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Penetrating Thoracic Trauma
Trauma continues to be a significant cause of morbidity and mortality. 

Accidental death remained the fifth most common cause of death for all ages 
in 2009.1 Thoracic injuries reportedly have been involved in up to 75% of all 
deaths related to trauma and may be directly responsible in up to 25% of these 
deaths.2-4 Between 4-15% of trauma center admissions are related to penetrating 
thoracic injuries.5 While the initial resuscitative phase taught in the American 
College of Surgeon’s Advanced Trauma Life Support (ATLS) courses has 
become a staple in the evaluation of these patients, there are many other aspects 
to consider when caring for these patients. The initial evaluation and trans-
portation by EMS providers, as well as intermediate hospital work-up prior to 
transfer to trauma centers, may alter the outcome for these patients. Advances 
in radiologic evaluation with ultrasound may assist initial management deci-
sions. Observation in asymptomatic patients may be contemplated. Also, emer-
gency department thoracotomy may be considered in the appropriate clinical 
setting.

The purpose of this issue is to provide guidance in the evaluation and man-
agement of the patient presenting with acute penetrating thoracic trauma. This 
article will discuss the major injury types and methods to detect them. The 
discussion will address the aforementioned considerations and advancements in 
the work-up of these cases to help with resource utilization and provide high 
quality care to patients.

Pre-trauma Center Evaluation and Transfer vs. Direct 
Trauma Center Transport

Initial presentation to non-trauma centers is common in rural areas. The 
practice of initial stabilization and transfer to a higher level trauma center is well 
known and taught in ATLS courses. Studies have shown, however, that when 
this initial evaluation is prolonged and patients are not promptly transferred to 
appropriate trauma centers, there is increased risk of mortality.6-10 Sampalis and 
colleagues found an overall mortality of 8.9% for indirectly transported patients 
vs. 4.8% for patients directly transported to a trauma center.9 These data may 
support bypassing the initial hospital and directly transporting to tertiary 
trauma centers. There are a variety of reasons proposed for which EMS provid-
ers stop at non-trauma centers, such as inability to care for such critical patients, 
the thought that some higher level of care was better than the care that could 
be provided en route to the tertiary center, or the need for immediate attention 
for an unstable patient.6 Also, in some areas there are limited resources, and the 
prolonged transport to the tertiary center may leave gaps in EMS coverage. 

For victims of major trauma taken initially to a non-trauma center then sub-
sequently transferred, the most common intervention provided at the initial 
hospital is endotracheal intubation, followed by chest decompression.11 The 
additional “procedures” performed commonly included imaging studies and, 
frequently, CT scanning. The studies were often repeated upon arrival to ter-
tiary centers. One possible reason for this could be more sophisticated scanners 
or higher quality images at the trauma centers. However, these imaging studies 
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at the initial hospital, combined with 
the lack of protocol-based care, fre-
quently prolong the transfer time.6 

There is some concern that these 
patients are under-resuscitated due 
to their transfer and prolonged time 
to definitive care. The initial resus-
citation administered by EMS and 
the initial facility may give a false 
sense of security, as patients are often 
transported and arrive with appropri-
ate appearing vital signs. It has been 
speculated that this allows some 
measure of comfort upon arrival 
at accepting tertiary facilities, and 
patients may be treated less aggres-
sively.8 Speculation aside, the trans-
ferred patients in that study appeared 
to be treated less aggressively, with 
extended correction of resuscitation 
markers such as lactic acid and base 
deficit. This prolonged correction 
may increase complication rates and 
cause transferred patients to incur 
longer intensive care unit (ICU) and 
hospital lengths of stay.10 

There are studies showing a benefit 
from permissive hypotension with 
limited crystalloid use and increased 
blood product use. This practice is 
known as damage control resuscita-
tion. This practice utilizes a goal of 
transfusion of a 1:1 ratio of fresh fro-
zen plasma and units of packed red 
blood cells, with very limited crystal-
loid administration. The target sys-
tolic blood pressure is 90 mm Hg.12 
Two recent studies utilizing this 
resuscitation concept had an aver-
age systolic blood pressure of about 
100 mm Hg.12,13 The studies found 
improved mortality in both 24-hour 
survival and 30-day survival.12,13 
While studies continue, this concept 
has not yet gained wide acceptance 
or become the clinical standard of 

care. Additionally, this approach 
does not appear to be well studied in 
transferred trauma patients.

The published observational stud-
ies referenced above would support 
direct transport of critical trauma 
patients to tertiary trauma centers. 
When this is not possible, or more 
immediate attention and stabiliza-
tion are necessary, efforts should be 
made to streamline treatments and 
minimize nontherapeutic imaging 
studies in an effort to decrease the 
time to transfer from the intermedi-
ate facility to the tertiary center. This 
would include addressing the airway 
and intubating the patient, if needed, 
obtaining a chest X-ray, utilizing 
bedside ultrasound, if available, 
and possibly placing a chest tube if 
needed. 

