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T

his is a recommended algorithm of the Western Trauma
Association for the acute management of penetrating chest
injury. Because of the paucity of recent prospective randomized
trials on the evaluation and management of penetrating chest
injury, the current algorithms and recommendations are based
on available published cohort, observational and retrospective
studies, and the expert opinion of the Western Trauma Association members. The two algorithms should be reviewed in the
following sequence: Figure 1 for the management and damagecontrol strategies in the unstable patient and Figure 2 for the
management and deﬁnitive repair strategies in the stable patient.
Figure 1 will discuss damage-control techniques; Figure 2 will
focus on more deﬁnitive repairs. Because of the variety of possible mechanisms, presentation, injury sites, and operative
approaches, we recognize that there will be variability in decision
making, local resources, institutional consensus, and patientspeciﬁc factors that may require deviation from the algorithms
presented. The algorithms and accompanying text represent our
consensus for a safe and reasonable approach in these complex
cases and attempts to incorporate historically validated approaches with the advent of newer imaging, interventional,
resuscitative, operative, and selective/expectant management
approaches.
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Historical Perspective
The precise incidence of penetrating chest injury, varies
depending on the urban environment and the nature of the
review. Overall, penetrating chest injuries account for 1% to
13% of trauma admissions, and acute exploration is required in
5% to 15% of cases; exploration is required in 15% to 30% of
patients who are unstable or in whom active hemorrhage is
suspected. Among patients managed by tube thoracostomy
alone, complications including retained hemothorax, empyema, persistent air leak, and/or occult diaphragmatic injuries
range from 25% to 30%.1Y6 In civilian practice, this low incidence has been generally attributed to ‘‘low-kinetic energy’’
mechanisms. In zones of conﬂict, among properly outﬁtted
soldiers, body armor also results in a lower requirement for
operation and incidence of complications.1,5,6
The reported incidence of speciﬁc injuries also varies,
depending on site and characterization of the patient population. Demetriades7 reported an overall incidence of great vessel
injury of 5.3% following gunshot wounds and 2% after stab
wounds to the chest. Rhee et al.8 described an overall incidence of
penetrating cardiac injuries as 1 per 210 admissions. Sixty-ﬁve
percent of the patients admitted to the University of Louisville
with peristernal penetrating injuries sustained a cardiac injury.9
In patients requiring urgent (nonYemergency department) thoracotomy, cardiac injuries are found in approximately 16% to
52% following stab wounds and 10% to 37% following gunshot
wounds, and lung injuries are found in 30% to 59% of stab
wounds and 65% to 86% of gunshot wounds.10Y12
It is clear that mortality is signiﬁcantly impacted by
preadmission hypotension, the ability to perform aggressive
resuscitation and operative intervention, and appropriate imaging in stable patients.13,14 Focusing on blood products rather
than crystalloids and in some settings ‘‘hypotensive’’ resuscitation seems to have a survival beneﬁt.6

Anatomy
The simplest anatomic classiﬁcation is based on the
likelihood of speciﬁc organ injury. Classically, penetrating
injuries between the nipple lines anteriorly or the scapula
posteriorly have the potential for cardiac or great vessel injury.
The ‘‘danger zone’’ has been described as the region between
the epigastrium to the sternal notch and laterally within 3 cm of
the sternum.9,15 Injuries below the level of the tip of the scapula
posteriorly or the inframammary crease/nipple anteriorly have
the potential to traverse the diaphragm, particularly left lower
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Figure 1. Management of the stable patient.

thoracic injuries.1 As many as 20% of patients with penetrating
injuries will have associated abdominal injuries.14 Unfortunately, particularly with gunshot wounds, any region of the
chest may be affected, and these anatomic relationships should
only be considered as generalizations.

