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Introduction

The use of ultrasound has developed over the last 50 years into an indispensable first-line test for
the cardiac evaluation of symptomatic patients. The technologic miniaturization and improvement in
transducer technology as well as the implementation of educational curriculum changes in residency
training programs and specialty practice have facilitated the integration of focused cardiac ultrasound
(FOCUS) into practice by specialties such as emergency medicine. In the emergency department, FOCUS
has become a fundamental tool to expedite the diagnostic evaluation of the patient at the bedside and to
initiate emergent treatment and triage decisions by the emergency physician.

This consensus statement by the American Society of Echocardiography (ASE) and the American
College of Emergency Physicians (ACEP) delineates the important role of FOCUS in patient care and
treatment and emphasizes the complementary role of FOCUS to that of comprehensive echocardiography.
We outline the clinical applications where FOCUS could be used, as part of the evolving relationship
between echo laboratories and emergency departments. Although cardiac ultrasound performed by
emergency physicians in emergency departments in unstable patients, is often performed in the context of
other focused ultrasound applications (examining the hypotensive patient for abdominal aortic aneurysms,
ruptured ectopic pregnancy, or intraperitoneal hemorrhage as a result of trauma), the scope of this
consensus statement is limited to cardiac applications of the FOCUS exam. Accordingly, the important
role of comprehensive transthoracic echo and transesophogeal echo in the emergency department (ED)
will not be discussed in detail in this paper.

Focused cardiac ultrasound versus comprehensive echocardiography
The principle role for FOCUS is the time-sensitive assessment of the symptomatic patient." This
evaluation primarily includes the assessment for pericardial effusion and the evaluation of relative
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chamber size, global cardiac function, and patient volume status (Table 1). Intravascular volume status
may be assessed by LV size, ventricular function, and IVVC size and respiratory change. In addition,
FOCUS is used to guide emergent invasive procedures such as pericardiocentesis or evaluate the position
of transvenous pacemaker placement.®*

Other pathological diagnoses (intracardiac masses, left ventricular thrombus, valvular
dysfunction, regional wall motion abnormalities, endocarditis, aortic dissection) may be suspected on
FOCUS but additional evaluation, including referral for comprehensive echocardiography or cardiology
consultation is recommended. Further hemodynamic assessment of intracardiac pressures, valvular
pathology and diastolic function requires additional training in comprehensive echocardiography
techniques.

Comprehensive echocardiographic examination or other imaging modalities are recommended in
any case in which the focused findings and clinical presentations are discordant. Clinical scenarios and
the information obtained from the focused use of cardiac ultrasound in emergent situations are distinctly
different from those where comprehensive echocardiography are utilized and both types of studies have a
role in optimizing patient care as will be outlined in the following sections. The role of emergency
ultrasound, including FOCUS and other core emergency ultrasound applications, is discussed in ACEP’s
Emergency Ultrasound Imaging Compendium as well.?

Table 1. Goals of the Focused Cardiac Ultrasound in the Symptomatic Emergency Department
Patient

Assessment for the presence of pericardial effusion

Assessment of global cardiac systolic function

Identification of marked right ventricular and left ventricular
enlargement

Intravascular VVolume assessment

Guidance of pericardiocentesis

Confirmation of transvenous pacing wire placement

Focused Cardiac Ultrasound Exam Findings

Pericardial effusion

Studies have shown a high degree of sensitivity and specificity in the detection of pericardial
effusions in both medical and trauma patients using FOCUS.*™® Imaging in multiple views or windows
provides the most accurate detection of pericardial effusion. It is important to recognize that pericardial
tamponade is a clinical diagnosis which includes the visualization of pericardial fluid, blood or thrombus,
in addition to clinical signs including hypotension, tachycardia, pulsus paradoxus, and distended neck
veins. While FOCUS may be used to visualize delayed right ventricular diastolic expansion and right
atrial or ventricular diastolic collapse representing increased pericardial pressures, there are additional 2D
and Doppler findings obtained in a comprehensive exam that can confirm or refute the degree of
suspected hemodynamic compromise as well as provide a means of serially monitoring its progress.
In addition, small, more focal pericardial effusions can be difficult to recognize with FOCUS, and a
comprehensive echocardiogram or other diagnostic imaging testing is indicated whenever the clinical
suspicion for the presence of effusion is high and the FOCUS could not demonstrate it.