Initial Evaluation and 
Management of Common 
Injury Types

When a trauma patient arrives 
in the emergency department, the 
American College of Surgeons 
Committee on Trauma recom-
mends following the ATLS protocol. 
This starts with a primary survey, 
which focuses on immediate life-
threatening injuries and the ABCs 
algorithm.14 The airway is evaluated 
first. If the patient is unconscious, or 
there is any doubt that the patient 
is able to maintain a patent airway, 
perform immediate endotracheal 
intubation. The possibility of a spinal 
cord injury should be considered and 
spinal precautions maintained. Next, 
breathing is assessed and the chest is 
exposed. Observe for discrepancies in 
movement and examine for tracheal 
deviation. Auscultation may reveal 

decreased breath sounds. When there 
is tracheal deviation or suspicion 
for tension pneumothorax, perform 
immediate chest decompression with 
a large-bore (14-18 gauge) IV nee-
dle in the second intercostal space at 
the midclavicular line. Other signs of 
tension pneumothorax include hypo-
tension, neck vein distension, and 
tachycardia.15 Circulation is assessed 
and control of major source bleed-
ing should be applied. Crystalloid 
and/or blood is initiated through 
two large-bore peripheral IV lines. A 
brief neurological survey should be 
performed to evaluate any disability, 
and the patient should be exposed 
to allow complete visualization and 
examination.14 

After the primary survey and any 
immediate life-threatening injuries 
are attended to, the secondary survey 
and imaging studies are obtained to 
define injuries and plan treatments.14 
Potential injuries in the setting of 
penetrating thoracic trauma include 
chest wall injuries, pneumo- and/
or hemothorax, pulmonary injuries, 
tracheobronchial injuries, cardiac 
injuries, injuries of great vessels, dia-
phragmatic injuries, and esophageal 
injuries.2-4,15-19

Rib or sternal fractures may be 
seen with penetrating trauma at the 
point of entry and/or exit. They may 
also contribute to further penetrating 
injury if there is displacement of the 
fracture ends causing further damage 
to internal structures.3,4

Pneumothorax is a common com-
plication of penetrating thoracic 
trauma. It results from free air in the 
pleural cavity. There are three types 
of pneumothorax: simple, communi-
cating or open, and tension pneumo-
thorax. Simple pneumothorax does 

 z Prehospital transport protocols should encourage the 
transport of victims of penetrating thoracic trauma 
directly to a trauma center.

 z Interventions for victims of penetrating thoracic trauma 
at non-trauma-center hospitals should be limited to 
those necessary for immediate life threats.

 z The extended FAST exam can detect pneumothorax 
with a greater sensitivity than the supine chest X-ray.

 z In stable patients, the chest CT scan is a valuable diag-
nostic study.

Executive Summary
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not result in shift of the mediastinum 
or change in the hemidiaphragm.4 
A pneumothorax is considered small 
if it is 15% or less of the pleural 
space, moderate if it is 15-60%, and 
large if it occupies greater than 60%. 
Depending on the clinical circum-
stances, small or occult pneumotho-
races may be observed. However, 
if the patient is intubated or will 
require surgery with general anes-
thesia, a chest tube is often placed, 
as many of these will progress under 
positive pressure ventilation.4 If none 
is placed prior to surgery, the anes-
thesia team should be aware of the 
presence of pneumothorax. If there 
is a moderate to large pneumotho-
rax, a chest tube will be required. 
Recommended chest tubes size 
should be 36-40 French in traumatic 
pneumothoraces because of the risk 
of concomitant hemothorax. This is 
placed at the fifth intercostal space 
on the anterior axillary line. This 
allows drainage of blood and smaller 
clotted material when placed under 
20 cm of water suction.

A communicating or open pneu-
mothorax results from a defect in the 
chest wall that is at least two-thirds 
the diameter of the trachea, allow-
ing direct communication with the 
atmosphere.3,15 This is also referred 
to as a sucking chest wound. During 
inspiration, air rushes into the pleural 
cavity via the wound, causing further 
collapse of the affected lung. There is 
minimal expansion of the lung dur-
ing expiration. An occlusive dressing 
is applied and an appropriate-sized 
chest tube placed to prevent develop-
ment of tension pneumothorax.3,4,15

Tension pneumothorax occurs 
when there is one-way air leakage 
from either a chest wall wound or 
the lung itself. The air continues 
to accumulate and fills the pleu-
ral space, eventually compressing 
the affected lung and mediastinal 
structures. This compression may 
cause tracheal deviation and leads 
to impaired cardiac function with 
decreased venous return to the heart 
and distension of the neck veins with 
eventual hypotension.3,4,15 Tension 
pneumothorax is a clinical diagnosis, 
and treatment should not be delayed 

for confirmation by chest X-ray. This 
requires immediate needle decom-
pression followed by chest tube 
placement.

Bleeding from lung tissue is the 
most common cause of traumatic 
hemothorax, followed by laceration 
of intercostal or internal mammary 
arteries.4,15 It occurs concomitantly 
with pneumothorax in as many as 
25% of cases.4 Hemothorax may be 
detectable by chest X-ray with as lit-
tle as 200-300 mL of blood blunting 
the costophrenic angles on upright 
images. In most trauma, however, 
the X-ray is supine and hemothorax 
is more difficult to identify. In this 
case, it is usually seen as a hazi-
ness over the affected lung space.3,4 
Treatment is by drainage facilitated 
by placement of a 36-40 French 
chest tube. 

