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INTRODUCTION

Transesophageal echocardiography (TEE) is a critically important car-
diovascular imaging modality. The proximity of the esophagus to
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Abbreviations

ACHD = Adult congenital
heart disease

ASE = American Society of
Echocardiography

AUC = Appropriate use
criteria

AV = Aortic valve

LA = Left atrial

LAX = Long-axis

LV = Left ventricular

ME = Midesophageal

MV = Mitral valve

PA = Pulmonary artery

PFO = Patent foramen ovale
PV = Pulmonic valve

RV = Right ventricular

RVOT = Right ventricular
outflow tract

SAX = Short-axis

SCA = Society of
Cardiovascular
Anesthesiologists

TEE = Transesophageal
echocardiography

TG = Transgastric
3D = Three-dimensional

TTE = Transthoracic
echocardiography

TV = Tricuspid valve

2D = Two-dimensional

UE = Upper esophageall

tion>°

echocardiographic  views

much of the heart and great ves-
sels makes it an excellent ultra-
sonic window, so that TEE
provides additional and more ac-
curate information than transtho-
racic echocardiography (TTE) for
some patients, for several specific
diagnoses and for many catheter-
based cardiac interventions.
Esophageal ultrasound was first
reported in 1971 to measure
flow in the aortic arch.' This
was followed in 1976 by its use
with M-mode echocardiogra-
phy? and then in 1977 by two-
dimensional (2D) imaging using
a mechanical scanning trans-
ducer.® The modern era of TEE
really began in 1982, with the in-
troduction of flexible probes with
phased-array transducers and
manipulable tips,* initially as a sin-
gle, horizontally oriented trans-
ducer (monoplane), next as two
orthogonally oriented trans-
ducers (biplane), and then as ad-
justable transducers capable of
rotating 180° within the tip of
the probe (multiplane). More re-
cently, transesophageal echocar-
diographic probes and systems
capable of producing real-time
three-dimensional (3D) images
have been developed and have
achieved wide use.

In 1999, the American Society
of Echocardiography (ASE) and
the Society of Cardiovascular
Anesthesiologists (SCA) pub-
lished guidelines for performing
a comprehensive intraoperative
multiplane transesophageal
echocardiographic examina-

that defined and named a set of 20 transesophageal
intended to facilitate and provide

consistency in training, reporting, archiving, and quality assurance.
Although the comprehensive intraoperative views have been
widely adopted, they have a number of limitations. They were
intended for intraoperative imaging and do not include some views
important to other applications of TEE. The 20 views do not
address any specific diagnoses and do not include some views
needed to adequately examine common cardiac disorders. With
significant advancement in technology, TEE has proven utility in
a number of clinical arenas,’'? including the operating room,
intensive care unit, interventional laboratory, and outpatient setting.
Thus, TEE has become an essential imaging tool for cardiac
surgeons, anesthesiologists, cardiac interventionalists, and clinical
cardiologists. The present document is thus intended to be a guide
to TEE in the following situations:

1. Diagnostic TEE: TEE performed to address a specific diagnostic question
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2. Intraprocedural TEE
a. Surgical-based procedure
b. Catheter-based procedure

The writing group acknowledges that individual patient characteris-
tics, anatomic variations, pathologic features, or time constraints im-
posed on performing TEE may limit the ability to perform all aspects
of the examination described in this document. Although the
beginner should seek a balance between a fastidiously complete, com-
prehensive examination and expedience, an experienced echocardiog-
rapher can complete the examination described here in a reasonable
time period. The writing group also recognizes that there may be other
entirely acceptable approaches and views of a transesophageal echocar-
diographic examination, provided they obtain similar information in
a safe manner. In addition, although this document presents a suggested
protocol of image acquisition, the order and number of views may differ
for various indications. For some indications, additional special views
are recommended, and these are described in the “Specific Structural
Imaging” section of this document. The document is not intended to re-
view specific indications for TEE or to cover extensively abnormalities
seen with this modality.

The present guideline is divided into the following sections:

1. General guidelines
a. Training and competence
b. Indications for TEE
c. Sedation and anesthesia
d. Probe insertion and manipulation
2. Comprehensive transesophageal echocardiographic imaging examination
a. Comprehensive 2D imaging examination
3. Specific structural imaging with TEE
a. Mitral valve (MV) imaging
b. Aortic valve (AV) and aorta imaging
¢. Pulmonic valve (PV) imaging
d. Tricuspid valve (TV) imaging
e. Assessment of ventricular size and function
f. Left atrium and pulmonary veins
g. Right atrium and venous connections
h. Adult congenital heart disease (ACHD): transesophageal echocardio-
graphic imaging algorithm

GENERAL GUIDELINES

Training and Certification

There are several published guidelines addressing training and main-
tenance of competence for physicians performing TEE that are
summarized in Table 1.”'® TTE is a prerequisite to TEE for
cardiology-based training but not anesthesiology-based training.
Demonstration of competence in TEE is usually accomplished by suc-
cessful completion of a training program and passing an examination.
The National Board of Echocardiography, founded in 1998 in
collaboration with the ASE and SCA, offers an examination and
certification in TEE through three pathways: general diagnostic echo-
cardiography, advanced perioperative TEE, and basic perioperative
TEE. The European Society of Echocardiography together with the
European Association of Cardiac Anaesthesiologists offers certifica-
tion in TEE through a multiple-choice examination and the submis-
sion of a log book of studies performed that are graded by external
examiners. Maintenance of competence in TEE is addressed in the
American College of Cardiology clinical competence statement on
echocardiography'” and the ASE and SCA continuous quality
improvement recommendations and guidelines in perioperative
echocardiography'® and is also summarized in Table 1.
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Table 1 Published recommendations for training in TTE and TEE
Basic Advanced Director
Guidel ine Total Exams TEE Exams Total Exams TEE Exams Total Exams TEE Exams

ASE and the SCA guidelines for training in perioperative echocardiography (2002 and 2006)

Number of studies 150*

Duration of Training (months) NS

Total CME hours 20

MOC: CME hours 15 within 3 yrs

MOC: Number of TEEs/yr 50 interpreted
25 performed

50 performed

The American College of Cardiology/American Heart Association guidelines for training in TTE and TEE (2003) and COCATS 3 (2008)

Number of studies 150 interpreted NA

75 performed

Duration of Training (months) 3
Total CME hours NS
MOC: CME hours )
MOC: Number of TEEs/yr NA

Canadian Anesthesiologists’ Society and the Canadian Society of Echocardiography (2006)

Number of studies 150"
Duration of Training (months) 3
Total CME hours 50 within 2 yrs
MOC: CME hours 50 within 4 yrs
MOC: Number of TEEs/yr 50

European Society of Echocardiography (2010)
Number of studies 250" /150*
MOC: CME hours 30 within 5 yrs
MOC: Number of TEEs/yr 50

100 performed

75t /1258

300" 150 performed 450 300
NS NS

50 NS

15 within 3 yrs 15 within 3 yrs

50 interpreted 50 interpreted

25 performed 25 performed

300 interpreted 25 insertions 750 interpreted NS
150 performed 50 (* 50) performed 300 performed

6 12

NS NS

5 >5

25-50 NS

300 200 performed 450~ 300
6 9

50 within 2 yrs 75 within 2 yrs

50 within 4 yrs 75 within 4 yrs

50 50 (757)

NS NS

30 within 5 yrs 30 within 5 yrs

50 50

CME, Continuing medical education; MOC, maintenance of certification; NA, not applicable; NS, not specified.
*Includes complete echocardiographic examinations (TTE or TEE) interpreted and reported by trainee under supervision of a physician at the

advanced or director level.
TNumber of cases personally performed and reported over 24 months.

*Number of TTE cases personally performed and reported over 24 months if TEE accredited.
SNumber of TEE cases personally performed and reported over 24 months if TTE accredited.

The minimum knowledge required for the performance and
interpretation of TEE and perioperative echocardiography in adults
is addressed in the ACC clinical competence statement on echocardi-
ography'” and listed in Tables 2 and 3. This document recommends
the performance of a comprehensive or complete transesophageal
echocardiographic examination whenever possible. The present
guideline describes the comprehensive transesophageal echocardio-
graphic examination.

Indications for TEE

TEE has many uses in clinical practice. These uses can be divided into
general indications and specific procedural indications (intraoperative
and other procedural guidance). This document does not address ba-
sic perioperative TEE, which is a noncomprehensive examination for
intraoperative monitoring and evaluation of hemodynamic instability
covered by recently published guidelines.'® General indications for
TEE are listed in Table 4, but a complete list of explicit indications is
not possible given the diversity of diseases and clinical scenarios in
which echocardiography is used. Indications for TEE include the eval-
uation of cardiac and aortic structure and function in situations in
which the findings will alter management and the results of TTE are
nondiagnostic or TTE is deferred because there is a high probability
that results will be nondiagnostic. Situations in which TTE may be
nondiagnostic include, but are not limited to, detailed evaluation of

the abnormalities in structures that are typically in the far field, such
as the aorta and the left atrial (LA) appendage; evaluation of pros-
thetic heart valves; evaluation of native valve masses; evaluation of
paravalvular abscesses (both native and prosthetic valves); and vari-
ous uses in critically ill patients. Transthoracic echocardiographic im-
age quality may be compromised in patients on ventilators, those
with chest wall injuries, obese patients, and those unable to move
into the left lateral decubitus position.

Specific procedural indications include the guidance of transcath-
eter procedures and assessments of cardiac structure and function
that will influence cardiac surgery. Although guidance of procedures
may require continuous imaging, TEE related to cardiac surgery typ-
ically requires an assessment before the institution of cardiopulmo-
nary bypass and then an evaluation after weaning from
cardiopulmonary bypass. Recent practice guidelines developed by
the American Society of Anesthesiologists and the Society of
Cardiovascular Anesthesiologists>® provide basic recommendations
on the appropriate use of perioperative TEE, with the intent of im-
proving surgical outcomes with evidence-based use of TEE. These
specific procedural indications include the use of TEE in selected car-
diac operations (i.e., valvular procedures) and thoracic aortic surgical
procedures as well as use in some coronary artery bypass graft surger-
ies, guiding management of catheter-based intracardiac procedures
(including septal defect closure or atrial appendage obliteration, but
equivocally during dysrhythmia treatment) when general anesthesia
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Table 2 Cognitive and technical skills required for competence in echocardiography

Panel A. Basic Cognitive Skills Required for Competence in Echocardiography

Panel B. Cognitive Skills Required for Competence in Adult TTE

e Knowledge of physical principles of echocardiographic image
formation and blood flow velocity measurements.

e Knowledge of instrument settings required to obtain an optimal
image.

e Knowledge of normal cardiac anatomy.

e Knowledge of pathologic changes in cardiac anatomy due to
acquired and congenital heart disease.
e Knowledge of fluid dynamics of normal blood flow.

e Knowledge of pathological changes in blood flow due to acquired
heart disease and congenital heart disease.

e Basic knowledge for competence in echocardiography.
e Knowledge of appropriate indications for echocardiography.

e Knowledge of the differential diagnostic problem in each case and
the echocardiographic techniques required to investigate these
possibilities.

e Knowledge of appropriate transducer manipulation.

e Knowledge of cardiac auscultation and electrocardiography for
correlation with results of the echocardiogram.

o Ability to distinguish an adequate from an inadequate
echocardiographic examination.

e Knowledge of appropriate semi-quantitative and quantitative
measurement techniques and ability to distinguish adequate from
inadequate quantitation.

e Ability to communicate results of the examination to the patient,
medical record, and other physicians.

e Knowledge of alternatives to echocardiography.

Panel C. Cognitive Skills Required for Competence in Adult TEE

Panel D. Technical Skills Required for Competence in Adult TEE

Basic knowledge for echocardiography and TTE.
o Knowledge of the appropriate indications, contraindications, and
risks of TEE.

e Understanding of the differential diagnostic considerations in each

clinical case.

e Knowledge of infection control measures and electrical safety issues

related to the use of TEE.

e Understanding of conscious sedation, including the actions, side
effects and risks of sedative drugs, and cardiorespiratory
monitoring.

o Knowledge of normal cardiovascular anatomy, as visualized
tomographically by TEE.

o Knowledge of alterations in cardiovascular anatomy that result from
acquired and congenital heart diseases and of their appearance on

TEE.

e Understanding of component techniques for transthoracic
echocardiography and for TEE, including when to use these
methods to investigate specific clinical questions.

o Ability to distinguish adequate from inadequate echocardiographic

data, and to distinguish an adequate from an inadequate TEE
examination.

e Knowledge of other cardiovascular diagnostic methods for
correlation with TEE findings.

o Ability to communicate examination results to the patient, other
health care professionals, and medical record.

e Proficiency in using conscious sedation safely and effectively.

o Proficiency in performing a complete transthoracic
echocardiographic examination, using all echocardiographic
modalities relevant to the case.

e Proficiency in safely passing the TEE transducer into the esophagus
and stomach, and in adjusting probe position to obtain the
necessary tomographic images and Doppler data.

e Proficiency in operating correctly the ultrasonographic instrument,
including all controls affecting the quality of the data displayed.

e Proficiency in recognizing abnormalities of cardiac structure and
function as detected from the transesophageal and transgastric
windows, in distinguishing normal from abnormal findings, and in
recognizing artifacts.

o Proficiency in performing qualitative and quantitative analyses of the
echocardiographic data.

e Proficiency in producing a cogent written report of the
echocardiographic findings and their clinical implications.

Panel A lists the basic cognitive skills required for competence in echocardiography. Panel B lists the cognitive skills required for competence in
TTE. Panel C lists the cognitive skills required for competence in TEE. Panel D lists the technical skills required for competence in TEE.

Modified from Quinones et al.'”

is provided and intracardiac ultrasound is not used, noncardiac sur-
gery when patients have known or suspected cardiovascular pathol-
ogy that may affect outcomes, and in critical care patients when
diagnostic information is not obtainable by TTE and this information
is expected to alter management.

Appropriate use criteria (AUC) have recently been developed for
imaging modalities. The goal of AUC is to categorize the clinical
situations in which diagnostic tests and procedures such as TEE are
used and to determine if such use is appropriate or not. Although
the AUC for TEE in published documents are not all inclusive, they



Journal of the American Society of Echocardiography Hahn etal 925

Volume 26 Number 9

Table 3 Cognitive and technical skills required for competence in perioperative echocardiography

Panel A. Cognitive Skills Needed to Perform Perioperative
Echocardiography at a Basic Level

Panel B. Technical Skills Needed to Perform Perioperative
Echocardiography at a Basic Level

e Basic knowledge for echocardiography (Table 1).

e Knowledge of the equipment handling, infection control, and
electrical safety recommendations associated with the use of TEE.

e Knowledge of the indications and the absolute and relative
contraindications to the use of TEE.

e General knowledge of appropriate alternative diagnostic modalities,
especially transthoracic, and epicardial echocardiography.

e Knowledge of the normal cardiovascular anatomy as visualized by
TEE.

o Knowledge of commonly encountered blood flow velocity profiles as
measured by Doppler echocardiography.

o Detailed knowledge of the echocardiographic presentations of
myocardial ischemia and infarction.

e Detailed knowledge of the echocardiographic presentations of
normal and abnormal ventricular function.

o Detailed knowledge of the physiology and TEE presentation of air
embolization.

e Knowledge of native valvular anatomy and function, as displayed by
TEE.

e Knowledge of the major TEE manifestations of valve lesions and of
the TEE techniques available for assessing lesion severity.

e Knowledge of the principal TEE manifestations of cardiac masses,
thrombi, and emboli; cardiomyopathies; pericardial effusions and
lesions of the great vessels.

o Ability to operate the ultrasound machine, including controls
affecting the quality of the displayed data.

o Ability to perform a TEE probe insertion safely in the anesthetized,
intubated patient.

e Ability to perform a basic TEE examination.

o Ability to recognize major echocardiographic changes associated
with myocardial ischemia and infarction.

¢ Ability to detect qualitative changes in ventricular function and
hemodynamic status.

o Ability to recognize echocardiographic manifestations of air
embolization.

o Ability to visualize cardiac valves in multiple views and recognize
gross valvular lesions and dysfunction.

o Ability to recognize large intracardiac masses and thrombi.

¢ Ability to detect large pericardial effusions.

o Ability to recognize common artifacts and pitfalls in TEE
examinations.

e Ability to communicate the results of a TEE examination to patients
and other health care professionals and to summarize these results
cogently in the medical record.

Panel C. Cognitive Skills Needed to Perform Perioperative
Echocardiography at the Advanced Level

Panel D. Technical Skills Needed to Perform Perioperative
Echocardiography at the Advanced Level

All the cognitive skills defined for the basic level.

o Knowledge of the principles and methodology of quantitative
echocardiography.

o Detailed knowledge of native valvular anatomy and function.
Knowledge of prosthetic valvular structure and function. Detailed
knowledge of the echocardiographic manifestations of valve lesions
and dysfunction.

e Knowledge of the echocardiographic manifestations of CHD.

o Detailed knowledge of echocardiographic manifestations of
pathologic conditions of the heart and great vessels (such as
cardiac aneurysms, hypertrophic cardiomyopathy, endocarditis,
intracardiac masses, cardioembolic sources, aortic aneurysms and
dissections, pericardial disorders, and post-surgical changes).

o Detailed knowledge of other cardiovascular diagnostic methods for
correlation with TEE findings.

o All the technical skills defined for the basic level.
o Ability to perform a complete TEE examination.

o Ability to quantify subtle echocardiographic changes associated
with myocardial ischemia and infarction.

o Ability to utilize TEE to quantify ventricular function and
hemodynamics.

o Ability to utilize TEE to evaluate and quantify the function of all
cardiac valves including prosthetic valves (e.g., measurement of
pressure gradients and valve areas, regurgitant jet area, effective
regurgitant orifice area). Ability to assess surgical intervention on
cardiac valvular function.

o Ability to utilize TEE to evaluate congenital heart lesions. Ability to
assess surgical intervention in CHD.

o Ability to detect and assess the functional consequences of
pathologic conditions of the heart and great vessels (such as
cardiac aneurysms, hypertrophic cardiomyopathy, endocarditis,
intracardiac masses, cardioembolic sources, aortic aneurysms and
dissections, and pericardial disorders). Ability to evaluate surgical
intervention in these conditions if applicable.

o Ability to monitor placement and function of mechanical circulatory
assistance devices.

CHD, Coronary heart disease.

Panel Alists the cognitive skills required for competence in perioperative echocardiography at the basic level. Panel B lists the technical skills required for
competence in perioperative echocardiography at the basic level. Panel C lists the cognitive skills required for competence in perioperative echocar-
diography at the advanced level. Panel D lists the technical skills required for competence in perioperative echocardiography at the advanced level.
Modified from Quinones et al.'”
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Table 4 General indications for TEE
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General indication

Specific examples

1. Evaluation of cardiac and aortic structure and function in situations
where the findings will alter management and TTE is non-
diagnostic or TTE is deferred because there is a high probability
that it will be non-diagnostic.

