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Keywords: Point-of-care ultrasound is well suited for use in the emergency

ultrasound setting for assessment of the trauma patient. Currently, portable
sonography ultrasound machines with high-resolution imaging capability
trauma allow trauma patients to be imaged in the pre-hospital setting,
FAST emergency departments and operating theatres. In major trauma,
EFAST ultrasound is used to diagnose life-threatening conditions and to

haemoperitoneum
free fluid
haemopericardium

prioritise and guide appropriate interventions. Assessment of the
basic haemodynamic state is a very important part of ultrasound
major trauma use in trauma, but is discussed in more detail elsewhere. Focussed
blunt trauma assessment with sonography for Trauma (FAST) rapidly assesses
penetrating trauma for haemoperitoneum and haemopericardium, and the Extended
FAST examination (EFAST) explores for haemothorax, pneumo-
thorax and intravascular filling status. In regional trauma, ultra-
sound can be used to detect fractures, many vascular injuries,
musculoskeletal injuries, testicular injuries and can assess foetal
viability in pregnant trauma patients. Ultrasound can also be used
at the bedside to guide procedures in trauma, including nerve
blocks and vascular access. Importantly, these examinations are
being performed by the treating physician in real time, allowing for
immediate changes to management of the patient. Controversy
remains in determining the best training to ensure competence in
this user-dependent imaging modality.
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Introduction

Over the last decade, there has been a remarkable increase in clinician-performed ultrasound
in many specialties. Improvements in technology have led to improved image quality and smaller,
simpler and more affordable machines. At the same time clinical research, improved education
and increasing awareness of the many uses of ultrasound have enthused clinicians around the
globe.

Ultrasound does not have to compete with or replace other imaging and assessment modalities, but
it complements them. It has a unique role in assisting the clinician in the trauma setting. Ultrasound is
portable, can be immediately accessed, does not have to interrupt resuscitation, is safe, repeatable and
gives dynamic information that yields a diverse range of diagnostic information and can guide
procedures.

In trauma, ultrasound is now frequently used in the pre-hospital setting, in disaster situations,
during patient retrieval and in the hospital setting from the emergency department through to
operating theatres, intensive care units and the wards. It is used by pre-hospital medical staff, emer-
gency physicians, trauma surgeons, anaesthetists, radiologists and sonographers.

There are many diverse indications for the use of ultrasound in trauma (Table 1). In major
trauma and the critically ill patient, ultrasound is used to assist in identifying immediate life
threats, in directing and prioritising interventions and in guiding resuscitation. In regional trauma,
ultrasound can give diagnostic information about a vast range of pathologies including individual
organ, musculoskeletal, soft-tissue and vascular injuries. Finally, ultrasound can be used as a guide
to interventional procedures, ranging from vascular access and nerve blocks to foreign-body
removal.

The major limitation of ultrasound remains that it is operator dependent, with training and
experience as well as simple inter-operator variability playing a role. Ultrasound is also patient
dependent; some patients are more difficult to image; this is often due to obesity but other factors can
also play a part.

Whilst new uses of ultrasound continue to be found and enthusiasts advance the boundaries of
what can be done with ultrasound, the major challenge that faces us is how to ensure adequate training
and competence in this relatively complex but extraordinarily useful imaging modality.

The aim of this article is to describe the various roles ultrasound has in the assessment and
management of the major trauma patient.

Major trauma
The history of ultrasound in major trauma

In the early 1970s, several articles were published in the English literature describing the utility
of ultrasound in defining solid-organ injury in trauma.? In the 1980s, in Germany, the use of
ultrasound in trauma assessment was being used and studied®=®; however, these studies were
largely ignored in the United States (US), Britain and Australia, perhaps because of language barriers
and simple lack of recognition. In the early 1990s, a flurry of interest in trauma ultrasound re-
surfaced in the United States. A large amount of research and many publications recognising the
role of ultrasound in assessing for haemoperitoneum in the undifferentiated trauma patient were
completed. Concurrent advances in technology, commercial investment, publicity and marketing all
led to the current proliferation of interest and investment in clinician-performed ultrasound and
trauma ultrasound.

Current role for ultrasound use in major trauma

Current management of patients who have suffered potential major, multisystem trauma, either
blunt or penetrating, is to use a team approach to rapidly identify and address immediate life threats
using clinical and radiological means.
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Table 1
Uses of ultrasound in trauma.

