
Advanced Emergency Nursing Journal
Vol. 41, No. 4, pp. 290–305

Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.

Imaging
Column Editor: Denise R. Ramponi, DNP, FNP-C, ENP-BC, FAEN, FAANP, CEN

The Use of Ultrasonography in the
Emergency Department to Screen
Patients After Blunt and Penetrating
Trauma: A Clinical Update for the
Advanced Practice Provider

Juan M. González, DNP

Johis Ortega, PhD

Nichole Crenshaw, DNP

Lila de Tantillo, PhD, MS, RN

Abstract
Use of bedside ultrasonography to identify life-threatening injuries for patients with blunt
and penetrating trauma is the standard of care in the emergency department. The “FAST”
examination—focused assessment with sonography for trauma—ultrasound scan of the chest
and abdomen allows clinicians to assess critical regions for free fluid without use of in-
vasive procedures as quickly and as often as needed. In addition, ultrasonography has a
high degree of sensitivity and specificity and is safe during pregnancy. For patients requiring
evaluation of the pleura, the “eFAST” (or extended FAST) may be conducted, which may
serve to locate pleural effusions, hemothorax, and pneumothorax. However, ultrasound quality
is operator dependent and is recommended with other diagnostic measures to provide a
complete clinical picture of trauma patients. Ongoing development of ultrasound compe-
tency among established clinicians and nurse practitioner students is vital to maintain diag-
nostic accuracy and ensure quality care for trauma patients in the emergency department.
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JACQUES AND PIERRE CURIE first de-
scribed in 1880 the piezoelectric effect
now used in ultrasonography (Manbachi

& Cobbold, 2011). During subsequent
years, the use of ultrasonography has broad-
ened and evolved. In the 1970s, German and
Japanese physicians initiated the use of ul-
trasonography for point-of-care sonography
for evaluation in trauma (Hsu & Menaker,
2016). The Society of Point of Care Ul-
trasound (2017) defines point-of-care ultra-
sonography (or POCUS) as an ultrasound scan
performed and interpreted by the clinician
at the point of care to interrogate a clini-
cal question or assist with a procedure. In
this context, ultrasonic waves can be used
as a diagnostic tool as well as a treatment
modality incorporated in rehabilitation ther-
apy (Wan, 2013). In 1984, Tiling, Schmid,
Maurer, and Kaiser published one of the clas-
sic works in the ultrasound literature com-
paring ultrasonography with traditional di-
agnostic peritoneal lavage (DPL). According
to Rozycki, Ochsner, Jaffin, and Champion
(1993), ultrasonography was being used in
treatment of trauma injuries in Germany but
not adopted as the standard of care in the
United States. The use of ultrasonography
subsequently began to expand in the United
States, especially in the emergency care set-
ting (Hsu & Menaker, 2016; Rozycki et al.,
1995).

Trauma is a leading cause of morbidity
and mortality in the United States (Hsu &
Menaker, 2016; Wongwaisayawan et al.,
2015). In 2013, more than 31 million emer-
gency department visits and $400 billion
in medical expenses and loss of produc-
tivity resulted from patients affected by
trauma (Hsu & Menaker, 2016). Point-of-
care ultrasonography allows clinicians to
rapidly identify life-threatening injuries with-
out the use of invasive procedures (Hsu &
Menaker, 2016; Montoya et al., 2016; Sue,
2015; Wongwaisayawan et al., 2015). Ultra-
sonography can be used extensively in the
emergency department, allowing advanced
practice providers to evaluate patients with
blunt and penetrating trauma quickly. The

use of ultrasonography for evaluation of pa-
tients with chest and abdominal trauma was
introduced in the 1990s and has gained more
popularity in the recent years as evidence has
grown in support of the practice (Smith &
Wood, 2014). Clinicians have been able to use
ultrasonography to assist with invasive proce-
dures such as central line placement, nerve
block, and pericardiocentesis (American
College of Emergency Physicians, 2017a).
In 1997, the Advanced Trauma Life Support
(ATLS) course began to include ultrasonog-
raphy as an alternative to the traditional DPL
(Catán, Villao, & Astudillo, 2011).