In trauma patients, hemodynamically significant pericardial effusions may be small or focal and
the hemorrhage may exhibit evidence of clot formation, yet the degree of hemodynamic instability may
be pronounced. In such hemodynamically unstable patients, a comprehensive echocardiogram will
typically not be obtained before initial treatment is provided.

When emergent pericardiocentesis is indicated, ultrasound can provide guidance by first imaging
the fluid collection from the subxiphoid/subcostal or other transthoracic windows to define the best
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trajectory for needle insertion.’*** If the diagnosis of a pericardial effusion that could be drained
percutaneously can be made at the bedside expeditiously, ultrasound guided pericardiocentesis in these
critically ill patients has been shown to have fewer complications and a higher success rate than if done
without ultrasound guidance.'®*® Injection of agitated saline may be helpful in localizing needle
placement during this procedure.**

Global Cardiac Systolic Function

FOCUS can be used for global assessment of left ventricular systolic function. This assessment
relies on overall assessment of endocardial excursion and myocardial thickening, using multiple windows
including the parasternal, subcostal and apical views. It is important to note that FOCUS is performed to
assess global function and differentiates patients into “normal” or minimally impaired function versus
“depressed” or significantly impaired function. This descriptive nomenclature when used by non-
echocardiographers has good correlation with echocardiographer interpretations.*® The goal of the
focused exam is to facilitate clinical decision-making to decide if a patient with acute shortness of breath
or chest pain has impaired systolic contractility and thus would benefit from pharmacologic therapies or
other interventions.*” Evaluation of segmental wall motion abnormalities and other etiologies of shortness
of breath such as valvular dysfunction can be challenging and should be assessed by performing a
comprehensive echocardiogram.

Right Ventricular Enlargement

In an acute massive pulmonary embolus, the right ventricle (RV) can be dilated and have reduced
function or contractility. In patients with hemodynamically significant pulmonary embolus, the left
ventricle can be underfilled and hyperdynamic as well. The presence of RV enlargement and dysfunction
in patients with pulmonary embolus is prognostically important, and is associated with significantly
higher in-hospital mortality as well as being one of the best predictors of poor early outcome.’®? The role
of FOCUS in patients with suspected pulmonary embolus is to prioritize further testing, alter differential
diagnosis assessments and assist with treatment decisions in the severely compromised patient.'®% Since
the use of thrombolytic therapy in most patients can safely be delayed, it is recommended to further assess
the size and function of the RV using comprehensive echocardiography once the suspicion for the

presence of PE is established.zs’2

FOCUS can be used to identify hemodynamically significant pulmonary emboli by observing
right ventricular dilatation (>1:1 RV/LV ratio), decreased right ventricular systolic function, or
occasionally by visualizing free floating thrombus. While an acute submassive pulmonary embolus can
result in RV enlargement and dysfunction, the sensitivity of these findings even on comprehensive
transthoracic echocardiography is limited (29% and 51%, respectively, 52-56% using both criteria
combined).”*? As stated in the ACC/ASE appropriateness criteria document, transthoracic
echocardiography is not sufficiently sensitive to rule out pulmonary embolism.?® Likewise, FOCUS may
be helpful if positive in the compromised patient but is clearly not sufficient to rule this important
diagnosis out or to risk stratify patients with stable hemodynamics. Comprehensive echocardiography can
be used to risk stratify patients, while other imaging modalities such as computed tomographic
angiography should be the diagnostic modality of choice to exclude the diagnosis.'®**** Additionally,
emergency physicians should be aware that an increased RV:LV ratio is not specific for pulmonary
embolus and that acute and chronic RV abnormalities may exist in patients with COPD, obstructive sleep
apnea, pulmonary hypertension, and right sided myocardial infarction, among others.