Pulmonary injuries related to 
penetrating trauma are often due to 
parenchymal laceration. These are 
usually self-limited but may cause 
hemothorax. Treatment is by chest 
tube placement to drain the blood 
and monitor for additional hemor-
rhage.3,4 Fewer than 10% of these 
cases require operative intervention, 
usually due to persistent air leak or 
persistent hemorrhage.2,3 Pulmonary 
contusion is more common in blunt 
trauma cases, although it may be 
present in high-velocity gunshot 
wounds. Pulmonary contusion 
results in alveolar hemorrhage and 
is accompanied by interstitial edema 
within 1-2 hours.5 Pulmonary contu-
sion results in an infiltrative pattern 
on chest X-ray. In severe cases, acute 
respiratory distress syndrome may 
ensue.3,4

Tracheobronchial injury is an 
uncommon injury and often fatal 
before arrival at the emergency 
department.2-4 With penetrating 
trauma, it is seen at any level of the 
tracheobronchial tree, although stab 
wounds nearly always affect the cer-
vical airway. Suggestive findings of 
tracheobronchial injury include per-
sistent air leak, cervical subcutaneous 
emphysema, hemoptysis, or tension 
pneumothorax.2-4 On chest X-ray, 
the “fallen lung sign” is considered 
to be specific for tracheobronchial 

injury. The affected lung appears to 
fall away from the hilum instead of 
toward it, as in the case of pneumo-
thorax.2 Treatment involves fiberop-
tic bronchoscopic intubation with 
endotracheal tube placement beyond 
the injured site.2,15 Also, more than 
one chest tube may be required to 
re-expand the affected lung.

Penetrating cardiac injury involves 
the right ventricle in approximately 
43% of cases, which is due its ante-
rior location. The left ventricle is 
affected in about 34% of cases, and 
the atria about 20%.4 The mortality 
rate for these injuries is high, ranging 
from 60-80%.5 In the United States, 
penetrating cardiac injuries are more 
often due to gunshot wounds than 
stab wounds.16,17 However, as many 
as 80% of patients with stab wounds 
develop tamponade.4,5 Entrance 
wounds located in the area between 
the clavicles superiorly, infracostal 
margin inferiorly, and the midclavic-
ular lines laterally (the “cardiac box”) 
should be presumed to have a car-
diac injury.3,5 Patient presentation is 
usually in one of two states: hemor-
rhagic shock or cardiac tamponade. 
This is dependent on the injury, with 
larger injuries that communicate with 
the pleural cavity allowing continued 
hemorrhage, and smaller pericardial 
injuries that seal causing tamponade. 
This may be distinguished by bedside 
echocardiogram during the focused 
assessment with sonography for 
trauma (FAST) exam. The treatment 
for communicating rupture is opera-
tive intervention and may require 
emergency department thoracotomy 
(EDT).2,4 

Pericardial tamponade classically 
presents with Beck’s triad: hypo-
tension, muffled heart tones, and 
distended neck veins.2-4,15 A high 
index of suspicion is needed, though, 
because not all three of these signs 
may be present. For example, muf-
fled heart tones may be difficult to 
distinguish in the noisy ED. Also, 
depending on the patient’s hemody-
namics, there may not be distension 
of neck veins. As little as 50 mL of 
blood can cause acute pericardial 
tamponade.2,4 Pericardial tamponade 
requires definitive management with 
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pericardial window or thoracotomy, 
although pericardiocentesis may be 
temporarily therapeutic if the blood 
has not clotted. Pericardiocentesis 
may not stabilize the patient due to 
inability to remove clotted blood 
from the pericardium. Patients in 
extremis may require EDT. 

The incidence of great vessel 
injury in penetrating trauma is about 
4% and tends to be more preva-
lent in gunshot wounds than stab 
wounds.2,18 The low incidence of 
emergency department presenta-
tion is considered to be due largely 
to patients exsanguinating prior to 
arrival at the emergency department. 
Possible indicators of these injuries 
include basilar neck wound, transme-
diastinal gunshot wound, or a pulse-
less extremity. Penetrating aortic 
injury is rare and carries a reported 
mortality of 93% and appears to be 
more lethal than penetrating cardiac 
wounds.18 Subclavian vascular injury 
is the most common great vessel 
injury, with the subclavian vein being 
injured more frequently than the 
artery. Most of these patients are in 
severe shock and will have massive 
hemothoraces.18 In these cases, it 

may be beneficial to autotransfuse 
the patient if the resources are avail-
able. Due to their location behind 
the clavicle, control of bleeding with 
pressure is anatomically difficult. If 
there is an obvious open wound in 
the supraclavicular area, tamponade 
to control bleeding may be achieved 
using 1-2 Foley catheter balloons. 
Insert one balloon into the wound 
tract as far as possible and then 
inflate the balloon. As seen in Figure 
1, with the application of traction, 
this may compress the subclavian 
vessels. An additional Foley balloon 
may be placed above the first within 
the wound tract.18 Patients arriv-
ing in extremis will require EDT or 
urgent thoracotomy in the operating 
room.

Diaphragmatic injury is common 
after penetrating injury. Any patient 
with penetrating injury below the 
nipples and above the costal margin 
should have high suspicion for dia-
phragmatic injury.3,4,19 Most often 
these injuries are occult when associ-
ated with penetrating trauma, but 
there is potential for late herniation, 
which has potentially severe con-
sequences resulting in pulmonary 

compromise or strangulation of 
abdominal contents and includes a 
mortality rate of up to 36%.15,19 The 
recommended work-up in stable, 
asymptomatic patients is laparoscopy 
because these injuries are frequently 
missed by common imaging modali-
ties. Diagnostic peritoneal lavage 
has been used in the past, but there 
are inconsistent recommended RBC 
cutoff values, and it is less frequently 
performed due to the increased use 
of ultrasound FAST exam and CT 
imaging.19 If the patient is unstable 
or requires operative intervention 
for other injuries, the diaphragm is 
directly visualized and repaired, if 
necessary.3,4

