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Background: Ventilator-associated pneumonia (VAP) is a common disease that may contribute to morbidity 

and mortality among trauma patients in the intensive care unit (ICU). This study evaluated the associations 

between trauma factors and the development of VAP in ventilated patients with multiple rib fractures. 

Methods: We retrospectively and consecutively evaluated 101 patients with multiple rib fractures who were 

ventilated and managed at our hospital between January 2010 and December 2015, analyzing the associa-

tions between VAP and trauma factors in these patients. Trauma factors included sternal fracture, flail chest, 

diaphragm injury, traumatic aortic dissection, combined cardiac injury, pulmonary contusion, pneumothorax, 

hemothorax, hemopneumothorax, abbreviated injury scale score, thoracic trauma severity score, and injury se-

verity score. Results: Forty-six patients (45.5%) had at least 1 episode of VAP, 10 (21.7%) of whom died in 

the ICU. Of the 55 (54.5%) patients who did not have pneumonia, 9 (16.4%) died in the ICU. Using logistic 

regression analysis, we found that VAP was associated with severe lung contusion (odds ratio, 3.07; 95% 

confidence interval, 1.12 to 8.39; p=0.029). Conclusion: Severe pulmonary contusion (pulmonary lung con-

tusion score 6–12) is an independent risk factor for VAP in ventilated trauma patients with multiple rib 

fractures.
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Introduction

Hospital-acquired infections (HAI) are infections 

acquired in hospitals and other healthcare facilities. 

HAIs are common complications among patients ad-

mitted to intensive care units (ICUs), especially those 

requiring endotracheal intubation with mechanical 

ventilation [1]. Ventilator-associated pneumonia (VAP) 

results from an invasion of the lower respiratory 

tract and lung parenchyma by microorganisms. It is 

defined as pneumonia occurring more than 48 hours 

after intubation and mechanical ventilation with ra-

diologic evidence of new or progressive infiltrates, 

laboratory detection of the causative agent, and 

symptomatic evidence of systemic infection [2].

Green et al. [3] reported a high incidence of pul-
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Fig. 1. The PCS. The PCS is determined by summing each of the 

lengths (a and b). a: The length of the transverse axis of the lobe 

with the largest pulmonary contusion visualized by computed to-

mography of the chest. b: The length of the longest pulmonary 

contusion. PCS of 1 lobe=(b/a)×3. Fractions of 0.5 and higher 

were rounded up to the nearest whole number. PCS, pulmonary 

contusion score.

monary infection in patients with multiple trauma 

that was attributable to a decrease in the efficacy of 

immune defense mechanisms. Upper airway colo-

nization, trauma requiring surgical treatment, im-

munosuppression by sedative drugs, or excessive 

bleeding due to multiple trauma can reduce the im-

mune defense functions [3]. Previous studies found 

that scoring systems reflecting the severity of trau-

ma, such as the injury severity score (ISS), the thora-

cic trauma severity score (TTSS), and the rib score, 

were independent risk factors for the development of 

pneumonia. In addition, multiple studies have shown 

that pulmonary contusion and sternal fracture in-

crease the risk of developing pneumonia [4-6]. 

However, the incidence of pneumonia and the related 

risk factors in cases of multiple trauma are still un-

der debate, especially for patients with multiple rib 

fractures who require mechanical ventilation. There-

fore, the present study evaluated the association be-

tween trauma factors and the development of VAP in 

ventilated patients with multiple rib fractures.

Methods

1) Study population

This retrospective study was approved by the in-

stitutional review board of the Gyeongsang National 

University Hospital (GNUH 2016-10-028-003). We 

retrospectively and consecutively evaluated all pa-

tients with multiple rib fractures who required me-

chanical ventilation in the ICU; all patients were ad-

mitted at a single center between January 2010 and 

December 2015. We identified 110 trauma patients 

who received mechanical ventilation. We excluded 

patients who died within 48 hours of injury, those 

who were discharged from the ICU within 24 hours, 

those who had single rib fractures, and those who 

had stab injuries. Based on these criteria, 9 patients 

were excluded, and 101 ventilated patients were fi-

nally included in our study. Data extracted from the 

medical records included demographic characteristics, 

mechanism of injury, number and laterality of rib 

fractures, associated injuries, rib score, TTSS, ISS, 

clinical course, and outcomes.

