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- Subxiphoid (subcostal) view
IVC view
Parasternal long axis view
Parasternal short axis view
Apical 4-chamber view
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- Cardiac activity?
Left ventricular systolic dysfunction?
A pericardial effusion?
Cardiac tamponade?
Pulmonary embolus or right ventricular dysfunction?
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- Doppler
- Valvular pathology — Aortic Stenosis and Mitral Regurgitation

- Regional wall motion abnormalities
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- Quick reference handout

1¢¢Cxdn®: Additional free and low-cost resources
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Left ventricle (LV)

Right ventricle (RV)

Aorta (Ao)

Left ventricular outflow tract (LVOT)
Inferior vena cava (IVC)

Left atrium (LA)

Right atrium (RA)

Point-of-care ultrasound (POCUS)
Focused cardiac ultrasound (FOCUS)

Subxiphoid (SX)

Parasternal long axis (PSLA)

Parasternal short axis (PSSA)

Apical 4-chamber (A4C)

Apical 5 chamber (A5C)

Apical 3 chamber (A3C)

Tricuspid Annular Plane Systolic Excursion (TAPSE)

, Flaxn nzx '
2FY¥kifvd Yxd kY¥lknfud: refers to whether the structure in question is close to the probe at the
top of the screen (near-field) or far from the probe at the bottom of the screen (far-field)

1 xFomzibE m+¢zFhmznb Yxd m+¢F¥Fbmznb: put simply, these are terms used to describe the
appearance of structures as black, dark, and bright, respectively
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Cardiac point-of-care ultrasound (POCUS) is an abbreviated echocardiographic examination of
the heart to answer a specific clinical question. It is performed by clinicians at the bedside,
distinct from Diagnostic Medical Sonographers. In non-emergency medicine literature, cardiac
POCUS is termed “focused cardiac ultrasound” or “FoCUS,” and has been the subject of national
cardiology and intensive care guidelines.™? It is used by emergency medicine, trauma, internal
medicine, cardiology, and intensive care teams to facilitate early diagnosis, guide management,
and safe disposition for patients.

The basic competency of cardiac POCUS involves use of the subxiphoid, parasternal long axis,
and parasternal short axis views to assess for pericardial effusions, cardiac activity, and LV
function. The addition of apical views is helpful to better assess RV dysfunction, valvular
disease, wall motion abnormalities, etc. Multiple views to maximize accuracy are recommended
to maximize accuracy.?

Altogether, a qualitative assessment of the heart with the four core views provides a wealth of
information to reliably answer urgent clinical questions. Additional information can be obtained
using Doppler measurements and advanced training, but it is important to recognize that
POCUS does not supplant a comprehensive echocardiogram, which involves advanced training
to generate and interpret approximately 50 clips and measurements.

H¥zaf bmzibfi

The phased array transducer is preferred for its resolution, depth, and small footprint to image
between the ribs. In the trauma setting, the curvilinear probe is sometimes used for the
subxiphoid view. New technologies, including chip-based transducers and micromachined
ultrasound transducers, will likely challenge this paradigm in years to come.

bx ! 1°© nzxYv Yxd LeFhnyy +YaYifd *zx®Fx nzx !

The cardiology and radiology convention for the onscreen location of the probe marker (screen
left versus right) are often discordant. This varies by institution. If you generate a view that is a
mirror image of what you are used to, turning the probe 180° will recreate the familiar view. In
the emergency department of The Ottawa Hospital (TOH), the bY¥dnYb }£71x1} of our machines
are set using the convention that the probe marker should be on the right side of the screen.

This document is limited by having only still images. The appendix has links to online
resources that are very helpful!

In particular, The POCUS Atlas is a free online resource that has example clips of all of these
pathologies.
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Sound waves do not travel well through air (i.e. the lungs) or bone. One must find
echocardiographic “windows,” where the lung and ribs are not in the way.

In general, producing each view is an exercise in moving the probe in zxf ¢CVYXFY"Y twt. It’s

easy to get lost if you do two probe movements simultaneously.

Stepwise approach to generating an optimal echo image using each of the cardinal motions:
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Like any procedure, half the work is in the
preparation — position the patient, raise the
bed, etc. Draping the patient is usually easiest
with a large towel across the chest, with an
“upside-down U” shape to access the 4
echocardiographic windows while keeping the
breasts draped.

Place the probe on the chest and slide without
changing the angle with the skin. For instance,
try several rib spaces in a systematic fashion.

A heel-toe motion will swing the image
left/right on the screen. Put the structure of
focus in the middle

All of the views have a “starting point” for
rotation (e.g. probe marker to R shoulder for
parasternal long axis). Sometimes a slight
rotation is necessary to generate the optimal
image (e.g. an egg-shaped heart in parasternal
short axis needs slight rotation to generate the
proper doughnut shaped circle).
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AL ff¢ dz¥  Fan the probe to ensure you are cutting the
NKYxO4 structure through its centre such that you are
seeing its true diameter.