2. Intraoperative TEE.

3. Guidance of transcatheter procedures

4. Critically ill patients

a. Detailed evaluation of the abnormalities in structures that are
typically in the far field such as the aorta and the left atrial
appendage.

. Evaluation of prosthetic heart valves.

. Evaluation of paravalvular abscesses (both native and pros-
thetic valves).

. Patients on ventilators.

. Patients with chest wall injuries.

Patients with body habitus preventing adequate TTE imaging.

. Patients unable to move into left lateral decubitis position.

o T

mQ S0 Q

. All open heart (i.e., valvular) and thoracic aortic surgical pro-
cedures.

. Use in some coronary artery bypass graft surgeries.

c. Noncardiac surgery when patients have known or suspected

cardiovascular pathology which may impact outcomes.

a. Guiding management of catheter-based intracardiac proce-

dures (including septal defect closure or atrial appendage

obliteration, and transcatheter valve procedures).

o3

a. Patients in whom diagnostic information is not obtainable by
TTE and this information is expected to alter management.

Table 5 AUC ratings for some scenarios of TEE as initial or supplemental test

Appropriate

e Use of TEE when there is a high likelihood of a nondiagnostic TTE due to patient characteristics or inadequate visualization of relevant

structures.

e Re-evaluation of prior TEE finding for interval change (e.g., resolution of thrombus after anticoagulation, resolution of vegetation after anti-

biotic therapy) when a change in therapy is anticipated.

e Guidance during percutaneous noncoronary cardiac interventions including, but not limited to, closure device placement, radiofrequency

ablation, and percutaneous valve procedures.

e Suspected acute aortic pathology including but not limited to dissection/transection.
e Evaluation of valvular structure and function to assess suitability for, and assist in planning of, an intervention.
e To diagnose infective endocarditis with a moderate or high pretest probability (e.g., staph bacteremia, fungemia, prosthetic heart valve, or

intracardiac device).

e Evaluation for cardiovascular source of embolus with no identified noncardiac source.
o Atrial fibrillation/flutter: evaluation to facilitate clinical decision making with regard to anticoagulation, cardioversion, and/or radiofrequency

ablation.
Uncertain

e Evaluation for cardiovascular source of embolus with a previously identified noncardiac source.

Inappropriate

e Routine use of TEE when a diagnostic TTE is reasonably anticipated to resolve all diagnostic and management concerns.
e Surveillance of prior TEE finding for interval change (e.g., resolution of thrombus after anticoagulation, resolution of vegetation after antibiotic

therapy) when no change in therapy is anticipated.

e Routine assessment of pulmonary veins in an asymptomatic patient status post pulmonary vein isolation.
e To diagnose infective endocarditis with a low pretest probability (e.g., transient fever, known alternative source of infection, or negative blood

cultures/atypical pathogen for endocarditis).

o Evaluation for cardiovascular source of embolus with a previously identified noncardiac source.
o Atrial fibrillation/flutter: evaluation when a decision has been made to anticoagulate and not to perform cardioversion.

Modified from Douglas et al.?!

identify common scenarios encountered in practice. The most recent
version of the AUC for echocardiography?' evaluated only 15 clinical
scenarios for TEE as the test of first choice and did not consider intra-
operative indications. The authors of the AUC acknowledged that
their list of scenarios was not exhaustive and that some of the scenar-
ios ranked as appropriate for TTE are also appropriate for TEE. A list
of AUC rankings is shown in Table 5. Given the many uses of TEE and
the potential for overuse or unnecessary use, the AUC approach is

a worthwhile methodology when considering indications for TEE.
Although the AUC methodology is undergoing modification and
the terminology describing appropriateness is changing, the concepts
and recommendations for TEE are unchanged.22 The Intersocietal
Accreditation Commission stated, “As part of the ongoing quality
improvement program, facilities providing echocardiography
imaging must incorporate the measurement of the appropriate
criteria published and/or endorsed by professional medical
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Table 6 List of absolute and relative contraindications to transesophageal echocardiography

Absolute contraindications

Relative contraindications

Perforated viscus
Esophageal stricture
Esophageal tumor

Esophageal diverticulum
Active upper Gl bleed

Esophageal perforation, laceration

History of radiation to neck and mediastinum
History of Gl surgery

Recent upper Gl bleed

Barrett’s esophagus

History of dysphagia

Restriction of neck mobility (severe cervical arthritis, atlantoaxial joint disease)
Symptomatic hiatal hernia

Esophageal varices

Coagulopathy, thrombocytopenia

Active esophagitis

Active peptic ulcer disease

Gl, Gastrointestinal.

Modified from Hilberath et al.?®

Table 7 List of complications reported with TEE and the incidence of these complications during diagnostic TEE and

intraoperative TEE”-24-31

Complication Diagnostic TEE Intraoperative TEE
Overall complication rate 0.18-2.8% (refs 24,25) 0.2% (ref 7)
Mortality <0.01-0.02% (refs 24,25,27) 0% (ref 7)
Major morbidity 0.2% (ref 27) 0-1.2% (refs 7,28,29)
Maijor bleeding <0.01% (ref 24) 0.03-0.8% (refs 7,28)
Esophageal perforation <0.01 (ref 24) 0-0.3% (refs 7,28,29)
Heart failure 0.05% (ref 28)
Arrhythmia 0.06-0.3% (refs 7,28,30)

(

Tracheal intubation
Endotracheal tube malposition
Laryngospasm
Bronchospasm

Dysphagia

Minor pharyngeal bleeding
Severe odynophagia

0.02% (ref 30)
0.03% (ref 7)
0.14% (ref 27)
0.06-0.07% (refs 24,30)
1.8 % (ref 31)
0.01-0.2% (refs 24,25,27) 0.01% (ref 7)
0.1% (ref 7)

Hoarseness 12% (ref 31)
Lip injury 13% (ref 31)
Dental injury 0.1% (ref 31) 0.03% (ref 7)

ref, Reference.

organization(s)....Documentation of measurement of AUC will be
mandatory requirements for accreditation.”?>

Understanding of, and adherence to, the indications and contra-
indications for TEE is just one aspect of ensuring that a high level
of quality is followed. The safety of TEE has been documented in
multiple studies,”?*?> and risks of TEE-related complications have
recently been reviewed.?® Table 6 lists the relative and absolute
contraindications to TEE. Patients with relative contraindications to
TEE should be evaluated on a case-by-case basis to determine if
the benefits of the procedure performed with appropriate precau-
tions (such as not advancing probe past the midesophagus, limiting
probe manipulation, etc) exceed the potential risks of complication.
Whenever there is a question as to whether gastrointestinal
symptoms or pathology present poses a risk for TEE, it is strongly
recommended that clearance for the procedure from a gastroenter-
ologist be obtained. Some processes and systemic illnesses may
affect esophageal tissue, resulting in increased risk for perforation
during TEE. These include radiation, scleroderma of the esophagus,
and achalasia. Before considering TEE, the severity of such processes

must be evaluated to determine if they present an absolute or
relative contraindication to introduction of the transesophageal
echocardiographic probe. Complications of TEE vary as a function
of the setting (intraoperative vs ambulatory)?® and the size of the
probe used. A partial list of the incidence of such complications
as reported in the literature is presented in Table 7.7/2+2%2731

Review of all aspects of quality operations in a TEE laboratory is
beyond the scope of this document. Specific quality guidelines have
been developed for the laboratory structure (physical laboratory,
equipment, physician training and certification), the imaging process
(patient selection, image acquisition, image interpretation, results
communication), and quality assessment.

Management of Patient Sedation

TEE is a semi-invasive procedure with well-defined criteria for train-
ing of personnel.”® There are three groups of patients to consider
when discussing management of sedation for an individual requiring
TEE: (1) awake patients (either ambulatory or inpatient), (2)
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Table 8 American Society of Anesthesiologists Physical Status Classification

American Society of Anesthesiologists Physical Status Classification

Class | A normal healthy patient

Class Il A patient with mild systemic disease

Class llI A patient with severe systemic disease

Class IV A patient with severe systemic disease that is a constant threat to life

Class V A moribund patient who is not expected to survive without operation

Class VI A declared brain-dead patient whose organs are being removed for donor purposes
E If the surgery is an emergency, the physical status classification is followed by “E”

Modified from the American Society of Anesthesiology, Relative Value Guide 2012, page xii, Code 99140.

Table 9 Modified Aldrete Score

Criteria

Ability Score

Activity
4 extremities

2 extremities
0 extremities

Respiration
Apneic

Circulation

Consciousness Fully Awake

Arousable on calling

Not responding
Oxygen Saturation

Able to breathe and cough freely
Dyspnea; shallow or limited breathing

BP + 20 mmHg presedation level
BP = 20-50 mmHg of presedation level
BP + 50 mmHg presedation level

Able to maintain > 92% on room air

Needs oxygen to maintain saturation > 90%
Oxygen < 90% even with supplemental oxygen

Able to move voluntarily or on command

O NO -2 NO=2NO -+ NO—= DN

ventilated patients in the intensive care unit, and (3) anesthetized
patients in the operating room. This section focuses on patients un-
dergoing procedures in the echocardiography laboratory with con-
scious (moderate) sedation. In all three cohorts, preprocedural
assessment and planning are necessary to ensure safe conduct of
the procedure. Practice guidelines for sedation and analgesia by
nonanesthesiologists®>> provide the definition of moderate
sedation as purposeful response to verbal or tactile stimulation
with spontaneous ventilation without need for airway support
(ie, jaw thrust). The Intersocietal Accreditation Commission
guidelines address the requirements for laboratory certification in
adult TEE.?® Organizations accrediting hospitals and facilities recog-
nize certain performance standards related to sedation policies, lab
personnel, and equipment.

After confirmation of an appropriate indication and receipt of an
order for the examination, a patient can be scheduled for the
procedure. The vast majority of transesophageal echocardiographic
procedures are performed while the patient is sedated, typically us-
ing the moderate sedation standard. Patients undergoing procedures
with sedation should abstain from food and beverages (other than
clear liquids) for a minimum of 6 hours before the planned proce-
dure and restrain from all intake for 3 hours before the procedure.>*
Patients with delayed gastric emptying and other aspiration risks
may need a longer period of fasting or preprocedural administration
of agents such as metoclopramide to minimize the risk for residual
gastric contents and aspiration. Patients can be instructed to take

their medications on schedule with a small sip of water as indicated.
Intravenous access is required for transesophageal echocardio-
graphic procedures and the left arm is recommended to facilitate
contrast injections when evaluating the presence of intracardiac
shunts. This recommendation is based on the high incidence (up
to 4.3% of the population referred for cardiac evaluation) of persis-
tent left superior vena cava.>>3® The right arm may otherwise be
preferred when the patient is placed in the left lateral decubitus
position. A 20-gauge catheter is typically acceptable for these proce-
dures.

Physicians must screen patients for medical problems that
contraindicate or increase the risk of conscious sedation. Use of
the American Society of Anesthesiologists physical status
classification is recommended as part of the preprocedural screening
(Table 8).

Consideration should be given to the use of telemetry in addition
to the standard monitors in patients with American Society of
Anesthesiologists status 3 or higher, because they are higher risk for
cardiac and pulmonary complications. Allergies should be reviewed,
as well as current or recent use of medications and alcohol or
recreational drugs that will affect sedation technique. The
procedure room must be large enough to allow needed personnel
as noted, a stretcher for the patient, monitors, and echocardiographic
equipment. The room must be equipped with an oxygen source
and suction devices. Airway equipment (endotracheal tubes and
laryngoscopes) in case of respiratory failure and emergency



Journal of the American Society of Echocardiography
Volume 26 Number 9

medications for Advanced Cardiovascular Life Support protocol
should be easily accessible. In addition, methylene blue, flumazenil,
and naloxone should be readily available if appropriate.

In addition to assessment of global health status, the practitioner
will also perform an airway examination to ensure that the patient is
not in a high-risk category for sedation because of risk for airway com-
promise. Although it is imperfect, anesthesiologists use the Mallampati
airway classification system?' to evaluate patients before the adminis-
tration of any anesthetic, including conscious sedation. In most cases,
a grade | airway will be easy to mask-ventilate and intubate. A grade [V
airway will be difficult to ventilate and/or intubate. In addition to this
assessment, the clinician should ensure adequate neck range of mo-
tion and adequate oral opening. In obese patients and those with de-
creased neck mobility, if the distance from the lower jaw to the hyoid
bone is less than three fingerbreadths, this is associated with difficulty
mask-ventilating and/or intubating the patient.

Before the administration of sedation, a modified Aldrete score
(Table 9) should be calculated.>” Conscious sedation is typically
defined as a score of 9 or 10, with a score of <9 defining overseda-
tion. Patients must return to their baseline before discharge from the
echocardiography laboratory recovery area. Even short-acting med-
ications will not be metabolized for a few hours, and ambulatory pa-
tients should not drive but rather bring individuals who can see
them safely home. Facilities must have conscious sedation policies,
and all medical and technical staff members must be familiar with
these policies and adhere to the requirements, including ongoing
medical education related to conscious sedation to ensure optimum
patient care. There must be adequate personnel to ensure patient
monitoring and administration of sedation in addition to assisting
the physician with the ultrasound equipment as needed. At many
facilities, a registered nurse is required to administer sedation and
monitor the patient.

Monitoring during conscious sedation requires, at a minimum, the
assessment of heart rate, noninvasive blood pressure monitoring, respi-
ratory rate, and oxygen saturation. Significant changes in blood pres-
sure or heart rate should be avoided, particularly in cases performed
for hemodynamic abnormalities that may be altered by these changes
(i.e., valvular stenosis or regurgitation). Capnography is strongly recom-
mended for conscious sedation and patients at risk for respiratory
complications. It is mandated for deep sedation and anesthesia.

During the procedure, the vital signs, oxygen saturation, and med-
ical stability of the patient should be periodically evaluated and re-
corded. Vital signs should be monitored continuously until they
have returned to the patient’s baseline, oxygen saturation is at base-
line without supplemental oxygen, and the patient is fully awake.
Discharge instructions specific to the procedure and necessary
follow-up are required. Ensure that the patient knows which individ-
ual to contact in case of complications or concerns.

Sedation and Anesthesia

The following section is a review of current practices for sedation and
anesthesia during the performance of a comprehensive transeso-
phageal echocardiographic evaluation. It should be understood that
organizations accrediting hospitals and facilities recognize certain
performance standards related to sedation policies, lab personnel,
and equipment and that each facility will have its own policies.
The following should serve as a guideline and cannot replace these
established policies.

Awake patients usually have the oropharynx anesthetized with
topical administration of a local anesthetic before administration of
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sedation. Benzocaine, Cetacaine, or viscous lidocaine is most com-
monly used. Although an accepted practice, studies of topical anes-
thesia efficacy in the endoscopy population have been mixed.>® A
randomized, double-blind, placebo-controlled trial of isolated topical
pharyngeal anesthesia (without intravenous sedation) for endoscopy
showed reduced discomfort of intubation compared with placebo,
only in younger patients and first-time examinees.>® Multiple pro-
spective studies of patient preference*® and procedural tolerance*!
favor the use of topical anesthesia. Topical anesthesia may be
achieved with a variety of different agents, either by spray, gargle,
painting, or lozenge. Smith et al*? suggested that although either
method was probably equally effective, administration by spray was
preferred by patients over gargle techniques. Advantages and disad-
vantages for both methods exist. Administration by spray allows
direct application to the posterior pharyngeal wall. The spray applica-
tion may be inadvertently inhaled, however, causing uncontrolled
coughing or anesthesia of the larynx, which can increase the risk for
aspiration. Gel application reduces absorption of anesthetic but may
not adequately anesthetize the entire oropharynx; direct application
of gel has also been used. The physician-patient interaction and
efficacy of verbal sedation should not be underestimated.

The risk for methemoglobinemia with excess use of benzocaine is
rare (0.07%-0.12%) and possibly related to a number of clinical fac-
tors, including age, dose of medication, enzyme deficiencies, malnu-
trition, mucosal erosion, hospitalization, sepsis, and anemia.*>*4
Signs and symptoms of methemoglobinemia (methemoglobin level
> 1.5%) include dyspnea, nausea, tachycardia, cyanosis, and a drop
in oxygen saturation by pulse oximetry. Arterial blood with
elevated methemoglobin levels has a characteristic chocolate-brown
color compared with normal bright red oxygen-containing arterial
blood. Treatment of this acquired disease is imperative because
with severe methemoglobinemia (methemoglobin level > 55%), pa-
tients develop lethargy, stupor, and deteriorating consciousness.
Higher levels (methemoglobin level > 70%) may result in dysrhyth-
mias, circulatory failure, neurologic depression, and death.*®

Methemoglobinemia can be treated with supplemental oxygen
and methylene blue 1% solution (10 mg/mL) 1 to 2 mg/kg adminis-
tered intravenously slowly over 5 min followed by intravenous flush
with normal saline.*> Note that methylene blue is associated with se-
rotonin syndrome in patients taking selective serotonin reuptake in-
hibitors and should be avoided in these patients. Adequate topical
anesthesia to the tongue, palate, tonsilar pillars, and posterior pharynx
will facilitate probe passage and minimize the amount of intravenous
sedation needed. Fully anesthetized patients do not require topical lo-
cal anesthetic. Ventilated patients in the intensive care unit may ben-
efit from topical agents, as this will diminish or eliminate the need for
additional sedative agents. Some patients will tolerate TEE with no se-
dation if topical anesthesia is adequate.

The most commonly used sedative agents are benzodiazepines, be-
cause of their anxiolytic properties, with midazolam being the best
choice for most transesophageal echocardiographic procedures.
Midazolam has a quick onset (1-2 min) and short duration of action
(typically 15-30 min), and it provides better amnesia than other ben-
zodiazepines. Diazepam and lorazepam can also be used but are lon-
ger acting and will likely lead to longer recovery and time to discharge.
Benzodiazepines should be avoided in pregnancy, in particular in the
first trimester, because of known risk for birth defects in the fetus.
Dosing of all agents is based on patient history and overall health sta-
tus. Elderly individuals are at risk for delirium and confusion, and ben-
zodiazepines should be used sparingly in this group. Small starting
doses of midazolam for frail or elderly individuals not on chronic
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benzodiazepine therapy should be used, with small incremental addi-
tion until appropriate level of anxiolysis and sedation are achieved.
Benzodiazepines can be avoided altogether via the use of topical an-
esthetic, low-dose analgesics, and reassurance from the care team, in
concert with an expeditious examination. Most facilities have dosage
maximums regardless of sedation level above which consultation
with an anesthesia care provider is indicated.

