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I. INTRODUCTION, GENERAL
CONSIDERATIONS, AND SCOPE
The previous guidelines for the use of echocardiography
were published in March 1997 December 1990. Since that
time there have been significant advances in the technology
of Doppler echocardiography and growth in its clinical use
and in the scientific evidence leading to recommendations
for its proper use. Each section has been reviewed and updat-
ed both in evidence tables and, where appropriate, changes
made in recommendations. A new section on the use of
intraoperative transesophageal echocardiography (TEE) is

PREAMBLE
It is clearly important that the medical profession play a sig-
nificant role in the critical evaluation of the use of diagnos-
tic procedures and therapies in the management or preven-
tion of disease. Rigorous and expert analysis of the available
data documenting relative benefits and risks of those proce-
dures and therapies can produce helpful guidelines that
improve the effectiveness of care, optimize patient out-
comes, and impact the overall cost of care favorably by
focusing resources on the most effective strategies.

The American College of Cardiology (ACC) and the
American Heart Association (AHA) have jointly engaged in
the production of such guidelines in the area of cardiovascu-
lar disease since 1980. This effort is directed by the
ACC/AHA Task Force on Practice Guidelines. Its charge is
to develop and revise practice guidelines for important car-
diovascular diseases and procedures. Experts in the subject
under consideration are selected from both organizations to
examine subject-specific data and write guidelines. The
process includes additional representatives from other med-
ical practitioner and specialty groups as appropriate. Writing
groups are specifically charged to perform a formal literature
review, weigh the strength of evidence for or against a par-
ticular treatment or procedure, and include estimates of
expected health outcomes where data exist. Patient-specific
modifiers, comorbidities, and issues of patient preference
that might influence the choice of particular tests or thera-
pies are considered, as well as frequency of follow-up and
cost-effectiveness.

These practice guidelines are intended to assist physicians
in clinical decision making by describing a range of gener-
ally acceptable approaches for the diagnosis, management,
or prevention of specific diseases or conditions. These
guidelines attempt to define practices that meet the needs of
most patients in most circumstances. The ultimate judgment
regarding care of a particular patient must be made by the
physician and patient in light of all of the circumstances pre-
sented by that patient.

The 1997 Committee to Develop Guidelines on the
Clinical Application of Echocardiography was chaired by
Melvin D. Cheitlin, MD, MACC, and included the following
members: Joseph S. Alpert, MD, FACC, FAHA; William F.
Armstrong MD, FACC, FAHA; Gerard P. Aurigemma, MD,
FACC, FAHA; George A. Beller, MD, FACC, FAHA;
Fredrick Z. Bierman, MD, FACC; Thomas W. Davidson,
MD, FAAFP; Jack L. Davis, MD, FACC; Pamela S.
Douglas, MD, FACC, FAHA, FASE; Linda D. Gillam, MD,
FACC, FAHA; Richard P. Lewis, MD, FACC; Alan S.
Pearlman, MD, FACC, FAHA, FASE; John T. Philbrick,
MD, FACP; Pravin M. Shah, MD, FACC; and Roberta G.
Williams, MD, FACC. The document update used the 1997
work as its basis. The Committee to Update the
ACC/AHA/ASE Guidelines on Clinical Application of
Echocardiography was chaired by Melvin D. Cheitlin, MD,
MACC, and included the following members: William F.
Armstrong MD, FACC, FAHA; Gerard P. Aurigemma MD,
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being added to update the guidelines published by the
American Society of Anesthesiologists and the Society of
Cardiovascular Anesthesiologists (SCA). There are extensive
revisions especially of the sections on ischemic heart disease;
congestive heart failure, cardiomyopathy, and assessment of
left ventricular function; and screening and echocardiogra-
phy in the critically ill. There are new tables of evidence and
extensive revisions in the ischemic heart disease evidence
tables.

The committee to update the echocardiography guidelines
was composed of both university-affiliated and practicing
physicians, those with specific echocardiographic expertise,
and senior clinicians who use the technique. Two general
physicians (one general internal medicine and one family
practitioner) and a cardiac anesthesiologist also served on the
committee. The document was reviewed by two outside
reviewers nominated by the ACC, two outside reviewers
nominated by the AHA, and two outside reviewers nominat-
ed by the American Society of Echocardiography (ASE).

For this guideline update, literature searching was conduct-
ed in MEDLINE, EMBASE, Best Evidence, and the
Cochrane Library for English-language meta-analyses and
systematic reviews from 1995 through September 2001.
Further searching was conducted for new clinical trials on
the following topics: echocardiography in adult congenital
heart disease, echocardiography for evaluation of chest pain
in the emergency department, and intraoperative echocardio-
graphy. The new searches yielded more than 1000 references
that were reviewed by the writing committee.

The original recommendations of the 1997 guidelines are
based on a MEDLINE search of the English literature from
1990 to May 1995. Echocardiography was cross-referenced
with the following terms: antineoplastic agents, aortic or dis-
secting aneurysm, arrhythmias, athletes, atrial fibrillation,
cardioversion, Marfan syndrome, bacterial endocarditis,
myocardial infarction, myocardial ischemia, coronary dis-
ease, chest pain, cardiomyopathies, cerebrovascular disor-
ders or cerebral ischemia, embolism, heart neoplasms, heart
valve disease, heart murmurs, hypertension, mitral valve pro-
lapse, pericarditis, pericardial effusion, cardiac tamponade,
pericardium, pulmonary embolism or pulmonary heart dis-
ease or cor pulmonale, screening, shock or aortic rupture or
heart rupture, syncope, transplantation, unstable angina, con-
genital heart disease in the adult, specific congenital lesions,
arrhythmias in children, pediatric echocardiography, and
fetal echocardiography.

The original search yielded over 3000 references, which
the committee reviewed. This document includes recommen-
dations for the use of Doppler echocardiography in both
adult and pediatric patients. The pediatric guidelines also
include recommendations for fetal Doppler echocardiogra-
phy, an increasingly important field. The guidelines include
recommendations for the use of Doppler echocardiography
in both specific cardiovascular disorders and in the evalua-
tion of patients with frequently observed cardiovascular
symptoms and signs, common presenting complaints, or
findings of dyspnea, chest discomfort, and cardiac murmur.

In this way the guidelines will provide assistance to physi-
cians regarding the use of Doppler echocardiographic tech-
niques in the evaluation of such common clinical problems.

The recommendations concerning the use of Doppler
echocardiography follow the recommendation classification
system (eg, Classes I, II, and III) used in other ACC/AHA
guidelines:

Class I: Conditions for which there is evidence and/or
general agreement that a given procedure or
treatment is useful and effective.

Class II: Conditions for which there is conflicting evi-
dence and/or a divergence of opinion about
the usefulness/efficacy of a procedure or treat-
ment.

Class IIa: Weight of evidence/opinion is in
favor of usefulness/efficacy.

Class IIb: Usefulness/efficacy is less well
established by evidence/opinion.

Class III: Conditions for which there is evidence and/or
general agreement that the procedure/treat-
ment is not useful/effective and in some cases
may be harmful.* 

*Because it is not likely that harm will occur by performing an echocardio-
gram, the reason for the Class III designation in this guideline is almost
exclusively that there is no evidence that performing an echocardiogram
has been shown to be helpful.

Evaluation of the clinical utility of a diagnostic test such as
echocardiography is far more difficult than assessment of the
efficacy of a therapeutic intervention, because the diagnostic
test can never have the same direct impact on patient survival
or recovery. Nevertheless, a series of hierarchical criteria are
generally accepted as a scale by which to judge worth (1-3).

A. Hierarchical Levels of Echocardiography
Assessment

• Technical capacity

• Diagnostic performance

• Impact on diagnostic and prognostic thinking

• Therapeutic impact

• Health-related outcomes

The most fundamental criterion is technical capacity,
including adequacy of equipment and study performance.
The next is diagnostic performance, which encompasses
much of traditional diagnostic test assessment, including
delineation of the range of clinical circumstances in which a
test is applicable, as well as test sensitivity, specificity, and
accuracy for individual applications. The third criterion is the
capability of a test to alter diagnostic and prognostic think-
ing, ie, to offer added value. This level depends on the con-
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motion, is still being evaluated and may prove useful in
assessing systolic and diastolic function. However, these
technological advances will also not be discussed separately
in the clinical recommendations (518,519).
Echocardiography-contrast substances that can pass through
the pulmonary circulation and opacify the left heart are in
development. Echocardiography-contrast injections into the
coronary artery to quantitate myocardium at risk and perfu-
sion territories and the second harmonic echocardiogram to
enhance echocardiographic contrast also are not addressed.
Echocardiographic-contrast injections designed to assess
myocardial perfusion to quantify myocardium at risk and
perfusion beds also are not addressed.

With the development of Doppler echocardiography and
proof that the modified Bernoulli equation permitted the
conversion of instantaneous velocities of blood flow into
instantaneous pressure gradients across obstructions, it
became possible to precisely localize and quantify obstruc-
tion in the cardiovascular system. This information, when
considered with flow volume information provided by
Doppler flow velocity integrals, allows a plethora of physio-
logical and functional information to be obtained noninva-
sively. The differing capabilities of the several types of avail-
able Doppler echocardiographic techniques are outlined in
Table 1. Recognizing the strengths of each technique will
enable the physician to order the appropriate study.
Generally a complete transthoracic echocardiogram and
Doppler study is called for unless otherwise specified.