Previous research studies have been pub-
lished describing the utility of ultrasonogra-
phy as well as its moderate to high sensitivity
and specificity compared with other modal-
ities such as radiography, computed tomo-
graphic (CT) scan, and physical examination
alone to identify hemoperitoneum, pericar-
dial effusions, and pneumothoraces result-
ing from trauma (Sauter, Hoess, Lehmann,
Exadaktylos, & Haider, 2017; Smith & Wood,
2014). When compared with radiography
and physical examination alone, ultrasound
modality is more sensitive and specific than
radiography in identifying patients with a
pneumothorax (Alrajhi, Woo, & Vaillancourt,
2012; Raimondi et al., 2016). Focused assess-
ment with sonography in trauma (FAST) has
been found to have a sensitivity of 92%–100%
and a specificity of 94%–99% (Rippey &
Royse, 2009). The sensitivity of the FAST has
been found to be higher for blunt abdomi-
nal trauma than for penetrating abdominal
trauma (Smith & Wood, 2014). Several factors
may affect the sensitivity of the FAST, such
as comorbidities and the clinician perform-
ing the examination. Importantly, ultrasonic
waves are usually dispersed by air, which can
affect the quality of the image and therefore
the sensitivity of the test (Hoskins, 2010).
Also, small amounts of bleeding in the cavity
may not be picked up by the ultrasonography,
also affecting its sensitivity (Rippey & Royse,
2009). In addition to its use with abdominal
trauma, some studies have supported the use
of a FAST examination in patients with other
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medical problems, such as hemodynamic
instability and respiratory distress (Javedani,
Oulton, Metzger, & Adhikari, 2016; Patel,
Narasimhan, & Koenig, 2013). There has
also been research supporting the use of
ultrasonography in the prehospital setting
to identify pneumothoraces as well as in-
juries in the abdomen and chest from blunt
trauma (Ketelaars, Hoogerwerf, & Scheffer,
2013; MacDonald & Alqattan, 2017;
O’Dochartaigh & Douma, 2015; Press et al.,
2014). The American College of Emergency
Physicians (2001, 2017a) recommends bed-
side ultrasonography for patients who have
experienced blunt abdominal trauma, pen-
etrating trauma, unexplained hypotension
after trauma, and trauma during pregnancy.

There are several reasons why ultrasonog-
raphy is an ideal initial test to perform during
the evaluation of a patient with traumatic in-
juries to the chest and abdomen (Catán et al.,
2011; Dinamarca, 2013; Montoya et al. 2016).
Ultrasonography can help accurately identify
patients who have free fluid in the abdomi-
nal or thoracic cavity and decrease the time
it requires a clinician to achieve a diagnosis
(Giraldo-Restrepo & Serna-Jiménez, 2015). It
can be utilized repeatedly to assess the evo-
lution of a patient’s condition over time (Hsu
& Menaker, 2016). This modality of imaging
is considered safe for pregnancy and has also
been found to decrease the number of less
desirable procedures, such chest tubes, DPLs,
and radiation modalities such as CT scanning
(Montoya et al., 2016; Smith & Wood, 2014).

The FAST examination traditionally in-
volves the pericardial, perihepatic, peris-
plenic, and pelvic views, often referred to as
“the four Ps” (Montoya et al., 2016). Utilizing
the ultrasound waves permits the practitioner
to evaluate the patient and determine next
steps based on findings such as the presence
of blood in the peritoneal cavity, along with
the patient’s hemodynamic stability (Rippey
& Royse, 2009). In 1995, Rozycki et al. pub-
lished a prospective study that compared
ultrasonography with DPL and CT scanning
on patients who had experienced abdominal
trauma. In that study, the utility of this four-