2) Definitions

We defined multiple rib fractures as more than 3 

fractures of the ribs. Pulmonary contusion was cate-

gorized into 3 levels of severity based on a scoring 

system. We calculated 2 lengths (a and b) after di-

viding both lungs into the following 4 areas: right 

upper plus right middle lobe, right lower lobe, left 

upper lobe, and left lower lobe. ‘a’ was the length of 

the transverse axis of the lung, with the largest area 

of pulmonary contusion visualized and measured by 

means of computed tomography (CT) of the chest. ‘b’ 

was the length of the longest pulmonary contusion. 

The pulmonary contusion score (PCS) for a lobe was 

calculated as (b/a)×3. We rounded up fractions of 

0.5 or greater to the next whole-number unit (Fig. 1) 

and summed the scores of the lobes. The total PCS 

was then defined as mild (0–2), moderate (3–5), or 

severe (6–12) [7].

The ISS is an anatomic scoring system that pro-

vides an overall score for patients with multiple 

injuries. Each injury is assigned an abbreviated injury 

scale (AIS) score and is associated with 1 of the fol-

lowing 6 body regions: head, face, chest, abdomen, 

extremities (including the pelvis), and external. Only 

the highest AIS score in each body region is used. 

The sum of the squares of the 3 most severely in-

jured body regions is then used to calculate the ISS 

[8]. The TTSS combines the patient’s age, resuscita-

tion parameters, and radiologic assessment of thora-

cic trauma (Table 1) [6].
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Table 1. The thoracic trauma severity score

Grade S
a)

Rib fractures Contusion Pleural involvement Age (yr) Points

0 400≤S 0 None None ＜30 0

I 300≤S＜400 1–3 1 lobe, unilateral PTX 30–41 1

II 200≤S＜300 ＞4 Unilobar bilateral or bilobar unilateral HTX/HPTX unilateral 42–54 2

II 150≤S＜200 ＞3 bilateral ＜2 lobes bilateral HTX/HPTX bilateral 55–70 3

IV S＜150 Flail chest ≥2 lobes bilateral TPTX ＞70 5

For calculation of the total score, all categories are summed. The score can range from 0 to 25.

PTX, pneumothorax; HTX, hemothorax; HPTX, hemopneumothorax; TPTX, tension pneumothorax.
a)
S is PaO2/FiO2.

The patients with pneumonia satisfied all of the 

following criteria: (1) core temperature ＞38.3
o
C; (2) 

a white blood cell count ＞10.0×10
9
/L; (3) purulent 

tracheobronchial secretions; (4) worsening of pulmo-

nary gas exchange levels; and (5) persistence of pul-

monary infiltrates on radiographic images (＞24 

hours) [9]. VAP was defined as pneumonia occurring 

more than 48 hours after intubation and initiation of 

mechanical ventilation with radiologic evidence of 

new or progressive infiltrates, laboratory detection of 

a causative agent, and symptomatic evidence of sys-

temic infection [2,4].

3) Treatment

Endotracheal intubation was performed in patients 

with at least 1 of the following 5 indications: (1) in-

ability to maintain airway patency; (2) inability to 

protect the airway against aspiration; (3) ventilator 

compromise; (4) failure to adequately oxygenate pul-

monary capillary blood; and (5) anticipation of a de-

teriorating course that would eventually lead to the 

inability to maintain airway patency or protection 

[10]. All patients received prophylactic antibiotics. 

The most commonly used antibiotics were second- 

generation cephalosporins, such as cefotiam. We used 

additional antibiotics for other conditions, such open 

wounds, and as a surgical prophylaxis.

4) Data analysis

Missing data were not replaced or imputed. We 

calculated p-values using the Fisher exact test or the 

Pearson chi-square test for categorical variables and 

used the Mann-Whitney U-test for continuous variables. 