Volume Assessment

Right atrial pressures, representing central venous pressure, can be estimated by viewing size and
respiratory change in the diameter of the inferior vena cava (IVC).?*?® This is done by viewing the vena
cava below the diaphragm in the sagittal plane and observing the change in the I\VC diameter during the
respiratory cycle. During inspiration, negative intrathoracic pressure causes negative intraluminal pressure



and increases venous return to the heart. The compliance of the extrathoracic I\VC causes the diameter to
decrease with normal inspiration. In patients with low intravascular volume, the inspiration to expiration
diameter ratios change more than in those patients who have normal or high intravascular volume and
therefore a quick assessment of intravascular volume can be made. IVC evaluation can be particularly
helpful in those patients with a significant respiratory collapse during inspiration, permitting prompt
identification of the hypovolemic patient.?®

Clinical Applications

Clinical Indications for Focused Cardiac Ultrasound

There are a number of common clinical scenarios where FOCUS has substantial literature support
and potential to impact clinical decision making and patient care. Utilization will continue to evolve with
technology and the changing needs of the patient. This consensus statement reflects current clinical
practice. The following sections review the clinical conditions and applicable techniques of FOCUS.

Cardiac Trauma

FOCUS has been an integral part of the evaluation of the blunt and penetrating trauma patient for
over 20 years. Extensive research and literature support has led to the incorporation of FOCUS into the
American Trauma Life Support training and treatment algorithm as part of the Focused Assessment with
Sonography in Trauma or FAST exam.*® The FAST exam aims to identify active hemorrhage post-
trauma by evaluating for the presence of fluid - around the heart, in the thoracic cavity and in the
peritoneum. FOCUS is part of the FAST exam and is used to evaluate for the presence of pericardial
effusion (and thus the identification of possible cardiac injury which may require immediate surgical
attention). Additionally, the presence or absence of organized ventricular contractility can be assessed.
Performing emergent FOCUS as part of the FAST exam has improved outcomes by decreasing the time
required to diagnose and treat traumatic cardiac and thoracic injury in those patients requiring emergent
thorocotomy or laparotomy.*** Not only have trials shown decreased morbidity by incorporating FOCUS
into trauma diagnostic evaluations, but use of FOCUS in penetrating trauma has also been shown to have
a mortality benefit.>”***! The use of FOCUS in trauma patients has since become standard of care in
trauma centers.

In addition to the identification of pericardial effusions, cardiac contusions can be identified by
depressed wall motion and decreased myocardial contractility. This diagnosis can be difficult, however,
since the trauma patient’s underlying medical condition is often not known and the evaluation of
segmental wall motion abnormalities is challenging. In many cases, these patients will have follow-up
comprehensive echocardiograms so that the degree of contractile dysfunction can be quantified and
monitored over time.

Cardiac Arrest

The patient in cardiac arrest requires initiation of Advanced Cardiac Life Support (ACLYS)
treatment algorithms and rapid diagnostic evaluation for potentially treatable or reversible causes of
cardiac arrest. The goal of the FOCUS in the setting of cardiac arrest is to improve the outcome of
cardiopulmonary resuscitation by: 1. identifying organized cardiac contractility to help the clinician
distinguish between asystole, pulseless electrical activity (PEA) and pseudo-pulseless electrical activity,
2. determining a cardiac etiology of the cardiac arrest and, 3. guiding life-saving procedures at the
bedside.'%%%

In a patient with no ventricular cardiac contraction and an asystolic electrocardiogram, the
survival rate is low despite aggressive ACLS resuscitation. In patients presenting to the emergency
department with asystolic rhythms and no ventricular contractility by FOCUS after attempts at
resuscitation with pre-hospital ACLS, survival is unlikely.**%