Opioids are frequently used as adjuncts to the procedure to offset
the discomfort of probe insertion and manipulation. Opioids and ben-
zodiazepines are synergistic, and caution is warranted when adminis-
tering both simultaneously. Fentanyl and meperidine are the most
commonly used sedation agents, though the use of meperidine has
decreased over time because of increased incidence of respiratory de-
pression and contraindications in patients with renal failure because
of the accumulation of active metabolites. Opioids in general present
a risk for respiratory depression, nausea, and vomiting. In frail or el-
derly individuals, the starting dose should be decreased by half.
Patients on chronic benzodiazepines or opioids should be instructed
to take their normal doses before the procedure and should be ex-
pected to have tolerance that will necessitate higher starting and over-
all dosing to achieve the same end point.

Propofol is an intravenous sedative hypnotic that is not typically
used by nonanesthesiologists because of the high risk for apnea asso-
ciated with dose titration and the need for airway management. Many
states have laws preventing the administration of propofol by nona-
nesthesiologists except in ventilated patients. The advantage of
propofol for sedation during TEE and endoscopic procedures despite
its higher expense is that it provides rapid sedation and recovery with
fewer lingering sedation-related side effects and no increase in cardio-
pulmonary complications compared with the benzodiazepine-
narcotic combination.*® Its use in the echocardiography lab requires
scheduling coordination with anesthesiology services. The cost-
effectiveness and efficacy of this approach compared with traditional
sedative agents have not been studied.

Intravenous reversal agents are available for benzodiazepines (flu-
mazenil) and opioids (naloxone). There is no reversal agent available
for propofol other than drug metabolism. The starting dose of flu-
mazenil is 0.2 mg, with additional doses of 0.2 mg every minute un-
til reversal has been achieved. There is a risk for withdrawal seizures
in patients who are on chronic therapy. Flumazenil's duration of ac-
tion is 10 to 15 min, so the patient should be monitored for =30
min after use of this agent to ensure that resedation does not occur.
Naloxone dosing for apnea due to narcotics is 0.4 mg. A partial dose
can be given to patients for whom partial opioid reversal is pre-
ferred. The starting dose is 0.1 mg, with an additional dose every
minute until the respiratory rate is >12 breaths/min and the patient
has returned to spontaneous respirations and appropriate level of
consciousness.

Probe Insertion Techniques

After adequate application of topical anesthetic, a bite block should
be placed in the patient's mouth before the administration of con-
scious sedation. The patient is typically placed in the left lateral decu-
bitus position, and the echocardiographer stands facing the patient on
the left-hand side of the stretcher. Before probe insertion, the echocar-
diographer should check the probe for any obvious damage, ensure
proper probe function, and confirm that the probe is in the unlocked
position. The transesophageal echocardiographic probe is inserted to
the back of the pharynx, which may require slight anteflexion of the
probe. The patient is asked to swallow and the probe is advanced in
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a neutral position down the esophagus as the patient swallows. Ensure
that the probe is in a neutral position during this maneuver and mid-
line in the pharynx to avoid placing the probe in the piriform fossa.
With a bite block in place, it is safe to insert one or two fingers into
the mouth and guide the probe toward the midline and depress the
tongue if it is blocking passage. A small percentage of patients will
not tolerate probe placement under moderate sedation. If deep seda-
tion is required, or hemodynamic instability is anticipated, or there is
a history of difficulties with achieving adequate sedation during prior
procedures, it would be prudent to ask for support from anesthesia as
well as consider performing the examination in a setting with more
intensive monitoring (such as a postanesthetic recovery room or a crit-
ical care unit).

Patients requiring TEE as part of a surgical procedure are typically
fully anesthetized and intubated. Patients in the intensive care unit
on a ventilator will have varying degrees of sedatives, and additional
agents may be necessary to facilitate passage of the probe; topical
anesthetics may be appropriate in these patients. Placement of the
TEE probe in an intubated patient requires different maneuvers
than in an awake patient, and care must be taken to prevent dis-
lodgement of the endotracheal tube. A respiratory therapist or other
professional capable of managing and monitoring the ventilator may
be required. Excessive head movement can dislodge an endotra-
cheal tube, and consideration should be given for placing the probe
in the same manner as is done in the operating room, although the
patient can then be turned left decubitus to facilitate the examina-
tion. A bite block is recommended even for patients under anesthe-
sia, because neuromuscular blockers may not always be used during
the procedure.

In the operating room, the patient remains supine for surgery. The
transesophageal probe is typically placed from the head of the bed
with slight anteflexion of the probe. The bite block should not be
placed in the mouth before placement of the probe, because this ma-
neuver will displace the tongue posteriorly and obstruct probe pas-
sage. Lifting the mandible anteriorly and caudally usually opens the
mouth and displaces the tongue anteriorly to allow smooth probe
placement. A laryngoscope can be used to facilitate probe placement
into the esophagus, or the fingers can guide the probe into the poste-
rior fossa in anesthetized patients. Ensure the patient is deeply anes-
thetized or chemically paralyzed before inserting fingers into the
oropharynx, as the bite block is not present.

At the conclusion of a transesophageal echocardiographic exami-
nation of an ambulatory patient, vital signs should return to within
10% of their baseline values before discharge to home or return to
the ward. The modified Aldrete score is used to assess return to base-
line mental status after sedation. Patients should have “nothing by
mouth” for =1 hour until all local anesthetic and sedation has metab-
olized, to decrease the risk for aspiration. Patients should be coun-
seled to call their physicians for odynophagia or dysphagia that lasts
>1 day because of the low but real risk for soft tissue or esophageal
injury from TEE.

Instrument Controls

Physicians performing TEE are expected to be familiar with both ul-
trasound system controls and the optimization of ultrasound image
quality. When examining the heart with TEE, the transducer is first
moved into the desired location in the esophagus or the stomach.
Image acquisition is accomplished by watching the image develop
as the probe is manipulated, rather than by relying on the depth
markers on the probe or the transducer angle icon. Although the
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Figure 1 Terminology used to describe manipulation of the transesophageal echocardiographic probe during image acquisition. (A)
Terminology used for the manipulation of the transesophageal echocardiographic probe. (B) Four standard transducer positions
within the esophagus and stomach and the associated imaging planes.

most common transducer location and transducer angle are provided
in this document for each cross-sectional image, final adjustment of
the image is based on the anatomic structures that are displayed. It
is recognized that there is individual variation in the anatomic relation-
ship of the esophagus to the heart; in some patients, the esophagus is
adjacent to the lateral portion of the atrioventricular groove, whereas
in others it is directly posterior to the left atrium. This relationship is
taken into consideration when developing each of the desired
cross-sectional views. When possible, each structure is examined in
multiple imaging planes and from more than one transducer position.
Standard multiplane transesophageal echocardiographic equipment
produces a 2D or tomographic imaging plane. Manipulating the
probe and/or the transducer is required to move the imaging plane
through the entire cardiac volume for a comprehensive examination.
With the recent introduction of 3D fully sampled matrix-array trans-
esophageal transducers, simultaneous multiplane imaging as well as
real-time 3D images can be acquired and displayed.

Instrument Manipulation

The following terminology is used to describe the four ways the probe
and the transducer can be manipulated during image acquisition
(Figure 1). It is assumed that the patient is supine in the standard an-
atomic position, and the imaging plane is directed anteriorly from the
esophagus through the heart. With reference to the heart, superior
means toward the head, inferior toward the feet, posterior toward the
spine, and anterior toward the sternum. The terms right and left denote
the patient’s right and left sides, except when the text refers to the im-
age display. First, the probe tip can be pushed distally to a certain
depth into the esophagus or the stomach. This is called advancing
the transducer, and pulling the tip in the opposite direction more
proximally is called withdrawing. Second, the probe can be manually
turned to the right and left sides of the patient. Rotating the anterior
aspect of the probe clockwise within the esophagus toward the pa-
tient’s right is called turning to the right, and rotating counterclockwise
is called turning to the left. Third, the probe tip can be flexed in four
different directions, typically using the two control wheels located on
the probe handle. The large control is for motion in the anterior-
posterior axis and the, smaller control is for motion in the right-left
axis. Flexing the tip of the probe anteriorly with the large control
wheel is called anteflexing, and flexing it posteriorly is called retroflex-
ing. With the probe facing anteriorly, flexing the tip of the probe to the

patient’s right with the smaller control wheel is called flexing to the
right, and flexing it to the patient’s left is called flexing to the left;
this terminology is maintained even when the probe is rotated (and
thus not facing anteriorly). Flexion to the right or left must be distin-
guished from turning the probe to the right or left. When the probe
is turned to the right, it is clockwise rotated, and when turned to
the left, it is counterclockwise rotated. When advancing or withdraw-
ing the probe, there should not be excessive flexion in any direction;
this will minimize pressure on the esophageal wall and reduce the in-
cidence of esophageal trauma. Finally, the imaging plane of the trans-
ducer can be electronically rotated axially from 0° through 180° by
means of buttons located on the probe handle. This is called rotating
forward, and rotating in the opposite direction toward 0° is called ro-
tating backward.

The conventions of image display (Figure 2) have been described
in prior guidelines.® Images are displayed with the transducer location
at the top of the images, with the near field (vertex) close to the trans-
ducer and the far field at the bottom. At a transducer angle of 0° (the
horizontal or transverse plane), with the imaging plane directed ante-
riorly from the esophagus through the heart, the patient’s right side
appears in the left of the image display (Figure 2A). Rotating the trans-
ducer angle forward to 90° (vertical or longitudinal plane) moves the
left side of the display inferiorly toward the spine (Figure 2B). The an-
gle of rotation thus occurs in a “counterclockwise” manner, as de-
picted in an icon typically depicted on the screen. Rotating the
transducer angle to 180° places the patient’s left side to the left of
the display, the mirror image of 0° (Figure 2C).

Simultaneous multiplane imaging is unique to the matrix-array
transducer and permits the use of a dual screen to simultaneously
display two real-time 2D images. The first (primary) image is the ref-
erence view, with the second view typically being orthogonal (rotated
90°) to the primary view. This second view, however, can be modified
by the imager as any plane from 0° to 180° from the primary view.

The 90° orthogonal image is oriented as if forward rotated from
the primary view. Thus, once the primary imaging plane reaches
90°, the orthogonal multiplane image may appear “reversed” com-
pared with standard single-plane imaging. Figure 3 shows the simulta-
neous multiple plane imaging of the standard primary left ventricular
(LV) views and the associated secondary views. Because of differences
in rotation during simultaneous multiple plane imaging compared
with single-plane imaging, careful attention must be paid to the sec-
ondary image orientation for accurate anatomic display.
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Figure 2 Conventions of 2D transesophageal echocardiographic
image display. The transducer location and the near field (vertex)
of the image sector are at the top of the display screen and far field
at the bottom. (A) Image orientation at transducer angle 0°. (B) Im-
age orientation at transducer angle 90°. (C) Image orientation at
transducer angle 180°. LA, Left atrium; LV, left ventricle; RV, right
ventricle. Modified from Shanewise et al.®

COMPREHENSIVE IMAGING EXAMINATION

Prior guidelines developed by the ASE and SCA have described the
technical skills for acquiring 20 views in the performance of a compre-
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hensive intraoperative multiplane TEE examination.” With the devel-
opment of technology and expansion of indications for TEE, the
views necessary to perform a comprehensive examination have ex-
panded. A comprehensive examination can still be performed using
three primary positions within the gastrointestinal tract (Figure 3B):
midesophageal (ME), transgastric (TG), and upper esophageal (UE)
levels. An additional eight views have been added to the prior com-
prehensive transesophageal echocardiographic images to include
multiple LAX and SAX views of all four valves, all four cardiac cham-
bers, and the great vessels (Table 10). Using 3D technology that allows
simultaneous multiplane imaging, further efficiencies in acquisition
are possible.

The comprehensive imaging examination described below is pre-
sented in a suggested order. The clinical indication for TEE should
be the primary determinant of which views are obtained first as
well as the level of detail that is obtained from each view. It is im-
portant to realize that additional images, beyond the described 28
views, may be necessary to comprehensively image specific struc-
tures. In addition, the degree of rotation of the transducer provided
below is approximate, and additional manipulation such as right or
left flexion, anteflexion or retroflexion, and turning of the probe
may be required in individual patients to achieve optimal visualiza-
tion. The “Specific Structural Imaging” section that follows this sec-
tion addresses some of these additional views. In the following
discussion, the regions or scallops of the MV leaflets are indicated
as in Figure 4 according to Carpentier et al's*” classification.

1. ME Five-Chamber View (Video 1 [All videos available at
www.onlinejase.com])

After initially passing the probe into the esophagus, it is slowly
advanced until the AV and LV outflow tract come into view at a probe
depth of about 30 cm. Slight transducer angle manipulation (10° ro-
tation) will allow image optimization of the AV and LV outflow tract.
In this plane, the left atrium, right atrium, LV, right ventricle, MV,
and TV will also be imaged, hence the name “ME five-chamber
view.” This view allows visualization of the A>-A' and P'-P? scallops
(from left to right on the imaging plane) of the MV and two of the
three AV cusps. Color flow Doppler can be applied to aid in identify-
ing aortic, mitral, and tricuspid regurgitation. Because this view may
not image the true apex of the ventricles, assessment of global and
regional ventricular systolic function may be limited.

2. ME Four-Chamber View (Video 2)

From the ME five-chamber view, the probe is advanced slowly to
a depth of about 30 to 35 cm until the MV is clearly seen. The image
depth is then adjusted to ensure viewing of the LV apex. Note that this
view is deeper than the ME five-chamber view, and the AV and LV
outflow tract will not be visualized. Furthermore, the transducer angle
may need to be rotated to approximately 10° to 20° to eliminate the
AV or LV outflow tract from the image display and to maximize the
tricuspid annular dimension. To better align the MV and LV apex,
slight probe retroflexion may be necessary. Structures seen include
the left atrium, right atrium, interatrial septum, LV, right ventricle, in-
terventricular septum, MV (A3A; and P,P; scallops), and TV. The TV
septal leaflet adjacent to the interventricular septum is to the right of
the sector display, and the TV posterior leaflet is adjacent to the right
ventricular (RV) free wall, to the left of the display. The orthogonal
view obtained during simultaneous biplane imaging is the ME two-
chamber view (Figure 3). The ME four-chamber view is one of the
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Figure 3 Simultaneous multiplane transesophageal echocardiographic image display. Simultaneous multiplane imaging permits the
use of a dual screen to simultaneously display two real-time 2D images. In these examples, the primary image (on the left in each panel)
is the reference view, with the second view (on the right in each panel) orthogonal (rotated 90°) to the primary view, but any angle can be
used for the secondary view. The typical 90° orthogonal second image is oriented as if the rotation has occurred in a clockwise manner
and, for some views, appears “left-right reversed” compared with single-plane imaging. (A,B) The primary view is the ME four-
chamber (4Ch) view. (C,D) The primary view is the ME mitral commissural (MC) view. (E,F) The primary view is the ME two-
chamber (2Ch) view. (G,H) The primary view is the ME LAX view. Ant, Anterior; Inf, inferior; Post, posterior; Sup, superior.

most comprehensive views available for evaluating cardiac anatomy
and function. Turning the probe to the left (counterclockwise) allows
imaging of primarily the left heart structures. Turning the probe to the
right (clockwise) allows imaging of primarily right heart structures.
Diagnostic information obtained from this view include MV and TV
function and assessment of regional LV (inferoseptal and anterolateral
walls) and RV (lateral wall) function. Color flow Doppler can be ap-
plied to aid in identifying mitral and tricuspid regurgitation, and in
some patients, aortic regurgitation. After slight probe advancement,

the coronary sinus is imaged in the long-axis (LAX) view immediately
above the attachment of the TV septal leaflet to the interventricular
septum (see Right Atrium and Venous Connections section).

3. ME Mitral Commissural View (Video 3)

From the ME four-chamber view, rotating the transducer angle to
between 50° and 70° will generate the ME mitral commissural
view. The MV scallops on the image display (from left to right) are
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Table 10 Comprehensive transesophageal echocardiographic examination. The table lists the suggested 28 views included in
a comprehensive transesophageal echocardiographic examination. Each view is shown as a 3D image, the corresponding imaging
plane, and a 2D image. The acquisition protocol and the structures imaged in each view are listed in the subsequent columns

Imageng Mod 2D TEE Acquisition Structures
Plane 30 y Image Protocol Imaged
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Transducer Angle: Mid-ascending acna
-0-30° Superior vena cava
Level: Upper- Right pukmonary vens
esophageal
Maneuver (from prior
imagel: CW, Advance
Transducer Angle: Aortic valve
~ 25 - 45° Right atrium
Level: Mic-esophageal  Loft atrium
Maneuver (rom prior  Suparior IAS
image): CCW, Advance, FVOT
Antediax Pulmonary Valve

Aortic valve
Transducer Angle: Right atrium
~ 80 - 70° Lo#t atrium
Level: Mid-esophagesl  Superior IAS
Maneuver (from prioe Tricuspid Valve
imager CW, Advance RVOT

Pulmonary Vaive
Transducer Angle: 0t 3trum
- 50 . 70" Left atrium
Levek: Mid-esophageal mj‘” T
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Superior vena cava
Inferior vena
cava/coronary sinus
Left atrium

FRight atrium/appendage
IAS

Superior vena cava
inforior vena cava

Transducer Angle: Left atrial appendage
80 - 110 Left upper pulmonary
Level: Mid-esophageal yain

Maneuver (from prior

Images): Advance

P3-A,-P,, although frequently, adjacent A3 and A segments can also
be imaged (P3-A3A,A;-Py). From this neutral probe orientation, turn-
ing the probe leftward (counterclockwise) may allow imaging of the
length of the posterior leaflet (PsP,P,). Turning the probe rightward
(clockwise from the neutral position) may allow imaging of the length
of the anterior leaflet (A3A,A).*® Extreme turning of the probe to
the right and left enables visualization of parts of the MV annulus
(or sewing ring of prosthetic valves). In addition, the anterolateral

and posteromedial papillary muscles with their corresponding chor-
dae are prominent structures in the ME commissural view.
Diagnostic information obtained from this view includes regional
LV function (anterior/anterolateral and inferior/inferolateral walls)
and MV function. The orthogonal view obtained during simulta-
neous biplane imaging is the ME LAX view (Figure 3). Color flow
Doppler can be applied to aid in identifying commissural mitral regur-
gitation jets.
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Aortic Views

-

Maneuver (from prior
image): Neutral flexion

Transducer Angle: Descending aorta
~0-10° Left thorax

Level: Transgastric to  Hemiazygous and

Mid-esophageal Azygous veins

Intercostal artenes

Transducer Angle: Descending aorta
~ 90 - 100° Left thorax

Level: Transgastric to

Mid-esophageal

Maneuver (from prioe

image): Neutral flexion

Transducer Angle: Aortic arch
~0-10° Innominate vein

Level: Upper Mediastinal tissue

Esophageal

Maneuver (from prior
mage). Withdrawl

Transducer Angle: Aortic arch

- 70 - 90° Innominate vein
Level: Transgastric to  Pulmonary antery
Mid-esophageal Pulmonary valve
image): NA

A, Anterior; IAS, interatrial septum; /VS, interventricular septum; LAA, left atrial appendage; LUPV, left upper pulmonary vein; LVOT, left ventricular
outflow tract; NA, not applicable; P, posterior; RVOT, right ventricular outflow tract.

