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Introduction

Trauma is the leading cause of mortality in the pediatric 
population older than 1 year with a reported number of 
more than 9,000 children who die every year in the United 
States due to trauma related injuries (1).

The most common causes of death in this age group 
are traffic accidents, followed by falling from heights, and 
bicycle accidents (2).

Thoracic trauma occurs in about 5% to 12% of the 
children admitted to the hospital after a trauma. Despite 
this low percentage, they are associated disproportionately 
with high morbidity and mortality, much more than other 
types of injuries (3). The rarity of these injuries increases 
the complexity of the management in the emergency 
department (ED).

Physicians in the ED should apply the advanced trauma 
life support (ATLS) guidelines used in the setting of adult 
trauma patients, while keeping in mind that anatomy, 
physiology, metabolism, injury pattern, management and 
consequent therapeutic options have peculiar characteristic 

in children.
In addition, the knowledge about a child’s development 

stage is mandatory in order to identify sensorium 
abnormalities related to trauma, such as hypoperfusion or 
hypoxemia.

Clinical presentation

The clinical presentation of children after thoracic trauma 
can range from chest wall or intrapleural injuries (rib 
fractures, flail chest, pneumothorax, hemothorax) to lung 
(pulmonary contusion or laceration), heart, tracheo-
bronchial, esophageal or diaphragmatic injury. However, 
a blunt or penetrating chest trauma represents a unique 
challenge due to the peculiarity of the anatomy and 
physiology in children.

The resistance to external blunt forces is reduced in 
children because the chest wall is more compliant and 
the thickness of the subcutaneous and muscular layers is 
reduced compared to the adult counterpart. All this causes 
an increased level of energy transmission to the thoracic 
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organs (the ribs are more elastic, the costal cartilages are not 
ossified and therefore tend to bend instead of fracture) after 
a blunt trauma, which subsequently results in an increased 
frequency of internal organ injuries.

In addition, children develop hypoxemia more rapidly 
than adults due to diminished functional residual capacity 
and a higher metabolic rate, which is associated with a 
higher oxygen need.

Before the initial assessment of the patient, taking a 
comprehensive medical history is essential since often the 
first thoracic trauma signs are murky and therefore a high 
index of suspicion is crucial.

The assessment of the child, according to the ATLS, 
starts with the primary survey using the “ABCDE” 
systematic approach that allows to identify and, accordingly, 
treat life-threatening injuries.

During this assessment the presence of the family can be 
extremely important in helping the physician to assess the 
child’s mental status and, of course, providing support to 
the patient.

ATLS guidelines suggest a chest X-ray (CXR) as first 
imaging modality to evaluate the extent of the thoracic 
trauma even if nowadays the clinical utility is still  
debated (4-6).

The most common injury in children with blunt thoracic 
trauma is pulmonary contusion with a reported incidence 
over 50% (7). As discussed above, the high elasticity of the 
pediatric bone results in a tendency for the ribs to bend 
and not to break, transferring in this way the blunt forces 
to the lung and the other thoracic organs. Nevertheless, rib 
fractures are observed in 1–2% of pediatric chest trauma 
patients with an incidence ranging up to 60% in cases of 
major pediatric polytrauma.

The presentation of pulmonary contusions can vary 
from uncomplicated findings seen on a CXR to serious 
respiratory insufficiency. Lung contusion can be identified 
clinically due to an abnormal auscultation over the injured 
area, respiratory distress, local tenderness, and rarely 
hemoptysis (8). After the contusion, the involved alveoli 
are filled with blood, resulting later in consolidation 
with consequent venti lat ion/perfusion mismatch, 
hypoventilation, and hypoxia. Other observed severe 
complications are pneumonia (20%), acute respiratory 
distress syndrome (ARDS, 5% to 20%) and death (15% to 
20%) (9).

Sometimes, alveolar disruption causes air extravasation 
into the parenchyma leading to the formation of several 
cystic spaces that may evolve into a pneumatocele.

The  second  most  common repor ted  in jury  i s 
pneumothorax which is observed as isolated injury in 30% 
of the cases. A small pneumothorax is often asymptomatic 
but a large pneumothorax on the other hand can cause 
clinical symptoms that overlap with those produced by lung 
parenchymal damage: tachypnea, distress, and decreased 
saturation. Clinically the involved hemithorax appears to 
be distended, hyperresonant to percussion, with diminished 
breath sounds on auscultation. If a tension pneumothorax 
is present, the mediastinum is displaced to the contralateral 
side with impairment of the venous return. It should keep 
in mind that a tension pneumothorax is more common in 
children than in adults because of the higher mobility of the 
mediastinal structures (10).

Hemothorax is a common injury as well. It is often 
caused by laceration of the lung, intercostal or intrathoracic 
vessels but it could potentially also be a sign of great vessel 
injury. It occurs in 13% to 29% of children with blunt 
chest trauma and is associated with a 57% mortality (11). 
Hemothorax in children may lead to significant blood loss 
and should be managed immediately in order to avoid 
hypovolemic shock, lung volume loss, empyema and 
possible lung entrapment.

