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ABSTRACT  

 

Introduction: Non-life-threatening blunt chest trauma (BCT) admitted in emergency 

department (ED) are at risk of acute respiratory failure (ARF) and respiratory 

complications during their intensive care unit (ICU) follow-up. They may require a 

special focus to adopt specific prophylactic strategies and proper orientation. The aim 

of this study was to identify different risk factors for ARF in mild BCT. 

 

Methods: This retrospective, monocentric study from January 2015 to December 2020 

included all patients with mild BCT admitted to the ED and managed in ICU for at least 

48 hours with spontaneous breathing at admission. Occurrence of ARF was defined 

by PaO2/FiO2 ratio (PaFI) under 200 and need of ventilator support in the first 72 hours 

after admission. Using univariate and multivariate analysis, the risk factors of ARF 

incidence after BCT were investigated. We also studied the global ability of the TTS 

score to predict ARF occurrence by a ROC curve. Finally, we assessed the most 

significant and sensitive TTS score threshold.  

 

Results: A total of 190 BCT patients was included and 23.7% of them developed an 

ARF. A TTS score greater than 8 was independently associated with early ARF. A TTS 

score threshold of 6 significantly predicted the ARF incidence with a sensitivity (91%) 

and negative predictor value (94%) in mild BCT. The others risk factors independently 

associated with ARF were chronic respiratory disease, high score SOFA and loco 

regional analgesia. 

 

Conclusion: A significant amount of risk factors of ARF following mild BCT were 

highlighted in our study and must be considered for the proper management of those 

patient. It is the first study to enhance that a low TTS score threshold could help the 

mass screening and proper orientation of mild BCT. This study provides the basis for 

the development of a new risk stratification tool (TTS score) for mild BCT patients who 

may develop respiratory complications. 
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INTRODUCTION  
 

Chest trauma is the most common injury in severe trauma occurring in more than 50%  

of cases (1).  Isolated chest trauma is rare since more than 80% are associated with 

other potentially life-threatening injuries (2). 

A high morbi-mortality rate is reported for chest trauma and a 25% mortality rate is 

applicable to severe chest trauma (3). After abdominal and brain trauma injuries, it is 

the third cause of death in traumatology (4,5).  

Chest trauma is characterized by life-threatening conditions initially caused by direct 

injury to the lung and related respiratory failure, secondarily by the consequences of 

hypoxemia and inflammatory reaction on other organ functions. 

Blunt chest trauma (BCT) may be considered as a major issue in traumatology 

because of its multiple respiratory complications. Acute Respiratory Failure (ARF) 

accounts for most of chest trauma complications. During the past decade, mechanical 

invasive ventilation (MIV) was the first-line treatment for such patients. Now, non-

invasive ventilation (NIV) and multimodal analgesia reduce MIV rate in these situations 

(1) according the national guidelines (6). Various factors lead to ARF: atelectasis, early 

bacterial pneumonia, alveolar hypoventilation and pulmonary inflammation caused by 

trauma. 

The complexity of chest trauma management can be explained by the diversity of 

thoracic injuries, which are mainly bone injuries (ribs, sternal fractures, flail chest), 

pulmonary contusions, pneumothoraxes and pleural effusions (or aortic dissection, 

cardiac contusion, diaphragm lesion) with other associated injuries. 

Clinical presentation of thoracic trauma is heterogenous, ranging from mild to severe 

forms. Recently, risk factors of mortality for severe chest trauma have been identified: 

age greater than 65, pre-existing cardiopulmonary diseases, three or more rib fractures 

(7). 

Mild trauma is also associated with a significant morbidity. Thus, initial assessment 

may underestimate the severity of the situation and respiratory status may worsen 

during the following hours or days after admission. 

Currently, abundant inhomogeneous literature about chest trauma exists but very few 

concerning mild chest trauma, especially for stable patients without respiratory distress 

upon admission, who could benefit from a specific prophylactic management with 

proper orientation.  
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The aim of this retrospective study was to identify different risk factors for ARF 

in a large population of BCT without invasive or non-invasive ventilation at emergency 

department (ED) admission. This may determine which patient with mild BCT, would 

require a higher level of clinical intervention with strict monitoring and an intensive care 

unit (ICU) admission.  
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METHODS  
 

Study design and patients  

We performed a retrospective observational monocentric study in a regional university 

hospital ICU (La Timone, France).  

We collected data over a 5-year period from January 1, 2015 to December 31, 2020.  

Every included patient with mild BCT was over 16 years old, admitted to the ED and 

managed in ICU for at least 48 hours with spontaneous breathing at admission. In our 

cohort, non-life-threatening BCT defined the mild BCT of patients having stable vital 

parameters at ED admission and without critical impairment requiring urgent surgery. 

A full body computed-tomography scan (CT-scan) was systematically performed. 

Exclusion criteria were: mechanically ventilated patients, whether they had been 

intubated prior or at ICU admission, patient intubated for other reasons than an acute 

respiratory distress during their hospital stay, minor chest trauma (less than 3 isolated 

rib fractures or isolated minor hemo-pneumothorax), and penetrating trauma.  

We screened eligible patients through the local database using the international 

classification of diseases (ICD), named Cora.  

The ICD 10th revision codes used were S20.2 for thoracic contusion, S29.8 for other 

thoracic injury, S27.3 for other lung injury, S27.0 for pneumothorax, S27.1 for traumatic 

hemothorax, S22.3/S22.4 for multiples fractured ribs, and S22.5 for flail chest.  

All patients who met the inclusion criteria with such codes were enrolled in the study.  

583 patients were screened from database results, 393 patients were excluded and 

190 patients were included. Developing an early ARF within the first 72 hours from ED 

admission to ICU follow-up were screened. The occurrence of ARF was described by 

the association of a PaFI ratio under 200 with the need of ventilator support:  high flow 

oxygen (HFO), NIV or IMV. Patients requiring ventilator support for another motive than 

ARF due to thoracic injury were excluded.  

