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POCUS znacajno je napredovao, ukljucujuc¢i primjenu umjetne inteligencije i
nova istrazivanja koja dodatno usavrsavaju i potvrduju vaznost 5 E u kardioloskoj
ultrazvucnoj dijagnostici. Ovaj pregled razmatra te napretke. Protokol 5 E i dalje sluzi
kao protokol za prepoznavanje hitne patologije, kako pocetnicima tako i iskusnim
lije¢nicim.
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Introduction

Cardiac point-of-care ultrasound (POCUS) has been
performed in the Emergency Department (ED) for over
30 years and is among the most performed POCUS
examination type both on its own and in combination
with symptom-based protocols (1,2). A protocol described
as the “5 Es” was proposed by our group in 2015 to help
emergency physicians (EPs) assess for cardiac pathologies
using POCUS (3). POCUS has continued to expand in both
undergraduate medical education and residency training
(3-6). The 5 Es are eftusion, ejection, equality, exit, and
entrance, and offer a way to standardize the performance
and interpretation of cardiac POCUS.

While the 5 Es protocol offers a straightforward approach
to cardiac POCUS, there has been additional evidence on
the utility of cardiac POCUS published in the 10 years since
the 5 Es protocol was first proposed. Advances in POCUS
equipment, increased sonographer skills, and further
research have helped to solidify the use of cardiac POCUS
to make more accurate diagnoses of more conditions in the
ED. Additionally, there is an increasing focus on artificial
intelligence (AI) in cardiac POCUS, and these new tools
help sonographers make accurate diagnoses with limited
training (7-10).

This review aims to update the 5 Es and discuss further
supporting research including any reinforcements or
changes within the past 10 years, so that this approach
can continue to serve as a tool for education and practice.
Reading the original 5 Es manuscript prior to this review
is recommended (3).

Effusion

Assessing for a pericardial effusion involves the operator
using all cardiac views to look for a fluid collection in the
pericardial space. A pericardial effusion can be graded
from small (< 1 ¢cm; 50-100 mL), moderate (1-2 cm; 100-
500 mL), or large (> 2 cm; >500mL) (11). If a pericardial
effusion is identified, the operator should evaluate for
evidence of cardiac tamponade using the inferior vena cava
(IVC) diameter and lack of collapsibility, mitral or tricuspid
valve inflow velocity variation, visualization of right
atrial (RA) systolic and/or right ventricle (RV) diastolic
collapse, or hepatic venous flow patterns (11,12). Timely
and accurate detection of a pericardial effusion is essential
for expediting diagnosis and management, with POCUS
having been shown to decrease the time to intervention
(drainage) for patients with pericardial effusions (13). A
recent study showed, however, that there is poor interrater
reliability for some signs of cardiac tamponade. The lowest
interrater reliability was found in parasternal short views
and the highest in mitral valve inflow variation, suggesting
that multiple images and clinical context should be used
to diagnose cardiac tamponade (14). It is important to
consider that conditions such as pulmonary hypertension
may affect the pathophysiology of cardiac tamponade.

A recent systematic review of 43 studies showed right-
sided chamber collapse appears to be less likely to occur
in the setting of increased intracardiac pressure and RV
hypertrophy due to pulmonary hypertension (15). Among
the results, it was found that the incidence of tamponade
increased in patients with pulmonary hypertension.
Additionally, only 10.5% of patients with pulmonary
hypertension and tamponade showed right-sided
chamber collapse, suggesting that the elevated right heart
pressures withstood a higher pericardial pressure prior to
collapse (15). Evaluation for the presence of pulmonary
hypertension can be performed by looking for tricuspid
regurgitation (TR) and measuring the pressure gradient
using continuous wave Doppler, as discussed in the section
on “E” for equality.

