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Abstract

In February 2023, the American Board of Emergency Medicine (ABEM) approved

modifications to the Advanced Emergency Medicine Ultrasonography (AEMUS) Core

Content, which defines the areas of knowledge considered essential for the practice

of AEMUS. This manuscript serves as a revision of the AEMUS Core Content origi-

nally published in 2014. The revision of the Core Content for AEMUS training aims

to establish standardized education and qualifications necessary for AEMUS fellow-

ship program leadership, clinical application, administration, quality improvement, and

research. The Core Content provides the organizational framework and serves as

the basis for the development of content for the Focused Practice Examination (FPE)

administered by ABEM. AEMUS fellowship directors may reference the Core Con-

tent when designing AEMUS fellowship curricula to help prepare graduates for the

autonomous practice of AEMUS and the FPE. In this article, an updated revision of the

previously published AEMUS Core Content is detailed, and the entire development of

the Core Content is presented.
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1 INTRODUCTION

Advanced Emergency Medicine Ultrasonography (AEMUS) refers to

the use of point-of-care ultrasound (POCUS) techniques by ultra-

sound fellowship-trainedemergencyphysicians to evaluate emergency

department patients.1 Fellowships in AEMUS have been formed to

equip emergency physicians with competencies to supervise the edu-

cation, clinical use, and administration of clinical ultrasound as well as

to offer research training in the field.2,3 Currently, there exists 138

AEMUS fellowships and a considerable number of them accommodate
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multiple fellows.4 TheEmergencyUltrasoundFellowshipAccreditation

Council (EUFAC) was created to provide accreditation for AEMUS Fel-

lowship programs.5 To-date, there are 115 EUFAC-accredited AEMUS

programs. Only training that is completed in a EUFAC-accredited

AEMUS fellowship programs at the time of the fellow’s graduation will

meet the eligibility requirements for the Focused Practice Designa-

tion (FPD) in AEMUS offered by the American Board of Emergency

Medicine (ABEM). A “Core Content” document defines the funda-

mental knowledge for a specific academic discipline and serves as

the foundation for developing the curriculum, providing education,
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and testing. Mastery of the AEMUS Core Content is attained by fel-

lows through distinct and specialized postgraduate training, which

goes beyond the education received during an Emergency Medicine

residency.6,7

In 2007, a subcommittee for subspecialty development was formed

within the Ultrasound Section of the American College of Emergency

Physicians (ACEP) to explore a board certification pathway for fel-

lowship training in clinical ultrasound. In May 2013, ABEM held its

first meeting with the Clinical Ultrasonography Task Force (CUTF).

The CUTF served as an external, independent body that provided con-

tent expertise to ABEM regarding the knowledge, skills, and abilities

expected for a physician with recognized AEMUS expertise. Mem-

bers of the CUTF represented the fellowship training and specialty

societies for AEMUS. The CUTF provided feedback on the Core Con-

tent that would later serve as the basis for a pathway forward for

board certification. Accordingly, the CUTF generated the first Core

Content document in collaboration with ACEP, ABEM, and the Soci-

ety for Academic EmergencyMedicine (SAEM); the first Core Content

was published in 2014.8 It was a result of evidence-based practice

and defined the comprehensive set of knowledge required to practice

AEMUS.

The Core Content of AEMUS first published in 2014 encompasses

a range of ultrasound applications in which fellows are expected to

demonstrate competence in by the end of their training.9 The inclusion

of cardiac, lung, abdominal, renal, vascular,musculoskeletal, soft tissue,

procedural, and other ultrasound applications is supported by exten-

sive evidence demonstrating their diagnostic accuracy and impact on

patient outcomes.9-11 The Focused Assessment With Sonography for

Trauma (FAST) exam demonstrates high diagnostic accuracy in detect-

ing intra-abdominal free fluid, leading to reduced time to intervention

and improved patient outcomes in trauma settings.12,13 Evidence has

shown that bedside cardiac ultrasound improves the accuracy of diag-

nosing pathologies such as pericardial effusion, cardiac tamponade,

cardiomyopathy, and pulmonary embolism in a timely manner, guides

appropriate interventions, and reduces morbidity and mortality.14-17

Furthermore, cardiac ultrasound enhances the assessment of cardiac

contractility and assists in guiding resuscitation efforts during cardiac

arrest.18,19 The evidence supporting the use of the abdominal and

renal ultrasound and its impact on patient outcomes is substantial.20-23

Numerous studies have demonstrated the diagnostic accuracy and

reliability in detecting conditions such as appendicitis, cholecysti-

tis, nephrolithiasis and abdominal aortic aneurysm and so forth.21-29

Studies have consistently shown the diagnostic accuracy of pelvic

ultrasound in detecting various obstetric conditions, including abnor-

mal intrauterine pregnancy, ectopic pregnancy, and miscarriage.30-32

Theprompt and accurate detectionof these conditions allows for expe-

dited interventions, including surgical interventions if necessary. The

rationale for the inclusion of vascular ultrasound in the Core Content

is supported by robust evidence demonstrating the high accuracy of

bedside lower extremity compression ultrasound in diagnosing deep

vein thrombosis.33-35 It aids in the prompt initiation of anticoagu-

lation therapy, preventing complications associated with deep vein

thrombosis. Multiple studies have demonstrated the high sensitivity

and specificity of thoracic ultrasound in diagnosing pneumothorax,

pleural effusion, and pulmonary edema.36-39 These findings provide

compelling evidence supporting the inclusion of thoracic ultrasound

in the Core Content. Similarly, procedural ultrasound has become an

integral part of AEMUS Core Content due to the strong evidence

supporting its ability to improve the safety and success rates of inva-

sive procedures performed in the emergency department.40-43 The

inclusion of other ultrasound applications, such as musculoskeletal,

soft tissue, ocular ultrasound, in the Core Content was well-founded

on a growing body of evidence.44-48 Additionally, the Core Content

outlined the skills required to oversee clinical ultrasound operations,

including quality improvement, to help ensure patient safety. Although

mastering AEMUS technical and interpretation skills is crucial, it is

equally important for fellowship trainees to develop proficiency in

ultrasound research, administration, program management, and edu-

cator skills. Research skills contribute to the advancement of the field,

enhance critical thinking, and establish fellows as leaders and innova-

tors. Administration and program management skills ensure effective

implementation of ultrasound programs, optimizing patient care and

resource utilization. Educator skills enable fellows to effectively teach

and mentor others, fostering a culture of continuous learning and pro-

moting high-quality ultrasound practice. By acquiring these additional

competencies, fellowship trainees contribute to the overall advance-

ment of AEMUS, improving patient care, and driving change in the

field.