Traumatic esophageal perfora-
tion is rare; however, most trau-
matic injuries are due to penetrating 
trauma.3 A high index of suspicion 
is necessary because many of these 
injuries are initially unsuspected and 
there are severe consequences to 
delayed diagnosis, especially when 
diagnosed beyond 24 hours from 
presentation. Injury patterns most 
suggestive of esophageal injury 
include transmediastinal gunshot 
wounds and near midline posterior 
stab wounds.3 Signs and symptoms 
may include chest pain, dysphagia, 
subcutaneous emphysema, and a 
systolic mediastinal crunching sound 
may be auscultated, which is referred 
to as “Hamman’s crunch.”2-5 A 
chest X-ray may reveal mediastinal 
emphysema, left-sided pleural effu-
sion, or widened mediastinum.4 
Diagnostic testing includes water-
soluble contrast (e.g., Gastrografin®) 
esophagogram, followed by barium 
esophagogram if negative. Water-
soluble contrast is less irritating 
to mediastinal structures if a posi-
tive study is found, while barium 
has increased sensitivity and image 
quality if the initial study is nega-
tive.2,4,5 Alternatively, emergent bed-
side esophageal endoscopy may be 
used after a negative water-soluble 
contrast study. Barium should not 
precede endoscopy, as it obscures 
the visual field. Also, CT imaging is 
an additional adjunct in the stable 
patient, although not necessary if 
esophagogram or endoscopy reveal 

Figure 1: Foley Catheter Balloon Tamponade of Subclavian  
Vessels

Courtesy of: D. Demetriades, MD, PhD, FACS, Professor of Surgery, Director of 
Trauma/Emergency Surgery/Surgical Critical Care, LAC+USC Medical Center, 
University of Southern California, Los Angeles.
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injury. Injured patients require 
broad-spectrum antibiotics and 
emergent surgical consultation. 
Surgical drainage and repair is the 
standard of care, although some rare 
cases are managed non-operatively.3,4 

Transmediastinal gunshot wounds 
present a significant diagnostic chal-
lenge because of the many vital 
structures in this region. Often, these 
patients exsanguinate prior to hos-
pital arrival, and mortality has been 
reported up to 86% for cardiac inju-
ries, 92% in great vessel injury, and 
11% from lung injury.5 Injury pat-
terns suspicious for these scenarios 
include entrance and exit wounds 
on opposite hemithoraces, entrance 
wounds with metallic fragment 
within the opposite hemithorax, and 
wounds with metallic fragments seen 
near the mediastinum indicating a 
potential tract in this region.20 

Patients in extremis upon arrival 
warrant EDT or urgent thoracotomy, 
and injury diagnosis takes place in 
the operative setting. For those with 
stable hemodynamics, there are vari-
ous recommended testing modali-
ties. Traditionally, these patients 
undergo multiple studies, including 
chest X-ray, angiography, esopha-
gogram and esophageal endoscopy, 
bronchoscopy, echocardiogram, and 
subxiphoid pericardial window.3,5,20 
More recently, these patients have 
undergone contrast-enhanced CT 
scanning to identify potential inju-
ries and then appropriate additional 
and invasive studies as needed. 
Additionally, if the wound tract is 
found not to traverse the medias-
tinum, additional work-up with 
invasive studies is unnecessary. The 
use of CT allows greater gathering 
of information in one test, which 
decreases length of time out of the 
emergency department in these 
potentially unstable patients.5

Spinal injuries have been reported 
in nearly 10% of gunshot wound 
injuries of the head, neck, or trunk.21 
Of these, almost two-thirds were 
considered significant with spinal 
cord involvement, surgical inter-
vention, or prolonged immobili-
zation.21 Gunshot wounds to the 
anterior trunk were associated with 

spinal injury about 5% of the time, 
and of these, about half were sig-
nificant. Often these injuries were 
unsuspected. 

Imaging
For penetrating thoracic trauma, 

chest X-ray, ultrasound, and CT are 
commonly utilized. Other imag-
ing techniques include esophageal 
contrast studies, endoscopy, and 
bronchoscopy. This section will focus 
on the common and recent advance-
ments in these techniques.

Chest X-ray is the most commonly 
performed imaging study for patients 
with penetrating thoracic trauma.5 It 
is used in the evaluation of skeletal 
structures of the chest wall, pneumo-
thorax, hemothorax, and may show 
evidence of pneumomediastinum as 
in esophageal and tracheobronchial 
tree injuries. Most trauma patients 
present in spinal precautions, and 
chest X-ray is performed in the 
supine position. This is problem-
atic in the discovery of smaller to 
moderate pneumothoraces and, as 
a result, they are often missed with 
this modality. The deep sulcus sign 
was described as a prominent deep 
lateral costophrenic angle seen on 
the side with suspected pneumotho-
rax.22 However, studies have shown 

supine chest X-ray to be insensitive 
for pneumothorax, with missed diag-
nosis as high as 54% in one study.23 
Also, as previously discussed, hemo-
thorax may be difficult to identify 
on these supine images, as the blood 
spreads across the posterior pleural 
space, creating a hazy appearance.4 
Both may be better detected with 
ultrasound or CT.

