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Abstract

Emergency physician (EP)-performed focused cardiac ultrasound (EP FOCUS) has been increasingly
recognized as a crucial tool to help clinicians diagnose and treat potentially life-threatening conditions. The
existing literature demonstrates a variety of EP FOCUS applications and protocols; however, EP FOCUS is
not taught, practiced, or interpreted consistently between institutions. Drawing on over 12 years of
experience in a large-volume, high-acuity academic emergency department, we have developed a protocol
for teaching and performing EP FOCUS known as “The 5Es,” where each E represents a specific
assessment for immediately relevant clinical information. These include pericardial effusion, qualitative left
ventricular ejection, ventricular equality, exit (aortic root diameter), and entrance (inferior vena cava
diameter and respirophasic variation). Each of these assessments has been well described in the
emergency medicine literature and is within the scope of EP-performed echocardiography. This approach
provides a reliable and easily recalled framework for assessing, teaching, and communicating EP FOCUS
findings that are essential in caring for the patient in the emergency setting.
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t has been recognized for more than 25 years that

emergency physician (EP)-performed focused car-

diac ultrasound (EP FOCUS) is an important skill
for the care of patients with potentially life-threatening
presentations.® A recent review detailed 16 specific
protocols that included cardiac ultrasound (US) as part
of the point-of-care US assessment in medical shock.®
The term “focused cardiac ultrasound” has been
addressed in some detail (FOCUS,* FCU,® and FoCUS®).
However, this term is not specialty-specific, may include
assessments that are not relevant in the acute/emer-
gency setting, and has not included assessment of the
thoracic aortic root (“exit”), which may be particularly
applicable to acute and emergent presentations. We
have found that the proximal thoracic aorta can be reli-

ably assessed, providing vital information about poten-
tial aortic pathology in patients presenting with acute
symptoms.” We thus propose the “5Es” to assess for the
presence of a pericardial effusion, left ventricular ejec-
tion, ventricular equality, exit (aortic root diameter), and
entrance (inferior vena cava [IVC] diameter and respiro-
phasic variation). The 5Es protocol provides an easy-to-
teach, evidence-based, and standardized approach to
EP FOCUS for the rapid identification and management
of time-sensitive pathologic conditions.

APPROACH TO EXAM

Typically EP FOCUS uses one or more of three win-
dows and five views: a parasternal long-axis (PSLA), a
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parasternal short-axis (PSSA), an apical four-chamber
(A4C), a subcostal long-axis (SCLA), and a subcostal
four-chamber (SC4C) view. While pertinent findings are
optimally confirmed in at least two views, it is under-
stood that time constraints, patient acuity, patient
mobility, and patient habitus may limit views.®® For
images in this article, we will use an emergency medi-
cine convention for cardiac imaging with the probe
marker oriented to the patient’s right, which keeps the
anatomic right on the screen-left, as is the convention
for other US imaging.® This is in contrast with image
and probe orientation utilized in traditional cardiology-
performed US, but has been recognized as an accepted
convention that we find to be conceptually easier, par-
ticularly when performing EP FOCUS as part of an inte-
grated examination such as the focused assessment
with sonography for trauma (FAST) or the rapid US for
shock and hypotension.>®

As has been discussed previously in the emergency
US literature, EP FOCUS is not intended to replace
comprehensive echocardiography (echo) when more
thorough cardiology evaluation is indicated. The clinical
questions addressed by EP FOCUS tend to be limited
and qualitative but it should be understood that EP
FOCUS findings may fall on a spectrum that can make
binary categorization challenging. The EP is encouraged
to use professional judgment for the interpretation and
integration of his or her findings into the diagnosis and
care of the patient, as well as the need for specialist
consultation.

EFFUSION

The first “E” in our protocol is an assessment for peri-
cardial effusion. Of the echo components in our proto-
col, detection of pericardial effusion was the first to be
clearly investigated and delineated in the literature and
has been incorporated as part of the FAST for more
than 20 years.'>1%!! Given the wide range of symptoms
and the potential for hemodynamic collapse, timely and
accurate detection of a pericardial effusion is essential
for expediting diagnosis and management.’?> EP FOCUS
can identify pericardial effusions at the bedside with a
high degree of diagnostic accuracy.’® EP FOCUS has
been shown to improve mortality in penetrating cardiac
trauma.’ In a study of emergency department (ED)
patients with unexplained dyspnea, more than 10%
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were found to harbor pericardial effusions.'® Tampon-
ade physiology is detectable earlier with US than with
traditional exam findings, such as Beck’s triad.'®16
Pericardial effusions may be characterized as focal, cir-
cumferential, simple, or complex. While circumferential
effusions are most common, it is important to obtain as
many views as possible so as not to miss a focal effusion.
This is of particular importance following any invasive
cardiac procedure. Complex effusions (with internal ech-
oes) may occur in the presence of pericardial hemor-
rhage or infectious effusions or in long-standing
effusions with fibrous stranding. Of note, while uncom-
mon in the developed world, tuberculosis is the most
common cause of pericardial effusion in the developing
world and often presents with complex effusions.”