345

Major trauma
o Assessment of the Basic Haemodynamic State
o Review response to haemodynamic interventions
o Focussed Assessment with Sonography for Trauma (FAST)
o Haemoperitoneum
o Haemopericardium
o Extended FAST (EFAST)
o Pneumothorax
o Haemothorax
o Intravascular filling status
o Inferior vena cava size and respiratory variation

Regional trauma
e Cardiac and Thoracic aortic injury (trans-thoracic and trans-oesophageal echocardiography)
o Blunt myocardial injury
o Penetrating cardiac injury
o Traumatic aortic injury
Fractures
o Sternal fractures
o Rib fractures
o Other fractures and dislocations
Soft-tissue injury
o Muscle and tendon injuries
Ocular trauma
o Intra-ocular foreign bodies
o Posterior ocular assessment in the presence of hyphaema or major periorbital haematoma
Testicular trauma
Pregnancy viability assessment
Foreign body detection
Assessment for raised intracranial pressure
Vascular injury
o Pseudoaneurysm
o Arteriovenous fistula
o Perivascular haematoma
o Thrombosis
o Dissection

Procedural guidance
o Intubation confirmation and endotracheal tube placement
o Nerve blocks for analgesia
o Intercostal/paravertebral blocks for rib fractures
o Limbs blocks for limb trauma
e Guide for compartment pressure monitors
e Vascular access
o Central and peripheral venous
o Arterial
o Foreign body removal
Paracentesis/Intercostal drainage guidance

Advanced Trauma Life Support (ATLS) teaching describes the primary survey as the initial
assessment period during which major life threats are identified and their management
commenced. Using a team approach means the traditional steps of the primary survey can be
carried out concurrently (see Table 2). Ultrasound assessment can be integrated into the primary
survey where appropriate but should not interfere with nor delay other assessment and resusci-
tation. Ultrasound may assist with airway, breathing and circulation assessments, and even in
assessing dysfunction of the central nervous system (CNS). At this stage, however, the widely
accepted and commonly used roles for ultrasound in the primary survey are in assessing for blood
in the peritoneum, pleural space and pericardium, as well as assessing for pneumothorax and

guiding vascular access.
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Table 2
Steps of the primary survey and potential roles of ultrasound.
Step in primary survey Potential roles for ultrasound
A = Airway Determine tracheal position
Confirm ETT placement and position
B = Breathing Assess for pneumothorax® and haemothorax®
C = Circulation Assess for haemoperitoneum?®

Assess for haemopericardium?®

Assess for haemothorax®

To guide peripheral or central venous access?

Assess intravascular filling
D = Dysfunction (CNS) Assess optic nerve sheath diameter as a reflection of intracranial pressure
E = Exposure

@ Indications widely accepted and in common use in trauma management.

Focussed assessment with sonography for trauma (FAST) is a rapid, four-view ultrasound
examination carried out during the primary survey that assesses for haemoperitoneum and hae-
mopericardium. Extended FAST (EFAST) adds assessment for haemothorax, pneumothorax and
intravascular filling to the FAST examination.

Ultrasound has many further potential roles in assessing regional trauma as part of the secondary
survey, but is beyond the scope of this article.

Focussed assessment with sonography for trauma (FAST)

The term focussed assessment with sonography for trauma (FAST) was coined by Rozycki et al.’” in
1995. It describes a limited (four-view) ultrasound assessment of the abdomen looking for haemo-
peritoneum, and of the heart looking for haemopericardium. The aim is to identify life-threatening
intra-abdominal bleeding or cardiac tamponade with a view to expediting definitive surgical
management. It does not aim to exclude abdominal or thoracic injury.

e It helps to detect haemoperitoneum and haemopericardium.

e The primary benefit is to rapidly direct appropriate operative interventions in unstable
patients.

e It is useful in both blunt and penetrating abdominal trauma.