Mediastinal injury may include injuries to the great 
vessels, tracheo-bronchial injury, heart injury, oesophageal 
and diaphragmatic rupture. These injuries are rarely 
observed after thoracic trauma, but some of them are 
potentially lethal (up to 32% in the first hour) (12).

Imaging

In case of pediatric patients with a chest trauma, radiologic 
evaluation is fundamental to define the following diagnostic 
or therapeutic steps. On the other hand, a particular caution 
should be taken as children are roughly four times more 
sensitive to radiation than adults due to their cell division 
rate and to their longer life expectancy (13). In order to 
reduce to a minimum, the quantity of ionizing radiation 
given to a pediatric patient, the “as low as reasonably 
achievable” (ALARA) and the “image gently” (14) principles 
have been defined. Despite these concerns, no threshold for 
an increased risk of developing cancer have been detected so 
far (13), and this topic is still under debate. Consequently, 
in the management of pediatric patients, exams requiring 
ionizing radiation should be performed with caution and 
ultrasounds (US) and magnetic resonance imaging (MRI) 
should be used when possible.

To date, no clear guidelines on the management of 
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chest trauma in pediatric patients are available and they 
mostly rely on adult trauma management and on ED staff 
experience. According to patients’ clinical conditions, 
imaging tests should be always associated to functional 
test such as electrocardiography to evaluate any possible 
abnormalities (15).

The first-line imaging test in patients with thoracic 
trauma is CXR which is preferred to computed tomography 
(CT) scan because of its lower quantity of radiation 
(roughly 0.02 and 5.4 millisieverts respectively) and lower 
costs. In the emergency bay, supine antero-posterior 
CXR is usually performed, but its sensitivity is reported 
to be lower compared to a CXR taken in an upright  
position (13); nevertheless, it allows to perform a first 
screening of the trauma patients in order to make further 
decisions. In a large retrospective, single institutional 
study performed on 1,035 pediatric patients involved in 
thoracic traumas, Golden and her colleagues (16) propose 
a new algorithm for the use of CT scan compared to sole 
CXR: they found out that in all patients with normal CXR, 
chest CT scan did not change the management of the 
patient. They therefore propose to perform CT scan only 
in those patients with evident abnormalities of the CXR, 
with a consequent reduction of radiation risk and money 
expenditure. The same conclusions were drawn by other 
retrospective studies (17-21). On the other hand, due to the 
lack of proper guidelines on the management of pediatric 
trauma, decision of imaging tests is left to the ED physician. 
In a retrospective study evaluating the proportion of CT 
scans for pediatric blunt trauma among 130 trauma centers 
in Canada, Sathya and coworkers (22) found a significant 
higher proportion of CT scans performed in adult or mixed 
trauma centers when compared with dedicated pediatric 
trauma centers.

Due to the peculiar anatomy of children, ribs and 
sternal fractures as well as mediastinal injuries (such as 
cardiac, tracheobronchial or esophageal injuries) are 
much rarer than in adults after blunt trauma; on the other 
hand, pulmonary contusions, pneumothorax, hemothorax, 
pneumomediastinum or injuries of the thoracic spine are 
more frequent.

CXR can be considered the examination of choice in case 
of pulmonary contusions, pneumothorax or hemothorax.

In the event of pulmonary contusions, which are often 
present after a blunt trauma in children, CT scan owns a 
higher sensitivity, while their appearance on CXR is plagued 
by a possible delay of some hours (15,23). Nevertheless, 
findings of CXR are more predictive of the subsequent 

clinical course (23,24).
In patients with pneumothorax, supine anteroposterior 

CXR showed a lower sensitivity (36–48%) compared to 
the erect position, but pneumothorax can be suggested 
by indirect radiological signs (13,24). Although CT scan 
is the most sensitive technique to reveal any extent of 
air in the pleural cavity, the majority of pneumothoraces 
missed at CXR are not usually clinically relevant and they 
often do not require any additional treatment, unless the 
patient needs positive pressure ventilation (13,24,25). 
Recently, the use of US in the emergency scenario is 
gaining more and more consensus thanks to its versatility, 
but it requires expert and trained staff. Vasquez and his 
colleagues retrospectively compared the rate of diagnosis 
of pneumothorax of CRX or CT scan compared to chest 
US in an emergency setting: they found a lower sensitivity 
of US for pneumothorax (45%), while specificity and 
accuracy were 98.6% and 96% respectively. The authors 
acknowledged that US were performed with the focused 
assessment with sonography for trauma (FAST) technique 
which is taken in a single point, anteriorly. Nevertheless, 
none of the patients who were false negative at the US 
examination either had pulmonary contusions or required 
further intervention for pneumothorax after radiological 
work up (26).

In case of patients with hemothorax, the presence of fluid 
in the pleural space can be correctly diagnosed by supine 
or upright CXR; in supine position the fluid manifests like 
a veil or thickening of the pleural line, while in upright 
position the fluid collects at the bottom part of the chest 
obliterating the costophrenic sulcus. Concurrently, chest 
US seem to be more specific than and as sensitive as supine 
CXR in detecting hemothorax (27).

