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Preamble

Since publication of its first Core Cardiovasculaaining Statement (COCATS) in 1995, the American
College of Cardiology (ACC) has defined the knowiedexperiences, skills, and behaviors expected of
clinical cardiologists. Subsequent revisions haweed toward competency (outcomes)-based training
based on the 6-domain competency structure protaddsy the Accreditation Council for Graduate
Medical Education (ACGME) and the American Boardvigdical Specialties and endorsed by the
American Board of Internal Medicine (ABIM). The AQtas taken a similar approach to describe the
aligned general cardiology lifelong learning congmeies that practicing cardiologists are expeated t
maintain. Many hospital systems now use the 6-dorsiaiicture as part of medical staff privilegingep
review, and professional competence assessments.

Whereas COCATS and the associated Lifelong Lea@mmpetencies for General Cardiologists
focus on general clinical cardiology, ACC Advandedining and associated Lifelong Learning
Statements define selected competencies beyone éxpgcted of all cardiologists and that typically
require training beyond a standard 3-year cardimyas disease fellowship. This includes, but is not
limited to, those disciplines for which there isABIM sub-subspecialty certification. The Advanced
Training Statements describe key experiences ammdimes necessary to acquire skills in a defined sub
subspecialty area of cardiology in a structureithimg program. These are supplemented by Lifelong
Learning Statements that address the commitmentsimining and enriching competency over the span

of a career.

The ACC Competency Management Committee (CMC) @exrshe development and periodic
revision of the cardiovascular training and compeyestatements. A key feature of competency-based
training and performance is an outcome-based eN@tusystem. Although specific areas of trainingyma
require a minimum number of procedures or duratittnaining to ensure adequate exposure to thesrang
of clinical disorders, the objective assessmemiroficiency and outcomes demonstrates the achieveme
of competency. Evaluation tools include examinatjafirect observation, procedure logbooks,
simulation, conference presentations, and mults(860) evaluations. For practicing physicians, these
tools also include professional society registriospital quality data, peer review processes patient
satisfaction surveys. A second feature of compegtéased training is recognition that learners gain
competency at different rates. For multiyear tragnprograms, assessment of representative cunricula
milestones during training can identify learnersaas that require additional focused attention.
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The recommendations in ACC cardiovascular traistagements are based on available evidence
and, where evidence is lacking, reflect expertiopinThe writing committees are broad-based, and
typically include early-, mid-, and later-careeesjalists, general cardiology and sub-subspecialty
training directors, practicing cardiologists, peoplorking in institutions of various sizes and inedse
practice settings across the United States, anghysitian members of the cardiovascular care tédm.
documents undergo a rigorous process of peer reammepublic comment. Recommendations are
intended to guide the assessment of competenardibeascular care providers beginning independent

practice as well as those undergoing periodic reweensure that competence is maintained.

This Advanced Training Statement addresses the etempies required of sub-subspecialists in
adult echocardiography and complements the trainieghocardiography required of all trainees dyrin
the standard 3-year general cardiovascular fellpdthe statement focuses on the core competencies
reasonably expected of all individuals trainechat tevel. Furthermore, the statement identifidscted
competencies of Level Il echocardiographers tloabeyond core expectations that may be achieved by
some advanced trainees either during formal feltgpvisaining or through subsequent training
experiences. This document provides examples abpppte measures for assessing competence in the

context of training.

The work of the writing committee was supportedigsively by the ACC without commercial
support. Writing committee members volunteeredrttigie to this effort. Conference calls of the gt
committee were confidential and attended only bymittee members. To avoid actual, potential, or
perceived conflict of interest resulting from reaships with industry (RWI) or relationships witkher
entities held by writing committee members or gesiewers of the document, individuals were redllire
to disclose all current healthcare-related relatiips, including those existing 12 months befoitgaitnon
of the writing effort. The ACC Competency Managem@ammittee reviewed these disclosures to
identify products (marketed or under developmeatjipent to the document topic. Based on this
information, the writing committee was selecte@nsure that the Chair and a majority of members had
no relevant RWI. Authors with relevant RWI were permitted to draft initial text or vote on
recommendations or curricular requirements to wkietir RWI might apply. RWI was reviewed at the
start of all meetings and conference calls and tgoldas changes occurred. Relevant RWI for autlsors i
disclosed in Appendix 1. To ensure transparenayprehensive RWI for authors, including RWI not
pertinent to this document, is posted online at
(https://www.acc.org/~/media/F63C7730B1B34BA984DBHDES5252A8.pdf). Employment
information and affiliations of the peer reviewargs shown in Appendix 2. There are no RWI restidi

for participation in peer review, in the intereftacouraging comments from a variety of constitiesn
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to ensure that a broad range of viewpoints infarmalfdocument content. Reviewers are required,
however, to disclose all healthcare-related RWI athér entities, and their disclosure informatisn i
posted online at (https://www.acc.org/~/media/OEBABB1A475CA5479C56DB05B966.pdf).
Disclosure information for the ACC Competency Magragnt Committee is available online at

http://www.acc.org/quidelines/about-guidelines-atidical-documents/guidelines-and-documents-task-

forces, and the ACC disclosure policy for docundmelopment is posted at

http://www.acc.org/guidelines/about-guidelines-atidical-documents/relationships-with-industry-

policy.
James A. Arrighi, MD, FACC Lisa A. Mendes, MD, FACC
Chair, ACC Competency Management Committee  Co-Chair, ACC Competency Management

Committee

1. Introduction
1.1. Document Development Process

1.1.1. Writing Committee Organization

The writing committee consisted of a broad rangmembers representing ACC, the American Heart
Association (AHA), the American Society of Echodagtaphy (ASE), the American Thoracic Society,
the Society of Cardiovascular Anesthesiologists,Sbciety for Cardiovascular Angiography and
Interventions, and the Society of Critical Care Mét, identified because they perfort of the
following roles: cardiovascular training programeditors; Level Il echocardiography-trained program
directors; echocardiography laboratory directasgperts at early, mid-, and later-career stages;
cardiovascular sonographers; scientists who doaaectimgraphy research; multimodality imagers;
general cardiologists; Level Ill trained echocagiaphy specialists representing both the acadendic a
community-based practice settings as well as smaiium, and large institutions; specialists in all
aspects of echocardiography, including intervemtiomechanical circulatory support, cardiac
resynchronization therapy, ventricular assist d=yji@and pulmonary arterial hypertension; specsailist
cardiac anesthesiology, interventional cardiolamd critical care medicine; physicians experierined
training and working with the ACGME/Residency Revi€ommittee, the ABIM Cardiovascular Board
and Competency Committee, and the National Boaktbbcardiography (NBE); and physicians
experienced in defining and applying training stdd according to the 6 general competency domains
promulgated by the ACGME and the American Boareflical Specialties and endorsed by the ABIM.
This writing committee met the College’s disclostgquirements for relationships with industry as

described in the Preamble.
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1.1.2. Document Development and Approval

The writing committee chairs, CMC chairs, and CNHisbn convened to plan the writing effort, seldcte
authors on the basis of the criteria specifieddnti®n 1.1.1, and drafted the preliminary competenc
table for writing committee feedback. The writingnemittee convened by conference call and email to
finalize the document outline, develop the initdeft, revise the draft on the basis of committee
feedback, and ultimately approve the documentxteraal peer review.

The document was reviewed by 17 official represemts from the ACC, AHA, ASE, American
Thoracic Society, Society for Cardiovascular Angaghy and Interventions, Society of Cardiovascular
Anesthesiologists, and Society of Critical Care M, as well as by 39 additional content reviesyer
including both cardiovascular and imaging traingmggram directors. The list of peer reviewers,
employment information, and affiliations for theview process are included in Appendix 2. The
document was simultaneously posted for public contrftem May 14, 2018 to May 24, 2018, resulting
in comments from 9 Level Il and Level Il echocamgliaphers from various academic institutions,
including representation from cardiovascular andging training program directors and
echocardiographers in early, mid- and later-castsges. A total of 625 comments were submittechen t
document. All comments were reviewed and addrelsgede writing committee. A member of the ACC
Competency Management Committee served as leaglwenvio ensure a fair and balanced peer review
resolution process. Both the writing committee el ACC Competency Management Committee
approved the final document to be sent for orgaitizal approval. The ACC, AHA, and ASE approved
the document for publication with endorsement ftbmAmerican Thoracic Society, Society for
Cardiovascular Angiography and Interventions, Sgai Cardiovascular Anesthesiologists, and Society
of Critical Care Medicine. This document is considecurrent until the ACC Competency Management

Committee revises or withdraws it from publication.