Presentation
The presentation and management of a patient of penetrating trauma depends on three interrelated factors: stability,
mechanism, and location of the wound. For the purposes of this
discussion, stability requires that the airway be secure (with or
without intubation), that the patient is both oxygenating and

ventilating at an acceptable level, and that continued hemodynamic stability is documented. Patients with evidence of
shock or impending collapse (systolic blood pressure G 90 mm
Hg and/or persistent tachycardia 9 120 beats per minute, not
explained by pain or anxiety and/or persistent hypoxemia)
should be managed by airway control combined with aggressive blood product resuscitation. In essence, a stable patient is
one in whom there is time to consider different diagnostic and
therapeutic options; the unstable patient is one in whom the
approach is predicated on getting to the operating room as soon
as possible with minimal delay for extraneous testing. This
excludes the agonal patient. Clearly, there are times when the
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Figure 2. Management of the unstable patient.

scenarios overlap (e.g., transmediastinal gunshot wound with
suspicion of tamponade), and the pathways described are not
mutually exclusive.

Incisions and Approaches
There are a number of different approaches that can be
used involving variations in incision, airway management, and
positioning. The choice is dictated by stability, mechanism, and
surgeon preference/experience. A brief review of these is
presented in Table 1. In an unstable patient, the optimal positioning is supine in the cruciﬁx position, with the patient
996

draped to include the neck, supraclavicular area, entire thorax,
abdomen, and proximal thighs. A single-lumen tube is the
optimal initial airway tool in chest trauma. The tube can be
advanced into the left main stem bronchus to isolate the right
lung, or an endobronchial blocker can be placed to isolate the
left. Advancing a single-lumen tube into the right often causes
obstruction of the right upper lobe bronchus. This rapid isolation can be particularly useful in patients with massive unilateral air leak and/or hemorrhage. A double-lumen tube can be
used in stable patients who require lung isolation or in centers
that are facile with emergent placement. In patients who present
* 2014 Lippincott Williams & Wilkins
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Sternotomy

Posterolateral thoracotomy

Excellent exposure to heart and great vessels and anterior hila

Poor exposure of the repair injuries at the apex of the
hemothorax; requires repositioning if laparotomy or
contralateral exposure needed; most painful incision;
can lead to contamination of contralateral airway if not
controlled; should not be used in a hypotensive patient14
Limited exposure to lateral and posterior injuries

Limited apical and posterior exposure

Rapid, easy, quick access to cardiac
structures; can be combined with laparotomy
Excellent exposure to all parts of the hemothorax;
can be performed without lung isolation although
not ideal. Used in stable patients with unilateral injuries.
Anterolateral thoracotomy

Video-assisted thoracic surgery; implies
intrathoracic procedures often
accompanied by an accessory incision
that can be of any size but does not
use rib spreading
Anterior approach, minimal muscle
division, can ‘‘bump’’ patient up
Posterior approach with various degrees
of ‘‘muscle sparing’’ possible
VATS

Less morbid approach for repair
of simple injuries; excellent
visualization

Generally refers to videothoracoscopy,
without an accessory incision
Thoracoscopy

Simple; excellent visualization; can be used
for simple repairs of injuries

Limited visualization; requires good experience with
intrathoracic anatomy; limited to simple interventions
such as pleural drainage
Requires lung isolation and absence
of pleural symphisis, as well
as patient stability
Requires lung isolation and absence of pleural
symphisis, as well as patient stability
Simple; does not require lung isolation; can
explore pleura and pericardium; large working port

Pros
Description/Deﬁnition

Usually using a mediastioscope

Technique

Description of Thoracic Interventions
TABLE 1.
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Pleuroscopy

Cons
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in severe shock and/or require massive volume resuscitation, it
may not be possible to ‘‘switch out’’ the double-lumen tube at
the end of the case because of tenuous oxygenation/ventilation
status. When possible, antibiotics with gram-positive coverage
should be administered, although there has been conﬂicting
data regarding the efﬁcacy of ‘‘prophylactic’’ antibiotics.16,17
Ideally, this should be administered before tube thoracostomy,
but practically, it happens soon after. There are various recommendations regarding duration, but in general, duration of
greater than 24 hours is not recommended.18