 

Data collection 

The following data were collected from medical files (axigate) of each patient: age, 

gender, chronic respiratory diseases (smoking, asthma, chronic obstructive pulmonary 

disease (COPD), obstructive sleep apnea (OSA), and restrictive syndrome), cardio-

vascular comorbidities (diabetes, High blood pressure, coronary artery disease 

(stented or not), peripheral arterial obstructive disease (PAOD)), body mass index, 



7 

anticoagulant/antiplatelet treatment, delay from trauma to hospital admission. From the 

CT-scan results, we accurately extracted thoracic lesion assessment: the number of 

fractured ribs, presence of flail chest, unilateral or bilateral fractured ribs damage, lung 

parenchyma involvement including lung contusion, hemo-pneumothorax, the side of 

the injury; and other injuries (abdominal, brain, spinal trauma, orthopedic, pelvic 

fracture, skin decay, face trauma).  

Different global severity scores were collected by the same investigator within the first 

24 hours : simplified acute physiological score II (8) (SAPS II) and sequential organ 

failure assessment (9) (SOFA) score. Specifically, for chest trauma, we used the injury 

severity score (10) (ISS) with the thoracic abbreviated injury score (11) (AIS) and the 

thoracic trauma severity score (12)(TTS). 

We also included the clinical data at the ED admission and at 48 hours of ICU 

admission: respiratory rate (RR) over 20, gas exchange values (pH, PaCO2, PaO2), 

PaO2/FIO2 ratio, oxygen support (oxygen flow   4L/min or > 4L/min, HFO, NIV and 

MIV).  

For evaluation of pain intensity, we used the numerical rating scale (NRS) at ICU 

admission. The type of multimodal analgesia and the presence of a morphine patient-

controlled analgesia (PCA) or a loco-regional analgesia (paravertebral block, serratus 

block and epidural catheter) were recorded. 

Then, we assessed the patients evolving towards early ARF, and delay between ICU 

admission and respiratory distress. Respiratory complications included the occurrence 

of pneumonia and/or an acute respiratory distress syndrome (ARDS) requiring prone 

position or extracorporeal assistance. The NIV duration, MIV duration, ICU stay 

lengths, hospital length of stay and the mortality during hospital stay were also 

reported.  

 

Ethics and Statistical analysis  

A descriptive analysis was carried out to compare the main characteristics of the 

overall sample. Categorical variables are presented as numbers and percentages, and 

continuous variables are presented as means ± SD. For the categorical variables the 

significance of differences was determined by the chi-square test or Fisher’s exact test, 

and by the t-test or Mann-Whitney test for continuous variable, as appropriate. 

Univariate and multivariate logistic regression were performed on the overall sample 
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to identify predictors of (IRA=1). Multiple logistic regression models were built. Each 

variable was examined by univariate analysis and included in the model when the                   

P value was lower than 0.20. Odds ratios (OR) and 95% confidence intervals. (95%CI) 

were reported. A two-sided p-value of less than .05 was considered to indicate 

statistical significance. Then a receiver operating characteristic (ROC) curve was 

drawn to assess the performance of the TTS score on admission in predicting the 

occurrence of ARF during the hospitalization. Areas under the ROC curves (AUC) were 

expressed with their 95% confidence interval (CI). Thus, we searched the threshold of 

TTS score having the best sensitivity (Se) (i.e. 90%). Specificity, Positive predictive 

value (PPV) and negative predictive value (NPV) were also provided. The statistical 

analyses were performed using IBM Corp Released 2012. IBM SPSS Statistics for 

Windows, Version 21.0. Armonk, NY: IBM Corp.  

The data base used for the analysis is, in accordance with the French laws, declared 

to the national commission of data processing (CNIL: PADS19-369). 
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RESULTS  

 

During the five-year study period, 190 BCT patients were screened including                      

156 (82.1%) men and 34 (17.9%) women. Baseline characteristics of each patient are 

summarized in Table 1. A mean age of 51 was reported, ranging from 16 to 95, and 

only 26.3 % of patients were under 65 years old. 70 (36.8%) patients had a chronic 

respiratory disease, 58 (30.5%) were smokers and 49 (25.8%) patients had 

cardiovascular comorbidities. Only 27 (14.2%) patients had a blood-thinning treatment 

including 13 (48.1%) with an antivitamin K.  

In our mild BCT patients, the mean ISS score, thoracic AIS score, and TTS score were 

respectively at 15.9  6.5, 3.1  0.6 and 7.8  3.0. 

The lesion assessment for each patient is described in Table 2.  A total of 173 (91.1%) 

patients had fractured ribs including 39 (20.5%) with bilateral damage and 35 (18.4%) 

with a flail chest. Similarly, 173 (91.1%) had a lung parenchyma involvement including 

lung contusion (57.9%), pneumothorax (66.8%) and hemothorax (55.3%). 155 (82.6%) 

patients presented at least another injury.  

A total of 45 (23.7%) patients developed an early ARF. The mean delay from ICU 

admission to ARF was of 2.38 ± 1.98 days. Table 4 reports the characteristics of the 

ARF group and the results for each risk factor associated with the occurrence of ARF 

in univariate analysis with the unadjusted odds ratios and their 95% CI.  

ARF significant risk factors in univariate analysis encompassed an age greater than 

65, comorbidities including a chronic respiratory disease, a history of smoking, and 

blood-thinning treatment. Three or more rib fractures, presence of lung contusion and 

presence of pneumothorax were also identified. Risk factor scores were significantly 

associated with ARF for cutoff values higher than 8 for TTS score, greater than 3 for 

thoracic AIS score, and high ISS, SOFA and SAPS II scores. Finally, the univariate 

analysis identified a respiratory rate greater than 20 at admission, an oxygen support 

over 4 liters/minute (or HFO), a hypercapnia at admission, a NRS score higher than 4, 

the use of morphine PCA and a loco regional analgesia as significant ARF risk factors.  

We also investigated which TTS score values below 8 were still significant in chest 

trauma patients developing ARF in univariate analysis. Bases on a ROC curve 

analysis, an AUC of TTS score at 0.8 (95% CI 0.73-0.88) predicted ARF occurrence in 

the overall population. The threshold for the best sensitivity was then assessed from 
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the same ROC curve analysis. The lowest but still significant TTS score value was 6. 

For a cutoff at 6, the sensitivity and specificity were respectively 91.1% and 44.1%. 

Likewise, the negative predictor value (NPV) and positive predictor value (PPV) were 

respectively 94.1% and 33.6%.  

