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Abstract
Objectives  This study aims to reduce mortality and morbidity by analyzing the factors associated with blunt chest trauma.
Methods  In this study, 1020 patients with blunt thoracic trauma were analyzed retrospectively. Major surgeries, complica-
tions, admission to intensive care unit, intubation, mortality, prolonged hospital stay were considered poor clinical outcomes. 
Independent variables were compared with clinical outcomes and analyzed.
Results  The mean age was 52.7 ± 19.1. Complications (p = 0.028) and mortality (p < 0.001) were higher in patients aged 
65 years and older than those aged 65 years and younger. Severe chest wall injuries, hemopneumothorax, and pulmonary con-
tusions were associated with poor clinical outcomes (OR = 2474, p = 0.001, OR = 2229, p < 0.001 and OR = 2229, p < 0.001, 
respectively). The variable most related to poor clinical outcomes was New Injury Severity Score (p < 0.001, OR = 8.37).
Conclusions  The most associated factor with poor clinical outcomes was injury severity. Prompt treatment of blunt chest 
trauma with timely chest tube thoracostomy or surgical treatment when necessary, optimal pain control, and chest physi-
otherapy will reduce mortality.
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Introduction

Traumas have been a health problem since ancient times. 
However, they have become a growing public health issue 
with increasing motor vehicles and industrialization. The 
annual number of trauma-related deaths has recently reached 
5.8 million worldwide [1]. Fifty percent of trauma patients 
have chest injuries, with a mortality rate of 25% [2].

Factors affecting prognosis and clinical outcomes of blunt 
thoracic trauma cases vary among studies. There is no defi-
nite consensus on the treatment of blunt thoracic trauma, and 
the treatment of such traumas is controversial.

This study aims to determine independent variables of 
morbidity and mortality, evaluate the role of surgical treat-
ment, and improve clinical outcomes of patients with blunt 
chest injuries.

Materials and methods

The approval for this study was obtained from the Clinical 
Research Ethics Committee of Kahramanmaras Sutcu Imam 
University Faculty of Medicine with the decision number of 
26.08.2020/21.

The study was conducted in three hospitals with level 
I trauma center qualifications: Adiyaman Training and 
Research Hospital, Kahramanmaras Necip Fazil City Hos-
pital, and Kahramanmaras Sutcu Imam University Health 
Practices and Research Hospital. A detailed informed con-
sent form was obtained from all patients included in the 
study.

The files of 1275 thoracic trauma patients admitted to 
thoracic surgery clinics October 2006–December 2019 were 
scanned. Penetrating thoracic traumas were excluded from 
the study. The data of 1020 patients were retrospectively 
evaluated. The data of patients were obtained from the hos-
pital records. The diagnosis was based on chest computed 
tomography examinations reported by a radiologist.

The accident-related findings and demographic and 
personal characteristics of patients were considered inde-
pendent variables. Patients were grouped as under 65 years 
old and 65 years old and over based on the World Health 
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Organization classification [3]. The physical performance 
status of the patients was classified according to the Ameri-
can Society of Anesthesiologists (ASA) score [4].

Injury mechanisms were grouped as follows: motor vehi-
cle accidents (1), falls (2), falls from height (3), and others 
(4). Chest wall injuries were grouped as follows: no chest 
wall injury (1), 1–4 rib fractures (2), and severe chest wall 
injuries (5 or more rib fractures/flail chest/sternal fractures) 
(3). Hemothorax, pneumothorax, and hemopneumothorax 
were defined as pleural injuries. Pulmonary contusion was 
defined by chest computed tomography. Pulmonary contu-
sions were classified as follows: no pulmonary contusion 
(1), segmental (2), lobar (3), and multilobar contusions (4).

Each lesion was scored using the Abbreviated Injury 
Scale (AIS) [5]. The New Injury Severity Score (NISS), 
based on the sum of the squares of the AIS scores esti-
mated for the three most severe injuries regardless of the 
body region, was calculated for each patient to determine 
the severity of trauma [6]. NISS was classified as 1–15 (1), 
16–24 (2), and over 25 (3).

First-line treatment was a conservative treatment. A chest 
tube was inserted in pleural complications, affecting respira-
tory functions. Major surgery (thoracotomy, video-assisted 
thoracic surgery (VATS), surgical stabilization of the ribs or 
sternum) was performed in cases where conservative treat-
ment or chest tube was insufficient.

Complications, Intensive Care Unit (ICU) admission, 
intubation requirement, and mortality were determined. In 
addition, the length of hospital stay was categorized as 6 
days and shorter, and 7 days and longer based on the median 
value.