4. ME Two-Chamber View (Video 4)

From the ME mitral commissural view, rotating the transducer angle
to between 80° and 100° will generate the ME two-chamber view.
Structures seen include the left atrium, LA appendage, LV, and MV
(P3-A3A,A ). Diagnostic information obtained from this view in-
cludes regional LV function (anterior and inferior walls) and MV func-
tion. Color flow Doppler is applied over the MV to aid in the
identification of valvular pathology (regurgitation and/or stenosis).
The coronary sinus is seen in a short-axis (SAX) orientation, immedi-
ately above the basal inferior LV segment. The orthogonal view
obtained during simultaneous biplane imaging is the ME four-
chamber view (Figures 3 and 4), but the left heart is now to the left
of the display (mirror image of the 0° view). Turning to the right
(clockwise) at this transducer angle will result in the ME bicaval
view (see view #13 below). Turning to the left (counterclockwise)
at this transducer angle will result in the ME LA appendage view
(see view #15 below).

5. ME LAX View (Video 5)

From the ME two-chamber view, the transducer angle is rotated to ap-
proximately 120° to 140° to image the ME LAX view, which is the
same orientation as a transthoracic LAX or three-chamber view.

Structures seen include the left atrium, LV, LV outflow tract, AV, proxi-
mal ascending aorta, coronary sinus, and MV (P,-A,). Diagnostic infor-
mation obtained from this view includes regional LV function
(inferolateral and anterior septal walls) and MV and AV function. The
membranous interventricular septum as well as the RV wall that sub-
tends the RV outflow tract (RVOT) can also be imaged. The orthogonal
view obtained during simultaneous biplane imaging is the ME mitral
commissural view (Figures 3 and 4), but the anterior/anterolateral LV
wall is now to the left of the display (mirror image of the 60° view).
Color flow Doppler can be applied to identify aortic regurgitation.

6. ME AV LAX View (Video 6)

From the ME LAX view, slight withdrawal of the probe while main-
taining a transducer angle of 120° to 140° results in the ME AV LAX
view. Fine tuning by turning the probe to the right (clockwise) may be
needed. Reducing the depth of field allows concentrated imaging of
the LV outflow tract, AV, and proximal aorta, including the sinuses of
Valsalva, sinotubular junction, and a variable amount of the tubular
ascending aorta. This view is useful in evaluating the AV function
and obtaining the dimensions of the annulus and sinotubular junc-
tion. The anterior (far-field) AV cusp is the right coronary cusp; not
infrequently, the right coronary ostium is imaged from this view.
The posterior (near field) cusp can be the noncoronary cusp or the
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Figure 4 Schematic of the MV with leaflet scallops (or segments) labeled. Corresponding images from different standard imaging
views are labeled with the respective scallops and segments. Although this labeling scheme is applicable in the majority of cases,
the exact regions of the MV leaflets image vary on the basis of the relation of the heart to the esophagus as well as transesophageal
echocardiographic probe position within the esophagus. Ao, Aorta; LAA, LA appendage; MC, mitral commissural; 2Ch, two-

chamber; 3Ch, three-chamber; 4Ch, four-chamber.

left coronary cusp, depending on the window; when perfectly cen-
tered on the aorta, however, the plane of imaging may be at the com-
missure between these two cusps. The orthogonal view obtained
during simultaneous biplane imaging is the ME AV SAX view (see
view #10 below), but the left heart is now to the left of the display
(mirror image of the 0° view). Color flow Doppler can be applied
to identifying aortic regurgitation as well as flow within the right cor-
onary ostium.

7. ME Ascending Aorta LAX View (Video 7)

From the ME AV LAX view, withdrawal of the probe, typically with
backward rotation to approximately 90° to 110°, results in the ME as-
cending aorta LAX view. This view allows evaluation of the proximal
ascending aorta. The right pulmonary artery (PA) lies posterior to the
ascending aorta in this view. Although aortic flow is typically perpen-
dicular to the insonation beam from this view, color flow Doppler
may still be useful in some pathologies. By centering the image plane
on the SAX image of the right PA (in the near field), turning the probe
to the left (counterclockwise) with possible retroflexion results in LAX
imaging of the main PA and the PV. This view aligns the insonation
beam with PA flow and optimizes the imaging plane for pulsed-
wave, continuous-wave, and color Doppler of the RVOT, PV, or

main PA. The orthogonal view of the ME AV LAX obtained during
simultaneous biplane imaging is the ME ascending aorta SAX view
(see view #8 below), but the left heart is now to the left of the display
(mirror image of the 0° view).

8. ME Ascending Aorta SAX View (Video 8)

From the ME AV and ascending aorta view, backward transducer ro-
tation to approximately 0° to 30° results in the ME ascending aorta
SAX view. In addition to the ascending aorta in SAX and the superior
vena cava in SAX, the main PA and right lobar PA can be seen. From
this neutral probe orientation, turning the probe to the left (counter-
clockwise) allows imaging of the PA bifurcation. Turning the probe to
the right from the neutral position allows imaging of a greater extent
of the right lobar PA. The left lobar PA is difficult to image because of
the left main stem bronchus. The PV can also be imaged from this
plane in some patients. The orthogonal view obtained during simulta-
neous biplane imaging is the 90° view of the right pulmonary artery
(ME ascending aorta LAX, view #7). Pulsed-wave, continuous-wave,
and color Doppler of the PA may be useful. Careful insertion of the
probe should allow imaging of the proximal left coronary artery, as
well as the bifurcation to the left anterior descending and circumflex
coronary arteries.
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9. ME Right Pulmonary Vein View (Video 9)

From the ME ascending aorta SAX view (and typically at 0°), advanc-
ing the probe and turning to the right (clockwise) will result in the ME
right pulmonary vein view. The inflow of the inferior pulmonary vein
is typically perpendicular to the insonation beam, but superior pulmo-
nary vein inflow is typically parallel to the beam, and Doppler from
this view can be performed. In addition to the right pulmonary veins,
the superior vena cava (SAX view) and ascending aorta (SAX view)
are also imaged. The right pulmonary veins can also be imaged
from the 90° to 110° view by first obtaining a ME bicaval view
(view #13 below) and turning the probe to the right (clockwise).
This orthogonal image is the ME right pulmonary vein view (view
#14) described below. Note that the left pulmonary veins may be im-
aged by turning the probe to the left (counterclockwise) just beyond
the left atrial appendage.

10. ME AV SAX View (Video 10)

From the ME right pulmonary vein view, reposition the probe (turn-
ing to the left, counterclockwise) to center the aorta in the display (as
in the ME ascending aorta SAX view), and advance and rotate the
transducer angle to between 25° and 45° to obtain the ME AV
SAX view. Slight anteflexion may be required. For a trileaflet valve,
the left coronary cusp will be posterior (in the near field) and to the
right on the display, the noncoronary cusp will be adjacent to the in-
teratrial septum, and the right coronary cusp will be anterior (in the far
field) and adjacent to the RVOT. AV morphology and function can be
evaluated from this view. In addition, with a subtle degree of with-
drawal, the left coronary artery (arising from the left coronary cusp)
and the right coronary artery (arising from the right coronary cusp)
can be imaged. In addition to the AV, a portion of the superior LA,
interatrial septum, and right atrium are imaged. This superior portion
of the interatrial septum is important because not infrequently, shunt-
ing from a patent foramen ovale (PFO) may be imaged. In addition,
the RVOT and PV may be seen in the far field. Color flow Doppler
(and when appropriate pulsed-wave and continuous-wave Doppler)
should be used to assess all imaged structures. The orthogonal view
obtained during simultaneous biplane imaging is the ME AV LAX
view (view #6).

11. ME RV Inflow-Outflow View (Video 11)

From the ME AV SAX view, slight advancement of the probe and
rotating the transducer angle to 50° to 70° until the RVOT and PV
appear in the display results in the ME RV inflow-outflow view.
Structures seen in the view include the left atrium, right atrium, intera-
trial septum, TV, RV (on the left of the display), RVOT (on the right of
the display), PV, and proximal (main) PA. From this view, one can
evaluate RV size and function (with RVOT diameter), TV morphology
and function, and PV morphology and function. Color flow Doppler
as well as spectral Doppler of both valves should be performed.

12. ME Modified Bicaval TV View (Video 12)

From the ME RV inflow-outflow view, maintaining a transducer an-
gle of 50° to 70°, the probe is turned to the right (clockwise) until
primarily the TV is centered in the view, resulting in the ME mod-
ified bicaval TV view. The left atrium, right atrium, interatrial sep-
tum, inferior vena cava, and TV are well imaged. Occasionally,
the right atrial appendage as well as the superior vena cava will
be seen. Because of the radially short septal TV leaflet, many tricus-
pid regurgitant jets are eccentric and directed toward the interatrial
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septum; from this view, the septal TV leaflet is imaged en face, and
jets directed toward the interatrial septum may be parallel to the in-
sonation beam. The orthogonal view (at ~120°-140°) results in
a LAX view of the TV which similarly may image an eccentric me-
dial regurgitant jet parallel to the insonation beam. Color flow
Doppler and spectral Doppler (particularly continuous-wave
Doppler) should be performed in these views.

13. ME Bicaval View (Video 13)

From the ME modified bicaval TV view, the transducer angle is ro-
tated forward to 90° to 110°, and the probe is turned to the right
(clockwise) to obtain the ME bicaval view. Imaged in this view are
the left atrium, right atrium, inferior vena cava, superior vena
cava, right atrial appendage, and interatrial septum. Motion of the
interatrial septum should be observed, because atrial septal aneu-
rysms may be associated with interatrial shunts. From this view, in-
teratrial septum morphology and function should be assessed. In
addition, inferior vena cava and superior vena cava inflow are
well imaged. The orthogonal view obtained during simultaneous bi-
plane imaging is an ME four-chamber view focused on the intera-
trial septum. Further turning to the right (clockwise) with slight
withdrawal of the probe allows imaging of the right pulmonary veins
(orthogonal to view #9 above).

14. ME Right and Left Pulmonary Vein View (Video 14)

At a transducer angle of 90° to 110°, imaging of either the right or left
pulmonary veins can be performed. From the ME bicaval view, turn-
ing the probe further to the right (clockwise) will result in imaging of
the right pulmonary veins with the superior vein to the right of the dis-
play. Turning the probe to the left (counterclockwise) takes the imag-
ing through the entire heart (past the left atrium) to the ME left
pulmonary vein view. The left superior vein is to the right of the dis-
play, and typically inflow is parallel to the insonation beam, allowing
accurate spectral Doppler assessment.

15. ME LA Appendage View (Video 15)

From the ME left pulmonary vein view (at a transducer angle of 90° to
110°), turning the probe to right (clockwise) with possible advance-
ment and/or anteflexion of the probe will open the LA appendage
for the ME LA appendage view. Often, the left superior pulmonary
vein is also imaged. Given the complex and highly variable anatomy
of the LA appendage, a complete assessment of morphology typically
requires imaging the LA appendage in multiple views. Backward ro-
tating from 90° to 0° while imaging the LA appendage and/or simul-
taneous multiplane imaging should be performed. Color flow
Doppler and pulsed-wave Doppler may be useful, particularly for as-
sessment of emptying velocities.

16. TG Basal SAX View (Video 16)

From the ME views and at a transducer angle of 0° to 20°, the probe is
straightened and advanced into the stomach, frequently imaging the
coronary sinus inflow as well as the inferior vena cava and hepatic
vein before reaching the TG level. The probe is then anteflexed to ob-
tain the TG basal SAX view. This view demonstrates the typical SAX
view or “fish mouth” appearance of the MV in the TG imaging plane
with the anterior leaflet on the left of the display and the posterior
leaflet on the right. The medial commissure is in the near field, with
the lateral commissure in the far field. An assessment of MV
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morphology and function as well as LV size and function can be per-
formed from this view. The orthogonal view obtained during simulta-
neous biplane imaging is a two-chamber view of the base of the LV
(view #22). Color flow Doppler of the MV in this view may help char-
acterize regurgitant orifice morphology.

17. TG Midpapillary SAX View (Video 17)

While maintaining contact with the gastric wall, the anteflexed probe
for the TG basal SAX view can be relaxed to a more neutral position,
or the probe may be advanced further into the stomach to obtain the
TG midpapillary SAX view. Proper positioning may require multiple
probe manipulations using varying probe depths and degrees of ante-
flexion. The transducer angle should typically remain at 0° to 20°. The
TG midpapillary SAX view provides significant diagnostic information
and can be extremely helpful in assessing LV size and volume status
and global and regional function. This is the primary TG view for intra-
operative monitoring of LV size and function because myocardium
supplied by the left anterior descending, circumflex, and right coro-
nary arteries can be seen simultaneously. Turning the probe to the
right from this view will typically image the mid-RV in SAX.

18. TG Apical SAX View (Video 18)

From the TG midpapillary SAX view (0°-20°), the probe is advanced
while maintaining contact with the gastric wall, to obtain the TG apical
SAX view. The RV apex is imaged from this view by turning to the
right (clockwise). This view allows evaluation of the apical segments
of the left and right ventricles.

19. TG RV Basal View (Video 19)

Returning to the TG basal SAX view (anteflexed, at a transducer angle
of approximately 0° to 20°) by turning the probe toward the patient’s
right (clockwise), the TG basal RV view can be seen. The TV is imaged
in the SAX view while the RVOT is imaged in the LAX view. The or-
thogonal view obtained during simultaneous biplane imaging of the
TV is with the TG RV inflow view (view #23, described below).
The orthogonal view obtained during simultaneous biplane imaging
of the RVOT is with the TG RV inflow-outflow view (mirror image
of view #20, described below). Color flow Doppler of the TV in
this view may help characterize regurgitant orifice morphology.

20. TG RV Inflow-Outflow View (Video 20)

From the TG basal RV view (transducer angle of 0° to 20°), maximal
right flexion results in the TG RV inflow-outflow view. In this view, typ-
ically the anterior and posterior leaflets of the TV are imaged, as well as
the left and right cusps of the PV. Advancing the probe may be neces-
sary to align RVOT flow with the insonation beam. The mirror image
of this view can be also be obtained from a neutral probe position (no
flexion), with the probe turned to the right (clockwise) so that the right
ventricle is in view, and then forward rotating to 90° to 120°.

21. Deep TG Five-Chamber View (Video 21)

From the TG RV inflow-outflow view (transducer angle of 0° to 20°),
advancing the probe to the deep TG level, with anteflexion and often
with left flexion, results in the deep TG five-chamber view. Because of
parallel Doppler beam alignment with the LV outflow tract, AV, and
proximal aortic root, color and spectral Doppler interrogation of
the LV outflow tract and AV is possible. The MV is also imaged, and
complete Doppler interrogation of this valve may also be attempted.
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22. TG Two-Chamber View (Video 22)

The probe is returned to the TG midpapillary SAX view, and the trans-
ducer angle is rotated to approximately 90° to 110° to obtain the TG
two-chamber view. The anterior and inferior walls of the left ventricle
are imaged in addition to the papillary muscles, chordae, and MV.
Although the left atrium and LA appendage are often seen, far-field im-
aging may not allow accurate assessment of LA appendage pathology.

23. TG RV Inflow View (Video 23)

From the TG two-chamber view (transducer angle of 90° to 110°),
turning to the right (clockwise) will result in the TG RV inflow (or RV
two-chamber) view. The anterior and inferior walls of the right ventricle
are imaged in addition to the papillary muscles, chordae, and TV. The
proximal RVOT is also frequently seen and slight advancement of the
probe may allow imaging and Doppler interrogation of the PV.

24. TG LAX View (Video 24)

From the TG RV inflow view, turning to the left (counterclockwise) to
return to the TG two-chamber view, then rotating the transducer an-
gle to 120° to 140° will result in the TG LAX view. Sometimes, turn-
ing the probe slightly to the right is necessary to bring the LV outflow
tract and AV into view. Portions of the inferolateral wall and anterior
septum are imaged, as well as the LV outflow tract, AV, and proximal
aorta. With parallel Doppler beam alignment of the LV outflow tract,
AV, and proximal aortic root, spectral and color Doppler interrogation
of the LV outflow tract and AV is possible.

25 and 26. Descending Aorta SAX (Video 25) and
Descending Aorta LAX Views (Video 26)

Imaging of the descending aorta with TEE is easily performed, be-
cause the aorta is immediately adjacent to the stomach and esoph-
agus. From the TG LAX view, the transducer angle is returned to
0° to 10° and the probe turned to the left (counterclockwise).
Although one can begin imaging the descending aorta below
the diaphragm (typically beginning at the celiac artery), abdominal
gas and variable aortic position may prevent adequate imaging,
and withdrawing the probe to just above the diaphragm allows
imaging of the descending thoracic aorta. The SAX view of the
aorta is obtained at a transducer angle of 0° to 10° (Video 25),
while the LAX view is obtained at a transducer angle of approx-
imately 90° to 100° (Video 26). Image depth should be decreased
to enlarge the size of the aorta and the focus set to be in the near
field. Finally, gain should be adjusted in the near field to optimize
imaging. While keeping the aorta in the center of the image, the
probe can be advanced or withdrawn to image the entire de-
scending aorta. Because there are no internal anatomic landmarks
in the descending aorta, describing the location of pathology is dif-
ficult. One approach to this problem is to identify the location in
terms of distance from the incisors. The descending thoracic aorta
is located posterior and to the left of the esophagus and when im-
aging this structure the transesophageal echocardiographic probe
faces the left thoracic cavity. Thus, intercostal arteries are typically
seen arising from the aorta toward the right side of the screen.
When imaging the descending thoracic aorta, the hemiazygous
vein (which drains the left posterior thorax) may be seen in the
far field of imaging. In the mid to upper thorax, this vein joins
the azygous vein (which drains the right posterior thorax). This ve-
nous structure is typically parallel to the aorta and aortic arch,
eventually draining into the superior vena cava. Because their
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Figure 5 Three-dimensional transesophageal echocardiographic imaging acquisition steps for the AV.

ACQUISITION

Use biplane views to chedh that the mitral valve
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Standard mitral valve view from
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Standard mitral valve vew
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Figure 6 Three-dimensional transesophageal echocardiographic imaging acquisition steps for the MV.

walls are contiguous, the two structures could be mistaken for
a dissection flap within the aorta; color flow Doppler or pulsed
Doppler easily distinguishes venous from arterial flow within
each lumen.