Results of the multivariate logistic regression analysis are outlined in Table 5 with 

adjusted odds ratios and 95% CI. Risk factors independently associated with the ARF 

incidence included chronic respiratory disease, three or more rib fractures, loco-

regional analgesia, high SOFA score and TTS score higher than 8. Age greater than 

65, presence of flail chest, respiratory rate greater than twenty at admission, 

hypercapnia at admission and the use of morphine treatment were not independently 

associated with the occurrence of ARF.  
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DISCUSSION  
 

Our study is the first one to investigate the risk factors of early ARF occurrence in mild 

severity BCT admitted in ED.  

In our cohort, 23.7% of patients evolved towards an ARF. A TTS score over 8, chronic 

respiratory disease, loco-regional analgesia and high SOFA score were independent 

risk factors of ARF.   

TTS score greater than 8 at ED admission significantly increased the risk of developing 

an ARF (OR 3.58, 95%CI 1.15-11.14). Interestingly, TTS score is the only one 

considering demographic data such as age and respiratory status (PaFi ratio) in 

addition to thoracic injuries. Since Pape and al (12), several studies highlighted that 

high TTS score accurately predicted respiratory complications, delayed ARDS, 

prolonged mechanical ventilation and mortality (13–16). However, this score is usually 

applied on severer patients than in our study. Daurat and al (17) studied the global 

ability of the TTS score to predict ARDS. A TTS score of 13-25 was independently 

associated with ARDS, and an over 8 TTS score was established as a high sensitivity 

threshold for the prediction of ARDS. 

Our results are congruent with this TTS score threshold. However, focusing on mild 

BCT population, we sought to determine the lowest TTS score significant threshold to 

predict the occurrence of ARF. Indeed, the cornerstone of trauma management 

consists in a rapid and accurate patient emergency triage. Thus, it was necessary to 

acknowledge a new easy thoracic trauma score with higher sensitivity to promptly 

screen mild BCT patients at risk of developing an ARF. A TTS score at 6 was the 

lowest value still significant to predict ARF incidence with a sensitivity of 91.1% and a 

NPV of 94.1% (ROC curve). This result is very useful for our future practice and may 

improve the accuracy of thoracic trauma-related complications prediction. These 

findings might improve early decision making and appropriate management for a non-

negligible proportion of this specific trauma population. With a NPV over 90%, patients 

with TTS score under 6 at ED admission are at low risk of respiratory complication and 

might not require ICU care. Thus, the global lesion assessment must be exhaustive 

including a thoracic imaging, ideally a CT scan. The experts recommend the use of 

thoracic CT scan in case of thoracic injury or thoracic ultrasonography (US) with chest 

X-ray (Grade 1+) (6). The combination of both thoracic US and chest X-rays is 

recommended at ED admission for thoracic trauma.    
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Furthermore, the chronic respiratory disease entity considered COPD, asthma, OAS 

and restrictive syndrome. COPD (6.3%) and asthma (5.3%) were the main respiratory 

diseases represented in our study and almost half of them (53%) presented an ARF. 

Preexisting respiratory disease is clearly established as a morbi-mortality risk factor, 

consistently with the results of previous studies (7,18–21). Subsequently, a careful 

questioning of the patient's respiratory history at ED admission including history of 

smoking and cardiovascular comorbidities is of the utmost importance. An age greater 

than 65 was not find as significant risk factor of ARF in our study which can be 

explained by younger patients encountered in the global trauma population. However, 

in literature regarding thoracic trauma on elderly, age was significantly associated with 

morbi-mortality (22–24). 

Moreover, we found a high SOFA score and loco regional analgesia as independent 

risk factors for mild BCT patients developing an ARF. 

Discordantly to literature findings, our study revealed that loco regional analgesia was 

a significant risk factor of ARF. This observation might result from local practice. 

Indeed, in our facility loco regional analgesia may be performed later than in literature 

reports and on more severe cases (e.g.: PCA morphine failure). Those data suggests 

that loco regional analgesia must be performed early in chest traumas. French 

guidelines (6) recommend locoregional anesthesia for patients with severity criteria 

(complex or bilateral injuries) or remaining pain after 12 hours of appropriate treatment 

based on large pain management literature (21,25–29).   

Furthermore, in previous studies a high SOFA and SPAS II scores predicted severity 

and mortality (30,31),(32). Both scores are the most commonly used in our practice. 

The initial purpose of the SOFA score was to assess sepsis according to organ failure 

(33).  

Supporting the use of SOFA score for trauma, a recent American study identified a 

higher SOFA score as a significant risk factor of developing an infection after 

trauma(34). In our study, mean SOFA score was 3.26 in the ARF group and was an 

independent risk factor of ARF (OR 2.52, 95% CI 1.72-3.70). Discrepancies of SOFA 

scores (higher in the ARF group) might be explained by a greater severity of patients 

in the ARF group. Regarding the severity trauma injury scoring, the ISS score was 

already identified as a risk factor of morbidity and mortality in traumatology 

(21,23,24,35,36). On univariate analysis, ISS score was statistically significant for ARF 

occurrence. However, its significance was not encountered on multivariate analysis. 
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This is explained by our population of mild BCT with a low mean ISS similarly between 

the non ARF and the ARF group, respectively 15.9 ± 6.5 and 17.85  7.85. 

The present study has several limitations. First, the single-center study design resulted 

in a small sample size and patient management depended on local practices. Second, 

the risk of error in data collection and missing data are inherent to a retrospective study 

design.  Selection biases might also have occurred due to our databases and errors 

from the investigator completing the coding form on SPSS software. Third, resulting 

from the study design and the nature of patients in blunt chest trauma, some variables 

were interdependent, potentially leading to a variation in results significance. 

Therefore, our results should be interpreted in the light of the above-mentioned 

collinearity.  
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CONCLUSION 

 

In our study, a TTS score at 6 or higher at ED admission would both predict ARF 

occurrence and guide early decision making and management for this specific 

population. Orientation and care of thoracic trauma is difficult due to uncertain 

evolution towards ARF. Identifying precise risk factor of ARF in those patients would 

improve both their orientation and early care. This study may provide the basis for the 

development of a new risk stratification tool (TTS score) for the mild BCT patients who 

may develop respiratory complications until days after the injury. Further studies are 

needed to confirm these results. 

