assessment of mortality prediction and the scientific study of trauma. 

2. Aim 

The aim of this study is to investigate the possibility of the ROC analysis for the determination of 

lethal outcome predictive markers for multiple trauma patients with severe thoracic trauma during 

early posttraumatic period. 



3. Materials and methods 

This single-center prospective observational cohort study was conducted in anesthesiology and 

intensive care for patients with multiple trauma of Kharkiv Municipal Clinical Emergency Hospital 

named after prof. O.I. Meshchaninov. 

3.1. Patients 

Seventy three patients with a blunt mechanism of multiple trauma with severe thoracic trauma 

were included in this study. The presence of two or more injured body regions, Injury Severity Score 

more than 16 with the severe thoracic component of multiple trauma were determined as inclusion 

criteria. As exclusion criteria was set the presence of concomitant chronic disease in the 

decompensation and compensation phase. Patients' examinations with blood samplings were 

performed three times: on the 1
st
-2

nd
 day after trauma (10.75-33.5 hours), 3

rd
-4

th
 day (48-75.2 hours) 

and 5
th
-6

th
 day (97-122 hours). The survival/non-survival ratio was 42/31. The main demographic 

characteristics are shown in table 1. There were no significant differences in age, number of patients 

with concomitant alcohol exposure, admission time and the etiology of polytrauma between patient 

groups. 

 
Table 1 
Characteristics of the survival and non-survival groups of multiple trauma patients with severe 
thoracic trauma. 

 Survivors Non-survivors p value 

Number of patients 42 31  
Age, years 41 (38.21 – 44.89)  42 (36.7 – 46.46)  1 

Injury severity score 24.5 (22.73 – 28.22)  34 (30.38 – 38.53)  0.0006 
Traumatic shock degree, I stage 20 (27.3 %) 8 (10.9 %) 

0.0101 Traumatic shock degree, II stage 12 (16.4 %) 6 (8.2 %) 

Traumatic shock degree, III stage 10 (13.6 %) 17 (23.3 %) 
Admission time, hours  1 (0.854-1.97) 1 (0.435-3.29)  0,8434 

Patients with alcohol exposure 23 (54.7 %) 15 (48.4 %) 0.6407 
Car driver 13 (17.8 %) 3 (4.1 %) 

0.1216 

Motorcycle/bicycle driver 3 (4.1 %) 2 (2.7 %) 

Car passenger 1 (1.3 %) 4 (5.4 %) 

Pedestrians 9 (12.3 %) 6 (8.2 %) 

Fall from height 11 (15 %) 13 (17.8 %) 

Assault 3 (4.1 %) 1 (1.3 %) 

Pressed by the car 1 (1.3 %) 1 (1.3 %) 

Accident at manufacture 1 (1.3 %) 1 (1.3 %) 

 

3.2. Methods 

Biochemical assay was conducted in the biochemistry department of Kharkiv National Medical 

University according to spectrophotometric methods. Total protein concentration was determined 

according to biuret reaction in patients’ plasma [20]. The level of the proteins’ carbonyl groups was 

determined with the help of dinitrophenylhydrazine reaction [21]. Enzyme-linked immunosorbent 

assay was used for the determination of interleukin-4 and interleukin-10. White blood cells count with 

leukocyte formula estimation was performed in the clinical laboratory of Kharkiv Municipal Clinical 

Emergency Hospital according to a conventional clinical method using Giemsa stains. 



3.3. Data analysis 

The Microsoft Excel spreadsheet was used for primary data collection. ROC analysis was 

performed with the help of GraphPad Prism 5.03. Youden’s index was used to choose an appropriate 

cut-off value for biochemical markers [1]. The Mann-Whitney test was used for determining 

differences between groups for quantitative data. Two-sided Fisher`s exact test and chi-square test for 

trends were performed to consider differences in nominal data of demographic characteristics. All 

quantitative variables are presented as median with 95 % confidence interval in round brackets. 

Qualitative data are presented as numbers with percentage of the patients’ population in round 

brackets. The level of statistical significance was specified as p <0.05. 

4. Results 
4.1. Biomarkers dynamics during early posttraumatic period 

The dynamics of investigated biomarkers for multiple trauma patients with severe thoracic trauma 

during early posttraumatic period are represented in Table 2. It can be seen that there is no normal 

distribution of all data presented in the table, therefore, Mann-Whitney test was used for comparing 

results of the patient groups. 