True PEA is defined as the clinical absence of ventricular contraction despite the presence of
electrical activity, while pseudo-PEA is defined as the presence of ventricular contractility visualized on



cardiac ultrasound in a patient without palpable pulses.**3*3 Therefore, making the diagnosis of pseudo-
PEA can be of diagnostic and prognostic importance. Patients with pseudo-PEA have some observable,
although minimal, cardiac output and have a higher survival rate, in part because there are often
identifiable and treatable causes of their arrest.**3>*"3 While there is ample literature to support that
causes of PEA and pseudo-PEA can be identified with FOCUS (see hypotension/shock section to follow),
research is now focused on patient outcomes. Identification of causes of PEA arrest by FOCUS with zero
or minimal interruption in cardiopulmonary resuscitation improves outcomes by decreasing time to
treatment and to return of spontaneous circulation.’** FOCUS is only recommended in PEA and
asystolic rhythms and should not delay life-saving treatment of ventricular arrhythmias. These patients
should be stabilized and a comprehensive echocardiogram, looking for potential specific structural
abnormalities such as hypertrophic cardiomyopathy or RV dysplasia, can be performed at a later point.*
Hypotension/Shock

FOCUS for the hypotensive patient is a continuum from its use in cardiac arrest. For patients
presenting with undifferentiated hypotension, the primary advantage of FOCUS is in determining whether
the shock is cardiogenic. Shock requires aggressive early intervention in order to prevent organ
dysfunction due to inadequate tissue perfusion. Therefore, the distinction of cardiogenic shock from
shock of other etiologies is extremely important. The FOCUS exam, as previously stated, should evaluate
for the presence of pericardial effusion, global cardiac function, right ventricular size, and inferior vena
cava size/collapsibility as a marker of central venous pressure. In the right clinical context, this evaluation
can direct the clinician at the bedside in important next treatment interventions, optimize diagnostic
efficiency, as well as assess the response to performed interventions.*®%

FOCUS can give vital information regarding the presence, size, and functional relevance of a
pericardial effusion as a cause of hemodynamic instability and can expedite pericardiocentesis with fewer
complications and a higher success rate.*”*! Evaluation of right ventricular size in the peri-arrest patient
may lead the clinician to consider thrombolytics if the clinical scenario and the FOCUS findings (see
previous section on right ventricular enlargement) suggest massive pulmonary embolus.'®? It is worth
reiterating that the absence of these findings cannot be used to exclude the presence of a clinically
significant pulmonary embolism, although identifying an enlarged RV in an unstable patient can lead to
life-saving therapy.'® Studies have shown that global systolic function can be assessed accurately by
FOCUS.'**" Identification of poor but detectable left ventricular systolic function indicates a need for
further inotropes or mechanical support. In the peri-arrest patient, assessment of ventricular contraction
by FOCUS can determine whether transcutaneous or transvenous pacing is capturing successfully.*?*
Finally, the finding of a hyperdynamic left ventricle can prompt evaluation for hypovolemia or suggest
sepsis or massive pulmonary embolus as a diagnosis in the right clinical scenario.

In those rare but catastrophic instances where pacemaker placement results in ventricular
perforation, the ability to identify pericardial effusions can expedite operative repair. In the post
resuscitation phase, however, patients can benefit from a comprehensive echocardiogram which can
provide essential information in monitoring cardiac function and in assessing the impact of resuscitative
measures on a patient’s hemodynamics.

In a patient with shock, a collapsed vena cava should prompt an ultrasound evaluation of the
peritoneal cavity to look for abdominal hemorrhage.***

Dyspnea/Shortness of Breath

Dyspnea is a Class | indication for comprehensive echocardiography. For patients presenting with
acute dyspnea and shortness of breath, the three main goals for FOCUS in this instance are to rule out
pericardial effusion, identify global left ventricular systolic dysfunction, and assess the size of the right
ventricle as a proxy for indicating the presence or absence of a hemodynamically significant pulmonary
embolus, all discussed above.