Moreover, a TTS score higher than 8, chronic pulmonary disease, high SOFA score 

and a loco regional analgesia were independent risks factor for occurrence of ARF. 

These results concur with literature.  
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TABLES 
TABLE 1. Baseline characteristics. 
 

Variables  n (%)  
Age, years, mean ± SD 

> 65 years old 
51 ± 18.1 
50 (26.3)  

Gender  
Males 
Females  

 
156 (82.1) 
34 (17.9) 

BMI, mean ± SD 24.5 ± 4.0 
History of smoking  58 (30.5) 
Chronic respiratory disease  

COPD 
Asthma 
Obstructive sleep apnea 
Restrictive syndrome  

70 (36.8) 
12 (6.3) 
10 (5.3) 
5 (2.6%) 
2 (1.1) 

Cardiovascular comorbidities  49 (25.8) 
High blood pressure  
Diabetes  
Coronary artery disease 
PAOD 

36 (18.9) 
17 (8.9) 
15 (7.9) 
2 (1.1) 

Anticoagulant/antiplatelet treatment  
Acetylsalicylic acid  
Other antiplatelet  
Antivitamin K 
NOAC 
Others  

27 (14.2) 
13 (48.1) 
7 (25.9) 
2 (7.4) 
4 (14.8) 
1 (3.7) 

Delay from trauma to hospital, days, mean ± SD 0.03 ± 0.19 
ISS score, mean ± SD 15.9 ± 6.5 
Thoracic AIS, mean ± SD 3.1 ± 0.6 
TTS score, mean ± SD 7.8 ± 3.0 
SAPS II score, mean ± SD 26.0 ± 9.7 
SOFA score, mean ± SD  1.6 ± 1.6 
Respiratory rate > 20  118 (62.1) 
Oxygen support at admission  

None  
Nasal oxygen 
Facial mask  
HFO 

 
22 (11.6) 
120 (63.2) 
37 (19.5) 
11 (5.8) 

pH at admission (62.1%), mean ± SD 7.36 ± 0.05 
PaO2 at admission, mmHg, mean ± SD 100.5 ± 51.1  
PaCO2 at admission, mmHg, mean ± SD  40.5 ± 6.8  
Hypercapnia at admission  28 (14.7) 
Pain assessment (NRS), mean ± SD 5.4 ± 1.9 
Analgesia 

Step 1 of WHO   
Step 2 of WHO  
Non-steroidal anti-inflammatory 
Morphine-PCA  

 
5 (2.6) 
61 (32.1) 
27 (14.2) 
97 (51.1) 

Loco-regional analgesia  
Serratus block 
Paravertebral block  
Epidural catheter  

38 (20.0) 
5 (2.6) 
5 (2.6) 
28 (14.7) 

 ARF, acute respiratory failure; OR, odd ratio; 95% CI, 95% confidence interval; BMI, body mass index; COPD, chronic  obstructive 
pulmonary disease; PAOD, peripheral arterial obstructive disease NOAC, new oral anti-coagulant; TTS, trauma thoracic severity; 
AIS, abbreviated injury score; SAPS II, simplified acute physiological score II; ISS, injury severity score; SOFA, sequential organ 
failure assessment; RR, respiratory rate; HFO, high flow oxygen; NRS, numerical rating scale; PCA, patient-controlled analgesia; 
WHO, world health organization.  
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TABLE 2. Characteristic of thoracic injury and other injury by region.  
 
THORACIC INJURY  

Fractured ribs 
Bilateral fractured ribs   
Number of fractured ribs, mean ± SD 
Flail chest 
Lung parenchyma involvement  
Lung contusion  
Bilateral lung contusion  
Pneumothorax  
Bilateral pneumothorax 
Hemothorax  
Bilateral hemothorax 

N (%) 
173 (91.1) 
39 (20.5) 
5.3 ± 3.3  
35 (18.4) 
173 (91.1) 
110 (57.9) 
34 (17.9) 
127 (66.8) 
23 (12.1) 
105 (55.3) 
14 (7.4) 

 
OTHER 

Abdominal 
Brain 
Orthopedic  
Spinal 
Face  
Pelvic  
Urologic  
Skin  

 
157 (82.6) 
58 (30.5) 
31 (16.3) 
84 (44.2) 
63 (33.2) 
24 (12.6) 
28 (14.7) 
2 (1.1) 
12 (6.3) 

 
 
 
 
TABLE 3. Outcomes details and complications. 
 
Occurrence of ARF N = 45 (23.7) 
Delay from ICU admission to ARF, days, mean ± SD  2.38 ± 1.98 
Gas exchanges at 48 hours after ARF 

pH, mean ± SD 
PaO2, mmHg, mean ± SD 
PaCO2, mmHg, mean ± SD 
PaFi ratio 

 
7.37 ± 0.06 
83.3 ± 22.2 
42.5 ± 7.2 
181 ± 69 

Hypercapnia at 48 hours after ARF 11/45 (24.4) 
Ventilatory support  

HFO 
NIV 
MIV  

 
5/45 (11.1) 
20/45 (44.4) 
16/45 (35.5) 

NIV duration, days, mean ± SD 4.0 ± 2.7 
MIV duration, days, mean ± SD 5.0 ± 6.2 
ARDS management  

Prone position  
Extracorporeal assistance  

 
6/45 (13.3) 
1/45 (2.2) 

Pneumonia 19/45 (42.2) 
ICU mortality  2/45 (4.4) 
ICU stay length, median [IQR 5 3-8 
Length of hospital stay, median [IQR] 10 6-16 

High flow oxygen (HFO), non-invasive ventilation (NIV), mechanical invasive ventilation (MIV), Acute respiratory failure (ARF), 
intensive care unit (ICU), ARDS acute respiratory distress syndrome; PAFI ratio, PaO2/FIO2 ratio. 
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TABLE 4. Results of univariate analysis: risk factors of ARF in BCT. 
 
