
Abstract
A 57-year-old man attempted a suicide self-inflicting multiple

scissors stab wounds in the chest. At the scene, Focused
Assessment with Sonography in Trauma (FAST) showed an impor-
tant left pleural effusion and pericardial fluid. Computed
Tomography Angiography confirmed the pericardial effusion. The
patient underwent immediate surgery. Three epicardial wounds of
the anterior surface of the right ventricle were identified, one of
which was actively bleeding. The lesion was sutured, the patient
recovered uneventfully, and on the sixth postoperative day was
transferred to a psychiatric unit. At 6-month follow-up, he is doing
well and has returned to work. We discuss the importance of FAST
for an early diagnosis of chest penetrating trauma leading to a rapid
life-saving cardiac procedure and propose a clinical-based protocol
for the management of patients with suspected penetrating cardiac
injury which we have applied in our service for last six years.
Midline sternotomy should be considered the incision of choice in
patients with penetrating trauma in the cardiac box with evidence
of injury to the heart and great vessels. Emergency Department
Thoracotomy can be a possible option for those patients with
impending cardiac arrest despite adequate resuscitation.

Introduction
Penetrating cardiac injuries (PCIs) are exceedingly devastating

lesions that represent a major surgical challenge with a high mor-
tality rate ranging from 40 to 90 %.1-11 Cardiac stab wounds are
considered a real challenge in the Emergency Department because
of their unpredictable clinical course and the need for immediate
diagnosis and emergency care. In PCI the right ventricle is
involved more often than the left ventricle because it is positioned
anteriorly in the chest and occupies the largest part of the anterior
surface of the heart. A growing number of innovative diagnostic
and therapeutic approaches have been introduced during last
decade which have contributed to a significant amelioration in
patients’ survival. We present a case of a patient with stab wounds
located in the left hemithorax who reported a right ventricle injury.
We also discuss our Extended Focused Assessment with
Sonography in Trauma(EFAST)-based algorithm for early diagno-
sis and management of penetrating thoracic injuries, which is
based on the clinical variables at higher risk for immediate death.

Case Report
A 57-year-old man attempted suicide by self-inflicting scissors

stab wounds in the chest. He was found unconscious, lying on the
floor and in a pool of blood. On the ambulance, FAST showed an
important left pleural effusion and pericardial fluid; arterial sys-
tolic blood pressure was 100 mmHg and cardiac rate 110/min.
Arriving in the Emergency Department (ED), he presented three
scissors stab wounds medially to the left nipple (Figure 1). He was
diaphoretic, tachypneic, and tachycardic (HR 105/min); his sys-
tolic blood pressure was 80-90 mmHg, no jugular vein distension
was observed. Volume replacement with 1500 mL of crystalloids
resulted in some improvement of systolic blood pressure. EFAST
evaluation, in the hands of the emergency physician, confirmed an
important left pleural effusion and a mild pericardial effusion. In
consideration of the relative hemodynamic stability after volume
replacement, we decided to proceed to a Computed Tomography
Angiography (CTA) that, in addition to the known pleural and
pericardial effusion, showed the presence of air in the anterior
mediastinum and in the left pleural cavity (Figure 2). After CTA,
systolic blood pressure dropped again to 60-70 mm Hg, and the
patient was immediately operated upon. A left anterolateral thora-
cotomy in the fifth intercostal space was performed, and 800 mL
of blood were evacuated from the left chest; the left lung was
deflated to open the pericardium causing a further drop in blood
pressure. The pericardium was then opened, and a blood clot (150
mL) was removed. Three epicardial wounds were found on the
anterior surface of the right ventricle, one of which, 1 cm beside
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the left anterior coronary artery was actively bleeding. The bleed-
ing lesion was sutured using 4.0 polypropylene reinforced with
Teflon strip (Figure 3). Three pulmonary parenchymal lesions
(Figure 4) were directly repaired on the anterior aspect of the supe-
rior lobe of the left lung using polypropylene 4.0.

The patient recovered uneventfully, and on the sixth postoper-
ative day, was transferred to a psychiatric unit. At 14-month fol-
low-up, he is doing well and has returned to work.