Imagine putting the probe on the side of a
soda can. The can is similar to the heart in that
it is easy to slip off the centre and cut the can
unevenly (see right, where the probe is not
slicing the can in half, generating a smaller
rectangle cross-section than if it was at the
centre of the can).

Through experience and knowing the ideal
target image, you will learn to adjust and
compensate for anatomical variation.

\‘ /
aj *zYbm The patient’s breathing will move the heart and lung in and out of the way.
a¥fY ' mxl Asking the patient to breathe slowly and hold at a specific point may help

produce the optimal view.



When faced with a partial view, obstructed by lung or bone, use these cardinal motions to
move into the window where there is an unobstructed view.

Subxiphoid view (also known as subcostal or SX)

This is the ideal window to examine for a pericardial effusion. It is
an underappreciated view. If no other windows are available, an
experienced echocardiographer could obtain comprehensive
images analogous to the standard slices of the heart from this
position. This approach can be very helpful when the lungs are
over-inflated (i.e. COPD, intubated, etc.).

With the patient supine, the probe is placed nearly flat on the
abdomen, just under the diaphragm, looking at the heart from
the bottom up. In cardiac settings (varies by institution), the
marker is placed towards the patient’s left; in abdominal settings
when doing an eFAST with a curvilinear probe, it’s to the
patient’s right. This produces an image where the inferior wall
and interventricular septum produce a “7”. The depth of the image should be just deep enough
to include the entire heart. To adequately assess for pericardial effusion, one must see the
entire “7,” being careful not to miss the apical region of the septum.
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- Flexing the hips and knees may minimize abdominal muscle tension
- If bowel gas is in the way,
o Nif ' mFw®f¥Y] YX YbzO} b nxdz - jwdf the probe slightly towards the
patient’s right, and mFf"zF towards the patient’s left.
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Does this patient have bY¥dnYb Yb 1@ +?

Use of cardiac POCUS during a cardiac arrest requires thoughtful coordination with the rest of
the team. For a transthoracic point-of-care assessment, it is often best to start with the probe
placed in the subxiphoid region with the image set to an appropriate depth while CPR is still
ongoing, ¢¥1z¥ to a pulse-and-rhythm check, and immediately start archiving a clip as the pause
begins. Care must be taken to minimize the duration of the echocardiographic assessment to
prevent prolonged pauses in CPR. Similarly, avoid distracting the rest of the team with image
acquisition and interpretation — if the entire team is looking for cardiac activity, no one is
looking at the rhythm, feeling for a pulse, or preparing to resume CPR.

There is no consensus definition of organized cardiac activity during cardiac arrest.” However, a
reasonable definition is a change in the size of the ventricular cavity and/or synchronized
movement of the walls. Slight movements in the valves may not reflect truly organized activity.
Providing positive pressure ventilation, or even passive expiration changes the intrathoracic
pressure and causes slight movements in the cardiac valves.

CAEP guidelines under review indicate the minimum archiving requirement is the single best
possible view.?

In the cardiac arrest setting, POCUS is useful:
- torule out reversible causes of cardiac arrest
o pericardial effusion suggesting tamponade,
o0 pneumothorax
o signs of pulmonary embolus (beware false positives, see Table p.24)
o fine ventricular fibrillation mistaken for asystole
- to supplement carotid or femoral pulse checks
- to facilitate invasive femoral arterial blood pressure monitoring or central venous access
- to confirm that the endotracheal tube is not in the esophagus during intubation
- for prognostication (see below)

In the trauma setting, one well-conducted prospective study found that lack of cardiac activity
on POCUS predicted death despite resuscitative thoracotomy with 100% sensitivity.°

In the medical setting, the absence of cardiac activity with ultrasound does not, by itself, rule
out a survivable cardiac arrest. POCUS must be integrated with other prognostic factors
including the ECG rhythm, time-to-CPR, duration of CPR, comorbidities, and the reversibility of
the suspected etiology. In a 2019 systematic review of non-traumatic, non-shockable cardiac
arrest, cardiac activity by itself had a sensitivity of only 60.3% for return of spontaneous
circulation.” In one retrospective study combining ultrasound with ECG, however, absence of
cardiac activity with asystole was 98% sensitive for ruling out ROSC, and 87% with PEA.®
Incorporating additional prognostic factors may further improve the sensitivity.
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Conversely, presence of organized cardiac activity confers a positive prognosis. The
aforementioned systematic review of atraumatic PEA/asystole arrest demonstrated a specificity
of 91.5% and positive likelihood ratio of 6.9 for return of spontaneous circulation.” The odds
ratio for ROSC was 16.9, and 8.0 for survival to hospital discharge.

