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Prospective studies have shown sensitivities of 73% to 88% and specificities of
98% to 100% for using the focused assessment with sonography for trauma
(FAST) examination to identify free fluid in adult trauma patients. However, the
efficacy of FAST examinations for pediatric trauma patients has not been well
defined, and studies looking at diagnostic performance have had varied results.
We describe 3 cases of the potential pitfalls of the pediatric FAST examination
in pediatric trauma patients using an advanced-processing ultrasound machine.
We hypothesize several etiologies for these false-positive findings in the setting
of advanced image-processing capabilities of point-of-care ultrasound. We also
discuss the reevaluation of clinical algorithms and interpretation practices when
using the FAST examination in pediatric trauma.
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ince the introduction of the focused assessment with
S sonography for trauma (FAST) examination in Europe in

the 1970s, it has become a routine part of the initial trauma
assessment to facilitate rapid and efficient triage and identification
of free fluid in the abdomen.*? Large prospective studies in adult
patients have shown overall sensitivities of 73% to 88% and
specificities of 98% to 100% for the FAST examination in
identifying free fluid.®> However, the efficacy of FAST in the
pediatric trauma patient is not as well defined in the literature, and
studies looking at diagnostic performance have had varied results
with sensitivities ranging from 55% to 81%, specificities ranging
from 94% to 98%, and negative predictive values ranging from 0.5
to 0.97.%%*° It is also important to consider that approximately
26% to 34% of intra-abdominal injuries in pediatric patients with
blunt trauma do not have hemoperitoneum, and a FAST
examination would, therefore, fail to identify those injuries without
hemoperitoneum.® In a large meta-analysis, Holmes et al® noted
pooled sensitivity for identifying children jwith hemoperitoneum
by using abdominal ultrasound (US) of around 80%, which is
somewhat lower than findings in adult studies. Additionally, high
positive likelihood ratios for intra-abdominal injuries have been
reported in the literature when intraperitoneal fluid is noted on a
US examination, which increases the posttest probability of injury
and supports the decision to perform abdominal computed
tomography (CT) for otherwise stable patients in the pediatric
trauma setting.’

© 2018 bythe American Institute of Ultrasound in Medicine | JUItrasound Med2018;00:1-6 | 0278-4297 | www.aium.org


http://jultrasoundmed.org/
mailto:abaerellington@augusta.edu
http://www.aium.org/

Ellington et al—A Potential Pitfall of Using FAST in Pediatric Trauma

The current recommendations  for  advanced
trauma life support for pediatric trauma state that a
FAST examination should not be relied on as the sole
diagnostic test to rule out the presence of an intra-
abdominal injury, and if a small amount of fluid is
identified in an otherwise hemodynamically stable

child, CT should be performed.*® Traditional porta-
ble US technology continues to improve, incorporat-
ing many of the image-processing algorithms of
traditional radiologic US systems, and physicians are
obtaining increasingly detailed images using point-of-
care US in the emergency department setting. As
such, physicians need to be aware of imaging differ-
ences due to advanced image-processing algorithms,
which may lead to changes in the sensitivity and spec-
ificity of the FAST examination, particularly in pediat-
ric patients.

We describe 3 pediatric trauma cases with poten-
tial false-positive FAST findings with the use of a cur-
vilinear probe from a fourth-generation US machine:
the Affinity 70 (Philips Healthcare, Bothell, WA),
which uses advanced multibeam technology and
image-processing algorithms. Based on Institutional
Review Board policies pertaining to case studies of
fewer than 5 patients, no formal review was required
for the purposes of discussing this case series. It is
also important to note that our institutional protocol
during the time frame of these cases coincides with
recommendations from advanced trauma life support,
and a positive FAST finding in an otherwise stable
pediatric trauma patient prompts a follow-up evalua-
tion with CT.

