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BLUNT THORACIC TRAUMA

Oz

Travma 40 yas altinda goriilen 6liimlerin en sik nedenidir. Vakalarin
hemen hemen dortte biri toraks travmasidir ve bunlarin da énemli bir
ylizdesini kiint travmalar olusturur. Yaralanma izgesi mindr
vakalardan ciddi, hayat1 tehdit edenlere kadar ¢esitlilik gdsterebilir.
Kiint toraks travmasi hakkinda yeterli bilgi sahibi olunmasi ve
travmanin meydana geldigi yerde baslayan uygun bakim, morbidite
ve mortalitenin azaltilmasinda son derece dnemlidir.

Anahtar Kelimeler: kiint, toraks, travma

Abstract:

Trauma is the most common cause of death under 40 years of age.
Almost a quarter of these cases are thoracic trauma, in which blunt
ones constitute a major percentage. The spectrum of the injuries may
vary from minor ones to severe lifethreatening cases. Adequate
knowledge on blunt thoracic trauma and proper care starting at the
site of the impact are crucial for decreasing morbidity and mortality
rates.
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BLUNT THORACIC TRAUMA

Adequate knowledge about thoracic trauma and
associated injuries 1is crucial for proper
management of trauma victims. Edwin Smith
papyrus reports on thoracic trauma and related
surgical issues in 1600 BC(1). In the fifth
century BC, Hippocrates defined hemoptysis
caused by rib fractures. He stated this to be a
serious pathology, referring to pulmonary
injury. In 1773, William Bromfield mentioned
about tension pneumothorax and he performed
thoracentesis. With the advent of closed chest
drainage, thoracic injury management was
better performed. Playfair used the water seal
drainage system for the first time in 1875 (2).

Trauma, although being the third most common
over 40 years of age, is the most common cause
of death under the age 40 (3). About 25% of
these casualties are due to thoracic trauma.
Around 70% of thoracic trauma are blunt. The
associated injuries may range from simple,
isolated rib fracture to grave vascular
hemorrhage necessitating thoracotomy.
Pulmonary contusion is the most commonly
encountered intrathoracic pathology in blunt
trauma. Severe intrathoracic injuries are more
common in multitrauma patients. The mortality
rate of the thoracic trauma is 4 to 12%. This
rate may rise up to 30 to 35% when multiple
traumas exist (4). The most common
accompanying injuries are fractures of the
extremities, head trauma, abdominal injury,
pelvic fractures and spinal injuries with
decreasing order of frequency. In about 50% of
the motor vehicle accidents resulting in death,
severe thoracic trauma is present (5, 6).

Rib Fracture:
Rib fractures are the most common injury

observed with blunt thoracic trauma. Usually
4th to 9th ribs are affected. The involvement of

the first 2 ribs suggests a high energy trauma
and damage to the subclavian vessels and
brachial plexus may accompany the situation.
In cases of lower rib fractures, possible injury
to the abdominal organs must be carefully
sought. Hepatic and splenic injuries may be
observed with the fracture of 11th and 12th
ribs. In cases of rib fractures immediate pain
relief and pulmonary rehabilitation is crucial.
For pain management; oral and parenteral
nonsteroidal anti-inflammatory drugs,
narcotics, intercostal nerve blockade and
epidural analgesia may be used (2).

Pulmonary Parechymal Laceration:

Pulmonary parenchymal laceration may be
observed with blunt thoracic trauma, altough it
is more common with penetrating chest
wounds. It may be the result of rib fractures or
deceleration type trauma. It is wusually
accompanied by hemoptysis and hemothorax.
Both the vascular structure and airway injuries
occur. In most cases the main problem is
pneumothorax. If the visceral pleura remains
intact, blood and air may be trapped within the
parenchyme giving rise to hematoma, cyst or
blood filled cystic lesion (7).