However, complete evaluation of dyspnea in patients requires comprehensive echocardiography
to evaluate diastolic function, pulmonary artery pressures as well as to evaluate for pericardial disease and
valvular heart disease.>* While the presence of significantly stenotic valves or regurgitant lesions using



2D and color Doppler technigues may be suggested by a FOCUS, full evaluation requires the quantitative
analysis provided by a comprehensive echocardiogram.47-48

Chest pain

The life-threatening chest pain syndromes where FOCUS may be helpful are in the evaluation of
patients with a hemodynamically significant pulmonary embolus (discussed above) or in screening
patients with suspected aortic dissection.

Whereas comprehensive echocardiography could provide information about the extent of
dissection and complications, the role of FOCUS in patients with suspected aortic dissection is to look for
pericardial or pleural effusions and to assess the diameter of the aortic root. An aortic root greater than 4
cm is suggestive of type A dissection and should raise the clinical suspicion for disease, although it is
important to state that a negative FOCUS or even a negative comprehensive transthoracic echocardiogram
does not rule out aortic dissection and further imaging and diagnostic studies should be considered for
definitive diagnosis and characterization.

Chest pain is also a Class | indication for the use of comprehensive echocardiography in patients
with chest pain due to suspected acute myocardial ischemia when the baseline electrocardiogram is non-
diagnostic.”*° Given that segmental wall motion and wall thickening analysis are some of the most
technically demanding aspects of echocardiographic interpretation, FOCUS should not be used primarily
for this purpose. Comprehensive echocardiography interpreted by experienced readers is recommended
for evaluation of segmental wall motion.

Training and Performance

Both the American Society of Echocardiography and the American College of Emergency
Physicians have produced written guidelines and documents on the training of physicians and
sonographers using cardiac ultrasound and echocardiography. It is recognized that the training
requirements for comprehensive echocardiography are not the same as those for FOCUS, and therefore
each society is responsible for maintaining the integrity of their training protocols and for ensuring the
responsible practice and use of these imaging techniques.

Comprehensive echocardiography training guidelines have been described by the American
Society of Echocardiography and are documented in the position paper ACC/AHA Clinical Competence
Statement on Echocardiography. These training guidelines are applicable for those physicians and
practitioners who perform comprehensive echocardiography.”*

Emergency ultrasound training guidelines for all emergency ultrasound examinations, including
the FAST and FOCUS exams, have been described by the American College of Emergency Physicians
and are documented in their position paper Emergency Ultrasound Guidelines.*?

For all “minimum?” training numbers, it is essential that the trainee have acquired and interpreted
ultrasound images that represent the full range of diagnostic possibilities for that training level. Therefore,
both focused cardiac ultrasound and comprehensive echocardiography trainees are required to have a case
mix of positive and negative studies that include the breadth of pathology expected to be recognized by a
given level of training. In the event this is not achieved with the minimum number of cases required for
training (and indeed even if it is), trainees should complement their learning by using a library of
educational cardiac ultrasound cases that depict the various pathologies outlined in this document. It is
also understood that the performance of FOCUS requires standards consistent with the quality assurance
processes for all diagnostic imaging performed within the hospital. Any program that utilizes FOCUS to
make clinical decisions must have quality assessment reviews of scan quality both internally and
externally comparing interpretations to pathologic and surgical data as well as clinical outcomes and final
diagnoses, preferably on an annual basis. Quality assurance for FOCUS is essential and can be performed
by correlating FOCUS findings with non-ultrasound imaging results (i.e., computed tomography),
comprehensive echocardiography findings, or with over-read review by qualified experts (physicians with




fellowship training or credentialing in either echocardiography or emergency ultrasound). It is strongly
recommended that training occur in conjunction with a comprehensive echo lab whenever possible.