1.2. Background and Scope

The original 1995 American College of Cardiologgammendations for training in adult cardiology
evolved from a core cardiology training symposiu QAfter several iterations, COCATS 4 (2) focuses
on trainee outcomes that require delineation ofipecomponents of competency within the
subspecialty, definition of the tools necessargdsess training, and establishment of milestones
documenting the trainee’s progression toward inddest practice. Ultimately, the goal is for thertese
to develop the professional skill set to be ablevaluate, diagnose, and treat patients with zande

chronic cardiovascular conditions.
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Each COCATS 4 document includes individual TaskcEaeports that address subspecialty areas
in cardiology, each of which is an important comgainin training a fellow in cardiovascular diseaBee
Task Force 5 report of that document addressesrigain echocardiography (3) and updates previous
standards for general cardiovascular training détiofvs enrolled in cardiovascular fellowship pragsa
It addresses faculty, facilities, and equipmeraldb addresses training components, includingcticja
clinical, and hands-on experience, and the numberozedures and duration of training. However, the
COCATS 4 Task Force 5 report did not provide dethduidelines for Level 11l echocardiography
training or competencies.

In contrast to COCATS, this document focuses anitrg requirements for cardiology fellows
seeking Level lll training in echocardiography. E@ining standards related to pediatric
echocardiography, readers should refer to the SBCABC/AAP/AHA Training Guidelines for
Pediatric Cardiology Fellowship Programs Task F@cBediatric Cardiology Fellowship Training in

Noninvasive Cardiac Imaging (4).

1.2.1. Role of Echocardiography in Contemporary Pretice

Echocardiography is essential to the practice afiokgy. It is the most widely used and readily
available imaging technique for assessing cardmuas anatomy and function. Clinical application of
ultrasound encompasses M-mode, 2-dimensional @dimensional (3D), pulsed, tissue, continuous
wave, and color-flow Doppler imaging. Echocardiquma provides diagnostic and prognostic
information on cardiovascular anatomy, functionnbeynamic variables, and flow disturbances.
Moreover, these cardiovascular parameters candessed at rest, as well as during conditions of
increased hemodynamic demand such as exercisenéelapplications of echocardiography, including
3D imaging, strain imaging, and use of ultrasoumldaecing agents (also known as “echo contrast
agents”) to improve left ventricular endocardidliniéon and to assess perfusion, as well as tleeafis

real-time imaging to guide invasive proceduresghal’become important in the clinical care of gats.

All cardiologists should have a basic understandingchocardiographic techniques—their
strengths, limitations, and appropriate use. Algtoil is expected that most, if not all, fellowdlwi
achieve Level Il competency in echocardiographyrdutheir 3 years of general cardiology trainirtust

document describes the more focused, in-depth Exper required for Level Il competency.

1.2.2. Levels of Training
COCATS 4 was charged with updating previously mhigd standards for training fellows in

cardiovascular medicine and establishing consistainting criteria across all aspects of cardiology
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including echocardiography (2). For the cardiovéesciellowship, the following 3 levels of trainirttgave

been delineated for training in echocardiography.

Level | training, the basic training required faihees to become competent consultants, is
required by all fellows in cardiology and can beamplished as part of a standard 3-year training
program in cardiology. For echocardiography, Levedining is defined as an introductory or eadyd|
of competency in performing and interpreting traonsacic echocardiography (TTE) that is achieved
during fellowship training but is not sufficient ppovide independent interpretation of results.

Level Il training refers to additional training #1 area that enables some cardiologists to perform
or interpret specific diagnostic tests and proceslar render more specialized care for patients wit
certain conditions. Level |l training in selectagas may be achieved by some trainees during the
standard 3-year cardiovascular fellowship, dependimtheir career goals and use of elective rotatio
Level Il echocardiography training is required toyde independent interpretation of echocardiogram

Level lll training, the focus of this document, is@lly requires additional experience beyond the
basic cardiovascular fellowship to acquire spengaliknowledge and skill in performing, interpreting
and training others to perform specific procedwresender advanced, specialized care for procedras
high level of skill. Level Il training in echocarraphy is required of individuals who intend terform
and interpret complex studies in special populatibead a research program, direct an academic
echocardiography laboratory, and/or train othemdwanced aspects of echocardiography. Many of the
competencies defined in this document overlap thitlse acquired during Level Il training. For
individuals seeking advanced echocardiographyitrgirthe intent is to gain these competencies at a

deeper level during Level lll training.

Although Level Il training in echocardiography mg achieved within a standard 3-year
fellowship, for many individuals—especially thoseking expertise in multimodality imaging—an
additional period of postgraduate training willfeguired. Fellows pursuing Level lll training dugithe
3-year fellowship must devote all available elegtivne to echocardiography, usually precluding
acquisition of Level Il competency in any other gitey modality. As indicated in the COCATS 4, Task
Force 5 report, training in echocardiography foleast 9 cumulative months is generally required to
ensure sufficient exposure to the range, volume diwersity of clinical experience necessary fovéle
Il competency. Ultimately, determination of whetlaefellow has achieved Level Il knowledge andlski
should be based on the assessment of competeediesdiin this training statemeifor those who elect

advanced training in echocardiography beyond tiiea3-fellowship, the additional time may be
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dedicated solely to advanced echocardiographymopa multimodality imaging training program.
Although most trainees will achieve Level lll traig during a cardiology or advanced imaging
fellowship program, the committee recognizes tefced individuals may acquire Level Ill competenc
after fellowship. Such an approach must adherbasame rigorous standards (e.g., requirements for
resources, clinical volume, faculty, evaluationfied in this document. Level lll training in
echocardiography must always take place in laboestavith Level Il trained faculty and with the

necessary infrastructure to provide the advaneeditig experience.

1.2.3. Methods for Determining Procedural Numbers

The recommended number of procedures performedhéemgreted by trainees under faculty supervision
has been developed on the basis of the experigntepinions of the members of the writing group and
previously published competency statements, COCéddiments, and policies of the ACGME and
NBE. In addition, the writing committee surveyedtboardiovascular and imaging training program
directors for additional insight into proceduralwmes. Of 234 directors of ABIM—recognized
cardiovascular training programs surveyed, 67 neded; of 25 directors of imaging training programs
surveyed, 11 responded. The procedural volumesamiber of technical experiences suggested in this
document were considered the minimum necessamyptuse trainees to a sufficient range and complexity
of clinical material and allow supervising faculbyevaluate the competency of each trainee. These
procedural numbers (see Section 4.2) are interslgérzeral guidance and are based on the needs and
progress of typical trainees in typical programsoge considering these thresholds should bearrid mi
that procedural volumes are proxies for acquiriregtechnical proficiency and analytic skills esigribr

clinical mastery of echocardiography, which is finedamental objective of advanced training.

2. General Standards

2.1. Faculty

Engaged faculty committed to teaching are critioahe success of an advanced echocardiographic
training program. The echocardiographic laboratomnyhich the training of cardiovascular fellows
occurs must be under the direct supervision ofldifiae qualified, Level lll trained laboratory dictor.
The Level lll fellowship training will be under treaipervision of a Level Ill NBE-certified
echocardiography program director who may or mayrahe laboratory director. The participating
faculty should include specialists with broad aaded knowledge of all imaging modalities and
echocardiographic techniques, including newly dawetl echocardiographic technologies. It is

recommended that the majority of echocardiograplylify be Level Il trained in echocardiography and
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board certified by the NBE. It is also recommentled anesthesiologists involved in training caraijyl
fellows in perioperative and interventional procegiuhave the equivalent of Level Il training and
certification by the NBE. Exposure to and closekirg relationship with these faculty will allow far
diverse and comprehensive training experienceddiitian to developing, implementing, supervising,
mentoring, and evaluating the fellows’ clinical a:edearch education, faculty should be involved in

research and/or education.

2.2. Facilities and Equipment

To provide advanced training in echocardiographeg,laboratory environment must be located in an
institution with an accredited general cardiovaactdaining program and should offer a broad raofge
outpatient and inpatient clinical diagnoses, intigdacquired and congenital heart diseases. Theta
should have access to both ultrasound equipmentfflime workstations for performance and
interpretation of 2D and 3D TTE and transesophagelabcardiography (TEE), Doppler
echocardiography, contrast echocardiography, seretsscardiography, and strain imaging. The
laboratory should perform echocardiography forfficant diversity of disease and corresponding
volume to provide adequate exposure for the traifibe training site’s resources should allow
correlation with other diagnostic data and pat@ritomes. Intraprocedural echocardiography, inolyidi
intraoperative, interventional, and electrophysigitaboratory procedures, should be available¢o th
trainee. Direct experience with other cardiovastimieging modalities and Level 11l experts in these
modalities provides an important opportunity to erstiand the strengths and limitations of
echocardiography relative to other techniques.

