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ABSTRACT 

 

Objective: Trauma patients have a high risk of deep vein thrombosis and pulmonary embolism. There are very 

few studies that apply Wells scoring, which is the most commonly used instrument for the early diagnosis of the 

trauma patients who are at risk of and suspected of suffering from pulmonary embolism. In recent years, the 

neutrophil lymphocytes ratio in peripheral blood has been suggested to be used in pulmonary embolism 

diagnosis as a good marker of inflammation. This study aims to investigate the efficiency of NLR and the Wells 

score for predicting pulmonary embolism in patients who are admitted to the emergency department due to 

trauma. 

Methods: In this study, 7,321 trauma patients were retrospectively examined. Following the trauma, 76 patients 

who were admitted to the computed tomographic pulmonary angiography (CTPA) was taken in order to evaluate 

the potential existence of pulmonary embolism within one month after the first trauma during their acute 

hospitalization or they represented to the emergency department for symptoms. Patients were divided into two 

groups (i.e., a pulmonary embolism group and a non-pulmonary emboli group), according to the tomography 

results and after the NLR and Wells scoring were calculated and compared according to the patients’ clinical 

findings at the time of application. 

Results: In this study, 36 people were in the pulmonary embolism group and 40 people were in the non-

pulmonary embolism group. In the analysis of the receiver operator characteristics when the cut-off value was 

3.2 for NLR, pulmonary embolism was detected with 94.4% sensitivity and 87.5%specificity. When the cut-off 

is 4 for the Wells score, pulmonary embolism was detected with 83.3% sensitivity and 100% specificity. 

Conclusion: NLR and Wells scoring may be used to predict acute pulmonary embolism in trauma patients. 
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INTRODUCTION 

Pulmonary embolism (PE) is a disease that is known to have a high mortality and morbidity 

rate (1). Trauma patients run a high risk of deep vein thrombosis and PE. The PE risk factors 

among trauma patients include older age, lower extremity and pelvic fractures, head and 

spinal cord trauma, venous trauma, prolonged immobilization and recent major surgeries (2, 

3, 4, 5). For the early diagnosis and treatment of the patients who are at risk and suspected of 

experiencing PE, several diagnostic scoring systems were developed (6). The commonly used 

tests include the Wells score, Geneva score, Miniati score and the Charlotte rule. The most 

frequently used and accepted of these tests is the Wells score (7, 8). There are a few studies in 

which Wells scoring is applied in trauma patients (9). Therefore, the reliability of this scoring 

regarding PE prediction in trauma patients is not completely known and new studies are 

needed.  

Previous studies indicate that PE is associated with early white blood cell (WBC) increase 

after thromboembolic events. Such a situation is associated with recurrent venous 

thromboembolism, major bleeding and mortality (10, 11). Besides, increased WBC number 

was indicated to be a tool rather than a prognostic value (12). In recent years, when the 

neutrophil-lymphocyte ratio (NLR) in peripheral blood is compared with WBC, it was 

suggested to be a better inflammation marker (13). NLR was stated to be a developing marker 

of inflammation and an independent predictor of the mortality associated with cardiac disease 

and cancer, as well as being a beneficial marker in cardiovascular diseases (14). However, 

there is no study about whether NLR is a predictor in pinpointing PE in trauma patients. The 

aim of this study is to investigate the efficiency of NLR and Wells scoring use in predicting 

PE in the patients admitted to the emergency department due to trauma. 
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MATERIALS AND METHODS 

Study Design 

In this retrospective study, the files of 7,321 trauma patients who were admitted to the 

emergency department of the university hospital (a tertiary care hospital) from January 1, 

2009, to December 31, 2014, were examined. Eighty-one of these patients were admitted to 

the computed tomographic pulmonary angiography (CTPA) was taken in order to evaluate the 

potential existence of PE within one month after the first trauma during their acute 

hospitalization or they represented to the emergency department for symptoms. Patients 

whose data could not be entirely obtained from the from hospital information system, patients 

who were under 18 years of age, patients who had been diagnosed with PE via methods other 

than CT, 5 patients who were found to have active cancer, as well as those with acute 

coronary syndrome, congestive heart failure, a chronic obstructive pulmonary disease 

exacerbation period, chronic inflammation or any other disease or systemic infection, were 

excluded from the study. The participant pool consisted of 76 patients who were placed in two 

groups, according to CTPA results—those with PE and those without PE. The format of the 

effort was a retrospective cross-sectional study.  