Discussion
Major and life-threatening chest injuries can be memorized as

the Deadly Dozen. The first six are lethal and require immediate
evaluation and treatment during primary survey: airway obstruc-
tion, tension pneumothorax, cardiac tamponade, open pneumotho-
rax, massive hemothorax, and flail chest. The second six are hid-
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Figure 1. Self-inflicted scissors stab wound in a 57-year-old man
who attempted suicide: three scissor stab wounds are visible
medially the left nipple.

Figure 2. Chest CT scan showing pericardial effusion (PE), a
huge left pleural effusion (PLE) and air (A) in the anterior medi-
astinum and anteriorly in the left pleural cavity.

Figure 3. Left anterolateral thoracotomy, in fourth intercostal space, suture of one right ventricle lesion with polypropylene 4.0 rein-
forced by Teflon strip. RV, right ventricle; LAD, left anterior descending coronary artery; LV, left ventricle; the black arrow indicates
patient’s head.
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den: thoracic aortic disruption, tracheobronchial disruption,
myocardial contusion, traumatic diaphragmatic tear, esophageal
disruption, and pulmonary contusion. The hidden six are potential-
ly life-threatening injuries and are usually diagnosed at a later sur-
vey.12,13

Thoracic injuries should be organized into 4 groups according
to the topographical site of the wounds or trajectory of the knife or
missile:12 i) base of the neck into mediastinum or pleural cavity; ii)
one pleural cavity into the mediastinum or spinal cord; iii)
parasternal wound; iv) two lateral chest wounds involving both
pleural cavities and mediastinum (usually caused by gunshot). It is
very important not to assume a straight line of missile’s trajectory
because surface injuries often do not correspond to missile trajec-

tory. This consideration was also true in our case where left
hemithorax injuries determined a right ventricle damage.

PCIs are present in about 6.4% of all penetrating chest
injuries,14 and are considered a real challenge in the ED because of
their unpredictable clinical course and the need for immediate
diagnosis and emergency care. For this reason, an injury to the
heart should be immediately suspected in any patient with pene-
trating trauma to the chest. Considering that the diaphragm is a
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Figure 5. The cardiac box: the area is delimited superiorly by the
sternal notch, laterally by the nipples and inferiorly by a transverse
line halfway between the xiphoid process and the umbilicus.

Figure 6. Clinical-based EFAST algorithm in penetrating trauma. SPW, Subxyphoid Pericardial Window; CT, Computerized
Tomography; CTA, Computerized Tomography Angiography; PCI, Penetrating Cardiac Injury; EFAST, Extended Focused Assessment
with Sonography in Trauma.

Figure 4. Left superior lobe injuries.
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moving target, an injury that at first glance may look abdominal,
can actually be intrathoracic and vice versa. Physical examination
in a patient presenting external chest wounds may help to find
markers for possible internal injuries. High suspicion for cardiac
injury is necessary when a wound occurs within the so-called car-
diac box (Figure 5), a region delimited superiorly by the sternal
notch, laterally by the nipples and inferiorly by the trans-pyloric
line (a transverse line halfway between the xiphoid process and the
umbilicus). The clinical presentation of PCI may range from
hemodynamic compensatory stability to instability and cardiopul-
monary arrest and can be related to several factors, including
wounding mechanism, length of time elapsed before arrival in the
trauma center, and extent of the injury. The muscular nature of the
left ventricle, and to a lesser extent of the right ventricle, may seal
myocardial penetrating injuries and prevent an exsanguinating
haemorrhage, allowing some patients to arrive haemodynamically
stable to the Emergency center, sometimes with a deceptive clini-
cal presentation.