¢ A high specificity means a positive FAST indicates an intra-abdominal injury.

e Moderate sensitivity means a negative FAST (apparent absence of free fluid) does not exclude
significant injury.

e FAST alters the management of trauma patients®~1°, such that
o there is more rapid disposition to the operating theatre,
o it indicates a more rapid search for other causes of hypotension when negative,
o it reduces the number of computed tomography (CT) scans and diagnostic peritoneal lavage

examinations (DPLs) performed and

o it is associated with shorter hospitalisations, less complications and lower charges.

e At this stage, however, there is little conclusive evidence that its use improves patient
survival.!!

o Extended FAST (EFAST) includes assessment of the thorax for haemothorax and pneumothorax.

The FAST examination was initially developed to assist in assessing the hypotensive, undifferenti-
ated, blunt trauma patient; however, it also has a utility in penetrating trauma. A negative FAST should
be interpreted with caution in both blunt and penetrating traumas as significant injury may not have
associated free fluid, and free fluid may take time to develop. Rozycki et al.'?> found that 22% of
abdominal injury in adults was not associated with free fluid. This rises to 37% in paediatric abdominal
trauma.'® Injuries frequently not associated with significant free fluid include injuries to bowel and
mesentery, pancreas, liver and spleen contained by their capsules and retroperitoneal injuries
including renal injuries.!®
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Beck-Razi et al. found that FAST enabled immediate triage of casualties to laparotomy, CT or clinical
observation. They recommended that, because of its moderate sensitivity, a negative FAST result with
strong clinical suspicion demands further evaluation.!®

Indications and role of FAST in blunt trauma
An algorithm for the FAST scan is shown in Fig. 1. The indications for FAST are described below:

1. Unstable patients with potential thoraco-abdominal injury®
o These patients are too unwell for transfer to CT.
e Laparotomy is indicated if FAST is positive (i.e., free intra-abdominal fluid).
e Immediate therapy directed towards haemothorax or pericardial effusion if either of these are
detected.
o Negative or equivocal FAST should prompt rapid search for other potential causes of hypoten-
sion, a repeat FAST and if uncertainty still remains a diagnostic peritoneal lavage (DPL).

2. Stable patients with high clinical suspicion of thoraco-abdominal injury

e Highly significant mechanism, abdominal pain, abdominal wall bruising, macroscopic haema-
turia, unexplained transient hypotension, equivocal or unreliable physical examination
(intoxication or distracting injury)

e CT represents the diagnostic modality of choice. Contrast-enhanced comprehensive ultrasound
may come to represent an alternative modality particularly in those in whom iodinated contrast
(allergy) or radiation (pregnancy) makes CT a far less attractive option.

o Positive FAST will prioritise and expedite other imaging, and if the patient deteriorates prior to
CT, immediate directed intervention can be delivered.

Positive

Computed Tomography Abdomen

Or laparotomy if indicated for other
reasons (¢.g. free gas)

Stable ) ’

Negative

Serial examinations and follow up
ultrasound

F ! S T OrCT depending on clinical scenario
. o
Scan Positive

Laparotomy

Continued search for and
management of other causes of
hypotension

Unstable . of

Negative

Search for other causes of
hypotension

Repeat FAST and consider
Diagnostic Peritoneal Lavage
\, v

Fig. 1. FAST-oriented algorithm: all patients suffering blunt abdominal trauma have a FAST scan and further investigation and
management then depends on their haemodynamic status and results of investigations.
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3. Stable patients with low clinical suspicion of thoraco-abdominal injury
e Admission with serial negative FAST examinations in conjunction with monitoring and normal
serial clinical examinations for at least 8 h is advisable. At this point, if a patients remain well,
has normal urinalysis and consistently normal haemoglobin levels, they may be safely dis-
charged with advice to return if concerning symptoms develop.!!”

Indications and role of FAST in penetrating trauma

The aim of FAST in penetrating trauma is to determine whether one or more of the abdominal,
pericardial or pleural cavities has blood in it. This indicates breach in the integrity of the cavity and
potentially significant injury. Lack of free fluid in the abdomen does not exclude significant injury, as
penetrating bowel injury is frequently not associated with free abdominal fluid.

1. Unstable patient with multiple wounds
o It helps to locate and quantify bleeding and direct initial therapeutic measures.

2. Unstable patients with a single penetrating thoraco-abdominal wound of uncertain trajectory
e To locate and quantify bleeding and direct initial therapeutic measures.

3. Stable patient with one or more penetrating wounds
e When it is not certain whether immediate surgery is required
e To locate and quantify bleeding and direct therapeutic measures.