Artificial intelligence (AI) and the use of deep learning
algorithms could help identify pericardial eftusions, and
eventually, signs of cardiac tamponade. While to our
knowledge there are no commercially available products
that detect pericardial effusion or signs of cardiac
tamponade, there are publications showing the feasibility of
detecting and quantifying pericardial effusion. Cheng et al.
developed a machine-learning algorithm to automatically
calculate the width of a pericardial effusion using
ultrasound video clips (16). Additionally, a deep learning
algorithm has been used to calculate mitral valve inflow
velocities (17). As of this writing there is a preprint of a
manuscript that reports reasonable accuracy in detecting
moderate to large effusions and signs of tamponade (18).
These novel Al applications demonstrate a proof of concept
that in the future the diagnosis of cardiac tamponade could
be automated.

Ejection

Assessing for overall left ventricular (LV) cardiac function
or “ejection” can help provide immediate information in
patients with chest pain, shortness of breath, hypotension,
or syncope. Prior research has shown that emergency
physicians are accurate in visually determining whether
ejection fraction (EF) is preserved (EF > 50%), moderately
reduced (EF 30-50%), or poor (EF < 30%) without needing
to assess the EF quantitatively (19-21). POCUS operators
can use this information to make a new diagnosis of
congestive heart failure, expediting patient workup and
care.

The last decade has seen significant
improvements in POCUS technology,
sonographer skills, and research,
enhancing its ability to diagnose
various cardiac conditions. Artificial
intelligence (Al) is now playing a
crucial role, helping less experienced
users make accurate diagnoses.
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Figure 1: Normal (A) and Abnormal (B) Mitral Annular Plane Systolic Excursion in the Apical 4-Chamber View

Mitral annular plane systolic excursion (MAPSE) has
recently emerged as an adjunct to help assess LV function
(22,23). MAPSE is performed by performing an M-mode
evaluation of the lateral annulus of the mitral valve and
measuring peak to trough of the resulting wave (Figure
1). A MAPSE < 8mm predicts an ejection fraction < 50%,
whereas normal is between 12-15 mm. MAPSE can be
beneficial when the E-point septal separation (EPSS) is
inaccurate such as in mitral stenosis or LV hypertrophy and
the operator desires confirmation beyond visual estimation
of an abnormal LV function (24).

In addition to the visual estimation of qualitative LV
ejection, ultrasound manufacturers have developed
proprietary software which automatically calculates an
ejection fraction using Simpson’s biplane method, similar to
what cardiologists use in comprehensive echocardiograms
(10,25). These applications can be found in both cart-based
machines and handheld machines, and have been found in
studies to be accurate in comparison to visual estimation
by sonographers (26-28). These Al applications require an
adequate apical four-chamber or apical two-chamber view
to allow the software to identify and outline the LV wall
in systole and diastole. The apical two-chamber view is
obtained by first obtaining the apical four-chamber view
and then rotating the indicator counterclockwise so that the
RV is out of sight and the inferior and anterior walls of the
LV are seen along with the left atrium (Figure 2). Operators
using these tools can now more precisely quantify an EF,
which can help both guide the admitting team and better
assess changes from prior echocardiograms.

While ejection is meant to describe the overall global
cardiac function, as skills with cardiac POCUS advance,
operators can incorporate evaluation for focal wall
motion abnormalities (FWMA). Assessing all walls
circumferentially in the parasternal short axis (PSSA) using
SALPI (septal, anterior, lateral, posterior, inferior walls)
ensures that all myocardial walls are evaluated (Figure
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3). In the setting of an occlusive myocardial infarction,
even without ST segment elevation, a FWMA can suggest
the need for cardiac catheterization early in the patient
course, even before troponin results (29,30). The apical
four-chamber and apical two-chamber views can also
be used to assess for FWMA, and improve detection of
apical FWMA (31). AI programs have also been shown
to be accurate in detecting FWMA after training (32).
Speckle tracking to look for myocardial strain has also been
shown to be effective in identifying myocardial damage
prior to ST elevations on the electrocardiogram, and the
technology has been added to POCUS machines (33-35).
There are limitations of speckle tracking including the need
for software upgrades to ultrasound machines, the use of
cardiac leads to ensure accurate identification of systole
and diastole, and that it may not be sensitive enough to
detect acute coronary syndrome accurately (34).