view ultrasound modality was demonstrated
to be helpful in disseminating its use in the
United States. In this research study, 371
patients were scanned during a period of
20 months in a Level 1 trauma center, with
ultrasonography as the main adjuvant modal-
ity in addition to the physical examination.
Patients who were not hemodynamically
stable and needed immediate surgery were
excluded from the study. Examinations were
performed by attending general surgeons,
trauma fellows, or senior general surgical
residents. Among the patients examined,
295 (79.5%) had suffered blunt trauma and
the remaining 76 had penetrating injuries.
The average examination time in this study
was 2.5 minutes. Ultrasonography was found
to have 81.5% sensitivity and 99.7% speci-
ficity detecting free fluid after a chest or
abdominal trauma. Of the scans performed,
305 were true negatives, 53 true positives,
12 false negatives, and one false positive.
From the 12 false-negative group, six had
penetrating and six had blunt injuries. All the
patients who had penetrating injuries had
exploratory surgery without delay confirm-
ing the false-negative result. All six remaining
patients with blunt trauma had exploratory
surgery as well due to clinical change after
the initial ultrasound scan. Patients with
true-negative results had a repeat scan after
12–24 hr and patients with true-positive
results had a repeat test after 2–12 hr to
confirm the results (Rozycki et al., 1995).

The term FAST originally meant “Fo-
cused Abdominal Assessment for the Sono-
graphic examination of the Trauma patient”
(Han, Rozycki, Schmidt, & Feliciano, 1996).
However, the FAST consensus conference
changed the term to “Focused Assessment
with Sonography for Trauma” to reflect an
assessment more inclusive than the abdomen
and includes areas such as the pericardium,
considered particularly important during
a chest trauma (Montoya et al., 2016). As
the sonography field has evolved and ex-
panded, so has the FAST ultrasonography.
Among clinicians, it was apparent that
many patients required visualization of the
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pleural space to look for fluid and air. Because
pneumothoraces are common in traumas and
frequently missed by radiography, ultra-
sonography began to play an important
role in assessment of these abnormalities
(Alrajhi et al., 2012). These developments
led to the extended or eFAST protocol
(Montoya et al., 2016). As this procedure
has advanced, clinicians have been able
to assess for pleural effusion, hemothorax,
as well as pneumothorax, adding an addi-
tional component to the FAST ultrasonogra-
phy (Montoya et al., 2016; Press et al., 2013).
The term eFAST is therefore given when
examination of the pleura is included in an
extended study (Montoya et al., 2016; Rippey
& Royse, 2009) (see Figure 1). An eFAST is
considered positive if any fluid is identified in
the abdomen or thorax and if there is lack of
pleural movement, as in the case of a pneu-
mothorax (Dammers, El Moumni, Hoogland,
Veeger, & Ter Avest, 2017; Dinamarca, 2013;
Hsu & Menaker, 2016; Montoya et al., 2016;
Wongwaisayawan et al., 2015). A negative

eFAST examination would be confirmed by
the absence of fluid in those areas and the
presence of pleural sliding (Dammers et al.,
2017; Dinamarca, 2013; Montoya et al., 2016;
Hsu & Menaker, 2016; Wongwaisayawan
et al., 2015).

Emergency department clinicians using
bedside ultrasonography when caring for pa-
tients with traumatic injuries should be aware
of several limitations of this technology. This
imaging technique should not be used as a
stand-alone modality; ultrasonography should
be confirmed with other modalities such as
CT scan, especially among patients experi-
encing hemodynamic instability or high clin-
ical suspicion (Dammers et al., 2017) (see
Figure 2). Also, the quality of the eFAST ultra-
sonography is operator dependent (Kessler,
2017; Smith & Wood, 2014). In addition, this
ultrasound modality may not be able to iden-
tify the precise location of an injury in cases
when it does not appear hypoechoic. The
recommendation for these patients would be
to provide a CT scan or a comprehensive