To ensure greater content validity, ABEM convened 2 focus groups

during the May 2015 SAEM meeting to assist in defining the AEMUS.

The attendees included AEMUS thought leaders, who served as an

independent third party to provide thoughtful feedback to ABEM

regarding the AEMUS Core Content. Additionally, ABEM-certified

physicians participated to share insights into the ultrasonography

skills that emergency physicians should possess, even without AEMUS

training. The focus groups were tasked with critically reviewing the

AEMUS knowledge, clinical practice, and administrative responsibil-

ities expected from a physician certified by ABEM. The conclusions

drawn by the focus groups reaffirmed the conceptual framework for

the AEMUS Core Content, highlighting that AEMUS encompasses

more than the skillset of an emergency physician sonologist. The

expected knowledge and skills of these physicians include expertise in

process improvement, advancing the field, and knowledge translation.

InMarch2017, theAmericanBoardofMedical Specialties approved

the AEMUS FPD.49 This specific FPD recognizes expertise held by

ABEM certified emergency physicians with sophisticated, comprehen-

sive knowledge of AEMUS. ABEM used the AEMUS Core Content

as the basis for developing blueprint and examination questions for

the Focused Practice Examination (FPE) first administered in March

2022. The FPE measures the breadth and depth of knowledge that is,

expected of a physician with content expertise in AEMUS. Fellowship

directors and certification candidates were apprised of the complete

range of content that could potentially appear on certification exam-

inations through the Core Content document. Moreover, the Core

Content served as a template for designing the curricula for AEMUS

fellowship training programs in the United States.
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ABEM issued its first AEMUS FPDs in the Spring of 2022. To date,

the AEMUS FPE was based on the Core Content published in 2014.

Recognizing AEMUS as an evolving area of expertise, aWorkingGroup

of theAEMUSCommitteeof theABEMevaluatedand revised the2014

Core Content to reflect current AEMUS practice and ensure relevant

content in the FPE. In February 2023, the ABEM approved modifi-

cations to the 2014 AEMUS Core Content. Beginning in 2024, the

biennial AEMUS FPE will be based on the 2023 AEMUS Core Con-

tent. We aim to delineate the process used to update the previously

published AEMUS Core Content and present the complete 2023 Core

Content.

2 METHODS

In Fall 2020, ABEMconducted a job analysis questionnaire (JAQ) based

on the 2014 AEMUS Core Content. This survey served 2 purposes:

to determine whether changes were required to the Core Content

and to consider whether changes in the field would lead to a different

assessment blueprint. The JAQ was sent to 713 emergency physician

sonologists solicited from a list of members from the Society of Clin-

ical Ultrasound Fellowships (SCUF). Participants were also asked to

assess the frequency and importanceof line itemswithin theCoreCon-

tent. To address concerns of response fatigue, the Core Content was

divided into Form A and Form B. The JAQ response rate was 25% for

Form A and 18% for Form B, which was similar to response rates from

ABEM’s other subspecialty JAQs, Emergency Medical Services and

Medical Toxicology. Themajority of respondents (68%, N= 90) work in

an academic medical center. On average, JAQ respondents have used

ultrasound in their clinical practice for 9.97 years (SD= 5.73). Approxi-

mately one-third of respondents (30%,N=40) described their primary

work site as urban, 8% (N = 10) described their primary work site as

suburban, and 4% (N = 5) described their work site as state, regional,

or rural.

In 2022, aWorking Groupwithin the AEMUS Examination Commit-

tee was charged with updating the 2014 Core Content document and

improving the framework that conceptualized the expanding body of

knowledge of AEMUS. The Working Group is comprised of 4 ABEM-

certified emergency physicians (who are either current or former

AEMUS fellowship directors) and ABEM staff members with exper-

tise in psychometrics and examination design and development. ABEM

followed the same approach as with its other subspecialties (Medi-

cal Toxicology and Emergency Medical Services) to revise the Core

Content.50,51

The development of the 2023AEMUSCoreContent used a detailed

analysis of the2014CoreContent documents and reviewof the results

of a job analysis conducted in 2020. Updates to the Core Content were

incorporated based on the consensus opinion of the Working Group

and the feedback provided by the JAQ respondents. It is designed to

assist fellows in preparing for the FPE, fellowship program directors in

designing curriculum, test item writers in developing items, and test

designers in assembling the AEMUS FPE. The revised Core Content

includes topics that are clinically relevant, and of potentially growing

importance, while limiting the specificity of knowledge that should be

expected of a candidate for AEMUS FPD.52 Additional attention was

directed towardmore appropriately categorizing topic areas, updating

terminology, and limiting redundancy to improve clarity and usefulness

for the AEMUS community.

The 2014 Core Content was independently reviewed by 3 Work-

ing Group members initially to recommend potential edits. Each item

was meticulously reviewed to determine its importance to the current

practice of AEMUS. One of the goals of the Working Group was to

reorganize the Core Content by focusing on clinical relevance. Each

recommendation was subsequently discussed by all 4 Working Group

members and ABEM staff members. The final version was based on

consensus among all participants. The Working Group members then

reviewed the entire document for consistency and presented the draft

Core Content to the ACEP, SAEM and SCUF leadership for public com-

ment. The ultrasonography sections and academies within Emergency

Medicine served as the independent voice of content expertise. Addi-

tional edits were made based on recommendations from the ACEP,

SAEM, and SCUF leadership. After final editing and cross-referencing,

the 2023 Core Content document was referred to the ABEM Board of

Directors for approval.

The 2023 Core Content remains divided into 4 broad categories

(Table 1): 1.0 Image Acquisition and Interpretation Skills, 2.0 Educa-

tion Skills, 3.0 Research skills, and 4.0 Administration Skills. Each of

these categories is further divided into broad topics and subtopics. The

summary of 2022 AEMUS Working Group Core Content changes is

included in Table 2. The AEMUS Committee adopted the 2023 Core

Content of AEMUS as a better reflection of the current practice of

AEMUS by emergency physicians.