27. UE Aortic Arch to LAX View (Video 27)

While evaluating the descending aorta SAX view (transducer angle
0° to 10°) and withdrawing the probe, the aorta will eventually be-
come elongated, and the left subclavian artery may be imaged, indi-
cating the beginning of the distal aortic arch. At this location, the
aorta is positioned anterior to the esophagus, and thus the UE aortic
arch LAX view is best imaged by then turning to the right (clockwise)

so the probe faces anterior. This allows imaging of the mid aortic arch.
In addition to the aorta, the left innominate vein is frequently imaged
with venous flow by color flow Doppler. Because the left main stem
bronchus typically crosses between the esophagus and the aorta,
a portion of the proximal aortic arch and distal ascending aorta may
not be visualized.

28. UE Aortic Arch SAX View (Video 28)

From the UE aortic arch LAX view, the transducer angle is rotated
toward 70° to 90° to obtain the UE aortic arch SAX view. The
main PA and PV can frequently be seen in LAX in the far field
but may require adjustment of imaging depth, probe frequency,
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and focal zone. Because of parallel Doppler beam alignment of the
PV and main PA, spectral and color Doppler interrogation of the
PV may be performed. Because of the curvature of the aorta, be-
tween the LAX and SAX view of the aortic arch, the right brachio-
cephalic and left common carotid arteries may be seen arising from
the aorta, typically in the near field and to the right of the screen.

TRANSESOPHAGEAL 3D EXAMINATION PROTOCOL

A comprehensive 3D TEE examination using the matrix transducer
usually starts with “real-time” or “live” acquisition using single-beat
mode. However, to obtain acquisitions with high temporal and spa-
tial resolution, electrocardiographically gated 3D transesophageal
acquisitions should be used, especially when the patient’s rhythm
and respirations allow high-quality images to be obtained. When
moving from a narrow-angle to a wide-angle pyramid of acquisition,
there is a reduction in temporal resolution. Multiple-beat mode
combined with a wide-angle acquisition will improve image quality
and permits a wider sector of acquisition. Table 8 describes the rec-
ommended views to obtain 3D images of cardiac structures with
TEE, described in more detail in the ASE 3D echocardiography
guidelines.*® Figures 5 and 6 demonstrate how to display 3D
Transesophageal echocardiographic images of the AV and MV
from the original 2D TEE views. Specific structural imaging using
3D TEE is included in the “Specific Structural Imaging” section of
this document.

SPECIFIC STRUCTURAL IMAGING

General Considerations

The following section describes the anatomy and imaging or Doppler
of specific structures. It is important to remember that the compre-
hensive imaging views discussed previously are not intended to rep-
resent all the imaging planes that can be obtained when imaging
specific structures, particularly in the setting of significant individual
anatomic variability. From standard imaging planes, small adjustments
in position of the probe or transducer angle may be integral in the
complete structural evaluation.

The complete Doppler examination for any valve or structural ab-
normality should include 2D structural and color flow Doppler imag-
ing in SAX and multiple LAX views, spectral Doppler of the
antegrade and retrograde flow through the valve or defect, and 3D
structural and color Doppler imaging from various perspectives.
During color Doppler recordings, special attention must be paid to in-
strument settings. In particular, the Nyquist level should be set to 50
to 60 cm/sec for assessment of high-velocity jets to standardize the
resulting size of the aliased flow pattern from valve regurgitation of
a given severity. Color gain should be set to limit the amount of color
speckle in the far field. Sector angle and color depth should be mini-
mized as may be feasible, to maximize frame rate. Magnified views are
also useful to define regional flow, while allowing a higher frame rate.

Mv

Imaging the MV is an important role for TEE. The MV and left
atrium are in the far field for every transthoracic echocardiographic
imaging plane, but because the esophagus is directly posterior to the
LA, TEE is the ideal real-time imaging modality for the MV. As
a result, TEE is more sensitive for detecting and quantifying MV ab-
normalities, particularly in the setting of anatomy that might cause
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acoustic shadowing from TTE, such as severe annular calcification
or prosthetic valve material. A precise understanding of the
mechanism of mitral regurgitation® and the 3D valve morphology
is important in planning mitral repair®*®°'™3 to optimize
outcomes.”* Some aspects of mitral regurgitation, particularly func-
tional mitral regurgitation from apical tethering, can best be under-

stood by 3D measurements.>®>®

Anatomy. An extensive review of MV anatomy can be found in nu-
merous reviews,”” °° but it is important for echocardiographers to
understand the basic anatomy of this complex structure. The MV
complex is composed of the annulus, the leaflets (anterior and
posterior), chordae tendineae, and papillary muscles. Unlike the TV,
the MV is in direct continuity with the AV complex.

The mitral annulus has received increased attention in recent years
as interventionalists and surgeons have focused on this important part
of mitral anatomy for MV repair. In addition, accurate assessment of
annular dimensions or area is an important part of quantitative
Doppler assessment of regurgitant volume. The native mitral annulus
is D shaped, with the straight border composed of the mitral-aortic in-
tervalvular fibrosa. The shape of the mitral annulus is also nonplanar,
and its area changes during the cardiac cycle. Expansion of fibrous tis-
sue on either end of this region creates fibrous trigones medially and
laterally. Traditional 2D imaging of the mitral annulus is performed
using a “view-based” approach (four-chamber and two-chamber win-
dows), and the ASE guidelines advocate using a single four-chamber
view to measure the annular diameter in mid-diastole (one frame af-
ter maximum leaflet opening) and then calculating the mitral annular
area using the formula for a circle,®! but this is an oversimplification of
this complex structure.®®* Correct anatomic imaging planes of the
LAX and commissural views have been proposed for more
accurate measurement of the mitral annular diameters using an
elliptical formula to estimate the annular area.®*°® Importantly,
when measuring the annular diameter in the LAX view, the hinge
point of the mitral leaflet (seen along the apical or inferior border
of the mitral-aortic curtain) must be identified. These orthogonal im-
ages can easily be obtained using simultaneous multiplane imaging or
reconstruction of 3D transesophageal echocardiographic volumes;
annular measurements using this technology correlate well with
in vitro®” and in vivo®® models. Direct planimetry of the annular
area by 3D imaging for quantifying mitral stroke volume may be
more accurate but has not been validated.

The anterior (or aortic) leaflet is rounded and occupies a third of
the circumference of the annulus (Figure 7). The posterior (or mu-
ral) leaflet occupies the other two thirds of the circumference and
tends to be narrower in radial length. The relative areas of each leaf-
let are roughly equal, and the line of coaptation approximates an
arc, with each end of this arc referred to as a commissure. The ante-
rolateral and posteromedial commissures do not extend to the
annulus, and although sometimes there may be distinct commissural
leaflets, more often, this region is less well defined. The posterior
leaflet is often indented, creating three frequently unequal scallops,
with the middle scallop quite variable in size but typically the largest.
Carpentier et al’s*” nomenclature describes the most lateral seg-
ment as P; which lies adjacent to the anterolateral commissure.
P, is central and can significantly vary in size, and most medial
and posterior is P3. The anterior leaflet is curtain like, and distinct
scallops cannot be identified, but similar labels (A;, A, and As)
are applied to the lateral, middle, and medial regions of the anterior
leaflet. The anterolateral papillary muscle subtends the lateral com-
missure of the MV and gives off chordae to the lateral half of both
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Figure 7 (A) Schematic diagram and (B) en face view of the MV from LA or surgeon’s perspective depicting typical anatomic
relationships. In this view, the AV is in the 12 o’clock position. The anterior leaflet is large, nonindented, triangularly shaped, and
comprises two thirds of the valve surface area. The anterior segments (A1A>As) corresponding to the posterior scallops
(P41P2P3) are labeled accordingly. The anterior and posterior leaflets are conjoined laterally and medially to form the anterolateral
and posteromedial commissures. The aortic mitral curtain (or mitral-aortic intervalvular fibrosa) separates the anterior leaflet

from the AV. cor., Coronary.

the anterior and posterior leaflets. The posteromedial papillary
muscle subtends the medial commissure of the MV and gives off
chordae to the medial half of both the anterior and posterior leaflets.
Each chord from the papillary muscles divides several times before
their attachment to the mitral leaflets; first-order (primary) chordae
attach to the leaflet free edge, and second-order (secondary) chor-
dae attach to the body of the leaflets (or rough zone). Third-order
(tertiary) chordae attach directly from the ventricular wall or trabe-
culations to the base of the posterior leaflet or the annulus of the
LV free wall; direct myocardial chordal attachments to the anterior
leaflet are not normally seen.

MV 2D Imaging and Doppler. The MV should be visualized for
imaging and color Doppler in LAX views (showing the left ventricle
and left atrium) with at least four different imaging views: ME
four-chamber view, ME mitral commissural view, ME two-chamber
view, and ME LAX view. From these four views, all the scallops of
both leaflets can be imaged (Figure 4). Multiple TG views may also

be used for both imaging and Doppler interrogation. In general, the
imaging protocol should be adapted to the individual patient’s heart
using rotational angles that optimize recording important structural
and flow information. Panning to or rotating to additional images is
often necessary to record specific jets or structural abnormalities
that may be present. Color Doppler imaging planes should be se-
lected on the basis of the maximum instantaneous size of the aliased
portion of the mitral regurgitant jet, if present.

Numerous methods of quantitation of mitral stenosis and regurgi-
tation have been previously described in the ASE guidelines,*®”° and
newer techniques including 3D imaging have been recently
reviewed”! and continue to be developed.72

MV 3D TEE and Doppler. Evaluation of the mitral apparatus using
3D TEE is most useful for (1) defining the extent and location of pa-
thology, (2) determining the mechanism and severity of valvular dys-
function, and, when appropriate, (3) communicating the results of the
echocardiographic examination to the interventional cardiologist or
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Table 11 Summary of 3D transesophageal echocardiographic acquisition views
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Protocol For Three-Dimensional fﬁsﬂobﬁage-al E&idca}dlbgﬁb-W»im*é

Right Veatricle

teratrial Septom

Mitral Vave

Acquisition
Obtain & view of the keft vertricke from
the 0, 40°, o¢ 120" mid-mophageal
poutions
Use the Biplane mode to check that the
left ventricle is contered in a second view
99" 10 the eryginal.
Acquire wiing wide-angle, muts beat
mode

Obtain a view of the right ventricle from
the O mid-escphageal poution with the
right ventricle tilted 30 that it is in the
center of the mage

Acquire wiing wede angle, muls beat
mode

07 with the probe rotated to the inter-

Obtsin a view of the sortic vilwe frem
ethor the 60" mid-mophageal, ithoet -axn
view o the 1207 mid ewcphages, long-
aen vew

Acquire wilng cither the samow anghe,
sngle-beat or the wide-angle, muki beat
moden

Obtain 3 view of the mitral valve from
the @7, €07, 90" or 120" mid-sscphageal
Vews

Use the Biglane mode 10 chech that the
Ml vadve annelus is contered with the
acquiition plane in a second view 30° to

Obtain a view of the pulmosic valee from
okhor the 90" high-esophageal view or
the 120" mid-evcphageal, 3-chamber
view 1otated to center the pulmonic valve
Acquire uiing narmow-angle, single-beat
mode

Obtain a view of the tricespid valve from
ether the 0" to 30" mid esophagead, &
hamber view tited 50 that the valve &
centered in the mmagng plane or the 40°
trasagatric view with anteflexion
ACQWire wing 2 farmow aagle, single-beat
mode
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cardiac surgeon when an intervention is required. Acquisition is typ-
ically from an ME view (Table 11).

Narrow-Angle 3D Mode. “Real-time” 3D echocardiography using
the single-beat mode on the matrix-array transducer permits display
of a30° x 60° (narrow-angle) pyramidal volume, which is usually suf-
ficient to visualize the entire mitral apparatus when the ME mitral
commissural view is the primary view (in the 60° or lateral plane of
the pyramid). Typically, this mode allows an initial rapid 3D assess-
ment of the mitral apparatus. The availability of multiple-beat mode
with narrow-angle acquisition allows detailed examination of the
MYV with high temporal and spatial resolution but with the potential
pitfall of stitching artifacts.

Cropping of the MV should not completely exclude adjacent struc-
tures, because they provide landmarks for orienting and displaying
the MV. The MV should be oriented with the AV at the top of the
screen in the 12 o'clock position regardless if viewed from the LA
or the LV perspective (Figure 6).

Wide-Angle 3D Mode. The focused wide sector (zoom view) per-
mits a focused, wide-sector view of the MV apparatus from the an-
nulus to the papillary muscle tips. It allows visualization of the mitral
apparatus from the annulus to the papillary muscle tips. It must be
noted that enlarging the region of interest excessively will result in
a further detrimental decrease of temporal resolution. However,
this can be ameliorated by the use of multiple-beat mode, which op-
timizes spatial resolution, permitting detailed diagnosis of complex
pathologies. In contrast, the wide-angle acquisition mode has the
largest acquisition sector possible, which is ideal for imaging the en-
tire mitral apparatus together with the LV. This mode also has opti-
mal spatial resolution, which permits detailed diagnosis of complex
pathologies. As well, it has high temporal resolution (>30 Hz),
which is desirable when diagnosing mechanisms of abnormal mitral
leaflet motion. The gated full volume can also be rotated to orient
the mitral apparatus in unique en face views from the LA and LV
perspectives.

3D Color Flow Doppler. Color flow Doppler should be added
to the multiple-beat acquisition in patients with mitral regurgitation
and/or stenosis. Similar to the technique for acquiring
noncolor Doppler multiple-beat imaging, obtaining a 3D color flow
Doppler data set initially requires the identification of a region of in-
terest in orthogonal 2D imaging planes. The size of the region of in-
terest should be limited to the mitral apparatus and color flow
Doppler jet to optimize frame rate. Newer software may allow high
frame rates with lower line density, which would permit a larger
sector to be displayed. Finally, the largest number of individual gated
component sub-volumes (4-6 beats) should always be attempted
when electrocardiographic gating and reasonable acquisition times
can be achieved. Additional color 3D data sets allowing cut planes
to be oriented perpendicularly and parallel to the regurgitant or ante-
grade flow orifice may be of value for understanding morphologic
and hemodynamic importance of those structures.

AV and Aorta

When evaluating the AV complex, the strength of TEE frequently rests
on the morphologic assessment rather than the functional assessment
of the native AV. Evaluation of the hemodynamic performance of the
AV may be best accomplished using TTE because of the ability to in-
terrogate flow across the AV from multiple transducer angles, which is
more limited by TEE.
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Figure 8 Midesophageal short-axis view of the aortic valve. The
aortic cusps are identified by the corresponding presence or
absence of the coronary arteries arising from the corresponding
sinuses of Valsalva: left coronary (L), right coronary (R), and non-
coronary cusps. The ostium of the left main coronary artery is
seen in this view (arrow).

Accurate assessment of the AV depends on the understanding of
the entire AV complex, which is composed of the AV, aortic root,
and LV outflow tract. Because obstruction to LV outflow may occur
not only at the level of the AV but also below or above the AV, it is
important to carefully evaluate these regions. Two-dimensional echo-
cardiography remains the gold standard for morphologic assessment
of the AV. However, 3D TEE may significantly improve assessment of
the valve as well as outflow tract and annular morphology. Three-
dimensional TEE closely approximates aortic annular area measure-
ments obtained by computed tomography.”> Assessment of the aortic
root is also an important component of the assessment of AV mor-
phology and function, because aortic root dilatation may be associ-
ated with abnormalities of the AV.

Anatomy. The AV is a semilunar valve typically with three cusps lo-
cated close to the center of the heart. The aortic cusps are identified
by the presence or absence of the coronary arteries arising from the
corresponding sinuses of Valsalva (left coronary, right coronary, and
noncoronary cusps). These three semilunar cusps form part of the si-
nuses of Valsalva and the fibrous interleaflet triangles. Each semilunar
cusp is attached to the aortic wall in a curved manner, with the basal
attachment located in the left ventricle below the anatomic ventricu-
loaortic junction and the distal attachment at the sinotubular junc-
tion.”* The sinuses of Valsalva and the sinotubular junction are
integral parts of the valvular mechanism, such that any significant di-
latation of these structures will result in AV incompetence. Overall,
when tracking the curved path of the aortic leaflet insertion points,
the 3D spatial configuration of the AV resembles a crown.”®

The aortic root is not a specific structure per se but includes the AV
annulus, cusps, sinuses of Valsalva, coronary artery ostia, sinotubular
junction, and proximal ascending aorta. The LV outflow tract is the
outflow portion of the LV just proximal to the AV. The coronary ostia
originate from their respective sinuses, but the exact location within
the sinuses can vary.
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AV and LV Outflow Tract 2D Imaging and Doppler. Imaging of
AV and LV outflow tract morphology is best undertaken from an ME
transducer position, as described in the section “Comprehensive
Imaging Examination.” Both LAX and SAX views of the AV and sur-
rounding structures are possible from this location. When specifically
imaging the AV, it is best to crop or magnify the image to focus in on
the AV. To maximize image resolution, imaging should ideally be per-
formed using the highest imaging frequency possible, and because the
AV is in the near field, imaging at higher frequencies is generally fea-
sible. On occasion, however, if there is exuberant calcification, imag-
ing at a lower frequency may be best.

From the ME AV SAX view (view #10), AV cusp number, the
length of the free edges of the AV cusps, and the area of the AV orifice
can be measured. Simultaneous imaging of all three cusps of the AV is
possible (Figure 8). The cusp adjacent to the atrial septum is the non-
coronary cusp, the most anterior cusp is the right coronary cusp, and
the other is the left coronary. Color flow Doppler is applied in this
cross-section to detect aortic regurgitation and estimate the size and
location of the regurgitant orifice. The probe is withdrawn or ante-
flexed slightly to move the imaging plane superiorly through the si-
nuses of Valsalva to bring the right and left coronary ostia and then
the sinotubular junction into view. The probe is then advanced to
move the imaging plane through and then proximal to the AV annulus
to produce a SAX view of the LV outflow tract.

The ME AV LAX view (view #6) allows imaging of the basal por-
tion of the ventricular septum, LV outflow tract, as well as AV, annu-
lus, and aortic sinuses. It is particularly important to appreciate the
presence of basal septal hypertrophy, because this may accompany
aortic stenosis or hypertrophic cardiomyopathy. Measurement of
the LV outflow tract should be performed in early to midsystole, dis-
tal to a sigmoid septum if present and typically within 5 mm of the
annulus. These measurements correlate well with transthoracic
echocardiographic measurements.”®”” In the absence of
significant aortic stenosis (and proximal flow convergence), the
diameter measurement used in calculating stroke volume is the
annulus at the hinge point of the cusps.®' However, in the setting
of aortic stenosis and proximal flow convergence, the LV outflow
tract diameter should be taken at the same level of the LV outflow
tract as the pulsed Doppler sample volume,”® which is typically
within 5 mm apical to the annulus. A complete discussion of echo-
cardiographic quantification of aortic stenosis is covered in prior
guidelines.”®

From the ME AV LAX view, the AV can also be assessed. The cusp
of the AV that appears anteriorly or toward the bottom of the display
is always the right coronary cusp, but the cusp that appears posteriorly
in this cross-section may be the left or the noncoronary cusp, depend-
ing on the exact location of the imaging plane as it passes through the
valve. This view is the best cross-section for assessing the size of the
aortic root. The diameter of the LV outflow tract as well as AV annulus
is measured during systole, particularly for transcatheter AV replace-
ment.'? The annulus is identified as the points of attachment of the
AV cusps (or hinge point) and is normally between 1.8 and 2.5 cm.
In the setting of acoustic shadowing secondary to AV and annular cal-
cification, imaging from multiple windows obtained by withdrawing
or advancing the probe may be required.