Risk factors ARF (%) OR 95% CI  P value 
Age > 65 years 42.4 3.06 (1.50-6.25) 0.002 
BMI > 30  17.2 1.98 (0.59-6.70) NS 
Chronic respiratory disease  53.2 2.77 (1.40-5.51) 0.003 
Smoking  44.7 2.55 (1.27-5.11) 0.008 
Cardiovascular disease  29.8 1.41 (0.67-2.96) NS 
Blood-thinning treatment  12.8 7.55 (1.09-52.3) 0.04 
Rib fracture   89.4 1.49 (0.41-5.46) NS 
Three or more rib fractures 71.1 1.48 (0.73-3.00) NS 
Location fractured ribs  

Unilateral  
Bilateral  

 
66.0 
23.4 

 
1.40 
1.83 

 
(0.37-5.20) 
(0.43-7.65) 

 
NS 
NS 

Flail chest  23.4 1.63 (0.72-3.66) NS 
Lung contusion  70.2 1.85 (0.90-3.76) 0.09 
Unilateral lung contusion 51.1 2.04 (0.96-4.35) 0.06 
Pneumothorax 57.4 0.52 (0.26-1.04) 0.06 
Hemothorax 59.6 1.45 (0.73-2.88) NS 
Score  

TTS > 8  
TTS > 6 

 
66.0 
91.1 

 
6.95 
4.25 

 
(3.33-14.5) 
(1.78- 10.1) 

 
0.000 
0.001 

Score thoracic AIS ≥ 3 95.7 8.72 (1.14-66.1) 0.03 
Score ISS, mean  SD 17.85 7.85 1.05 (1.00-1.11) 0.02 
Score SAPS II, mean  SD 32.26 11.19 1.09 (1.05-1.14) 0.000 
Score SOFA, mean  SD 3.26 1.92 2.52 ((1.87-3.40) 0.000 
RR > 20  85.1 5.43 (2.16-13.6) 0.000 
Oxygen support  

Facial mask  
HFO  

 
42.6 
19.1 

 
24.7 
94.5 

 
(3.00-203.3) 
(7.5-1179.5) 

 
0.003 
0.000 

Hypercapnia at admission 25.5 2.93 (1.26-6.79) 0.01 
NRS score > 4 91.5 3.8 (1.10-13.1) 0.03 
Morphine PCA  70.2 3.03 (1.47-6.24) 0.003 
Loco regional analgesia  34.0 3.58 (1.67-7.66) 0.001 

 
ARF, acute respiratory failure; OR, odd ratio; 95% CI, 95% confidence interval; BMI, body mass index; TTS, trauma thoracic 
severity; AIS, abbreviated injury score; SAPS II, simplified acute physiological score II; SOFA, sequential organ failure 
assessment; RR, respiratory rate; HFO, high flow oxygen; NRS, numerical rating scale; PCA, patient-controlled analgesia. 
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TABLE 5. Results of multivariate logistic regression analysis. 

 

Risk factor  ARF  

Adjusted OR 

(95%CI) 

P value  

Significant risk factor    
Chronic respiratory disease  
Score TTS > 8 
Score SOFA 
Loco-regional analgesia 

 
6.59 (2.19-19.84) 

 
0.001 
0.02 
0.000 
0.002 

3.58 (1.15-11.14) 
2.52 (1.72-3.70) 
6.99 (2.10-23.27) 

Non-significant risk factor (adjusted for the 
significant variable) 

Age  
RR > 20  
Three or more rib fractures  
Flail chest  
Hypercapnia at admission  
Morphine PCA  

 
 
1.75 (0.58-5.27) 
3.47 (0.98-12.32) 
0.41 (0.11-1.42) 
0.78 (0.21-2.81) 
3.09 (0.89-10.67) 
1.31 (0.45-3.85) 

 
 
0.31 
0.05 
0.16 
0.70 
0.07 
0.61 

   
 

ARF, acute respiratory failure; OR, odd ratio; TTS, trauma thoracic severity; SOFA, sequential organ failure assessment;                                
RR, respiratory rate; PCA, patient-controlled analgesia. 
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FIGURES 

 
 
 
 
 
 
 
 
 
 

Figure 1. ROC curve of TTS score for predicting the occurrence of ARF. 
 

 
ARF, acute respiratory failure; AUC, area under the curve; ROC, curve receiver operating characteristics; NPV, negative predictive 
value; PPV, positive predictive value; 95% CI, 95% confidence interval; TTS score, thoracic trauma severity score. 
  

Sensitivity 91.1% 
Specificity 44.1% 
NPV  94.1% 
PPV 33.6% 

AUC = 0.80 (95% CI 0.73-0.88) 
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ABBREVIATIONS 

 

BCT:  blunt chest trauma 

ICU:  intensive care unit  

ARF:  acute respiratory failure  

MIV:  mechanical invasive ventilation  

NIV:  noninvasive ventilation 

ED:  emergency department  

ICD:  international classification of disease  

HFO:  high flow oxygen  

COPD:  chronic obstructive pulmonary disease 

OSA:  obstructive sleep apnea 

PAOD:  peripheral arterial obstructive disease 

CT-scan: computed-tomography scan 

SAPS II: simplified acute physiological score II 

SOFA:  sequential organ failure assessment 

ISS:  injury severity score 

AIS:  abbreviated injury score 

TTSS:  thoracic trauma severity score 

RR:  respiratory rate  

NRS:  numerical rating scale 

PCA:  patient-controlled analgesia 

ARDS:  acute respiratory distress syndrome 

OR:  odds ratio 

CI:  confidence interval  

ROC:  receiver operating characteristic 

AUC:  areas under the ROC 

PAFI:  PaO2/FiO2 

NPV:  negative predictive value 

PPV:  positive predictor value 
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ANNEXES  

1. Thoracic trauma severity (TTS) score(12).

 
 

2. Injury severity score (ISS) (and Thoracic abbreviated injury scale (AIS) score)(10). 
SCORE AIS SEVERITY   REGION  

0 Aucune   Tête et cou   

1 Mineur   Face  

2 Modérée  Thorax 

3 Sérieuse   Abdomen, pelvis  

4 Sévère    Extrémités, bassin  

5 Critique (survie incertaine)   Peau et tissu mou  

6 Maximale / Fatale    

 