Patients meeting at least one of the following criteria 
were considered those with poor prognosis: major surgery, 
complications, intensive care admission, intubation, mortal-
ity, and prolonged length of hospital stay.

Statistical analysis

Statistical analyses were performed using SPSS version 22.0 
for Windows (SPSS, Inc.; Chicago, USA) software package. 
In descriptive statistics, numerical variables are presented 
as mean ± standard deviation, median, and minimum–maxi-
mum values, while categorical variables are presented as 
number (n) and percentage (%). The Chi-square test or Fish-
er’s exact test compared categorical variables. Post hoc tests 
were performed when necessary. The correlation of inde-
pendent variables obtained by pairwise comparisons with 
poor prognosis criteria was evaluated by logistic regression 
analysis. ‘The enter method’ was used for logistic regression 
analysis. The Hosmer–Lemeshow test was used for goodness 
of fit for logistic regression models. The level of statistical 
significance was set at a p value less than 0.05 (p < 0.05), 
with a confidence interval of 95%.

Results

This study included 1020 patients with blunt thoracic 
trauma, of 770 (75.5%) males and 250 (24.5%) of whom 
were female. Table 1 shows the relationship between poor 
clinical outcomes and patient characteristics and injury 
types. The patients were between 12 and 103 years of 
age, with a mean age of 52.7 ± 19.1 years. ASA score 
(p < 0.001) and comorbidities (p < 0.001) were signifi-
cantly higher at 65 years and above. The most common 
comorbidity was hypertension (n = 105, 10.3%), and the 
most common mechanism of injury was motor vehicle 
accidents. Motor vehicle accidents were more common 
in patients younger than 65 years, and falls were more 
frequent in patients 65 years and older (p < 0.001). Asso-
ciated organ injuries (p = 0.004) and pulmonary contu-
sion (p < 0.001) were common injuries in patients under 
65 years, whereas rib fractures (p < 0.001) were more com-
mon in older patients. The NISS values of patients ranged 
from 1 to 66, with a mean NISS value of 14.84 ± 11.64. 
The most prevalent associated other organ injuries were 
upper extremity injuries (n = 100, 9.8%).

While medical treatment was sufficient in 706 (69.2%) 
patients, 278 (27.3%) patients required chest tube inser-
tion, and 36 (3.5%) patients required major surgery. Fig-
ure 1 shows the patient flowchart. Major surgery included 
VATS in 15 (1.5%) patients, surgical chest wall stabi-
lization in 12 (1.2%) patients, thoracotomy in 9 (0.9%) 
patients, and sternotomy in 3 (0.3%) patients. Hemo-
pneumothorax (p = 0.023), severe chest wall injuries 
(p = 0.002), associated other organ injuries (p = 0.010), and 
NISS 25 or above (p < 0.001) were related to the need for 
major surgery. Emergency operation was performed in six 
(0.6%) patients. Five patients were operated on for massive 
hemothorax and one for cardiac injury. One patient with a 
major vessel injury died from massive hemothorax.

Of the 846 rib fracture patients, 274 (32.4%) had iso-
lated rib fractures. Conservative treatment was sufficient 
in 267 (97.4%) patients with isolated rib fractures. Poor 
clinical outcomes were significantly higher in patients with 
additional injuries to rib fractures than in patients with iso-
lated rib fractures (p < 0.001). Ten (0.98%) patients had a 
flail chest. While medical treatment was sufficient for two 
patients with flail chest, eight patients required chest tube 
insertion, seven (70%) were admitted to the intensive care 
unit (p = 0.002), and four (40%) were intubated (p < 0.001). 
One of the flail chest patients died, with a mortality rate of 
10%. This patient also had a severe intracranial injury. Flail 
chest was not associated with mortality. Hemopneumotho-
rax (p = 0.024), pulmonary contusion (p = 0.003), associ-
ated organ injury (p < 0.001), and prolonged hospital stay 
(p = 0.001) were more common in flail chest.