When faced with a patient needing cardiovascular evalua-
tion and testing, the clinician must choose among available
tests. Echocardiography, nuclear testing, magnetic reso-
nance imaging (MRI), and positron emission tomography
can yield overlapping if not identical information, often with
similar or comparable accuracy. Decisions concerning
which technique to use must then be based on such factors
as local expertise in performance and interpretation, test
availability, cost, and patient preference. Therefore, it is
impossible in this document to judge competing tests or rec-
ommend the use of one over another.

TTE is associated with little if any patient discomfort, and
no risks with this procedure have been identified. Moreover,
the use of TTE with exercise or vasoactive drugs such as
dipyridamole or dobutamine involves the minimal risks of
arrhythmia, ischemia, and hypotension seen with exercise
and the aforementioned drugs. In TEE, the echocardio-
graphic transducer is mounted on a flexible endoscope and
passed into the esophagus and stomach. This involves some
discomfort and minimal but definite risk of pharyngeal and
esophageal trauma and even rarely esophageal perforation.
Rare instances of infective endocarditis have been associat-
ed with the use of TEE. An occasional patient has a reaction
to either the sedative or the local anesthesia used.

The ability of Doppler echocardiography to provide unique
noninvasive information with minimal discomfort or risk
without using contrast material or ionizing radiation, cou-
pled with its portability, immediate availability, and repeata-
bility, accounts for its use in virtually all categories of car-

text in which the test is performed and is therefore affected
by such factors as what is already known, the judged value of
confirmatory data, and the importance of reassurance in a
particular clinical situation. Impact on diagnostic and prog-
nostic thinking is an important link between test results and
patient treatment. Subsequent criteria include therapeutic
impact and health-related outcomes. Because there are essen-
tially no randomized trials assessing health outcomes for
diagnostic tests, the committee has not ranked the available
scientific evidence in an A, B, C fashion (as in other
ACC/AHA documents) but rather has compiled the evidence
in tables. All recommendations are thus based either on this
evidence from observational studies or on the expert consen-
sus of the committee.

Two-dimensional echocardiography can provide excellent
images of the heart, paracardiac structures, and the great ves-
sels. Because it depends on satisfactory examining windows
from the body surface to the cardiovascular structures, there
may be limitations on its use for adult patients. For patients
with chronic obstructive pulmonary disease, the interposition
of air-filled lung between the body surface and the heart
severely limits access, and complete examination may not be
possible. Other circumstances limit the use of transthoracic
echocardiography (TTE), especially for patients in the inten-
sive care unit. For example, patients on ventilators, those
who cannot be rotated into a lateral position, and those with
incisions may not have satisfactory precordial or apical win-
dows. TEE may avoid most of these limitations because there
is no interposed lung tissue between the transducer and the
heart.

The definition of echocardiography used in this document
incorporates Doppler analysis, M-mode echocardiography,
two-dimensional TTE, and, when indicated, TEE.
Intravascular ultrasound is not considered but is reviewed in
the ACC/AHA Guidelines for Percutaneous Coronary
Intervention (515) (available at http://www.acc.org/clini-
cal/guidelines/percutaneous/dirIndex.htm) and the Clinical
Expert Consensus Document on intravascular ultrasound
(516) (available at http://www.acc.org/clinical/consensus/
standards/standard12.htm). Echocardiography for evaluating
the patient with cardiovascular disease for noncardiac sur-
gery is considered in the ACC/AHA Guidelines for
Perioperative Cardiovascular Evaluation for Noncardiac
Surgery (4,517). The techniques of three-dimensional
echocardiography are still in the developmental stages and
also are not considered here. Intraoperative TEE is not con-
sidered in this document because it is the subject of practice
guidelines for perioperative TEE (5).

New techniques that are experimental or are still rapidly
evolving and for which there is no agreement on their clini-
cal usefulness as well as improvements that are purely tech-
nological in echo-Doppler instrumentation, such as harmon-
ic imaging are also not going to be discussed separately in
the clinical recommendations addressed in this document.
Tissue Doppler imaging, both pulsed and color, which
detects low Doppler shift frequencies of high energy gener-
ated by the contracting myocardium and consequent wall



diovascular disease. However, two-dimensional Doppler
echocardiography is best used after a careful history, physi-
cal examination, appropriate electrocardiogram (ECG), and
chest radiograph have been obtained so that the appropriate
questions can be asked. Indiscriminate use of echocardiogra-
phy or its use for “screening” is not indicated for two princi-
pal reasons. First, the cost of echocardiography is not trivial.
Second, the current Doppler echocardiographic techniques
reveal details of structure and function such as filamentous
strands on valves, valvular prolapse, and jet velocities repre-
senting minimal and at times transient valvular insufficiency
that could generate unnecessary further testing or inappro-
priate and potentially detrimental therapy.

These guidelines contain recommendations concerning not
only recommendations for the use of these techniques but
also specific circumstances when Doppler echocardiography
adds little or nothing to the care of the patient and is there-
fore not indicated. An example is the evaluation of the patient
with a clearly innocent murmur in the opinion of a qualified,
knowledgeable examining physician. Another example is the
use of echocardiography in diagnosing mitral valve prolapse
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(MVP) in a patient with chest pain or premature ventricular
contractions in the absence of clinical findings consistent
with MVP. Because there is no evidence that such patients
have an increased risk of endocarditis beyond the general
population which does not have “echo-only” MVP, echocar-
diography is generally not indicated in this situation.

An echocardiographic study is not indicated when the
pathology and/or systolic ventricular function have been ade-
quately defined by other techniques, making the echocardio-
graphic study redundant. Furthermore, echocardiography
should be performed by laboratories with adequately trained
physicians and cardiac sonographers where patient volume
recommendations are met as previously described (3).

These guidelines also address recommendations about the
frequency with which a Doppler an echocardiographic study
is repeated. If the frequency with which studies are repeated
could be decreased without adversely affecting the quality of
care, the economic savings realized would likely be signifi-
cant. With a noninvasive diagnostic study and no known
complications, the potential for repeating the study unneces-
sarily exists. It is easier to state when a repeat echocardio-

Table 1. Doppler Echocardiography Capabilities in the Adult Patient

Echocardiography Spectral Color
M mode 2 D Doppler Doppler TEE

Anatomy-Pathology
Chamber size ++++ ++++ – – ++
Thickness of walls ++++ +++ – – +++
Relation of chambers + ++++ – – +++
Early closure of MV ++++ + – – +
Systolic anterior motion of MV ++++ +++ – – +++
LV mass (g) ++++ ++++ – – –
LV masses (tumor, clot, vegetation) + +++ – – ++++
Masses in atria and right ventricle + ++ – – ++++
Anatomic valvular pathology ++ ++++ – – ++++
Septal defects + ++++* ++ ++++ ++++
Pericardial effusion ++ ++++ – – ++

Function
Global LV systolic function (EF) ++ ++++ ++ – +++
Regional wall motion + +++ – – ++++
Severity of valve stenosis + ++ ++++ +++ ++
Severity of valve regurgitation + + +++ +++ +++
Site of left-to-right, right-to-left shunt – +++* (together) +++ ++++ (together) +++
RV and PA systolic pressure – – ++++ – –
LV filling pressure – – ++ – –
Stroke volume and cardiac output + ++ (together) +++ – –
LV diastolic function + + +++ – –
Identify ischemia and viable myocardium – +++ – – –
with exercise or pharmacological stress
Diseases of the aorta – ++ – ++ ++++
Prosthetic valve evaluation + ++ ++++ +++ ++++

++++ indicates most helpful; +, least useful; –, not useful; 2D, two-dimensional; EF, ejection fraction; LV, left ventricular; MV, mitral valve; PA, pulmonary artery; RV, right ventricular;
TEE, transesophageal echocardiography.

*With contrast (intravenous injection of agitated saline).

Note: The committee recognizes that this table is a subjective evaluation. The magnitude of usefulness is indicated by the number of plus (+) signs.
It is assumed that M-mode, two-dimensional echocardiography, spectral and color flow Doppler, and TEE will be available in the ultrasound labora-
tory. A given examination will potentially use most or all of these modalities to some extent. It is assumed that TEE will incorporate Doppler. Where
transthoracic echocardiography is inadequate, TEE frequently can obtain the desired information.
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gram is not needed than when and how often it should be
repeated, since no studies in the literature address this ques-
tion. An adult patient with hemodynamically insignificant
aortic regurgitation almost certainly does not need a repeat
echocardiogram unless there is a change in the clinical pic-
ture. The asymptomatic patient with hemodynamically
severe aortic regurgitation probably needs repeat echocar-
diography to monitor left ventricular (LV) function. How
often this should be done depends on the individual patient
and must be left to the judgment of the physician until evi-
dence-based data addressing this issue are available.