POCUS remains highly effective in
detecting pericardial effusions and

assessing for cardiac tamponade.

Recent studies emphasize the
importance of multiple images and
clinical context for accurate diagnosis,
particularly in challenging cases like
pulmonary hypertension.

The assessment for FWMA can be improved either by
placing a finger directly in the center of the screen to assess
whether all walls equally collapse, or by blocking off other
walls with a hand to limit the assessment to one wall at a
time. A pitfall in assessing for FWMA in the PSSA only is
that the assessment is limited to the mid-papillary view of
the LV. Additionally, if the view is oblique, meaning the LV
is elliptical instead of round, it can mimic a FWMA and
lead to an incorrect interpretation. Finally, the presence of
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Figure 2: Apical 2-Chamber View with the Left Ventricle

(LV) and Left Atrium (LA) Visualized. In this view the inferior
wall is seen to the left of the image, while the anterior wall

is to the right. This image is obtained by rotating the probe
counterclockwise from the apical 4-chamber view. This image
shows an emergency medicine orientation (indicator to screen
left), so the indicator should be directed inferiorly. Should a
cardiology orientation be used (indicator to screen right) the
indicator should be directed superiorly after rotation.

a FWMA does not indicate when the myocardial damage
occurred, and patients with a past medical history of a
myocardial infarction may have residual FWMA on
POCUS. The finding of a FWMA should be contextualized
with the patient’s electrocardiogram and presenting
symptoms.

Ejection also includes the lack of myocardial activity in
cardiac arrest. The use of POCUS in cardiac arrest has
expanded in recent years, and getting a limited cardiac
view within the 10 second pulse check is important
to assess for a cause of cardiac arrest (36-38). There is,
however, a significant discrepancy among ultrasound
trained emergency physicians as to what defines cardiac
standstill in both the adult and pediatric populations,
and there has yet to be a consensus on the topic (39,40).
Cardiac function is a continuum, and where to separate
what constitutes significant or meaningful cardiac activity
from agonal myocardial twitches can be difficult. In our
experience, the lack of full valvular closure of the mitral or
tricuspid valves typically indicates the lack of significant
myocardial activity.

The lack of significant myocardial activity on POCUS is
associated with poor patient outcomes and should be
considered in the decision to cease resuscitation (41). The
optimal view for visualizing cardiac activity in cardiac
arrest has also come into question, as the subxiphoid
view can be difficult to get in patients with a larger body
habitus or with abdominal distension (38). An apical four-
chamber view can visualize the heart without interfering
with the compressions, and can be easier to obtain than

Figure 3: Parasternal Short Axis View with Left Ventricular Wall
Names (SALPI)

the subxiphoid view. In the event other views are unable
to be obtained, a parasternal long axis (PSLA) view
can be utilized. However, care must be taken to remove
any ultrasound gel from the anterior chest wall prior to
compressions resuming. A recent study by Rolston et
al. has shown no difference in success rate between the
subxiphoid, apical four-chamber, or PSLA views when
reviewing video of resuscitations (42).

POCUS can quickly evaluate left
ventricular (LV) function, offering
critical insights into conditions like
heart failure. New tools, such as mitral
annular plane systolic excursion
(MAPSE) and Al-driven ejection
fraction measurements, help refine
diagnosis.

POCUS can also be used during cardiac arrest to guide
the appropriate location of compressions. In particular,
when using a device such as the Lund University
Cardiopulmonary Assist System (LUCAS) cardiac POCUS
can help guide appropriate device placement. Appropriate
compressions should adequately compress the left
ventricular rather than the inferior vena cava or aortic
outflow tract (43,44).