3 DISCUSSION

Recognizing that the AEMUS Core Content will be used by fellow-

ship directors to design curricula, theWorking Group aimed to include

advances in AEMUS practice, additional topics, decrease ambigu-

ity, and increase clarity and clinical relevance of the Core Content

items. Likewise, certain sections were expanded to be more consistent

with their relative weight in current AEMUS practice. This document

presents a structured framework for fellowship training in clinical

ultrasound applications, education, research, and administrative skills.

In addition, it provides guidance and instruction to fellowship direc-

tors and candidates and will be utilized as a foundation for developing

future certification and examination questions. The Core Content is

a guideline and, while no guideline encompasses every aspect of a

topic, the Working Group felt that it was important to be specific,

when possible. For example, the subsection that is, listed as “First

Trimester Assessment” was updated to remove blighted ovum and

include new topics, such as anembryonic pregnancy, subchorionic hem-

orrhage, fetal demise, spontaneous abortion, retained products of

conception, ectopic pregnancy, and molar pregnancy. The Working

Group also added topics related to technology that are increas-

ingly used in clinical practice, such as continuous wave Doppler and
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TABLE 1 2023 Advanced EmergencyMedicine Ultrasonography
Core Content.

1.0 Image acquisition and interpretation skills

1.1 Clinical Ultrasonography FellowCore Content

1.1.1 Physics

1.1.1.1 Basic

1.1.1.1.1 Artifacts

1.1.1.1.2 Knobs

1.1.1.1.3 Planes

1.1.1.1.4 Properties of soundwaves

1.1.1.1.4.1 Background physics

1.1.1.1.4.2 Display

1.1.1.1.4.3 Image resolution

1.1.1.1.4.4 Transducers

1.1.1.1.4.5 Ultrasound beam

1.1.1.1.4.6Miscellaneous

1.1.1.1 Advanced

1.1.1.2.1 Aliasing

1.1.1.2.2 Doppler techniques

1.1.1.2.2.1 Color

1.1.1.2.2.2 Spectral

1.1.1.2.2.3 Continuous wave Doppler

1.1.1.2.2.4 Tissue Doppler

1.1.1.1.2.5Miscellaneous

1.1.1.3 Biological effects and safety

1.1.2 Cardiac

1.1.2.1 Basic

1.1.2.1.1 Cardiac arrest

1.1.2.1.2 Global left ventricular function

1.1.2.1.3 Global right ventricular size

1.1.2.1.4 Pericardial fluid

1.1.2.1.5 Tamponade physiology

1.1.2.1.6 Inferior vena cava

1.1.2.2 Advanced

1.1.2.2.1 Advanced views

1.1.2.2.1.1 Suprasternal notch

1.1.2.2.1.2 Right ventricular outflow

1.1.2.2.2 Aortic root assessment

1.1.2.2.3 Cardiac output assessment

1.1.2.2.4 Chamber size, pressure, and comparison

1.1.2.2.5 Regional wall motion abnormalities

1.1.2.2.6 Valvular assessment

1.1.2.2.7 Global right ventricular function

1.1.2.2.8 Diastolic function

1.1.2.2.9 Transesophageal echocardiogram

(Continues)

TABLE 1 (Continued)

1.1.3 Chest and lung

1.1.3.1 Basic

1.1.3.1.1 Pleural fluid

1.1.3.1.2 Pneumothorax

1.1.3.1.3 Alveolar interstitial syndrome

1.1.3.2 Advanced

1.1.3.2.1 Consolidation

1.1.3.2.2 Pleural disease

1.1.3.2.3 Pulmonary edema

1.1.3.2.4 Pneumonia

1.1.3.2.5 Atelectasis

1.1.3.2.6 Chronic obstructive pulmonary disease

1.1.3.2.7 Diaphragm

1.1.4 Aorta

1.1.4.1 Basic

1.1.4.1.1 Abdominal aortic aneurysm

1.1.4.1.2 Abdominal aortic branches

1.1.4.2 Advanced

1.1.4.2.1 Aortic dissection

1.1.4.2.2 Periaortic structures (veins, lymph, etc.)

1.1.5 Renal

1.1.5.1 Basic

1.1.5.1.1 Hydronephrosis

1.1.5.1.2 Bladder volume

1.1.5.2 Advanced

1.1.5.2.1 Cysts

1.1.5.2.1.1 Simple

1.1.5.2.1.2 Complex

1.1.5.2.2Masses

1.1.5.2.3 Renal vessel assessment

1.1.5.2.4 Renal parenchymal assessment

1.1.5.2.5 Renal transplant

1.1.5.2.6 Stone assessment

1.1.5.2.6.1 Ureteral jets

1.1.5.2.6.2 Twinkling artifact

1.1.5.2.7 Renal size

1.1.6Male genito-urinary

1.1.6.1 Basic

1.1.6.2 Advanced

1.1.6.2.1 Scrotum and scrotal contents

1.1.6.2.1.1 Abscess and cellulitis

1.1.6.2.1.2 Hydrocele

1.1.6.2.1.3 Varicocele

1.1.6.2.1.4 Hernia

(Continues)
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TABLE 1 (Continued)