Figure 1: Approach to the Unstable Patient
A. Patients in arrest are approached using the Western Trauma
Association resuscitative thoracotomy algorithm.19
B. Supraclavicular injuries can be managed according to the
Western Trauma Association penetrating neck trauma
algorithm.20
C. Resuscitation and assessment follow standard guidelines. If
not intubated, the airway is secured, usually with a singlelumen tube. If intubated, placement must be conﬁrmed.
Direct visualization of the tube placement by laryngoscopy,
auscultation, and conﬁrmation of end-tidal CO2 are simple
initial measures. If there are absent breath sounds, indicative
of pneumothorax and/or hemothorax, chest tubes are placed
on the affected side(s). If there is any doubt, it is safer to
place chest tubes on the affected side(s) rather than waiting
for conﬁrmatory imaging. Ultrasonography can be used to
document pneumothorax/hemothorax if the operator is
trained to do so.21 Ultrasonography is now accepted as a
tool to rapidly assess for pericardial ﬂuid, although in the
presence of hemothorax, a negative study result does not
rule out a cardiac injury.22 Needle decompression can be
used as an initial step, but in most dedicated trauma centers, it
is almost as expedient to place a chest tube. Circulation is
supported by product resuscitation. In the setting of signiﬁcant hemorrhage from a chest tube, autotransfusion can be
used, although in conjunction with ongoing product resuscitation. A quick chest x-ray (CXR) can conﬁrm laterality of
injury, rule out transmediastinal/multiple injuries, and conﬁrm endotracheal tube placement.
D. A number of patients will respond to simple initial maneuvers and become stable.14 These patients can then be
managed according to the ‘‘stable’’ algorithm (Fig. 2).
E. Central injuries (between the midclavicular lines) and those
associated with possible great vessel or cardiac injuries are
best approached by sternotomy. This seems to be particularly
salient in the setting of gunshot wounds.10 Supraclavicular
extension will allow exposure of the great vessels.13 If
the surgeon is not facile with sternotomy or if other ﬁndings
(such as multiple different wounds, etc.) affect planning, an
anterolateral thoracotomy with extension across the midline is
perfectly acceptable and is the preferred approach for many
surgeons. It is difﬁcult to control the left inferior pulmonary
vein from a transsternal approach without causing cardiac
decompensation. Whichever approach is used, there should
be no hesitation to extend the incision in any way needed.
F. Patients who have documented pericardial tamponade can
(rarely) be temporized by ultrasound-guided placement of a
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pericardial catheter. This is most beneﬁcial in a patient with
clinically obvious tamponade, who is not yet intubated, to
avoid acute decompensation on induction.23 Pericardial
drainage should never be performed as a ‘‘diagnostic’’
maneuver and mandates operative exploration, as does the
presence of clinical tamponade.15
G. Injuries lateral to the midclavicular line or deemed to be
outside the ‘‘peristernal’’ area are best approached by
anterolateral thoracotomy. The decision of what constitutes
a ‘‘lateral’’ injury varies between surgeons, and both of the
criteria mentioned earlier are acceptable. If bilateral injuries
are present and there is one surgeon, the anterolateral thoracotomy should be on the side where the most blood loss is
suspected or documented. This can be converted to a
clamshell thoracotomy as needed. The incision should be at
approximately the third or fourth intercostal space. This is
best found by making the incision in the true inframammary
crease. A common error is to start an anterolateral incision
that does not curl up sufﬁciently, resulting in crossing the
sternum inferiorly. This inhibits exposure and healing.
H. If pericardial tamponade is encountered on entering the
chest, the pericardium is opened. From the sternotomy approach, ‘‘T-ing’’ the pericardium along the diaphragmatic
reﬂections increases exposure. From an anterolateral or
posterolateral approach, extending the incision anteriorly to
the opposite side and in a craniocaudal manner anterior to the
phrenic nerve is optimal. Penetrating injuries affect the ventricles more than the atria and the right more often than the
left. Most injuries can be controlled with digital pressure then
repaired with sutures (3-0 or 4-0, surgeon’s choice) often with
pledgets (can be pericardial). If signiﬁcant bleeding is encountered, temporizing measures include the use of Foley
catheter for tamponade, staples on the left ventricle, and/or
caval occlusion.15,19 A Foley catheter can actually lead to
more damage, especially if pulled out inadvertently, and
should be used primarily for left ventricular injuries if direct
pressure is not an option. Staples can be used on the right
ventricle, but this thinner walled chamber is more prone to
damage and generally has lower pressure, and ﬁnger pressure
usually sufﬁces. Caval occlusion is simple and quick and
reduces blood loss. If there is evidence of myocardial compromise after repair, insertion of an intra-aortic balloon pump
can support the patient.24 Cardiopulmonary bypass has been
used rarely to resuscitate patients who have sustained cardiac
injury that is repaired and are experiencing severe myocardial
compromise or malignant arrhythmias. However, this is only
applicable if all the bleeding sources have been controlled.
I. If superior mediastinal hematoma is encountered, the root of
the great vessels, the ascending aorta, and arch can be exposed
by extending the pericardial incision superiorly in the midline.
This often allows for proximal intrapericardial control before
inadvertently decompressing the hematoma.25 If, on entering
the chest, major apical bleeding is encountered, packing the
apex and holding hand pressure can temporize the bleeding.
Ascending arch injuries can be controlled digitally, but caval
occlusion can be helpful as well.25,26 Distal exposure of the
great vessels can be obtained by simple supraclavicular or
lateral neck extensions. Repair can be performed by simple
suture, end-to-end reconstruction, interposition graft, or
998