The use of ultrasound has become 
increasingly popular for initial evalu-
ation of trauma patients. It is gen-
erally available in most emergency 
departments and does not require 
the patient to leave the resuscitation 
area. It is noninvasive and repeat-
able for ongoing monitoring.24 The 
FAST exam traditionally involves 
ultrasound imaging with four views: 
subxiphoid pericardium, bilateral 
subphrenic views of Morrison’s 
pouch and the perisplenic region, 
and a pelvic view. It has been used 
to identify pericardial effusion and 
abdominal and pelvic intraperitoneal 
fluid. Recently, this exam has been 
extended to involve imaging of the 
pleural spaces to screen for pneumo-
thorax that may be missed on plain 
chest X-ray.

Pneumothorax location may 
be dependent on patient posi-
tion, amount of free air present, or 

Figure 2: Ultrasound of Pneumothorax

Air gathers in the anterior thoracic space in the supine trauma patient. © 2008, 
American College of Emergency Physicians. Used with permission.
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structural problems with the lung 
itself, such as blebs or atelectasis.5 
In erect patients, the air tends to 
collect in the apical aspect of the 
pleural space. In supine patients, 
the free air migrates toward the 

anterior chest wall.25 Lung ultra-
sound (as seen in Figure 2) has 
become a new, more sensitive and 
specific technique to detect pneu-
mothorax, with sensitivity reported 
to be 58.9-98.1%, and specificity 

from 99.2-100%.25-31 Routine sites 
to examine for pneumothorax are 
the anteromedial chest at the second 
intercostal space at the midclavicular 
line and at the mid-axillary line at 
approximately the fourth or fifth 
intercostal space.26,27,32 A variety of 
transducers, including both linear 
and convex probes, have been used 
in these studies, but, most recently, 
the trend has been to use 3.5-5 
MHz convex probes to facilitate 
extension of the FAST exam into 
scanning for pneumothoraces, 
which has been termed EFAST or 
extended FAST exam. This allows 
for completing the entire exam 
without having to change transduc-
ers.25,31 (Some examples are shown in 
Figure 3A–B.) 

When scanning, the transducer 
probe is held perpendicular to the 
ribs, as in Figure 3C. The probe 
marker is oriented toward the head. 
The top of the image is the chest 
wall. Rib shadows can be identi-
fied, and beneath these lies the 
bright white line representing the 
pleural interface, as seen in Figure 
3D. Beyond this line is the lung 
parenchymal tissue. In normal lung 
tissue, this white line is seen mov-
ing back and forth with respiration, 
a phenomenon known as the sliding 
sign.25-29,31,32 Additionally, normal 
lung movement causes ultrasono-
graphic B-lines. These so-called 
“comet-tail” artifacts are produced 
due to hyperechoic reverberation 
artifacts and extend perpendicularly 
from the white line to the distal edge 
of the ultrasound image.25,26,28,29,32 
(See Figure 4.) With a pneumotho-
rax, these findings are not seen. 
Instead, white echogenic lines are 
seen at regular intervals parallel to 
the pleural line. (See Figure 4.) These 
lines are referred to as A-lines and 
are the result of ultrasound reverber-
ation within the pneumothorax.26,32 
Keep in mind that these are dynamic 
studies and require ventilation to be 
seen.32 If a patient is apneic, ventila-
tion must be provided by bag valve 
mask or endotracheal tube to facili-
tate the use of ultrasound in identify-
ing pneumothorax.

Another method of detecting 

Figure 3: Ultrasound Pneumothorax

A and B: Examples of transducer probes used for pneumothorax US. C: 
Orientation of the transducer. D: Bright white pleural line seen below the black 
ovals which represent the rib shadows of transthoracic US. © 2008, American 
College of Emergency Physicians. Used with permission.

Figure 4: Comparison of Normal Lung and Pneumothorax

The left image shows normal lung sliding with B-lines seen as perpendicular 
white lines extending into the far field of US window. The right image shows a 
pneumothorax with no lung sliding and A-lines which are seen parallel to the 
pleural line. © 2008, American College of Emergency Physicians. Used with 
Permission.



www.emreports.com   Emergency Medicine Reports / Volume 32, Number 26 / December 5, 2011  315

pneumothorax with ultrasound is 
using M-mode. Using the same 
locations with the ultrasound in 
M-mode, the normal lung will have 
a “seashore sign,” with the chest 
wall resembling water meeting with 
the sand of the beach at the pleural 
interface. The sand represents the 
lung tissue.32 (See Figure 5A.) With 
a pneumothorax, there is no beach, 
and the picture resembles only the 
water. (See Figure 5B.) An additional 
tool for identifying normal lung slid-
ing has been the use of power color 
Doppler imaging.33 

There have been attempts at uti-
lizing ultrasound to define the size 
of pneumothoraces. Lung points 
are phenomena that describe views 
with the ultrasound in which half of 
the image shows normal lung slid-
ing and B-lines, and the other half 
of the view lacks these signs and 
shows A-lines. The point where 
they meet indicates the edge of a 
pneumothorax.25,31,33 This method 
does have pitfalls, particularly near 
the heart or diaphragm where there 
is potential confusion with the liver 
or abdominal organs, giving a false 
lung point.32 A simpler method is to 
obtain views at the second intercos-
tal space on the midclavicular line, 
the fourth intercostal space on the 
anterior axillary line, the sixth inter-
costal space at the midaxillary line, 
and the sixth intercostal space at the 
posterior axillary line. In this case, 
pneumothorax size was described as 
small if there was no lung sliding or 
B-lines at the midclavicular or ante-
rior axillary points, medium if this 
extended to the midaxillary point, 
and large if it extended to the pos-
terior axillary point.27 This method 
appeared accurate for small and large 
pneumothoraces, but had discrepan-
cies when detecting medium-sized 
pneumothoraces.