Significance was set at p＜0.05. To evaluate the risk 

factors for a poor outcome, we used logistic re-

gression analysis. In the multivariate model of effi-

cacy, we included relevant variables with p＜0.10 in 

the univariate analysis. We calculated associations 

between the variables included in the multivariate 

analysis, with significance set at p＜0.05. All stat-

istical analyses were performed using IBM SPSS soft-

ware ver. 24.0 (IBM Corp., Armonk, NY, USA).

Results

Between January 2010 and December 2015, 

Gyeongsang National University Hospital provided 

mechanical ventilation to 101 patients with multiple 

rib fractures. The median age of the patients was 66 

years, and the majority of patients were male 

(80.2%). Fifty-three patients (52.5%) were smokers 

or ex-smokers (the latter group had not smoked 

within the last 1 year), and 13 patients (12.9%) had 

a history of lung disease: 4 (4%) had chronic ob-

structive lung disease, 8 (7.9%) had asthma, and 1 

(1.0%) had pulmonary tuberculosis. Motor vehicle 

collisions were the main cause of trauma (79.2%), 

and included car (23.8%), motorcycle (19.8%), pedes-

trian (18.8%), and cultivator (16.8%) accidents. 

Overall, 63 patients (62.4%) had bilateral rib frac-

tures, and the median number of rib fractures was 

10. Of the 101 patients in the study, 46 (45.5%) de-

veloped pneumonia (the VAP group) and 55 (54.5%) 

did not (the non-VAP group). There were no sig-

nificant differences in age or sex between the groups. 

Additionally, the mechanisms of trauma and the 

mean number of rib fractures was not significantly 

different between the groups (Table 2).

The differences in individual trauma factors be-

tween the VAP and control groups were studied. We 

assessed sternal fracture, flail chest, diaphragm in-

jury, traumatic aortic dissection, combined cardiac in-

jury, pulmonary contusion, pneumothorax, hemothor-

ax, hemopneumothorax, AIS score, TTSS, and ISS. 
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Table 2. Demographic and clinical characteristics of patients with multiple rib fractures receiving mechanical ventilation

Characteristic Total (n=101) No pneumonia (n=55) Pneumonia (n=46) p-value

Age (yr) 66 (50–74) 61 (43–75) 68 (45–74) 0.179

Male sex 81 (80.2) 44 (80) 37 (80.4) 0.956

Smoking 53 (52.5) 28 (50.9) 25 (54.3) 0.842

Comorbidity

  Chronic obstructive pulmonary disease 4 (4) 1 (1.8) 3 (6.5) 0.328

  Asthma 8 (7.9) 4 (7.3) 4 (8.7) 1

  Tuberculosis 1 (1) 0 1 (2.2) 0.455

Mechanism of trauma

  Motor vehicle collision 80 (79.2) 42 (76.4) 38 (82.6) 0.472

  Car accident 24 (23.8) 12 (21.8) 12 (26.1) 0.645

  Pedestrian 19 (18.8) 11 (20) 8 (17.4) 0.471

  Motorcycle 20 (19.8) 13 (23.6) 7 (15.2) 0.211

  Cultivator 17 (16.8) 6 (10.9) 11 (23.9) 0.11

  Falls 21 (20.8) 13 (23.6) 8 (17.4) 0.472

No. of fractures 10 (5–14) 10 (6–14) 9 (5–13) 0.547

Bilateral rib fractures 63 (62.4) 37 (67.3) 26 (56.5) 0.306

Values are presented as median (interquartile range) or number (%). All p-values were calculated using the Fisher exact test or the 

Pearson chi-square test for categorical variables and the Mann-Whitney U-test, as appropriate.

Sternal fractures were noted in 18 patients (17.8%), 

flail chest in 75 patients (74.3%), and pulmonary 

contusion in 101 patients (100%). Traumatic dia-

phragm injury was noted in 5 patients (5%), all of 

whom underwent surgical repair. Seven patients 

(6.9%) had traumatic aortic dissection; 3 of these pa-

tients underwent thoracic endovascular aortic repair 

once their condition was suitable (1–2 weeks post-in-

jury). Three patients (3%) sustained traumatic heart 

injuries: 1 had a traumatic tricuspid injury, 1 had a 

traumatic aortic valve injury, and 1 had a ruptured 

left atrium. Pneumothorax was noted in 80 patients 

(79.2%), hemothorax in 94 patients (93.1%), and he-

mopneumothorax in 77 patients (76.2%). The most 

commonly combined injuries were external, extremity, 

abdomen, face, and head and neck injuries. Emergency 

neurosurgery due to intracranial hemorrhage was 

performed in 24 patients (23.8%). Thirteen patients 

(12.9%) underwent emergency abdominal surgery. 