 

Laboratory and Radiologic Analyses 

In the study, the WBC, neutrophil and lymphocyte count, NLR, D-dimer, troponin-I and 

arterial blood gas (pO2, pCO2, pH) values were obtained from the emergency department 

applications where the CTPA taken after trauma. Values were considered to be positive when 

the D-dimer was >500 mg/L and troponin-I was > 0:06 ng/ml. Pulmonary embolism was 

diagnosed with the detection of the images of CTPA that were compatible with PE and taken 

by a 64-detector computed tomography device (Brilliance CT scanner, Philips Medical 
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Systems, Cleveland, Ohio, USA) by using the PE protocol (with 120 mL of intravenous 

contrast material, a 35-cm field of view and a thickness of 3 mm) ( 15).  

 

Wells Score 

The patients’ Wells scores were calculated as Wells scorings’ three-level score (alternative) 

and two-level score (traditional), according to clinical findings at the time of admission (16). 

 

Statistical Analyses 

Statistical analysis was performed by using SPSS version 18.0 (SPSS Inc., Chicago, IL, 

USA). Data were tested for normality by using the Kolmogorov–Smirnov normality test. 

Continuous variables were shown as a mean ± standard deviation or median interquartile 

ranges (IQR) as applicable. Categorical data were analyzed by using the chi-square test (the 

student’s t-test was used for normally distributed data). The mean difference among the 

groups was compared by the student’s t-test; otherwise, the comparison of the mean values 

was performed by the Mann–Whitney U test. Nominal data was analyzed by using Pearson’s 

chi-square test. For the diagnosis of PE, the total of maximum specificity and sensitivity was 

given for the significant test and evaluated by the NLR optimal cut-off point receiver 

operating characteristic (ROC) analysis. Whether or not a predictive on the PE diagnosis of 

NLR is statistically significant was evaluated by multiple logistic regression analysis after all 

potential confounding factors were adjusted. For each independent variable, the odds ratios 

(ORs) and 95% confidence intervals (CIs) were calculated. A P-value of <0.05 was 

considered statistically significant. 
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Results 

In this study of the 76 patients to whom CTPA was taken with the suspect of PE after trauma 

in emergency department, 40 were female (52.6%) and 36 were male (47.4%). The PE-

detected group included 36 patients (47.4%) and the non-PE detected group consisted of 40 

patients (52.6%) as a conclusion of the CTPA that was taken. The clinical and socio-

demographic characteristics of the patients are presented in Tables 1 and 2. The mean post-

trauma duration to suspicion of PE was 8.7± 3.7 in PE group and 11.1± 3.0 in non-PE group, 

also there were statically significant difference among them ( p= 0.004) (Table 2). 

When the groups are compared in terms of trauma mechanism, predisposing factors 

and existing fracture type, there are statistically significant differences in the PE group in 

comparison to the non-PE group (i.e., in terms of having experienced a traffic accident, a 

simple fall, fracture or lower extremity fracture) (the p values are, respectively, 0.011; 0.000; 

0.000; 0.000). In terms of admission symptoms and hemodynamic parameters, when the PE 

group and the non-PE group were compared, there was a statistically significant difference 

among them in terms of shortness of breath, chest pain, hemoptysis, weakness, leg pain and 

tachypnea (the p values are, respectively, 0.003; 0.005; 0.003; 0.000; 0.000; 0.000). The 

Glasgow coma scale was significantly lower in the PE group in comparison to the non-PE 

group (p<0.001).  

When the groups were compared in terms of lymphocyte count and NLR, while the 

lymphocyte count in the PE group was statistically lower than in the non-PE group (p 

<0.001), the Wells score was statistically higher in the PE group than in the non-PE group (p 

<0.001). Also, number of patients that had likely PE score were excess in the Wells PE group 

than in the non-PE group (p <0.001). With the receiver operator for NLR in the characteristics 
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analysis cut-off value was 3.2 with sensitivity and 94.4% and 87.5% specificity and the Wells 

score inside the cut-off for 4 and a sensitivity of 83.3% and 100% specificity were determined 

to predict the PE development (Figure 1). Three patients (3.9%) died during the follow-up 

period. 

 

DISCUSSION 

PE after trauma is a known complication in recent studies. It is seen in varying proportions 

from less than 1% to 24% and it is followed by mortality in varying ratios up to 26% (17, 18, 

19). However, there were no significant differences in our study, in terms of the clinical and 

socio-demographic characteristics of the patients, from previous research, that the most 

common trauma mechanism is traffic accidents and the symptoms are shortness of breath 

complaints, chest pain, hemoptysis, weakness and leg pain, as well as patients’ tachypnea. 

