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The Role of Ultrasound in Penetrating Trauma

Jorge Sproviero'

Abstract
A dramatic reduction of penetrating trauma is not to be
expected in the near future, especially in some regions
of the world. In order to identify the body structures
damaged after stab or firearm wounds, complementary
diagnostic studies play an essential role in assessing the
severity of the case. The inclusion of ultrasound among
the diagnostic tests for assessing abdominal injuries
after blunt trauma because of its confident, repetitive,
non-invasive, communicable, and low-cost means to
obtain the relevant information is derived from rapidly
widespread use of the method for other injury mech-
anisms, such as penetrating trauma. The excellent
results in sensitivity and specificity obtained by ultra-
sound in the search of free fluid among patients with
blunt trauma have pushed emergency physicians to try
a similar implementation in the penetrating trauma
setting. Ultrasonography enables experienced examin-
ers to obtain diagnostic details from the injured pa-
tient. Regarding free fluid, it is possible to determine its
presence and composition through the peritoneal
aspiration after a sonoguided puncture. On the other
hand, ultrasound is able to detect morphologic changes
in solid organs after penetrating trauma. In order to
reach these possibilities which are offered by the
ultrasound technology, a planifying training and edu-
cation program must be developed.
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Introduction
The growth of violence recognizes different causes in
each country. In Latin America, where the homicide
rate is about 20 per 100,000 inhabitants, penetrating
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trauma (PT) indicates socioeconomic difficulties, mak-
ing this region one of the most violent in the world [1].

PT causes damage by interacting with body tissues,
so after the initial evaluation of the patient, the surgeon
is forced to determine the trajectory of the offending
object in order to rule out organ and visceral wounds.
Physical examination and imaging diagnostic studies
are the classical armamentarium to assess the severity
of the injuries in order to perform the appropriate
treatment, which can be surgical or non-operative.

Regardless of the mechanism (blunt or penetrating
trauma) and the diagnostic tool used (X-rays, ultra-
sound [US], computed tomography [CT], angiogra-
phy), imaging procedures must be able to identify the
typical pictures of a wound, which are represented by
laceration/hematoma for solid organs and free fluid for
hollow structures.

The evaluation of abdominal trauma with US has
evolved in the last several decades [2]. Originally fo-
cused on free fluid assessment among patients with
blunt abdominal trauma [3], US indications are now
expanding in other trauma fields [4].

Supported by large medical evidence in the diag-
nosis of blunt thoracic and abdominal trauma patients,
some trauma centers have considered it to be a good
opportunity to utilize US in the PT setting [5, 6].

When using US to diagnose these injuries, we
should take into consideration certain aspects: hemo-
dynamic status of the victim, kinematic concepts,
localization of the PT, and accessibility to the diag-
nostic facility. All of these factors should be added to
the specific findings of the US study.

Aspects not Associated to the US Findings
Hemodynamic Status
US is the only imaging diagnostic tool that can be used
in a hemodynamically abnormal patient with trunk
trauma [7, 8].
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Although these patients have clear surgical indi-
cation and need immediate urgent surgery, in the few
minutes that elapse from their admission to the emer-
gency room (ER), US examination can be done during
the rush transfer to the operating room (OR). In these
situations, the US examination will confirm the pres-
ence of free fluid in the cavity targeted (pericardial sac,
pleural space, and peritoneal cavity), thus, helping
triage priorities for the surgical access [9, 10].

On the other hand, in hemodynamically normal
victims, US can be performed at the patient’s bedside
(ambulance, helicopter, ER, or OR) by means of fixed
facilities displayed areas (shock room, trauma unit,
intensive care unit [ICU], operating theater) or by
portable units that go where the patient is located [10].
The findings identified lead to planning further diag-
nostic and therapeutic pathways.

Therefore, what guides the extension of the study
is the hemodynamic status, as it should only be com-
pleted in normal hemodynamics; the opposite is the
clear indication for immediate surgery.

Kinematic Concepts
Stab wounds (SW) generate tissue damage circum-
scribed to the path of the wound [11] and if no vital
structures are involved, allow a thorough US complete
examination, searching for direct and indirect signs of
organ lesion.

The management of firearm wounds (FAW), on
the other hand, is more complex, as one has to consider
whether it is a single round, gunshot wounds (GSW) or
multiple rounds, shotgun wounds (SGW), projectile
energy (low and high), associate injuries by fragmen-
tation (tumble and yaw), cavitation effects, etc. [12].