Figure 1. eFAST protocol for abdominal and chest trauma. CT = computed tomography. From “Ultrasound
in Trauma,” by J. C. R. Rippey and A. G. Royse, 2009, Best Practice & Research Clinical Anaesthesiology,
23(3), pp. 343–362. Copyright 2009 by Elsevier Ltd. Adapted with permission.
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Figure 2. Windows of the eFAST examination.
Original photograph courtesy of Juan M. Gonzalez.

ultrasonography for those who are not a can-
didate for CT scan (Rippey & Royse, 2009).
In addition, some false-positive findings of
hemorrhage have been documented with the
use of eFAST ultrasonography. This is partic-
ularly the case when examining fluid-filled
visceral organs such as the stomach or ar-
eas of the abdomen with excess fluid, for
instance, ascites (Giraldo-Restrepo & Serna
Jiménez, 2015; Sue, 2015). Another potential
area of concern is that ultrasonography may
miss bleeding in the retroperitoneal space
and during very early evaluation of injuries
(Montoya et al., 2016). Clinicians should also
note that this imaging modality may have lim-
itations evaluating patients with large body
habitus, as excess fat can easily be confused
for fluid or hematoma (Sue, 2015). Although
the use of FAST ultrasonography has been in-
creasing among the pediatric population, at
this time there are few studies to support
the sensitivity and specificity in this group
(Kessler, 2017).

FOUNDATIONS OF ULTRASOUND PHYSICS

The ability of the advanced practice provider
to understand the essential components of
ultrasonography will affect the use and ap-
plication of the procedure. The principles of

ultrasonography depend on the piezoelectric
crystals found in the head of the trans-
ducer connected to the ultrasound machine
(Hoskins, 2010). The provider should be con-
scious of the machine’s pulse–echo, consid-
ered its ability to turn electricity to vibration
with the use of these piezoelectric crystals
and interpret the vibration that returns as
a pixilated image on the screen (Hoskins,
2010). Pulse is the term that describes the
waves formed by the transducer sent to the
tissues, and echo refers to the vibrations
that are produced by the tissues sent back
to the transducer and the machine (Hoskins,
2010).

It is necessary to recognize that different
mediums will transmit ultrasound waves dif-
ferently. This is influenced by echogenicity,
the ability of a structure to cause or pro-
duce an echo (Hoskins, 2010). Areas such
as air will have the slowest velocity, distort-
ing the image of the ultrasound, and bone
will have the fastest velocity, allowing the
vibrations to return to the transducer very
quickly (Hoskins, 2010). These different ve-
locities will also translate to different shades
of gray, white, and black on the screen, pro-
ducing different echogenic images.

Images that have no echo are considered to
be anechoic. Fluids are known to be anechoic
and typically look black in ultrasonography.
Hypoechoic is when the structure produces
less of an echo than surrounding tissues
(Gunderman, 2014; Hoskins, 2010; Hsu &
Menaker, 2016). This effect in the ultrasound
image is shown as dark gray. Sometimes,
hematomas may appear as hypoechoic
(Gunderman, 2014; Hoskins, 2010; Hsu &
Menaker, 2016). Isoechoic is when the im-
age has the same level of echogenicity as
surrounding tissues. In an ultrasound scan,
normal tissues appear light gray in the ul-
trasound screen. Hyperechoic is when the
structure or area has a higher echogenicity
than surrounding tissues (Hoskins, 2010;
Hsu & Menaker, 2016). A hyperechoic image
typically appears to be white and stands out
in comparison with surrounding structures
(see Figures 3 and 4). An example would be
stones inside the gallbladder.
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Figure 3. Levels of echogenicity. Illustration is the
original artwork of Juan M. Gonzalez.