Other imaging and/or surgical exploration is generally required to exclude significant injury.'®1°

Practice points

Abdominal free fluid:
e Sensitivity 42-98% (most studies 64-98%); specificity 95-100%,
e Sensitivity improves with experience,
o Sensitivity is better for larger volumes of free fluid, and in hypotensive patients requiring
laparotomy for intra-abdominal bleeding the volume of fluid is likely to be large
o Serial FAST examination may improve sensitivity as bleeding continues to create larger
collections of free fluid.

Sensitivity and specificity for the FAST examination vary considerably in the literature. Sensitivity
ranges from 42% to 98% and specificity from 95% to 100%. Several factors contribute to the large
variation in sensitivity, and include inclusion criteria, equipment and techniques used, experience of
the operators and reference standards.?° One study showing sensitivity of only 42% excluded unstable
patients, thereby excluding the very patients that FAST is most useful for, and in whom the fluid
collections would be the largest and easiest to detect.’! Another criticism of studies showing poor
sensitivity is they include patients with trivial amounts of free fluid and no significant abdominal injury
as false-negative FAST examinations. Whilst strictly correct, the clinical implication of a trace of free
fluid in the face of no abdominal injury is negligible. The majority of studies show sensitivity ranges
from 64% to 98%.7912:22-32

The ability to detect free fluid is volume dependent especially for inexperienced operators.
Fortunately where hypotension is secondary to bleeding into the peritoneal space, a large volume of
free abdominal fluid will be present. Once again this reinforces the fact that FAST is useful to exclude
life-threatening abdominal bleeding in the undifferentiated hypotensive trauma patient, but does not
exclude significant abdominal injury when it is not associated with peritoneal bleeding. Examples of
positive FAST scans are shown in Figs. 2-4.

14,33,34
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Practice tips: solid-organ injury

e 22% of adults with intra-abdominal injury have no free fluid.

e 37% of children with intra-abdominal injury have no free fluid. This means relying on the
presence of free fluid as a marker of intra-abdominal injury will miss injuries.

e The ultrasound appearance of abdominal organ injury is highly variable and changes with
time after the injury.

e Sensitivity of comprehensive ultrasound examination (not just a FAST scan) for individual
solid-organ injury is moderate and specificity high.°

e The technical skill and knowledge needed to comprehensively assess the abdomen with
ultrasound is far greater than for FAST.!4

e Some studies suggest CT scan may be avoided in patients where there is a clinical suspicion of
abdominal injury (particularly useful in pregnant women or children).3>36
o When the patient is stable and does not require urgent surgical intervention.
o Comprehensive abdominal ultrasound with good-quality images is attained.
o Monitoring and serial examination/investigation are available (including cardiotocography

(CTG) for women in the later stages of pregnancy).

e The use of contrast agents in ultrasound significantly improves detection of solid-organ

injury and is an area still under investigation.>”-4°

Ultrasound to detect solid organ injury

Whilst FAST is not designed to detect organ injury directly, more comprehensive ultrasound can
often detect organ injury. The appearance of organ injury is very variable. A hepatic laceration may
appear hypoechoic, isoechoic, echogenic or have varied echotexture. With time, the appearance of an
injury changes, often becoming hypoechoic and being more apparent; in the acute instance,
however, injury is often difficult to detect as a clot has an echotexture similar to that of the liver. In
addition to the varied appearance of the injury, the sonographer must be able to attain adequate
views throughout the organ being examined. This is frequently difficult, particularly with the spleen,
where the diaphragm, lung and gastric contents or bowel can make adequate windows difficult to
attain.

As well as lacking sensitivity, comprehensive abdominal ultrasound is time consuming and requires
a great deal more experience. It is inappropriate to spend time defining individual organ injury in the
unstable patient or in the patient where CT scan can be arranged easily.

Several studies have suggested comprehensive ultrasound rather than just FAST examination in
those patients in whom CT scan would ideally be avoided - particularly pregnant women and children.
This route of management should always be undertaken with the knowledge that ultrasound will miss
some injuries and other means need to be undertaken to ensure none of these are significant. Serial
examination for bowel injury, CTG for placental abruption, urinalysis and serial blood tests for renal
injury should be performed as clinically indicated.