3. Sequential organ failure assessment (SOFA) score(9). 

Défaillance  Variables  Score  

RESPIRATION  Aucune  0 

Rapport PAFI si supports ventilatoires  < 400 +/- ventilation assistée 1 

 < 300 +/- ventilation assistée 2 

 < 200 et ventilation assistée 3 

 < 100 et ventilation assistée 4 

CARDIOVASCULAIRE  Aucun  0 

 PAM < 70 mmHg  1 

Catécholamines en gamma/kg/min Dopa < ou = 5 ou dobutamine  2 

 Dopa > 5 ou Adrénaline/noradrénaline < ou = 0.1 µg/kg/min  3 

 Dopa > 15 ou adrénaline/noradrénaline > 0.1µg/kg/min  4 

NEUROLOGIQUE  15 0 

Glasgow 13 – 14  1 

 10 – 12  2 

 6 – 9  3 

 < 6 4 

COAGULATION  Normale  0 

Plaquettes X 10^3/mm3 < 150 1 

 < 100 2 

 < 50  3 

 < 20 4 

HEPATIQUE  Normale 0 

Mg/L (µmol/l) 12 – 19 (20 – 32) 1 

 20 – 59 (33 – 101) 2 

 60 – 119 (102 – 204)  3 

 > 120  (> 204)  4 

REIN  Normale  0 

Créatinine (mg/l ou µmol/l) ou diurèse  12 – 19 (110 – 170) 1 

 20 – 34 (171 – 299)  2 

 35 – 49 (300 – 440) ou Diurèse < 500ml/j 3 

 >  50 (> 440) ou < 200 ml/j   
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4. Simplified acute physiological score II(8) (SAPS II). 

Paramètres Variables Score  

Motif admission  Médecine  6 

 Chirurgie urgente 8 

 Chirurgie programmée  0 

Maladie chronique  Aucune  0 

 Cancer métastasé  9 

 Maladie hématologique  10 

 SIDA 17  

Age (années) Inférieur à 40  0 

 40 à 59  7 

 60 à 69  12 

 70 à 74  15 

 75 à 79  16 

 Supérieur ou égal  18 

Température Inférieur à 39° 0 

 Supérieur ou égal à 39° 3 

Score de Glasgow 14 – 15  0 

 11 – 13  5 

 9 – 10  7 

 6 – 8  13 

 Inférieur à 6  26 

Pression artériel systolique  Supérieure ou égale à 200 mmHg  2 

 100 – 199 mmHg 0 

 70 – 99 mmHg  5 

 Inférieur à 70 mmHg  13 

Fréquence cardiaque  Supérieure ou égale à 160 7 

 120 – 159  4 

 70 - 119  0 

 40 – 69  2 

 Inférieure à 40  11 

Rapport PaO2/FiO2 si VM ou CPAP Supérieur ou égal 200  6 

 100 – 199  9 

 Inférieur à 100  11 

Diurèse (L/24h) Supérieure ou égale à 1L 0 

 0.5 à 0.999L 4 

 Inférieur à 0.5L  11 

Urée sanguine  Inférieure à 10 mmol/l  0 

 10 – 29.9 mmol/l 6 

 Supérieure ou égale à 30 mmol/l  10 

Leucocytes  Supérieurs ou égal à 20.000/mm3 3 

 1.000 à 19.000/mm3  0 

 Inférieurs à 1.000/mm3 12 

Kaliémie  3 à 4.9 mEq/l  0 

 Inférieure à 3 mEq/l ou supérieure ou égale à 5 mEq/l 3 

Natrémie  125 à 144 mEq/l 0 

 Supérieure ou égale à 145 mEq/l 1 

 Inférieure à 125 mEq/l 5 

HCO3 -  Supérieur ou égal à 20 mEq/l 0 

 15 à 19 mEq/l 3 

 Inférieur à 15mEq/l 6 

Bilirubine  Inférieure à 68.4 µmol/l 0 

 68.4 à 102.5 µmol/l  4 

 Supérieure à 102.6 µmol/l 9 

 



23 

REFERENCES  

 

1.   Probst C, Pape H‐C, Hildebrand F, Regel G, Mahlke L, Giannoudis P, et al. 30 years of polytrauma 
care:  An  analysis  of  the  change  in  strategies  and  results  of  4849  cases  treated  at  a  single 
institution. Injury. janv 2009;40(1):77 83.  

2.   Karmy‐Jones  R,  Jurkovich  GJ.  Blunt  chest  trauma.  Current  Problems  in  Surgery.  mars 
2004;41(3):223 380.  

3.   Sauaia A, Moore FA, Moore EE, Moser KS, Brennan R, Read RA, et al. Epidemiology of Trauma 
Deaths: A Reassessment. Journal of Trauma and Acute Care Surgery. févr 1995;38(2):185 93.  

4.   Chrysou K, Halat G, Hoksch B, Schmid RA, Kocher GJ. Lessons from a large trauma center: impact 
of blunt chest trauma in polytrauma patients—still a relevant problem? Scand J Trauma Resusc 
Emerg Med [Internet]. 20 avr 2017  [cité 21 mars 2021];25. Disponible sur: https://www.ncbi. 
nlm.nih.gov/pmc/articles/PMC5399315/ 

5.   Lecky FE, Bouamra O, Woodford M, Alexandrescu R, O’Brien S. Epidemiology of Polytrauma. In: 
Pape H‐C, Peitzman A, Schwab W, Giannoudis P, éditeurs. Damage Control Management in the 
Polytrauma Patient. Springer; 2010. p. 13 24.  

6.   Bouzat P, Raux M, David  JS, Tazarourte K, Galinski M, Desmettre T, et al. Chest  trauma: First 
48hours management. Anaesth Crit Care Pain Med. avr 2017;36(2):135 45.  

7.   Battle CE, Hutchings H, Evans PA. Risk factors that predict mortality in patients with blunt chest 
wall trauma: A systematic review and meta‐analysis. Injury. janv 2012;43(1):8 17.  

8.   Le Gall J‐R, Lemeshow S, Saulnier F. A New Simplified Acute Physiology Score (SAPS II) Based on 
a European/North American Multicenter Study. JAMA. 22 déc 1993;270(24):2957 63.  

9.   Vincent JL, Moreno R, Takala J, Willatts S, De Mendonça A, Bruining H, et al. The SOFA (Sepsis‐
related Organ Failure Assessment) score to describe organ dysfunction/failure. On behalf of the 
Working Group on Sepsis‐Related Problems of the European Society of Intensive Care Medicine. 
Intensive Care Med. juill 1996;22(7):707 10.  