Techniques for Assessing Effusion

The subcostal window (either SC4C or SCLA) is the
most reliable view for detecting pericardial effusions
because the most dependent portion of the pericardium
is closest to the face of the probe. In this window, the
liver can also help provide an acoustic window to the
inferior pericardium. In the parasternal views (PSLA
and PSSA), significant effusions should be visualized
posterior to the left ventricle (LV) and not just anteri-
orly, as this will often be a fat pad and not an effusion
(Figure 1). In the A4C view, small effusions may be visi-
ble lateral to the LV free wall, and moderate to large
effusions may be seen tracking completely around the
apex of the heart.

Normal patients have a trace amount physiologic
pericardial fluid that may be seen with modern equip-
ment and described as trivial or “not clinically signifi-
cant.” True effusions can be categorized as “small,”
“moderate,” or “large.” This categorization is often qual-
itative, although an effusion can be measured by assess-
ing the largest pocket of fluid at end-diastole and
measured orthogonally to the surface of the heart. By
convention, small effusions are smaller than 1 cm, mod-
erate effusions are 1 to 2 cm, and large effusions are
>2 cm.’® Moderate to large effusions are more likely to
have an effect on hemodynamics; however, even small
effusions can also result in tamponade physiology.'®?°
Prognosis in the setting of pericardial effusion is largely
related to time course and etiology, and it is important
to recognize that the hemodynamic sequelae of an effu-
sion is much more important than its actual size.'®??

Figure 1. Effusion. (A) Pericardial effusion seen circumferentially (stars); (B) pericardial effusion (star) seen anterior to the
descending aorta (DA) and a pleural effusion (PL) is seen posterior to aorta.
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Identification of an effusion should prompt the practi-
tioner to look for signs of tamponade physiology. As
pressures inside the pericardium elevate, US will show
a progression of findings beginning with collapse of the
right atrium (RA), collapse of the right ventricle (RV),
and finally LV collapse.?’ One of the most easily
obtained and sensitive signs of tamponade is the pres-
ence of a noncollapsible, plethoric IVC (the fifth “E”),
indicating impaired filling from extrinsic compression of
the heart.?? Collapse of the RA in ventricular systole or
the RV in diastole indicates tamponade physiology, but
tachycardia may make it difficult to differentiate normal
systolic ventricular collapse from pathologic diastolic
ventricular collapse. To confirm RV diastolic collapse,
M-mode can be used in either the PSLA or SX4C views
to demonstrate RV free wall motion as it relates to the
anterior leaflet of the mitral valve (Figure 2). If the RV
free wall is collapsed when the mitral (anterior) valve is
open, it indicates diastolic collapse of the RV.

Tamponade physiology can also be demonstrated on
echo by exaggerated respiratory variation of ventricular
in-flow velocities (the echo equivalent of pulsus para-
doxus).?® In an A4C view, a pulsed wave spectral Dopp-
ler gate is placed at the tips of the mitral valve during
diastole. A change of more than 25% in the early filling
signal (“E wave”) indicates impaired filling (Figure 2).
While these techniques can help determine the presence
of tamponade physiology, they are not completely sensi-
tive or specific and should be used in conjunction with
clinical judgment.
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Pearls and Pitfalls for Effusion

A common pitfall, particularly among novice practitio-
ners of EP FOCUS, is confusing epicardial or pericar-
dial fatty tissue for an effusion.?* Fatty tissue can be
characterized by its heterogeneous echo-texture, its
coordinated movement in conjunction with the myocar-
dium, and its failure to track around the heart, espe-
cially at the apex and posteriorly. A false-positive
diagnosis may occur when a hypoechoic space is seen
only anterior to the heart on the PSLA view. In the
parasternal views, pathologic effusions are typically visi-
ble posteriorly, in the most dependent portion of the
pericardium (Figure 1). Most clinically significant effu-
sions will not obliterate during diastole and can be
traced with US around the apex of the heart and/or
posteriorly. Exceptions are loculated or focal effusions
and therefore multiple views are recommended.