The laboratory should conform to continuing quallihprovement guidelines (e.g., ASE
Recommendations for Quality Echo Lab Operationg)ABcreditation of the laboratory through the
Intersocietal Accreditation Commission for Echodagdaphy is required. The training environment
should also provide the trainee with participafioguality improvement initiatives, structured refig,
process improvement, application of Appropriate Gsi¢eria (AUC), and laboratory operations. It is
recognized that some institutions may not be abtefer experience in all recommended procedures or
adult congenital heart disease. Rotations at aites with a high volume of structural proceduned/ar
congenital heart disease would be appropriatedoraplish these aspects of training (6). The
echocardiography program director is responsibiedoifying the quality of the training. Intersota¢
Accreditation Commission accreditation is preferfi@tthose additional sites but not required.

Page 12 of 45



Wiegers SE, et al.
2019 ACC/AHA/ASE Advanced Training Statement on Ecbcardiography

2.3. Additional Resources

Level Il trainees should have the opportunityriteract regularly with other members of the healtbc
team to enhance learning and patient care. Cobgiverinteraction with experienced cardiac
sonographers who are committed to training fellamd students in the optimization of machine sedting
and acquisition of high-quality images is crititalsuccess. Trainees should also have routine axpts
cardiologists from other subspecialties, as weprastitioners in other fields, to address anct tifea
multiple comorbidities often encountered in patsamdergoing echocardiographic evaluation. Key
specialists with whom echocardiographers frequéentbract include surgeons, infectious disease
specialists, pulmonologists, neurologists, ane&tleggsts, and intensivists.

With the emergence of specialists in critical cachocardiography, Level Il trainees should
master the principles of critical care echocardipyy and understand the impact of hemodynamic
changes, loading conditions, heart-lung interasti@md related physiology on echocardiographic
findings. This training may be provided by intensis trained in the use of critical care
echocardiography. As part of this interface, Ldligrainees will learn to provide subspecialty
consultations using point-of-care ultrasound pente in the intensive care unit, emergency depattmen
and operating rooms, often under intense time pressn unstable patients. In addition, communicati
skills with referring physicians and the entire ltfig@are team should be encouraged as part of LBvel
training.

3. Training Components

3.1. Didactic Program

Didactic instruction may take place in a varietyfaimnats, including lectures, online modules, jairn
clubs, grand rounds, clinical case presentati@sgarch conferences, simulator-based training, and
patient safety or quality improvement conferenéedidactic program is intended to provide the
advanced trainee with an understanding of ultragquinysics, instrumentation, echocardiographic image
formation and optimization, and clinical applicatiof echocardiography (including advanced applicati
of ultrasound enhancing agents, strain imaginge8mbcardiography, stress imaging, and TEE). It lshou
incorporate relevant content, including anatomyhplagy, and hemodynamics, and it should cover
advanced medical knowledge and patient care reléodhe competencies outlined in Section 4.1. In
particular, instruction in the use of echocardipgrain structural heart interventions and cardiagery
should be included. Some of this training may lweiporated into the didactic program for general

cardiovascular training. However, Level Il didacteaching should be provided within a multimodalit
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imaging framework to emphasize appropriate anddinated use of all cardiac imaging modalities.
Given that fellows who complete advanced trainmgdhocardiography will be prepared to direct an
echocardiography laboratory and train others iraaded aspects of echocardiography, didactic edurcati
should include exposure to the principles of latmsaoperations (e.g., budgeting, manpower and
equipment assessment, accreditation, relationstithandustry, sonographer supervision, continuous

quality improvement) as well as the opportunitg&in experience in teaching.

3.2. Clinical Experience

Echocardiography plays an integral role in the dasis and management of a wide variety of acquired
and congenital cardiac disorders. Therefore, exgadsuthe entire spectrum of heart diseases irrskve
patient populations should be available to thengai Although a minimum number of clinical cases is
suggested (see Section 4.2), these criteria mseele as proxies for clinical experience. In teaithe
overall quality of the educational experience aeptl of understanding, the number of
echocardiographic studies in which the traineeig@pétes is less important than the range of patiies
encountered (5) and the quality of supervisioniaattuction. The trainee must develop expertise in
understanding clinical contexts in order to comroaté echocardiographic results in a way that is
clinically relevant to the referring physician. Rbe acquisition of technical skills, such as TEEtoess
echocardiography, this document provides minimuat@dure volumes beyond those required for Level
Il training. The criteria described herein are &mio those in other publications on this topidhe case
mix available for the trainee is skewed, additioccedes and experience beyond the numbers quoted may
be required to ensure appropriate training (7).

Although Level lll training can be achieved durithg standard 3-year cardiology fellowship,
additional training may be necessary or desirabkctjuire specialized knowledge and competencies in
performing, interpreting, and training others tofpam specific procedures. Level lll training in
echocardiography requires rigorous clinical experés in diverse clinical settings using the various
echocardiographic modalities. This would includeeasgive experience in TTE and TEE using both 2D
and 3D approaches; expertise in stress echocaagilogr and familiarity with new echocardiographic

tools such as speckle tracking echocardiographighwik used for strain and strain rate analyses.

In addition to experience with the use of echo@diphy across the broad spectrum of
cardiovascular disease, exposure to echocardioigrapaluation of congenital heart disease is egdent
The sites of Level lll training should include oatignt and inpatient settings, intensive care units
interventional cardiac laboratories and intraopegdbcations. In each setting, trainees shoultigpate
in supervised procedures with graduated respoitgibitd autonomy in procedural performance,
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ultimately to achieve clinical independence andabidity to function as a first-line proceduralfet a
portion of the training period, with appropriatesosight from an attending echocardiographer. L#vel
trainees are expected to acquire and interpretésaging online and offline analytic tools and to
communicate their findings to the ordering physitsarvice effectively through a comprehensive enitt
report (8,9). In addition, trainees should be avedithie potential risks associated with echocandiphy
and learn how to recognize, treat, and, where plessivoid complications. The trainee must review
imaging studies and associated clinical outcomgslady. The trainee should develop expertise in
conscious sedation for TEE, pharmacologic optionstress testing, and use of ultrasound enhancing
agents. Familiarity with the indications for echatagraphy and the implementation of the AUC for
echocardiography is an important component of itngi10).

3.3. Hands-On Procedural Experience

The echocardiographic examination is an operatped@ent procedure in which it is possible to
introduce confounding artifacts or to omit datalizZfignostic importance. It is interactive, requirhegl-
time recognition of specific diagnostic findingsdbtain a study that is both comprehensive andceliiry
useful. The ability of the trainee to perform a tisson examination independently is initially deyedd
during Level Il training. The trainee should alsvelop sufficient technical skills in using an
echocardiographic instrument to answer clinicalstjoas during Level Il fellowship training. Such
training is important not so much to develop treghhical expertise but to better understand the
diagnostic capabilities and potential pitfalls loé techocardiographic examination. It also heldades to
learn tomographic cardiac anatomy and integrategplaiews into a 3D framework. Highly skilled
cardiac sonographers with broad experience in paifg echocardiographic examinations are necessary
to facilitate this training. In contrast, Level ttaining requires that the trainee be able totbaith

fellows and sonographers in image acquisition gotohtization at the level of a skilled cardiac
sonographer. Therefore, fully developed image aitipm skills are an essential competency for the
Level Ill trainee. No additional procedure numbams recommended as a minimum for Level Il TTE
acquisition. Rather, the focus of this competesoyri an expert level of image acquisition, theitgttid
consistently perform a complete and comprehensidysand the acquisition of skills and knowledge t
train others in the field. This level of expertisay require further TTE experience during Level IlI

training.

Clinical exposure to a broad range of cardiac patlies and sufficient hands-on experience are
essential for the advanced trainee to gain theisiéguechnical competency (see Section 4.2). Asgia
the hands-on aspect of the echocardiographic tigimiogram, experience with hand-carried ultrasound
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devices is desirable. These devices extend thigallintility of echocardiography by allowing the
operator to offer a “visual physical examination’a manner that can be applied practically in thcal
setting (11) . Their appropriate application regsithat the operator have a fundamental undersigiodi
echocardiographic principles, cardiac anatomy/ joihygy, and resultant echocardiographic correlates.
The operator must also understand the limitatidribese devices. Therefore, participation in a clida
echocardiographic educational program and handsaring with conventional echocardiographic
equipment best prepares the cardiovascular fetboutilize hand-carried ultrasound in the clinicettsg

as a teaching tool and an adjunct to physical exatoin.

3.4. Diagnosis and Management of Emergencies and i@plications

Emergency echocardiography is defined as the usehafcardiographic techniques for the rapid
diagnosis of unstable patients, life-threateningditions, or procedural/surgical complications,allsuin
a hospital setting. The study may be TTE or TEE@mdprehensive or targeted and may utilize either a

full-sized ultrasound system or a hand-carried. unit

A unique feature of emergency echocardiographlgagequirement that the examination be
performed/interpreted by an individual able to aagthe needed information, formulate an accurate
interpretation, integrate the ultrasound data withclinical scenario, and immediately communi¢hee
relevant information to the healthcare team. Beedesiside echocardiography is often the only pralcti

diagnostic modality available to such patientsyi#kie cannot be overstated (12).