With SGW, it is imperative to determine the firing
range, considering that those fired beyond a 6.3-m range
(this is the distance between the firearm and the victim),
the pellets will penetrate only up to the subcutaneous
tissue level, with a very low probability of reaching a
cavity and much less chance an organ. An acceptable way
of calculating the penetration is to observe the degree of
dispersion of the pellets. When it surpasses 50 cm in
diameter, the distance from the victim to the offender is
surely beyond 6 m, and the presence of intracavitary le-
sions is an exception. In these situations, the US exami-
nation of the cavities will be normal; hence, non-operative
therapy can be established. This we could correlate with
our cases, as did others [11].

Localization of PT

The trunk can be divided into three transverse zones,
drawing lines through the nipples and at the umbilicus
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Figure 1. Division of the torso space. RPI right pleural space; LPI
left pleural space; PC pericardic space; PH perihepatic space; PEn
perienteric space; PS perisplenic space; P pelvis.

level (upper thorax, abdominothoracic area, and
abdomen) [13]. We have adapted this compartmental
torso division, adding two vertical lines running
through the nipples, resulting in seven anatomical
areas available to the sonographic approach (Figure 1).
It is a common practice in centers that manage these
cases to mark the entrance and exit sites so as to foresee
the structures direct or indirectly involved [14, 15].
Regarding the upper thorax, for those FAW located
between both vertical lines (which include the cardiac
area), it should be determined if the entrance and exit sites,
or the bullet location for those cases without exit sites,
compromise one hemithorax or not (Figures 2, 3, 4, 5).
When the penetrating object is confined to one
hemithorax, it represents an anterior—posterior path,
where the lateral (right and left) thirds of the upper
thorax corresponds to the lungs, usually targeted as
pleural collections (air, fluid-air), both detected by US
[16, 17]. On the other hand, when the injury is in the
central third (heart, great vessels) or transmediastinal
(both hemithorax involved), US evaluation can iden-
tify pericardial effusions, but is insufficient in ruling out
other injuries. In such a context, the patient should be
studied by other diagnostic tools (CT scan, endoscopy,
angiography, etc.), due to the fact that there is a high
probability of associated lesions [18, 19] (Figure 6).
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Figure 3. GSW. Exit site on right hemithorax.

In the abdomen, the wounds are examined clini-
cally, searching for signs of peritonitis, and with US to
rule out free fluid. If there are physical findings for
peritonitis, surgery is indicated. If the finding is free
fluid, this should be examined: a sample must be ob-
tained through a sonoguided puncture for diagnostic
peritoneal aspiration [20, 21].

Tangential wounds, or those that compromise the
base (posterior segment) of the right hemithorax, are
usually managed with non-operative treatment, with US
follow up; this is not the case with low left hemithorax
wounds, which will usually need a laparoscopic approach
to rule out diaphragmatic involvement [15, 22, 23].

Accessibility to the Diagnostic Facility

US is an excellent diagnostic procedure and gives
confident, repetitive, communicable information at a
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Figure 5. Computed tomography (CT) scan. Trajectory of the bullet.

low cost; even for those centers with limited financial
budgets [19]. In those centers which manage trauma
victims and have limitations or difficulties to access
certain diagnostic tools and procedures (CT scan,
hemodynamic suite, etc.), sonography should be a
routine tool in the emergency department [2, 18].

US Findings
US is an essentially morphologic diagnostic imaging
tool.

Eur J Trauma Emerg Surg 2010 - No. 2



Sproviero J. The Role of Ultrasound in Penetrating Trauma

Figure 6. Suggested algorithm
for the use of ultrasound (US) in
penetrating thoracic trauma
(EnS entrance site; ExS exit
site; US ultrasound; CT com-
puted tomography).
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PT changes the internal structure of tissues and
organs in two ways: lacerations and hematoma/contu-
sion.

US detects free fluid collections that deposit in
virtual anatomic spaces which become real. Free fluid
represents the consequence of trauma on organs and
tissues, that is why it is considered to be a lesions-
positive marker [9]. Therefore, the sonographic finding
of free fluid challenges the US operator to determine
the anatomic spaces occupied (quantitative aspect) and
define its composition (qualitative aspect). It is of good
practice to report the anatomic spaces occupied by free
fluid.

In the thoracic cavity, collections can occupy three
spaces: one central (pericardial sac) and two laterals
(right and left pleural spaces). More recently, US has
gained support to diagnose air in the pleural space. The
absence of the ‘sliding lung’ and ‘comet tail’ features
are characteristics of pneumothorax during the sono-
graphic study [16, 17].

In the abdomen, the following spaces are men-
tioned: the two central, small bowel loops and
pelvic (Douglas), spaces; lateral, subphrenic (right
and left), Morrison (hepatorenal), and splenorenal
spaces.

The written form is simplified to the Focused
Assessment with Sonography for Trauma (FAST)
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protocol (pericardial sac, perihepatic, perisplenic, and
pelvic) [9].

The detailed description of occupied spaces needs
to be stated in the US examination report sheet, but in
no way should this bear conclusions about the hemo-
dynamic status of the patient. In other words, the
hemodynamic abnormality does not always correlate
with the number of occupied spaces.