 

Table 2 
The dynamics of biomarkers during early posttraumatic period in case of multiple trauma with 
severe thoracic trauma  

Biomarker Patient  
Groups 

The 1st-2nd day The 3rd-4th day The 5th-6th day 

Total protein, g/L Survivors 54.7 (53 - 56) 53 (50.8 - 54.4) 57 (55 - 60.4) 

Non-survivors 47.1 (45.3 - 49.4) 
p<0.0001 

45.3 (44.7 - 48.6) 
p=0.0001 

47.8 (44.7 - 49.4) 
p<0.0001 

Albumin, g/L Survivors 25.3 (23.5 - 26.1) 23.5 (21.1 - 23.7) 17.7 (17.3 - 19.9) 

Non-survivors 15.8 (14.4 - 16.8) 
p<0.0001 

17.3 (16.1 - 19.3) 
p<0.0001 

14.1 (12.9 - 16.1) 
p=0.0012 

α1-globulins, g/L Survivors 4.76 (4.59 - 5.39) 4.2 (3.89 - 4.43) 3.99 (3.82 - 4.48) 

Non-survivors 3.78 (3.45 - 4.07) 
p<0.0001 

2.32 (2.1 - 2.6) 
p<0.0001 

1.16 (1.09 - 1.42) 
p<0.0001 

γ-globulins, g/L Survivors 9.62 (9.09 - 10.3) 7.04 (6.52 - 7.59) 6.41 (6.2 - 7.94) 

Non-survivors 7.78 (7.28 - 9.04) 
p<0.0001 

7.73 (7.21 - 9.01) 
p=0.0155 

8.85 (7.76 - 9.94) 
p<0.0001 

Stab neutrophils, 
х107/L 

Survivors 139 (138 - 237) 91 (76.8 - 124) 84.6 (83.1 - 130) 

Non-survivors 128 (127 - 230) 
p=0.6433 

233 (175 - 327) 
p=0.0002 

203 (164 - 395) 
p=0.0008 

Interleukin-4, 
pg/mL 

Survivors 0,72 (0,69 - 0,82) 0.79 (0.79 - 0.9) 0.82 (0.82 - 0.92) 

Non-survivors 0.86 (0.81 - 0.94) 
p=0.0014 

0.94 (0.91 - 1.09) 
p=0.0014 

1.08 (1.03 - 1.23) 
p<0.0001 

Interleukin-10, 
pg/mL 

Survivors 2.21 (2.21 - 2.64) 2.45 (2.34 - 2.61) 2.97 (2.76 - 3.08) 

Non-survivors 3.62 (3.16 - 3.99) 
p<0.0001 

3.41 (3.09 - 3.77) 
p<0.0001 

3.04 (2.85 - 3.27) 
p=0.2839 

Protein carbonyls, 
µmol/g of protein 

Survivors 14.3 (13.6 - 14.5) 15.3 (14.9 - 16.8) 14 (13.7 - 14.6) 

Non-survivors 13.4 (13.2 - 15.2) 
p=0.9432 

15.9 (15.1 - 17.6) 
p=0.463 

20.5 (18.7 - 21.5) 
p<0.0001 

 
Besides that, the dynamics of investigated biomarkers are not similar nor for each biomarker 

during the estimated time period, nor between patient groups. The most significant differences 



between survivors and non-survivors for the patients with the multiple trauma with severe thoracic 

trauma on 1
st
-2

nd
 day after trauma were observed according to the total protein, γ-globulins and 

albumin concentrations. For the 3
rd

-4
th
 day of the early posttraumatic period the most significant 

differences were found for the α1-globulins, interleukin-10 concentrations and the stab neutrophils 

count in white blood cells analysis. Concentrations of α1-globulins, protein carbonyls and interleukin-

10 on the 5
th
-6

th
 day after trauma were the most different between patients groups. 

4.2. ROC-analysis 

ROC-analyses with AUROC calculation were performed for the biomarkers with the most 

significant differences between survivors and non-survivors for every estimated time period. ROC 

curve shows the relationship between sensitivity and specificity for every possible cut-off value of the 

estimated biomarker [5]. The AUROC is the test that is used as a criterion to measure the test’s 

discriminative ability and is interpreted as the probability that a patient who dies has a biomarker 

value worthier than that for a patient who survives [1]. Figure 1 represents investigated ROC curves. 

For the 1
st
-2

nd
 day after trauma AUROC 0.9616 (0.9135 – 1.01); р<0.0001 was obtained for albumin 

concentration, 0.808 (0.7039 – 0.9121); р<0.0001 for γ-globulins concentration and 0.828 (0.7333 – 

0.9226); р<0.0001 for total protein concentration. 

 

 
Figure 1: The ROC curves for the investigated biomarkers during early posttraumatic period in case 
of multiple trauma with severe thoracic trauma 

 



For the 3
rd

-4
th
 day after trauma AUROC 0.9607 (0.9149 – 1.006); р<0.0001 was calculated for α1-

globulins concentration, 0.7785 (0.6539 – 0.9031); р=0.0002262 for stab neutrophils count and 

0.8851 (0.7882 – 0.982); р<0.0001 for interleukin-10 concentration. For the 5
th
-6

th
 day after trauma 

AUROC 0.9989 (0.9951 – 1.003); р<0.0001 was calculated for α1-globulins concentration, 0.9671 

(0.9295 – 1.005); р<0.0001 for the proteins carbonyls concentration and 0.8662 (0.778 – 0.9544); 

р<0.0001 for interleukin-4 concentration. 