Given the profound implications of emergency echdicgraphic findings in the management of
unstable patients, cardiologists who provide thizise must be highly trained and experienced
echocardiographers. They should be fully trainedlliaspects of TTE and TEE techniques, with
particular focus on the recognition and assessofdifie-threatening conditions such as left ventta
dysfunction, cardiac tamponade, right heart fajlacute valvular regurgitation, and aortic dissec{il3-
16). In unstable patients particularly, the assessrof fluid status, management of vasopressots, an
recognition of left atrial hypertension as a calaseespiratory failure are critical for management
addition, a level of clinical expertise is highlggirable so that the echocardiographic findingshbean
fully and rapidly integrated with other clinicaltdaBeyond general training in TTE and TEE, LeVel |
experience in emergency echocardiography requiasfic participation in the interpretation of a
number of studies from patients with unstable anlif&threatening situations. In laboratories with
diverse and complex patient population, it woulcekpected that this exposure would be achieved as a

matter of course.
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3.5. Diagnosis and Management of Rare Clinical Comtiibns and
Syndromes

Level Il trainees should be familiar with the echadiographic findings of less common conditions
involving the cardiovascular system. These incleai@plex congenital heart defects (both repaired and
unrepaired), the full spectrum of acquired and gemardiomyopathies, and the various etiologies of
cardiac masses. Competency in interpreting comguelxpostoperative congenital heart disease may
require training beyond Level Il (3,6,17-19). Thidditional training may occur at another site veith
high volume of complex congenital heart disease. Oéwvel Il trainee should also be aware of
syndromes (e.g., Down and Pierre Robin syndromesdmditions (e.g., vascular ring or aortic arch
anomaly) that may pose challenges for esophagedidtion and require anesthesia assistance (18). Th
Level Il trainee should be able to interpret tlibacardiographic findings in these less common
conditions and know the indications to proceed &lthrnative imaging modalities as a complemerirto

in place of echocardiography

3.6. Research and Scholarly Activity

One important purpose of Level Il training is tevélop the skills necessary for a career that degu
cardiovascular research and education (20). Tieetravould be expected to work with faculty in
clinical, imaging science, and/or translationaksesh. Formal training in research methodology,
including biostatistics, clinical trial design, esch ethics, and grant writing should be avail&n¢hose
fellows who plan to be involved in research adtgt Research should lead to presentations at local
regional and/or national meetings, publicationéempreviewed scientific journals, and/or grant supp
Alternatively, Level Il trainees at programs tlaaé not designed to support original researchitiesv
are expected to actively participate in quality ioygment and educational projects. All traineesikho
develop and maintain habits of self-learning, bthlmonducting regular case-review and journal rgvie
sessions and attending regional and national siigemieetings. Level lll training programs are egfusl
to evaluate progress in scholarly development.odirimeetings and review of presentations,
manuscripts, and/or other scholarly activities $thdne conducted to provide feedback and implement

corrective action plans if necessary, to ensuretthimees achieve predefined goals.

4. Training Requirements

4.1. Development and Evaluation of Core Competende

Advanced training competencies for Level Il echdazgraphers are organized using the 6 domains
promulgated by the ACGME/ABMS and endorsed by tlB#Wk Medical Knowledge, Patient Care and
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Procedural Skill, Systems-Based Practice, Pra@ased Learning and Improvement, Professionalism,
and Interpersonal and Communication Skills. The AGE used this structure to define and depict the
components of the clinical competencies for caadjpl The curricular milestones for each competency
and domain also provide a developmental roadmafefiows as they progress through various levels of
training. The ACC has adopted this format for @spetency and training statements, career milesfone
lifelong learning, and educational programs. Ofntlte ACC has developed a framework around
competencies related to Systems-Based Practicgtjder#8ased Learning and Improvement,
Professionalism, and Interpersonal and Communic&lalls that recognizes their universality and
provides for common language across all Advancedhifrg Statements.

Table 1 depicts the 6 competency domains and their adedotairricular milestones for training
in echocardiography, as well as examples of evialnabols suitable for assessing competence in each
domain. The focus of this document is on delineatibthe core competencies expected of all Level Il
trainees in echocardiography. These competenaeimdicated under the column labeled “All”. Certain
less common or highly specialized areas are notined)of all Level Il trained individuals; theseea
indicated under the column labeled “Add” (Additibnd hese additional competencies may be obtained
during or after the general training fellowshippdeding on the trainee’s career focus and the
opportunities available at the training programisTdesignation reflects differences in clinical giiee
(e.g., a cardiologist who practices at an instituthat does not perform a particular advancedeuhoe
may choose not to gain expertise in this areahcdigh the competency components included in the
“All” column should be achieved by all trainees ard appropriate areas for assessment, not every
component need be individually assessed in evaiyete. Rather, as with all educational activities,
assessment is a sampling process that should&etbio the needs of the individual trainee and

program.

Page 18 of 45



Wiegers SE, et al.
2019 ACC/AHA/ASE Advanced Training Statement on Ecbcardiography

Table 1. Competency Components and Curricular Miletones for Level 11l Training in Echocardiography

Milestones

. All Add*

Medical Knowledge

PHYSICS

1. Know the physics of ultrasound, including underditag of optimal machine and transducer settings, X
effect of change in frequency of transducers aagstiucer types, and effects on resolution (temporal
lateral, and linear).

2. Know the basis of image formation, beam focus, r@sdlution, and causes of artifacts. X

3. Know the physics of Doppler ultrasound as usedfood flow and tissue applications, including Dagpl X
equation, angle corrections, differences when coetpaith the hemodynamic data derived from othef
imaging modalities, and causes of artifacts.

4, Know the physics of harmonic imaging and ultrasoanblancing agents, including optimizing left X
ventricular opacification and perfusion.

5. Know the physics of 3-dimensional ultrasound, idahg optimization of resolution. X

6. Know the physics of strain and strain rate imagingluding applications based on speckle trackimg) a X
tissue Doppler imaging.

7. Know the basic principles (e.g., physics, imagenation, causes of artifacts) of other commonly used X
noninvasive cardiovascular imaging modalities ,(neiclear cardiology, cardiovascular computed
tomography, cardiovascular magnetic resonance).

HEMODYNAMICS

8. Know normal cardiac physiology and the pathophysjglof diseased cardiac states. X

9. Know the echocardiographic correlates of presssgsessments in the heart, including complex valvular X
lesions and diastolic assessment in complex disease

10. Know the limitations of various hemodynamic measgpts and how to reconcile discrepant indices. X

11. Know complex and advanced hemodynamics and thearship between Doppler findings and other X
imaging and invasively measured intracardiac pressu

GENERAL COMPETENCIES FOR ALL CONDITIONS

12.  Know the echocardiographic findings (transthoradhocardiography and transesophageal X
echocardiography) of simple and complex acquirsdatie, including postoperative findings.

13.  Know the principles of hemodynamics in normal abdamal conditions. X

14. Know the advantages and limitations of echocardiplyy in relation to other imaging modalities. X

15. Know the correlation of echocardiography with otheninvasive and invasive techniques for assessing X
cardiac structure and function.

16. Know the causes of discordant findings and thequtares to reconcile those discrepancies. X

17. Know the limitations of all imaging and invasivesassment and the appropriate use of imaging in each X
condition.

18. Know the importance of serial comparisons and tireciples of assessing serial change. X

19. Know the indications for emergent and urgent ectdiographic evaluation of patients. X

VENTRICULAR DISEASE (TRANSPLANT AND DEVICES)

20. Know the methods of assessing left and right veualar systolic and diastolic function utilizing &tle X
various ultrasound modalities.

21. Know the application of strain imaging to cardioeology, cardiomyopathies of both ventricles, and X
detection of subclinical disease.

22.  Know the distinct patterns of regional strain thaggest specific cardiac diseases. X

23.  Know the imaging of temporary and durable ventacuassist devices, including normal and abnorma X
function and the ability to identify malpositiondamalfunction of devices.

24. Know the use of ramp protocols for left ventricudasist devices. X

25. Know the protocols to optimize dual chamber paceamakd biventricular pacemaker function. X

26. Know the methods to assess the transplanted lvegtding orthotopic organ function, methods and X
importance of serial assessment, and evaluatipemdperative complications.
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Milestones

. All Add*

Medical Knowledge

27. Know the imaging approaches (transthoracic echdmgirabhy and transesophageal echocardiography) X
for assistance of venoarterial and venovenous extpareal membrane oxygenation cannula placemegnt
and for confirmation of appropriate position.

28. Know the approach for echocardiographic assessdueintg trial of weaning from venoarterial X
extracorporeal membrane oxygenation and other fafrogculatory support as well as ramp protocols
for extracorporeal membrane oxygenation.