The use of two-dimensional Doppler echocardiography in
establishing cardiac diagnoses and making therapeutic deci-
sions, at times without further diagnostic studies, is well
established. Examples include the demonstration of an
acquired ventricular septal defect in a patient with an acute
myocardial infarction. In the past this diagnosis required
catheterization; now the definitive diagnosis can be made in
most cases with Doppler echocardiography. At times the
Doppler echocardiogram can enable cardiac surgery to pro-
ceed without a comprehensive catheterization. Examples of
this are the finding of severe aortic stenosis or mitral or aor-
tic regurgitation in the symptomatic young patient or the
finding of a left atrial myxoma.

The use of repeated Doppler echocardiographic studies in
monitoring patients is illustrated in adult patients with mod-
erate aortic stenosis who have a change in symptoms.
Similarly, the follow-up evaluation of ventricular function in
the patient with chronic aortic or mitral valvular insufficien-
cy lesions can help determine the timing of valvular surgery.

The American Heart Association has published a Scientific
Statement on standardizing myocardial segmentation
nomenclature for tomographic imaging of the heart, whether
by magnetic resonance imaging, echocardiography PET
scanning, or computed tomography (832). These recommen-
dations may become standard terminology for all imaging
techniques. 

This document assumes that echocardiographic studies are
performed and interpreted in accordance with the statements
for clinical competence in echocardiography set forth by the
Joint Task Force of the American College of Physicians/
American College of Cardiology/American Heart Asso-
ciation. Optimal training for such studies is set forth by the
ASE, the ACC, and the Society of Pediatric Echo-
cardiography.

II. MURMURS AND VALVULAR HEART
DISEASE
Echocardiography is extremely useful in the assessment of
cardiac murmurs, stenosis and regurgitation of all four car-
diac valves, prosthetic valve function, and patients with
infective endocarditis. Echocardiography provides valuable
information regarding diagnosis, valvular morphology, etiol-
ogy of valve disease, identification and quantification of
lesions, detection and evaluation of associated abnormali-
ties, delineation of cardiac size and function, and assessment

of the adequacy of ventricular compensation. Echo-
cardiography readily detects structural abnormalities such as
fibrosis, calcification, thrombus, or vegetation and abnor-
malities of valvular motion such as immobility, flail or pro-
lapsing leaflets, or prosthetic valve dehiscence. A full
echocardiographic evaluation should provide prognostic as
well as diagnostic information, allow for risk stratification,
establish baseline data for subsequent examinations, and
help guide and evaluate the therapeutic approach. 

Echocardiography often provides a definitive diagnosis
and may obviate the need for catheterization in selected
patients. Patients’ acceptance of this noninvasive technique
for initial and re-evaluation observation is high (6-8). MRI
has the capability to detect the presence of stenotic and
regurgitant lesions (9,10) and has several advantages.
However, MRI instrumentation is substantially more expen-
sive and not as widely available.

A. Murmurs

Cardiac auscultation remains the most widely used method
of screening for heart disease. Heart murmurs are produced
by turbulent blood flow and are often signs of stenotic or
regurgitant valve disease or acquired or congenital cardio-
vascular defects. In valvular and congenital forms of heart
disease, a murmur is usually the major evidence of the
abnormality, although some hemodynamically significant
regurgitant lesions may be silent (11,12). However, many
murmurs in asymptomatic people are innocent and of no
functional significance. Such murmurs are defined as having
the following characteristics: a systolic murmur of short
duration, grade 1 or 2 intensity at the left sternal border, a
systolic ejection pattern, a normal S2, no other abnormal
sounds or murmurs, no evidence of ventricular hypertrophy
or dilation, no thrills, and the absence of an increase in inten-
sity with the Valsalva maneuver. Such murmurs are espe-
cially common in high-output states such as pregnancy
(13,14). When the characteristic findings of an individual
murmur are considered together with other patient informa-
tion and clinical data from the physical examination, the cor-
rect diagnosis can usually be established (15). In patients
with ambiguous clinical findings, the echocardiogram may
be the preferred test because it can provide a definitive diag-
nosis, rendering a chest radiograph and/or ECG unnecessary.
In some patients the Doppler echocardiogram is the only
noninvasive method capable of identifying the cause of a
heart murmur (12,16,520). 

In the evaluation of heart murmurs, the purposes of per-
forming a Doppler echocardiogram are to 

• Define the primary lesion and its etiology and judge its
severity

• Define hemodynamics

• Detect coexisting abnormalities

• Detect lesions secondary to the primary lesion



• Evaluate cardiac size and function

• Establish a reference point for future observations

• Reevaluate the patient after an intervention

As valuable as echocardiography may be, the basic cardio-
vascular evaluation, including history, physical examination
and ECG, is still the most appropriate method to screen for
cardiac disease and will establish many clinical diagnoses
(17). Echocardiography should not be used to replace the
cardiovascular examination but can be helpful in determining
the etiology and judging the severity of lesions, particularly
in pediatric and elderly patients (15,17-19).

Recommendations for Echocardiography in the
Evaluation of Patients With a Heart Murmur

Class I
1. A patient with a murmur and cardiorespiratory

symptoms.
2. An asymptomatic patient with a murmur in whom

clinical features indicate at least a moderate probabil-
ity that the murmur is reflective of structural heart
disease. 

Class IIa
A murmur in an asymptomatic patient in whom there
is a low probability of heart disease but in whom the
diagnosis of heart disease cannot be reasonably
excluded by the standard cardiovascular clinical eval-
uation.

Class III
In an asymptomatic adult, a heart murmur that has
been identified by an experienced observer as func-
tional or innocent. 

B. Native Valvular Stenosis

Two-dimensional and Doppler echocardiography reliably
identify and quantitate the severity of stenotic lesions of both
native and prosthetic valves. Mitral stenosis is accurately
quantified by planimetry of transthoracic or transesophageal
two-dimensional images, Doppler measurement of trans-
valvular gradients, and estimation of valve area by the pres-
sure half-time or continuity methods (20-23). In difficult-to-
image patients, contrast may improve signal detection.

When the Doppler flow signal is suboptimal, administra-
tion of an echocardiographic contrast agent may improve sig-
nal detection. Agitated saline may be adequate for right-sided
lesions, but left-sided contrast agents will be required for
left-sided lesions.

Prognostic information is obtained from assessment of the
hemodynamic response to stress including exercise (24) or
and dobutamine stress in the case of aortic stenosis (521)
and/or by delineation of morphological characteristics (25),
which in turn help guide the selection of therapeutic inter-
ventions (26).
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Recommendations for Echocardiography in Valvular
Stenosis

Class I
1. Diagnosis; assessment of hemodynamic severity.
2. Assessment of LV and right ventricular (RV) size,

function, and/or hemodynamics.
3. Re-evaluation of patients with known valvular steno-

sis with changing symptoms or signs.
4. Assessment of changes in hemodynamic severity and

ventricular compensation in patients with known
valvular stenosis during pregnancy.

5. Re-evaluation of asymptomatic patients with severe
stenosis.

Class IIa
1. Assessment of the hemodynamic significance of mild

to moderate valvular stenosis by stress Doppler
echocardiography.

2. Re-evaluation of patients with mild to moderate aor-
tic stenosis with LV dysfunction or hypertrophy even
without clinical symptoms.

Class IIb
1. Re-evaluation of patients with mild to moderate aor-

tic valvular stenosis with stable signs and symptoms.
2. Dobutamine echocardiography for the evaluation of

patients with low-gradient aortic stenosis and ven-
tricular dysfunction.

Class III
1. Routine re-evaluation of asymptomatic adult patients

with mild aortic stenosis having stable physical signs
and normal LV size and function.

2. Routine re-evaluation of asymptomatic patients with
mild to moderate mitral stenosis and stable physical
signs.

(See also “Recommendations for Echocardiography in
Interventions for Valvular Heart Disease and Prosthetic
Valves.”)

TEE has also been useful in guiding balloon valvuloplasty
procedures (27).

Although tricuspid stenosis is readily detected and assessed
hemodynamically, the accuracy of Doppler echocardiograph-
ic determinations is less well validated but still preferred over
other methods (28).

Aortic stenosis is accurately quantified by Doppler meas-
urements of instantaneous and mean transvalvular gradients,
estimation of valve area by the continuity method, or deter-
mination of aortic valve resistance (29-31,522,523). In
patients with reduced LV function, gradient measurements
may appear falsely low, while valve area and resistance
measurements will more reliably predict the severity of
stenosis. Dobutamine perturbation with Doppler assessment
of gradients may also be of use (32), particularly in patients
with low output and a low gradient. The problem is differen-
tiating the patient with severe aortic stenosis with poor LV
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Anorectic drug use (fenfluramines) has been reported to
result in generally mild valvular thickening and regurgitation
in a small number of users, particularly those with long-term
drug exposure (526,527). Echocardiography is indicated in
those patients with symptoms or murmurs or those who have
an inadequate auscultatory examination (528). Repeat stud-
ies in individuals without significant disease are not indicat-
ed. The American Society of Echocardiography (ASE) has
published recommendations concerning valvular regurgita-
tion consistent with those in this document (833).