Case Descriptions

Case 1

A 3-year-old boy presented after being involved in a
motor vehicle collision with driver side impact, in
which there was airbag deployment without intrusion
into the vehicle. He was unrestrained, sitting in the
front passenger seat with his brother. On arrival, he
was hemodynamically stable, and the physical exami-
nation was notable for lacerations and edema to the
right side of his face. Neurologic examination findings
were normal, and the patient had a nontender, non-
distended abdomen. Laboratory study results were
within normal limits. Findings from a FAST

examination performed while the patient was supine
as part of the initial survey were interpreted as posi-
tive after showing hypoechoic fluid collections
between the diaphragm and liver in the right upper
quadrant (Figure 1A) as well as in the subphrenic
space of the left upper quadrant (Figure 1B). All
other views, including the pelvic view, showed nega-
tive findings for free fluid. Findings from subsequent
contrast-enhanced CT of the patient’s abdomen were
negative for free fluid or intraabdominal injuries. The
patient was admitted to the pediatric surgery team for
overnight observation.

Case 2

A 5-year-old girl presented after being involved in the
same motor vehicle collision described above. She
was an unrestrained passenger sitting in the back seat
of the same vehicle. On arrival, she was hemodynami-
cally stable, and her examination was notable for a
small abrasion on her back. She had normal neurolog-
ical examination findings with a Glasgow Coma Scale
score of 15 and a soft, nontender abdomen. Labora-
tory study results were within normal limits. Her
FAST examination was performed with the patient
resting supine, and the findings were interpreted as
positive, noting free fluid in the subphrenic space of
the left upper quadrant (Figure 2 and Video 1). All
other views, including the pelvic view, showed nega-
tive findings for free fluid. Findings from contrast-
enhanced CT of her abdomen were negative for free
fluid and intra-abdominal injuries. She was discharged
home with close follow-up with her primary care
physician.

Case 3

A T7-year-old boy presented after being involved in a
motor vehicle collision while wearing a seat belt. On
arrival, he was hemodynamically stable with no appar-
ent injuries noted on the initial trauma survey. His
neurologic examination findings were normal. He had
a soft, nontender, and nondistended abdomen, and
the remainder of his physical examination was unre-
markable. Laboratory study results were within nor-
mal limits. Findings from a FAST examination
performed while the patient was supine as a part of
the initial survey were interpreted as positive after
showing free fluid in the perisplenic space (Figure 3
and Video 2). All other views, including the pelvic
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view, showed negative findings for free fluid. The
patient was subsequently evaluated with contrast-
enhanced CT of his abdomen, which yielded negative
findings for free fluid and intra-abdominal injuries.
He was discharged home with follow-up with his pri-
mary care physician.

Discussion

There have been recent reports of false-positive FAST
findings in the literature, involving both adult and
pediatric cases. An adult case described by Sierzenski
et al'” showed a false-positive FAST finding in which
the right perinephric fat pad was incorrectly inter-
preted as free fluid in the Morison pouch. Similarly, a
pediatric case report in 2015 described a trauma
patient with false-positive findings from a FAST
examination that was performed 12 hours after pre-
sentation, which was later attributed to fluid resuscita-
tion and ascites.™ A third study evaluating
hemodynamically stable pediatric trauma patients
reported 2 FAST examinations that each visualized a
small amount of free pelvic fluid in patients who were
later found to have normal findings on CT.’

Here we have described 3 trauma patients with
US findings that were interpreted as consistent with
free fluid in the perisplenic and subphrenic regions
in both right and left upper quadrants; however, sub-
sequent imaging with CT in each scenario showed
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negative findings for free fluid and intra-abdominal
injuries. One hypothesis for these findings is the
misidentification of hypoechoic fat as free fluid.
Although the appearance of fat with US is classically
described as hyperechoic, there are certain types of
fat in anatomic locations where the appearance is
hypoechoic. Sites where hypoechoic fat has previ-
ously been described in the literature include the
perinephric space, anterior abdominal wall, and peri-
cardium.*™*? Ultrasound techniques are available
that have previously been used to differentiate the
appearance of free fluid from hypoechoic fat, includ-
ing linear symmetric echoes and compressibility in
real time.