Equality

Equality refers to the relative size of the RV to the LV. The
ratio of the RV:LV is classically less than 0.6:1, with the
ratio increasing as the RV dilates secondary to an increase
in pulmonary arterial pressure (3). We have suggested
using “equality,” or a 1:1 RV:LV ratio as the cutoff when
assessing for RV dilation. Although this finding is specific,
it has lower sensitivity (45,46). RV dilatation can be acute,
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Figure 4: Normal (A) and Abnormal (B) Tricuspid Annular Plane Systolic Excursion in the Apical 4-Chamber View

chronic, or acute-on-chronic, and may be secondary to a
multitude of pathologies besides pulmonary embolism (PE)
such as long-standing pulmonary arterial hypertension,
acute chest syndrome, cardiac arrest, RV ST-elevation
myocardial infarction, or cor pulmonale (46).

The implementation of Pulmonary Embolism Response
Teams (PERT) has emerged in the last decade with aims
to improve, expedite, and standardize PE treatment,
particularly in higher risk PE (47). The presence of right
heart strain in a suspected or documented PE can be rapidly
determined by the team at the bedside using cardiac POCUS.
The presence of RV strain (with or without biomarkers)
places the patient into an intermediate or higher risk zone
which may be more appropriately treated with catheter
directed therapies or systemic thrombolysis (48).

While the use of an RV:LV ratio cutoff of 1:1 or greater is
more specific than sensitive, recent studies have shown
that the combination of cardiac POCUS and abnormal vital
signs can increase the sensitivity to over 95% for ruling
out PE, making cardiac POCUS a useful tool to exclude
significant PE in these patients. The presence of a normal
tricuspid plane systolic excursion (TAPSE) in a patient with
suspected PE and tachycardia can essentially exclude PE
as a diagnosis (49). Other studies have shown improved
diagnostic test characteristics by combining deep vein
thrombosis (DVT) assessment with POCUS to increase
sensitivity (50-52).

McConnell’s sign, the finding of hypokinesis or akinesis
of the RV free wall with preserved apical motion, can also
help determine right heart strain, and is thought to be
associated with acute strain as opposed to chronic strain
(53,54). This finding has previously been shown to be
highly specific for PE, with some literature demonstrating
a specificity approaching 100% (45,55). However, the
high specificity of McConnell’s sign has been called
into question recently. Case reports have demonstrated
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McConnell’s sign in patients with pulmonary hypertension
from other underlying conditions, in cases of RV ischemia
or infarction, or those with acute chest syndrome (56-59).
Thus, McConnell’s sign does not exclude the presence of
pathologies other than PE.

Given the limitations of using an abnormal RV:LV ratio
as the sole diagnostic evaluation for PE, more recent
POCUS literature evaluated the significance of other
echocardiographic findings of acute RV dysfunction.
TAPSE uses M-mode at the lateral tricuspid valve annulus
to measure dynamic movement and generate a wave of
movement that can be measured from peak to trough;
the value of < 17 mm is considered abnormal (Figure 4).
TAPSE can be performed with high interobserver reliability
amongst emergency physicians (50,60,61). One pitfall of
TAPSE is the need for good visualization of the lateral RV
wall, which can be difficult in some patients. Improving
patient positioning with the left arm raised above the head
and a left lateral decubitus tilt can sometimes improve
image quality.

Lastly, the 60/60 sign is another sonographic sign for PE
that has had increasing interest in determining the presence
of acute RV dysfunction. This is found by determining both
the TR pressure gradient and the pulmonary acceleration
time; a finding of <60 mmHg and <60 ms, respectively,
in a patient being evaluated for PE has high specificity
though low sensitivity (60,62). The 60/60 sign requires the
presence of TR and the use of color Doppler and pulsed
wave Doppler, making it a more advanced calculation, but
can help to differentiate between acute and chronic RV
strain (60,62).