Recommendations for Echocardiography in Native
Valvular Regurgitation

Class I
1. Diagnosis; assessment of hemodynamic severity.
2. Initial assessment and re-evaluation (when indicated)

of LV and RV size, function, and/or hemodynamics.
3. Re-evaluation of patients with mild to moderate

valvular regurgitation with changing symptoms.
4. Re-evaluation of asymptomatic patients with severe

regurgitation.
5. Assessment of changes in hemodynamic severity and

ventricular compensation in patients with known
valvular regurgitation during pregnancy.

6. Re-evaluation of patients with mild to moderate
regurgitation with ventricular dilation without clini-
cal symptoms.

7. Assessment of the effects of medical therapy on the
severity of regurgitation and ventricular compensa-
tion and function when it might change medical man-
agement.

8. Assessment of valvular morphology and regurgitation
in patients with a history of anorectic drug use, or the
use of any drug or agent known to be associated with
valvular heart disease, who are symptomatic, have
cardiac murmurs, or have a technically inadequate
auscultatory examination.

Class IIb
1. Re-evaluation of patients with mild to moderate

mitral regurgitation without chamber dilation and
without clinical symptoms.

2. Re-evaluation of patients with moderate aortic regur-
gitation without chamber dilation and without clinical
symptoms.

Class III
1. Routine re-evaluation in asymptomatic patients with

mild valvular regurgitation having stable physical
signs and normal LV size and function.

2. Routine repetition of echocardiography in past users
of anorectic drugs with normal studies or known triv-
ial valvular abnormalities.

(See also “Recommendations for Echocardiography in
Interventions for Valvular Heart Disease and Prosthetic
Valves.”)

function and a small stroke volume from the patient with
mild aortic stenosis and poor LV function resulting from
another cause such as coronary artery disease or cardiomy-
opathy. By increasing the cardiac output with dobutamine,
the patient with severe aortic stenosis, unable to further open
the valve, will have an increase in systolic gradient, whereas
the patient with cardiomyopathy will open the valve wider,
and the gradient will not increase (524,525). Pulmonic valve
gradients are similarly quantified. While still experimental,
contrast injection may allow more accurate recording of
stenotic jet velocities and therefore transvalvular gradients
(33). 

C. Native Valvular Regurgitation

Doppler echocardiography is the most sensitive technique
available for detection of native valve regurgitation; care
must be taken to distinguish physiological phenomena from
pathological lesions. Mild retrograde flow disturbances are
frequently detected in normal subjects (34,35) and if trivial
should be identified as being within the expected normal
range and not suggestive of the presence of valvular heart
disease. On the other hand, significant regurgitation may be
silent on auscultation, most often, but not always, in unstable
symptomatic patients (36). Because the finding of clinically
silent valvular regurgitation in an asymptomatic patient car-
ries an unknown significance, performance of Doppler
echocardiography to exclude valvular heart disease in an
asymptomatic patient with a normal physical examination is
not indicated.

Precise assessment of the severity of regurgitant valvular
lesions capable of causing significant hemodynamic com-
promise is difficult using any invasive or noninvasive tech-
nique, and no gold standard is available to judge relative
accuracy (7). Doppler methods for detection of regurgitation
are similar for all four native valves and prosthetic valves.
Methods include assessment of regurgitant jet characteristics
(length, height, area, and width at the vena contracta), effec-
tive regurgitant orifice area, and measurement of regurgitant
flow volume using the proximal isovelocity surface area
(7,37-45). The severity of semilunar valve regurgitation is
also assessed by the rate of decline in regurgitant gradient as
measured by the slope of diastolic flow velocity envelope
(46,47). The severity of atrioventricular regurgitation is also
reflected by reduction or reversal of the systolic components
of venous inflow (48). Finally, in isolated valve disease,
regurgitant fraction may be assessed by comparison of stroke
volumes at the regurgitant valve and an uninvolved valve. 

Doppler echocardiography is also the test of choice in the
re-evaluation of regurgitant lesions and in determination of
the timing of operative intervention (49-51,522,523).
Echocardiographically obtainable information about the
severity of regurgitation and associated structural and func-
tional changes are all important to this therapeutic decision.
The choice between mitral valve repair and replacement is
greatly aided by TTE and TEE; intraoperative assessment of
valve repair is essential to optimal surgical practice, while
intraoperative determination of prosthetic valve seating and
function is also useful (52).



D. Repeated Studies in Valvular Heart Disease

A routine follow-up echocardiographic examination is not
indicated after an initial finding of minimal or mild abnor-
malities in the absence of a change in clinical signs or symp-
toms. Patients with more significant abnormalities on the ini-
tial study may be followed echocardiographically even in the
absence of such changes, with the frequency determined by
the hemodynamic severity of the lesion and the extent of ven-
tricular compensation noted on initial and subsequent stud-
ies. Marked changes in the echocardiographic findings,
which may indicate an alteration in management even in the
absence of changes in clinical signs and symptoms, should
be confirmed by re-evaluation at a shorter interval. (See
“Recommendations for Echocardiography in Valvular
Stenosis,” “Recommendations for Echocardiography in
Native Valvular Regurgitation,” and “Recommendations for
Echocardiography in Interventions for Valvular Heart
Disease and Prosthetic Valves.”)
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E. Mitral Valve Prolapse

The physical examination remains the optimal method of
diagnosing MVP, because echocardiography may detect sys-
tolic billowing of the leaflets not representing clinically rele-
vant disease. There are changing criteria for diagnosing
MVP since the first echocardiographic description, and in
some studies, valve prolapse of 2 mm or more above the
mitral annulus in the long-axis parasternal view and other
views is required (529). The presence of thickening and
redundancy of the valve may predict complications. Because
of the change in definition, the prevalence of MVP in the
population is now believed to be 2% to 3% (530,531). The
etiology of the auscultatory finding of systolic clicks may be
defined (as valvular or chordal), valvular thickening
assessed, and the presence, timing, and severity of regurgita-
tion determined (49,53). In patients with a nonejection click
and/or murmur, an echocardiogram is useful for diagnosis
and risk stratification, particularly by identifying leaflet
thickening and LV dilation (Table 2) (54-59). Routine repeat-
ed studies are of little value unless there is significant (non-

Table 2. Use of Echocardiography for Risk Stratification in Mitral Valve Prolapse

Study (Ref) n Features Examined Outcome P Value

Nishimura (54) 237 MV leaflet ≥ 5 mm Increased sum of sudden death, <.02
endocarditis, and cerebral embolus

LVID ≥ 60 mm Increased MVR (26% vs 3.1%) <.001

Zuppiroli (55) 119 MV leaflet > 5 mm Increased complex ventricular <.001
arrhythmiano relation to complex

Babuty (56) 58 Undefined MV thickening ventricular arrhythmias NS

Takamoto (57) 142 MV leaflet ≥ 3 mm, redundant, low Increased ruptured chordae (48% vs 5%)
echocardiographic density

Marks (58) 456 MV leaflet ≥ 5 mm Increased endocarditis (3.5% vs 0%) <.02
Increased moderate-severe MR (11.9% <.001

vs 0%)
Increased MVR (6.6% vs 0.7%) <.02
Increased stroke (7.5% vs 5.8%) NS

Chandraratna (59) 86 MV leaflets > 5.1 mm Increased cardiovascular abnormalities
(60% vs 6% )(Marfan syndrome, TVP,

MR, dilated ascending aorta) <.001

Zuppiroli* (843) 316 Overall risk of fatal and nonfatal 
  complications 1/100 subject-years

LA diameter ≥ 4.0 cm OR 15.1

LV diameter ≥ 6.0 cm OR 16.7

Men higher complications than OR 3.2
   women

Age ≥ 45 years OR 3.4

(71% clinically Clinically recognized patients OR 3.8
recognized MVP;    than affected family member

29% found in
family study)

Follow-up mean Presence of holosystolic murmur 26.9
102 months

LA indicates left atrial; LV, left ventricular; LVID, left ventricular internal diameter; MR, mitral regurgitation; MV indicates mitral valve; MVP, mitral valve prolapse; MVR, mitral valve replace-
ment; OR, odds ratio; NS, not significant; TVP, tricuspid valve prolapse.
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important for risk stratification and prognosis (Table 3) (66-
68). These features, along with clinical characteristics such
as persistent fever and infecting organism, may help guide
decision making regarding repeated studies and even valve
replacement.

In most cases TEE is not indicated as the initial examina-
tion in the diagnosis of native valve endocarditis. When the
valvular structure or pathology is well visualized by TTE,
there is no recommendation to perform TEE. Recom-
mendations for routine TEE in established endocarditis are
unclear because the clinical importance of the possible addi-
tional information obtained is unproved (69). However, TEE
should be performed when specific questions are not ade-
quately addressed by the initial TTE examination or in cases
where TEE is clearly superior to TTE. Clinical situations in
which TEE is indicated include instances when the TTE is
diagnostically inadequate because of poor quality or limited
echocardiographic windows, when the TTE is negative
despite high clinical suspicion, when a prosthetic valve is
involved, when there is high suspicion such as staphylococ-
cus bacteremia, or in an elderly patient with valvular abnor-
malities that make diagnosis difficult (70,533). 