It should be noted that there are other causes of RA
and RV diastolic collapse, including severe hypovolemia
and large pleural effusions. Pleural effusions may be
misinterpreted as pericardial effusions, particularly in
the PSLA window where left-sided pleural fluid lies
adjacent to the LV. They can be differentiated by their
relationship to the descending aorta. Pericardial effu-
sions will track between the descending aorta and the
LV free wall, while pleural effusions will track posterior
and lateral to the descending aorta (Figure 1).

Due to the nonspecific clinical presentations of peri-
cardial effusion and tamponade, we recommend having
a low threshold for employing US, particularly when a

' llmq lE :i\h' L
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Figure 2. Pericardial effusion and tamponade. (A) M-mode used to show RV collapse during ventricular filling (arrow) when mitral
valve is open (star = pericardial effusion, 1 = RV free wall, 2 = interventricular septum, 3 = mitral valve, 4 = LV free wall). (B) M-
mode tracing provided of normal heart for comparison. (C) Mitral inflow velocity measured with pulse wave Doppler with greater
than 25% decrease in E-wave. (D) Normal mitral inflow velocity measured with pulse-wave Doppler with no change in E-wave.
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patient presents with unexplained dyspnea, tachycardia,
hypotension, near-syncope, or cardiomegaly on chest
radiograph. While visualization of the pericardium is
essential in the initial evaluation of penetrating thoraco-
abdominal trauma, pericardial effusion as a result of
blunt trauma is rare, and such patients are unlikely to
survive to ED presentation.”® The identification of a
pericardial effusion in blunt trauma should raise the
suspicion of either a false-positive or an incidental peri-
cardial effusion and should not necessarily indicate the
need for acute intervention unless there is severe hemo-
dynamic compromise without another source.

EJECTION

The second “E” in our protocol is assessment of LV
ejection fraction (LVEF). This E can help differentiate
causes of hypotension, chest pain, and dyspnea and
may aid in expediting condition-specific therapies.>?%2%

There are multiple quantitative modalities for LVEF
calculation; however, qualitative estimates of ejection
fraction by EP FOCUS correlate well with both quanti-
tative measurements and subjective estimates by cardi-
ologists.?>?” Qualitative assessment of global ejection is
typically categorized as “hyperdynamic” (LVEF > 65%),
“normal” (LVEF 50% to 65%), “moderately depressed”
(LVEF 30% to 50%), or “severely depressed” (LVEF <
30%).2>?® Additionally, in cardiac arrest patients, one
can recognize “no coordinated myocardial activity” as a
likely indicator of futility of further resuscitation.?® Hy-
perdynamic states are typically associated with
decreased afterload, and are most commonly found in
patients with sepsis or severe hypovolemia. A severely
depressed ejection fraction, particularly when paired
with a plethoric IVC (and/or B-lines on thoracic
images), indicates systolic heart failure.

Techniques for Assessing Ejection Fraction

For a visual determination of LVEF, the PSLA view is
an excellent initial window. The PSLA includes the sep-
tum, apex, and posterior LV wall. Additionally, the
PSLA view provides good visualization of the anterior
leaflet of the mitral valve, allowing for assessment of
E-point septal separation (EPSS). Movement of the ante-
rior leaflet of the mitral valve so that it nearly touches
the septum in diastole correlates with good LV filling
and thus a good ejection fraction.®** EPSS may be
assessed by visual estimation or measured quantitatively
using B-mode or M-mode to measure the smallest dis-
tance from the anterior mitral valve tip to the septal wall
during diastole (Figure 3). EPSS measurements greater
than 7 mm have been shown to correlate with severely
depressed LVEF.3! Rotating from the PSLA to a PSSA
view at the level of the papillary muscles shows the
entire circumference of the muscular portion of the
LV.3% This is an optimal window to observe the concen-
tric squeeze of the LV by estimating the degree of inter-
nal chamber collapse in systole versus diastole. This
view is also useful to detect focal wall motion abnormal-
ities. In a PSSA view proceeding in a clockwise direc-
tion, the septal, anterior, lateral, posterior, and inferior
wall segments of the mid-portion of the LV are visible
(mnemonic “SALPT”).
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Figure 3. Ejection fraction. Depiction of E-point septal separa-
tion: M-mode is use to trace the movement of the anterior
mitral valve in relation to the ventricular septum. Measure-
ments of greater than 7 mm are suggestive of depressed sys-
tolic ejection. Above the measurement is 14.3 mm, which is
abnormal (1 = right ventricle free wall, 2 = interventricular sep-
tum, 3 = mitral valve, 4 = left ventricle free wall).