Emergency embolization was performed in 25 patients 

(24.8%) due to hepatic (n=10 [9.9%]), splenic (n=7 

[6.9%]), or retroperitoneal (n=9 [8.9%]) injury. Severe 

pulmonary contusion (p=0.046) and the ISS (p＜0.001) 

were the only trauma factors that differed signifi-

cantly between the VAP and control groups (Table 3).

Patients with suspected VAP were initially treated 

with ceftriaxone or an antimicrobial agent such as a 

respiratory fluoroquinolone, ampicillin/sulbactam, or 

meropenem. Bronchoalveolar lavage fluid and blood 

culture specimens were obtained from patients with 

suspected VAP. The causative organisms identified 

from these specimens were Staphylococcus aureus 

(45.7%), Acinetobacter baumanii (21.7%), Klebsiella 

pneumoniae (13%), Pseudomonas aeruginosa (13%), 

Candida albicans (4.3%), and Staphylococcus epi-

dermidis (2.2%) (Table 4). When a causative organ-

ism was identified, the administered antibiotic treat-

ment was appropriately modified upon consultation 

with specialist physicians.

Generally, patients in the VAP group had longer 

hospital stays than those in the control group. 

Additionally, the duration of the ICU stay (p=0.002) 

and the duration of mechanical ventilation (p＜ 

0.001) were significantly longer in the VAP group 

than in the control group. We assessed complications, 

such as acute respiratory distress syndrome, acute 

renal failure, gastrointestinal bleeding, atrial fi-

brillation, and disseminated intravascular coagulation. 

Overall, the rate of complications was higher in the 

VAP group than in the control group; however, the 

difference was not significant. The mortality rate was 

defined as the rate of all-cause mortality, and it was 

comparable between the 2 groups (Table 5).

Univariate logistic regression analysis revealed that 

the development of VAP was significantly associated 

with severe pulmonary contusion and the ISS. The 
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Table 3. Intrathoracic injuries, combined injuries, AIS score, TTSS, and ISS of patients with multiple rib fractures receiving mechanical 

ventilation

Characteristic Total (n=101) No pneumonia (n=55) Pneumonia (n=46) p-value

Sternal fracture 18 (17.8) 14 (25.5) 9 (19.6) 0.634

Flail chest 75 (74.3) 40 (72.7) 35 (76.1) 0.82

  Bilateral 51 (50.5) 31 (56.4) 20 (43.5) 0.233

Diaphragm injury 5 (5) 4 (7.3) 1 (2.2) 0.373

Traumatic aortic dissection 7 (6.9) 4 (7.3) 3 (6.5) 1

Combined cardiac injury 10 (9.9) 4 (7.3) 6 (13) 0.506

Pulmonary contusion
a)