Exit
Measuring the aortic outflow tract (AOFT) diameter, or

“exit,” is an essential component of cardiac POCUS and is
effectively visualized in the PSLA, providing an excellent
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depiction for accurate measurement and diagnosis of
ascending aortic aneurysm. Although visualizing an
intimal flap could directly indicate aortic dissection,
AOFT dilation has been associated with a high risk of
major adverse aortic events, such as dissection (63). The
initial approach of the 5 Es recommended measuring from
the leading edge to the leading edge, spanning from the
outer wall to the inner wall (OTI) in the PSLA view (3).
Notably, this proposed approach demonstrated a strong
correlation with inner-edge to inner-edge measurements
obtained from CT, further supporting its accuracy and
clinical relevance in suspected patients (64). Although a
normal AOFT diameter cannot rule out aortic dissection,
nor can its dilation confirm the diagnosis, the significance
of cardiac POCUS in improving the time to diagnosis is
noteworthy, given a reduction of 146 minutes in patients
with aortic dissection who received cardiac POCUS as an
initial diagnostic test (65). In particular, the presence of a
dilated AOFT in combination with a pericardial effusion
is highly suggestive of a type A dissection.

The upper limit of normal for the AOFT has been subject
to additional research. The diameter of > 4 cm in PSLA
view with the OTI method showed a sensitivity and
specificity ranging from 59.6% to 78.6% and 85.4% to
92.9%, respectively, for acute aortic syndromes (66,67). A
more recent study by Gibbons et al. utilized a lower cutoff
of 3.5 cm and yielded a sensitivity of 100% and specificity
of 91.8% for the diagnosis of aortic dissection (68).
While this study had a strong sensitivity and specificity,
the positive predictive value (PPV) for this method was
notably low (16.8%) given the amount of patients without
an aortic dissection who ruled into the study based on the
AOFT measurement alone. Notably, this study utilized an
inner-to-inner (ITI) method of measurement, so a higher
cutoff would be needed for the more widely accepted
OTI measurement technique (69,70). We continue to
recommend the use of the OTI measurement, with < 4
cm as normal, 4.0 — 4.5 cm as borderline, and > 4.5 cm
as dilated for the AOFT measurement as discussed in the
original article (3).

With the rise in AI and machine learning algorithms in
POCUS, the AOFT measurement may be automated in the
future, although no current real-time measurement tool is
commercially available at this time.

Entrance

The IVC s best visualized by finding the subxiphoid cardiac
view and then rotating the probe indicator towards the
patient’s head, rocking inferiorly to center the liver in
the screen, and then sliding to the patient’s right (3). The
main use of the IVC in POCUS is to assess for volume
status, with measurement of the IVC at end expiration
> 2 c¢m considered plethoric (volume overload), and < 1
cm considered flat (volume depletion). This measurement
can be performed by freezing the image or using M-mode

over a respiratory cycle. This measurement’s usefulness is
highlighted by its ability to noninvasively estimate right
atrial pressure (RAP). A plethoric IVC > 2 cm suggests a
pathologic RAP > 8 mmHg, whereas a plethoric IVC with
less than 50% collapse suggests a RAP > 15 mmHg (71).

IVC assessment is also important in assessing right
ventricular systolic pressure (RVSP). RVSP can be
calculated if the patient has TR on color flow Doppler
(CED). In the presence of TR, continuous wave (CW)
spectral Doppler can estimate the RV pressure gradient
using peak TR velocity (V), which is then added to right
atrial pressure (RAP) using the formula RVSP = 4V* +
RAP. RVSP can be elevated acutely in PE, or chronically in
pulmonary hypertension (72).

In recent years, the accuracy of IVC measurement has been
called into question and can be limited by clinical scenarios
such as the cylinder tangent effect of being off-axis of the
IVC, a chronically dilated IVC, pediatric limitations, TR,
RV failure, COPD exacerbations, pregnancy, obstructive
shock, mechanical ventilation, etc (73). To avoid some of
these limitations, there has been increasing research into
the other surrogates for measuring volume status such
as the Venous Excess Ultrasound (VExUS). VExUS is
applicable when the IVC is > 2 cm, and uses both hepatic
vein Doppler, portal vein Doppler, and renal vein Doppler
to determine whether the patient is volume overloaded
(74-76). VEXUS, or portions of the VExUS assessment, are
being investigated as more accurate ways to assess volume
status.