ATRIAL ANATOMY AND PHYSIOLOGY

29. Know the approaches to assessing anatomic vanétite left atrial appendage and the pulmonarysiein X

30. Know the approaches to assessing atrial struchadumction, including 2- and 3-dimensional imaging X
spectral Doppler; and speckle tracking, includitrgia and strain rate analysis.

PULMONARY HYPERTENSION

31. Know the echocardiographic methods for assessitlggnary arterial systolic, diastolic, and mean X
pressure as well as pulmonary vascular resistamcefor establishing the causes of any abnormsilitie

32. Know the echocardiographic methods for assessgtny hieart function, ventriculoarterial couplingdan X
ventricular interdependence.

VALVULAR DISEASE

33. Know the comprehensive anatomic evaluation of @WVwlar heart diseases utilizing all the various X
ultrasound modalities.

34. Know the comprehensive hemodynamic evaluationlofadbular lesions (transthoracic X
echocardiography and transesophageal echocardimgrapcluding serial and complex lesions.

35. Know the echocardiographic findings that estalighetiology of valvular lesions. X

36. Know the key imaging parameters that are impolitadetermining indications and eligibility for sucgl X
and nonsurgical interventions.

37. Know the appropriate imaging techniques to guideular repair and replacement procedures, including X
3-dimensional assessment of intracardiac deviegdntion with valves.

PERICARDIAL DISEASE

38. Know the methods for assessing the presence afgrdial disease (including tamponade, constrictive], X
and effusive-constrictive physiology) and the deiieation of its etiology and severity.

STRESS TESTING

39. Know the Appropriate Use Criteria for stress echdicegraphy and criteria for selection of exercise X
versus pharmacological stress.

40. Know the pharmacokinetics, contraindications, ddd sffects of pharmacological stress agents amd th X
procedures for monitoring safety.

41. Know the use of ultrasound enhancing agents fowbgitricular opacification and myocardial perfusio X
in conjunction with echocardiographic stress testin

42. Know the indications and limitations of stress emdrdiography in comparison with other stress tgstin X
modalities.

43. Know the indications and the criteria for assessiiagtolic function during stress testing. X

44. Know the indications and parameters for diagnosiggificant and complex valvular heart disease by X
stress echocardiography, including hemodynamicsassent of low flow states.

DISEASES OF THE AORTA

45.  Know the transthoracic and transesophageal echiogaaghic findings of complex aortic disease (acute X
and chronic).

46. Know the echocardiographic findings that indicéte heed for immediate surgical intervention. X
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Milestones
. All Add*
Medical Knowledge
ADULT CONGENITAL HEART DISEASE
47. Know the findings of complex pre- and postoperatidelt congenital heart disease, including anatomjc X
and hemodynamic assessments.
CRITICAL CARE AND PERIOPERATIVE
48. Know the echocardiographic findings to diagnoseseanf undifferentiated shock, including evidence- X
based echocardiographic measures of fluid respensss and implications in management of volume
expansion, hemodynamic assessment via echocarghigmaethods to assess the etiologies of acute tor
pulmonale, and treatable causes of cardiac arrest.
49. Know the echocardiographic findings and hemodynamsgessment of patients with pathologic heart- X
lung interactions and those on mechanical ventifatincluding patients in shock and those who canno
be weaned from ventilation.
50. Know the indications for perioperative or periprdgeal transthoracic and transesophageal X
echocardiography and the findings representingeaant subacute complications.
RESEARCH
51. Know the methods to design, conduct, analyze, aedgve for publication the results of original X
investigative work that involves application of echrdiographicechniques.
Evaluation Tools. chart review, direct observation, in-training exgreliminary report review, trainee
portfolios
Milestones
. . All Add*
Patient Care and Procedural Skills
1. Skill to perform and interpret a comprehensive gtharacic echocardiography examination, including 3 X
dimensional imaging
2. Skill to perform and interpret a comprehensive semophageal echocardiography examination, inclugling X

dimensional imaging.

3. Skill to render and manipulate 3-dimensional imageth during the procedure and off line

4. Skill to administer conscious sedation and morpeients during and after TEE procedures.

5. Skill to perform and interpret myocardial mechahfoaction via strain imaging (including longitudih X
circumferential, and radial strain and serial assents) as well as tissue Doppler, including ahbibt
recognize and eliminate artifacts.

6. Skill to perform and interpret rapid assessmentsenfiodynamically unstable (undifferentiated shock) X
patients requiring assessment of volume statusrigatar function; fluid responsiveness; extravdacu
lung water; and tamponade physiology, includingéapleural effusions.

7. Skill to review images from other cardiovasculaagimg modalities for purposes of correlating with X
echocardiographic findings.

8. Skill to acquire and interpret echocardiographiagms during cardiovascular interventions such as X
pericardiocentesis and endomyocardial biopsy.

9. Skill to acquire and interpret echocardiographiagms to optimize temporary and permanent ventricula X

assist device function and to diagnose device meffons and complications.

10. Skill to acquire and interpret echocardiographiegms to assist structural heart interventions. X

11. Skill to acquire and interpret echocardiographiegms using all techniques to assess and diagnogaeo X
adult congenital heart disease and assist in iabtions.

12. Skill to guide insertion of mechanical support deg, including surgical and transcatheter devices. X

13. Skill to assist in the performance and interpretatf intracardiac echocardiography during struadtar X

electrophysiological procedures.

Evaluation Tools; chart review, direct observation, fellow-acquirethge review, multisource evaluation,
simulation
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Milestones
. All Add*
Systems-Based Practice
1. Incorporate risk-benefit analysis and cost, respuaad value considerations into care of patieiitts w X
cardiovascular disease.
2. Identify and address financial, cultural, and sbio&riers to adherence with care recommendations. X
3. Participate in practice-based continuous qualitgromement and safety initiatives. X
4. Participate in hospital-based and regional systefincare for patients with urgent and emergent X
cardiovascular conditions.
5. Work in collaborative fashion with physicians arehtlthcare professionals in other disciplines tanoge X
the care of patients with complex and multisystesease.
Evaluation Tools: chart review, direct observation, multisource eatibn
Milestones
. . All Add*
Practice-Based Learning and Improvement
1. Identify personal knowledge gaps and seek educdtimd training opportunities to improve knowledge, X
skills, and performance.
2. Utilize clinical practice guidelines, Appropriates&) Criteria, Medline searches, and other informeatibm|s X
at the point of care to improve clinical decisioaking.
3. Solicit and incorporate feedback from patientsleagues, and other healthcare team members tovapro X
clinical performance.
4. Use hospital and registry data to assess apprepésas, quality, and safety of cardiovascular care. X
5. Develop habits and practice of lifelong learning;luding regular review of journals and practice X
guidelines/Appropriate Use Criteria/consensus states and attendance at scientific and CME meetings
6. Skill to conduct literature searches, abstractiatetpret data, and apply results to clinical care. X
Evaluation Tools: conference presentation, direct observation, noultise evaluation, reflection and self-
assessment
Milestones
. . All Add*
Professionalism
1. Demonstrate respect, consideration, and empathyafients, families, and all members of the healthc X
team.
2. Practice within the scope of personal expertigenimg, and technical skills. X
3. Appropriately seek and integrate advice from caasi$ in a timely manner. X
4. Know evidence-based clinical practice guidelinesisensus statements, Appropriate Use Criteria, and X
performance measures relevant to scope of practice.
5. Identify, disclose, and manage relationships wittustry and other entities to minimize bias anduend X
influence on clinical decision making.
6. Demonstrate high ethical standards in personapanf@ssional conduct. X
7. Take responsibility for, and follow through on, fassional commitments and obligations in a timely X
fashion.
8. Identify potential for impaired professional perfaance in oneself and colleagues and take action to X
mitigate.
9. Attend to one’s own health, wellbeing, and abititte maximize personal and professional performance X
Evaluation Tools. chart reviewgonference presentation, direct observation, noultise evaluation, reflection
and self-assessment
Milestones
. . . All Add*
Interpersonal and Communication Skills
1. Communicate with patients and families in an effecand timely manner across a broad range of gthni X
social, cultural, socioeconomic, and religious lggokinds.
2. Engage patients in shared decision making based bglanced presentation of potential risks, besedihd X
alternatives, factoring in patients’ values andignences.
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Milestones

L _ Al
Interpersonal and Communication Skills

Add*

3. Complete medical records and communicate resulsaghostic and therapeutic measures to patiewts gn X
collaborating healthcare professionals in an effecnd timely manner.

4. Effectively lead and collaborate in interdisciplipand cardiovascular care teams, treating all team X
members with respect.

Evaluation Tools: chart review, direct observation, multisource aatibn

*Add indicates additional competencies that extbegond the core expectations that may be achieyasofne Level lli-trained

echocardiographers based on career focus, eithieigder following formal fellowship training (seestt for details).