bypass graft. Temporary shunts may be used if available and if
there is enough exposure. In the persistently unstable patient,
this is usually not practical, and the proximal and distal exposure is not sufﬁcient. Ligation is generally limited to the left
subclavian artery and in patients with devastating injuries who
manifest coagulopathy.
J. Central hilar injuries are managed ﬁrst by hilar control.27
This can take the form of ‘‘hilar twist,’’snare or simple hand
control, followed by clamping. The hilar twist requires
division of the inferior pulmonary ligament, and results
in severe hilar injury and obscures operative exposure.
Therefore, it is really of historical interest. Clamping inferiorly also requires division of the inferior pulmonary ligament, while this is not needed if clamping from superior to
inferior. This reduces the risk of fatal hemorrhage and air
embolism.28 Massive central injuries may require pneumonectomy. A central tractotomy can lead the surgeon to the
injured area, permitting control and avoiding pneumonectomy. If performing a ‘‘stapled’’ pneumonectomy, ﬂuid
should be restricted when possible, and bronchial stump
reinforcement should be performed acutely or, if the patient
is too unstable, at a later date.29 The mortality rate following
trauma pneumonectomy ranges from 50% to 100%, and
commonly, the cause is acute cor pulmonale. Once bleeding
is controlled, ﬂuids should be restricted.
K. Lung injuries that are bleeding massively may also require
rapid hilar control. Tractotomy is preferred to expose the
depth of a bleeding wound, permits ligation of injured
pulmonary vessels, and is particularly appropriate as a
damage-control technique.30,31 In general, the lesser the parenchymal resection, the better the outcome.3 Deep parenchymal tracts should not be managed by oversewing the entry
and exit sites. This will lead to intraparenchymal hemorrhage,
respiratory failure, and air embolism. It is far better to leave the
tract open. Biologic glues may be tried if it is clear that there is
no open communication with major airways or vasculature.
The technique (anatomic vs. stapled) is determined by the
experience of the surgeon and comfort level, but what works
quickest is generally associated with improved outcomes. Air
embolism results in acute instability and can manifest with
cardiac (arrhythmia, arrest) and/or neurologic (sudden stroke)
complications. It may occur with intubation and positivepressure ventilation or at thoracotomy when the lung injury
is decompressed. Cardiac air embolism may be evident as air
is usually seen in the coronary arteries. Management includes
clamping the airway to the affected parenchyma or hilar
control. In patients who are acutely decompensating, crossclamping the aorta (to increase coronary perfusion pressure), cardiac massage, and venting the left ventricle are required.19,32 Rarely, cardiopulmonary bypass may be an option
in patients without contraindications. Neurologic air embolism is similarly addressed by controlling the site of lung
injury, maintaining cerebral perfusion pressure, and hyperbaric oxygenation in select patients.
L. If penetrating injury involves the lower third of the thorax and
there is evidence of abdominal injury, laparotomy may be the
appropriate initial maneuver. The decision to perform thoracotomy or laparotomy ﬁrst is determined by clinical ﬁndings,
chest tube output, chest radiograph, and/or Focused Assessment
* 2014 Lippincott Williams & Wilkins
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with Sonography in Trauma (FAST). As a practical manner,
it does not really matter which is performed ﬁrst, as long as
the goal is rapid exposure and damage control. In essence,
exploration should start where the majority of the hemorrhage is originating.33
M.Delayed closure is appropriate in patients who manifest
thoracic compartment syndrome and/or who have diffuse
bleeding and are persistently unstable. It will be readily
apparent when attempting to close the chest and manifests as
a drop in blood pressure and/or sudden rise in airway pressure. Retractors can be left in place, or the skin can be loosely
closed. Persistent cardiac dysfunction can be managed with
an intra-aortic balloon pump.