The A4C window also provides a good view of the
global function of the myocardium, but should include
an apical two-chamber view to evaluate all parts of the
myocardium. The subxiphoid views may also provide
information about global myocardial function, but it
may be difficult to see all portions of the LV.

Pearls and Pitfalls of Ejection Fraction

While EPs are very good at distinguishing normal func-
tion from severe dysfunction, moderate LV dysfunction
can be more difficult to reliably discern.? It is important
to optimize the LV view at the widest diameter of the
LV chamber with clearly visible endocardial borders.
Being oblique to the LV chamber may underestimate its
size and overestimate its emptying (Figure 4). EPSS is a
good surrogate measure of ejection fraction, but can be
confounded by septal hypertrophy, mitral valve steno-
sis, or mismeasurements. Two-dimensional images
(especially in the A4C view) can be limited by poor lat-
eral resolution and decreased visualization of endocar-
dial borders.*!

While the basic EP FOCUS assessment is for estima-
tion of global ejection fraction, focal wall motion abnor-
malities can affect overall function and represent a
pitfall if not appropriately recognized or characterized.
Incomplete visualization of all portions of the LV can
result in missed focal wall motion abnormalities. When
present, these typically indicate myocardial dysfunction
or scarring from ischemia, which may be acute or
chronic. Myocardial contraction should be observed for
several heartbeats, particularly if there are premature
ventricular contractions or underlying arrhythmias,
such as atrial fibrillation.

Even with a preserved ejection fraction, heart failure
still remains a possible cause of dyspnea. Approximately
half of all heart failure cases may have some component
of impaired relaxation leading to diastolic dysfunction,
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(B)

Figure 4. Foreshortening. Ejection: (A) Incorrect and correct angle for image acquisition. (B) Foreshortening of heart. (C) Ideal
image for apical view without foreshortening. LA = left atrium; LV = left ventricle; RA = right atrium; RV = right ventricle.

also known as heart failure with preserved ejection frac-
tion.3?

EQUALITY

The third “E” in our protocol is for equality, referring to
the relative size of the RV to the LV. In healthy patients,
the RV is a low-pressure, thin-walled, high-compliance
chamber that is wrapped anteriorly around the muscu-
lar, cone-shaped LV. The normal RV systolic pressure is
approximately 25 mm Hg with an RV:LV diameter ratio
of less than 0.6:1. When pressure in the pulmonary
artery rises, the RV will dilate (Figure 5). While not per-
fectly sensitive, using “equality” (i.e., a 1:1 ratio) as the
cutoff ensures specificity for detecting true RV strain by
EP FOCUS.3%3*

Right ventricle dilatation may be acute, chronic, or
acute-on-chronic. However, in patients presenting with
undifferentiated chest pain, shortness of breath, hypo-
tension, or syncope, the presence of any RV dilatation

th 61 an

should raise the diagnostic suspicion of an acute pulmo-
nary embolism (PE). PEs can range in severity from
small subsegmental disease with minimal morbidity and
mortality, to massive with resultant RV failure, shock,
and death. PEs are typically defined as “massive” when
sustained hypotension ensues. The remaining PE cate-
gories are stratified into “submassive,” when there are
signs of RV strain on echo, versus “low-risk” (also
labeled “small” or “minor”), when there is no RV
strain.®® EP FOCUS can help stratify these patients, with
RV hypokinesis being an independent predictor of mor-
tality.®® The presence of RV strain in suspected massive
PE or diagnosed submassive PE may signal the need for
more aggressive therapy such as thrombolysis or
thrombectomy.3%-37-3°

Techniques for Assessing Equality

When the A4C view is properly obtained, with all four
chambers visible and divided by a vertically oriented in-
terventricular septum, ventricular size can be accurately