Most patients with a PCI are unstable, and many arrive in the
emergency department receiving cardiopulmonary resuscitation. If
the PCI is extensive, the injury will invariably lead to exsanguinat-
ing hemorrhage into the left hemithoracic cavity and the patient
will develop a cardiopulmonary arrest. About 80% to 90% of
patients with cardiac stab wounds present with signs of
tamponade.15 Nevertheless, Beck’s triad (muffled heart tones,
jugular venous distention, and hypotension), as well as Kussmaul’s
sign (jugular venous distention upon inspiration) represent the
exception rather than the rule being present in only approximately
10% of patients with PCI. While pericardial tamponade may have
a protective action by preventing a massive haemothorax, it may
also be a harbinger of shock because it decreases ventricular fill-
ing, stroke volume and cardiac output. Mild to moderate amounts
of cardiac tamponade can be temporarily overcome by rapid fluid
administration that increases preload and cardiac output, while
waiting for definitive surgical treatment. Needle pericardiocentesis
is of limited benefit for the diagnosis and reversal of a tamponade.
Penetrating the needle into a cardiac chamber may determine a
false-positive result, while a false negative (up to 80% in some
series) may be caused by clotting of the blood in the pericardial
cavity.15 This maneuver maintains a role only when no surgeon, or
operating room is available15 because a decompressing procedure
can save time to get the patient to surgery or to a trauma center. As
is often the case in surgical practice, new techniques and investiga-
tions are available, and a growing number of innovative diagnostic
and therapeutic approaches have been introduced in recent years,
determining a significant improvement in survival.

Recent works16 have renewed interest in the use of the subx-
iphoid pericardial window (SPW) not only to confirm or exclude
the presence of a hemopericardium but also as a therapeutic proce-
dure in selected patients.

Clinical echography, in the form of EFAST, has come to repre-
sent the preferred initial examination in patients with PCI, because
of its simplicity, rapidity, and accuracy. Sensitivity of EFAST for
the presence of pericardial fluid is very high with reported values
of 97-100%.17 It is possible to perform FAST at the scene of an
accident, and the test can be accomplished by both paramedics and
physicians after an appropriate training period and a relatively low
number of supervised exams. A negative clinical examination after
primary survey in patients with PCI does not necessarily exclude a
cardiac injury, and EFAST should be repeated since injuries which
are not immediately detectable can at times become evident even
after 24 hours.

In this light, we have reviewed our management of patients

with penetrating injuries, elaborating an algorithm that we have
used for the last 6 years which incorporates both EFAST and SPW
(Figure 6). In our protocol, SPW is reserved to a particular subset
of patients with delayed presentation of traumatic pericardial effu-
sion without hemodynamic instability and may have a role in
excluding the presence of a cardiac injury in patients requiring
laparotomy for abdominal trauma. Our predominantly clinically
driven approach considers site of injury, hemodynamic status,
chest radiograph findings, EFAST, arterial blood gases, prompt
review and requires an immediate coordination between experi-
enced emergency physicians and trauma team surgeons.

Midline sternotomy should be considered the incision of
choice in the emergency cases with resuscitative purposes when a
penetrating trauma in the cardiac box may determine an injury to
the heart or great vessels. In our case, the presence of a huge left
pleural effusion induced the thoracic surgeon to choose a left ante-
rior surgical approach in the assumption that this could be the most
important lesion. This approach determined an optimal left lung
exposure; however, when the pericardium was opened, and the
right ventricle lesions were identified, cardiac exposure was much
more difficult to achieve. Indeed a midline sternotomy would have
resulted in a much easier surgical procedure.

In pulseless patients presenting to the emergency department
with signs of life after penetrating thoracic injury, some authors
strongly recommend Emergency Department Thoracotomy (EDT).
Recommendation for EDT is based on moderate quality of evi-
dence for those patients with cardiac arrest but with previously
witnessed cardiac activity or with unresponsive hypotension
(BP<70mmHg) despite adequate resuscitation. The procedure
requires a supine left antero-lateral thoracotomy in the emergency
room. The incision, which can be prolonged across the sternum in
a clamshell incision, allows fast release of cardiac tamponade, con-
trol of cardiovascular haemorrhage, internal cardiac massage and
aortic cross-clamping of the descending thoracic aorta.18

Conclusions
PCI are highly lethal, and a high index of suspicion, coupled

with early operative intervention, remains the key to the survival
of these patients. EFAST has become the most common initial
screening modality in the majority of trauma centers worldwide,
and it is included in the Advanced Trauma Life Support program
for evaluation of the hypotensive trauma patient.19-21 Midline ster-
notomy should be considered the incision of choice in the emer-
gency setting in patients with penetrating trauma in the cardiac
box. EDT in the emergency room can be a lifesaving procedure in
selected patients with hemodynamic collapse.
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