1.1.6.2.2 Testicle

1.1.6.2.2.1 Cysts

1.1.6.2.2.2 Epididymo-orchitis

1.1.6.2.2.3Masses/calcifications

1.1.6.2.2.4 Parenchymal assessment

1.1.6.2.2.5 Torsion

1.1.6.2.2.6 Trauma

1.1.7 Hepatobiliary

1.1.7.1 Basic

1.1.7.1.1 Cholelithiasis

1.1.7.1.2 Cholecystitis

1.1.7.1.3 Choledocholithiasis

1.1.7.2 Advanced

1.1.7.2.1 Gallbladder and biliary tree

1.1.7.2.1.1 Ductal assessment

1.1.7.2.1.2Masses

1.1.7.2.1.3 Polyps

1.1.7.2.1.4 Sludge

1.1.7.2.1.5Wall assessment

1.1.7.2.1.5.1 Adenomyomatosis

1.1.7.2.1.5.2 Emphysematous cholecystitis

1.1.7.2.1.5.3 Global and focal wall thickening

1.1.7.2.1.5.4 Pericholecystic abnormalities

1.1.7.2.2 Liver

1.1.7.2.2.1 Cysts

1.1.7.2.2.2 Pneumobilia

1.1.7.2.2.3Masses

1.1.7.2.2.4 Parenchymal assessment

1.1.7.2.3 Portal vein Doppler

1.1.7.2.4 Portal venous thrombosis

1.1.7.2.5 Intraductal dilation

1.1.8 Other abdomen

1.1.8.1 Trauma

1.1.8.1.1 Basic (see integrated examinations section)

1.1.8.1.2 Advanced (see integrated examinations section)

1.1.8.2 Non-trauma

1.1.8.2.1 Basic

1.1.8.2.1.1 Peritoneal fluid assessment

1.1.8.2.2 Advanced

1.1.8.2.2.1 Appendix

1.1.8.2.2.2 Gastric ultrasound

1.1.8.2.2.2.1 Pyloric stenosis

1.1.8.2.2.2.2 Gastric contents/volume

(Continues)

TABLE 1 (Continued)

1.1.8.2.2.3 Bowel

1.1.8.2.2.3.1 Ileus

1.1.8.1.2.2.3.2 Intussusception

1.1.8.2.2.3.3 Obstruction

1.1.8.2.2.3.4 Colitis/diverticulitis

1.1.8.2.2.4 Hernias

1.1.8.2.2.5 Pancreas

1.1.8.2.2.5.1Masses

1.1.8.2.2.5.2 Pseudocysts

1.1.8.2.2.6 Pneumoperitoneum

1.1.8.2.2.7 Spleen

1.1.8.2.2.7.1 Cysts

1.1.8.2.2.7.2 Disruption of internal architecture

1.1.8.2.2.7.3Masses

1.1.8.2.2.7.4 Parenchymal assessment

1.1.8.2.2.7.5 Splenic size

1.1.9 Ocular

1.1.9.1 Basic

1.1.9.1.1 Retinal detachment

1.1.9.1.2 Vitreous assessment

1.1.9.1.2.1 Detachment

1.1.9.1.2.2 Hemorrhage

1.1.9.2 Advanced

1.1.9.2.1 Extra-ocular muscle assessment

1.1.9.2.2 Foreign body

1.1.9.2.3 Lens dislocation

1.1.9.2.4 Optic nerve sheath diameter

1.1.9.2.5 Peri-orbital emphysema

1.1.9.2.6 Pupillary assessment

1.1.9.2.7 Retro-bulbar hematoma

1.1.9.2.8 Periorbital cellulitis/orbital cellulitis

1.1.9.2.9 Globe rupture

1.1.10 Female pelvis

Transabdominal and/or transvaginal approaches

1.1.10.1 Basic obstetrics

1.1.10.1.1 First trimester assessment

1.1.10.1.1.1 Intra-uterine pregnancy

1.1.10.1.1.1.1 Gestational sac

1.1.10.1.1.1.2 Yolk sac

1.1.10.1.1.1.3 Fetal heart rate

1.1.10.2 Simple cysts

1.1.10.3 Advanced obstetrics

1.1.10.3.1 First trimester assessment

1.1.10.3.1.1 Anembryonic pregnancy

(Continues)
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TABLE 1 (Continued)

1.1.10.3.1.2 Fetal dating

1.1.10.3.1.3 Subchorionic hemorrhage

1.1.10.3.1.4 Fetal demise

1.1.10.3.1.5 Spontaneous abortion

1.1.10.3.1.6 Retained products of conception

1.1.10.3.1.7 Ectopic pregnancy

1.1.10.3.1.8Molar pregnancy

1.1.10.3.2 Second and third trimester assessment

1.1.10.3.2.1 Amniotic fluid assessment

1.1.10.3.2.2 Fetal dating

1.1.10.3.2.3 Fetal station

1.1.10.3.2.4 Placental location

1.1.10.4 Advanced gynecology

1.1.10.4.1 Adnexa

1.1.10.4.1.1 Abscess

1.1.10.4.1.2 Cysts

1.1.10.4.1.3Masses

1.1.10.4.1.4 Torsion

1.1.10.4.2 Uterus

1.1.10.4.2.1 Cysts

1.1.10.4.2.2 Endometrioma

1.1.10.4.2.3Masses

1.1.11 Procedures

1.1.11.1 Basic

1.1.11.1.1 Abscess drainage

1.1.11.1.2 Foreign body removal

1.1.11.1.3 Paracentesis

1.1.11.1.4 Pericardiocentesis

1.1.11.1.5 Thoracentesis

1.1.11.1.6 Vascular access

1.1.11.1.7 Arthrocentesis

1.1.11.1.8 Regional anesthesia

1.1.11.2 Advanced

1.1.11.2.1 Cardiac pacer wire placement

1.1.11.2.2 Endotracheal tube evaluation

1.1.11.2.3 Guiding and verifying tube and catheter placement

1.1.11.2.3.1 Foley

1.1.11.2.3.2 Gastrostomy

1.1.11.2.3.3Midline catheter

1.1.11.2.4 Lumbar puncture

1.1.11.2.5 Cricothyrotomy

1.1.12 Venous/arterial assessment

1.1.12.1 Basic

1.1.12.1.1 Deep venous thrombosis lower extremity

1.1.12.1.2 Inferior vena cava

1.1.12.2 Advanced

(Continues)

TABLE 1 (Continued)

1.1.12.2.1 Deep venous thrombosis neck

1.1.12.2.2 Deep venous thrombosis upper extremity

1.1.12.2.3 Peripheral vein thrombophlebitis

1.1.12.2.4 Doppler evaluation

1.1.12.2.4.1 Arterial Doppler assessment

1.1.12.2.4.2 Pseudoaneurysm

1.1.12.2.4.3 Arteriovenous fistula

1.1.13 Soft tissue

1.1.13.1 Basic

1.1.13.1.1 Abscess

1.1.13.1.2 Cellulitis

1.1.13.1.3 Foreign body detection

1.1.13.2 Advanced

1.1.13.2.1 Fasciitis

1.1.13.2.2 Lymph node assessment

1.1.13.2.3Myositis

1.1.13.2.4 Soft tissuemasses

1.1.14Musculoskeletal

1.1.14.1 Basic

1.1.14.1.1 Effusion

1.1.14.1.2 Fractures

1.1.14.2 Advanced

1.1.14.2.1 Joints

1.1.14.2.2 Ligaments

1.1.14.2.3Muscles

1.1.14.2.4 Tendons

1.1.14.2.5 Bursae

1.1.15 Pediatrics

Assessment would include the relevant applications contained

within the curriculum, however, specifically focus on the

following:

1.1.15.1 Basic

1.1.15.1.1 FAST

1.1.15.2 Advanced

1.1.15.2.1 Appendix

1.1.15.2.2 Hip assessment

1.1.15.2.3 Intussusception

1.1.16Head and neck

1.1.16.1 Basic

1.1.16.1.1 Neckmasses

1.1.16.2 Advanced

1.1.16.2.1 Salivary glands

1.1.16.2.2 Thyroid cysts

1.1.16.2.3 Sinuses

1.1.16.3 Airway

1.1.16.3.1 Cartilages

1.1.16.3.2 Trachea

1.1.16.3.3 Vocal cords

(Continues)
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TABLE 1 (Continued)

1.1.17 Integrated examinations and syndromes

1.1.17.1 Basic trauma primary survey

1.1.17.1.1 Pericardial fluid

1.1.17.1.2 Peritoneal fluid

1.1.17.1.3 Pleural fluid

1.1.17.1.4 Pneumothorax

1.1.17.2 Advanced trauma secondary survey

1.1.17.2.1 Limited solid organ injury

1.1.17.2.2Musculoskeletal

1.1.17.2.3 Optic nerve sheath diameter

1.1.17.2.4 Soft tissue

1.1.17.3 Undifferentiated abdominal pain

1.1.17.4 Undifferentiated chest pain

1.1.17.5 Undifferentiated dyspnea

1.1.17.6 Undifferentiated hypotension

2.0 Education skills

2.1 Development of educational content

2.1.1 Assessment of content and curricular development

2.1.2 Didactic lecture preparation

2.1.3 Utilization of social media andmixedmedia

2.2 Presentation of educational content

2.2.1 Assessment of presentation content and organization

2.2.2 Oral presentation and speaking skills

2.2.3 Visual presentation skills

2.3 Bedside hands-on instruction

2.3.1 Assessment of hands-on educationmethods

2.4 Competency assessment of hands-on and theoretical skills

2.4.1 Evaluation of competency pathway comprehension

2.4.1.1 Accreditation

2.4.1.2 Certification

2.4.1.3 Credentialing

2.4.2 Evaluation of functional knowledge and cognitive abilities

2.4.2.1 Chart review

2.4.2.2 Image review

2.4.2.3 Lectures

2.4.2.4Written or online examinations

2.4.3 Evaluation of psychomotor skills

2.4.3.1 Direct observation assessments

2.4.3.2 Procedural competence

2.4.3.3 Scanning sessions

2.4.3.4 Simulator sessions

2.4.4 Evaluation of teaching skills

2.4.4.1 Direct observation

2.4.4.2 Lectures

2.4.4.3Written evaluations

(Continues)

TABLE 1 (Continued)

3.0 Research skills

3.1 Research didactic and coursework

3.1.1 Critical analysis of medical literature

3.1.2 Fundamental knowledge of epidemiology and biostatistics

3.1.3 Informed consent, legal, and ethics regulations

3.1.4 Research acquisition, analysis, and interpretation skills

3.2 Research project development

3.2.1 Question and hypothesis development

3.2.2 Literature search and review

3.2.3Methodology, data collection, management, and analysis

3.2.4 Institutional review board submission

3.3 Research project abstract andmanuscript preparation

3.4 Research education and administration

3.5 Fellowship research evaluation and assessment

4.0 Administration skills

4.1Quality improvement principles and program

4.1.1 Assessment and feedback strategy

4.1.2 Critical findings

4.1.3 Peer review

4.1.4 Sampling

4.1.5 Riskmanagement

4.1.6 Incidental findings

4.2 Leadership

4.2.1 Administrative oversight

4.2.2 Communication

4.2.3 Education oversight

4.2.3.1 Non-physicians

4.2.3.2 Physicians

4.2.4 Equipment oversight

4.2.5 Research oversight

4.2.6 Riskmanagement oversight

4.2.7Workflow solution oversight

4.2.8 System-wide ultrasound

4.3 Program systems

4.3.1 Disinfection principles

4.3.2 Equipment and hardware

4.3.2.1 Purchase

4.3.2.2Maintenance and cleaning

4.3.3 Safety principles

4.3.4Workflow design, software, and solutions

4.3.4.1 Electronic and digital interface

4.3.4.2 Image archiving

4.3.4.3 Policies and procedures

(Continues)
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TABLE 1 (Continued)

4.4 Relationships and networks

4.4.1 Biomedical engineering

4.4.1.1. Performance testing

4.4.2 Coders and billers

4.4.3 Hospital credentialing and privileging

4.4.4 Hospital purchasing

4.4.5 Industry

4.4.5.1 Conflict of interest

4.4.6 Infection control

4.4.7 Information technologists

4.4.8 Institutional review board

4.4.9 International organizations

4.4.10 Legal and risk management

4.4.11 Local organizations

4.4.12Materials management

4.4.13Medical staff services

4.4.14Other departments

4.4.15 National organizations

4.4.15.1 Non-governmental

4.4.15.1.1Multi-specialty

4.4.15.1.2 Specialty-specific

4.4.15.2 Governmental

4.4.15.2.1 Government agencies

4.4.15.2.2 Public health agencies

4.4.16Quality improvement committee

4.4.17 Prehospital ultrasound

4.5 Coding and billing

4.5.1 Coding

4.5.2 Documentation

4.5.3 Payer structure

4.5.4 Policy

4.5.4.1 State

4.5.4.2 National

4.5.5 Terminology

4.5.6 Denials

4.6 Economics

4.6.1Microeconomics

4.6.1.1 Allocation of resources

4.6.1.2 Basic accounting

4.6.1.3 Principles of department and division budgeting

4.6.2Macroeconomics

4.6.2.1 Allocation of resources

4.6.2.2 Billing

4.6.2.3 Departmental revenue

4.6.2.4 Hospital revenue

TABLE 2 Summary of 2022 Advanced EmergencyMedicine
Ultrasonography Core Content working group changes.