Pulmonary Hematoma:

The incidence of developing pulmonary
hematoma is 4 to 10 % in pulmonary contusion
cases. It may be difficult to differentiate
pulmonary  hematoma from  pulmonary
contusion because of the surrounding
intraparenchymal hemorrhage. Typically, a
well-demarcated nodular formation of 2 to 5
cm in size develops within 24 to 48 hours after
the trauma. Computed tomography of the chest
may help in detection. It 1is usually
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asymptomatic, but may cause moderate pain
and hemoptysis. Most often the pathologic
situation does not interfere with gas exchange
and spontaneous resorption takes place within 2
to 6 weeks. Rarely, secondary infection and
abcess formation, which needs to be drained,
may develop. Fever and dyspnea may be
observed then. Usually, immediate chest X-ray
following the trauma yields no sign of
hematoma (7).

Traumatic Pulmonary Pseudocyst:

Thoracic trauma, although rare, may give rise
to a well-demarcated, air, liquid or blood filled
cystic cavity lacking an epithelial lining. This
usually takes place after blunt trauma. It is rare
compared to intrapulmonary hematoma or
pulmonary contusion (8). Two mechanisms
have been proposed for the development of
pulmonary pseudocysts in high energy motor
vehicle accidents related to the exposure of the
lungs to immense forces. First one is the
closure of a segment of the bronchial tree due
to sudden compression of a certain area of the
lung. The closed segment later on enlarges as a
result of the alveolar rupture. Second probable
mechanism is the production of contusion
waves tearing the pulmonary parenchyma (9).
Children and young adults are more prone to
such injuries because of the hyperflexibility of
the chest wall facillitating the visceral pleura to
stay intact in spite of the massive forces applied
on the pulmonary parenchyma. For this specific
reason 85% of the traumatic pulmonary
pseudocyst patients are less than 30 years of
age (10). The pseudocysts may be solitary or
multiple, oval or spheric and the size ranges
from 2 to 14 cm (11).

Costal Cartilage Damage:

Especially children suffer such phenomenon
when a trauma exerts from the anterior. The
ribs detach from costal cartilages or the
sternum. The usual symptom is pain and the
situation resolves spontaneously in few weeks.

Hemothorax:

Hemothorax develops as a result of damage to
the intercostal artery, lung, diaphragm, heart,
pericardium, aorta and its  branches.
Occasionally, intraabdominal bleeding may
leak through the diaphragmatic musculature
into the thoracic cavity. For diagnosis on the
basis of chest X-ray, the position of the patient
is extremely important. Lateral decubitus
position or standing upright are favored (2).

Pneumothorax:

Pneumothorax briefly can be described as the
entry of air inside the pleural cavity, which
causes pulmonary collapse of varying amounts.
Normally, the pleural cavity contains little fluid
amounting to 5 to 10 ml. Presence of air is
abnormal. Pneumothorax develops as a result
of disrupted continuity of either the visceral or
parietal pleura. This may be caused by a blunt
or penetrating trauma or the tear of the lung
parenchyma along with the visceral pleura
which wraps it thoroughly. In case of any
attachment between the plevral layers, localized
pneumothorax may be observed. If there is free
entry of air inside the pleural cavity during
respiration, the situation is called open
pneumothorax. If the air entering the pleural
cavity during inspiration fails to leave the
cavity during expiration and goes on
accumulating, it gives rise to tension
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pneumothorax. Fluid may accompany air inside
the pleural cavity, which is called
hydropneumothorax. Blunt or penetrating
thoracic trauma, chronic interstitial pulmonary
diseases, metastatic pulmonary disease and
iatrogenic  reasons may give rise to
pneumothorax. However, most common reason
is spontaneous pneumothorax, which is usually
observed in young, thin, tall and otherwise
healthy individuals. This is generally caused by
rupture of the small, subpleural, congenital
blebs. These blebs may be bilateral in location.
Spontaneous pneumothorax is observed 8 times
more in men compared to women. Spontaneous
pneumothorax is recurrent with a possibility of
30 to 70% on the affected side. The
contralateral side may ve affected 10 % of the
cases after the initial episode. The patients
usually complain of sudden onset chest pain
and dyspnea. Cyanosis may be observed in
tension pneumothorax (12).