In addition, it is recognized that expertise in both FOCUS and echocardiography requires ongoing
continuing education programs. Competency assessment, including ongoing performance assessment
reviews and didactic educational programs, are required by both ASE and ACEP. Both organizations are
committed to maintaining high standards and are responsible for ensuring maintenance of proficiency in
their respective organizations.

Device Selection

The major issues that define compact ultrasound (CUS) device selection involve cost, portability,
image quality, and user expertise. If users are available who can operate and interpret the advanced
cardiac imaging tools, a full featured, high-end platform may be appropriate. Cart based or handheld
portable devices are smaller, simpler to use and less expensive. The small size of these platforms allows
their use in nearly any emergent setting and has shown potential for pre-hospital diagnostic use.” In the
emergency department, physician use of portable machines substantially increases the detection of
cardiovascular abnormalities over physical examination alone and increases diagnostic accuracy.”® The
need to use the same ultrasound platform to image non-cardiac structures will have the greatest influence
over platform selection, as not all devices suitable for cardiac use will accommodate the transducers
required for other imaging applications.

Image Archival and Report Generation for Focused Cardiac Ultrasound

Given that the increasing use of FOCUS in the emergency department is a result of its impact on
patient care and clinical decision making in both treatment and follow-up diagnostic testing, image
archival is essential during regular hospital operations. All hospital based ultrasound systems used for
FOCUS should possess a method for recording data onto a media format that allows for offline review
and archiving. The ultrasound examination should be documented within the medical record and
depending on the individual hospital’s documentation system can include paper records or computer
generated reports. A written or electronic description of the findings should be completed before the
patient leaves the emergency department unless the patient’s condition requires emergent transfer to
another department, at which time verbal reporting of the findings is acceptable, followed by the written
or electronic report at a later time. Official reports should be consistent with the real-time interpretation
provided or a notification of substantive changes should be forwarded to medical records, as well as the
patient or the patient’s physicians as appropriate.
Reports should include:
Date and time of study
Name and hospital ID number of patient
Patient age (date of birth) and gender
Indication for study
Name of the person who performed the study
Findings
Limitations and recommendations for additional studies
Impression
Name of the person who interpreted the study
10 Date and time the report was signed
11. Mode of archiving the data.

WoNoOk~wWNE

Integration and Evolution in Focused Cardiac Ultrasound

The use of FOCUS requires knowledge of the strengths and limitations of this imaging modality.
There are limitations of the FOCUS exam secondary to both the nature of the exam and the training of the
individual interpreting the study. Evaluation of valvular heart disease, diastolic function and segmental
wall motion analysis are examples of cardiac abnormalities that should eventually be assessed by



comprehensive echocardiography. Abnormal findings on FOCUS should be referred for comprehensive
echocardiography, other testing, or consultation when the situation allows for this to be done safely.
However, FOCUS can identify pathologic processes which can guide resuscitative interventions and be
life-saving. In the end, patient care will be assisted by cooperation between these two professional groups
who are both dedicated to the rapid and accurate diagnosis and treatment of patients utilizing this valuable
technology.

NOTICE AND DISCLAIMER: This report is made available by ASE as a courtesy reference source for
its members. This report contains recommendations only and should not be used as the sole basis to make
medical practice decisions or for disciplinary action against any employee. The statements and
recommendations contained in this report are primarily based on the opinions of experts, rather than on
scientifically-verified data. ASE makes no express or implied warranties regarding the completeness or
accuracy of the information in this report, including the warranty of merchantability or fitness for a
particular purpose. In no event shall ASE be liable to you, your patients, or any other third parties for any
decision made or action taken by you or such other parties in reliance on this information. Nor does your
use of this information constitute the offering of medical advice by ASE or create any physician-patient
relationship between ASE and your patients or anyone else.
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