The transducer used for the procedure
will provide not only different quality images
but also different depths. It is essential for
the clinician to be familiar with the primary
transducers, also known as probes, utilized
and which ones would be appropriate to
conduct the eFAST examination. Transducers
are equipped with different frequencies. As
a general rule, the higher the frequency,
the increased quality of the picture and also
the reduced ability of its probe to penetrate
into the deeper aspects of the body (Hsu
& Menaker, 2016). These transducers are
useful for vascular procedures or to observe
structures located reasonably superficial
such as the pleura (Hsu & Menaker, 2016).
Low-frequency probes will be able to pen-
etrate deeper, although the quality of the
image is affected. Low-frequency ultrasounds
range from 5 to 2 MHz and high-frequency
ultrasounds range from 10 to 5 MHz (Hsu &
Menaker, 2016; Sue, 2015).

The curvilinear (also known as curved
array) and the phased array probes are two

Figure 4. Levels of echogenicity in ultrasound
image.

well-known low-frequency probes that are
used for the eFAST examination in the evalu-
ation of the abdominal and cardiac structures
(Hsu & Menaker, 2016; Sue, 2015). Between
the two probes, the phased array probe
has a smaller dimension that allows it to
obtain a better picture of the heart from the
parasternal view (Hsu & Menaker, 2016). The
parasternal view is typically used when the
subxiphoid view is not optimal (Reardon,
2008). The linear sequential array is a high-
frequency probe used for evaluation of the
pleura during the eFAST examination (Hsu &
Menaker, 2016; see Figure 5).

Ultrasound machines may have different
settings. Typically, for advanced practice
providers, the most important areas to review
are the power button, gain, depth, bright-
ness mode (B mode), time–motion mode
(M mode), color flow or Doppler mode, and
being able to freeze and save images when
scanning patients. The gain will change the
brightness of the picture, whereas the depth
varies the amount of penetration seen on the
screen. The B mode uses a grayscale to show
a two-dimensional image (Hoskins, 2010; Hsu
& Menaker, 2016; see Figure 6). The trans-
ducer will affect the depth depicted in the im-
age. “M mode” or time–motion mode is a set-
ting used for evaluation of the pleura (Gillman
& Kirkpatrick, 2012; see Figure 7). The color
flow or Doppler mode is utilized to assess

Figure 5. Curvilinear, phased array, and linear
probes (from left to right). Photograph courtesy
of Nichole Crenshaw.
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Figure 6. B mode image. Photograph reprinted
with permission from SonoSim.

vascular structures. With the color setting,
a clinician can display colors to differentiate
fluid going toward and away from the trans-
ducer, the standard configuration being fluid
going toward the transducer looks red and
away from it is shown as blue. This setting
may be changed by the user, so it is not ab-
solute (Hoskins, 2010; McDicken & Hoskins,
2014; see Figure 8, Color image is available as
SDC at http://links.lww.com/AENJ/A42).

When scanning patients with ultrasonogra-
phy, the advanced practice provider should
have a clear understanding of the different
anatomical planes and the orientation of the
transducer. The patient can be scanned using

Figure 7. M mode image. Photograph reprinted
with permission from SonoSim.

Figure 8. Color Doppler. Photograph courtesy of
Nichole Crenshaw. (Color image is available as
SDC at http://links.lww.com/AENJ/A42)

transverse, coronal, and sagittal planes
(Gunderman, 2014). The transverse plane
is also known as the cross-sectional plane,
and the sagittal plane is also known as the
longitudinal plane (Gunderman, 2014; see
Figure 9). When scanning a patient from
the sagittal plane, the transducer indicator
should be facing the head of the patient
(Sue, 2015). When scanning a patient from
the transverse plane, the indicator should
generally be facing the anatomical right of

Figure 9. Different planes used for ultrasonogra-
phy. Illustration is the original artwork of Yusmel
Jimenez.
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the patient (Sue, 2015). An exception to this
rule is when completing the parasternal view
of the heart, as the indicator would be facing
the anatomical left of the patient. In the
coronal plane, the indicator will face toward
the patient’s head (Sue, 2015).