In PEA arrest with organized cardiac activity, framing the patient’s condition as severe
hypotension and assessing the LV dysfunction may help direct further management. Refer to
Dr. Bo Zheng’s EMOttawa blog post on PEA arrest on how to consider adjust ACLS if cardiac
activity is detected without a palpable pulse.
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https://emottawablog.com/2020/01/management-of-pea-in-need-of-resuscitation/

Does this patient have a ¢F¥bY¥dnYv fkk©!nzx?

Ultrasound to rule out the presence of a pericardial effusion is part of an eFAST trauma
assessment. It should also be considered routinely with unexplained pleuritic chest pain, low
voltage ECG, syncope, shock or hypotension, as well as suspected pericarditis, aortic dissection.

A pericardial effusion may be localized or global. Depending on the etiology, it may be
free-flowing or localize in one area (e.g. a clot).

Large or free-flowing effusions should be gravity dependent and settle inferiorly. By looking up
at the inferior aspect of heart with the subcostal/subxiphoid view, free-flowing pericardial fluid
should be most visible just adjacent to the RV in the near-field. A sweep posteriorly, increasing
the angle of the probe from shallow to perpendicular will help differentiate a pericardial fat pad
from a true effusion.

CAEP Best Practice guidelines under review indicate the minimum archiving requirement is a
single view, however, routine correlation with multiple views is recommended if windows are
available.?
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A pericardial effusion should be characterized:*°
- Measure size in end-diastole: as trivial (seen only in systole), small (<10mm), moderate
(10-20mm), large (>20mm), very large (>25mm)
- Fluid appearance (simple, loculated, hypo or hyperechoic, etc.)
- Location (global or localized)

In the subcostal view, the angle between the probe and skin may image the effusion in an
oblique fashion, causing over-estimation of the effusion size. Additionally, the pericardial fat
pad is a normal anatomic variant and can be seen anterior to the heart as a hypoechoic
structure but is lost as one sweeps posteriorly.

19



MmF FEbY¥dnYy kY™ ¢Yd YECFY¥! IwmiY¥ "z Y ¢RabY¥dnYy FkkOhizxt a0 1" dnl YECFY¥! Y1 zxf I fFf¢!
¢z Rzl YddinzxYw 1l ©'OYw hnllm v wz¥F me¢FRefbmzib &l aynlm £ “mYx Yx FkkOlnzxl

In the parasternal long axis, it is important to distinguish a pericardial effusion from a pleural
effusion. A pericardial effusion will track between the heart and the descending thoracic aorta,
whereas pleural effusions will track posterior to the descending Ao.

Length 2,01 cm

Pleural effusion

I ¢RbY¥dnYv FkkO}nzx dH* .4 azOxd at "mf vY+ ¥} I ¢vFO¥Yy FkkOjnzx bzx nxOf} dff¢ "z "mf
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As per usual, interpret the diagnosis a pericardial effusion within the clinical context.
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In pericarditis, a pericardial effusion is not required for diagnosis, and echocardiography is often
normal. However, it is one of the four possible diagnostic criteria, of which at least two are
needed to make a diagnosis.'* Furthermore, a large pericardial effusion is an indication for
admission.*?

In suspected aortic dissection, a pericardial effusion is a poor prognostic factor and should
prompt emergent surgical consultation.

An effusion in the context of penetrating trauma is certainly different than a patient with a
slow-growing effusion due to cancer. In the presence of a pericardial effusion, the diagnosis of
cardiac tamponade is a clinical one, but may be assisted by a more detailed echocardiographic
assessment (see next page).

Does this patient have bY¥dnYb "Yw¢zxYdFE

Cardiac tamponade is a clinical diagnosis, based upon the patient’s history, symptomes, vital
signs, and physical exam maneuvers such as the presence of a pulsus paradoxus.

POCUS provides a useful adjunct with several sonographic signs that support a diagnosis of
tamponade. As the pressure causing tamponade increases, it causes changes initially in the
low-pressure systems and progresses to disrupt increasingly higher-pressure systems.