There are pitfalls associated with 
ultrasound detection of pneumo-
thoraces. This is seen when there is 
pre-existing lung pathology, such 
as blebs or pleural adhesions. Blebs 
or bullous emphysema may show 
absence of lung sliding even when 
no pneumothorax exists. Pulmonary 
adhesions may also impede the 

normal movement at the pleural 
line.27,28,32 Traumatic subcutane-
ous emphysema may confound the 
image as well. Additionally, heart 
motion artifact may give the appear-
ance of lung sliding when views are 
obtained on the left midclavicular 
line. Remember, the patient must be 
ventilating to see lung sliding.32

Transthoracic pericardial 

ultrasound, or transthoracic echocar-
diography, is the preferred method 
for diagnosing cardiac injury in 
stable patients.5,29,34 Prior to echocar-
diography, the subxiphoid pericardial 
window was used to evaluate pen-
etrating injuries in close proximity to 
the heart.29 The subxiphoid pericar-
dial window may still be utilized in 
equivocal situations. The presence of 

Figure 5A: Seashore Sign

This image shows the seashore sign in M-mode with the sand on the beach 
representing pleural movement below the pleural line. Courtesy of: Robert 
Blankenship, MD, FACEP, Medical Director, St Vincent Medical Center Northeast, 
Ultrasound Director, St Vincent Emergency Physicians

Figure 5B: Pneumothorax

This image shows a pneumothorax in M-mode and lacks the sand/gravel 
appearance due to the lack of lung sliding. Courtesy of: Robert Blankenship, MD, 
FACEP, Medical Director, St Vincent Medical Center Northeast, Ultrasound Director, 
St Vincent Emergency Physicians
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blood is represented by a black stripe 
within the pericardium around the 
heart.34 This may be confounded by 
areas of clotted blood that will have 
a mixed echogenic signal within the 
effusion.29 It is recommended that 
ultrasound be utilized if pericardio-
centesis is performed as a temporiz-
ing measure.4,15 The main pitfall with 
echocardiography in examination 
for hemopericardium is that there is 
potential for a false-negative exam if 
there is a pericardial laceration allow-
ing the effusion to drain into the 
pleural space.16,29,34,35

CT studies are commonly used in 
stable patients with transmediastinal 
injuries. As noted previously, this 
modality is helpful in distinguish-
ing the tract of penetrating injuries. 
It may also detect tracheobron-
chial injuries, vascular injuries, and 
esophageal injuries. CT is more sen-
sitive than chest X-ray in detection 
of pneumomediastinum, which can 
be indicative of tracheal or esopha-
geal injury.5,36 Additional signs of 
esophageal injury on CT may include 
defects in the esophageal wall, thick-
ening of the wall, or extravasation 
of contrast if oral contrast is used.5 
CT is also useful and superior to 
chest X-ray in diagnosing and dis-
tinguishing the extent of pulmonary 
contusions.5 When ultrasound is 
unavailable, CT may be used to diag-
nose hemopericardium. 

Esophageal contrast studies are 
indicated for suspected transmedias-
tinal injuries when the tract is con-
firmed by CT. Endoscopy may also 
be utilized at the bedside for con-
firmation of these injuries, although 
this is operator-dependent and it 
may be difficult to identify smaller 
injuries.4

Bronchoscopy is the modality of 
choice to evaluate tracheobronchial 
tree injuries.5

Disposition
Disposition of patients with pen-

etrating thoracic trauma may seem 
obvious, and most people may intui-
tively think that all of these patients 
will require admission or at least 
overnight observation. This may 
be true for a large portion of these 

patients; however, some patients may 
be able to be discharged after an ED 
evaluation.

The asymptomatic patient with 
no pneumothorax on initial evalu-
ation presents a quandary for many 
ED and trauma physicians. There 
are data showing that up to 12% of 
these patients develop delayed pneu-
mothorax.38 Do all asymptomatic 
patients need to be kept for extended 
observation or can they be released? 
It has been generally accepted that 
these patients be observed for a 
period of 6 hours and undergo 
repeat chest X-ray in 6 hours.39 
Recent studies have shown that, in 
asymptomatic patients with penetrat-
ing chest trauma and negative initial 
chest X-ray, a three-hour repeat chest 
X-ray is sufficient when compared 
to six-hour film.40,41 These studies 
did show interval development of 
pneumothorax on several patients 
within the first three hours, but 
none from the third to sixth hour of 
observation. There were no reports 
of delayed pneumothorax beyond 
discharge. 

There is one study that supported 
immediate release of these asymp-
tomatic patients with no occult 
pneumothoraces found on initial 
chest CT.37 In this study, asymp-
tomatic patients with negative chest 
X-rays had noncontrast chest CT. If 
this was also negative, they were held 
for 6 hours and a repeat chest X-ray 
was obtained. If this was negative, 
they were released. This study with 
118 patients found that if the initial 
CT was negative, the patient could 
potentially be discharged immedi-
ately, as none of the studied patients 
developed delayed pneumothorax. 

Asymptomatic pneumothorax, 
also referred to as occult pneumo-
thorax, detected on initial chest 
X-ray or CT of the chest, generally 
requires prolonged observation and 
admission.37,38,40-42 Pneumothoraces 
of 20-25% have generally fit into 
this observation group.4,38 It has 
been shown that up to 8% of these 
occult findings progress and require 
chest tube placement.42 It has been 
recommended that these patients 
undergo inpatient observation with 

repeat chest X-ray at 6, 24, and 48 
hours, and have chest tube place-
ment if there is progression of the 
pneumothorax.  