Recommendations for Echocardiography in Infective
Endocarditis: Native Valves

Class I
1. Detection and characterization of valvular lesions,

their hemodynamic severity, and/or ventricular com-
pensation.*

2. Detection of vegetations and characterizations of
lesions in patients with congenital heart disease sus-
pected of having infective endocarditis.

3. Detection of associated abnormalities (eg, abscesses,
shunts).*

4. Re-evaluation studies in complex endocarditis (eg, vir-
ulent organism, severe hemodynamic lesion, aortic
valve involvement, persistent fever or bacteremia,
clinical change, or symptomatic deterioration).

5. Evaluation of patients with high clinical suspicion of
culture-negative endocarditis.*

6. If TTE is equivocal, TEE evaluation of bacteremia,
especially staphylococcus bacteremia and fungemia
without a known source.

Class IIa
1. Evaluation of persistent nonstaphylococcus bac-

teremia without a known source.* 
2. Risk stratification in established endocarditis.*

Class IIb
Routine re-evaluation in uncomplicated endocarditis
during antibiotic therapy.

Class III
Evaluation of transient fever and nonpathological
murmur without evidence of bacteremia or new mur-
mur.

*TEE may frequently provide incremental value in addition to information
obtained by TTE. The role of TEE in first-line examination awaits further
study.

trivial) mitral regurgitation or a change in symptoms or phys-
ical findings.

Echocardiography to diagnose MVP is of littleno use in the
absence of physical findings unless there is supportive clini-
cal evidence of structural heart disease or a family history of
myxomatous valve disease.

Recommendations for Echocardiography in Mitral
Valve Prolapse

Class I
Diagnosis; assessment of hemodynamic severity,
leaflet morphology, and/or ventricular compensation
in patients with physical signs of MVP.

Class IIa
1. To exclude MVP in patients who have been diagnosed

but without clinical evidence to support the diagnosis.
2. To exclude MVP in patients with first-degree relatives

with known myxomatous valve disease.
3. Risk stratification in patients with physical signs of

MVP or known MVP.

Class III
1. Exclusion of MVP in patients with ill-defined symp-

toms in the absence of a constellation of clinical symp-
toms or physical findings suggestive of MVP or a pos-
itive family history.

2. Routine repetition of echocardiography in patients
with MVP with no or mild regurgitation and no
changes in clinical signs or symptoms.

F. Infective Endocarditis: Native Valves

The Duke criteria have improved the specificity and sensitiv-
ity of the diagnosis of infective endocarditis by assigning
major and minor pathological and clinical criteria. Included
as major criteria are the echocardiographic findings of an
oscillating intracardiac mass or vegetation, an annular
abscess or new valvular regurgitation, or prosthetic valve
partial dehiscence (532).

Echocardiography is useful for the detection and character-
ization of the hemodynamic and pathological consequences
of infection, including valvular vegetations, regurgitant
lesions, ventricular function, and associated abnormalities
such as abscesses, shunts, and ruptured chordae (60). TTE is
less sensitive in detecting vegetations than TEE (61,62).
Because of the possibility of a false-negative examination (or
the absence of a vegetation) or a false-positive study
(Lambl’s excrescenses, noninfective vegetations, thrombi),
echocardiography should not supplant clinical and microbio-
logical diagnosis. Echocardiography may be useful in the
case of culture-negative endocarditis (63) or in the diagnosis
of a persistent bacteremia whose source remains unidentified
after appropriate evaluation.

Controversy remains as to whether the echocardiographic
characteristics of vegetations are of use in predicting
embolization (64,65), although vegetation size and mobility,
identification of the involved valve(s), and especially diag-
nosis of myocardial involvement extravalvular extension are
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Table 3. Sensitivity, Specificity, and Predictive Value of Echocardiography in Diagnosis of Infective Endocarditis and Detection of Complications

Type of TEE Monoplane Biplane Multiplane Note

Job et al. (71) 41 patients 4 (10%) No false-negative Additional veg Area underestimated
false-negative in 60% of all veg

83 veg with IE • 23% vs
monoplane

6 abscesses 3 missed abscesses 1 missed abscess • 9% vs
biplane

Negative Predictive Value of TEE Negative Predictive Value
Lowry et al. (72) 93 patients NV IE, 100% With suspected PV

undergoing TEE IE, negative TEE
for suspected IE does not rule out

PV IE, 90%

Sensitivity of TTE vs TEE
Shapiro et al. (61) 64 patients with 34 with veg on P =.004

suspected IE, either TTE or TEE
prospective
study

TTE 24 (70.6%)

TEE 33 (97.1%) P =.02

12 with veg <1
cm

TTE 5 (41.7%)

TEE 12 (100%)

9 with periannular P =.001
complications

TTE 2 (22.2%)

TEE 9 (100%)

Birmingham et al. (73) 61 patients with Sensitivity for veg For aortic veg For mitral veg
suspected IE

TTE 30% P <.01 TTE 25% P <.01 TTE 50%
P <.01

31 (51%) had TEE 88% TEE 88% TEE 100%
IE

Sensitivity of TTE
Watanakunakorn, 204 patients
Burkert (74)

219 episodes of 2D TTE in 164
IE episodes
148 host valves 67 (40.9%) positive

for veg
33 IVDU
2 early PV IE
27 late PV IE

Sensitivity and Specificity TTE vs TEE
Shively et al. (75) 66 episodes of TTE 7 of 16 sensitivity TTE 44%

suspected IE in P <.01 
62 patients TEE 94%

Diagnosis of IE TEE 15 of 16 specificity TTE 98% 
made by clinical TEE 100%
picture and lab
studies in 16 of
66 episodes

Continued on next page
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Recommendations for Echocardiography in
Interventions for Valvular Heart Disease and 
Prosthetic Valves

Class I
1. Assessment of the timing of valvular intervention

based on ventricular compensation, function, and/or
severity of primary and secondary lesions. 

2. Selection of alternative therapies for mitral valve dis-
ease (such as balloon valvuloplasty, operative valve
repair, valve replacement).*

3. Use of echocardiography (especially TEE) in guiding
the performance of performing interventional tech-
niques and surgery (eg, balloon valvotomy and valve
repair) for valvular disease.

4. Postintervention baseline studies for valve function
(early) and ventricular remodeling (late).

5. Re-evaluation of patients with valve replacement with
changing clinical signs and symptoms; suspected
prosthetic dysfunction (stenosis, regurgitation) or
thrombosis.*

G. Prosthetic Valves

Valve replacement is a palliative procedure that carries a sub-
sequent risk of valve degeneration, development of regurgi-
tation or stenotic lesions, thrombosis, and endocarditis.
Different prostheses carry different risks for these events so
that subsequent evaluations must be tailored to the patient’s
clinical situation and type of prosthesis.

Because the evaluation of prosthetic valves is difficult even
in the best of circumstances, it can be useful to obtain base-
line postoperative studies for comparison with future evalua-
tions and assessment of changes in ventricular function and
hemodynamics in response to surgery. However, the need for
routine follow-up echocardiography in the patient with
unchanged clinical signs and symptoms is controversial. In
some patients with known prosthetic valve dysfunction, re-
evaluation is indicated even in the absence of a changing
clinical situation, because in some cases reoperation may be
dictated by echocardiographic findings alone.

Table 3. (Continued)

Sensitivity, Specificity, and Predictive TTE for Detecting IE
Accuracy of TTE
Burger et al. (76) 106 patients Group 1, 36 Sensitivity 90%

with suspected definite veg
IE

Group 2, 65 no Specificity 98%
veg

Diagnosis made IE found in 35 Predictive accuracy
by clinical patients in Group 1 positive test results,
picture and lab and 4 patients in 97%
studies Group 2

5 technically Predictive accuracy
poor images negative test results,

94%
101 had TTE

Complications With IE Sensitivity and Specificity of TTE Predicting Complications
Sanfilippo et al. (65) 204 patients Complication rate: Complication rate MV IE

with IE had similar for all significantly lower for
TTE valves with veg patients without valve 70%

abnormalities on TTE, sensitivity
MV 53% 27%
AV 62% 92%
TV 77% specificity

AV IE
PV 61% 76% sensitivity

62% specificity
Values with In left-sided NV, IE,
nonspecific veg size, extent, and
abnormalities but mobility are all
no veg, 57% significant

multivariant predictors
of complications

AV indicates aortic valve; IE, infective endocarditis; IVDU, intravenous drug users; MV, mitral valve; NV, native valve; PV, prosthetic valve; TEE, transesophageal echocardiogram; TTE,
transthoracic echocardiogram; TV, tricuspid valve; 2D, two-dimensional; veg, vegetations.



Class IIa
Routine re-evaluation study after baseline studies of
patients with valve replacements with mild to moder-
ate ventricular dysfunction without changing clinical
signs or symptoms.

Class IIb
Routine re-evaluation at the time of increased failure
rate of a bioprosthesis without clinical evidence of
prosthetic dysfunction.

Class III
1. Routine re-evaluation of patients with valve replace-

ments without suspicion of valvular dysfunction and
with unchanged clinical signs and symptoms.

2. Patients whose clinical status precludes therapeutic
interventions.

*TEE may provide incremental value in addition to information obtained
by TTE.