When performing an ultrasound proce-
dure, the advanced practice provider needs
to be aware of the limitations of the image
as well as some possible artifacts, or false im-
ages, that may occur while scanning a patient.
Sometimes, these artifacts can be used to
confirm and reject specific diagnoses (Catán
et al., 2011; Gillman & Kirkpatrick, 2012;
Hoskins, 2010; Raimondi et al., 2016).

One common form of artifact is a mir-
ror image. This is a false image that forms
as the sound travels at different velocities.
An example of this mirror image is seen
when scanning the right upper quadrant dur-
ing the eFAST examination (Hoskins, 2010;
Wongwaisayawan et al., 2015). In this portion
of the examination, the reflection of the liver
is seen in the area above the diaphragm. This
artifact creating a mirror image is considered
a normal finding. When this mirror image is
not present, then there is a possibility of fluid
in the chest cavity (Rippey & Royse, 2009;
Wongwaisayawan et al., 2015).

Another common artifact during ultra-
sonography is acoustic shadowing (Hoskins,
2010; Wongwaisayawan et al., 2015). The ar-
tifact occurs because ultrasonic waves cannot
penetrate bone, creating a shadow in the path
of the wave. This artifact is experienced often
when looking at the heart from the paraster-
nal view or during the assessment of the lung
pleura (see Figure 10). The ribs will produce
a shadow seen on the screen as dark verti-
cal lines. Acoustic shadowing is also consid-
ered to be a normal finding (Hoskins, 2010;
Wongwaisayawan et al., 2015).

EXTENDED FOCUSED ASSESSMENT WITH
SONOGRAPHY FOR TRAUMA

Right Upper Quadrant

Scanning of the right upper quadrant assesses
the perihepatic space (Wongwaisayawan

Figure 10. Acoustic shadowing artifact. Illustra-
tion reprinted with permission from SonoSim.

et al., 2015). For right upper quadrant scan-
ning, the clinician will use either a phased ar-
ray probe or a curvilinear probe. The trans-
ducer is placed in the midaxillary line in a
coronal plane, and the marker would be fac-
ing the head of the patient. From this lo-
cation, the practitioner would be scanning
for the kidney and the connection of the
kidney to the liver, known as the hepa-
torenal junction or Morrison’s pouch (see
Figure 11). To be able to find this location
quickly, the clinician can draw an imaginary
horizontal line from the subxiphoid area. This
is known as the horizontal subxiphoid (HS)
line. Where this HS line meets the midaxillary
line is the H point where most individuals will

Figure 11. Right upper quadrant ultrasound
probe position. Photograph courtesy of Nichole
Crenshaw.
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Figure 12. H point location. HS = horizontal subx-
iphoid. Photograph courtesy of Nichole Crenshaw.

have the window to the hepatorenal space
(Wongwaisayawan et al., 2015; see Figure 12).
The presence of any fluid in this area would
be considered abnormal and warrant further
evaluation by the advanced practice provider.
In addition, the clinician would observe for
the mirror effect of the liver to rule out
the possibility of fluid in the pleural space
(see Figure 13).

Left Upper Quadrant

During the scanning of the left upper quad-
rant, the clinician evaluates the perisplenic
view created by the spleen and the left kid-
ney (see Figure 14). The HS line intersec-
tion with the posterior axillary line creates
the “S point” where the splenorenal recess
can be found (Wongwaisayawan et al., 2015;
see Figure 15). In this area, the transducer

Figure 14. Left upper quadrant ultrasound probe
position. Photograph courtesy of Nichole Cren-
shaw.

Figure 15. S point location. HS = horizon-
tal subxiphoid. Photography courtesy of Nichole
Crenshaw.

would be placed in a coronal plane, with the
transducer marker facing the head of the pa-
tient. The practitioner evaluates for fluid at
the junction of the spleen and the left kid-
ney or the splenorenal junction. Any fluid

Figure 13. (A) Normal right upper quadrant window. (B) Abnormal right upper quadrant window with
free fluid. Illustrations reprinted with permission from SonoSim.
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Figure 16. (A) Normal left upper quadrant window. (B) Abnormal left upper quadrant window with free
fluid in the perisplenic area. Illustrations reprinted with permission from SonoSim.

in this area would be considered abnormal
(Wongwaisayawan et al., 2015; see Figure 16).