Figure 5. Right ventricle (RV) enlargement. (A) RV enlargement with RV:LV ratio of >1:1. (B) Enlargement of RV cavity with bowing

into LV cavity creating “D”-shaped LV. LV = left ventricle.
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compared either qualitatively or quantitatively (Figure 5).
If measured, ventricular size should be obtained between
endocardial borders at the tips of the valves in diastole.
However, the A4C may be technically challenging to
obtain correctly. The PSLA window may show a promi-
nent and hypokinetic anterior chamber when RV strain is
present. However, tilting of the plane in the PSLA (known
as the “tricuspid tilt”) may cut across the RV obliquely
causing overemphasis of the RV relative to the LV and
should be used with caution. On the other hand, the
PSSA at the level of the papillary muscles can often pro-
vide an excellent and reliable estimation of RV:LV ratio.
In the PSSA view, the greatest chamber diameters for
both the RV and the LV are usually visible side by side at
the level of the papillary muscles. When RV pressure
rises the septum will be pushed toward the LV. The PSSA
is thus the preferred view to demonstrate this septal
flattening, resulting in the characteristic “D-shaped” LV
(Figure 5).*° The subxiphoid view may also show RV
enlargement, but should be used with caution as the RV
may be overemphasized if the plane of the US cuts
through it obliquely, and RV size should be confirmed in
other planes.

In addition to enlargement, EP FOCUS may show RV
hypokinesis or be used to measure elevated RV pres-
sure. While the LV tends to contract circumferentially
and perpendicular to the long axis of the heart, the RV
tends to move longitudinally, from base to apex. The
A4C is the best view to demonstrate the movement of
the tricuspid annulus during RV systole, allowing
assessment and measurement of tricuspid annular plane
systolic excursion (TAPSE, Figure 6). A TAPSE of
18 mm or greater is typically considered normal.*!
TAPSE is a technique for assessing RV function that is
well described in the cardiology literature, but to our
knowledge only described once in the EP literature.*>*°
In our experience it is easily measured when an ade-
quate A4C view is present and has been described as
reproducible and perhaps better than RV size as a pre-
dictor of PE severity.*1:434°

Right ventricle systolic pressure may be estimated
quantitatively when tricuspid regurgitation is present.
The peak velocity of the tricuspid regurgitant jet should
be measured using continuous wave spectral Doppler
with the Doppler signal in line with the jet (typically in
an A4C view). The pressure difference between the RV
and RA can then be estimated using the modified Ber-
noulli equation, with AP =4 x V2. A velocity greater

(8)
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than 2.7 m/sec typically indicates elevated RV systolic
pressure (Figure 6), with velocities of 4 m/sec or greater
indicating chronic RV pressure overload.

Pearls and Pitfalls of Equality

One of the primary pitfalls of RV assessment is overesti-
mation of RV to LV ratio (false-positive) based on the
US plane cutting through the RV in an oblique plane
that makes the RV look relatively larger than the LV.
This can be an issue in the PSLA, SX4C, or A4C views.
For apical views, be sure to slide the probe sufficiently
lateral on the chest wall so that the probe lies over the
point of maximum intensity and true apex. Flattening
the plane to transect through the base of the heart
avoids foreshortened chambers and misinterpretation
of their sizes (Figure 4). For the PSLA view it is impor-
tant to fan through the long axis of the heart to make
sure the LV is maximized relative to the RV.

An understanding of probe marker orientation con-
ventions and relative probe placement on the patient is
essential because if reversed, the normally larger LV
may be mistaken for an abnormally enlarged RV (or an
enlarged RV may be mistaken for a normal LV), espe-
cially in the A4C view.®

When imaged correctly by an EP with appropriate
experience in echo, the presence of an RV:LV ratio of
1:1 or greater is highly specific for RV strain, as deter-
mined by consultant-performed echo.**3* However,
because using a 1:1 ratio for a dilated RV sets a higher
threshold (specificity) for pathology, sensitivity is sacri-
ficed.®® Additionally, it is important to keep in mind that
PEs (albeit “small”) may occur without any signs of right
heart strain at all.