The assessment of right ventricle
(RV) dilation via the RV:LV ratio helps
identify conditions like pulmonary
embolism (PE) and right heart
strain. Advances in POCUS, such as
TAPSE and the 60/60 sign, enhance
diagnostic accuracy for right heart
dysfunction.

Tools have been developed to automatically measure
the IVC and its collapsibility using AI (7,77). This tool is
mostly useful for the novice operator, as previous studies
have shown that experienced operators have moderate
to good interrater reliability for visual estimation of IVC
measurement and collapse (78).

Discussion and Future Directions

Cardiac POCUS can be incredibly useful in the evaluation
of the acute patient presenting with chest pain, dyspnea,
hypotension, or syncope. However, it can also be challenging
to distill what information is needed and important. The
5 Es are an attempt to distill down the potential findings
into a manageable protocol that will identify the most
important emergent findings. We specifically excluded
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detailed valvular assessment as it is typically beyond the
scope of POCUS, though this does not mean that POCUS
could not identify significant or obvious valvular pathology.

In this review we have highlighted some techniques related
to the 5 Es including use of m-mode and Doppler that
may be more advanced than some users are comfortable
with. Our intent is to review and reinforce the 5 Es while
providing some additional techniques and considerations
for those who are comfortable with basic cardiac POCUS
evaluation, and to bring up other possibilities for
augmenting evaluation. These techniques are not always
necessary, and each sonographer should use approaches
that they are comfortable with.

The advent of Al is exciting and touched on in this paper.
A future can be imagined where relatively novice users are
guided through image acquisition and interpretation with
good accuracy. However, we are far from the point where Al
will replace an experienced sonographer. The effective use
of cardiac POCUS requires knowing when to use it, how to
acquire good images, interpretation of these images, and
incorporation of findings into diagnosis and clinical care.
The full scope of doing this in an automated manner is not
something that is on the immediate horizon.

The acquisition of cardiac images can be challenging
and there are some Al solutions in this space. In 2020,
the United States Food and Drug Administration (FDA)
approved the first system to help guide a user in image
acquisition for cardiac POCUS (79). There are an increasing
number of publications that purport to demonstrate
reliability and accuracy of interpretation. However, many of
these algorithms remain proprietary and are not available
for evaluation and general use. Ultrasound manufacturers
are rapidly trying to develop and deploy AI, however, this
requires the purchase of equipment or software with this
capability, and each of these algorithms may be slightly
different.

In the United States, the FDA regulates the use of devices
for medical diagnosis. While the quantification of certain
parameters (for example EF or IVC diameter) is more
straightforward and these devices are in use, the threshold
for approval of an actual diagnosis (such as “tamponade”)
is a much higher bar.

Perhaps one of the more immediate applications for Al
will be in education and quality assurance. It is quite
feasible in the near future that AI will be able to “flag”
examinations for review where the interpretation
rendered by a less experienced user is discrepant from
the Al interpretation. This can streamline review by more
experienced sonographers to provide valuable feedback. Al
could also be helpful in identifying cases on a large scale
for research purposes.

The potential for more “open-source” or “open-access”
Al has yet to be realized. While commercially available
solutions are increasing, they come with cost and the
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need to evaluate and use each solution separately with
proprietary equipment. Many academic institutions
are developing Al solutions that would benefit from
more widespread dissemination that allow testing and
applications on local data. We look forward to a future
when there is freely available and generally applicable Al
solutions in this space. It is possible that a Chat-GPT like
model for medical imaging may be developed at some
point.

Conclusion

Cardiac POCUS remains an essential tool in the evaluation
of the acutely ill patient, and the 5 Es provide a framework
for identifying important pathology. In this review we
hope to emphasize the 5 Es and highlight refinements and
additional methods for evaluation, but the underlying
physiology and pathology remain the same. Artificial
intelligence is developing rapidly, but the need for
sonographers who can effectively obtain, interpret, and
integrate cardiac POCUS into the care of their patients is
still paramount.
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