CT scan should be performed in case of more complicated 
scenarios such as pneumomediastinum or thoracic spine 
injuries. In patients with pneumomediastinum, CXR can 
reveal the presence of air in the mediastinum, but CT scan is 
necessary to rule out tracheal or esophageal ruptures (which 
are anyway rare in children) and guide further invasive 
diagnostic procedures such as tracheo-bronchoscopy or 
esophagram (28). Although supine CXR might evidence 
some thoracic spine injury, lateral radiographs or chest CT 
are much more sensitive (18,24); more in details, vertebral 
body compression fractures are more easily diagnosed with 
lateral CT scout or sagittal CT reconstruction 3D, while 
burst fractures can be revealed by frontal CXR or sagittal 
CT reconstruction (29). MRI is indicated in case of cord 
injury (30).
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Treatment

Pediatric thoracic trauma is often treated following the 
guidelines of adult thoracic trauma management (31-33).

Treatment of pulmonary contusions is merely related 
to pain control and oxygenation of the patient; frequent 
evaluation of symptoms and gas exchange is therefore 
necessary. Pain relief should be guided according to the 
compliance and cooperation of the patient, associating 
intravenous or oral painkillers to additional measures such 
as epidural anesthesia, rib blocks or patient-controlled 
pumps (15). In severe trauma patients, mechanical 
ventilation might be required, but pulmonary contusions 
often do not have a significant impact on outcomes (34).

Pneumothorax and hemothorax are managed according 
to their extent. CXR-negative and CT-positive hemothorax 
or pneumothorax do not usually require invasive procedures 
and they can be followed up to rule out a possible increase 
or whether they become clinically relevant (34,35). In case 
of large hemothorax or pneumothorax, a chest drain is 
required to evacuate air and/or blood. In adult patients as 
well as in children guidelines indicate the “safe triangle” 
as the best place to insert a chest drain (36). There is only 
little evidence on the best type and size of chest drain in 
pediatric patients to date and most of the reported series are 
based on adult cohorts; it must be considered that smaller 
intercostal spaces in children make them even more sensible 
to chest drain diameter, which is directly related to pain 
perception. ATLS guidelines (33) suggest an increasing size 
of chest drain based on age and weigh of the patient. While 
Teague and colleagues (37) recently suggested the “rule of 
4” to choose the correct chest drain diameter (4 multiplied 
by the optimal size of patients’ endotracheal tube), but their 
findings were only based on their own experience and they 

were not validated by clinical studies. In case of hemothorax, 
larger bore tubes (28–30 Fr) are suggested by ATLS (33) 
and British Thoracic Society Guidelines (32); nonetheless, 
an American prospective study (38) evaluated outcomes of 
the use of 14-Fr pig tails compared to large-bore drains 
in case of traumatic hemothorax, reporting no differences 
in terms of drain output and failure rates. Conversely, in 
case of sole pneumothorax, a small-bore drain is generally 
accepted: a randomized controlled trial (39) comparing  
14-Fr pig tail and 28-Fr silicon chest tubes in the 
management of uncomplicated traumatic pneumothorax 
found similar rates of duration, complications and failures 
between the two groups, with a significant lower pain in 
patients who were treated with a pig tail. These findings 
are anyway inconsistent with some other observational 
studies (40,41). In case of penetrating traumas with open 
pneumothorax, occlusive dressing and subsequent chest 
drain is required (42).

In the event of persistent pneumothorax and air leak with 
functioning chest drain, an unforeseen airway injury should 
be carefully checked. In most cases, conservative treatment 
with mechanical ventilation and early extubation is curative; 
in case of failure of conservative management, surgical 
repair is needed (34).

Patients with pneumomediastinum, once esophageal or 
tracheobronchial injuries are ruled out, can be managed 
conservatively with a strict radiological follow up (13,25).

Surgery for pediatric trauma patients should be 
offered in patients with ongoing injuries which cannot be 
treated conservatively (for instance, the evidence of active 
bleeding) or in case of failure of conservative treatments; 
moreover, in case of retained hemothorax pleural toilette 
should be performed to avoid fibrosis or development of a  
trapped lung.

Recently, minimally invasive surgery (MIS) has gaining 
an increasing consensus in thoracic surgery allowing a 
reduced postoperative pain and a faster postoperative 
recovery (43). Although no prospective studies are available 
for the use of MIS in pediatric trauma patients, evidences 
from adults seem to support its use in hemodynamically 
stable patients (34,44). Limited experiences reported in 
literature seems to validate the feasibility of MIS also in 
children (34,45,46) (Video 1).

Conclusions

Thoracic trauma in children can lead to severe injuries 
which are associated with high morbidity and mortality. A 

Video 1 Pediatric chest trauma (47).
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suspicion for the presence of life-threatening conditions is 
crucial in order to make the right diagnosis and apply the 
right treatment.
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