H. Prosthetic Valve Dysfunction and Endocarditis

Echocardiography is the preferred modality for definition of
abnormalities of poppet motion, annular motion, the pres-
ence of thrombus or fibrin, or prosthetic leaks or stenoses.
Because TEE is often necessary to provide adequate visuali-
zation (77), the necessity for previous performance of a
transthoracic study has been questioned. However, because a
great deal of additional information can be obtained regard-
ing cardiac function and hemodynamics by TTE that may not
be otherwise available and/or that may help guide the trans-
esophageal examination, sequential examinations, starting
with TTE, are the preferred approach.

Assessment of prosthetic valve stenosis is best performed
by a combined echocardiography-Doppler technique.
However, the Doppler examination may be problematic
because eccentric jets may cause recording of falsely low
velocities, especially in valves with central occluders. On the
other hand, elevated transvalvular velocities may be record-
ed with some prosthetic valves and prosthetic valvular
lesions due to pressure recovery and which may not accu-
rately represent the true hemodynamic gradient due to pres-
sure recovery. Transvalvular gradients will vary with valve
type and size even in the normally functioning prosthesis;
individual valve flow characteristics must be considered in
the diagnosis of obstruction (78). Re-evaluation may be par-
ticularly useful in the individual patient.

Determination of prosthetic valve regurgitation is often
hampered by prosthetic shadowing, particularly in the mitral
position. The transesophageal approach may be particularly
useful in this case. Care must be taken to differentiate
between the normal, central regurgitation of many mechani-
cal prostheses and pathological paravalvular leaks (79,80).
Contrast injection may enhance the spectral recording of
both right-sided regurgitant velocities as well as the extent of
the regurgitant jet (81,82).

Diagnosis of prosthetic valve endocarditis by the transtho-
racic technique is more difficult than diagnosis of endocardi-

14

ACC - www.acc.org
AHA - www.americanheart.org

ASE - www.asecho.org
Cheitlin et al. 2003
ACC/AHA Practice Guidelines

tis of native valves because of the reverberations, attenuation,
and other image artifacts related to both mechanical valves
and bioprosthesis. Particularly in the case of a mechanical
valve, TTE may be helpful only when there is a large or
mobile vegetation or significant regurgitation. Thus, the tech-
nique cannot be used to exclude the presence of small vege-
tations. These limitations are diminished with the use of
transesophageal recording techniques because of the superi-
or imaging quality and posterior transducer position. Thus,
transesophageal techniques have enhanced echocardiograph-
ic assessment of prosthetic valve infective endocarditis, espe-
cially of the mitral valve and of both mitral and aortic annu-
lar areas for abscesses. 

Doppler techniques offer important information about the
functional consequences of endocarditis of prosthetic valves,
such as the existence of paravalvular leaks. It should be
noted, however, that paravalvular leaks are not specific for
endocarditis. Importantly, echocardiography may identify
vegetations on native valves in patients with suspected pros-
thetic endocarditis.

Recommendations for Echocardiography in Infective
Endocarditis: Prosthetic Valves

Class I
1. Detection and characterization of valvular lesions,

their hemodynamic severity, and/or ventricular com-
pensation.*

2. Detection of associated abnormalities (eg, abscesses,
shunts).*

3. Re-evaluation in complex endocarditis (eg, virulent
organism, severe hemodynamic lesion, aortic valve
involvement, persistent fever or bacteremia, clinical
change, or symptomatic deterioration).*

4. Evaluation of suspected endocarditis and negative cul-
tures.*

5. Evaluation of bacteremia without known source.*

Class IIa
Evaluation of persistent fever without evidence of bac-
teremia or new murmur.*

Class IIb
Routine re-evaluation in uncomplicated endocarditis
during antibiotic therapy.*

Class III
Evaluation of transient fever without evidence of bac-
teremia or new murmur.

*TEE may provide incremental value in addition to that obtained by TTE.

III. CHEST PAIN
Chest pain can result from many cardiac and noncardiac
causes. In mature adults the most common clinical cardiac
disorder presenting as chest pain is coronary artery disease
(CAD) (see section IV, “Ischemic Heart Disease”).
Nonetheless, some patients with chest pain and suspected
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consequences in patients with acute ischemic syndromes and
those with chronic coronary atherosclerosis. Transthoracic
imaging and Doppler techniques are generally sufficient for
evaluating patients with suspected or documented ischemic
heart disease. However, TEE may be needed in some
patients, particularly those with serious hemodynamic com-
promise but nondiagnostic TTE studies. In these circum-
stances TEE can distinguish among extensive infarction with
pump failure, mechanical complications of infarction, or
hypovolemia and can guide prompt therapy (86-89). Stress
echocardiography is useful for evaluating the presence, loca-
tion, and severity of inducible myocardial ischemia, as well
as for risk stratification and prognostication.

A. Acute Ischemic Syndromes (Acute Myocardial
Infarction and Unstable Angina)

Echocardiography can be used to rapidly diagnose the pres-
ence of regional contraction abnormality resulting from
acute myocardial infarction, evaluate the extent of associated
regional dysfunction, stratify patients into high- or low-risk
categories, document serial changes in ventricular function,
and diagnose important complications. Some patients with
acute chest pain have unstable angina; in these individuals,
echocardiography can also be helpful in diagnosis and risk
assessment. 

1. Diagnosis

The use of echocardiography for diagnosis of acute myocar-
dial infarction provides the greatest amount of incremental
information is most helpful when the clinical history and
ECG findings are nondiagnostic. 

Segmental LV wall motion abnormalities are characteristic
of myocardial infarction. Their location correlates well with
the distribution of CAD and pathological evidence of infarc-
tion (83,90-100,535-537). However, regional wall motion
abnormalities also can be seen in patients with transient
myocardial ischemia, chronic ischemia (hibernating
myocardium), or myocardial scar. Segmental wall motion
abnormalities can also occur in some patients with myocardi-
tis, nonischemic cardiomyopathy or other conditions not
associated with coronary occlusion. Table 4 summarizes the
utility of TTE in the diagnosis of acute myocardial infarc-
tion. In patients presenting with chest pain, segmental LV
wall motion abnormalities predict the presence of CAD but
can diagnose an acute myocardial infarction with only mod-
erate certainty, because acute ischemia may not be separable
from myocardial infarction or even old scar (83-85,90,98-
102,535,536). However, the absence of segmental abnormal-
ities (ie, the presence of either normal wall motion or diffuse
abnormalities) has a high negative predictive value (weight-
ed mean negative predictive value as high as 98% in suspect-
ed myocardial infarction, Table 4). Although it may not be
easy to distinguish acute ischemia or necrosis from previous
myocardial infarction, preservation of normal wall thickness
and normal reflectivity suggest an acute event. Prompt initi-
ation of treatment to achieve reperfusion can reduce mortali-
ty, morbidity, and patient care costs (103-106). Hence, early

CAD have other relevant cardiovascular abnormalities that
can cause chest pain (182). These disorders, Other cardio-
vascular abnormalities that frequently cause chest pain,
including hypertrophic cardiomyopathy, valvular aortic
stenosis, aortic dissection, pericarditis, MVP, and acute pul-
monary embolism, produce distinctive and diagnostic
echocardiographic findings (see sections II, IV through VI,
VIII, and IX).

In patients with chest pain known to be of noncardiac ori-
gin, further cardiac testing is usually unnecessary. In patients
for whom the character of chest pain or the presence of risk
factors raises concern about possible CAD, the role of
echocardiography has grown over the last 5 10 years.
Echocardiography can be performed when possible during
chest pain in the emergency room; the presence of regional
systolic wall motion abnormalities in a patient without
known CAD is a moderately accurate indicator of an
increased likelihood of acute myocardial ischemia or infarc-
tion by pooled data with a positive predictive accuracy of
about 50%. The absence of regional wall motion abnormali-
ties identifies a subset of patients unlikely to have had either
an acute infarction (83-85,101,102,534) or ischemia, with a
pooled weighted mean (“weighted mean” is the mean value
after adjustment for the size of each study) negative predic-
tive accuracy of about 95 approximately 98%. In a patient
with previous myocardial infarction (either clinically evident
or silent), the resting echocardiogram can confirm that event
and evaluate its functional significance.

Recommendations for Echocardiography in Patients
With Chest Pain

Class I
1. Diagnosis of underlying cardiac disease in patients

with chest pain and clinical evidence of valvular, peri-
cardial, or primary myocardial disease (see sections
II, IV through VI, VIII, and IX).

2. Evaluation of chest pain in patients with suspected
acute myocardial ischemia, when baseline ECG and
other laboratory markers are is nondiagnostic and
when study can be obtained during pain or within
minutes soon after its abatement (see section IV).

3. Evaluation of chest pain in patients with suspected
aortic dissection (see section VIII).

4. Evaluation of patients with chest pain and severe
hemodynamic instability unresponsive to simple ther-
apeutic measures (see section XIII).

Class III
1. Evaluation of chest pain for which a noncardiac etiol-

ogy is apparent.
2. Diagnosis of chest pain in a patient with electrocar-

diographic changes diagnostic of myocardial
ischemia/infarction (see section IV).