Pelvic Region

During this portion of the examination,
the patient’s bladder would be scanned us-
ing the longitudinal view, also known as
sagittal view, and the transverse view. The
clinician first places the transducer in the
sagittal view, with the end of the probe near
the pubic symphysis (see Figure 17). As the
landmarks are identified, the practitioner ro-
tates the probe to a transverse plane and con-
tinues to evaluate for free fluid around the
bladder (see Figure 18). An empty bladder
will reduce the accuracy of the FAST examina-
tion (Wongwaisayawan et al., 2015). It is im-
portant that the advanced practice provider

should assess for free fluid in the rectovesi-
cal area in males and the rectouterine area in
females.

Pericardial Region

The pericardium can be assessed from two
different views. The first is the subcostal
view (also known as the subxiphoid view)
and the second is the intercostal parasternal
view (see Figure 19). Around the heart, there
should be no more than 5 mm of space, as
this distance represents the normal amount
of pericardial fluid. Any greater area would
be considered abnormal and regarded as
a pericardial effusion. The advanced prac-
tice provider can quantify the size of the
pericardial effusion by the measurements.
A measurement of 5–10 mm would be a

Figure 17. Suprapubic ultrasound probe: (A) sagittal position; (B) transverse position. Photographs cour-
tesy of Nichole Crenshaw.
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Figure 18. (A) Normal view of the bladder. (B) Abnormal view with free fluid around the bladder. Illus-
trations reprinted with permission from SonoSim.

Figure 19. Cardiac view probe position: (A) subxiphoid; (B) parasternal long axis. Photograph courtesy
of Nichole Crenshaw.

moderate effusion and greater than 10 mm
would be considered severe (see Figures 20
and 21). In addition, the clinician would look
for a collapsing of the right ventricle, the
hallmark sign of cardiac tamponade.

Extended Examination: Pleura

The extended portion of the ultrasonography
is the evaluation of the pleura for hemotho-
rax or pleural effusion. The clinician can eval-
uate pleural space for fluid while assessing

Figure 20. Subxiphoid view of the heart: (A) normal; (B) abnormal (fluid in the pericardium). Illustrations
reprinted with permission from SonoSim.
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Figure 21. Parasternal long axis view of the heart: (A) normal; (B) abnormal (fluid in the pericardium).
LA = left atrium; LV = left ventricle; RV = right ventricle. Illustrations reprinted with permission from
SonoSim.

the right and left upper quadrants in the FAST
examination with the transducer in the coro-
nal plane. A mirror image artifact is frequently
seen in these areas. This image forms when
organs are located in front of strong reflecting
structures such as the diaphragm. If the mir-
ror image of the liver or spleen is absent, the
clinician will suspect the presence of fluid,
such as a pleural effusion or hemothorax,
in the space where the mirror image would
normally be located. In addition, because in
this case the sound waves can be transmitted
through that fluid, the spine may be visual-
ized below the diaphragm (Ahmed, Martin,
Saul, & Lewiss, 2014; Wongwaisayawan et al.,

2015). This abnormal finding known as the
“spine sign” helps confirm the presence of
fluid in the thorax (Ahmed et al., 2014; see
Figure 22).

Extended Examination: Lung Field and Sliding

At this point, the linear array high-frequency
probe is used to evaluate movement of the
pleura as it will provide superior visualization
for superficial structures (Wongwaisayawan
et al., 2015). With the patient in the supine
position, the probe is placed in the sagit-
tal plane at the midclavicular line and also
at the fourth or fifth intercostal space mi-
daxillary line (Wongwaisayawan et al., 2015).