Right ventricle dilation may be a result of acute,
chronic, or acute-on-chronic RV pressure elevation.
While differentiation between these entities can be chal-
lenging, there are a few clues that may be available
using both two-dimensional imaging and Doppler. With
acute right heart dilation the RV wall remains thin, but
over time the RV will hypertrophy. If the RV free wall
myocardium measures over 5 mm, this is indicative of
chronic strain (Figure 7). Furthermore, while both acute
and chronic conditions produce measurable right heart
pressure elevations, the acutely strained, thin-walled RV
will not be able to generate extremely high pressures. A
pressure gradient of more than 60 mm Hg (tricuspid
regurgitation jet of about 4 m/sec or more) indicates
chronic RV pressure elevation. McConnell’s sign, the

Figure 6. Equality of the ventricle. (A) Normal ventricular ratio and muscular thickness; (B) enlargement of RV cavity with bowing into
LV cavity creating “D"” shaped LV with thin RV wall, suggestive of acute RV strain; (C) enlargement of RV cavity with bowing into LV
cavity creating “D"”-shaped LV with thick RV wall (>5 mm) suggestive of chronic RV strain. LV = left ventricle; RV =right ventricle.
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Figure 7. Right ventricle (RV) function. Other measures of RV function: (A) Normal tricuspid annular plane systolic excursion
(TAPSE), >16 mm; (B) Elevated RV systolic pressure (>2.7 m/sec), measured using continuous wave Doppler peak velocity of the
tricuspid regurgitant jet. Pressure differential is 35.2 mm Hg (4 x velocity?).

presence of RV dilation and hypokinesis of the mid and
basal portions of the RV with “apical sparing” (as
opposed to global RV dysfunction), has been reported
to be specific for acute RV strain, although it may not
differentiate well between acute strain from PE versus
acute strain from RV infarction.3”4648

EXIT

The fourth “E” in our protocol is for exit from the heart,
or the assessment of the aortic root for thoracic aortic
aneurysm, and thoracic aortic dissection (TAD). Aneu-
rysmal disease of the thoracic aorta predisposes to aor-
tic dissection.*® TAD is a time-dependent and potentially
deadly disease process that can present silently or mas-
querade as a variety of clinical presentations. TAD
results from a tear in the intima of the aorta that can
propagate in either an anterograde or a retrograde
fashion. Retrograde dissections can produce a number
of US findings such as an intimal flap, aortic valve insuf-
ficiency, retrograde aortic flow, or rupture into the peri-
cardium with pericardial effusion and tamponade.
While contrast enhanced computed tomography (CT)
remains the test of choice for diagnosing thoracic aortic
disease, transthoracic echo has been shown to be accu-
rate for detection of aortic root dilation and may be per-
formed rapidly with a high degree of specificity by the
EP at the bedside in a patient presenting with acute
chest pain and/or hemodynamic instability.”>°

Techniques for Assessing Exit

The proximal aortic root is best assessed using a PSLA
window, and EP measurement of the aorta in this view
correlates well with measurements on CT angiogram
(CTA).” The aortic root should be measured from lead-
ing edge to leading edge (outside wall to inside wall) at
the widest visible point during diastole, which is typi-
cally across the sinuses of Valsalva (Figure 8). A tho-
racic aortic root of over 4.5 cm is typically considered
aneurysmal. However, measurement on CTA may be
slightly lower than measurements on echo, probably
due to the angle of measurement.”*® For EP FOCUS,
we recommend that measurements of <4 cm be consid-
ered normal, 4.0 to 4.5 cm borderline, and >4.5 cm
aneurysmal.

Figure 8. The exit. Evaluation of proximal aorta: (A) Image

obtained showing proper (long-dashed line) and incorrect
(short-dashed line) measurement of proximal aorta. Measure-
ment obtained at widest point; (B) cartoon of correct measure-
ment with anatomy labeled. LA = left atrium; LV = left ventricle;
RV = right ventricle.

With respect to aortic dissection, dynamic images of
the ascending aorta may detect an intimal flap seen as a
hyperechoic linear structure within the aortic lumen
that moves with each heartbeat. While the sensitivity of
TTE for intimal flap is low, its visualization carries a
high specificity.>® Furthermore, a retrograde flap may
cause aortic insufficiency and/or bleeding into the peri-
cardium. The presence of aortic root dilation and/or
intimal flap with a pericardial effusion should prompt
immediate consultation to cardiothoracic surgery, with
CTA if the patient will tolerate it.

Pearls and Pitfalls of Exit

A common error occurs when practitioners place their
measurement cursors parallel to the edge of the US
footprint rather than perpendicular to the long axis of
the vessel. This results in oblique measurements that
can overestimate the true aortic diameter (Figure 8).
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While the “exit” of EP FOCUS reliably assesses the
proximal aortic root, thoracic aortic dilatation or an inti-
mal flap may occur distal to the aortic root. Assessment
of other parts of the thoracic aorta may be enhanced by
using a suprasternal notch window and by visualizing
portions of the descending aorta, often seen in the far
field on the PSLA view.