In the last few years, contrast-enhanced ultrasound imaging has been widely investigated,
particularly for evaluation of liver lesions. Ultrasound-specific contrast, which consists of micro-
bubbles that resonate when interrogated by ultrasound, highlights the vascular and microvascular
circulation. Ultrasound contrast agents now offer the possibility of accurately recognising or
excluding abdominal solid-organ injuries and assessing their location and size. Traumatic solid-
organ injuries such as lacerations or haematomas are generally characterised by lack of flow. The
technique can also highlight active bleeding with contrast-medium extravasation. Complete
ischaemia due to traumatic avulsion is readily recognised with complete absence of contrast
media.*°

Whilst contrast-enhanced ultrasound may evaluate solid-organ injuries, bowel and mesenteric
injuries remain best assessed by CT scan.
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FREE FLUID

LIVER

BOWEL

Fig. 2. Positive FAST scan showing blood anterior to the right kidney.

Haemopericardium

¢ Sensitivity is 100% for penetrating trauma.
o Specificity is 97% for penetrating trauma.

It is well known that physical examination is unreliable in determining the presence of peri-
cardial effusion and even tamponade. Less than 40% of those with cardiac tamponade display Beck’s
triad of hypotension, raised jugular venous pressure and muffled heart sounds.#"#? In the emergency
department setting, where neck veins are obscured by collars and heart sounds muffled by
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FREE FLUID

SPLEEN

BOWEL

-

T

Fig. 3. Positive FAST scan showing blood around the spleen.

pneumothorax, haemothorax or the busy department itself, it is thought that detection of the classic
triad would occur even less often.*> It has been shown that bedside echocardiography is good for
detecting cardiac tamponade in the setting of penetrating trauma. Plummer et al. showed that
bedside echocardiography reduced time to diagnosis and disposition and improved survival** In
penetrating trauma, sensitivity of FAST for cardiac tamponade approaches 100%, with specificity
around 97%.314%46 An example is shown in Fig. 5.

The data are not so clear for blunt trauma and is limited essentially to case reports.*’ This is
because blunt myocardial rupture and haemopericardium is rarely seen in a hospital as most of these
injuries are rapidly fatal.*34° In patients with these severe injuries, there is often major co-existent
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FREE FLUID

BOWEL EMPTY
BLADDER

UTERUS

Fig. 4. Positive FST scan with blood anterior and posterior to the uterus. Note that the bladder is not seen because it is empty.

trauma, making trans-thoracic echocardiography more difficult.*? Surgical emphysema, flail chest,
pneumothorax and inability to position the patient ideally all make echocardiography more difficult.
In patients in whom adequate views are attainable, however, it seems the pericardium can be
assessed.

Haemothorax and Pneumothorax

As with free intra-abdominal blood, free fluid in the pleural space (e.g., haemothorax) gathers in
the most dependent position. In the supine trauma patient, this is along the posterior thoracic wall
(see Fig. 6). The upper quadrant views of the FAST scan can evaluate the lung bases for free fluid
above the diaphragm. Haemothorax appears as an anechoic triangle filling the costophrenic angle;
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PERICARDIAL FLUID

Fig. 5. Pericardial effusion is shown with blood seen adjacent to the right and left ventricles.

its size can be roughly estimated by examining higher interspaces to determine the extension of
the fluid.*®

Very small collections may not extend laterally enough to be detected. These are evident on CT
scan, usually not on plain films, and their clinical significance is unlikely to be high.>> Ultrasound can
detect very small pleural collections if the patient is able to be moved and the most-dependent areas
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HAEMOTHORAX

. POSFERIOR
LUNG * ABDOMINAL
WALL

S POSTERIOR
S THORACIC
WALL

e

Fig. 6. Haemothorax is seen with blood in the costo-phrenic angle, appearing as black space between the liver and the posterior
thoracic wall.

interrogated with ultrasound. Allowing the patient to sit on the edge of the bed and examining the
costophrenic angle posteriorly and laterally will allow the detection of even very small fluid
volumes.