Subcutaneous Emphysema:

Subcutaneous emphysema is simply the
presence of air beneath the skin. Main causes
are tears in the skin allowing entry of air, tear
of the parietal pleura in case of pneumothorax,
migration of the air from mediastinal
emphysema and passage of air from pleural
cavity to the subcutaneous tissues in localized
pneumothorax cases in which pleural adhesions
exist. Occasionally, air is trapped in
mediastinum, neck and face after trauma. This
air sometimes migrates all along the
subcutaneous tissues throughout the body.
Accumulation of excess air in between the
aponeuroses may compress the vena cavae.
Mediastinotomy is helpful in such cases (13).
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Pneumomediastinum:

Pneumomediastinum is defined as the presence
of air inside the mediastinum. Alveolar rupture
leads to pneumomediastinum in blunt thoracic
trauma. It may be observed following blunt
thoracic trauma, tracheostomy, endoscopy,
bronchoscopy and mechanical ventilation due
to barotrauma. The treatment is usually
conservative.

Sternal Fracture:

Sternal fractures are quite frequent. Usually, the
fracture axis is transverse. The fracture is
generally detected with inspection and
palpation. Lateral chest X-ray confirms the
diagnosis. Sternum gets fractured either by
direct trauma or by hyperflexion indirectly. In
about 55% cases severe intrathoracic injury is
present. It causes excessive pain when there is
displacement. Reduction may be performed by
traction or surgically. Respiratory
physiotherapy and analgesics are important for
treatment. Pseudoarthrosis is rare (13).

Flail Chest:

Flail chest is segmental unstabilization of the
chest wall. It is observed when at least three
consecutive ribs get fractured from at least 2
different points. Its incidence may be as high as
5% in thoracic trauma according to LoCicero
(14). Segmental paradoxical movement of the
thoracic cage is observed. This paradoxical
movement decreases the vital capacity
rendering the ventilation to be ineffective. The
accompanying pulmonary contusion may also
contribute to respiratory insufficiency (15). If
the flail segment is in a small, restricted area;
proper analgesia, pulmonary toilet, oxygen
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administration may be sufficient for
management. The general status of the patient
might be misleading thus arterial blood gas
analysis must be performed for follow-up.
Paradoxical movement itself is not an absolute
indication for mechanical ventilation (16).
Mechanical ventilatory support may be as long
as 3 weeks, as the fibrous stabilization of the
thoracic cage takes place (17). The rate of flail
chest varies as depicted in different series. It is
8% as stated by Galan et al (18), and 1.5% as
suggested by Cagirici et al (19). In patients who
need mechanical ventilation positive end
expiratory pressure helps in stabilization of the
thoracic cage (20, 21). The mortality is closely
dependent on the presence of pulmonary
contusion, massive hemothorax and the
development of acute respiratory distress
syndrome (22). The mortality rate varies from
11 to 22% (23).

Diaphragmatic Injury:

In case of penetrating injuries small tears may
develop on the diaphragm, whereas blunt
trauma may lead to large radial tears. Blunt
trauma may cause rupture especially on the
posterior part of the diaphragm where it is
congenitally weak. The mechanism of the
trauma s the increased  pressure.
Intra-abdominal pressure rise is transmitted.
Motor vehicle accidents and falls from certain
high levels in which there is huge energy, the
diaphragm may be injured severely. And the
defects in respiratory mechanics may facillitate
early diagnosis (24, 25). Since the liver itself
kind of guards the right hemidiaphragm, left
side is more commonly affected. But when
there is rupture on the right side, since the

impact is considered to be bigger, mortality
rates are higher. Diaphragmatic rupture also
usually points out to an accompanying
intra-abdominal  injury. The  diagnostic
capability of plain chest X-ray is reported to be
27 to 62% on the left and 17% on the right side
(26, 27). In patients with mechanical
ventilatory support, the positive end expiratory
pressure may hinder intra-abdominal organ
herniation inside the thoracic cavity. Thus, only
the post-extubation X-ray may reveal hernia.
Computed tomography and magnetic resonance
imaging may be useful in diagnosis. However,
direct visualization during laparoscopy,
laparotomy, thoracoscopy or thoracotomy is the
gold standard in diagnosis. Surgical repair is
necessary for management. In acute cases
laparotomy is easier, whereas in chronic cases
thoracotomy is favored. Although many
variations may exist, the safest fashion of repair
seems to be using nonabsorbable interrupted
mattress sutures.