4.2. Procedural and Technical Experience

Advanced training in echocardiography implies enHayel of medical knowledge and technical skill in
the performance and interpretation of all formsarfdiovascular ultrasound. A competency-based
approach to training relies on a variety of toolassess progress toward, and ultimate achievesfient
each component of competency. Level Il trainingresents the highest level of knowledge, experience
skill, and behavior in a given field.

For a procedural area, such as echocardiographigvatg this level of competency depends on
both the quality and volume of training. Creatingigh-quality training experience involves didactic
instruction, self-directed learning, mentoring,eshased education, and exposure to a wide range of
pathologies. Volume, a less important but morelggsiantified metric, can be measured by the number
and diversity of studies to which the trainee ipased. As such, a prescribed volume of studies is
necessary, but volume alone is an insufficient imédrguarantee satisfactory achievement of full
competence in each specific area. Competence fiorpeeach procedure is ultimately based on
successful completion of all training requiremeantd favorable evaluation by the echocardiography

program training director.

The minimum procedural volumes typically necesgaryhe development and demonstration of
Level lll competencies in each area are liste@idhle 2 Numbers reflect writing committee consensus
on the minimum experience required to provide nraéhees with a sufficient variety of clinical
situations and to allow faculty enough opportutityvaluate the trainee’s emerging competency.
Whenever possible, an attempt was made to harmtrese numbers with previously published training
guidelines. Procedural volume represents a surdgat broad, diverse clinical training experieaoe
will vary depending on the specific clinical seegcavailable at the training institution and theeea

goals of the trainee.
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Table 2. Minimum Procedural Volume Typically Necesary for the Development and Demonstration of Level
Il Echocardiography Competencies

Procedure/Technical Skill Level lll Numbers* Notes

Transthoracic echocardiography performedt 150 rédgmts no change
beyond Level I

Transthoracic echocardiography, interpretedt 750 Represents an

additional 450 studies
beyond Level Il

Transesophageal echocardiography, performed aebneted: 150 Represents an
additional 100 studies
beyond Level Il

3-dimensional echocardiography8

For valve disease, rendering/image manipulation 50 (TEE or TTE)
For ventricular volumes, function, ejectiondliian 50 (TTE)

Contrast echocardiography8§ 100 (TTE)

Strain and strain rate quantification8 50

Stress echocardiograp]hy 200 Represents an
Includes 25 for noncoronary indications additional 100 studies

beyond Level Il

*Numbers are based on consensus, are intendedchasgiguidance, based on the educational needgragcess of
typical Level Il echocardiography trainees, angresent the cumulative experience that may occangatime
during training. Competency to perform each procednust be based on evaluation by the supervising
echocardiography laboratory director and may exoedik below the threshold number shown in thitetab
tThe experience represented by these numbers nolistié exposure to a broad range of adult patiges,a
pathologies, modalities, and therapies, includimgpplex congenital heart disease, mechanical citaylaupport
devices/transplant, ultrasound enhancing agents3Brand speckle tracking to achieve the competsrmitlined
in Table 1 (Competency Components and Curriculdedttines for Level lll Training in Echocardiography
Additional training may occur in centers with aligplume of complex congenital heart disease orhaeical
assist devices/transplant to achieve the outlinadpetencies.

$The range of experience must include exposureébtoad range of indications, settings, and pathegdnclusive
of operative and intraprocedural studies and tleeoiSD echocardiography to achieve the competeratidined in
Table 1 (Competency Components and Curricular Mitess for Level 11l Training in Echocardiography).
8Exposure to these studies is not expected to diiauhl but rather to occur during the coursexyiasure to TEE,

TTE, and stress studies.

|| Exposure to a broad range of indications and patfie$, including valvular disease and diastoliesgrtesting, as
well as coronary disease is required. A significamnber of studies must be abnormal. The use adtind
enhancing agents in an appropriate number of stetsscardiographic studies is strongly recommended.

TEE indicates transesophageal echocardiography; fragsthoracic echocardiography.

4.2.1. Level lll General Training Requirements

By entering a Level lll training program, fellowspess their interest in and commitment to a given
field. To provide the optimal training experiencertain principles should be followed. First, tiam
should be flexible and, to the degree possiblenjiéndividuals to pursue a program that besttfitsr
long-term goals and career focus. To this endirttieing program should strike a balance between
gaining competency through diverse and high-voletimécal exposure and providing the opportunity for
the fellow to pursue other equally important goadsluding the development of research, educatiod,
leadership skills. The procedural volume requireiméeescribed in this document should be viewed as
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general guidelines rather than absolute rulesnélividualized program tailored to the career godithe

fellow should allow some flexibility, presuming cpatency is established.

To obtain Level Il competency, the trainee mustffulfill the requirements for Level I
certification (3) and then gain additional expecein performing and interpreting both routine and
specialized echocardiographic studies. Level #ining should not only include acquiring experfis¢he
technical aspects of advanced echocardiographigiimganethods (such as 3D, strain, and contrast
imaging), but should also provide a structured atlanal program that enables the trainee to begsyap
these methods in the treatment of specialized migh@pulations. Ideally, the trainee will particigan
the appropriate selection, intraprocedural guidaacd postprocedural monitoring of patients undiego

valvular interventions, repair of acquired/congaliteart defects, and mechanical circulatory suppor

Level Il training must also include acquiring thecessary skills for leading a training or
research echocardiographic laboratory, includindeustanding its administrative aspects, implementin
a continuous quality improvement program (includigreditation activities), and fostering an
environment that promotes innovation through thgoimg education of the physicians and staff.
Although it is not expected that all Level Il tngies will pursue careers as independent investiyaih
training programs must be structured to promotégiaation in scholarly activities. At a minimum,
Level Il trainees must develop the skills to cocidegular journal review sessions, organize dihaare

conferences, prepare oral presentations, and/te manuscripts for publication.

4.2.2. Special Ultrasound Procedures

Special procedures are those that require spesilliaining across a broad array of clinical sg#iim
which echocardiography is integral to the diagnasid management of patients and in the guidance of
invasive procedures and surgeries (21). The sjmmibprocedures that may be included in Level llI
training are listed iMable 3. It is recognized that exposure to these procediepends on the range of
clinical services offered at the trainee’s insti@ntand the individual career focus of the trairéet all
fellows will develop competence in all these ardde minimum procedural volume typically necessary
for the development and demonstration of Levegtiocardiography competencies for special
cardiovascular ultrasound procedures is providéichisle 3. Exposure to these procedures is essential,

but competency in any or all of these is not rezgifior Level Il training.
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Table 3. Minimum Procedural Volume Typically Necesary for the Development and Demonstration of Levelll
Echocardiography Competencies for Additional, Optimal Special Cardiovascular Ultrasound Procedures

Procedure/Technical Skill Numbers*
Echocardiographic guidance of interventional praced,T which includes: 75
Structural valvular interventiodis 30
Transseptal catheterization guidance 10
Percutaneous closure of septal defects/perivalVeids 15
Alcohol septal ablation 10
Placement of devices to exclude the left atrialesyglage 10
Ventricular assist device placement and assessment 20
Intraoperative transesophageal echocardiographlyidhvincludes: 75
Surgical valve repair or replacement 50
Intracardiac echocardiography 10

*These numbers are for training in particular pchges that are not required for general Leveldthpetency, although
exposure is recommended. Training and developnfardropetency in these areas will depend on spdc#inee interest
and institutional availability. Numbers are basadconsensus and intended as general guidance tvaslkd educational
needs and progress of typical Level Il echocandiphy trainees. Competency to perform each proeeshust be based
on evaluation by the supervising echocardiograpbgiatory director and may exceed or be belowttreshold number
shown in this table.

tThese procedures may be counted toward the t@taloF TEE numbers in Table 2 provided a complaté\sts
performed.

$The Level lll trainee should successfully comples¢h right-sided and left-sided procedures if thalgs to obtain
competency in the full range of structural heasedse interventions.

TEE indicates transesophageal echocardiography] @R¢dtransthoracic echocardiography.

For adequate exposure to special procedures, agiydaraining should occur in a laboratory that
is performing at least 7500 studies annually (8l Il training in special ultrasound procedures
provides a full understanding of the principlesligations, risks, and technical limitations of the
techniques. In addition to special expertise, nmgsitthese procedures involves the ability to gnéate
the information from the procedures into clinicedgtice, which includes accurate and timely repgrtf
the echocardiographic findings. Each special pro@dan only be learned at a high-volume laboratory
with an adequate volume of cases under the sujmmnas$ Level Ill trained and NBE-certified experts
who perform and interpret a large number of sudtgdures in an accredited lab according to specific
guidelines applicable to the procedure. Speciftonemendations for the various procedures follow.
AUC, where available, should also be understoodagmdied.