In the supine patient, free intra-thoracic air collects at the highest intra-thoracic point, against the
anterior chest wall. An anteroposterior chest film will often not show a small-to-moderate-sized
pneumothorax that later becomes apparent either clinically or on CT scan. The normal appearance of
the pleura is shown in Fig. 7. When there is no pneumothorax the two pleural layers can be seen to slide
against each other during respiration (sliding sign). Comet tail artifacts are also event, being created by
the presence of small amounts of interstitial fluid in the adjacent lung. When a pneumothorax lies
between the pleural surfaces both the sliding sign and comet tail artifacts are lost. It is these relatively
subtle findings that reveal the presence of a pneumothorax.
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Practice tips: haemothorax

o Sensitivity is 83.6-97.5% in the supine patient and specificity 99.7-100%.46->0-52
o Ultrasound can be performed more rapidly than chest radiography.®

Practice tips: pneumothorax>*->%

o In the supine trauma patient, pneumothorax can be occult (not readily visible) on plain chest
radiography in 36-75% of cases.

e Sensitivity of ultrasound for pneumothorax is 92-100% and specificity 94-99%.

o The difference between small, medium and large pneumothoracies can be differentiated by
ultrasound.

e Surgical emphysema can obscure the window; however, it is almost always associated with
pneumothorax itself.

e False negatives are usually ‘miniscule’ pneumothoracies. False positives may occur with
bullous emphysema and previous pleuradesis.

The paediatric population

e Many paediatric abdominal injuries do not have associated haemoperitoneum.

o Sensitivity of FAST for detecting haemoperitoneum is 80% and specificity 95%.

o Sensitivity of FAST at detecting any intra-abdominal injury is 66% (because many paediatric intra-
abdominal injuries do not have free fluid).

¢ Sensitivity of comprehensive abdominal ultrasound at detecting haemoperitoneum and/or intra-
abdominal injury is 82%.

o Ultrasound should not be used as the sole assessment tool of the abdomen in paediatric abdominal
trauma, but is useful when used as part of a clinical assessment protocol.

Ultrasound is commonly used as a diagnostic modality in the paediatric population because it is non-
invasive and avoids sedation and irradiation. In trauma, however, 31-37% of intra-abdominal injuries in
children do not have associated haemoperitoneum.>>’ Sensitivity of ultrasound in paediatric trauma
has previously been reported in the ranges 33-93%.%3-%0 A recent meta-analysis found the sensitivity of
FAST for haemoperitoneum to be 80%°!, but when only studies with more rigorous methodology are
included it fell to 60%. The sensitivity of FAST at detecting any intra-abdominal injury was only 66%.

Comprehensive abdominal ultrasound searching for free fluid as a marker of intra-abdominal injury
and searching for individual organ injury with or without free fluid found the sensitivity of ultrasound
at detecting any intra-abdominal injury to be 82%.5!

The value of the FAST examination and comprehensive ultrasound in the paediatric population is
more controversial than in the adult population as the number of missed injuries is likely to be higher.
Luks et al. showed that although ultrasound alone was not always diagnostic, there were no false-
positive or false-negative results when used in conjunction with a clinical protocol.®?

Practice tips: a reasonable clinical protocol would be:

1. Laparotomy for unstable patients with haemoperitoneum, or those with clear evidence of
hollow organ rupture.
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2. CT for those where there is free fluid or evidence of organ injury on ultrasound or if there is
high clinical suspicion of abdominal injury.

3. Comprehensive ultrasound and monitoring with serial clinical assessment in those with
lower clinical suspicion.

Time to perform FAST

In experienced hands, a FAST scan can be completed very rapidly, usually in less than 3 min.
Wherrett et al. showed that in the positive FAST, the time to result was 19 +5 s and in the negative
154 +£135.1°

PECTORAL &
INTERCOSTAL MUSCLES

PARIETAL PLEURA
VISCERAL PLEURA

ACOUSTIC
SHADOW
DEEPTO RIB

COMET
TAIL
ARTIFACT

DIRTY SHADOW DEEP
TO LUNG SURFACE

Fig. 7. Normal pleural ultrasound showing the pleura as bright plane with comet tail artefacts.
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Amount of fluid required to be detected and quantification of the fluid

e Sensitivity to detecting fluid is volume dependent, especially for inexperienced operators.
e The volume required to be readily detected on a FAST scan is in the range of 200-620 ml.
e Several scoring systems exist to quantify fluid, but have not been extensively used or validated.