IV. ISCHEMIC HEART DISEASE
Echocardiography has become an established and powerful
tool for diagnosing the presence of CAD and defining its
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Table 4. Diagnosis of Acute Myocardial Infarction in Patients With Chest Pain

Total Overall 
Author No. Abn Sens, Spec, PPV, NPV, Accuracy,
(Ref) Year Population of Pts. Test % % % % % Comments

Patients With Documented AMI
Heger  1980 Consec 44 Seg WMA 100 — — — — Less severe WMA predicts 
(90) AMI uncomplicated course
Parisi 1981 Prior 20 Seg WMA 95 — — — —
(535) AMI
Visser 1981 Consec 90 Seg WMA 98 — — — — Area of asynergy vs. peak 
(100) AMI 66 CK-MB, r=87
Stamm 1983 Prior 51 Seg WMA 100 — — — —
(536) AMI
Nishimura 1984 Consec 61 93 — — — — All false-negative results 
(99) AMI had non-Q MI
Lundgren 1990 Consec 20 Seg WMA 83 — — — —
(537) AMI

Patients With Chest Pain, Suspected AMI
Horowitz 1982 No prior 80 Seg WMA 94 84 86 93 89 19% technically inadequate;
(83) MI 65 ECG ST ↑ in 45% of AMI

CP, no 
prior MI

Sasaki 1986 No prior 18 Seg WMA 86 82 75 90 83
(534) MI During

CP
Sasaki 1986 No prior 28 Seg WMA 100 90 80 100 93
(534) MI After

CP
Peels 1990 No prior 43 Seg WMA 92 53 46 94 65 More extensive WMA
(85) MI imply multivessel CAD

CP (in 
ER), no 
prior MI

Sabia 1991 Consec 180 Seg WMA 93 60 31 98 63 ECG ST ↑ in only 30%
(84) Consec 169 57 with AMI

CP (in ER)
Saeian 1994 No prior 60 Seg WMA 88 94 91 92 92
(101) MI

Consec
CP

Gibler 1995 Consec 901 Any WMA 47 99 50 99 98 Both global and regional
(102) CP (in WMA considered abnormal

ER),
known
CAD 
or UA

 excluded

Diagnostic accuracy of echocardiographic wall motion abnormalities (WMA) in detecting acute myocardial infarction (AMI) in patients with previously documented AMI (top) and in
patients presenting with chest pain and suspected AMI (bottom).  

In each referenced publication included in these data tables, the number of patients appropriate for inclusion in the table was verified carefully (for example, in Table 4, Horowitz [1982]
reported 80 patients with suspected AMI, but echocardiographic analysis was performed in only 65 of these patients). The number of true-positive, false-positive, true-negative, and false-
negative results was noted. From these data, the sensitivity, specificity, predictive value of positive (PPV) and negative results (NPV), and overall accuracy were calculated. Calculated results
were rounded to the nearest full percentage: values ending in xx.1–xx.4 were rounded down, while xx.5–xx.9 were rounded up. Occasional discrepancies between tabulated values in these
revised tables and those reported in the original versions of these tables were largely related to the criteria for tabulation, different conventions for rounding, and mathematical errors. All
calculations in the current tables were verified carefully. All means given for Sensitivity, Specificity, PPV, NPV, and Accuracy are weighted means, which indicates that they can be heavily
influenced by one large study.

Abn Test indicates Abnormal Test, criteria for “positive” test results; AMI, acute myocardial infarction; consec, consecutive; CP, chest pain; MI, myocardial infarction; NPV, negative pre-
dictive value; PPV, positive predictive value; Seg, segmental; Sens, Sensitivity; Spec, Specificity; Total number of pts, number of patients in whom two-dimensional transthoracic echocar-
diographic wall motion analysis was carried out; WMA, wall motion abnormality.
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a. Acute Mitral Regurgitation

Development of acute mitral regurgitation following acute
myocardial infarction denotes a significantly worsened prog-
nosis (114). Significant regurgitation can result from acute
rupture of a papillary muscle head (115), acute ischemic dys-
function of the papillary muscle and associated free wall
(116), late fibrosis and shortening of the papillary muscle
apparatus (117), altered mitral closure dynamics due to sys-
tolic ventricular impairment (118), or annular dilation. All of
these different mechanisms can be identified and regurgitant
severity evaluated using echocardiographic imaging and
Doppler flow studies. 

b. Infarct Expansion and LV Remodeling

Following acute myocardial infarction, development of
infarct expansion commonly precedes myocardial rupture
(including ventricular septal defect) and denotes a worsened
prognosis (119). A follow-up echocardiogram is excellent for
identifying infarct expansion (120) in patients with a large
myocardial infarction and differentiating it from infarct
extension as well as subsequent adverse LV remodeling char-
acterized by progressive chamber dilation and further deteri-
oration in global systolic function.

c. Ventricular Septal Rupture

Both two-dimensional and color Doppler echocardiography
can be used to locate and visualize postinfarction ventricular
septal defects (121-123) and to demonstrate left-to-right
shunting. Doppler techniques in particular provide an accu-
rate means of distinguishing a ventricular septal defect from
mitral regurgitation (121) or tricuspid regurgitation that is
(either pre-existing or the result of RV infarction).

d. Free Wall Rupture

Antemortem diagnosis of free wall rupture in patients with
acute myocardial infarction is relatively infrequent.
However, free wall rupture is not inevitably fatal (124), and
the diagnosis can be made using echocardiographic imaging
and Doppler flow studies. Echocardiographic contrast agents
may improve diagnosis in free wall rupture and in identify-
ing intracardiac thrombus.

Patients who survive free wall rupture often develop a
pseudoaneurysm that has a characteristic echocardiographic
appearance (125,126). Echocardiography also can help
define the presence or absence of associated tamponade
physiology and determine the timing of surgical intervention.

e. Intracardiac Thrombus

Echocardiography is the definitive test for detecting intracar-
diac thrombi (127-133). LV thrombi are most often detected
in patients with anterior and apical infarctions (127,131-
133); their presence denotes an increased risk of both
embolism (128) and death (130). The need for serial echocar-

echocardiography is particularly useful in patients with a
high clinical suspicion of acute myocardial infarction but a
nondiagnostic ECG.

Significant obstructive CAD is usually present in patients
with unstable angina. These patients generally are identified
by clinical history, and reversible ECG abnormalities may be
recorded during episodes of chest pain. When the clinical
history and ECG are unavailable or not reliable and an ade-
quate echocardiographic study can be performed during an
episode of chest pain, documentation of transient reversible
segmental wall motion abnormalities that normalize with
treatment supports confirms the diagnosis of unstable angina.

2. Severity of Disease/Risk Assessment/Prognosis

In patients with acute myocardial infarction, segmental wall
motion abnormalities can be seen not only in the zone of
acute infarction but also in regions of prior infarction and
areas with ischemic “stunning” or “hibernation” of
myocardium that is nonfunctional but still viable (90,91,94,
107-109,136-138,538-544). The sum of these segmental
abnormalities reflects total ventricular functional impair-
ment, which may overestimate true anatomic infarct size or
perfusion defect (109). Thus, echocardiographically derived
infarct size (90) correlates modestly with thallium-201 per-
fusion defects (94), peak creatine kinase levels (91,100),
hemodynamic changes (90), findings on ventriculography
(95) and coronary angiography (96), and pathological find-
ings (108). However, it does predict the development of early
(98-99,110,113) and late (111,113) complications and mor-
tality (90,91,99,110,112,113). In a given patient with acute
myocardial infarction, global and regional ventricular func-
tion as well as clinical status may improve (especially after
reperfusion therapy) or can occasionally deteriorate. As a
noninvasive technique that can be performed at the patient’s
bedside, initial and late follow-up echocardiography is an
excellent test for evaluating these changes in LV function in
patients with a large myocardial infarction.

Table 5 summarizes the prognostic value of segmental wall
motion abnormalities detected early in the course of acute
myocardial infarction. In general, more extensive abnormal-
ities denote an increased risk of complications, including
death, recurrent infarction, pump failure, and serious ventric-
ular dysrhythmias or heart block, even in patients who appear
well clinically (83,84,91,98,99,110,113). Patients with more
extensive wall motion abnormalities do not invariably devel-
op complications (weighted mean positive predictive value
of about 40%; Table 5) but do merit careful observation.
Relatively mild and localized wall motion abnormalities
indicate a low risk of complications (weighted mean negative
predictive value 92%; Table 5).

3. Assessment of Complications

Echocardiography can be used to evaluate, at the bedside
when needed, virtually any complication of acute myocardial
infarction.
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first few days after infarction is not fully established.
Reperfusion-salvaged, stunned (but not functioning at rest)
myocardium (with depressed function at rest) can respond to
inotropic stimulation (139,140). As summarized in Table 6,
wall segments that show hypokinesia or akinesia at rest but
improved function during low-dose dobutamine infusion
often recover function (136-138,538-544) (weighted mean
positive predictive value 71%; Table 6), which suggests that
these segments are “stunned.” However, when segments with
hypokinesis or akinesis at rest show no improvement during
dobutamine infusion, functional recovery is uncommon
(weighted mean negative predictive value 88%; Table 6),
which suggests that most of these segments are infarcted.
Segments with initial improvement during low-dose dobuta-
mine infusion but deterioration of function with higher doses
(showing a “biphasic response”) frequently are supplied by
arteries with significant residual stenoses. Continuing aug-
mentation of systolic wall thickening with higher doses of
dobutamine denotes preserved viability and implies the lack
of critical stenosis in the infarct-related artery.