Figure 22. Right pleura. (A) Normal view, normal mirror image, and no spine sign. (B) Right pleura,
abnormal view, positive anechoic with spine sign and lack of mirror image. Illustration (A) reprinted with
permission from SonoSim. Illustration (B) is an original image courtesy of Nichole Crenshaw.
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Figure 23. Assessment of pleural sliding while
on B mode. Illustration reprinted with permission
from SonoSim.

The practitioner will be assessing for pleu-
ral sliding in this location (see Figure 23). In
addition, the clinician will be assessing for
the presence of B lines or comet tails to
support the absence of pneumothorax (see
Figure 24). Once pleural sliding has been
identified, it can be confirmed by changing
the ultrasonography to “M mode.” A pattern

Figure 24. B lines or “comet tail” artifact support
lack of pneumothorax. Illustration reprinted with
permission from SonoSim.

known as the seashore is observed in pa-
tients who do not have a pneumothorax. If
the patient has a pneumothorax, no pleural
sliding is seen, and the seashore pattern is
not present in the M mode (Wongwaisayawan
et al., 2015; see Figure 25).

IMPLICATIONS FOR ADVANCED PRACTICE
PROVIDERS AND NURSE PRACTITIONER
STUDENTS

Developing competency of the eFAST exam-
ination as an advanced practice provider is
increasingly important when working in the
emergency department setting. The role of
the ultrasonography has expanded consid-
erably during the past 20 years, and nurse
practitioners caring for patients with poten-
tial abdominal trauma must be prepared to
utilize this diagnostic tool. Programs training
nurse practitioner students should support
ultrasound diagnostic courses to help prac-
titioners achieve mastery of this skill before
graduation. Of note, the American College
Emergency of Physicians (2017a, 2017b) re-
cently delineated the importance of training
in ultrasound use and how to implement a
combination of didactic courses and skills
to help their residents achieve mastery of
this content. There is variability in opinions
regarding the necessary number of hours of
training emergency clinicians should receive
related to the use of POCUS. One recent study
supports a 1-hr didactic training, followed by
objective structured examination (OSCE), to
improve the ability of students to complete
the eFAST examination in under 6 min as well
as increase diagnostic accuracy (Krause et al.,
2017). In contrast, the American College of
Emergency Physicians recommends a more
formalized approach to educating clinicians
about POCUS. The group describes a linear
process that includes establishing ultrasound
educational needs, educational goals, de-
signing a curriculum for ultrasonography,
implementing this curriculum, and assessing
the educational outcome through com-
petency (American College of Emergency
Physicians, 2017b). In 2017, the American
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Figure 25. (A) Normal pleural sliding “seashore sign” on M mode. (B) Abnormal pleural sliding “strato-
sphere sign.” Illustrations reprinted with permission from SonoSim.

College of Emergency Physicians also re-
leased a detailed policy statement delineating
ultrasound guidelines for emergency point
of care. Recommendations included that a
trainee should generally complete 25–50
examinations per area and subsequent qual-
ity assurance (5%–10% of examinations) to
ensure continued competency (American
College of Emergency Physicians, 2017a).
It is stressed how there is difference in the
learning curve of clinicians training with
POCUS and this should be considered during
training.

Nursing schools can utilize a similar peda-
gogical approach to help nurse practitioner
students develop this skill set. By providing
ultrasound knowledge and training through-
out the academic programs, nurse practi-
tioners will be equipped with a core level of
competence in this field upon entering the
workplace setting. Being a user-dependent
skill, the more students are exposed to these
techniques and the greater feedback is given
to them while performing this examination,
the more likely they are to use ultrasonogra-
phy in the future with enhanced diagnostic
accuracy to the benefit of trauma patients
in emergency settings. A combination of di-
dactic training, simulation, objective testing,
and feedback while training can help nurse

practitioner students and those who have not
received formalized training in ultrasonogra-
phy achieve mastery of this important skill.
At this time more than ever nurse practition-
ers and other advanced practice providers
are in the forefront of health care and need to
continue advancing the profession with clin-
ical competence of technologically driven
skills that improve patient outcomes and
provide quality care.
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