Doppler imaging from an ME AV LAX can assess flow through the
LV outflow tract, AV, and proximal ascending aorta. Color flow
Doppler assessment of the LV outflow tract is often valuable in deter-
mining the site of LV outflow tract obstruction. Because flow is per-
pendicular to the Doppler beam, peak velocities across the LV
outflow tract or AV are not typically obtained from ME views unless
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jets are markedly eccentric and/or the Doppler beam can be aligned
by withdrawing or advancing the probe. Other Doppler measure-
ments, however, can be performed, including regurgitant jet vena
contracta, the jet area/LV outflow tract area ratio in SAX, as well as
the radius of the aliasing velocity for proximal isovelocity surface
area method of regurgitant quantification. Quantitation of aortic re-
gurgitation is discussed in detail in prior ASE guidelines.’

The primary purpose of the two TG views of the AV (the deep TG
five-chamber view and the TG LAX view [view #27]) is to align the
Doppler beam parallel to transaortic flow, which is required for accu-
rate assessment of transaortic flow and peak velocities. They also pro-
vide images of the ventricular aspect of the AV in some patients,
although far-field imaging may limit a detailed assessment. The exact
position of the probe and transducer is more difficult to determine
and control deep in the stomach, but with manipulating the probe
in the various axes, both views in most patients can be obtained. In
both TG views, the AV is located in the far field at the bottom of
the display, with the LV outflow directed away from the transducer.
Transducer angle rotation from this cross-section can achieve images
of the aortic arch and great vessels in the far field in some patients.
Blood flow velocity in the LV outflow tract is measured by positioning
the pulsed-wave Doppler sample volume in the center of the LV out-
flow tract just proximal to the AV. This spectral Doppler is used with
the LV outflow tract or annular diameter, to calculate LV stroke
volume.®"®? Peak flow velocity through the AV is measured by
directing the continuous-wave Doppler beam through the LV outflow
tract and across the valve cusps or across other high-velocity or turbu-
lent jets seen by color Doppler. Given the limited imaging windows,
peak transaortic velocities may still be underestimated compared with
TTE. Assessment of valvular stenosis is fully covered by prior guide-
lines.”® The assessment of aortic regurgitant jets may be performed
from these views, but far-field imaging of color jets has multiple lim-
itations.'>¢%78

Aortic Root and Proximal Ascending Aorta 2D Imaging and
Doppler. The ME AV LAX view and ME ascending aorta LAX
view (views #6 and #7) are most useful for imaging and measure-
ment of the aortic root and proximal ascending aorta. Although the
ME AV LAX view is best obtained at an angle of 120° to 140°, the
ME ascending aorta LAX view is better appreciated at the lower im-
aging angles, around 90° to 110°, because this portion of the aorta is
positioned to the right of the aortic root. The ME ascending aorta SAX
view can be obtained with orthogonal views from corresponding
LAX views; simultaneous multiplane imaging using 3D echocardiog-
raphy may be useful.

Measurements of the aortic root are usually made at (1) the AV an-
nulus (hinge point of aortic leaflets), (2) the maximal diameter in the
sinuses of Valsalva, and (3) the sinotubular junction (transition be-
tween the sinuses of Valsalva and the tubular portion of the ascending
aorta). There is some controversy about measurement technique for
the aorta. Some experts favor inner edge—to—inner edge techniques
to match those used by other methods of imaging the aorta, such as
magnetic resonance imaging and computed tomography. According
to ASE guidelines,”® normative data for adults were generated using
diastolic leading edge to leading edge. Normative data for the pediat-
ric population, on the other hand,®® were generated using a systolic
inner edge—to—inner edge technique. Recent 2010 American
College of Cardiology Foundation and American Heart Association
thoracic aorta guidelines81 review the use of echocardiography as
well as other imaging modalities for the assessment of the thoracic
aorta. Views used for measurement should be those that show the
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Figure 9 Two-dimensional echocardiographic planar measurements may incorrectly estimate true aortic annulus size if the LAX view
does not bisect the maximum diameter of the aortic root. (A) The simultaneous multiplane imaging of a well-aligned LAX view which
bisects the left noncoronary commissure posteriorly, and the right coronary cusp anteriorly. (B) A schematic showing the optimal sag-
ittal dimension measurement plane (red arrow) which aligns with the left noncoronary commissure and the right coronary cusp. The
sagittal plane annular measurement on 3D echocardiography (C) is 2.3 cm. Note; however, that the largest dimension is the coronal
plane (blue arrow). LVOT, Left ventricular outflow; L, left; R, right; NC, noncoronary.

largest diameter of the aortic root when measured perpendicular
to the long axis of the vessel in that view. Two-dimensional aortic
diameter measurements are preferable to M-mode measurements,
as cyclic motion of the heart and resultant changes in M-mode cursor
location relative to the maximum diameter of the sinuses of Valsalva
result in systematic underestimation (by 2 mm) of aortic diameter by
M-mode in comparison with the 2D aortic diameter.8? The aortic an-
nular diameter may be measured in diastole between the hinge points
of the AV leaflets (inner edge to inner edge) in the LAX views that
reveal the largest aortic annular diameter (see above), but for the
purposes of valve sizing before transcatheter or surgical valve replace-
ment, the measurement should be performed in systole.'>%> Color
flow Doppler may be important in the setting of abnormalities such
as aortic dissection or intramural hematomas.

Thoracic Aorta 2D Imaging and Doppler. The entire descend-
ing thoracic aorta and upper abdominal aorta are examined by rotat-
ing the transesophageal probe to the left, imaging posterior and to the
left chest (the descending aorta is positioned to the left of the spine).
The probe is advanced until the image is lost as the aorta descends be-
yond the diaphragm and then gradually withdrawn within the esoph-
agus to obtain the descending aorta SAX and LAX images (views #25
and #206); simultaneous multiplane imaging may again be useful. To

optimize image quality, the size of the aorta on the display is increased
by reducing the depth, the focus is moved to the near field, and the
transducer frequency is increased. As the probe is withdrawn from
the diaphragm to the thoracic aortic arch, the origin of the left subcla-
vian artery is appreciated. The distal ascending aorta and aortic arch
are less well appreciated because the air filled trachea is interposed be-
tween the esophagus and these segments.®* The transducer angle is
rotated forward from 0° (SAX views) to between 90° and 110° to
yield circular, oblique, and eventually the descending aortic LAX
view in which the walls of the descending aorta appear as two parallel
lines (LAX view). Irregularities of the aortic wall and presence of ath-
eroma, atheroma thickness, as well presence of mobile atherosclerotic
elements should be noted.

Color Doppler evaluation of the thoracic aorta is appropriate to eval-
uate for abnormal flow, particularly in the setting of ulcerated atheroma
or a dissection flap. Pulsed-wave Doppler for assessment of diastolic
flow reversal in the descending thoracic aorta can be reliably performed
and should be used as supportive evidence for severe aortic regurgita-
tion, particularly in the setting of poor LV outflow tract imaging.

Because of the changing relationship between the esophagus and
the descending thoracic aorta and lack of internal anatomic land-
marks, it is difficult to designate anterior and posterior or right-to-
left orientations of the descending thoracic aorta on transesophageal
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Figure 10 Three-dimensional imaging of the aorta. (A) A real-time 3D volume cropping the aorta in long-axis. Corresponding short-
axis cuts are shown in B (diastolic frames) and C (systolic frames). The anatomy changes from one level to the next; oval in the left
ventricular outflow tract (LVOT) and circular at the sino-tubular junction (STJ). In addition the LVOT and annulus in particular, also
change in shape with the cardiac cycle, becoming larger and more circular in systole.

echocardiographic images. One approach to anatomically localize ab-
normalities within the descending thoracic aorta is to describe the lo-
cation of the defect as a distance from the origin of the left subclavian
artery and its location on the vessel wall relative to the position of the
esophagus (e.g., the wall opposite the esophagus). Another approach
is to record the depth of the lesion from the incisors. The presence of
an adjacent structure, such as the LA or the base of the LV, may also
designate a level within the descending aorta.

The aortic arch is imaged from the UE aortic arch LAX view (view
#27) and UE aortic arch SAX view (view #28). In some individuals,
withdrawing the transducer farther from the UE aortic arch LAX view
can image the proximal left subclavian artery and left carotid artery.
The right brachiocephalic artery is more difficult to image because
of the interposition of the air-filled trachea. As the transducer is with-
drawn, it can be turned to the left (counterclockwise) to follow the left
subclavian artery distally. The left internal jugular vein lies anterior to
and to the left of the common carotid artery and sometimes is seen. In
the UE aortic arch SAX view, the origin of the great vessels often is
identified at the superior aspect of the arch to the right of the display.
The visualization rate of the arch vessels by TEE is lowest for the right
brachiocephalic artery and highest for the left subclavian artery. The
left brachiocephalic vein is also often seen anterior to the arch in views
of the aortic arch. Forward rotating from the LAX view of the aortic
arch (at 0°) to the SAX view (at 90°) may allow imaging of the main
PA in the far field (typically between 70° and 90°).

AV and Aorta 3D TEE. Three-dimensional TEE from ME views
provides important morphologic characterization of the AV and LV

outflow tract. Intercommissural distance and free leaflet edge lengths,
which can be measured by 3D echocardiography, are used to choose
the tube graft size in valve-sparing root operations®> (Figure 9).
Because the LV outflow tract is often not circular but oval in shape,
sagittal plane (LAX) measurements derived from 2D images may un-
derestimate the true LV outflow tract dimensions (Figure 10). Three-
dimensional TEE will typically yield larger LV outflow tract areas
and calculated AV dimensions and areas.®® Indeed, planimetry of
the AV and LV outflow tract area using 3D echocardiography has
been demonstrated to be more reproducible.87'88 With accurate
measurement of the LV outflow tract, geometric assumptions used
in the continuity equation are avoided, resulting in more precise
estimations of AV areas using 3D echocardiography over traditional
2D methods.

Three-dimensional echocardiography has become an important
component of the evaluation of the aortic annulus and aorta for trans-
catheter procedures.?” Studies suggest that 3D TEE can accurately
measure the area or perimeter of aortic annulus’®®> and can also
be used to measure the distance between the annulus and leaflet
tips to the coronary ostia® in the setting of severe, calcific aortic ste-
nosis. For transcatheter valve procedures, this annular measurement is
performed in midsystole.”*

Narrow-Angle 3D Mode. With TEE, a 2D image of the AV at either
the ME AV SAX view or the ME AV LAX view should be obtained
(Table 11). After the 2D image is optimized, narrow-angle acquisition
mode can be used to optimize the 3D image and to examine AV and
root anatomy. After acquisition, when displayed en face, the AV
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should be oriented with the right coronary cusp located at the bottom
of the sector regardless of whether the aortic or the LV outflow tract
perspective is presented (Figure 5).

Wide-Angle 3D Mode. Once a wide-angle acquisition 3D data set
of the aortic root is obtained, the cropping plane can be aligned par-
allel to the AV orifice, as identified from the LAX view. This results in
a SAX 3D image of the AV orifice, which can be used for planimetry.
As well, the cutting plane can be moved to the LV outflow tract, the
sinus of Valsalva, or the sinotubular junction to obtain these respective
cross-sectional areas. Last, the cropping planes can be placed perpen-
dicular as well as parallel to the aortic annulus to assess supravalvular
and subvalvular anatomy for serial stenoses.

3D Color Flow Doppler. Color Doppler 3D TEE should also be
performed to detect the appearance of flow in both systole and dias-
tole. Additional color 3D data sets allowing cut planes to be oriented
perpendicular and parallel to the regurgitant or antegrade flow orifice
may be of value for understanding the morphologic and hemody-
namic importance of abnormal flow.

PV

Anatomy. The PV, similar to the AV, is a semilunar valve with
three cusps. Unlike the AV, the PV cusps are thinner, and there is
no fibrous continuity with the muscular septum or the right atrio-
ventricular (tricuspid) valve.”®> The three PV cusps are named by
their relative position to the AV. Thus, the right and left cusps, cor-
responding to the right and left cusps of the AV. The third cusp is
named the anterior or “opposite” cusp given its position opposite
the AV.*° The plane of the PV is oblique to the plane of the AV.
Awareness of this spatial relationship is useful when the operator
is attempting to define the optimal imaging window for the PV.
Because the PV is an anterior and thus far-field structure for TEE,
views are more challenging to obtain, either because of interference
from other structures (bronchus) or from patient intolerance of the
high esophageal or TG transducer position. Therefore, these addi-
tional views may be of particular clinical utility in the critical care
unit or operating room where patients are receiving heavy sedation
or general anesthesia.”®®”

PV 2D and Doppler Imaging. The PV can be imaged from
several windows, not all of which can be consistently obtained
or necessary in every study. Similar to other valves, 2D,
color Doppler, spectral Doppler, and 3D imaging modalities are
useful.

During the comprehensive imaging examination, the first view of
the PV can be obtained by turning the probe to the left (counter-
clockwise) from the ME ascending aorta LAX view (view #7) as
well as the ME ascending aortic SAX view (view #8). Imaging the
PV from these ME views typically requires slight withdrawal of the
probe into a higher esophageal position. From the ME ascending
aorta LAX turning left (counterclockwise) yields a LAX view of the
main PA with the PV in the far field. Maintaining the position of
the main PA in the center of the imaging sector, rotating backward
(toward 0°) allows visualization of the main PA and PA bifurcation.
Because the Doppler beam will be parallel to transvalvular flow,
pulsed-wave and continuous-wave Doppler as well as color flow
Doppler can be performed from either of these views. In addition,
turning to the right (clockwise) allows imaging of the right lobar PA
(in the LAX view) and the main pulmonary artery bifurcation, as
well as the superior vena cava (in the SAX view).
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Figure 11 PV imaging from the ME RV inflow-outflow view (A,
red arrow), TG basal RV view (B, red arrow), and UE aortic
arch SAX view (C, red arrow). AV, Aortic valve.

The ME RV inflow-outflow view (view #11) allows visualization of
two of the leaflets (typically the left or right and anterior) and is a useful
screen for leaflet mobility, thickness, and regurgitation with 2D and
color Doppler imaging. This view is frequently limited by acoustic
noise from the AV or aortic prosthesis, which is immediately posterior
to the PV. Advancing the probe and placing the RVOT perpendicular
to the insonation beam enhances imaging for measurement of RVOT
diameter (Figure 11A).
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Figure 12 The ME modified bicaval TV view (A) images the coaptation point of the tricuspid leaflets (yellow arrow), and regurgitant jets
directed toward the interatrial septum may be optimally aligned for continuous-wave Doppler of the jet (B). LA, Left atrium; RA, right

atrium.

TG views of the PV (Figure 11B) are primarily used to align trans-
pulmonic flow with the Doppler beam. The transducer is advanced
into the stomach and anteflexed from the TG apical SAX view
(view #18) to obtain the TG basal RV view (view #19). Right flexion
from this view typically yields the TG RV inflow-outflow view (view
#20). A similar mirror-image view can be obtained by rotating the
TG basal RV view to 90° to 120°. Color and spectral Doppler should
be performed once the Doppler beam is aligned with transpulmonic
flow. The UE aortic arch SAX view (level of the aortic arch) will fre-
quently result in a LAX view of the main PA with the PV in the far field
(Figure 110).

PV 3D TEE. When imaging the PV in three dimensions, the transe-
sophageal echocardiographic probe can be positioned at either the
UE aortic arch SAX view (view #28) position at 70° to 90° or by ob-
taining a three-chamber LV—aortic root view at ~120° and then turn-
ing the probe to the left (counterclockwise) to bring the PV into view
(Table 11). Typically, acquisition is difficult because there is signal
dropout from the thin leaflets.

Narrow-Angle 3D Mode. Once the valve is optimally visualized,
the PV can be acquired using single-beat, narrow-angle acquisition
mode for rapid assessment. The narrow-angle, multiple-beat mode al-
lows visualization of the PV leaflets. The image set can be cropped and
rotated to display the valve in an en face view from either the PA or
the right ventricle. When displayed in this en face view, the anterior
leaflet should be located superiorly in the 12 o’clock position irrespec-
tive of perspective.

Wide-Angle 3D Mode. The wide-angle acquisition mode of the PV
also permits examination of the main PA and the RVOT. Once the py-
ramidal volume is captured, cropped and rotated, the en face view of
the valve can be displayed. As well, the cropping plane can be used to
assess the dimensions of the main PA and the RVOT.”® Last, the crop-
ping plane can be used to show the RVOT, PV, and main PA in a single
image.

3D Color Flow Doppler. In patients with pulmonary regurgitation
or stenosis, color flow Doppler should be added to the narrow-angle,
multiple-beat acquisition. The size of the region of interest should be
limited to the PV and the color flow Doppler jet to optimize frame
rate. As mentioned previously, the largest number of individually
gated component slabs should always be attempted when electrocar-

diographic gating and brief acquisition times are possible. Once ac-
quired, the pyramidal volume can first be viewed as originally
obtained and then rotated to view the PV from the PA and right ven-
tricle to identify the site of jet origin. Further cropping and the use of
the black-and-white suppress can be used to identify effective orifice
area, regurgitant orifice area, 3D proximal isovelocity surface areas,
and vena contracta.

v

Interest in the TV has increased in recent years with the recognition
of the importance of secondary tricuspid regurgitation'®'% and
tricuspid repair'®»'%” on outcomes. Severe tricuspid regurgitation is
an independent predictor of long-term mortality.'°? Because the preva-
lence of secondary tricuspid regurgitation with MV disease”® ! is
>30%,>%° an assessment of TV anatomy has thus become an
important part of the comprehensive transesophageal echocardio-

graphic examination.