Location Description of change

1.1 Changed clinical ultrasonography fellow applications

content to clinical ultrasonography fellowCore

Content

1.1.1.1.4.2 Changed display andmonitors to display

1.1.1.1.4.6 Addedmiscellaneous

1.1.1.2.2.3 Added continuous waveDoppler

1.1.1.2.2.4 Added tissue Doppler

1.1.1.2.2.5 Addedmiscellaneous

1.1.1.4 Deleted performance testing

1.1.2.1.1 Changed asystole to cardiac arrest

1.1.2.1.6 Added inferior vena cava

1.1.2.2.1.1 Added suprasternal notch

1.1.2.2.1.2 Added right ventricular outflow

1.1.2.2.5 Changed regional wall motion to regional wall

motion abnormalities

1.1.2.2.7 Added global right ventricular function

1.1.2.2.8 Added diastolic function

1.1.2.2.9 Added transesophageal echocardiogram

1.1.3.1.3 Added alveolar interstitial syndrome

1.1.3.2.2 Deleted alveolar interstitial syndrome

1.1.3.2.3 Added pulmonary edema

1.1.3.2.4 Deleted rib and sternal fracture

1.1.3.2.4 Added pneumonia

1.1.3.2.5 Added atelectasis

1.1.3.2.6 Added chronic obstructive pulmonary disease

1.1.3.2.7 Added diaphragm

1.1.4.1.2 Added abdominal aortic branches

1.1.4.2.1 Deleted aortic arch assessment

1.1.4.2.2 Added periaortic structures (veins, lymph, etc.)

1.1.4.2.3 Deleted aortic root assessment

1.1.4.2.4 Deleted descending aorta assessment

1.1.4.2.5 Deleted thoracic aneurysm

1.1.5.1.2 Changed qualitative bladder volume to bladder

volume

1.1.5.2.1 Deleted artifacts

1.1.5.2.1.1 Deleted twinkling

1.1.5.2.3 Deleted congenital renal abnormalities

1.1.5.2.3 Changed renal Doppler to renal vessel assessment

1.1.5.2.5 Deleted quantitative bladder volume

1.1.5.2.6.2 Added twinkling artifact

1.1.5.2.7 Added renal size

1.1.6.2.1.4 Added hernia

1.1.6.2.2.3 Changedmasses tomasses/calcifications

1.1.6.2.2.6 Added trauma

(Continues)
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TABLE 2 (Continued)

Location Description of change

1.1.7.1.2 Added cholecystitis

1.1.7.1.3 Added choledocholithiasis

1.1.7.2.1.5.4 Changed pericholecystic fluid to pericholecystic

abnormalities

1.1.7.2.1.5.5 Deleted porcelain gallbladder

1.1.7.2.2.2 Changed disruption of internal architecture to

pneumobilia

1.1.7.2.5 Added intraductal dilation

1.1.8.2.2.2 Added gastric ultrasound

1.1.8.2.2.2.1 Added pyloric stenosis

1.1.8.2.2.2.2 Added gastric contents/volume

1.1.8.2.2.3.4 Deleted pyloric stenosis

1.1.8.2.2.3.4 Added colitis/diverticulitis

1.1.8.2.2.7.5 Added splenic size

1.1.9.1.1 Deleted undifferentiated vitreous chamber

pathology

1.1.9.1.1 Added retinal detachment

1.1.9.1.2 Changed vitreous detachment and hemorrhage to

vitreous assessment (wasmoved from 1.1.9.2.9)

1.1.9.1.2.1 Added detachment

1.1.9.1.2.2 Added hemorrhage

1.1.9.2.7 Deleted retinal detachment

1.1.9.2.8 Added periorbital cellulitis/orbital cellulitis

1.1.9.2.9 Changed vitreous detachment and hemorrhage to

globe rupture

1.1.10.1.1.1.3 Changed fetal assessment to fetal heart rate

1.1.10.1.2 Deleted free fluid

1.1.10.2 Changed basic gynecology to simple cysts

1.1.10.3.1.1 Changed blighted ovum to anembryonic pregnancy

1.1.10.3.1.4 Added fetal demise

1.1.10.3.1.5 Added spontaneous abortion

1.1.10.3.1.6 Added retained products of conception

1.1.10.3.1.7 Added ectopic pregnancy

1.1.10.3.1.8 Addedmolar pregnancy

1.1.10.3.2 Changed second trimester assessment to second and

third trimester assessment

1.1.10.3.2.1 Deleted fetal dating

1.1.10.3.3 Deleted third trimester assessment

1.1.10.3.3.1 Deleted adnexa (see below)

1.1.10.4.1.3 Deleted ectopic pregnancy

1.1.10.4.2.2 Changed endometritis to endometrioma

1.1.10.4.2.4 Deleted retained products of conception

1.1.11.1.7 Added arthrocentesis

1.1.11.1.8 Added regional anesthesia

1.1.11.2.1 Deleted arthrocentesis

1.1.11.2.3.3 Changed PICC catheter tomidline catheter

(Continues)

TABLE 2 (Continued)

Location Description of change

1.1.11.2.5 Added cricothyrotomy

1.1.11.2.6 Deleted regional anesthesia

1.1.12.2.3 Added peripheral vein thrombophlebitis

1.1.12.2.4.1 Changed arterial flow to arterial Doppler assessment

1.1.12.2.4.3 Added arteriovenous fistula

1.1.13.2.4 Deleted peritonsillar abscess

1.1.14.1.1 Added effusion

1.1.14.1.2 Added fractures

1.1.14.2.1 Deleted bones

1.1.14.2.5 Added bursae

1.1.15.1.1 Added FAST

1.1.15.2.4 Deleted lumbar puncture

1.1.15.2.5 Deleted pyloric stenosis

1.1.16.1.1 Added neckmasses

1.1.16.2.1 Deleted neckmasses

1.1.16.2.3 Deleted vocal cords

1.1.16.2.3 Added sinuses

1.1.16.3 Added airway

1.1.16.3.1 Added cartilages

1.1.16.3.2 Added trachea

1.1.16.3.3 Added vocal cords

1.1.17.4 Changed undifferentiated chest pain and/or dyspnea

to undifferentiated chest pain

1.1.17.5 Added undifferentiated dyspnea

1.2 Deleted clinical ultrasonography training with

non-emergencymedicine specialties

2.4.3.1 Deleted ethics

2.4.3.2 Changed observed structured clinical examinations

to direct observation assessments

4.1.6 Added incidental findings

4.2.8 Added system-wide ultrasound

4.4.1.1 Added performance testing

4.4.3 Deleted departmental physicians and non-physicians

4.4.3 Changed hospital credentialing and privileging

committees to hospital credentialing and

privileging

4.4.5.1 Added conflict of interest

4.4.17 Added prehospital ultrasound

4.5.6 Added denials

tissue Doppler. Revisions to some sections were made to increase the

knowledge that an AEMUS fellow should have about certain topics.