806	 General Thoracic and Cardiovascular Surgery (2022) 70:804–811

1 3

One hundred five  (10.3%) patients required admission 
to the intensive care unit, and 26 (2.6%) patients were intu-
bated. Fourteen patients, 13 males (92.8%), were emergency 

intubated. The most common reason for emergency intuba-
tion was cranial injuries in six patients (42.8%). Six of these 
patients (42.8%) died. ICU admission and intubation were 

Table 1   Comparison of 
poor clinical outcomes and 
independent variable

*Calculated by the Chi-square test or the Fisher exact test
a American Society of Anesthesiologists

Variables Poor clinical outcomes Total X2* p*

−  + 

n % n % n

Age
 < 65 years 356 49.9 358 50.1 714 1.687 0.194
 65 ≤ years 139 45.4 167 54.6 306

Gender
 Male 358 46.5 412 53.5 770 5.213 0.022
 Female 137 54.8 113 45.2 250

Comorbidities
 +  83 37.2 140 62.8 223 14.614  < 0.001
 − 412 51.7 385 48.3 797

ASAa status
 I 351 55.6 280 44.4 631 64.786  < 0.001
 II 132 45.2 160 54.8 292
 III–IV 12 12.4 85 87.6 97

Mechanisms of injury
 1 171 58.2 123 41.8 294 19.726  < 0.001
 2 90 43.5 117 56.5 207
 3 188 43.1 248 56.9 436
 4 46 55.4 37 44.6 83

Affected side
 Unilateral 427 50.1 425 49.9 852 5.222 0.022
 Bilateral 68 40.5 100 59.5 168

Chest wall injuries
 1 90 59.6 61 40.4 151 66.214  < 0.001
 2 320 55.8 253 44.2 573
 3 85 28.7 211 21.3 296

Hemothorax/pneumothorax
 +  177 32.4 370 67.6 547 123.493  < 0.001
 − 318 67.2 155 32.8 473

Pulmonary contusions
 1 420 54.5 351 45.5 771 66.337  < 0.001
 2 50 46.7 57 53.3 107
 3 7 25.9 20 74.1 27
 4 18 15.7 97 84.3 115

Associated injuries
 +  74 25.8 213 74.2 287 82.718  < 0.001
 − 421 57.4 312 42.6 733

NISS
 1 399 69.4 176 30.6 575
 2 81 34 157 66 238 261.446  < 0.001
 3 15 7.2 192 92.8 207

Total 495 48.5 525 51.5 1020
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significantly related to severe chest wall injuries (p < 0.001), 
hemopneumothorax (p < 0.001), pulmonary contusions 
involving multiple lobes (p < 0.001), and bilateral injuries 
(p < 0.001).

One hundred and thirteen (11.1%) patients developed 
complications. Most common complications were atelecta-
sis (n = 46, 4.5%), and pneumonia (n = 18, 1.8%). Advanced 
ages (p = 0.028), bilateral injuries (p < 0.001), high ASA val-
ues (p < 0.001), comorbidities (p < 0.001), severe chest wall 
injuries (p < 0.001), hemopneumothorax (p < 0.001), pulmo-
nary contusions involving multiple lobes (p < 0.001), associ-
ated injuries (p < 0.001), and high NISS values (p < 0.001) 
were associated with high complication rates.

Seventeen (1.66%) patients died. The most common 
cause of death was cranial injuries in eight (47%) patients. 
Comorbidities (p < 0.001), 65 years and above (p < 0.001), 
bilateral injuries (p < 0.001), severe chest wall injuries 
(p < 0.001), hemopneumothorax (p = 0.001), pulmonary 

contusions involving multiple lobes (p = 0.010), high 
ASA scores (p = 0.005), associated injuries (p = 0.002), 
and high NISS values (p < 0.001) were associated with 
mortality.

The length of hospital stay ranged from 1 to 29 days, 
with a mean value of 7.04 days (± 4.57) and a median 
value of 6  days. Motor vehicle accidents (p < 0.001), 
high ASA scores (p < 0.001), comorbidities (p = 0.040), 
bilateral injuries (p < 0.001), severe chest wall injuries 
(p < 0.001), hemopneumothorax (p < 0.001), pulmonary 
contusions involving multiple lobes (p = 0.005), associ-
ated injuries (p < 0.001), and high NISS values (p < 0.001) 
were related to mortality.

Logistic regression analysis showed that the independ-
ent variables related to poor prognosis were NISS, hemo-
pneumothorax, associated organ injuries, severe chest 
wall injuries, ASA score, and pulmonary contusions (see 
Table 2).

Fig. 1   Patient flow chart
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Discussion

Due to the increase in the number of motor vehicles, blunt 
thoracic traumas have also increased [7]. As in previous 
studies, the most common trauma mechanism was motor 
vehicle accidents [8, 9].

As a result of this study, the factor most related to poor 
clinical outcomes was trauma severity, similar to some pre-
vious studies [10, 11]. Osler described NISS in 1997 based 
on the sum of the three most severe injuries regardless of 
the body area [6]. Even if the injuries are in a single body 
region, the higher the injury score, the higher the probability 
of mortality. [10]. Since most of the injuries in our patients 
were in the chest area, NISS could best represent the sever-
ity of injuries.