Fractures were among predisposing factors, and fractures of the lower extremities in particular 

were found to be a significant risk factor in detecting patients with PE after trauma.  

In this study, we have investigated the predictive value of NLR at the time of hospital 

admission due to trauma for predicting PE in those patients. According to the current 

literature review, our study is the first in which NLR was used to predict PE in trauma 

patients. NLR was significantly higher in the PE group in comparison to the non-PE group. 

The baseline NLR value may predict PE in trauma patients independent of socio-demographic 

and clinical data. Besides, the cut-off value for NLR was detected to be 3.2 with a good 

specificity and an acceptable sensitivity. Our study results indicate that the use of NLR in 

predicting the development of PE in trauma patients may be a strong and cheap parameter. 
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In recent studies, leukocyte counts and their sub-type ratios are accepted as an 

inflammation indicator in cardiovascular patients (20, 21). However, in acute PE, data is 

limited regarding the role of inflammation. In a prospective study that investigated prognostic 

factors in acute PE, high and low leukocyte counts (WBC <4.0× 10
9
/L or > 10.0 × 10

9
/L) 

were important for 14-day mortality (22). In the study about the prognostic value of NLR for 

mortality in acute PE, it is stated that NLR can be used both for mortality as a prognostic 

factor and for the purpose of diagnosis (23). In trauma patients, the increased NLR levels in 

our results indicate the close and independent relationship between NLR and supports the 

inflammation role in acute PE after trauma.  

In a study related to the lymphocyte population in blood after multiple traumas, it is 

stated that lymphocyte functions are affected by a decrease in the total lymphocytes as the 

indicator of cell-mediated immunity (24). In addition, it is suggested that cytokines release 

from stimulated neutrophils may be responsible for observed vascular injury (25). In our 

study, the NLR increase was detected to be a result of the increased neutrophil count and the 

decreased lymphocyte count. NLR that can be calculated easily can be used as a PE-

independent risk factor in trauma patients.  

To date, although many scoring systems, such as the Glasgow Coma Score (GCS), 

Injury Severity Score and Abbreviated Injury Score, were used to evaluate trauma patients, 

there is no ideal scoring system that indicates the trauma severity and prognosis of trauma 

patients (26, 27). In our study, the GCS in the PE group is significantly lower than in the non-

PE group, which indicates that trauma severity and PE risk increase in trauma patients.  

Current guidelines suggest a prognostic evaluation to classify the patients according to 

risk groups after an acute PE diagnosis. The PE severity index, Geneva and Wells scoring 
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systems are among the most recommended systems (16). The commonly accepted Wells score 

has a predictive value in detecting PE risk in hospitalized patients (28, 29, 30, 31). However, 

recently, its efficient value in trauma and other patient populations has been investigated (7, 

32, 33, 34). In a study that is one of the few studies conducted in trauma patients, the Wells 

score has been detected to be less applicable, especially in orthopedic traumas (9). However, 

none of these scoring systems consider the parameters such as NLR, WBC or lymphocyte 

count. In our study, which included a two-level score evaluation of Wells scoring, the number 

of trauma patients classified as likely PE was significantly higher in the PE group than the 

non-PE group. Accordingly, we consider that Wells scoring can be used in PE prediction in 

trauma patients.  

There were some limitations in our study. First of all, this research had a relatively 

smaller sample dimension and, for this reason, it is an observational, single-center and 

retrospective study composed of a variety of variables that cannot be calculated. Besides, we 

cannot compare some other inflammatory markers, such as C-reactive protein and fibrinogen 

with NLR, since they do not routinely work in a study population. The patients suspected of 

PE who died before diagnosis and whose data was insufficient were excluded from the study.  

CONCLUSION 

In conclusion, increased NLR is associated with increased PE in trauma patients as a simple 

non-specific marker of inflammation. Due to the fact that it is a common and inexpensive 

blood count test, it can be used as a new device for PE risk classification. Additionally, Wells 

scoring can be another method to be used in PE prediction in trauma patients. Also, we 

consider that new scoring systems including NLR and particular subtypes of leukocytes will 

be developed to be used in PE predictions among trauma patients and they will be capable of 
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enlightening the reduction of PE. For this reason, the role of NLR and Wells scoring in 

prediction of acute PE in trauma patients must be investigated in prospective randomized 

studies. 
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Table 1:  Comparison of demographic, clinical, laboratory findings and Wells scores of 

patients according to the pulmonary embolism group. 