Figure 2: Approach to the Stable Patient
A. Patients who are hemodynamically stable, maintaining a
patent airway, or have a secure airway with evidence of
good oxygenation, without obvious ongoing air leak or
bleeding are initially assessed according to Figure 2 with
adherence to Advanced Trauma Life Support guidelines.
Clinical examination can be incorrect in up to one third of
cases when assessing for hemothorax and/or pneumothorax, although it is still the criterion standard for initial assessment.34 In stable patients, it is reasonable to obtain a
CXR before performing tube drainage. Marking entrance
and exit sites can be helpful, and in gunshot wounds,
abdominal ﬁlms may be required to deﬁne the trajectory
of missiles. Centers with expertise in ultrasonography
may choose to use this technique as a screening tool to
detect pneumothorax and/or hemothorax.21
B. If at any time during the evaluation the patient becomes
unstable or exhibits active hemorrhage requiring blood
product resuscitation, management should shift to the unstable algorithm, with the emphasis on rapid transport to the
operating room without additional imaging.
C. Patients with no evidence of intrathoracic penetration and
no signiﬁcant chest wall injuries can be discharged. Those
with small pneumothoraces and/or hemothoraces can be
observed for up to 24 hours. Most small pneumothoraces do
not require evacuation. Even in otherwise stable ventilated
patients, the trend has been for observation.35Y37
D. Larger pneumothoraces (classically those that are immediately apparent on the ﬁrst plain CXR) generally are
drained. In the absence of other indications, small-bore
tubes or a range of pleural catheters (8.5Y16 Fr) are acceptable.14,38 The catheter tubes are easy to place, less
painful, and as effective as the more traditional tubes in one
series.39 Stable patients who have had previous thoracotomy, chronic lung disease (such as emphysema), and/or
pleural inﬂammation (e.g., chronic bronchitis) may be
better managed by image-directed catheter drainage to
avoid areas of adhesions.
E. Traditionally, when hemothorax is suspected or diagnosed,
large-bore chest tubes (36Y40 Fr) have been advocated.
These tubes may actually be too big for smaller patients and
are associated with increased pain. Smaller-bore (28Y32 Fr)
chest tubes or a range of pleural catheters (11Y16 Fr) may be
as effective in stable patients with less pain associated with
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placement.14,38,39 Whatever the size of the initial drainage
tube, residual hemothorax is a signiﬁcant risk factor for
the development of empyema. The primary risk factor for
empyema is the need for a chest tube. Thus, this does
not apply to the residual small untapped or drained
hemothorax.40 Patients with a hemothorax still apparent
after tube drainage in the trauma bay on plain CXR or large
collections noted on chest computed tomography (CT) have
up to a 25% incidence of empyema, particularly with a
residual hemothorax of greater than 300 cc.35,41 CT scan is
much more accurate in predicting the volume of retained
hemothorax than plain CXR. Early washout and evacuation within 72 hours is optimal. Techniques can include
pleuroscopy, video thoracoscopy (VATS), or thoracotomy.
VATS has been favored over placing more chest tubes, the
former being associated with quicker resolution and with
fewer complications.35 Instillation of thrombolytic agents has
been described and is associated with a delay in resolution,
increased cost, and possibly increased complications in the
trauma setting.42The majority of organisms associated with
posttraumatic empyema are gram positive, but it is not clear
whether ‘‘prophylactic’’ antibiotics independently reduce the
risk.16,43 Nevertheless, most centers administer at least one
dose of antibiotics that covers gram-positive organisms as
soon as practical.
F. Mansour et al.12 found that the most common indication for
urgent thoracotomy following penetrating injury was excessive chest tube output (28% following stab and 50%
following gunshot wounds). An acute evacuation of blood
on tube placement exceeding 1,500 cc should prompt consideration for operative exploration. Persistent bleeding has
been deﬁned as 200 cc/h for four or more hours. Practically, a
limit of 1,500 cc over a 24-hour period as an indication to
consider operation results in less delay and perhaps less
complications.35 Large retained hemothorax, transient instability, or other clinical indicators (e.g., acidosis with no
other explanation, air leak, suspicion of relevant injuries such
as diaphragm) may prompt exploration with less blood output