4.2.2.1. Transesophageal Echocardiography

TEE is best learned in a laboratory that perforrhgyh volume of diagnostic studies and provides a
diverse range of pathologies. Although the tecHrégpertise needed to perform TEE may be acquired i
a lower-volume setting, low volume limits expostoeahe critical and unusual abnormalities uniquely

identified by TEE. Training should include expostod EE examinations performed for a broad array of
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indications, including but not limited to assesst@mative and prosthetic valve disease, aorSeake,
acquired or congenital structural heart diseas# eamaluation of masses (e.g., thrombus or vegefatio
Level Il training requires the performance anaiptetation of a minimum of 150 TEEs. This count ca
include studies performed as part of structurattreaad/or intraoperative TEE interventions (seeld &)
provided these are complete TEEs of which the éajmerforms the significant portion. The growing
availability of TEE simulation to supplement clialexperience is an increasingly important and
practical way to enhance TEE skills but cannot $edias a substitute for the number of requiredcelin

studies.

Competence in TEE requires a thorough understarafiitg use in both outpatient and inhospital
clinical settings (e.g., multispecialty intensivaee unit, emergency department, and operating room)
Patient suitability in these settings can influetieechoice of TTE versus TEE as the first diagnost
imaging modality. The trainee should be competemtéighing and communicating the risks and benefits
of the TEE exam and occasionally deferring suchxam. Independent performance of TEE also
requires knowledge of and experience in the adinéttisn of conscious sedation, which includes
potential complications and their management. Aoltil competence in TEE should include a thorough
knowledge of absolute contraindications, relatiwet@indications, and complications. Collection of
clinical performance data and grading for compseterssessment permits a more objective assessment of

echocardiography training (22).

4.2.2.2. 3D Echocardiography

Three-dimensional echocardiography is a technicaliypplex modality used in characterizing structural
heart disease and in planning and guiding centaérnientional and surgical procedures (23). Lelel |
training in echocardiography provides a basic ustdeding of the principles of 3D echocardiography
and recognition of the clinical situations in whigb representation can add incremental value oer 2
imaging. Level Il training should prepare fellovesapply 3D echocardiography appropriately and expos
them to basic image acquisition and interpretatBatause of the evolving nature and complexity»f 3
echocardiography, independent performance, prowgssnd interpretation of 3D echocardiography is
part of Level Ill training under the supervisionatevel Il expert. The Level Il trainee shoulderpret
approximately 100 3D echocardiograms (either TTEBIE) of which at least half should include the
acquisition and rendering of images involving védwustructural, or congenital patients. Theseistud
may also satisfy the suggested minimum requirenfenfETE, TEE, or other special procedures as long

as they include all the necessary components.

Page 27 of 45



Wiegers SE, et al.
2019 ACC/AHA/ASE Advanced Training Statement on Ecbcardiography

Training should be performed in a laboratory ineh8D echocardiography is used routinely in a
variety of applications, including assessment afnaher volumes, valvular heart disease, and coraenit
heart defects. Competence to perform 3D echocawajiby independently requires demonstration of
skills in image acquisition, image processing (Biage set manipulation and display), interpretation
3D TTE and TEE echocardiograms, and accurate corneation of findings. Ability to independently
measure cardiac dimensions and volumes from 3Déamagvalvular and congenital heart disease under
direction of a Level Il expert is also an impottaomponent of Level lll training. Level lll traire
should become competent in the use of 3D echogajby in procedural planning for both surgical and
transcatheter interventions as well as in the guidaf these procedures and the immediate assetssfnen
their outcomes (23).

4.2.2.3. Contrast Echocardiography

Both the use of agitated saline contrast in théuatian of patients with suspected right-to-leftists and
the use of microbubble contrast agents (ultras@midncing agents) for identification of endocardial
borders and detection of intracardiac thrombi amsilered standard requirements for Level Il tragrin
echocardiography (3). Level lll training in contrashocardiography should also include instruction
the chemical composition and physical propertieslivAsound enhancing agents, advanced ultrasound

equipment settings, safety issues, and protocolsafi@liac mass detection and characterization (24).

The individual completing Level Il training shoufdve the requisite skills to perform and
interpret contrast-enhanced echocardiograms aangstiuring exercise as well as pharmacologicasstr
It is recommended that at least 100 contrast ectiimgaams be interpreted to achieve Level Il tiragn
This experience should be tailored to recognizestthee and limitations of ultrasound contrast innggi
relative to alternative imaging modalities in vaiscclinical scenarios for optimal and cost-effigien
patient care (25).

4.2.2.4. Strain Echocardiography and Myocardial Mechanics

Level Il training in echocardiography includes exjse in emerging techniques that measure myaardi
mechanics, particularly strain echocardiographysehmodalities have demonstrated clinical utititgi
variety of clinical settings (26). Strain and streate imaging are useful in the measurement dfajland
regional systolic and diastolic function, regiotialing of myocardial contraction, and global and
regional myocardial strain, strain rate, torsiod ather measures of deformation (27). Trainees who
aspire to Level lll training in echocardiographystd have a complete understanding of the physical
principles of myocardial mechanics, aspects of in@giyocardial mechanics, methods to process
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images to obtain strain and strain rate measuresnand technical limitations and indications fa tise
of strain to assess myocardial mechanics (28,28).cbmparison of serial strain measurements for
surveillance must be understood, along with théditions and pitfalls of such comparisons. Thiselesf
competency is expected to require interpretatiost ¢dast 50 studies that involve strain and stz
assessment.

4.2.2.5. Stress Echocardiography

Training in stress echocardiography entails expotua mix of exercise and pharmacological stress
testing, including patient selection, stress maygalklection, stress test supervision, and integratf all
diagnostic information. Interpretation of wall nani before and during stress is challenging, anohabt
utility of the test requires integration of echaliagraphic results with all available data. Basic
competence in stress echocardiography can be a&chéwring Level |l training and requires
interpretation of at least 100 studies. For advdna@el Il training in stress echocardiographyttier
exposure and training are required. A minimum d 8bess echocardiograms should be interpreted (100
additional above Level IlI) under the supervisioradfevel Il trained physician. It is further
recommended that approximately 25 of these aréestyerformed for noncoronary indications (30).
Beyond interpretation, advanced training in stesdwcardiography should include the advantages,
limitations, and risks of different stress imagagproaches; monitoring of the stress test; andyiaton

of stress echocardiographic results in patient mgamant (31) .

In addition to the above, Level lll experience im#s advanced training in and understanding of:
1) the application of stress echocardiography fateation of abnormal hemodynamic responses in
patients with valvular heart disease such as asteitosis, mitral regurgitation, or mitral stenp&jsthe
role of the “diastolic” stress test in the evalaatdf the dyspneic patient (30,32); 3) the rolstoéss
echocardiography in evaluation of patients withdrymphic cardiomyopathy and pulmonary
hypertension; 4) the use of stress echocardiogrigglgssessment of myocardial viability; and 5) ithie
of ultrasound enhancing agents for left ventricolaacification and myocardial perfusion
echocardiographic techniques.

4.2.2.6. Echocardiography During I nterventional Procedures

Echocardiography plays an essential role in patielgction, preprocedural planning, intraprocedural
monitoring, immediate results assessment, andWelip of patients with structural and congenitalrhea
disease undergoing catheter-based intervention34B3nterventional procedures that may require

echocardiographic guidance (TTE, TEE, or intracardichocardiography [ICE]) include transcatheter
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valve replacement or repair, atrial and ventricekgstal defect closure, patent foramen ovale obpdeift
atrial appendage exclusion, balloon valvuloplasiigsure of prosthetic perivalvular leaks, alcoreptal
ablation, patent ductus arteriosus closure, pulmovessel angioplasty or stenting, pericardiocestes
endomyocardial biopsy, and radiofrequency cathadtiation. The skill to guide interventional proceshu
for complex congenital heart disease may requéiaitrg beyond Level Ill. Competency in this complex
and evolving field requires thorough knowledge anderstanding of the interventional procedure
performed as well as of relevant cardiac anatondyasmsociated hemodynamics. Echocardiographers
should be familiar with all aspects of the interiemal devices used and able to recognize devietet
complications. Effective heart team communicat®oritical to success for these interventional
procedures. A high level of expertise in probe rpalation is essential to guide the interventionalis
using real-time 2D and 3D imaging. Echocardiograplgeiding interventional procedures should attend

structural heart disease team meetings and paticip case discussions.

Competency for independent performance is demdestiay the ability to completely
characterize the cardiovascular anatomy and henamaigs relevant to each specific interventional
procedure, and to provide both immediate guidan@perators during device-related procedures and
feedback regarding the satisfactory completiorhefihtervention. Given the growing number of
interventional procedures that rely on echocardiphic guidance and monitoring, the Level Il trane
should ideally participate in a range of differpmbcedures. It is recognized that this range ailyély be
dictated by the interventions offered at the tragninstitution. The minimum procedural volume tyglig
necessary for the development and demonstratieeadl Il echocardiographic competencies is
provided in Table 3. The numbers themselves areneaint to be absolute requirements. For example,
after performing and interpreting 30 structuraluddir interventions requiring transseptal access, a
smaller number of atrial septal closures may bejaale to establish competency. Thus, Level llI
competency ideally should be achieved by trainiity experienced physicians at centers where these
advanced procedures are performed in sufficientael (33,34). Additionally, as ICE becomes an
important modality for guiding these procedures, tainee must have familiarity and may require
expertise in this area (see Section 4.2.2.8. latchac Echocardiography).