Mirroring and reverberation artifacts can mimic inti-
mal flaps.’! To avoid errors in interpretation of intimal
flaps, the examiner should interrogate the aorta from
multiple angles and transducer locations, look for flap
motion independent of surrounding structures, ensure
that the structure is confined to the lumen, and use
Doppler to demonstrate differential flow on either side
of the flap.

Thoracic aortic dilatation is strongly associated with
dissection; however, there can be aneurysm without dis-
section and dissection without aneurysm.*® The pres-
ence of thoracic aortic dilatation should prompt greater
suspicion of thoracic aortic disease, but its absence
should not rule it out. If there is suspicion of disease,
CTA remains the diagnostic test of choice, particularly if
the patient is hemodynamically stable. Early EP FOCUS
may prompt and expedite appropriate diagnostic testing
and consultation when needed.*®

ENTRANCE

The fifth and final “E” in our protocol is for entrance to
the heart or assessment of the IVC. The usefulness and
reliability of I[IVC assessment and its correlation to cen-
tral venous pressure, fluid status, and fluid responsive-
ness has been studied extensively over the past several
years. While controversy exists over the correlation of
IVC measurements to other quantitative measures of
RA pressure, the qualitative assessment of the IVC may
be clinically helpful, particularly if it is plethoric or non-
collapsible or notably flat.>? IVC plethora is highly sensi-
tive for tamponade as well as congestive heart
failure.??°3 By contrast, a flat or highly collapsible IVC
correlates well with acute blood loss and hypovolemia
(Figure 9).>*%° While the majority of cardiac views
should be performed first to provide context for IVC
findings, early assessment of the IVC can help to quickly
differentiate causes of shock, chest pain, and dyspnea.®

Techniques for Assessing Entrance
While the first 4Es can often be obtained from a paras-
ternal view, assessment of the IVC requires a subcostal
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or subxiphoid approach. The SXLA provides a longitu-
dinal view of the IVC and has been shown to have the
best inter-rater reliability.’® The SX4C can also show
the IVC in short axis, although craniocaudal movement
of the IVC during respiration should be considered.>”
The IVC should be assessed in terms of overall size
and collapsibility. Both size and collapsibility can also
be measured quantitatively, although the significance of
exact numbers is questionable. IVC diameter is typically
measured at its largest diameter (end expiration) at
about 2 cm distal to the junction of the IVC and RA or
1 cm distal to the where the hepatic veins join the IVC.
An IVC diameter of >2 cm, especially with minimal or
no collapsibility, is considered plethoric and correlates
with increased RA pressure. An IVC of <1 cm, particu-
larly with complete collapse, is considered flat and
indicates low preload and potential fluid responsive-
ness.’®*® An IVC diameter between 1 and 2 cm is typi-
cally normal, but estimation of preload can be improved
by including the degree of collapsibility, also known as
the “caval index,” which ranges from 0 to 1. The percent
collapsibility (caval index x 100) is calculated as the dif-
ference between the inspiratory and expiratory diame-
ters divided by the inspiratory diameter. A high caval
index (high percent collapse) indicates lower preload.

Pearls and Pitfalls of Entrance
When in a long-axis plane, inadvertently sliding off the
center of the vessel produces a cylinder tangent effect,
which may underestimate the size of the IVC and over-
estimate its collapse. Obtaining short-axis and long-axis
views of the IVC may help avoid this. The IVC also
moves both anterolaterally and craniocaudally with
inspiration, and this translocation should be taken into
account during visualization or measurements.>’
Another pitfall is mistaking the descending aorta for
the IVC when scanning in a long-axis plane. The IVC
may appear to pulsate or vary with respiration; the
aorta has a thicker wall and is positioned to the
patient’s left. In a transverse or axial plane, the IVC
should be seen on the left of the screen, to the patient’s
right. Following the IVC proximally through the liver
parenchyma should reveal the hepatic veins joining the
IVC before it enters the RA, while the aorta will travel
behind the heart. Therefore, an IVC in long axis will
“curve up” on the left side of the screen making a
“happy whale sign” whereas the aorta in long axis will
“curve down” on the left side of the screen as seen in
Figure 9.