Conservative treatment is the most common method in 
blunt thoracic trauma [12, 13]. Observation is sufficient for 
patients with small hemothorax or pneumothorax (≤ 2 cm) 
without underlying respiratory disease or not requiring posi-
tive pressure ventilation [13]. Conservative treatment should 
include adequate analgesia, appropriate fluid therapy, chest 
physiotherapy, clearing of bronchial secretions, and antibi-
otic therapy if necessary. Hemopneumothorax is associated 
with a poor prognosis. A chest tube should be placed in a 
hemothorax or pneumothorax, causing respiratory distress 
[12]. According to previous studies, conservative treatment 
with chest tube placement, if necessary, is sufficient in the 
majority of patients with blunt chest trauma, and less than 
5% of patients require major surgery. [2, 8]. In our study, 
the rate of major surgery was 3.5%, which is consistent with 

Table 2   Evaluation of the 
relationship of independent 
variables in prediction of poor 
prognosis outcomes by logistic 
regression analysis

Hosmer–Lemeshow p = 0.316, r2 = 0.393
*Odds Ratio, **Confidence Interval
a American Society of Anesthesiologists
b New Injury Severity Score

B Wald p OR* CI** 95%

Min Max

Age groups
 65 ≤ years (ref. =  ≤ 64 years) 0.164 0.843 0.359 1.179 0.830 1.674

Gender
 Male (ref. = female) 0.043 0.057 0.811 1.044 0.733 1.487

Comorbidities
 + (ref. = (−)) 0.283 1.371 0.242 1.327 0.826 2.130

ASAa score
 II–III–IV (ref. = I) 0.537 7.634 0.006 1.712 1.169 2.506

Mechanisms of injury
 Falling from high level (ref. = falls) − 0.041 0.034 0.854 0.959 0.617 1.491
 Motor vehicle accidents (ref. = falls) − 0.077 0.146 0.703 0.926 0.625 1.373
 Hits/ strains/ others (ref. = falls) 0.234 0.645 0.422 1.264 0.714 2.238

Affected side
 Bilateral (ref = unilateral) − 0.287 1.332 0.248 0.751 0.461 1.222

Chest wall injuries
 1–4 rib fractures (ref. = no chest wall injury) 0.496 4.191 0.041 1.642 1.021 2.638
 5 ≤ rib fractures/flail chests/sternum fractures 

(ref. = no chest wall injury)
0.906 10.464 0.001 2.474 1.429 4.282

Hemothorax/pneumothorax
 + (ref. = (−)) 0.801 18.703  < 0.001 2.229 1.550 3.205

Pulmonary contusions
 Segmental (ref. = (−)) 0.155 0.295 0.587 1.168 0.667 2.044
 Lobar (ref. = (−)) 0.626 1.044 0.307 1.869 0.563 6.208
 Multiple lobes (ref. = (−)) 1.023 6.520 0.011 2.782 1.269 6.103

Associated injuries
 + (ref. = (−)) 0.727 14.222  < 0.001 2.070 1.418 3020

NISSb

 16–24 (ref. = 1–15) 0.902 18.247  < 0.001 2.466 1.630 3.730
 25–75 (ref. = 1–15) 2.125 33.034  < 0.001 8.370 4.056 17.275
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these rates. An emergency thoracotomy may be necessary to 
treat massive hemothorax or tension pneumothorax [9, 14]. 
Our emergency thoracotomy rate was 0.6%. VATS, a mini-
mally invasive technique, can be used in patients with stable 
hemodynamic conditions for clotted hemothorax, persistent 
air leak, diaphragmatic rupture, and empyema [15].

The most common injury type in many studies was rib 
fracture [8, 16]. Some authors reported that the prognosis 
worsens as the number of broken ribs increases [9, 17, 18]. 
On the other hand, some authors reported that not rib frac-
tures but accompanying pleural or parenchymal injuries 
cause poor prognosis [19, 20]. Our results also support this 
view.