For example, the “Airway” subsection was added under the “Head and

Neck” section to include sonographic anatomy and pathology related

to cartilages, trachea, and vocal cords. Similarly, the following top-

ics were included in the “Chest and Lung” section: pulmonary edema,
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pneumonia, atelectasis, chronic obstructive pulmonary disease, and

diaphragm. The “Cardiac” and “Aorta” sections were reorganized, and

pertinent topics were grouped in each section. To increase clarity,

“Asystole” was changed to “Cardiac Arrest.” Given its significance,

“Pyloric stenosis” was removed from the “Bowel” category and placed

under a new gastric ultrasound category. In addition, retinal detach-

ment is now listed separately from vitreous assessment.

The modifications made to the 2014 AEMUS Core Content involve

integrating evidence-based practices across various ultrasound appli-

cations. Over the past decade, AEMUS has evolved significantly,

with improved diagnostic accuracy, expanded therapeutic applica-

tions, and seamless integration into clinical practice. Professional

societies and international organizations have released guidelines

and recommendations for AEMUS use, focusing on protocol devel-

opment, quality assurance, and accreditation programs for safe and

effective implementation. The inclusion of additional items in the

Core Content is supported by a growing body of literature, including

systematic reviews, meta-analyses, and prospective studies, demon-

strating the diagnostic accuracy, timeliness, and impact on patient out-

comes. In the following sections, we will outline the current evidence

and rationale behind the modifications made to various ultrasound

applications.

Recent advancements in portable ultrasound technology, including

tissue Doppler imaging (TDI) and continuous wave Doppler (CWD),

have greatly improved the diagnostic capabilities of portable ultra-

soundmachines. TDIhas gained increasing acceptanceas anoninvasive

method for assessingmyocardial velocities during systole and diastole,

regional wall motion abnormalities, and estimating ventricular filling

pressures. The use of TDI in the emergency department has proven

valuable in diagnosing diastolic dysfunction, myocardial ischemia, and

cardiomyopathies.53–55 CWD is essential for evaluating abnormalities

like stenosis, regurgitation, or shunts and provides quantitative mea-

surements aiding in the diagnosis and assessment of valvular diseases.

CWD is particularly valuable in situations where there is concern for

increased right ventricular systolic pulmonary artery pressure, as it

can measure the peak velocity of the tricuspid regurgitant jet. Recent

studies have shown the utility of estimating the tricuspid regurgitant

jet to detect acute right ventricular strain in evaluating patients with

pulmonary embolism in the emergency department.56–59

The existing literature extensively supports the use of ultrasound

in cardiac arrest. It has been proven to enhance the detection of

reversible causes, assess compression quality during CPR, guide resus-

citation efforts, and aid in determining survival prognosis based on

specific findings.60-62 Compared to manual palpation and Doppler

ultrasonography, POCUS provides a more accurate evaluation of

cardiac activity.63 The presence of cardiac activity on ultrasound

correlated with improved survival rates for hospital admission and

discharge.64 Multiple studies have demonstrated the accuracy and

reliability of inferior vena cava (IVC) ultrasound in assessing fluid

status and guiding fluid management decisions.65-67 However, more

recent literature suggests that the use of IVC ultrasound is bur-

dened by technical limitations and errors in interpretation.68 As an

advanced sonographer, one should be aware of these limitations.

The assessment of right ventricular function using focused cardiac

ultrasound has received substantial evidence-based support. Abnor-

malities in right ventricular function parameters have diagnostic and

management implications for conditions affecting the right ventricle,

including pulmonary embolism, pulmonary hypertension, and septic

right ventricular dysfunction.69-71 Lahham et al72 found that TAPSE

measurements less than 15.2 mm exhibited high specificity in iden-

tifying clinically significant acute pulmonary embolism. POCUS also

enables the assessment of right ventricular outflow tract velocity and

pulmonary artery systolic pressure, which are valuable in evaluating

conditions like pulmonary embolism and assessing the hemodynamic

impact of right ventricular dysfunction.57

Prior studies have demonstrated the accuracy and clinical relevance

of focused cardiac ultrasound in evaluating diastolic function parame-

ters such as mitral inflow velocities (E and Awaves), deceleration time,

and TDI of the mitral annulus (E’ wave).53,55 These parameters provide

valuable information about left ventricular relaxation, filling pressures,

and diastolic dysfunction. The accuracy of focused cardiac ultrasound

in assessing diastolic function has been validated through comparisons

with comprehensive echocardiography.53,55,73–75 Current evidence

has demonstrated the accuracy and clinical relevance of POCUS in

detecting and characterizing regional wall motion abnormalities.76–79

It allows for real-time visualization of myocardial segments, enabling

clinicians to assess regional wall motion and identify abnormalities

indicative of ischemia, infarction, or other cardiac pathologies. The evi-

dence supporting the use of POCUS in assessing regional wall motion

abnormalities includes comparisons with standard echocardiography

and other imaging modalities. These studies have shown a high degree

of agreement and correlation, validating the accuracy and reliability

of ultrasound for this purpose. Resuscitative transesophageal echocar-

diography (TEE) has evolved into a valuable tool in the emergency

department for critically ill patients. The literature provides compelling

evidence supporting its use in assessing cardiac function, identifying

reversible causes of cardiac arrest, and monitoring intervention effec-

tiveness during resuscitation. TEE has demonstrated the ability to

changemanagement plans and improve rates of return of spontaneous

circulation and survival.80–82

The evidence supporting the use of thoracic ultrasound in pul-

monary edema, pneumonia, atelectasis, and chronic obstructive pul-

monary disease (COPD) is derived from observational studies, system-

atic reviews, and meta-analyses. Thoracic ultrasound is a reliable diag-

nostic and monitoring tool for pulmonary edema, with a sensitivity of

94% and specificity of 92.4% in detecting B-lines associatedwith acute

cardiogenic pulmonary edema.83 In pneumonia evaluation, it pro-

vides real-time visualization of lung parenchyma, aiding in the detec-

tion of consolidation, pleural effusion, and associated complications.