It is generally accepted to treat 
pneumothorax in the setting of 
the unstable trauma patient with a 
large-bore (36-40 F) chest tube, as 
previously noted. This practice is 
frequently applied to the progressive 
occult pneumothorax as well. Does 
the asymptomatic and otherwise 
stable patient require this significant 
procedure? Interventional radiolo-
gists frequently utilize aspiration 
techniques and smaller 6-9 French 
catheters with Heimlich valves when 
there is pneumothorax after percuta-
neous needle biopsy.43 This aspiration 
technique may have some role in 
more typical trauma patients as well. 
There has also been some study of 
spontaneous pneumothorax to sug-
gest that smaller caliber chest tube 
placement may be equally effective in 
the treatment of pneumothorax.44-47 
These studies utilized 9 and 12 F 
catheters, as compared to the larger 
chest tubes typically used. This has 
not been studied in trauma patients 
specifically, but could be considered 
in stable, asymptomatic patients with 
small pneumothorax. 

Patients with severe injuries will 
require thoracotomy. This is consid-
ered urgent when required for unsta-
ble patients and is generally within 
the first few hours after arrival at the 
hospital.2 There are various indica-
tions for thoracotomy. The ATLS 
instructs that if 1500 mL of blood 
is drained immediately after chest 
tube insertion, or there is greater 
than 200 mL/hr for 2-4 hours, that 
urgent thoracotomy be considered.15 
Variations of this recommendation 
exist and include initial drainage of 
greater than 20 mL/kg or ongoing 
bleeding at rates of greater than 7 
mL/kg/hour.4 Additional recom-
mendations include: increasing 
hemothorax, persistent unstable vital 
signs with appropriate blood and 
fluid resuscitation, acute decom-
pensation, cardiac tamponade, per-
sistent air leak, and air embolism.2,4 
Caution, however, should be exer-
cised in the setting of coagulopathy, 
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as the thoracotomy may worsen 
blood losses.

Patients presenting to the emer-
gency department in extremis with 
penetrating thoracic trauma may 
require emergency department tho-
racotomy (EDT). This procedure 
should only be performed in the 
setting of appropriate surgical avail-
ability with a trauma or thoracic 
surgeon in close proximity and able 
to undertake operative intervention 
immediately after EDT. Indications 
for EDT are patients arriving after 
penetrating cardiac and non-cardiac 
injuries with witnessed or measured 
physiologic signs of life. These signs 
of life include: pupillary response, 
spontaneous respiration, presence of 
a pulse, measurable blood pressure, 
extremity movement, and ongoing 
electrical activity in the heart.49

The overall survival rate with EDT 
for penetrating thoracic trauma is 
about 9%, with the highest rates 
seen for stab wounds (about 17%) 
compared to gunshot wounds (about 
4%). Resuscitation with EDT for 
multiple cardiac and great vessel 
injuries is generally futile, with sur-
vival rates less than 1%.

The presence of ED signs of life 
has been shown to be a positive 
predictor of outcome in studies.50-52 
Patients with signs of life on arrival 
to the ED had survival rates of nearly 
12%, as compared to about 3% in 
those with no signs of life. This was 
further stratified with about 9% sur-
vival if there were signs of life dur-
ing transport, and 1% with no signs 
of life in the field. Performance of 
CPR is a poor predictor of outcome; 
resuscitation is futile with CPR time 
of greater than 15 minutes with no 
signs of life in the setting of pen-
etrating trauma.53,54

Summary
Penetrating thoracic trauma is 

potentially serious, and where pos-
sible, victims should be transported 
directly to a trauma center. If the 
patient arrives at a non-trauma-
center ED, immediate life threats 
should be addressed, and patients 
should be transferred expeditiously 
to the nearest appropriate trauma 

center. Some of the common injury 
patterns observed include chest wall 
injuries, pneumo- and/or hemotho-
rax, pulmonary laceration, pulmo-
nary contusion, tracheobronchial 
injuries, cardiac injuries, injuries of 
great vessels, diaphragmatic injuries, 
and esophageal injuries. Of these, 
the pneumo- and hemothorax are 
particularly common, and chest 
tube placement is the most common 
intervention in the management of 
thoracic trauma.

The imaging of these critical 
patients is evolving as well. The 
supine chest X-ray has been shown 
to be relatively ineffective at identify-
ing pneumothorax. Ultrasound has 
become more popular in identifying 
this injury and has been shown to be 
more reliable. Also, the use of ultra-
sound in evaluating the pericardial 
space has become nearly essential in 
identifying acute cardiac tamponade 
and has replaced the subxiphoid 
pericardial window as the method 
of choice. CT imaging of the chest 
has been shown to more specifically 
identify injuries in stable patients and 
may provide key information, such 
as the wound tract to plan further 
work-up and interventions.

With respect to disposition of 
asymptomatic patients, current lit-
erature shows that those with no 
pneumothorax on initial and three-
hour chest X-ray may be discharged. 
Those who have no pneumothorax 
on initial chest CT could potentially 
be discharged from the ED without 
follow-up chest X-ray. Patients with 
asymptomatic pneumothorax should 
be kept for an observation period of 
24-48 hours with serial chest X-ray 
at 6, 24, and 48 hours. Chest tube 
placement is indicated if there is 
increasing size or clinical deteriora-
tion of these patients. Chest tube 
size will depend on the current treat-
ment practices locally, but there may 
be potential use for smaller catheters.