Several studies have explored the question of how much free fluid can be detected using ultrasound.
It is clear that the greater the amount of free fluid the easier it is to detect.>>>4

In the setting of the hypotensive trauma patient where the FAST is used as a screening test to
determine whether there is enough bleeding into the abdomen to account for hypotension, the ability
to detect small amounts of free fluid is not important - we are not excluding injury, just trying to work
out if there is life-threatening haemorrhage.

The average volume of fluid detectable by the FAST scan ranges from 250 to 620 ml.33%% As
examiners gain more experience, their sensitivity improves - Gracias et al. demonstrated that exam-
iners who had performed over 100 examinations were significantly better at diagnosing smaller fluid
volumes.?

The acoustic window created by the full bladder enhances detection of fluid in the pelvis, which
is often the first place for fluid to collect.®* Generally the FAST should be performed before the
urinary catheter is inserted - and as part of the primary survey; however, some will have empty
bladders at the time of presentation. Some centres fill the bladder with sterile fluid to assist in pelvic
views. If the bladder is empty, views should be declared as inadequate to exclude the presence of
pelvic free fluid.

It has been shown that placing the patient in the Trendelenburg position (5° head down) improves
fluid detection in the upper abdomen, presumably by draining fluid from other locations, including the
pelvis, to the upper quadrants. In a study by Abrams et al., the minimum volume required to detect free
fluid fell from 668 to 443 ml when patients were placed in the Trendelenburg position.®®

There are several scoring systems that have attempted to quantify the amount of free fluid in the
abdomen objectively, because the use of terms such as a trace, small, moderate or large amounts are
not thought to be clinically useful and show considerable inter-observer variability.5®

Huang et al.5” developed a system to quantify the amount of free fluid, with 1000 ml or more being
the key volume they wished to be able to determine. Their system assigned 1 point to each anatomic
site in which free fluid was detected (left upper quadrant (LUQ), right upper quadrant (RUQ), paracolic
gutter and pelvis). If fluid was more than minimal (2 mm in depth) in the RUQ or LUQ, 2 points instead
of 1 were assigned. Floating loops of the bowel were given 2 points. Scores range from 0 to 8 points.
They found that where patients had a score of 3 or more, sensitivity for quantifying haemoperitineum
as greater than 1000 ml compared to operative findings was 81% and specificity 71%. Of those with
a score greater or equal to 3, 96% required laparotomy and of those with a score less than 3, 38%
required surgery.

McKenney et al.5% developed a system based on examining the abdomen in five areas. These were
the right subphrenic and subhepatic spaces, the left subphrenic and perisplenic areas and the pelvis. If
the bladder was empty, fluid was instilled to improve the views. The deepest pocket of free fluid was
measured in centimetres in the anteroposterior plane and given an equivalent score. A further point
was added for fluid found in any other of the remaining four areas (e.g., 3 cm in the subhepatic
space = 3 points, additional fluid in perisplenic space =1 point and fluid in pelvis=1 point; total
score =3 + 1 +1 =5 points). Of the patients, 85% with scores of 3 or over, and 15% with a score less than
3 required laparotomy.

Training required

The exact amount of training required to be able to perform the FAST is a question that remains to
be clearly answered. It is a controversial area and many people have a vested interest, and consequently
recommendations range from a brief course and 10 supervised scans to 3 years’ training and more than
500 scans.



358 J.CR. Rippey, A.G. Royse / Best Practice & Research Clinical Anaesthesiology 23 (2009) 343-362

Practice tips

e Learning curve for FAST
o Sensitivity improves rapidly to 25-50 scans.
o Then continues to improve slowly to 200 scans then reaches a plateau.
e Training should include
o A course with theoretical and practical components,
o Supervised scans,
o Exposure to adequate number and variety of positive scans,
m Even if these are simulated (e.g., peritoneal dialysis patients)
o Standardised assessment to assess knowledge and skills
m Objective structured clinical examinations (OSCEs) are very useful.