Traumatic Asphyxia:

Traumatic asphyxia is caused by forceful blunt
trauma of the thorax. Petechial hemorrhages are
observed on the face and upper parts of the
thorax. Subconjunctival hemorrhage, cervical
cyanosis and less commonly neurologic
problems may accompany (28). Retinal edema
may give rise to temporary loss of vision. High
energy trauma exerted on the thoracic cage of a
person during deep inspiration when the glottis
is open causes asphyxia. Supportive care is
sufficient whenever there is no accompanying
injury of other systems (29, 30).

Tracheobronchial Injury:

Tracheobronchial injuries are more commonly
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seen following motor vehicle accidents. Around
30% of such injuries are fatal. More than 80%
occur in 2.5 cm distance within the carina (31).
Since the cervical trachea is well protected by
the surrounding bony  structures, the
intrathoracic part of the trachea and the bronchi
are more commonly injured. Since the close
relationship of the trachea with the vital
intrathoracic organs, accompanying injuries are
of primary importance. When extrapleural
rupture  occurs pneumomediastinum  and
subcuatenous emphysema are observed.
Intrapleural rupture favors an incremental
respiratory distress. Upon chest tube insertion,
massive air leak is observed and the lung fails
to expand. In about 90% patients, chest X-ray
reveals a pathology such as pneumothorax,
pleural effusion, subcutaneous emphysema,
ipsilateral rib  fracture and mediastinal
hematoma. The specific radiological signs for
tracheobronchial injuries are peribronchial air,
deep cervical emphysema seen as a radiolucent
line along the prevertebral fascia, mediastinal
emphysema and fallen lung sign. Patients
should be started inhaling 100% oxygen.
Bronchoscopy must be carried out immediately
if the general status of the patient is stable. The
endotracheal tube shall be pushed to the
unaffected side if the injury is at bronchial
level. This fascillitates ventilation and also
prevents entry of the hemorrhagic secretions to
the unaffected side. The treatment for complete
transection is anastomosis of the injured
segment (32). However, detailed repair technics
are beyond the scope of this paper.

Blunt Cardiac Injury:

Cardiac contusion may the most commonly

missed pathology following trauma. It occurs
as a result of direct compression of the heart or
deceleration traumas. Cardiac contusion is
encountered most often with sternal fractures
and the right ventricle is affected in majority of
the cases. The diagnosis is made with history of
the trauma to explain the possible mechanism,
cardiac enzyme tests, ECG evaluation and
echocardiography. Some rhythm disorders such
as  sinus  tachycardia,  supraventricular
tachycardia and ventricular extrasystoles may
be observed in about 20% patients with cardiac
contusion. In rare cases, branch blocks and
complete blocks may occur, but usually the
need for pacemaker is rare. Myocardial
contusion leads to low cardiac output as a result
of such reasons as decreased cardiac
contractility, decreased ventricular compliance
and cardiac insufficiency. Nonspecific ST-T
changes may be observed on ECG. Troponin I
and troponin T levels are sensitive for
evaluation of the cardiac status (33).

Cardiac Tamponade:

Cardiac tamponade is more frequent in
penetrating injuries. Accumulation of as little
as 150 to 200 cc hemorrhagic fluid within the
pericardial cavity may lead to tamponade (34).
Pericardial tamponade must be questioned in
patients with acidosis, base deficit and
hypotension despite the adequate volume
replacement. Beck’s triad (jugular venous
distention, hypotension, distant heart sounds) is
present in only about one third of the patients
(35). Pulsus paradoxus and Kussmaul’s sign
may be observed. The difference between the
systolic and diastolic blood pressures may
decrease along with hypotension. Central
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venous pressure increases. Mediastinum is
enlarged on chest X-ray. Low amplitude QRS
complexes appear on ECG. The diagnosis is
confirmed by detection of pericardial fluid
inside the pericardial layers.

Esophageal Injury:

Esophageal injury is rare. It is usually seen in
penetrating traumas. If the diagnosis is missed,
the patients may develop mediastinitis which is
extremely mortal. Patients generally complain
about a pain which commences on epigastrium
and migrates to the chest. Rapid onset dyspnea,
cyanosis and shock may develop. Detection of
localized hematoma or laceration on
esophagoscopy confirms the diagnosis. The
treatment is surgical repair and drainage of the
mediastinal and pleural cavities. Broad
spectrum antibiotics must be administered (36).
Survival is reported to be 87% in patients
which undergo surgery within the first 24 hours
of the esophageal perforation. This rate
decreases to 55% when the surgery is delayed
(37).