Figure 9. The entrance. Depiction of IVC: (A) flat IVC; (B) plethoric IVC; (C) aorta. The aorta may appear similar to the IVC. The so-
nographer can look for the IVC joining the RA or hepatic veins draining into the IVC to help distinguish between the structures.
Additionally, the sonographer can identify the celiac trunk or superior mesenteric artery arising from the aorta to aid in identifica-

tion. IVC = inferior vena cava.
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The diameter of the IVC should be used in conjunction
with the collapsibility to improve accuracy of preload
estimation. For example, an IVC of 1.5 cm with a high
caval index may be considered indicative of lower pre-
load, while an IVC of 1.8 cm with a low caval index may
indicate higher preload. In these latter situations, repeat-
ing IVC assessment after an intervention such as fluid
administration may provide more valuable information.

CONCLUSIONS

The intent of this article is to codify elements of the car-
diac US exam that we have found to be most relevant to
patients presenting with acute or emergent complaints
(Table 1). A recent international consensus statement
defined FOCUS as being goal-directed, problem-ori-
ented, limited in scope, simplified, time-sensitive and
repeatable, qualitative and semiquantitative, performed
at the point of care, and usually performed by clini-
cians.® The 5Es described in this article meet all of these
criteria. However, the international statement addressed
the use of FOCUS in “all clinical settings” and included
the assessment of chronic cardiac disease, as well as

gross valvular abnormalities and large intracardiac
masses, without assessment of the thoracic aorta.

In our experience the 5Es encompass the cardiac US
findings most applicable in patients who present emer-
gently with hypotension, dyspnea, syncope, penetrating
thoracic trauma, chest pain, or other acute complaints
where diagnosis may be aided by visualization of the
heart. While gross valvular abnormalities and intracar-
diac masses are important if they are seen, they are less
common and less acute and tend to be less immediately
deadly than acute thoracic aortic disease, which accounts
for more than twice as many deaths as abdominal aortic
aneurysm rupture.®?

The 5Es are not meant to provide an absolute bound-
ary for EP FOCUS, which will likely continue to evolve,
but are intended to provide a framework for the acqui-
sition and interpretation of the most relevant and appli-
cable components of echocardiography in the emergent
setting. We hope that adoption and subsequent applica-
tion of the 5Es in EDs will help to standardize and effec-
tively teach the echo findings that may allow EPs to
save lives and expedite the care of patients with poten-
tially life-threatening illness.

Table 1
Explanation of the 5Es

Large (>2 cm)

5Es Categorization of Findings Additional Findings
1. Effusion None (trace)
Small (<1 cm) o Tamponade physiology
Moderate (1-2 cm) o RV free wall collapse in diastole (may use M-mode)

o RA collapse in ventricular systole
o 25% respirophasic variation in peak velocity using spectral Doppler
o Plethoric IVC

2. Ejection Hyperdynamic
(EF > 65%) e E-point septal separation <7 mm is normal
Normal e LV diameter > 6 cm in diastole is abnormal
(EF 50%-65%) e Wall motion abnormalities using “SALPI” mnemonic (septal, anterior, lateral,
Moderately depressed posterior, inferior) on short-axis view
(EF 30%-50%)
Severely depressed
(EF < 30%)
No significant
myocardial activity
3. Equality Normal (RV:LV < 1)
Enlarged (RV:LV > 1) e Other signs of RV strain
o Septal bowing (D-shaped septum)
o McConnell’s sign
o Elevated RV pressure estimated using continuous wave Doppler with peak TR
o Tricuspid annular plane systolic excursion (TAPSE) < 16 mm
Beware chronic RV strain (COPD, pulmonary hypertension)
o RV free-wall thickness > 5 mm
o TR jet very elevated (>4 m/sec)
o Absent McConnell’s sign
4. Exit Normal root (<4 cm)
Borderline root Dissection flap
(4-4.5 cm) Aortic regurgitation using color Doppler
TAA (>4.5 cm) Pericardial effusion
5. Entrance Flat IVC (<1 cm,

> 75% collapse)
Normal collapse
Full IVC (>2 cm,
< 25% collapse)

max IVC diameter-min IVC diameter

Can use M-mode to calculate caval index:

Measurements within 1-2 cm of hepatic vein max IVC diameter

COPD = chronic obstructive pulmonary disease; EF = ejection fraction; IVC = inferior vena cava; LA = left atrium; LV = left ventri-
cle; RA = right atrium; RV = right ventricle; TAA = thoracic aortic aneurysm; TR = tricuspid regurgitation.
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