It seems that for a simple FAST examination, there is a learning curve that is relatively steep for the first
25-50 scans with a relatively rapid improvement in sensitivity throughout this period.?6336%70 Ma et al.
recently demonstrated that after 12 months (or 35 examinations) the accuracy of EM residents novice to
use of ultrasound approximated previously reported accuracy rates.”! The learning curve becomes more

Aortic lumen

Periaortic haematoma

Struts of endovascular
aortic stent visible

Normal flow pattem
in descending aorta
post stent

Fig. 8. Transoesophageal echocardiography images of the proximal descending aorta showing disruption and near complete
occlusion of the lumen (upper panel). The lumen has been restored by placement of an endoluminal stent (lower panel).
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gradual until 200 scans have been performed. Little measured improvement in sensitivity or specificity
occurs after 200 scans have been performed.>? Training does not simply depend on the number of FAST
examinations. An essential element is to see a variety of positive scans. The positive FAST rate is quoted as
being 9-13%2>7%73; however, as the threshold for FAST examination decreases it may be getting lower. In
addition, fluid may collect in different areas with each positive scan. An individual may perform 50 scans,
but only have five positive scans, none of which showed free fluid in the LUQ or pelvis - clearly indicating
inadequate training. To overcome this, training on continuous ambulatory peritoneal dialysis (CAPD)
patients or patients with ascites simulating haemoperitoneum is very useful. Gracias showed that
sensitivity improved from 43% to 87% after a 2 hour practical session with dialysis patients.>*
Comprehensive ultrasound examination along with the use of contrast agents takes considerably
more experience. McGahan and colleagues suggest that trauma sonography has a definite learning
curve and should only be performed by ultrasound technologists with more than 3 years’ experience,
and interpreted by radiologists with more than 3 years’ training in sonographic techniques.®*
Ultrasound is definitely operator dependent and expertise increases with experience. It has now
been shown in the literature that with relatively little training and experience, operators can reliably
detect large volumes of free fluid, and this is extremely useful in the unstable trauma patient. As long as
users with limited experience understand the limitations of ultrasound in this setting and follow
guidelines appropriately, management of trauma patients will be improved by ultrasound. For more
advanced ultrasound use, however, including attempting to exclude injury rather than just confirm the
presence of free fluid, and definitely if contrast agents are to be used, far more training is required.
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Fig. 9. Transoesophageal echocardiography images of right ventricular compression caused by surgical packs placed around the
liver. The compression has also “squashed” the left ventricle, inducing acute left ventricular diastolic dysfunction.
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Use of trans-oesophageal echocardiography in trauma

The key advantage of trans-oesophageal echocardiography (TOE) in major trauma cases relates to the
dual capability of diagnostic information and sophisticated haemodynamic monitoring. The most
important diagnostic aspect to TOE relates to the diagnosis of the ‘haemodynamic state’. This guides the
use of fluid and vasoactive medications. In young people with presumed normal ventricular function,
the key differentiation is between hypovolaemia and a vasodilated state. In older patients with diastolic
dysfunction or valvular pathology, these crucially need to be differentiated from hypovolaemia and the
vasodilated state. It is not possible to adequately differentiate these different haemodynamic states with
invasive pressure monitoring alone. Additionally, the trans-oesophageal probe remains in the
oesophagus throughout the case, allowing for immediate assessment of the response to treatment.

Specific diagnostic information relating to the heart and great vessels is also possible, particularly
cardiac tamponade, segmental wall motion of abilities of the left ventricle or right ventricle, right
ventricular dysfunction, valvular pathologies or great vessel injuries such as disruption of the proximal
descending aorta. TOE has a high sensitivity and specificity for aortic transection, though the imaging
may be obscured by extensive peri-aortic haematoma. An example of aortic transection at the level of
the left subclavian artery with later endoluminal stent placement is shown in Fig. 8, and compression of
the right ventricle from liver packs is shown in Fig. 9.

Research agenda and other challenges

e Training and competence in ultrasound
o How to minimise inter-operator variability
o How to ensure adequate training and competence

o Contrast agent use in detecting solid-organ injury in trauma
o Liver and spleen

e Best technique to quantify free fluid detected on a FAST scan

To summiarise, use of ultrasound in the trauma scenario is now widely used and accepted. There are
numerous roles both in the triage and resuscitation phase and later in the detailed assessment of
a patient where the use of ultrasound is invaluable.

The major area concerning both clinicians and radiologists is how to ensure adequate training and
competence in what is such a user- and experience-dependent tool, and this is the primary challenge
currently.
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