Compared to chest X-ray, thoracic ultrasound demonstrates higher

sensitivity (95%) and specificity (90%) in detecting pneumonia.84 It

also exhibits high sensitivity (98%) and specificity (97%) in detecting

atelectasis and distinguishing it from other abnormalities. In COPD

assessment, thoracic ultrasound offers valuable information on lung

hyperinflation, diaphragmatic excursion, and disease severity, assisting

in treatment decisions, and therapymonitoring.85-87
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POCUS is strongly supported by evidence for assessing hernia,

cholecystitis, and diverticulitis. Its integration into clinical practice

improves patient care through timely and accurate diagnoses, lead-

ing to better outcomes. Ultrasound demonstrates a sensitivity of 86%

and specificity of 77% indiagnosing inguinal hernias, enabling informed

decisions on management, including surgical intervention.88,89 In

cholecystitis, bedside ultrasound has a sensitivity of 87% and speci-

ficity of 82%, while decreasing length of stay by up to 7% (22 min)

overall and up to 15% (52 min) during evening or nighttime evalu-

ations compared to radiology ultrasound.29,90 In diagnosing colonic

diverticulitis, ultrasound alone demonstrates 92% sensitivity and 97%

specificity, comparable to CT scan.91 Bedside gastric ultrasound is

highly sensitive (100%) and specific (97%) in identifying or ruling out

a full stomach when gastric content uncertainty arises.92 Additionally,

POCUS is a valuable tool for assessing pregnancy-related conditions,

such as anembryonic pregnancy, fetal demise, spontaneous abortion,

retained products of conception, ectopic pregnancy, and molar preg-

nancy. Several studies haveexamined its sensitivity and specificity,with

sensitivity exceeding 90%and specificity exceeding 98% for diagnosing

intrauterine pregnancy.93 For ectopic pregnancy detection, emergency

physician-performed pelvic ultrasound shows sensitivity of 76%–90%

and specificity of 88%–92%.94,95 When compared to comprehensive

pelvic ultrasound in radiology departments, patients who received

emergency physician-performed pelvic ultrasound experienced a

reduction in emergency department length of stay by 73min.96,97

Ultrasound has been extensively studied and consistently shown

to be accurate and reliable in detecting fractures, assessing joint

effusions, and characterizing bursal abnormalities. Its diagnostic capa-

bilities provide valuable information for timely and targeted interven-

tions, influencing management decisions. Studies have demonstrated

high sensitivity and specificity of ultrasound in detecting fractures, par-

ticularly in pediatric forearm fractures, with a pooled sensitivity and

specificity above 90%.98,99 In the case of joint effusions, ultrasound

is beneficial for distinguishing effusions from soft tissue abnormali-

ties, leading to appropriate therapy and avoiding unnecessary joint

aspirations. Clinician-performed ultrasound has been shown to impact

management decisions in 65% of patients with suspected joint effu-

sions, reducing futile joint aspirations and guiding the necessity for

aspiration when appropriate.100 In the past decade, the use of ultra-

sound for tracheal and airway assessment has significantly advanced,

particularly in the emergency department. The effectiveness of ultra-

sound for assessment of the airway has been supported by evidence,

demonstrating its utility in various clinical scenarios. Studies have

shown that clinician performed tracheal ultrasound aids in identifying

difficult airways, assessing intubation feasibility, and reducing com-

plications during airway management.101–104 Furthermore, it plays a

valuable role in guiding procedures like needle cricothyrotomy and

confirming endotracheal tube placement. Recent cardiac resuscitation

guidelines have recognized tracheal ultrasound as an alternative con-

firmatory test in cardiac arrest patients. The pooled sensitivity and

specificity of transtracheal ultrasonography for detecting endotracheal

intubation were 98% and 97%, respectively.105–107 Emerging evidence

supports the use of POCUS in detecting conditions such as AV fis-

tula, peripheral vein septic thrombophlebitis, and ocular infections in

emergency settings. The use of ultrasound allows for accurate and

timely diagnosis, guiding appropriatemanagement decisions.108,109,110

Recent literature has explored the application of prehospital ultra-

sound in the field of emergency medicine, revealing its feasibility in

integrating ultrasound into prehospital care. Prehospital ultrasound

use holds promise for enhancing trauma, cardiac, and obstetric care.

By improving diagnostic accuracy, guiding treatment decisions, and

enabling early interventions, prehospital ultrasound has the potential

to significantly improve patient outcomes in these areas.111–113

Incidental findings are commonly observed during POCUS imaging.

Although the majority of these findings are benign and do not require

immediate intervention, a small percentage holds clinical significance

and necessitate further evaluation or management. In one study,

incidental findings were encountered in approximately 9% of FAST

examinations, with kidney and pelvic cysts being themost frequent.114

Another study reported incidental findings in 26% of POCUS exam-

inations, primarily involving the renal and biliary systems.115 These

studies underscore the importance of recognizing and appropriately

managing incidental findings due to their potential impact on patient

care and outcomes. Health systems have recognized the importance

of implementing a comprehensive clinical ultrasound program, lead-

ing to emergency physicians taking on the responsibility of spear-

heading these initiatives within their respective health systems. To

ensure the effective utilization of POCUS across different clinical set-

tings and to maintain consistent and high-quality standards, several

key components need to be addressed. These components include

leadership, training, competency, credentialing, quality assurance and

improvement, documentation, archiving, workflow, equipment, and

infrastructure, with a particular focus on communication and informa-

tion technology. It is essential for AEMUS fellowship trainees to be

well-versed in these aspects to successfully establish a system wide

clinical ultrasound program.116

AEMUS continues to be a rapidly evolving field. Expertise is grow-

ing as thenumber ofAEMUS-trained fellows continues to increase. The

2023 Core Content is intended to be a “living document,” in keeping

with the evolving practice of AEMUS. The AEMUS Committee antic-

ipates periodic updates to the Core Content and recommends that

these updates occur approximately every 4 years.
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