99-101

Anatomy. The TV is the largest and most apically positioned valve.
The TV complex is composed of three leaflets (anterior, posterior,
and septal), attached chordae tendineae, three papillary muscles (an-
terior, posterior, and a third variable papillary muscle), and the fibrous
TV annulus.'®® Tricuspid leaflets are significantly different in circum-
ferential (annular) and radial size. The relative circumferential or an-
nular ratio of the anterior to septal to posterior leaflets in normal
patients is 1:1:0.75.19"1%° The anterior leaflet is the longest radial
leaflet, and the septal leaflet is the shortest. This short septal leaflet
is attached to the tricuspid annulus directly above the
interventricular septum, with a number of third-order chordae at-
tached directly to the septum. The tricuspid annulus is complex and
dynamic. Three-dimensional echocardiography has been integral in
our understanding of TV anatomy."'' A normal annulus is
triangular with nonplanar high and low points, superiorly displaced
in the anterior/posterior portion and inferiorly (apically) displaced
in the posteroseptal portion.!%°

TV 2D and Doppler Imaging. Typically the first image of the TV
is obtained from the ME four-chamber view (view #2). From this
view, the septal and anterior leaflets are typically imaged. Turning
the probe to the right (clockwise) to bring the TV annulus to the
center of the sector allows imaging of multiple planes of the TV
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Figure 13 Wide-angle acquisition mode allows visualization of
the tricuspid apparatus from the annulus to the papillary muscle
tips, as well as the right atrium and associated structures. Ao,
Aorta; CS, coronary sinus; CVTI, cavotricuspid isthmus; EV,
Eustachian valve; FO, fossa ovale; IVC, inferior vena cava;
SVC, superior vena cava. Modified from Lang et al.*°

during axial rotation. The TV plane is frequently not coaxial with the
transesophageal echocardiographic imaging plane, however, making
an assessment of all the leaflets difficult; 3D imaging may be helpful
(see below). Because the septal leaflet has the shorter radial length
and is most often fixed by the rigid tricuspid annulus, regurgitant
jets frequently are directed toward the interatrial septum. The ME
inflow-outflow view (view #11) as well as the ME modified bicaval
TV view (view #12) thus may be the most useful for color flow
Doppler and spectral Doppler, because the septal leaflet is seen
en face, and tricuspid regurgitant jets imaged in this plane may be
directed toward the interatrial septum and thus well aligned with
the insonation beam.

The TG basal RV view (view #19), TG RV inflow-outflow view
(view #20), and TG RV inflow view (view #23) are additional TG
views that may be useful when imaging the TV. From these views,
the posterior leaflet of the TV is typically seen (in the near field).
Color Doppler of the valve in the SAX view (TG basal RV view)
may give a better assessment of the shape of the vena contracta for
complex TR jets (Figure 12). Nonstandard deep TG views may also
be performed to obtain the deep TG LAX views of the TV (0°); max-
imal anteflexion possibly with some right flexion results in the TV an-
nular plane aligning perpendicular to the insonation beam (with TR
jet parallel to the insonation beam).

TV3D TEE. Three-dimensional TEE of the TV allows visualization of
all aspects of the TV from a single full-volume data set or a focused
examination on a particular TV aspect using a narrower imaging ac-
quisition mode with higher resolution. Acquisition is from a 0° to
a 30° view, with the TV centered in the image (Table 11).

Narrow-Angle 3D Mode. Once the TV image is optimized with
2D echocardiography, a narrow-angle single-beat acquisition can be
performed. When displaying the TV en face, the septal leaflet should
be located in the 6 o'clock position, irrespective of perspective. These
en face views may be especially helpful in localizing leaflet disease
such as leaflet prolapse, perforation, or vegetation, as well as localizing
the origin of regurgitation jets, or performing planimetry of the tricus-
pid regurgitant orifice area to assess the severity of tricuspid stenosis.
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In addition to standard views, the cropping plane can be adjusted to
visualize a particular section of the TV.

Wide-Angle 3D Mode. Wide-angle acquisition mode allows visual-
ization of the tricuspid apparatus from the annulus to the papillary
muscle tips. Enlarging the region of interest excessively will result in
a further detrimental decrease of temporal resolution. This can be
ameliorated using multiple-beat mode, which increases spatial resolu-
tion, permitting detailed diagnosis of complex pathologies (Figure 13)
with high temporal resolution (>30 Hz), which is desirable when di-
agnosing mechanisms of abnormal tricuspid leaflet motion.

3D Color Flow Doppler. Color flow Doppler should be added to
the multiple-beat acquisition in patients with tricuspid regurgitation
and/or stenosis. Similar to the technique for acquiring noncolor
Doppler multiple-beat imaging, obtaining a 3D color flow Doppler
data set initially requires the identification of a region of interest in
the orthogonal planes. The size of the region of interest should be lim-
ited to the tricuspid apparatus and color flow Doppler jet to optimize
frame rate. In addition, although a high line density may be desirable,
a lower line density will permit a larger sector to be displayed. Finally,
the largest number of individually gated component subvolumes (4-6
beats) should always be attempted when electrocardiographic gating
and reasonable acquisition times can be achieved.

Assessment of Ventricular Size and Function

Assessment of ventricular function is most commonly performed by
TTE. However, there are some situations in which TEE may be used
to assess ventricular function.>*!''? Three-dimensional and simulta-
neous multiplane imaging has enabled the application of a variety
of qualitative and quantitative techniques for the assessment of
LV and RV function.!”® Higher frequency transesophageal echo-
cardiographic transducers, however, have restrictions such as
reduced penetration and increased attenuation, resulting in limited
far-field image resolution from ME views and a reliance on TG views
for accurate wall motion assessment in large hearts. Hemodynamic al-
terations (i.e., due to anesthetic agents) may affect ventricular function
and should be considered when assessing global function.

Anatomy. The normal LV is composed of an inlet portion contain-
ing the MV apparatus, an apical portion with characteristic muscle
bundles, and an outlet portion proximal to the AV.''* The normal
LV is shaped like a prolate ellipse, and thus geometric models are
used to estimate the ventricular volume using linear measurements.
Studies have suggested that measurements from TTE are nearly iden-
tical to those from TEE,°®!">116 byt standard imaging planes for
measurements have yet to be determined. Studies directly
comparing TEE with TTE measurements used the TG mid-LV SAX
view (view #17), its orthogonal TG LV two-chamber view (view
#22), or the TG LV LAX view (view #24). Diameter measurements
should be made perpendicular to the long axis of the left ventricle, so
the LAX or two-chamber view is the recommended view for obtain-
ing these measurements. If the SAX view is used, use of simultaneous
multiplane imaging helps ensure an on-axis measurement, perpendic-
ular to the long axis of the left ventricle (Figure 14). Normative values
for TEE have not been published. The location of measurement
differs slightly (closer to the mid left ventricle for TEE and closer to
the MV leaflet tips for TTE), and this may account for differences.
The use of ME views for linear measurements is feasible but discour-
aged given lateral gain resolution issues with the endocardial surface,



952 Hahn et al

Journal of the American Society of Echocardiography
September 2013

1 g

Figure 14 Recommended view for measuring LV wall thickness and internal dimension. Simultaneous multiplane imaging of the /eft
ventricle at the level of the tips of the mitral leaflets shows the recommended LV measurements in the TG LV SAX view (A) and the
orthogonal TG LV two-chamber view (B). LV volume 3D display and semiautomated quantification are performed by creating volumes
enclosed by the 3D shell of the LV endocardium derived from border tracings (either manual or automated) (C).

which is parallel to the insonation beam from these views. The ME
view can be used for the biplane Simpson’s method of disks for the
calculation of LV volume and ejection fraction when the entire length
of the left ventricle can be imaged without foreshortening however
this method has limited validation.

The normal RV is similarly composed of an inlet portion containing
the TV apparatus, an apical portion with characteristic muscle bun-
dles, and an outlet portion proximal to the PV. The shape of the
RV, however, differs significantly. The three portions do not lie in
one plane, and the apical and outflow portions of the ventricle
wrap around the LV. The shape of the RV cannot be distilled into
a simple geometric shape, and thus volumes cannot be accurately de-
rived from linear measurements.

LV 2D and Doppler Imaging. Assessment of ventricular function
can be performed via the gastric and esophageal views. In the TG
views, SAX projections can be obtained at the basal, midpapillary,
and apical levels (views #16—18).!"> Orthogonal views can be ob-
tained either at the midgastric (view #24) or deep gastric (apical)
levels. The ME level (views #1-5) provides views that are analogous
to TTE views; the four-chamber (0°—10°), two-chamber (80°—100°),
and apical LAX (120°-140°) views''® as well as the five-chamber
(0°-10°) and mitral commissural (50°-70°) views. The sum of these
views provides excellent and comprehensive coverage of the LV en-
docardial motion for all segments, as previously described,”’ allowing
assessment of regional wall motion abnormalities, although the apex
is frequently poorly visualized because of foreshortening.

Optimizing 2D images helps improve the accuracy and reliability
of ventricular function assessment. This includes adjusting the depth
to include the entire ventricle, manipulating the anteflexion and retro-
flexion of the probe tip to avoid foreshortening the ventricle, optimiz-
ing gain to best depict the endocardium, and either placing the focal
zone midway between the ventricular base and apex or using dual fo-
cal zones to better define the apical region. If necessary, use contrast
to better delineate the endocardial border. The entire left ventricle
cannot always be imaged from ME view, because of variation in its
orientation in relation to the esophagus.

LV Global Systolic Function. An initial qualitative analysis is fol-
lowed by a more detailed quantitative assessment if needed.
Qualitative assessment of global function is performed by visually es-
timating the ejection fraction after reviewing multiple orthogonal

views. Although quantitative assessment is possible, the limited imag-
ing planes and lack of normative data for TEE limit the use of standard
M-mode, B-mode, and Doppler-based methods used in TTE.

Limitations of TEE in the Assessment of Ventricular
Function. The ventricular apex can be foreshortened unless care
is taken to avoid this issue. If unnoticed or unaddressed, apical fore-
shortening can result in underestimation of ventricular volumes.
Because Doppler beam alignment can be challenging, particularly
of the AV, Doppler-based ventricular function indices may not be
as accurate with TEE.

Contrast TEE

In many patients TEE avoids the physical contributors to poor trans-
thoracic echocardiographic images, such as soft tissue and intervening
lung. In addition, the close proximity of the probe to the heart permits
use of higher transducer frequencies and thereby higher resolution
images but at the cost of far field attenuation. Although overall, endo-
cardial definition should be better with TEE, on occasion image qual-
ity may be limited. In such cases, contrast agents can improve border
definition. Contrast administration also is able to augment Doppler
signals. Last, agitated saline contrast via a peripheral venous access
is used to rule out atrial shunts.

Evaluation of LV Diastolic Function

Although evaluation of diastolic function is accurately and efficiently
performed by TTE, in technically difficult situations or when TEE is
being done for other purposes, TEE can be used to evaluate diastolic
parameters.'"”"!'8 TEE can be used to obtain mitral inflow velocities,
pulmonary vein velocities, and tissue Doppler velocity. Among these,
access to all four pulmonary veins and an optimal orientation of the
Doppler beam is a particular advantage of TEE. Mitral inflow and
annular tissue Doppler velocities are equally well assessed by TTE
or TEE, unless the former images are poor quality or transducer
positions inaccessible. A recent study of patients undergoing
coronary artery bypass graft surgery evaluated a simplified TEE
algorithm for assessing diastolic dysfunction, using only the lateral
mitral annular €’ velocity (abnormal < 10 cm/s) and transmitral E to
€’ ratio (normal = 8). LV diastolic dysfunction using this algorithm
was predictive of long-term major adverse cardiac events.'!”
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Evaluation of RV Global and Regional Function

Evaluation of the RV is easily performed by TTE, but poor image qual-
ity or limited access of the transducer to the chest wall may require
TEE. Also, when TEE is being performed for other reasons, it may pro-
vide high-resolution and superior quality images of the RV compared
with TTE. During the evaluation of a critically ill patient, assessment of
RV size and function may offer insights into the presence or physio-
logic consequences of pathology, such as RV infarction, pulmonary
embolus, loculated pericardial effusion, and extracardiac pathology
such as masses that may be impinging on the right ventricle.
Although RV size on TEE is often assessed visually and considered
normal if less than two thirds the diameter of the LV, the guidelines
are published with TTE reference values for size and function.'”
RV assessment by TEE is usually performed in the ME four-
chamber view or in the TG views. LAX (views #20 and #23) and
SAX (views #16-19) views of the right ventricle are available from
these projections. To date, there are inadequate data to make specific
recommendations for values for RV size and function by TEE.

LV Function 3D TEE

Single-beat and real-time 3D acquisition allow the potential use of 3D
imaging in routine clinical practice. At the present time, it is feasible to
obtain “full-volume” data sets of the left or right ventricle. Offline
analysis of the full 3D volume allows the operator to delineate the en-
docardial border without making any geometric assumptions. Thus,
when the entire ventricle can be imaged in the 3D volume, accurate
and reliable measurements of end-diastolic and end-systolic volumes
can be made and lend themselves to calculation of volume-based func-
tion indices such as stroke volume and ejection fraction (Figure 14C).

Left Atrium and Pulmonary Veins

LA and LA appendage imaging has become an increasingly important
role for TEE. The most common reason for TEE is cardiac source
of embolus, and the LA appendage is a primary target for this
evaluation.®'2° The sensitivity and specificity of TEE to diagnose
thrombus in the LA appendage are 100% and 99%,
respectively,m'I22 but because of the complex nature of this
structure, small (<2 mm) thrombi can be missed.'> AUC support
the use of TEE for the evaluation of cardiac source of embolus or
to facilitate clinical decision making in patients with atrial fibrillation
or atrial flutter.?! Exclusion of the LA appendage has been shown
to reduce stroke risk in some patient populations,'>>'2® and
transcatheter LA appendage closure devices have sparked interest
in characterizing the highly variable LA appendage anatomy by
TEE.'?3128130 The LA appendage orifice is typically oval shaped,
and the body of the LA appendage is highly variable length and
shape (Figures 1-3).*"132 Because the LA appendage is actively
contractile and is trabeculated with pectinate muscles, its size and
position vary with the cardiac cycle, making it particularly difficult
to image with static imaging planes. Both the shape and function of
the LA appendage also vary with a number of factors, including
age, hypertension, diabetes, and the duration of atrial
fibrillation.'*>'>> Autopsy studies have shown that the LA
appendage can vary from having one to as many as five lobes.!?*

Anatomy. The left atrium is a boxlike chamber that lies posterior at
the base of the heart. On the septal surface, there is a shallow depres-
sion that corresponds to the right atrial fossa ovalis. The venous por-
tion of the chamber receives the openings of the four pulmonary
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veins posteriorly, with the left veins typically more superior than
the right veins. The vestibule of the left atrium surrounds the
MV.*> The LA appendage or auricle is a blind-ending structure
with the orifice or os typically located superiorly and laterally. The
normal diameter of the os ranges from 10 to 24 mm."! The ridge be-
tween the os of the LA appendage and the left superior pulmonary
vein is a triangular fold of serous pericardium and has been variously
referred to as the Q-Tip sign the posterolateral ridge, the warfarin
ridge, and the ligament (or fold) of Marshall.

The walls of the left atrium are muscular, but thickness may vary.
Autopsy studies have shown areas of deficient myocardium resulting
in markedly thinned regions (1 * 0.5 mm) typically occurring along
the anterolateral or lateral LA wall within the vestibule leading to
the mitral annulus as well as distal to the LA appendage orifice. In ad-
dition, small pits and troughs can be seen around the orifice; each of
these is thin walled, which may have implications for percutaneous
devices.'?” Abnormal increases in thickness may be a result of lami-
nar, mural thrombus or endocarditis. Dystrophic mitral annular calci-
fication may extend onto the wall of the left atrium, also increasing the
wall thickness.

LA and Pulmonary Vein 2D TEE and Doppler Imaging. MV
imaging planes will necessarily image the left atrium. Because the
left atrium is a near-field structure during TEE, the entire structure is
difficult to see from a single imaging plane, making quantitative mea-
sures of LA volume difficult. LA area or volume by TEE underesti-
mates the area and volume by TTE.*® The linear measurement of
the left atrium that has best correlated with transthoracic echocardio-
graphic anteroposterior (parasternal LAX) measurements is taken
from the ME AV LAX view (view #6) or the ME AV SAX view
(view #10), measuring from the apex of the sector (i.e., the posterior
wall of the left atrium) to the posterior aortic root,''®!3® but
normative data are limited. LA width (septolateral) in the ME
four-chamber view has the highest correlation with equivalent
transthoracic echocardiographic views,'>® but normative data for
this measurement are not available.

The orifice of the LA appendage, however, is a lateral cardiac struc-
ture and is frequently imaged initially in the O° four-chamber plane. To
image 180° of the LA appendage, however, this orifice should be cen-
tered in the imaging plane, typically by turning the probe to the left
(counterclockwise) and ante flexing to bring the LA appendage to
the center of the imaging plane. Not infrequently, the ligament of
Marshall causes a reverberation artifact that can be confused with
thrombus. In this situation, a better position for imaging the LA ap-
pendage requires a deeper probe position in which the ridge is no lon-
ger between the cavity of the LA appendage and the probe.
Organized thrombus is defined echocardiographically as a well-
circumscribed, highly reflective mass with different texture from the
atrial wall and uniform consistency.>” Spontaneous echocardio-
graphic contrast, on the other hand, will not be well circumscribed
or have uniform consistency. Its location may be dynamic with
a “smokelike” appearance due to its slow motion.">” There are
some thrombi, however, that do not appear well circumscribed but
have spontaneous echocardiographic contrast surrounding an orga-
nized portion; in these instances, prolonged observation in a single
plane or using simultaneous multiple-plane imaging may be required
to differentiate sludge from thrombus.

Doppler of the LA appendage can be performed, particularly in the
setting of atrial fibrillation or atrial flutter, to assess the risk for thrombus
formation, because flow velocity at the ostium has significant prognos-
tic utility.'*® The pulsed Doppler sample volume s typically placed 1 to
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Figure 15 The LA appendage (LAA) (A) is imaged from the ME views; given the complex and highly variable anatomy, imaging should
be performed from multiple transducer angles. Pulsed Doppler (B) can be performed for assessment of contractility and risk for
thrombus formation. Both the right and left pulmonary veins should also be imaged. The right pulmonary vein (C) may be imaged
by turning to the right (clockwise) from the 90° to 110° ME bicaval view. Pulsed Doppler (D) or continuous-wave Doppler can be per-
formed for assessment of flow. RSPV, Right superior pulmonary vein.

2 cm from the orifice within the chamber (Figures 15A and 15B). LA
appendage emptying velocities of <20 cm/sec were associated with
spontaneous echocardiographic contrast, thrombus formation, and
embolic events. LA appendage emptying velocities >40 cm/sec pre-
dict a greater likelihood of sustained normal sinus rhythm after cardio-
version from atrial fibrillation.'*®

The left pulmonary veins are imaged from the ME LA appendage
and left upper pulmonary vein view (view #16). Right pulmonary
veins are imaged from the ME right pulmonary vein view (view
#9) at 0° or turning right (clockwise) from the ME bicaval view
(view #13) at 90°. Doppler evaluation of the pulmonary vein
flow can also be assessed by TEE in select situations (Figures 15C
and 15D). Although the presence of pulmonary vein stenosis (either
congenital or acquired) is more frequently and accurately diagnosed
with computed tomography and magnetic resonance imaging,
continuous-wave Doppler of the veins during TEE adds to the as-
sessment of severity.'*%1*! Reversal of systolic pulmonary vein
flow has a high specificity for severe mitral regurgitation when the
mitral regurgitant jet is not directed into the vein imaged.®’

LA and LA Appendage 3D TEE. Assessment of the LA append-
age by 3D echocardiography has been well described.!?3 427144
Using the simultaneous imaging modality may be helpful in
excluding thrombus as well as positioning catheters during
percutaneous procedures. Real-time 3D TEE is useful to define the
variable anatomy of the orifice and the relationship to the pulmonary
veins both preprocedurally and intraprocedurally.