The classical treatment of rib fractures and flail chest 
were conservative methods. However, in recent years, the 
treatment of rib fractures has become controversial with 
the publications of results on surgical fixation of fractured 
ribs. Athanassaidi et al. argued that hypoxia is caused not 
by rib fractures but by contusion, hematoma, alveolar col-
lapse, and inadequate tissue oxygen delivery; therefore, 
surgical stabilization of the ribs would not be beneficial. 
Moreover, operative stabilization has disadvantages such 
as the risk of general anesthesia in severely traumatized 
patients, the difficulty and time of stabilization techniques, 
tissue damage due to surgical dissection, and increased 
infections by implanted foreign bodies [11]. Tanaka, 
Granetzny, and Marasco reported that surgical fixation of 
the chest wall in patients with flail chest improved res-
piratory functions, shortened the duration of mechanical 
ventilation, and length of stay in the ICU [21–23]. In 2016, 
Farquhar found that conservatively managed patients had 
significantly lower ICU and hospital stays and a lower 
pneumonia rate than patients who underwent surgical sta-
bilization. He also found ICU and hospital stay days and 
pneumonia rates lower than Marasko’s results and con-
cluded that surgical fixation had no benefit in flail chest 
patients [24]. Sirmali and Liman suggested that surgical 
fixation is not required for all patients but should be per-
formed for fractured ribs in patients who underwent sur-
gery for other reasons [14, 17]. More studies have been 
published on the benefits of surgical fixation in recent 
years [25, 26]. However, Granetzny reported postopera-
tive complications in 35%, Wijffels in 30%; and Wijffels 
used invasive techniques to treat some complications [22, 
25]. In a practice management guideline from the Eastern 
Association for the Surgery of Trauma, 2017 update, in 
adult patients with flail chest, rib operative reduction and 
internal rib fixation have been conditionally recommended 
to reduce mortality, reduce the incidence of pneumonia, 
reduce the need for tracheostomy, shorten the duration of 
mechanical ventilation, shorten the length of stay in the 
ICU, and shorten the length of stay in the hospital [27]. 
Currently, there is no consensus on the treatment of rib 

fractures and flail chests. According to our results, we 
do not recommend surgical stabilization in isolated rib 
fractures since the prognosis of isolated rib fractures is 
good. However, we think that surgical stabilization may 
be beneficial in patients with flail chest and severe chest 
wall injuries complicated by accompanying injuries such 
as massive hemopneumothorax or causing respiratory 
dysfunction that cannot be corrected with conservative 
treatment.

Pulmonary contusion is defined as lung parenchymal 
injury resulting in edema and interstitial hemorrhage. Its 
rate in blunt thoracic traumas is 17–75% [28]. Our rate 
is also between these limits (24.4%). Severe pulmonary 
contusion is an independent variable associated with poor 
clinical outcomes, which can cause respiratory complica-
tions such as pneumonia, acute respiratory distress syn-
drome (ARDS), and prolonged intubation. In addition, it 
is an independent predictive factor for mortality [20, 28]. 
However, since the injury was at the alveolar level, pul-
monary contusions were not associated with the need for 
major surgery [26].

Patients with chest trauma often present with injuries 
to multiple body regions requiring more than one medical 
department [29]. The most crucial additional organ inju-
ries are craniocervical injuries. Craniocervical injuries are 
associated with increased mortality and morbidity in blunt 
thoracic trauma [7, 29]. It is claimed that blunt thoracic trau-
mas decrease venous return and increase cerebral venous 
congestion and the severity of the intracranial injury [16]. 
Also, in our study, the most common cause of death was 
head trauma. Injuries that prevent mobility such as verte-
bral, pelvic, or lower extremity injuries were associated with 
complications such as atelectasis and pneumonia.

Mortality rates vary between 1 and 22% in the literature 
[16, 17]. This high range may be due to different inclusion 
criteria. The factors most associated with mortality are 
injury severity, associated organ injuries, and pleural and 
pulmonary parenchymal injuries leading to respiratory fail-
ure [1, 11].

There is no consensus on the effects of advanced age 
on mortality and morbidity in patients with blunt thoracic 
trauma. While some authors reported that advanced age 
increases mortality and morbidity [7, 14], some authors 
reported that age does not affect mortality [18, 20]. In our 
series, age was not associated with poor clinical outcomes 
according to logistic regression analysis. However, compli-
cations and mortality were high in advanced ages in pair-
wise comparisons. Elderly patients suffer more minor inju-
ries such as falls or home accidents. On the other hand, in 
elderly patients, ribs may be fractured with less force due to 
muscle wasting and osteoporosis. In addition, mild respira-
tory problems cause worse clinical outcomes due to comor-
bidities [13, 18].
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Limitations

The limitations of this study are the probability of data loss 
due to its retrospective nature and the inclusion of hospital-
ized patients. Its strengths are that it compasses three differ-
ent centers and an extensive series.

Conclusion

High NISS values are a good indicator of trauma severity 
and prognosis. Early and accurate scoring of blunt thoracic 
trauma is essential for identifying patients at risk, deciding 
on treatment modalities, determining priorities, and predict-
ing complications.
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