101 (100) 55 (100) 46 (100) 1

  Mild 24 (23.8) 16 (29.1) 8 (17.4) 0.241

  Moderate 25 (24.8) 16 (29.1) 9 (19.6) 0.356

  Severe 52 (51.5) 23 (41.8) 29 (63) 0.046

Pneumothorax+ 80 (79.2) 44 (80) 36 (78.3) 1

Hemothorax 94 (93.1) 50 (90.9) 44 (95.7) 0.45

Hemopneumothorax 77 (76.2) 41 (74.5) 36 (78.3) 0.815

  Both hemopneumothorax 21 (20.8) 10 (18.2) 11 (23.9) 0.623

Other site injuries

  Head and neck 52 (51.5) 29 (52.7) 23 (50) 0.843

  Face 65 (64.4) 37 (67.3) 28 (60.9) 0.537

  Abdomen 82 (71.3) 45 (81.8) 37 (80.4) 0.859

  Extremity 82 (81.2) 45 (81.8) 37 (80.4) 1

  External 89 (88.1) 48 (87.3) 41 (89.1) 1

AIS score

  Head and neck 1 (0–3) 2 (0–3) 1 (0–4) 0.746

  Face 1 (0–1) 1 (0–1) 1 (0–1) 0.635

  Thorax 4 (3–5) 4 (3–5) 4 (3–5) 0.539

  Abdomen 3 (1–4) 2 (1–3) 3 (2–4) 0.067

  Extremity 2 (1–3) 2 (2–3) 2 (1–3) 0.795

  External 1 (1–2) 1 (1–2) 1 (1–2) 0.775

TTSS 20 (18–23) 21 (17–23) 20 (19–24) 0.056

ISS 36 (29–42) 34 (29–38) 38 (33–43) ＜0.001

Values are presented as median (interquartile range) or number (%).

AIS, abbreviated injury scale; TTSS, thoracic trauma severity score; ISS, injury severity score.
a)
Categorized into 3 levels of severity based on the pulmonary contusion scoring system: mild, 0–2 moderate, 3–5 severe, 6–12.

Table 4. Organism causing ventilator-associated pneumonia in 

patients with multiple rib fractures receiving mechanical ven-

tilation (n=46)

Causative organism No. of patients (%)

Staphyloccocus aureus 21 (45.7)

Acinetobactor baumanii 10 (21.7)

Klebsiella pneumoniae 6 (13)

Pseudomonas aeruginosa 6 (13)

Candida albicans 2 (4.3)

Staphyloccocus epidermidis 1 (2.2)

odds of VAP were 2.4 times higher in patients with 

severe pulmonary contusion than in those without, 

and the odds were 2.2 times higher in patients with 

a high ISS than those with a low ISS. Age, sex, mech-

anism of trauma, number of rib fractures, thoracic in-

juries other than severe pulmonary contusion, and 

other sites of injury were not significantly associated 

with VAP. Multivariate logistic regression analysis 

confirmed that the development of VAP was in-

dependently associated with severe pulmonary con-

tusion (odds ratio [OR], 3.07; 95% confidence inter-

val [CI], 1.12 to 8.39; p=0.029) (Table 6).

Discussion

Trauma is a major public health problem world-

wide; it is associated with high morbidity and 
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Table 5. Clinical course and outcomes of patients with multiple rib fractures receiving mechanical ventilation

Risk factors Total (n=101) No pneumonia (n=55) Pneumonia (n=46) p-value

Intensive care unit stay (day) 15 (6–24) 14 (5–20) 18 (8–27) 0.002

Hospital stay (day) 44 (20–83) 34 (13–65) 46 (27–61) 0.054

Duration of mechanical ventilation use (day) 15 (6–24) 11 (4–17) 18 (9–36) ＜0.001

Tracheostomy 50 (49.5) 22 (40) 28 (60.9) 0.046

Closed thoracotomy 94 (93.1) 50 (90.9) 44 (95.7) 0.45

Transfusion 80 (79.2) 34 (73.9) 46 (83.6.4) 0.137

Mortality 19 (18.8) 9 (16.4) 10 (21.7) 0.491

Complications

  Acute respiratory distress syndrome 5 (5) 2 (3.6) 3 (6.5) 0.657

  Acute renal failure 19 (18.8) 8 (14.5) 11 (23.9) 0.308

  Gastrointestinal bleeding 4 (4) 2 (3.6) 2 (4.3) 1

  New onset atrial fibrillation 7 (6.9) 2 (3.6) 2 (4.3) 1

  Disseminated intravascular coagulation 4 (4) 1 (1.8) 3 (6.5) 0.328

Values are presented as median (interquartile range) or number (%).

mortality. Thoracic trauma accounts for 10% to 15% 

of all trauma [11]. Chest injuries can pose a threat to 

the airway, circulation, and breathing and can thus 

directly affect the patient’s clinical course and 

outcome. Additionally, thoracic trauma has been re-

ported to be the leading cause of death, hospital-

ization, and long-term disability in the first 4 deca-

des of life. In the United States and Europe, 20% to 

25% of deaths occurring in polytrauma patients are 

attributed to chest injuries [12]. Rib fractures are a 

major part of chest trauma, and each additional rib 

fracture is associated with a 19% increase in the 

odds of mortality and a 27% increase in the odds of 

developing pneumonia [13]. Critically injured trauma 

patients admitted to the ICU are at risk of death, not 

only because of their critical status but also because 

of secondary conditions, such as VAP. VAP is the sec-

ond-most common nosocomial infection occurring in 

critically ill patients in the ICU, affecting 27% of such 

patients [14]. We believe that identifying the trauma 

factors associated with pneumonia in patients with 

multiple rib fractures receiving mechanical ventilation 

is important for improving their prognosis.