Pulmonary Contusion:

The energy of the trauma once absorbed by the
thoracic cage is transmitted to the lungs. This
energy causes alveolar distention, alveolar
rupture, detachment of the alveoli from the
bronchioles, intra-alveolar bleeding and
interstitial edema. This overall pathology is
referred as pulmonary contusion. Pulmonary
contusion occurs in about 30 to 77% of the
major thoracic trauma cases. It is more frequent
in areas adjacent to the thoracic cage,
diaphragm and mediastinum. The extent of the
contusion is dependent on the severity of the
trauma and the amount of alveolocapillary

damage. Pulmonary contusion may be solitary
in children, whereas accompanying injuries are
present in adults (7). Mechanisms for the
development of pulmonary contusion have
been defined as: distention and laceration of the
alveoli as a result of the positive pressure from
the impact, detachment of the alveoli and
bronchi as the impact causes them to move at
different  velocity, disruption of the
bronchioloalveolar common surface because of
the high energy wave (38). Shortly after the
trauma, edema develops around a central
hemorrhagic area. Inflammatory cells migrate
around the alveoli. Since the alveoli fail to
function properly, oxygenation at these injured
sites get impaired. Partial oxygen pressure may
fall in the first 24 hours. Moreover, there is an
increase in the amount of secretion in the
unaffected alveoli and the bronchial tree fill up
with hemorrhagic fluid. This eventually leads
to atelectasis and consolidation.  This
aggravates the clinical status of the patient.
Lung compliance decreases as a result of the
fall in surfactant content. Pulmonary vascular
resistance rises. Microcirculatory shock ensues
leading to the development of oxygen free
radicals (39). Both the systemic and pulmonary
capillary permeability increase causing edema.
Blunt thoracic trauma, either accompained by a
head trauma or not, causes systemic neural
discharge. This futher increases the peripheric
vascular resistance and the cardiac response as
an answer.

The first step after securing the airway should
be the evaluation of effective and sufficient
breathing. Respiratory rate, dyspnea, cyanosis,
control of the secretions must be evaluated.
Unless otherwise proven, every thoracic trauma
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patient shall be suspected of pulmonary
contusion (40). Usually dyspnea, tachycardia,
hemoptysis, cyanosis,  tachypnea  and
hypotension are observed. Non-productive
cough may develop few hours after the trauma.
Chest X-ray which is obtained right after the
trauma may not reveal any pathology. The
radiological changes may take 6 to 24 hours to
develop. Patchy type opacity increase may be
seen on chest X-ray. Such lesions may be
solitary or multiple. Detection of such finding
on the immediate X-ray is diagnostic as acute
respiratory distress syndrome and pneumonia
usually develop later. Computed tomography of
the chest is highly sensitive in diagnosis (41,
42). The contusion generally starts to resolve in
4 to 6 days in uncomplicated cases.

Pulmonary contusion patients must be followed
closely. The clinical situation may aggravate
quite rapidly. The mainstay of treatment is the
respiratory support. Oxygen supply must be
enough to keep the partial oxygen pressure
above 60 mmHg. Overhydration of the patient
must be avoided (9). Whenever the need arises,
pulmonary artery pressure and pulmonary
capillary wedge pressure calculations must be
carried out. High dose corticosteroid
administration of short duration may be done.
Adequte pulmonary toilet and pulmonary
rehabilitation are of paramount importance for
the prevention of atelectasis and clearance of
the secretions. The use of antibiotics are still
debated. Prophylactic antibiotic use is yet to be
proven useful, although some studies suggest it

(13)
Acute Lung Injury:

Acute lung injury (ALI) as defined by

Dupuytren in 19th century is seen in most of
blunt thoracic trauma patients (43). The injury
may range from ALI to acute respiratory
distress syndrome according to the magnitude
of the impact. In ALI intracellular and
extracellular edema develop to impair the
alveolocapillary permeability which leads to
hypoxia. Vital capacity, tidal volume, arterial
oxygenation and compliance decrease.
Increased pulmonary secretions obstruct the
bronchioles leading to atelectasis. ALI gives
rise to arteriovenous shunts. ALI may be seen
in about 75% of the flail chest patients (44).
Dyspnea, hypoxemia, cyanosis, tachycardia,
hemoptysis may be the presenting symptoms.
Impaired ventilation/perfusion ratio causes
intrapulmonary ~ shunts and  decreases
compliance of the lungs. Hypoxia and impaired
ventilation may become prominent in 24 to 48
hours (45). The onset is usually sudden. The
ratio of partial oxygen pressure to fraction of
inhaled oxygen is less than or equal to 300.
Diffuse, bilateral infiltration is observed on
chest X-ray. Pulmonary capillary wedge
pressure is usually less than 18 mmHg. The
treatment is ususally supportive. If severe
hypoxemia fails to develop,usually the cases
begin to improve in about 48 to 72 hours.
Complete resolution is usually seen in about
one week (46, 47). Measures such as
nasotracheal aspiration, respiratory
physiotherapy, pain control and ventilatory
support whenever needed are important to
prevent the development of pneumonia.
Furosemide acts double fold as it has diuretic
role and it also acts on pulmonary vasculature
to decrease vascular resistance, lower
pulmonary capillary hydrostatic pressure and
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decrease intracellular fluid (48, 49).
Acute Respiratory Distress Syndrome:

Acute respiratory distress syndrome (ARDS)
was first described in 1967 by Ashbaugh et al
(50). ARDS is characterized by bilateral,
diffuse infiltration of lungs of non-cardiogenic
nature and it is usually unresponsive to oxygen
treatment. Although its incidence may be as
low as 3 to 8 per 100000, the mortality rate
may be as high as 90%. ARDS may be primary
or secondary in etiology. Primary causes are
pneumonia, aspiration, pulmonary contusion,
toxic fume inhalation and drowning. Secondary
causes are sepsis, trauma, hypovolemic shock,
blood transfusion, acute pancreatitis, drug
intoxication and longlasting cardiac surgery
(51). ARDS is the furthermost end of ALIL In
addition to intracellular edema, increased
airway pressure and hypoxemia as observed in
ALI; cytokine release, stimulation of monocyte
-macrophage, complement and coagulation-
fibrinolysis systems and neutrophil migration
take place.

There are 3 stages in the development of ARDS
which overlap each other. In the inflammatory
stage, edema fluid which is rich in protein leaks
into the interstitium and the alveolar spaces. It
lasts 1 to 4 days. There is increased
permeability of the endothelium and the
alveolar epithelium. Alveolar injury, edema and
the development of hyalene membranes are
seen microscopically. The second stage is
proliferative. Proliferation of alveolar type II
cells and myofibroblast infiltration are
observed. There is also increased pulmonary
arterial pressure. Fibrotic stage is the third one.
It takes place around 10 to 14th days.

Destruction of the alveoli, emphysematous
changes, fibrosis, chronic pulmonary disease
take place (51). In the early stages of ARDS,
neutrophils and neutophilic deposits are
observed in brochoalveolar lavage fluid (52).
Platelets aggravate endothelial damage by
means of the mediators they release. The
antioxidant levels are decreased in ARDS (53).

Sudden onset dyspnea, hypoxemia, a ratio of
partial oxygen pressure to fraction of inhaled
oxygen less than 200, bilateral consolidation on
chest X-ray, left venticular failure symptoms
and a pulmonary capillary wedge pressure of
less than 18 mmHg favor ARDS (54).

The aim of treatment is to facilitate adequate
gas exchange for tissue oxygenation, stop the
reactions giving rise to pulmonary damage and
eliminate any underlying causes. It is important
to maintain fluid and electrolyte balance.
Excess fluid administration must be avoided.
Proper antibiotic treatment is needed for
accompanying pneumonia. Sufficient
pulmonary toilet must be achieved and
mechanical ventilatory support must be started
whenever needed. Enteral nutrition must be
started as early as possible.

In conclusion, trauma is the leading cause of
death under 40 years of age. Around 25% of
such trauma are thoracic, and the majority of
the thoracic trauma cases are blunt. The initial
evaluation and appropriate care of the victim at
the site of the injury is crucial, since it is
effective on the morbidity and mortality rates.
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