Pericardial effusion with:
- Plethoric, non-collapsable IVC (92-97% Sn)***
o IVC<21mm and 50% collapse with inspiration is considered normal (defines
right atrial pressure = 3 mm Hg)
- Right atrial systolic collapse longer than 1/3 systole (100% Sn and Sp)*3
o Intracavitary pressure lowest in early systole; more prolonged with severity
- Right ventricle diastolic collapse?®
o Initially only during inspiration, early diastole, and more prolonged with severity
- Inspiratory septal bulge (D-sign during inspiration)*®
- Additional Doppler signs beyond the scope of this book

Note that RA/RV collapse may be absent with chronically elevated right sided pressure, but
absence of collapse of any cardiac chamber has 90% NPV. Elevated R sided pressures
(pulmonary hypertension), LBBB, paced rhythm may also cause the inspiratory septal bulge.
With a pericardial effusion, a normal IVC and absence of any chamber collapse is unlikely to
represent tamponade, however, clinical and physical exam signs are also key to definitively rule

out tamponade.

Remember — cardiac tamponade is a clinical diagnosis!
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Left ventricular function is often expressed as an ejection fraction — what fraction of the blood
present in the LV in diastole is ejected? Two methods for estimation of LV systolic function are
commonly used in POCUS:

Fractional Shortening (FS)

One can assess the “squeeze” of the left ventricle qualitatively or quantitatively using fractional
shortening. It is the change in anterior-posterior measurement of the left ventricle at end
systole versus end diastole, expressed as a percentage.

>z¥F Iwei mz— wobm dzf! “mf ®Fx¥ibrf bzx ¥Yh” af'_ffx anY ¥ zvf arfka Yxd 11 zvf @l 4E
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An experienced individual looking qualitatively at the ventricle has similar accuracy to
quantitative measurements.®
Some learners may better understand the concept mathematically:®

LV end diastolic diameter — LV end systolic diameter
= X
FS LV end diastolic diameter 100

It can be assessed in any of the four main views, but it is most reliable in the parasternal short
and long axis. It should be assessed at the level of the chordae tendinae, which lie about 1cm
apical from where the septum and aorta join.

It should be noted that this is Xz the same as “ejection fraction” (EF) even though both are
expressed as percentages. Fractional shortening is said to be approximately half the ejection
fraction, though this is a very rough estimate at best.'’

Pitfalls: Wall motion abnormalities from scarring or conduction abnormalities may cause
specific decrease in movement of septal or lateral wall. If the heart is otherwise globally
contracting well, FS will underestimate the LV function. To overcome this, comprehensive
echocardiograms use other methods such as Simpsons’ method of disks.®
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E-point septal separation (EPSS)***°

With every diastole, the mitral valve opens and approaches the septum. In the parasternal long
axis, the closest distance between the septum and the anterior mitral valve leaflet defines the
EPSS. This occurs in early diastole.

HLL bYx af FOYvOY Fd nx wev 1¢vF @nf§T6x “mnl bY HFE “mF wi¥Yv @Y@F 11X nYwt “zCbmF} “mF
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The EPSS correlates with ejection fraction in multiple ways. In one MRI study, EPSS can be
estimated with the formula:*
LVEF = 755-(2.5xEPSS)

If the EPSS is <7mm, this is likely to be normal. EPSS >7mm is 100% sensitive for predicting
severe LV dysfunction.®

Pitfalls: EPSS can be falsely elevated if there are other forces pushing the mitral valve away
from the septum. This includes any aortic regurgitation, mitral stenosis/restricted movement,
or significant LV dilation.

A hyperdynamic left ventricle is defined by an LVEF of 70%, and may qualitatively appear as
near-complete collapse of the ventricular cavity during systole. Note that tachycardia with a
normal EF may mimic a hyperdynamic heart.

, Fib¥n¢ " z¥ A nzx k¥Ybh nzx 8=S . 34
Severely depressed <30%
Mild-moderately depressed 30-55%
Normal >55%
Hyperdynamic 1 70%
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Clinical Integration:

Assessment of the left ventricular function can expedite and increase accuracy of the diagnosis
of heart failure, provide information key to guide management of shock, decompensated heart
failure, and atrial fibrillation. If LV dysfunction is detected, understanding the cause is key to
appropriate disposition.

In one large systematic review (n=17 893), visibly reduced ejection fraction had a sensitivity and
specificity of 80.6% for the diagnosis of heart failure.? Combined with lung ultrasound, this is a
powerful tool. This had the highest positive likelihood ratio compared to any element of the
physical exam. It can thus be a powerful tool for differentiating CHF from other causes of
dyspnea (i.e. pneumonia or COPDe).

Consider routine use of bedside cardiac ultrasound to assess LV function in the following cases:
- Undifferentiated shock, hypotension, or bradycardia
- Shock or hypotension refractory to initial management
- Undifferentiated dyspnea
- Rapid atrial fibrillation, to rule out severe LV dysfunction before giving rate-control
medications that are negative inotropes (beta-blockers or calcium channel blockers)

CAEP Best Practice Guidelines under review indicate that the minimum archiving requirement is
a PSLA view.® Additional views may be necessary for an adequate assessment.
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