We analyzed the association between various trauma 

factors, such as sternal fracture, pulmonary contusion, 

pneumothorax, hemothorax, hemopneumothorax, com-

bination injuries, and ISS—all of which indicate trau-

ma severity—and the development of pneumonia in 

ventilated patients with multiple rib fractures. In ac-

cordance with previous studies on VAP in trauma pa-

tients, the mechanism of infection involves upper-air-

way colonization, trauma lesions requiring surgical 

treatment, immunosuppression by sedative drugs, or 

excessive bleeding due to multiple trauma; the proc-

ess is accelerated in trauma patients who develop 

pneumonia while on ventilation [3]. Rodriguez et al. 

[15] showed that trauma factors in ventilated pa-

tients are associated with the development of pneu-

monia. In trauma patients, additional variables, such 

as the ISS and the critical need for prehospital in-

tubation, increase the risk of developing pneumonia 

[15]. Multiple previous studies have reported that 

trauma factors, such as pulmonary contusion, rib 

fracture, sternal fracture, and traumatic brain injury, 

increased the risk of developing pneumonia [4,5,16,17]. 

In the present study, the overall rate of VAP devel-

opment was approximately 45.5%. We identified se-

vere pulmonary contusion and the ISS as being stat-

istically significant risk factors in the univariate logis-

tic regression analysis. In the multivariate analysis, 

severe pulmonary contusion was identified as a risk 

factor for the development of pneumonia in venti-

lated trauma patients with multiple rib factors.

A pulmonary contusion is a contusion of the lung 

caused by chest trauma. As a result of damage to ca-

pillaries, blood and other fluids accumulate in lung 

tissue, interfering with gas exchange, potentially lead-

ing to hypoxia. Pulmonary contusions occur in ap-

proximately 20% of blunt chest trauma cases with an 

ISS ＞15. The reported mortality rate is 10% to 25%, 

and 40% to 60% of patients will require mechanical 

ventilation [18]. CT is very sensitive for the identi-
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Table 6. Logistic regression analysis of the risk factors for patients with multiple rib fractures receiving mechanical ventilation (n=101)