The finding of free fluid should push the US
operator to further identify the biochemical charac-
teristics of that fluid (qualitative aspect).

A US-guided needle sample will retrieve perito-
neal fluid that can be sent to the laboratory for analysis
(diagnostic peritoneal aspiration). The presence of
blood, in normal hemodynamic conditions, allows a
non-operative therapy [24-26], but the finding of bile,
enteric fluid, urine, etc., suggests a hollow organ injury
and redirects the patient for surgery.

If, for any reason, the US-guided needle sample
cannot be performed, then a contrast CT scan should
be ordered.

Hematoma or contusion stand for liquid collection
within the tissue borders of the organ targeted. If the
US examination of solid organs evaluates shape, size,
contour, structure, and echogenicity, one should expect
that, in the setting of PT, these parameters to be
abnormal. Then, it can be possible to identify by US
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Figure 7. GSW to the liver. US examination. Changes in echogenicity
(hypoechoic area, contusion) on the right liver (segment VII). Free
fluid in pleural space.

Figure 8. GSW to the liver. US examination (Doppler). Displacement
of the right hepatic vein.
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Figure 9. GSW to the kidney. US examination. Changes in size,
shape, and echogenicity (hypoechoic area, contusion). Transverse
view.

20:09: 12 DYH: 2 EHH: 2%
e e =

Figure 10. GSW to the kidney. US examination. Changes in size,
shape, and echogenicity (hypoechoic area, contusion). Length view.

changes in size and shape in the involved organs that
modify their volume [8, 27]. Contours (borders) will
cease to be smooth and appear irregular, homogeneous
tissues will become heterogeneous structures, showing
US areas of different echogenicity (hypo or hyper-
echoic), instead of their usual pattern. On certain
occasions, parenchymal collections can displace inter-
nal structures, developing mass effect and modifying its
normal architecture. This situation can also be cap-
tured by US [8, 27].

Morphologic changes caused to solid organs (liver,
spleen, and kidney) by penetrating trunk trauma can
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Figure 11. Suggested algorithm for the use of US in penetrating abdominal trauma (FAST Focused Assessment with Sonography for Trauma;
FF free fluid; US ultrasound; CT computed tomography; NOT non-operative therapy; HO hollow organ; TBI traumatic brain injury; Sp.

Trauma spine trauma; AMV assisted mechanical ventilation).

be detected by US with high sensitivity and specificity
for those lower severity grades (grades I-IV of the
AAST classification), which, by the way, account for
70-80% of admissions. Grades V and VI usually have
surgical interventional validation, pointing out the
identification of free fluid.

For those patients with pedicle compromise lesions
grades V-VI, Doppler mode is a powerful tool in
assessing vascular repair and immediate follow up and
outcome. The Doppler signal evaluates flow or its ab-
sence, and its direction, velocity (slow, fast), and
characteristics (normal, turbulence). All of these data
can be obtained by the different features of the
Doppler technique (audio, color, and spectral update).
The Power Angio tool helps in the assessment of sur-
gical impact on parenchyma (Figures 7, 8, 9, 10).

It must be noted that US sensitivity and specificity
for free fluid and solid organ injury detection is over
93% in both cases [20].

Those cases in which US does not show evidence of
abnormal findings, and the patient sustains normal
hemodynamics status, are scanned by serial US [28, 29].

If the patient is alert and awake, the US study can be
based either on clinical grounds (onset of abdominal pain,
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diminished urine rate, abnormal laboratory reports, etc.)
or on a prearranged timing. In such cases, it is reasonable
to perform US every 2 h during the first 6 h of admission
[22]; then, the injured is started on oral intake. Associate
head or spinal trauma, or patients under assisted
mechanical ventilation, can be handled with the same
assessment protocol and bear no exception to our US
trauma surveillance (Figure 11).

The patient will then be discharged between 12 and
24 h later, if the hemodynamic normality is sustained,
having no clinical signs or symptoms of peritonitis, and
with negative US examinations (it is wise to perform a
US examination before discharge).

The role of US in PT is expanding rapidly. Although
there is growing evidence about new approaches with this
diagnostic complementary method (traumatic pneumo-
thorax, prehospital US examination, contrast-enhanced
US, 3D approach, etc.), its use requires a clear educa-
tional, training, and credentialing process [2, 20].

Conclusions
The management of trunk trauma patients, and espe-
cially those with penetrating trauma (PT), has changed
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in the recent years, due mainly to a systematic assess-
ment approach (ATLS guidelines) and the liberal use
of diagnostic imaging tools. Ultrasound (US) exami-
nation is still awaiting further studies to accept a uni-
versal protocol of management for this complex
trauma population.
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