 

Variable Pulmonary Embolism 

Group 

(n=36) 

Non Pulmonary 

Embolism Group 

(n=40) 

p- Value 

Age (years, mean±SD) 56.7± 18.8 62.6± 18.4 0.18 

Gender, n(%)    

Female 19(47.5) 21(52.5) 0.98 

Male 17(47.2) 19(52.8) 0.98 

Mechanism of injury, n(%)    

Simple fall 14(65.0) 26(35.0) <0.05 

Traffic accident 16(69.6) 7(30.7) <0.01 

Falls from height 5(55.6) 4(44.4) 0.60 

Gun shot wounds 1(25.0) 3(75.0) 0.36 

Fracture type, n (%)    

Upper extremity fractures 2(50.0) 2(50.0) 0.91 

Lower extremity fractures 26(74.3) 9(25.7) <0.001 

Pelvic fractures 6(75.0) 2(25.0) 0.09 

Vertebral fracture 2(50.0) 2(50.0) 0.91 

Presenting symptoms, n(%)    

  Shortness of breath 34(55.7) 27(44.3) <0.01 

  Chest pain 25(62.5) 15(37.5) <0.01 

  Syncope 1(50.0) 1(50.0) 0.94 

  Palpitation 6(50.0) 6(50.0) 0.84 

Hemoptysis 7(100) 0(0) <0.01 

Weakness 10(100) 0(0) <0.001 

Limbpain 15(100) 0(0) <0.001 

Accompanying diseases, n(%)    
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Hypertension 10(47.3) 11(52.7) 0.98 

Diabetes Mellitus 6(31.6) 13(68.4) 0.11 

CAD 6(50.0) 6(50.0) 0.84 

COPD 2(40.0) 3(60.0) 0.73 

CVD 1(50.0) 1(50.0) 0.94 

CRF 0(0) 1(100) 0.34 

Predisposing factors, n(%)    

Immobilization 17(47.2) 19(52.8) 0.98 

Operation 12(44.4) 15(55.6) 0.71 

Varices of leg 1(50.0) 1(50.0) 0.29 

Fracture 36(70.6) 15(29.4) <0.001 

Haemodynamic parameters,n(%)    

SystolicBP<100mmHg  15(55.6) 12(44.4) 0.29 

Tachypnea(>20/ min)   20(100) 0(0) <0.001 

Tachycardia( > 100/min)   13(65.0) 7(35.0) 0.07 

Arterialoxygensaturation< 90%  19(47.5) 21(52.5) 0.98 

Patient Outcome, n (%)    

Discharge 33(45.2) 40(54.8) 0.06 

Dead 3(100) 0(0) 0.06 

 

SD: Standard deviation,CAD: Coronary artery disease; COPD: Chronic obstructive, 

pulmonary disease; BP: Blood pressure; WBC: White blood cell. 
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Table 2:  Laboratory findings, Wells scores and, Glasgow coma scores of patients according 

to the pulmonary embolism group.  

 

WBC: White blood cell; NLR: Neutrophil lymphocyte ratio; GCS: Glasgow coma score; IQR: 

Inter quartile ranges 

 

 

 

 

           

 

 

 

 

 

 

 

 

 

 

 

 

 

 Pulmonary 

Embolism 

Group 

(n=36) 

Non Pulmonary 

Embolism Group 

(n=40) 

p- 

Value 

Laboratory findings    

WBC (10
9
/L) (Mean±SD) 11.1± 3.8 12.3± 4.8 0.21 

Neutrophils (10
9
/L) 

(Mean±SD) 

8.4± 3.6 9.4± 4.6 0.28 

Lymphocytes (10
9
/L) 

(Mean±SD) 

1.6± 0.7 3.9± 2.1 <0.001 

NLR(Mean±SD) 5.1± 1.7 2.4± 0.6 <0.001 

Wells score(Median,IQR) 6.0(4.5- 7.5) 1.5(1.5- 1.5) <0.001 

Wells PE Likely, n(%) 28(100) 0(0) <0.001 

Wells PE Unlikely, n(%) 8(16.7) 40(83.3) <0.001 

GCS (Mean±SD) 10.3± 1.2 13.5± 1.4 <0.001 

Post-trauma duration(day, 

Mean±SD) 

8.7±3.8 11.1±3.0 <0.01 
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