10.   Baker  SP, O’Neill  B, Haddon W,  Long WB.  The  injury  severity  score:  a method  for  describing 
patients  with  multiple  injuries  and  evaluating  emergency  care.  J  Trauma.  mars  1974;14(3): 
187 96.  

11.   AIS 2015 Released [Internet]. Association for the Advancement of Automotive Medicine. 2016 
[cité 14 mars 2021]. Disponible sur: https://www.aaam.org/ais‐2015‐released/ 

12.   Pape H‐C, Remmers D, Rice J, Ebisch M, Krettek C, Tscherne H. Appraisal of Early Evaluation of 
Blunt Chest Trauma: Development of a Standardized Scoring System for Initial Clinical Decision 
Making. Journal of Trauma and Acute Care Surgery. sept 2000;49(3):496 504.  

13.   Okabe  Y.  Risk  factors  for  prolonged  mechanical  ventilation  in  patients  with  severe  multiple 
injuries and blunt chest trauma: a single center retrospective case‐control study. Acute Med Surg. 
avr 2018;5(2):166 72.  



24 

14.   Moon SH, Kim JW, Byun JH, Kim SH, Choi JY, Jang IS, et al. The thorax trauma severity score and 
the trauma and injury severity score: Do they predict in‐hospital mortality in patients with severe 
thoracic  trauma?  Medicine  (Baltimore)  [Internet].  20  oct  2017  [cité  11  mars  2021];96(42). 
Disponible sur: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5662406/ 

15.   Mommsen P, Zeckey C, Andruszkow H, Weidemann J, Frömke C, Puljic P, et al. Comparison of 
different  thoracic  trauma  scoring  systems  in  regards  to  prediction  of  post‐traumatic 
complications and outcome in blunt chest trauma. J Surg Res. juill 2012;176(1):239 47.  

16.   Aukema TS, Beenen LF, Hietbrink F, Leenen LP. Validation of the Thorax Trauma Severity Score 
for mortality and  its value for the development of acute respiratory distress syndrome. Open 
Access Emerg Med. 2011;3:49 53.  

17.   Daurat A, Millet I, Roustan J‐P, Maury C, Taourel P, Jaber S, et al. Thoracic Trauma Severity score 
on admission allows to determine the risk of delayed ARDS in trauma patients with pulmonary 
contusion. Injury. janv 2016;47(1):147 53.  

18.   Bamvita  J‐M,  Bergeron  E,  Lavoie  A,  Ratte  S,  Clas  D.  The  impact  of  premorbid  conditions  on 
temporal  pattern  and  location  of  adult  blunt  trauma  hospital  deaths.  J  Trauma.  juill 
2007;63(1):135 41.  

19.   Battle CE, Hutchings H, James K, Evans PA. The risk factors for the development of complications 
during the recovery phase following blunt chest wall trauma: A retrospective study. Injury. sept 
2013;44(9):1171 6.  

20.   Ávila Martínez RJ, Hernández Voth A, Marrón Fernández C, Hermoso Alarza F, Martínez Serna I, 
Mariscal  de  Alba  A,  et  al.  Evolution  and  Complications  of  Chest  Trauma.  Archivos  de 
Bronconeumología (English Edition). mai 2013;49(5):177 80.  

21.   Bachoumas K, Levrat A, Le Thuaut A, Rouleau S, Groyer S, Dupont H, et al. Epidural analgesia in 
ICU chest trauma patients with fractured ribs: retrospective study of pain control and intubation 
requirements. Ann Intensive Care. 27 août 2020;10(1):116.  

22.   Abid A, Ahmad T, Thapaliya P, Dawani S, Sikander N, Mazcuri M. Morbidity And Mortality Among 
Patients Sustaining Chest Injury Due To Blunt Force ‐ The Difference Between Young And Elderly. 
J Ayub Med Coll Abbottabad. déc 2020;32(4):512 6.  

23.   Bergeron E, Lavoie A, Clas D, Moore L, Ratte S, Tetreault S, et al. Elderly trauma patients with rib 
fractures are at greater risk of death and pneumonia. J Trauma. mars 2003;54(3):478 85.  

24.   Sawa J, Green RS, Thoma B, Erdogan M, Davis PJ. Risk factors for adverse outcomes in older adults 
with blunt chest trauma: A systematic review. CJEM. juill 2018;20(4):614 22.  

25.   Bulger EM, Edwards T, Klotz P, Jurkovich GJ. Epidural analgesia improves outcome after multiple 
rib fractures. Surgery. août 2004;136(2):426 30.  

26.   Kieninger AN, Bair HA, Bendick PJ, Howells GA. Epidural versus intravenous pain control in elderly 
patients with rib fractures. Am J Surg. mars 2005;189(3):327 30.  

27.   Mackersie  RC,  Karagianes  TG,  Hoyt  DB,  Davis  JW.  Prospective  evaluation  of  epidural  and 
intravenous administration of fentanyl for pain control and restoration of ventilatory function 
following multiple rib fractures. J Trauma. avr 1991;31(4):443 9; discussion 449‐451.  



25 

28.   Joshi  GP,  Bonnet  F,  Shah  R, Wilkinson  RC,  Camu  F,  Fischer  B,  et  al.  A  systematic  review  of 
randomized trials evaluating regional techniques for postthoracotomy analgesia. Anesth Analg. 
sept 2008;107(3):1026 40.  

29.   Moon  MR,  Luchette  FA,  Gibson  SW,  Crews  J,  Sudarshan  G,  Hurst  JM,  et  al.  Prospective, 
Randomized Comparison of Epidural Versus Parenteral Opioid Analgesia in Thoracic Trauma. Ann 
Surg. mai 1999;229(5):684.  

30.   Alisha C, Gajanan G, Jyothi H. Risk Factors Affecting the Prognosis  in Patients with Pulmonary 
Contusion Following Chest Trauma. J Clin Diagn Res. août 2015;9(8):OC17 9.  