 

 

 

4.3. Cut-off values 

Youden’s index estimation was performed for the determination of clinically significant cut-off 

values with optimal predictive properties from the series of investigated biomarkers. In fact, this index 

maximizes the difference between sensitivity and 1-specificity across various cut-off points, so that 

the optimal cut-off point can be calculated [22]. The results of Youden’s index and contingency table 

statistics are presented in tables 3-5. 

 

Table 3 
Cut-off values and its contingency table statistics in multiple trauma patients with severe thoracic 
trauma on the 1st-2nd day of the early posttraumatic period 

 Albumin γ-globulins Total protein 

Cut-off value <20.6015 g/L >12.24 g/L <49.36 g/L 
Youden’s index 0.848 0.673 0.59 

Sensitivity 0.967 (0.833 – 0.999) 0.935 (0.786 – 0.992) 0.709 (0.519 – 0.858) 
Specificity 0.881 (0.743 – 0.96) 0.738 (0.579 – 0.861) 0.881 (0.744 – 0.96) 

Positive predictive 
value 

0.857 (0.697 – 0.952) 0.725 (0.561 – 0.854) 0.815 (0.619 – 0.937) 

Negative predictive 
value 

0.974 (0.862 – 0.999) 0.939 (0.797 – 0.993) 0.804 (0.661 – 0.905) 

Odds ratio 222 (24.58 – 2005) 40.86 (8.33 – 200.4) 18.09 (5.371 – 60.92) 
Likelihood ratio 8.129 3.572 5.961 

Accuracy 0.918 0.822 0.808 
p, Fisher’s exact test <0.0001 <0.0001 <0.0001 

 
The sensitivity of a diagnostic test is the proportion of patients for whom the test correctly 

classifies the positive outcome. The specificity is the proportion of patients for whom the test 

correctly identifies the negative outcome. Sensitivity and specificity are characteristics of a test and 

are not affected by the prevalence of the disease [1]. Sensitivity depends only on those who have died 

due to multiple trauma with severe thoracic trauma and specificity only on those who survived. From 

Table 3 the highest sensitivity was obtained for albumin concentration <20.6015 g/L and the highest 

specificity were observed for both albumin concentration <20.6015 g/L and total protein 

concentration <49.36 g/L. Besides that, for the last biomarker cut-off value, the specificity value is 

higher than sensitivity indicating better use of the total protein concentration <49.36 g/L as a 

screening test for multiple trauma patients with severe thoracic trauma on the 1
st
-2

nd
 day of early 

posttraumatic period. 
The positive predictive value is the fraction of patients with positive test results who actually had the lethal 

outcome and the negative predictive value is the fraction of patients with negative test results who actually 

survived. The highest positive and negative predictive values were observed for albumin concentration 

<20.6015 g/L. In contrast to sensitivity and specificity, positive and negative predictive values directly assess 

the test usefulness, but they are affected by the disease prevalence [1]. 

The odds ratio is the ratio of the odds of lethal outcome in the presence of an estimated positive 

diagnostic test and the odds of lethal outcome in the presence of negative diagnostic test. This test 



quantifies the strength of the association between lethal outcome and presence of positive test 

according to estimated cut-off values of investigated biomarkers. And close to odds ratio, the 

likelihood ratio is the ratio of the probability of a positive test result if the outcome is lethal to the 

probability of a positive test result if the patient survives. The highest odds and likelihood ratios were 

obtained for albumin concentration <20.6015 g/L. Also, the highest accuracy was observed for 

albumin concentration <20.6015 g/L, indicating that this test is the most sensitive and accurate for 

predicting of lethal outcome in case of multiple trauma with severe thoracic trauma on the 1
st
-2

nd
 day 

of early posttraumatic period. 

Interestingly, that ROC curves of the γ-globulins and total protein concentrations are crossed 

(Figure 1) and AUROC curve value for the γ-globulins concentration is lower than that for total 

protein concentration, but Youden’s index for the γ-globulins concentration >12.24 g/L is higher than 

the total protein concentration <49.36 g/L. 