than the classic ‘‘1,500’’ cc.35 Relying exclusively on chest
tube output can lead to an underestimation of the injury
severity.33 In stable patients in whom the blood loss seems
to be ‘‘slowing,’’ VATS may be an option. Intercostal bleeding
can be controlled with clips, lung bleeding with wedge
resection, and diaphragm laceration with suture repair.
Thoracotomy is advisable if the bleeding is persistent or if
there is any doubt of the origin or of patient stability. The choice
of approach (posterolateral vs. anterolateral vs. sternotomy)
is dictated by whether the hemorrhage is unilateral and what
structures are suspected to be involved. In general, a posterolateral approach (VATS or thoracotomy) affords the
greatest exposure in stable patients with unilateral injuries.
G. Open chest wounds can lead to immediate ventilatory
compromise. Initial management in the emergency department is to occlude the defect and place a chest tube.
Depending on the size and degree of tissue damage,
management can range from simple debridement and
closure to complex, staged coverage using bio prosthetics
and muscle/cutaneous ﬂaps. Devastating chest wall injuries, such as those related to close range shot gun blasts,
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may be approached in a similar fashion, even if a sucking
wound is not present. In complex destructive chest wall
injuries, it is important to debride devitalized tissue and
remove all foreign material as soon as practical to prevent
necrotizing infections.
H. Diaphragmatic injury may be suspected by location of the
wound, path of the missile, or clinical ﬁndings. Left
thoracoabdominal wounds have up to 17% incidence of
diaphragmatic penetration.44 When diaphragm injury is
suspected but there are no clinical or other ﬁndings that
mandate laparotomy or thoracotomy, laparoscopy and thoracoscopy are both reasonable options.44 In patients with
pneumothorax or retained hemothorax, thoracoscopy is a reasonable option. Left diaphragm injuries mandate abdominal
exploration. Right-sided injuries, in stable patients, when
it is felt that there is only an injury to the liver that does
not require operation, do not always mandate abdominal
exploration.45 The diaphragmatic injury itself can be repaired thoracoscopically or by thoracotomy, depending on
surgeon’s preference, or can be followed up to see if repair
is needed at all. Repairs via laparoscopy or laparotomy are
also acceptable approaches.
I. In the stable patient, transmediastinal gunshot wounds may
not be immediately clinically apparent. In a number of
cases, the patient has experienced multiple gunshot wounds.
However, the diagnosis can be made with clinical examination and CXR in 90% of cases in nonagonal patients.14 After
assuring stability, managing hemothorax/pneumothorax,
and using FAST to exclude obvious cardiac injury, computed tomography angiography (CTA) should be the next
evaluation. CTA may show that the transmediastinal tract
is extrathoracic and can exclude major vascular injury.14
Occasionally, metallic artifact precludes an accurate assessment of the arterial wall, and elective angiography may be
required. If there is evidence that suggests aerodigestive
injuries, bronchoscopy and ﬂexible exophagoscopy should
be performed, with or without gastrografﬁn or thin barium
esophagogram as the scenario dictates.
J. When performing operative repair, the ascending aorta,
innominate, left common carotid, and origin of the left
subclavian can be approached by sternotomy or dedicated
clamshell. It is best to open the pericardium and dissect along
the ascending aorta. This allows proximal control with a
decreased risk of inadvertently decompressing the injury.
Distal control can be obtained by neck or supraclavicular extensions. Injuries to the descending aorta are best approached
via left thoracotomy, the level of incision being determined
by the site of injury. As described previously, caval occlusion
can permit repair of ascending aortic injuries (even through
and through). If the patient has no other exsanguinating injuries, cardiopulmonary bypass (including circulatory arrest)
can permit repair of injuries that would be otherwise difﬁcult
to control. 25,46 In general, simple suture repair with or without
pledgets is sufﬁcient. If repair results in signiﬁcant narrowing
or there is extensive loss of vessel wall, resection and end-toend anastomosis can be performed if there is no tension.
Repair with synthetic graft material is required if there is
signiﬁcant tissue loss.13 If anticipated, the use of temporary
shunts to bypass injuries before entering the hematoma has
1000