Right Atrium and Venous Connections

Understanding right atrial anatomy has become increasingly
important for transcatheter interventions as TEE is increasingly

used to aid in transseptal punctures and catheter ablation tech-
niques.

Anatomy. The right atrium is the receiving chamber for blood
from the superior and inferior vena cavae and the coronary sinus.
The right atrial side of the interatrial septum is demarcated by the
limbus of the fossa ovalis. This semicircular structure is the edge
of the secundum septum. The shallow depression of the thin fossa
ovalis (the foramen ovale in the fetus) overlaps this edge. Within
weeks of delivery, closure of the foramen ovale eliminates the
communication between the left and right atria. However, when
this closure is incomplete, a PFO results. Autopsy studies suggest
that the incidence of PFO is about 27%, but this is inversely depen-
dent on age.'*> Although there may be a separation of the primum
septum flap and the secundum septum limbus resulting in left-to-
right flow under resting conditions, the in vivo diagnosis often is
made by injecting agitated saline contrast (see below), with or with-
out maneuvers that increase the right atrial pressure (i.e., release of
the Valsalva maneuver).

A higher prevalence of shunting has long been associated with atrial
septal aneurysms.m”]49 There is no consensus on the definition of an
atrial septal aneurysm, which has variously been defined as diameter
of the base of the flimsy portion of interatrial septum = 15 mm and
excursion of the aneurysmal membrane =11 mm in either the left
or right atrium, or if the sum of the total excursion is =11 mm'?’;
a protrusion of the aneurysm >10 mm beyond the plane of the atrial
septum into either the right or left atrium'®Y; a dilated portion of the
interatrial septum protruding = 15 mm beyond the plane of the intera-
trial septum or when the atrial septum shows phasic excursions during
the cardiorespiratory cycle =15 mm with the base of the aneurysm

=15 mm"®'; and a thin localized outpouching of the middle portion
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Figure 16 Multiple views of the coronary sinus (CS) can be obtained. Deep esophageal views should allow imaging of the CS, which is
an inferior and posterior structure (A). ME views, however, can also be used to image the CS; at 90° to 130° with a counterclockwise
turn from a ME two-chamber view, the posterior region of the left atrium (LA) can be imaged (B). LV, Left ventricle; RA, right atrium; RV,

right ventricle.

Figure 17 From the bicaval view (A), the inferior vena cava (IVC), Eustachian valve (blue arrow), crista terminalis (green arrow), right
atrial appendage (asterisk), and superior vena cava (SVC) are seen. Further insertion (B) (with simultaneous color Doppler imaging)
may allow imaging of the IVC within the liver as well as imaging of the hepatic vein (yellow arrow). A femoral vein catheter is seen

in the IVC (red arrow). LA, Left atrium; RA, right atrium.

of the atrial septum, but not the entire septum, protruding >6 mm out-
side the plane of the atrial septum.'*®

Eustachian Valve and Chiari Network.—The Eustachian valve is a fi-
brous or fibromuscular flap of tissue that guards the entrance of the
inferior vena cava. It is typically concave and directed superiorly, ex-
tending between the fossa ovalis and the ostium of the coronary sinus
along the Eustachian ridge. In utero, this structure directed blood flow
from the inferior vena cava across the foramen ovale. In the setting of
a PFO, a prominent Eustachian valve may perform the same function.
In 1% to 4% of the population, a reticulated network or fibers or thin
membrane called a Chiari network may be seen. The Chiari network
is a remnant of the right sinus venosus valve.'*? Although thought to
be benign, studies have shown a much higher prevalence of atrial sep-
tal aneurysms as well as PFO.">>'>* The PFOs associated with this
congenital anomaly are more likely to exhibit pronounced right-to-
left shunting.

Crista Terminalis.—The crista terminalis is a C-shaped structure that
separates the smooth-walled venous inflow of the right atrium from
the pectinated right atrial appendage. This structure can vary consid-
erably in thickness and depth.

Coronary Sinus.—The coronary sinus opens into the right atrium be-
tween the inferior vena cava and the TV. In the majority of patients,

the orifice is guarded by the valve of the coronary sinus (or valve of
Thebesius), and this valve can be variable in size.

Inferior Vena Cava.—This venous structure runs in the retroperitoneal
space, to the right of the vertebral body, and enters directly into the
right atrium from the abdominal cavity. The hepatic vein is the last
tributary to the inferior vena cava. Both venous structures may be im-
portant to image or Doppler for hemodynamic assessment of right
atrial pressures, severity of tricuspid regurgitation and abnormal RV
filling patterns.

Superior Vena Cava.-This venous structure resides in the anterior
right superior mediastinum and is the confluence of the right and
left brachiocephalic (or innominate) veins. Imaging and Doppler of
the superior vena cava may also be important for hemodynamic as-
sessment of right atrial pressures, but because it courses through the
thoracic cavity, flow and pressures may be influenced by intrathoracic
pressures.

Right Atrium and Venous Connections 2D TEE and Doppler
Imaging. Imaging of the TV will result in imaging of the majority of
the right atrium, but focused imaging of the interatrial septum is
required to assess intracardiac shunts. In addition, focused imaging
of the coronary sinus is important intraoperatively when coronary
sinus cannulation is required. The ME four-chamber view (view
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Figure 18 Saline contrast study: After opacification of the right heart (A), the appearance of more than three saline bubbles in the left
heart (B) is most consistent with a PFO. Both the rate of shunt detection and the clinical interpretation of the shunts found have varied

considerably.

#2) images the midanterior interatrial septum and the primum
portion of the interatrial septum. Deeper esophageal views (at 0°) al-
low imaging of the coronary sinus, which is an inferior and posterior
structure (Figure 16A). The coronary sinus can be also be imaged in
the SAX view in the ME two-chamber view (view #4) at 90°, but
turning the probe to the left (counterclockwise) from this view will
frequently allow LAX imaging of the coronary sinus (Figure 16B).
Occasionally, the coronary sinus can be imaged from the ME bicaval
view (view #13) with slight advancement and clockwise turning of
the probe.

The ME bicaval view (view #13) is also obtained at 90° with
a clockwise turning of the probe to focus on right heart structures.

In this view, the superior vena cava, inferior vena cava, crista termina-
lis, and right atrial appendage are well defined (Figure 17A). From this
view, the fossa ovalis is well imaged as well as the “flap” of a PFO.!>*
Withdrawing the probe will allow more complete imaging of the su-
perior vena cava and the caval-septal wall. The right superior pulmo-
nary vein is adjacent to the superior vena cava, and clockwise turning
will allow imaging of this structure as well as the right inferior pulmo-
nary vein. Anomalous right pulmonary venous return into the supe-
rior vena cava is typically imaged from these views.

Inserting the probe to a deeper bicaval view (still at 90°) is helpful
to assess the inferior vena cava, Eustachian valve, and the inferior
caval-septal wall. Further insertion may allow imaging of the inferior
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vena cava within the liver as well as imaging of the hepatic veins
(Figures 17B and 170).

The use of 3D imaging of the right atrium has been well de-
scribed.*>1>> Although the guidelines suggest imaging orientations
for individual structures, often reorientation is required for
improving an understanding of adjacent structures, particularly
when communicating with interventionalists (Figure 13).

Interatrial Shunt Determination. Detection of an intracardiac
shunt is a common indication for both TTE'®® and TEE."” A full
evaluation of the interatrial septum should include extensive 2D
and color Doppler evaluation of the entire septum. Defects may
occur anywhere in the septum. Compared with TEE, TTE per-
formed with multiple (at least five) saline injections and provocative
maneuvers has also been shown to be an accurate test for right-to-
left intracardiac shunt detection (sensitivity, 99%; specificity, 85%).
TEE improves the diagnostic accuracy of shunt detection; false-
positive results on TTE were due to intrapulmonary shunts, and
false-negative results were due to inadequate right atrial opacifica-
tion. The use of color Doppler alone with TTE reduces the sensitiv-
ity for shunt detection to 22% (specificity, 96%).'>® Thus, although
PFO can be documented with color flow Doppler, the absence of
flow across the foramen ovale should not be used to exclude
PFO. Normally, because of their large size 5 um), intravenously
injected saline bubbles are trapped in the lungs and do not appear
in the left heart unless there is an intracardiac or intrapulmonary
shunt. The appearance of more than three saline bubbles in the
left heart soon after opacification of the right heart (within three
beats) is most consistent with the PFO (Figure 18)."*® The timing
of appearance of bubbles in the left atrium will depend on the pres-
sure difference between the right and left atria. Some authors have
advocated quantifying the relative size of the PFO by the number of
microbubbles appearing in the left atrium: three to 10 microbubbles
were defined as a small shunt, 11 to 30 microbubbles as a moderate
shunt, and >30 microbubbles as a large shunt,'® but others have
suggested that a PFO is present if more than one contrast bubble
appears in the LA and a large shunt if >10 bubbles can be demon-
strated in the left atrium.'® The sensitivity of detection of a right-to-
left shunt through a PFO may vary depending on the site of
injection and right atrial pressure; femoral vein injections have the
highest sensitivity, particularly in the setting of a prominent
Eustachian valve.'®' Intrapulmonary shunting occurs when there
are arteriovenous communications that bypass the capillaries.
After intravenous injection, saline bubbles typically appear in the
left heart after a delay (more than three to eight cardiac cycles).
There is significant overlap, however, in the timing of bubble presen-
tation with a PFO compared with intrapulmonary shunt. The larger
the intrapulmonary shunt, the earlier the bubbles may appear in the
left heart. Thus, timing of bubble appearance in the left heart is not
a reliable indicator of shunt location and is significantly influenced
by the size and intensity of shunt flow.

Provocative maneuvers to increase both filling and pressure within
the right atrium have been shown to increase the sensitivity of this
test. Coughing or releasing a sustained Valsalva maneuver is most ef-
fective, but abdominal compression has been used in the setting of
conscious sedation during TEE."®” Failure of the interatrial septum
to move toward the left atrium even when the right atrium is well opa-
cified with agitated saline should be considered an indeterminate
bubble study. Repeat attempts at the end of the examination when
the patient may be awakening and capable of performing a cough
or a Valsalva maneuver can be considered.
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Figure 19 Three-dimensional assessment of atrial septal defect
(ASD) size and location. IVC, Inferior vena cava; SVC, superior
vena cava.

ACHD: Transesophageal Echocardiographic Imaging
Algorithm

In adults with known or suspected ACHD, TEE is performed for di-
agnosis, indications, guidance of cardiac intervention, and to assess
the results of interventions. Because of the limited flexibility in imag-
ing and Doppler windows, TEE in ACHD is most useful in clinical cir-
cumstances in which comprehensive TTE was not definitive or could
not be performed. TTE should be the initial test for evaluating sus-
pected or known ACHD. TEE should be performed and interpreted
by physicians with experience and/or training in ACHD to maximize
the clinical utility of results obtained.

Equally important is the process of care of patients with ACHD
undergoing TEE. Younger patients with ACHD and/or those with
extensive cardiac interventions may have higher sedation require-
ments than those with acquired heart disease. If high sedation
requirement is anticipated or there is a history of difficulty achieving
adequate sedation during prior procedures, it would be prudent to
ask for support from anesthesia and perform TEE in a setting with
more intensive monitoring (such as a postanesthetic recovery
room or critical care unit). The importance of achieving satisfactory
sedation cannot be overstated in the ACHD population, as evalua-
tion of primary and associated congenital abnormalities will often
prolong the study.

The diagnostic utility of TEE is most apparent in circumstances in
which the results of TTE are nondiagnostic or equivocal and the
site of suspected pathology is better visualized by TEE than by
TTE, including interatrial shunts, pulmonary venous drainage, aortic
dissection, abscesses or vegetations, intracardiac thrombus, intracar-
diac baffles, and prosthetic valves. Although 3D TEE is now available
and has been shown to be feasible,'®? the evidence for superior
diagnostic utility of TEE was compiled from studies examining the



958 Hahn et al Journal of the American Society of Echocardiography

September 2013

Table 12 Recommended TEE imaging views in selected ACHD diagnostic scenarios

Common associated lesions and corresponding

Primary lesion and corresponding views

views

ASD

Ventricular septal defect

Left heart obstruction: aortic stenosis

Right heart: Ebstein Anomaly

Atrial switch procedures (Mustard and
Senning)

Fontan connections

Subpulmonic ventricle to PA conduit

Location, size, number, morphology,
and suitability for device closure (rim,
distance from pulmonary veins): ME
four-chamber (view 2), ME AV SAX (view
10), and ME bicaval (view 13).

May require slight counterclockwise ro-
tation on ME bicaval view to optimally
visualize sinus venosus defects

Location, size, number: ME 5-chamber
(view 1), ME four-chamber (view 2), ME
three-chamber (view 5), ME AV SAX
(view 10), TG basal SAX (view 16), TG
mid papillary (view 17), TG apical SAX
(view 18), deep TG five-chamber view
(view 21)

Site of obstruction: subvalvular vs val-
vular vs supravalvular (discrete vs dy-
namic): ME AV LAX (view 6), deep TG
five-chamber view (view 21)and TG LAX
(view 24)

Morphology of leaflets, and suitability for
repair (mobility of anterior leaflet, chordal
attachments to right ventricular outflow
tract, number of regurgitant jets): ME
four-chamber (view 2), ME RV inflow-
outflow (view 11), TG RV inflow-outflow
(view 20)

Pulmonary venous baffle: ME four-
chamber (view 2)

SVC and IVC limbs of systemic venous
baffle: ME modified bicaval TV (view 12),
and ME bicaval (view 13)

Atriopulmonary connection: ME as-
cending aortic SAX (view 8)

Lateral tunnel connection: ME modified
bicaval TV and TG bicaval (views 12 and
13)

Pulmonary artery flow: withdrawal probe
from ME ascending aortic SAX (view 8
and counterclockwise or left turn of view
7), UE aortic arch SAX view (view 28)

Morphology, conduit stenosis, and re-
gurgitationt: ME RV inflow-outflow (view
11)

Partial anomalous pulmonary venous
drainage (right upper and/or right
middle, with sinus venosus): ME right
pulmonary vein (view 9 and orthogonal
view 14)

Inlet ventricular septal defect (primum
ASD): ME four-chamber (view 2)

Cleft mitral valve: TG basal SAX (view 16)
Subaortic obstruction (AV septal de-
fects): ME three-chamber (view 5), deep
TG five-chamber (view 21), and TG LAX
(view 24)

AV prolapse (supracristal defects): ME
three-chamber (view 5) and ME AV SAX
(view 10)

Double chamber RV: ME AV SAX (view
10) and ME RV inflow-outflow (view 11)

Ascending aortopathy: ME AV LAX (view
6), ME ascending aorta LAX (view 7), ME
ascending aorta SAX (view 8), UE aortic
arch LAX (view 27)

Interatrial shunt (see above)
Noncompaction of left ventricle: ME
four-chamber (view 2) and ME two-
chambers (view 4), TG two-chamber
(view 22)

Subaortic ventricular dysfunction and
systemic atrioventricular (morphologic
TV) regurgitation: ME five-chamber, ME
four-chamber, ME commissural, ME
two-chamber and ME three-chamber
(views 1-5)

Subpulmonic ventricular obstruction:
ME AV LAX (view 6), ME AV SAX (view
10), ME RV inflow-outflow (view 11), TG
RV basal (view 19), TG RV inflow-outflow
(view 20)

Right pulmonary vein compression by
dilated right atrium of atriopulmonary
connection; ME right pulmonary veins
(view 9 and orthogonal view 14)

Right atrial clot in atriopulmonary con-
nection: ME four-chamber (view 2), ME
modified bicaval TV and TG bicaval
(views 12 and 13)

Lateral tunnel patency, clot, and fenes-
tration: ME four-chamber (view 2)

ASD, Atrial septal defect; /VC, inferior vena cava; SVC, superior vena cava; TG, transgastric.
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use of monoplane, biplane, or multiplane transesophageal trans-
ducers.'®> 18 [n the catheterization laboratory and in the operating
room, TEE has become standard of care because it can guide the
intervention and/or provide assessment of its results in real time
(Figure 19).'9%179 The environment and time constraints associated
with performing TEE in the catheterization or operating room often
preclude a detailed comprehensive study. Ideally intraprocedural
TEE should be preceded by comprehensive preoperative TTE or TEE.

When state-of-the-art cardiac magnetic resonance scanners and
physicians with expertise in cardiac magnetic resonance are available,
CMR is a complementary or alternative imaging modality to TEE in
patients with ACHD. Although TEE is more feasible in the operating
room, catheterization laboratory, or emergency department, in the
ambulatory or non—critical care setting, cardiac magnetic resonance
may be used in place of or complementary to TEE in patients with
intracardiac or extracardiac baffles or conduits (such as the Fontan,
Senning/Mustard, or Rastelli operation).'”!”! TEE is more useful
than TTE to assess these complex surgically created pathways but
may not be able to visualize the entire length of the pathway.'”168
If the clinical indication includes quantitation of RV volumes,
regurgitant fraction, shunt flow (i.e., repaired tetralogy of Fallot),
collateral flow (coarctation or pulmonary atresia), aortic size
(coarctation or ascending aorta in bicuspid AV), cardiac magnetic
resonance is likely the best choice for the next test after TTE. In
the catheterization laboratory, intracardiac echocardiography is
used at some centers as an alternative to TEE.!”? Because the
parameters required to guide intraprocedural interventions can be
variable and beyond the scope of this article, operators should
work with their interventional and/or surgical colleagues to ensure
that the requisite information has been collected during TEE.
Table 12 presents the recommended imaging views in selected
ACHD diagnostic scenarios.

CONCLUSIONS

This document presents the 28 views in a comprehensive TEE ex-
amination. A suggested protocol of image acquisition is provided,
with the caveat that anatomic variability may require unconventional
imaging planes be used. Although the performance of a comprehen-
sive TEE examination is recommended whenever possible, individ-
ual patient characteristics, anatomic variations, pathologic features,
or time constraints imposed may limit the ability to perform all as-
pects of the examination described in this document. The “Specific
Structural Imaging” section of this document includes additional
views that can be obtained. The document is not intended to review
specific indications for TEE or cover extensively abnormalities seen
with this modality.

NOTICE AND DISCLAIMER

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