Risk factors
Univariate Multivariate

OR (95% CI) p-value OR (95% CI) p-value

Age 2 (0.89–4.38) 0.093 2.06 (0.75–5.68) 0.163

Male sex 1.03 (0.38–2.75) 0.956

Mechanism of trauma

  Motor vehicle collision 1.47 (0.55–3.93) 0.443

    Car accident 1.27 (0.51–3.17) 0.616

    Pedestrian 0.84 (0.31–2.31) 0.738

    Motorcycle 0.58 (0.21–1.6) 0.294

    Cultivator 2.57 (0.87–7.6) 0.089 1.97 (0.54–7.21) 0.307

  Falls 0.68 (0.25–1.82) 0.443

Rib fractures ＞10 0.83 (0.37–1.84) 0.647

Both rib fractures 0.63 (0.28–1.42) 0.268

Sternal fracture 0.71 (0.28–1.84) 0.483

Pulmonary contusion

  Mild 0.51 (0.2–1.33) 0.173

  Moderate 0.59 (0.23–1.51) 0.272

  Severe 2.37 (1.06–5.3) 0.035 3.07 (1.12–8.39) 0.029

Pneumothorax 0.9 (0.34–2.36) 0.83

Hemothorax 2.2 (0.41–11.91) 0.36

Hemopneumothorax 1.23 (0.49–3.11) 0.662

  Bilateral 1.41 (0.54–3.71) 0.481

Other site injuries

  Head and neck 0.88 (0.41–1.97) 0.785

  Face 0.76 (0.33–1.71) 0.504

  Abdomen 0.91 (0.34–2.48) 0.859

  Extremity 0.91 (0.34–2.48) 0.86

  External 1.2 (0.35–4.05) 0.774

Tracheostomy 2.33 (1.05-5.2) 0.038 2.42 (0.96–6.12) 0.061

Transfusion 2.11 (0.795-5.58) 0.134

Intensive care unit stay >15 days 1.95 (0.88-4.32) 0.099 1.64 (0.64–4.16) 0.302

TTSS ＞20 2.2 (0.98-4.91) 0.053 1.26 (0.44–3.59) 0.663

ISS ＞36 2.25 (1–5.04) 0.049 2.15 (0.87–5.32) 0.096

Multivariate analysis includes variables with significant associations in univariate analysis (p＜0.1). Boldface indicates significant 

differences in statistical comparisons of baseline characteristics. Age, number of rib fractures, duration of mechanical ventilation, TTSS, 

and ISS are divided into 2 groups based on the median value.

OR, odds ratio; CI, confidence interval; TTSS, thorax trauma severity score; ISS, injury severity score.

fication of pulmonary contusion and allows for 3-di-

mensional assessment and calculation of the size of 

the contusion [6,19]. However, the association be-

tween CT findings and the clinical course is still un-

der debate. Wagner and Jamieson [19] showed that 

the association between CT findings and histologic 

results led to pulmonary contusion being considered 

a pulmonary laceration with blood pneumonia rather 

than an interstitial disease. Kim et al. [7] showed 

that severe pulmonary lung contusion was an in-

dependent risk factor for ICU admission. We found 

that severe pulmonary contusion was an independent 

risk factor for the development of pneumonia in ven-

tilated trauma patients with multiple rib fractures 

(OR, 3.07; 95% CI, 1.12 to 8.39; p=0.029).

Pape et al. [20] developed the TTSS in 2000, based 

on the results of a retrospective study of 4,571 cases 

of blunt trauma. The TTSS incorporates data regard-

ing a patient’s age, the resuscitation parameters, and 

a radiologic assessment of the thoracic trauma. After 

the publication of the TTSS in 2000, some studies re-

ported an association between the TTSS and thoracic 
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trauma–related mortality or morbidity. In 2011, 

Aukema et al. [6] suggested that the TTSS was useful 

for predicting mortality and acute respiratory dis-

tress syndrome. In 2016, Martinez Casas et al. [21] 

reported that the TTSS is an appropriate and feasible 

tool to predict the development of complications or 

mortality in patients with mild thoracic trauma. In 

the present study, the multivariate analysis showed 

no association between the TTSS and the odds of 

VAP (OR, 1.26; 95% CI, 0.44 to 3.59; p=0.663). 

However, in the univariate analysis, the TTSS showed 

a meaningful trend toward an association with VAP 

(p=0.053). Hence, further research on the relation-

ship between the TTSS and the incidence of VAP is 

warranted.

The present study has several limitations. First, we 

only evaluated patients from a single hospital, which 

may have introduced selection bias and may limit 

the extrapolation of our findings to the entire pop-

ulation of ventilated trauma patients with multiple 

rib fractures. Second, our study evaluated a relatively 

small number of ventilated trauma patients with 

multiple rib fractures; thus, larger studies are needed 

to validate our findings. We agree that the associa-

tion between pulmonary contusion and the develop-

ment of VAP in trauma patients with multiple rib 

fractures receiving mechanical ventilation remains a 

controversial subject; further prospective studies are 

required.

Despite these limitations, this study is an im-

portant investigation of the characteristics and risk 

factors associated with the development of VAP in 

trauma patients with multiple rib fractures receiving 

mechanical ventilation. Our study showed that severe 

pulmonary contusion is an independent risk factor 

for the development of VAP in such patients. Com-

parisons of these findings with those of other reports 

will enhance the prediction of VAP development. 

Further research on the association between TTSS 

and the incidence of VAP is also needed. Moreover, 

ventilated trauma patients with multiple rib fractures 

and severe pulmonary contusion require close mon-

itoring for the development of VAP.
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