been described.25 Injuries at the origin of the great vessels
are often best approached by side clamping at the origin,
division of the vessel, mattress closure of the aortic wall, and
then ascending aortic end-to-end graft to the distal vessel.
Others prefer to start with an ascending aortic end-to-side
graft to the affected vessel and then to ligate the origin at
the injury site, but we have seen issues with late embolism
from the arterial stump.
K. The emergence of endovascular technologies has allowed
for more options for the management of intrathoracic
great vessel injury detected by CTA. The majority of endovascular repairs that have been described have been used
following blunt trauma. To use an endovascular approach, the
patient must be clinically stable. There are two settings in
which an endovascular approach may be considered, both
requiring that the interventional and operative skill set is
available for the patient. In the more common scenario, a
branch of the vessel has been injured, and embolization is a
less morbid procedure than open repair. Rarely, anatomically
appropriate areas of the thoracic aorta or great vessels have
been injured, and the team feels that an endovascular approach is safer. The planning and technique are beyond the
scope of this article. In short, rapid consideration of possible
impairment of critical branch vessels, appropriate sizing for
degree of shock, and determination of true landing zones
are required. As true ‘‘hybrid’ operating suites become more
commonplace, the role of endovascular approaches may
expand, although the basic principles stated earlier will
remain valid.
L. The upper two third of the intrathoracic esophagus is
approached via a right sixth intercostal space incision and the
lower one third via a left seventh posterolateral thoracotomy.
Because the mechanism is usually stab wound or small caliber gunshot, simple debridement, primary repair, and pleural
wrap are sufﬁcient in most cases.47 If endoscopy and/or
esophagogram determine that the airway or esophageal injury
is minor and without loss of signiﬁcant tissue and without
active leak, nonoperative management usually sufﬁces.
M. Isolated intrathoracic tracheobronchial injuries are uncommon. When they occur, it is usually in the setting of stab
wounds. Small injuries without tissue loss and in the absence
of ongoing air leak can be managed nonoperatively. Most
thoracic tracheal injuries are approached via right posterolateral fourth intercostal thoracotomy, and generally
simple repair is sufﬁcient. Usually, simple interrupted absorbable 4-0 sutures are sufﬁcient. Occasionally, the presence
of combined great vessel and tracheal injury mandates a
transsternal approach.
N. Cardiac injury may be suspected by location of the entry
wound (between the midclavicular lines anteriorly), clinical
examination (jugular venous distension, mufﬂed heart sounds,
and/or pulsus paradoxus), or plain CXR (widened shadow or
path of the missile). Unfortunately Beck’s triad of clinical
ﬁndings (hypotension, mufﬂed heart sounds, and distended
neck veins) is present in at most 10% of patients subsequently
documented to have sustained a cardiac injury.48 Thus, a
degree of clinical suspicion is often required. As noted previously, FAST is an effective screening tool, although it
cannot reliably rule out pericardial ﬂuid in the setting of a
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hemothorax. In an entirely stable patient, it may be reasonable to consider a CT scan to evaluate the mediastinum.
O. If the diagnosis is still in question, exploration by subxiphoid
pericardial window, pleuroscopy, or VATS will rule out injury.
Most commonly, this occurs in the setting of a residual
hemothorax.22 FAST has diminished the role of subxiphoid