As the use of mechanical circulatory support becomere prevalent, the echocardiographer can
expect to be called to assist with these patierga & centers without such a program. Therefore,
mechanical circulatory support management, inclyidiptimal positioning and functioning and assessing
for complications, is a critical skill set to beqaired during Level Il training. However, the dkib guide
placement of surgical and percutaneous devicesmigrbe achieved in centers with mechanical support

programs and is noted as requiring additional itngiim the competency table.
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4.2.2.7. Intraoperative TEE

Competence in intraoperative TEE requires addititraming beyond that described previously (35).
Experience in the operating room should includestk@mination and evaluation of patients during @alv
replacement and repair procedures and monitoripgiénts undergoing routine coronary bypass surger
(17,21). In addition, exposure to a wide rangeastliac surgical procedures is recommended. These
include procedures for mechanical circulatory suppobotic or minimally invasive procedures, and
hybrid techniques, where TEE guidance is impor@angpecific portions of the procedure, such as

identification of intracardiac catheters, cannulieyices, and guidewires (36).

Guidelines for training in advanced intraoperafiéE have been developed primarily for the
cardiovascular anesthesiologist who has not hadl rdining in routine TEE (21). For the advanced
cardiology fellow who has performed at least 15&™fudies as part of Level lll training, competeity
intraoperative TEE requires that at least 75 stid&intraoperative, of which at least 50 shoulddses
involving structural or valvular procedures. Traigito guide intraoperative repair in complex coriigdn
heart disease may require additional training. ™hétraoperative studies can be part of the 1&0 to
TEEs provided these are complete studies of wiiehirainee performs the significant portion. There
may also be additional TEE studies, but in eitlzesec all should be personally performed, interprete
and reported under the supervision of a qualifiqzbe, who should be a Level lll trained
echocardiographer or physician certified by the NBBdvanced perioperative TEE (36). Competency in
intraoperative TEE also requires an understandingugous cardiac surgical techniques,
cardiopulmonary bypass, and the impact of the conalusurgery and the effect of anesthetic agents o
intraoperative changes in hemodynamics as assbgsshocardiography. Exposure to TEE studies in
noncardiac surgery cases is also recommendeddmim@te the range of indications for intraopemativ
echocardiography.

Exposure to multidisciplinary discussions regardimg care of cardiac surgical patients is highly
recommended to gain an understanding of the unigtaoperative challenges described above.
Intraoperative monitoring of procedures for patanith congenital heart disease requires specific

training that is often best acquired in a pediataining laboratory (19).

4.2.2.8. Intracardiac Echocardiography

ICE is a specialized technique most often perforfoeéhterventional procedure guidance. ICE is
increasingly used as the sole imaging techniqugiie certain interventional and electrophysiology

procedures, including transseptal puncture, traheter interatrial and interventricular communioati
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closure, mitral and pulmonary valve interventide$, atrial appendage exclusion, endomyocardial
biopsy, and radiofrequency catheter ablation (37,Bi& ICE probe is inserted through a femoral,
subclavian or internal jugular vein by the procediat (interventional cardiologist or electrophysigist)
and advanced into one of the right-sided cardiaenters. Most ICE studies are performed, and often
interpreted by, the proceduralist, at times in €losllaboration with a Level Ill trained
echocardiographer. In some cases, the echocarglegrananipulates the probe after it is introduced i
the cardiac chambers and interprets the imagespt@ie manipulation and image acquisition and
interpretation differ significantly from other eadtardiographic techniques and warrant dedicatediirgi
When participating in a procedure in which ICE $&d, close collaboration and clear communication
with the proceduralist are required. Level 1l catgncy in ICE requires intimate knowledge of the
cardiac anatomy, familiarity with the ICE probe ripaation, and successful interpretation of theges
obtained. Training in ICE should be obtained urtberdirect supervision of expert physicians inghhi
volume center where this modality is used routin€haining in ICE is an example of a Level I
competency that requires additional training beyibredstandard Level Il training, and may be atidin

by some, but not all, Level lll echocardiograph&sggested minimum experience is listed in Table 3.

4.3. Training in Multiple Modalities

Graduates who complete Level Il or Level Il traigiin echocardiography should also have acquired
Level | training in other noninvasive imaging mdtas. The person who acquires Level llI
echocardiography skills, therefore, will possessxert skill level in echocardiography and, at
minimum, a basic understanding of the clinicalitytilappropriate use, and complementary aspects of
other imaging modalities. Although Level Il echadimgraphy trainees are not required to become
multimodality imaging experts, they must developuaderstanding of each of these imaging methods,
their strengths and limitations, and the propegcain of the most appropriate imaging modality for
common clinical conditions (25). Their trainingrimultimodality cardiac imaging should be directed by
faculty who have achieved Level lll training. Felt®who acquire Level Il echocardiography training
a dedicated 4th year may also acquire Level lIskil1 or more additional modalities. Several kegas
should be emphasized in the curriculum: selecticdh@best imaging test for a clinical scenario,
understanding quality improvement processes retatédaging, and physics and imaging processing

techniques.

5. Leadership and Administrative Competencies

In addition to clinical competency, Level lll tr&id echocardiographers are expected to function

effectively as leaders in allied efforts to asshigh-quality care and promote individual and popala
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health. Some of these activities and attributdfakide the realm of clinical knowledge and séitld
instead involve administrative roles in clinicahptice, hospitals, health systems, professionatses,

or other organizations. Developing a familiarititiwintersocietal Accreditation Commission
requirements for echocardiography and participatiahe Intersocietal Accreditation Commission
accreditation process are examples of how an addaechocardiography fellow can gain some
experience in laboratory administration. The intambf training is to provide a foundation of leestdp
and administrative skills that would be enhancedirafined throughout one’s career after fellowship.
Specific competencies expected of all general okogists and cardiovascular specialists, includirase
whose careers involve greater involvement in adstriaiive, managerial, or advocacy positions, are
delineated in Table 24 of the 2016 ACC Lifelong trélag Competencies for General Cardiologists (39).

6. Evaluation of Proficiency

Evaluation of a trainee’s proficiency in advancedning in echocardiography involves multiple
assessments by instructors of the trainee’s alvdithoughtfully apply, comprehensively performgdan
accurately interpret advanced echocardiographiietuThese assessments include global evaluations,
direct observations (including review of fellow-ageed images, generation of the preliminary repamg
consenting), case logs, chart review (includingeaelhce to utilization guidelines, AUC, and patient
outcomes), the trainee’s portfolio (including sarby productivity and quality improvement projects)
and assessment of leadership skills. The trairganization of and participation in didactic caefeces
and case presentations also provides opportufiiesstructors to evaluate the trainee’s proficign

Self-assessment programs through the ACC and ASBlso available to the trainee.

Clinical judgment, case management, and procedliiéd must be evaluated regularly for every
trainee. Quality of care; judgments or actions thatlt in complications; and interactive behavieith
physicians, patients, and laboratory support stafiuld be considered. Trainees must maintain reaurd
participation and advancement using an electroaialzhse or logbook that is Health Insurance
Portability and Accountability Act (HIPAA) complidand contains pertinent clinical information.

Under the guidance of the echocardiography progliaector, faculty should verify and
document each trainee’s performance and confirisfaatory achievement. The program director is
responsible for confirming experience and competema reviewing the overall progress of individual
trainees to ensure achievement of selected tramilegtones and identify areas in which additional
focused training may be required. On a periodiéstaisoughout the course of training, the program

director should review the trainee’s case logbao&risure the adequacy of the trainee’s exposuae to
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broad spectrum of cardiac pathology and the trareeerience in applying advanced imaging
echocardiographic techniques to evaluate same. \Mel |l echocardiography training is conducted
within the general 3-year cardiology fellowshippodination of feedback and assessment with the
general cardiology program director and the clinbenpetency committee is essential. Lastly, foltoyv
completion of advanced training in echocardiographg advanced trainee is expected to become
certified by the NBE in comprehensive adult echdicagraphy.
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Appendix 3. Abbreviation List

3D = 3-dimensional

ABIM = American Board of Internal Medicine

ACGME = Accreditation Council for Graduate Medi&aducation
COCATS = Core Cardiovascular Training Statement

ICE = intracardiac echocardiography

NBE = National Board of Echocardiography

RWI = relationships with industry

TEE = transesophageal echocardiography

TTE = transthoracic echocardiography
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