From Table 4 the highest sensitivity was calculated for α1-globulins concentration <2.596 g/L and 

the highest specificity were obtained for both α1-globulins concentration <2.596 g/L and stab 

neutrophils count >227.6×10
7
/L. For all biomarkers’ cut-off values, the specificity values are higher 

than sensitivity indicating their usefulness as screening tests rather than a test for estimating the 

severity of multiorgan disturbances on the 3
rd

-4
th
 posttraumatic day for patients with multiple trauma 

with severe thoracic trauma. The highest positive and negative predictive values were observed for 

α1-globulins concentration <2.596 g/L. The highest odds ratio, likelihood ratio and test accuracy were 

obtained for α1-globulins concentration <2.596 g/L too. 
 

Table 4 
Cut-off values and its contingency table statistics in multiple trauma patients with severe thoracic 
trauma on the 3rd-4th day of the early posttraumatic period 

 α1-globulins Stab neutrophils Interleukin-10 

Cut-off value <2.596 g/L >227.6×107/L >3.071 pg/ml 
Youden’s index 0.802 0.498 0.691 

Sensitivity 0.826 (0.61 – 0.951) 0.522 (0.306 – 0.732) 0.739 (0.516 – 0.898) 
Specificity 0.976 (0.874 – 0.999) 0.976 (0.874 – 0.999) 0.952 (0.838 – 0.994) 

Positive predictive value 0.95 (0.751 – 0.998) 0.923 (0.639 – 0.998) 0.895 (0.668 – 0.987) 
Negative predictive value 0.91 (0.788 – 0.975) 0.788 (0.653 – 0.889) 0.869 (0.735 – 0.901) 

Odds ratio 194.8 (20.36 - 1863) 44.73 (5.229 – 382.6) 56.67 (10.37 – 309.7) 
Likelihood ratio 34.7 21.91 15.52 

Accuracy 0.923 0.815 0.877 
p, Fisher’s exact test <0.0001 <0.0001 <0.0001 

 
For the 5

th
-6

th
 day of the trauma, the highest sensitivity was calculated for α1-globulins 

concentration <2.719 g/L and proteins carbonyls’ concentration >15.86 µmol/g protein (Table 5). The 

highest specificity was obtained only for α1-globulins concentration <2.719 g/L. For all biomarkers’ 

cut-off values the sensitivity values are higher than specificity indicating good usefulness as tests for 

estimating the severity of posttraumatic complications. The highest positive and negative predictive 

values, the odds, likelihood ratios and test accuracy were observed for α1-globulins concentration 

<2.719 g/L. 

 

Table 5 
Cut-off values and its contingency table statistics in multiple trauma patients with severe thoracic 
trauma on the 5th-6th day of the early posttraumatic period 

 α1-globulins Proteins’ carbonyls Interleukin-4 

Cut-off value <2.719 g/L >15.86 µmol/g 
protein 

>0.929 pg/ml 

Youden’s index 0.928 0.785 0.691 
Sensitivity 0.952 (0.762 – 0.998) 0.952 (0.762 – 0.998) 0.905 (0.696 – 0.988) 
Specificity 0.976 (0.874 – 0.999) 0.833 (0.686 – 0.93) 0.786 (0.632 – 0.897) 



Positive predictive value 0.952 (0.762 – 0.998) 0.741 (0.537 – 0.889) 0.678 (0.476 – 0.841) 
Negative predictive value 0.976 (0.874 – 0.999) 0.972 (0.855 – 0.999) 0.943 (0.808 – 0.993) 

Odds ratio 820 (48.7 – 3806) 100 (11.46 – 872.9) 34.83 (6.803 – 178.4) 
Likelihood ratio 40 5.714 4.222 

Accuracy 0.968 0.873 0.825 
p, Fisher’s exact test <0.0001 <0.0001 <0.0001 

 

5. Conclusions 

Receiver operating characteristic analysis is a useful tool for decision making in clinical medicine. 

This is an effective way of determining the effectiveness of a diagnostic test. Better outcome 

prediction in case of multiple trauma with severe thoracic trauma can be estimated according to 

albumin concentration less than 20.5015 g/L on the 1
st
-2

nd
 day, α1-globulins less than 2.596 g/L on 

the 3
rd

-4
th
 day and α1-globulins less than 2.719 g/L on the 5

th
-6

th
 day of early posttraumatic period. 

This clinical example suggests that the same biomarkers and their cut-off values cannot be fixed for 

the lethal outcome prediction for the whole early posttraumatic period in patients with multiple 

trauma with severe thoracic trauma, because each day after trauma has its specific predictive 

biomarkers with different parameters of contingency table statistics and test accuracy. These 

additional biomarkers can serve as criteria for the clinical course monitoring of polytraumatized 

patients via recognizing those with a high risk of lethal outcomes for improving the quality of patient 

care. Also, these statistics cannot become the substitution for clinical thinking, but provide a 

systematic approach to dealing with medical decision-making tools in clinical practice and 

operationalization in research through providing support for choice of cut-off values to optimize the 

classification process. 
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