Patients who are unstable or 
have ongoing chest tube drainage 
will require urgent thoracotomy in 
the operating room for definitive 
injury diagnosis and repair. Those 
who present in extremis may ben-
efit from EDT when a trauma or 

thoracic surgeon is available to take 
the patient directly to the operating 
room after initial stabilization. The 
patients who are most likely to ben-
efit from this procedure have vital 
signs on arrival at the emergency 
department, and it still may be of 
benefit for those with less than 15 
minutes of CPR in the setting of 
penetrating thoracic trauma. 

This information should be used 
to guide clinical practice and provide 
some direction in clinical decision 
making in hopes of aiding in provid-
ing the best possible patient care to 
these potentially critical patients. 
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Physician CME Questions

1. With respect to the transport of rural 
trauma patients to tertiary trauma centers, 
what does current literature support?
A. transport to an intermediate facility 

for complete trauma care
B. transport to an intermediate facility 

for 48-hour observation and then 
transfer to trauma center

C. transport to an intermediate facility 
for complete imaging studies and then 
transfer to trauma center

D. transport directly to the tertiary 
trauma center if possible, utilizing 
intermediate facilities for immediate 
stabilization needs only

2. In the setting of trauma in an adult 
patient, a large-bore IV is considered to 
be size 14-18 gauge.
A. true
B. false

3. Your patient is found to have a tension 
pneumothorax during the primary survey. 
What is the most appropriate next step in 
the care of the patient?
A. Place a chest tube during the second-

ary assessment.
B. Decompress the chest with large-bore 

IV needle in the 5th intercostal space 
at the anterior axillary line.

C. Decompress the chest with a large-
bore IV needle at the 2nd intercostal 
space at the mid-clavicular line.

D. No immediate intervention is needed.

4. What is the most common intervention 
for thoracic trauma?
A. emergency department thoracotomy
B. chest tube placement
C. bronchoscopy
D. pericardiocentesis

5. In adult thoracic trauma patients, what is 
the usually recommended chest tube size?
A. pigtailed catheter
B. 14-18 gauge
C. 12-16 French
D. 36-40 French

6. What is the initial diagnostic test for  
suspected esophageal injury?
A. CT scan
B. esophagogram with water-soluble 

contrast
C. esophagogram with barium
D. esophageal endoscopy

7. What sign on ultrasound evaluation of the 
thorax indicates pneumothorax?
A. lung sliding
B. B-lines
C. seashore sign
D. A-lines with no lung sliding

8. Current recommendations for asymp-
tomatic patients with no pneumothorax 
on initial evaluation include which of the 
following?

A. admission and observation for 48 
hours

B. admission and observation for 24 
hours

C. discharge home if negative initial and 
8-hour repeat chest X-rays

D. discharge home if the initial and 
3-hour repeat chest X-rays are nega-
tive

9. Indication for urgent thoracotomy 
includes which of the following?
A. immediate drainage of 1500 mL of 

blood from chest tube placement
B. greater than 200 mL/hour blood 

drainage from a chest tube for 2-4 
hours

C. persistent unstable vital signs in the 
setting of appropriate blood and fluid 
resuscitation

D. all of the above

10. Indication for emergency department 
thoracotomy in the setting of penetrat-
ing thoracic trauma includes which of the 
following?
A. A patient presents with penetrating 

cardiac or noncardiac injury with wit-
nessed or measured signs of life.

B. A patient presents with penetrating 
injury and loss of signs of life present-
ing after more than 15 minutes of 
CPR.

C. A patient presents with no witnessed 
or measured signs of life by any care 
provider.

D. This is a dangerous procedure and is 
no longer recommended.
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Exclusive to our subscribers Rapid Access Management Guidelines

Penetrating  
Thoracic Trauma

Foley Catheter Balloon Tamponade  
of Subclavian Vessels

Ultrasound of Pneumothorax

Ultrasound Pneumothorax

Courtesy of: D. Demetriades, MD, PhD, FACS, Professor of Surgery, Director of 
Trauma/Emergency Surgery/Surgical Critical Care, LAC+USC Medical Center, 
University of Southern California, Los Angeles.

Air gathers in the anterior thoracic space in the supine trauma patient. © 2008, 
American College of Emergency Physicians. Used with permission.

A and B: Examples of transducer probes used for pneumothorax US. C: 
Orientation of the transducer. D: Bright white pleural line seen below the black 
ovals which represent the rib shadows of transthoracic US. © 2008, American 
College of Emergency Physicians. Used with permission.
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Seashore Sign

Pneumothorax

Comparison of Normal Lung  
and Pneumothorax

The left image shows normal lung sliding with B-lines seen as perpendicular 
white lines extending into the far fi eld of US window. The right image shows a 
pneumothorax with no lung sliding and A-lines which are seen parallel to the 
pleural line. © 2008, American College of Emergency Physicians. Used with 
Permission.

This image shows the seashore sign in M-mode with the sand on the beach 
representing pleural movement below the pleural line. Courtesy of: Robert 
Blankenship, MD, FACEP, Medical Director, St Vincent Medical Center Northeast, 
Ultrasound Director, St Vincent Emergency Physicians

This image shows a pneumothorax in M-mode and lacks the sand/gravel 
appearance due to the lack of lung sliding. Courtesy of: Robert Blankenship, MD, 
FACEP, Medical Director, St Vincent Medical Center Northeast, Ultrasound Director, 
St Vincent Emergency Physicians