window to diagnose cardiac injuries, but this approach can still
be appropriate based on the setting and the team’s comfort
level.49,50 In stable patients, particularly after stab wounds,
there has been increasing experience in not performing
sternotomy if the window is ‘‘mildly’’ positive. This implies
that there is no ongoing hemorrhage. Recent work has
suggested that in this setting, injuries are superﬁcial, do not
involve the heart, and/or have closed.51 This requires a great
deal of conﬁdence and close observation. Options include
direct observation by lifting on the xiphoid, exploration
with mediastinoscope or thoracoscope to inspect the surface of
the heart, and/or application of biologic glues over possible
injury sites.
P. Sternotomy is the optimal approach to manage cardiac injuries. Splitting the pericardium anteriorly, up to the origin
of the ascending aorta, and dividing laterally along the
diaphragmatic reﬂection obtain maximal exposure. Pericardial retraction stiches will elevate the heart. If there are
posterior wounds, gently packing a sponge along the diaphragmatic surface will elevate the posterior surface of the
heart. Most cardiac injuries can be repaired with simple
3-0 mattress sutures using pledgets (pericardium is an easy
substitute). If the injury is close to a major coronary artery,
placing horizontal sutures deep to either side of the artery
will reduce the chance of coronary occlusion.52 Direct
injuries to the coronary artery can be repaired primarily with
6-0 or 7-0 sutures, usually in an interrupted fashion. As a rule,
proximal left anterior descending coronary arteries require
repair, while more distal injuries, right coronary, and/or circumﬂex injuries in the absence of obvious major cardiac
compromise are managed by ligation.24 If the patient is stable
and has a critical coronary injury, such that it is evident that
a major myocardial injury will result, repair with vein or
internal mammary bypass has been reported.24 This can be
performed ‘‘on or off pump.’’ Injuries close to the coronary
ostia or ascending aorta can be managed with primary repair
using caval occlusion or mechanical circulatory support.24,53
After procedure, a formal transesophageal echocardiogram
should be performed to rule out septal or valve defects. Persistent evidence of myocardial ischemia should prompt coronary angiogram when possible to exclude rare coronary ﬁstula
or occlusions that might be amenable to stenting. Septal or
valvular defects that are not associated with major hemodynamic compromise can be repaired when the patient is more
stable.24 Stable patients with major septal or valvular defects
with no other major injuries can be evaluated by transesophageal echo and may undergo immediate repair.54
Impalement injuries are generally approached by stabilizing the object and positioning the patient in a manner that
will not dislodge the object. If the physical ﬁndings, often in
conjunction with CXR, suggest that the object does not penetrate the chest, then it may be removed, although larger objects
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(fence posts, steel bars) may require anesthesia and surgical
debridement. Injuries that are anterior, in the region of the heart
or great vessels, may be evaluated by CXR, FAST, or occasionally CT to determine the depth and tract of the object. If the
patient is entirely stable, the object can be removed in the
operating suite. The impaled object can be removed under
thoracoscopic guidance to determine if there are injuries that
require repair. Any ﬁndings that suggest the object may involve
a cardiac or great vessel injury (pulsating, CT suggests injury,
etc.) mandates that the object should be removed at the time of
the operative exposure.
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