The FAST examination in pediatric patients
presents additional factors that should be addressed
during the interpretation of the US image. Pediatric
patients are generally smaller, allowing a higher-
frequency transducer to be used to examine the
Morison pouch and the splenorenal recess.
Although using a higher frequency can improve the
sensitivity of the test, potentially detecting smaller
amounts of fluid, it may detect physiologic collec-
tions or an otherwise clinically trivial finding. As
such, Rathaus et al*® showed the presence of mini-
mal pelvic fluid in 7% of a group of 396 asymptom-
atic children.

In a study by Nance et al,™ it was shown that
the pelvis was the most common location to see a

|,14

Figure 1. A, Subphrenic fluid in the right upper quadrant (RUQ). The image was obtained while the patient was supine with a curvilinear
probe from the Philips Affinity 70 US machine. B, Subphrenic fluid in the left upper quadrant (LUQ). The image was obtained while the
patient was supine with a curvilinear probe fromthe Philips Affinity 70 US machine.
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free fluid collection on CT scans of children with
isolated blunt liver or spleen injury. Conversely, in
another study by Rathaus et al,** 183 children with
blunt abdominal trauma were divided into 3 groups:
those with normal FAST findings, those having
only pelvic fluid, and those in whom peritoneal

fluid was found outside the pelvis. There was no
significant difference in the detection of organ
injury between the normal group and the pelvic
fluid-only group, although the presence of perito-
neal fluid outside the pelvis had a significant associ-
ation with organ injury.

Figure 2. Subphrenic fluid in the left upper quadrant. The image was obtained while patient was supine with curvilinear probe from the Phi-

lips Affinity 70 US machine.

Figure 3. Perisplenic fluid in the left upper quadrant. The image was obtained while patient was supine with a curvilinear probe from the Phi-

lips Affinity 70 US machine.
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An important limitation to the review of the cases
presented in this series is that it is unknown how gen-
eralizable the findings from the US machine we used
can be to other US machines. Ultrasound technology
is rapidly progressing and has brought increased access
to an even greater variety of US machines. Several of
these newer-generation machines are equipped with
advanced processing capabilities, which leads to the
discussion of another hypothesis: that substantial
image-processing algorithms of machines (such as the
Philips Affinity 70 machine used in our study) may
create difficulties with interpretation in pediatric
patients compared to imaging algorithms of traditional
point-of-care US machines. Although these image-
processing algorithms improve image quality, it is pos-
sible that artifacts (such as edge artifacts) are altered,
causing confusion to the physician-sonographer. Tradi-
tional FAST views only require longitudinal imaging of
the Morison pouch and the splenorenal recess; how-
ever, with the use of machines with advanced proces-
sing, obtaining cross-sectional images of these areas
may improve the specificity of findings and mitigate
confusion from image processing. As technology
improves resolution, it is possible that the already-
enhanced resolution derived from visualizing at shal-
lower depths in pediatric patients may show structures
that are not visible in adults with a comparable
machine. Hence, potential spaces are actually resolved,
whereas in adults, these spaces cannot be visualized
unless fluid is present.

A recent randomized controlled trial published in
JAMA revealed no significant improvement in the rate
of abdominal CT scans, time in the emergency depart-
ment, cost, or missed diagnosis of intra-abdominal
injuries between pediatric trauma patients receiving a
FAST examination and those who did not receive a
FAST examination during their evaluations.® Findings
such as these and cases similar to the ones we have
described support a growing need for investigation into
how we are currently using and interpreting data from
US, particularly with FAST examinations, in the emer-
gency setting. Implementation of advanced US tech-
niques such as contrast-enhanced US or adding
decision criteria, such as serial examinations before CT
in an otherwise stable patient, to augment the current
use of FAST in children may improve the performance
of the test as a diagnostic tool in the pediatric trauma
setting in the future.

J Ultrasound Med 2018

Ellington et al—A Potential Pitfall of Using FAST in Pediatric Trauma

The landscape of US practice is both an exciting
and a rapidly evolving environment; therefore, it is
paramount that implementation of the technology is
equally as adaptive and adequately supported for use
in modern-day evidence-based medicine.
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