31.   Lee MA,  Choi  KK,  Yu  B,  Park  JJ,  Park  Y,  Gwak  J,  et  al.  Acute  Physiology  and  Chronic  Health 
Evaluation  II  Score  and  Sequential  Organ  Failure  Assessment  Score  as  Predictors  for  Severe 
Trauma Patients in the Intensive Care Unit. Korean J Crit Care Med. nov 2017;32(4):340 6.  

32.   Wu J, Sheng L, Ma Y, Gu J, Zhang M, Gan J, et al. The analysis of risk factors of impacting mortality 
rate in severe multiple trauma patients with posttraumatic acute respiratory distress syndrome. 
The American Journal of Emergency Medicine. mai 2008;26(4):419 24.  

33.   Singer M, Deutschman CS, Seymour CW, Shankar‐Hari M, Annane D, Bauer M, et al. The Third 
International  Consensus  Definitions  for  Sepsis  and  Septic  Shock  (Sepsis‐3).  JAMA.  23  févr 
2016;315(8):801 10.  

34.   Eguia E, Cobb AN, Baker MS, Joyce C, Gilbert E, Gonzalez R, et al. Risk factors for infection and 
evaluation of Sepsis‐3 in patients with trauma. Am J Surg. nov 2019;218(5):851 7.  

35.   Miller PR, Croce MA, Kilgo PD, Scott J, Fabian TC. Acute respiratory distress syndrome in blunt 
trauma: identification of independent risk factors. Am Surg. oct 2002;68(10):845 50; discussion 
850‐851.  

36.   Geiger  EV,  Lustenberger  T, Wutzler  S,  Lefering  R,  Lehnert M, Walcher  F,  et  al.  Predictors  of 
pulmonary  failure  following  severe  trauma: a  trauma  registry‐based analysis.  Scand  J Trauma 
Resusc Emerg Med. 22 avr 2013;21:34.  

 

 

 



SERMENT D'HIPPOCRATE 

Au moment d’être admise à exercer la médecine, je promets et je jure 
d’être fidèle aux lois de l’honneur et de la probité. 

Mon premier souci sera de rétablir, de préserver ou de promouvoir la 

santé dans tous ses éléments, physiques et mentaux, individuels et 

sociaux. 

Je respecterai toutes les personnes, leur autonomie et leur volonté, sans 
aucune discrimination selon leur état ou leurs convictions. J’interviendrai 

pour les protéger si elles sont affaiblies, vulnérables ou menacées dans 
leur intégrité ou leur dignité. Même sous la contrainte, je ne ferai pas 

usage de mes connaissances contre les lois de l’humanité. 

J’informerai les patients des décisions envisagées, de leurs raisons et de 
leurs conséquences. 

Je ne tromperai jamais leur confiance et n’exploiterai pas le pouvoir hérité 

des circonstances pour forcer les consciences. 

Je donnerai mes soins à l’indigent et à quiconque me les demandera. Je 

ne me laisserai pas influencer par la soif du gain ou la recherche de la 
gloire. 

Admise dans l’intimité des personnes, je tairai les secrets qui me seront 
confiés. Reçue à l’intérieur des maisons, je respecterai les secrets des 
foyers et ma conduite ne servira pas à corrompre les moeurs. 

Je ferai tout pour soulager les souffrances. Je ne prolongerai pas 

abusivement les agonies. Je ne provoquerai jamais la mort délibérément. 

Je préserverai l’indépendance nécessaire à l’accomplissement de ma 
mission. Je n’entreprendrai rien qui dépasse mes compétences. Je les 

entretiendrai et les perfectionnerai pour assurer au mieux les services qui 
me seront demandés. 

J’apporterai mon aide à mes confrères ainsi qu’à leurs familles dans 
l’adversité. 

Que les hommes et mes confrères m’accordent leur estime si je suis fidèle 

à mes promesses ; que je sois déshonorée et méprisée si j’y manque. 





RESUME 

Introduction : Les traumatismes thoraciques (TT) non graves admis au déchoquage 

présentent un risque d'insuffisance respiratoire aiguë (IRA) et de complications 

respiratoires durant leur suivi en unité de soins intensifs (USI). Ils nécessitent une 

attention particulière pour adopter des stratégies prophylactiques spécifiques et une 

orientation adéquate. L'objectif de cette étude était d'identifier les différents facteurs de 

risque d'IRA chez les TT légers. 

Méthode : Cette étude rétrospective et monocentrique de janvier 2015 à décembre 2020 

a inclus tous les patients ayant un TT léger admis aux urgences et pris en charge en USI 

pendant au moins 48 heures avec une respiration spontanée à l'admission. La survenue 

d'une IRA a été définie par un rapport PaO2/FiO2 (PaFI) inférieur à 200 et la nécessité 

d'une assistance ventilatoire dans les 72 premières heures après l'admission. Les 

facteurs de risque de survenue d’une IRA après un TT étaient étudiés par une analyse 

univariée et multivariée. Nous avons également étudié la capacité globale du score TTS 

à prédire la survenue d'une IRA par une courbe ROC. Enfin, nous avons évalué le seuil 

le plus significatif et le plus sensible du score TTS.  

Résultats : Un total de 190 patients atteints de TT a été inclus et 23,7% d'entre eux ont 

développé une IRA. Un score TTS supérieur à 8 était indépendamment associé à une 

IRA précoce. Un seuil de score TTS de 6 prédit significativement l'incidence de l'IRA 

avec une sensibilité de 91% et une valeur prédictive négative de 94% dans le cas d'un 

TT léger. Les autres facteurs de risque indépendamment associés à l'IRA étaient la 

maladie respiratoire chronique, un score SOFA élevé et l'analgésie locorégionale. 

Conclusion : Notre étude a mis en évidence un nombre important de facteurs de risque 

d'IRA à la suite d'un TT léger et ces facteurs doivent être pris en compte pour une prise 

en charge adéquate de ces patients. C'est la première étude à mettre en évidence qu'un 

seuil bas de score TTS pourrait aider au dépistage de masse et à l'orientation adéquate 

des TT légers. Cette étude fournit la base pour le développement d'un nouvel outil de 

stratification du risque (score TTS) pour les patients atteints de TT léger qui peuvent 

développer des complications respiratoires. 

Mots-clés : insuffisance respiratoire aiguë, traumatisme thoracique, facteurs de risque.  
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