Because echocardiographic images obtained during graded
exercise demonstrate the location and approximate size of
the ischemic territory, they will provide useful information in
identifying high-risk patients after acute myocardial infarc-
tion (141-146,543,546-552). There are few data on long-term
event rates inPopulation-based studies have demonstrated a
significant decline in postinfarction mortality in patients
treated with thrombolytic therapy compared to earlier expe-
rience in the prethrombolytic era (553,554). However, in
patients studied by predischarge stress echocardiography
after an acute myocardial infarction (both those who have
and those who have not undergone thrombolytic or other
reperfusion therapy), an ischemic response generally predicts
a higher rate of adverse events such as death and reinfarction
(Table 6a). Prospective natural history studies are difficult to
accomplish because many clinicians now perform angiogra-
phy and recommend revascularization in patients with an
ischemic response. Nonetheless, when coronary anatomy is
unknown, patients who have had an acute myocardial infarc-
tion should undergo predischarge functional testing for risk
assessment. In those patients unable to exercise because of
deconditioning, neurological, or orthopedic limitations,
pharmacological stress echocardiography is a valuable alter-
native for graded stress testing.

In patients with unstable angina but no myocardial infarc-
tion, echocardiography is most helpful for answering specif-
ic unresolved clinical questions. When ECG changes of
ischemia are obscured by baseline abnormalities (such as
chronic left bundle branch block, ventricular pacing, or
chronic repolarization changes), reversible segmental wall
motion abnormalities during pain can document not only the
presence of transient ischemia but also the coronary territory
involved and the size of the area at risk. The sensitivity of
echocardiography for detecting transient wall motion abnor-
malities resulting from acute ischemia diminishes as the time
between resolution of chest pain and acquisition of echocar-
diographic images increases. When myocardial viability is

diography in patients with ventricular thrombi remains con-
troversial.

f. RV Infarction

In approximately one third of patients with inferior myocar-
dial infarction, associated RV infarction also occurs (134).
This can have significant hemodynamic consequences and
implications for patient treatment. Characteristic echocardio-
graphic features of RV infarction have been described (135).
In addition, anterior wall infarctions can involve small por-
tions of the right ventricle, but rarely enough to cause hemo-
dynamically evident RV infarction.

g. Pericardial Effusion 

Pericardial effusion may accompany transmural infarction;
its presence does not necessarily imply free wall rupture. The
role of echocardiography in evaluating pericardial effusion is
discussed in section VI, “Pericardial Disease.”

4. Assessment of Therapy

Given the frequent use of reperfusion therapy (involving
either thrombolytic agents or primary angioplasty) in
patients with acute myocardial infarction, assessment of
myocardial salvage is an important clinical issue. Serial
echocardiographic studies can be used to assess recovery of
regional myocardial function from initial stunning. 

In patients with unstable angina who undergo revascular-
ization (by angioplasty or surgery), the completeness of
revascularization and the functional significance of residual
lesions can be determined using exercise or pharmacological
stress echocardiography techniques. These applications in
unstable angina patients are similar to those in patients with
chronic ischemic heart disease, discussed below

5. Predischarge Evaluation Using Stress
Echocardiography

Graded stress echocardiography using intravenous dobuta-
mine can help in assessing myocardial viability early after
myocardial infarction (136-138,538-544). Available data
suggest that carefully performed pharmacological stress
echocardiography using a gradual protocol and beginning at
low doses of dobutamine appears to be feasible and reason-
ably safe when performed 2 to 10 days after acute myocar-
dial infarction. Myocardial stunning may occur wWhen
acute ischemia is followed by restoration of adequate blood
flow, myocardial stunning may occur and may last for days
to months. Although serious complications have been report-
ed (545), general experience suggests that carefully per-
formed pharmacological stress echocardiography using a
gradual protocol and beginning at low doses of dobutamine
appears to be feasible and reasonably safe when performed 4
to 10 days after acute myocardial infarction. Although publi-
cations do not indicate a major risk to testing in this time
frame, the number of patients studied less than 5 days after
infarction is not extensive, and the safety of testing within the
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Class IIb
Assessment of long-termlate prognosis (greater than
or equal to 2 years after acute myocardial infarction). 

Class III
Routine re-evaluation in the absence of any change in
clinical status.

*Exercise or pharmacological stress echocardiogram.
†Dobutamine stress echocardiogram.

B. Chronic Ischemic Heart Disease

In patients with chronic ischemic heart disease, echocardio-
graphy is useful for a range of recommendations, including
diagnosis, risk stratification, and clinical management deci-
sions. Quantitative indices of global and regional systolic
function (including fractional shortening, fractional area
change, ejection fraction, and wall motion score) are valu-
able in describing LV function, determining prognosis, and
evaluating the results of therapy. Doppler techniques are also
extremely valuable for evaluating both systolic and diastolic
ventricular function in patients with chronic ischemic heart
disease (see section V, “Cardiomyopathy, Congestive Heart
Failure, and Assessment of Left Ventricular Function:
Echocardiographic Parameters”).

1. Diagnostic Accuracy of Echocardiographic
Techniques in Chronic CAD

a. TTE (at Rest)

Chronic ischemic heart disease often results in impaired sys-
tolic LV function. The extent and severity of regional and
global abnormalities are important considerations in choos-
ing appropriate medical or surgical therapy. Abnormal dias-
tolic ventricular function, which frequently accompanies
impaired systolic function but may also occur when global
systolic function is preserved normal, also can be evaluated
(see section V, “Cardiomyopathy, Congestive Heart Failure,
and Assessment of Left Ventricular Function: Echocardio-
graphic Parameters”).

Other structural and functional alterations can complicate
chronic ischemic heart disease. Mitral regurgitation may
result from global LV systolic dysfunction (118), regional
papillary muscle dysfunction (116), scarring and shortening
of the submitral chords (117), papillary muscle rupture
(115), or other causes. The presence, severity, and mecha-
nism of mitral regurgitation can be detected reliably using
transthoracic imaging and Doppler echocardiographic tech-
niques. Potential surgical approaches also can be defined. In
patients with heart failure or significant ventricular arrhyth-
mias, the presence or absence of ventricular aneurysm can be
established (147,148). When an aneurysm is demonstrated,
the function of the nonaneurysmal portion of the left ventri-
cle is an important consideration in choosing medical or sur-
gical therapy (149).

uncertain because of persistent impairment of ventricular
function in the absence of chest pain (which could be due to
“silent” ischemia, myocardial stunning, prior infarction, or
cardiomyopathy), the response to carefully graded dobuta-
mine infusion can be clinically useful. However, large-scale
studies of this latter question have not been reported. 

The recommendations for echocardiography in acute
myocardial ischemic syndromes are summarized below. 

Recommendations for Echocardiography in the
Diagnosis of Acute Myocardial Ischemic Syndromes

Class I
1. Diagnosis of suspected acute ischemia or infarction

not evident by standard means.
2. Measurement of baseline LV function.
3. Evaluation of patients with inferior myocardial

infarction and bedside clinical evidence suggesting
possible RV infarction.

4. Assessment of mechanical complications and mural
thrombus.*

Class IIa
Identification of location/severity of disease in patients
with ongoing ischemia.

Class III
Diagnosis of acute myocardial infarction already evi-
dent by standard means.

*TEE is indicated when TTE studies are not diagnostic.

Recommendations for Echocardiography in Risk
Assessment, Prognosis, and Assessment of Therapy 
in Acute Myocardial Ischemic Syndromes

Class I
1. Assessment of infarct size and/or extent of jeopard-

ized myocardium.
2. In-hospital assessment of ventricular function when

the results are used to guide therapy.
3. In-hospital or early postdischarge assessment of the

presence/extent of inducible ischemia whenever base-
line abnormalities are expected to compromise elec-
trocardiographic interpretation.*

4. Assessment of myocardial viability when required to
define potential efficacy of revascularization.†

Class IIa
1. In-hospital or early postdischarge assessment of the

presence/extent of inducible ischemia in the absence of
baseline abnormalities expected to compromise ECG
interpretation.*

2. Assessment of myocardial viability when required to
define potential efficacy of revascularization.†

32.Re-evaluation of ventricular function during recovery
when results are used to guide therapy.

43.Assessment of ventricular function after revascular-
ization.
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raphy may have lowered sensitivity if there is a significant
delay from the end of exercise to the acquisition of postexer-
cise images (152,164). Sensitivity can also be diminished if
all myocardial segments are not adequately visualized (160).
This shortcoming occurs quite variably but is not insignifi-
cant. When endocardial visualization is inadequate, contrast
echocardiography (587) usually permits meaningful evalua-
tion of LV wall motion with TTE and harmonic imaging.
Alternatively, dobutamine stress echocardiography can be
used in conjunction with transesophageal echocardiographic
imaging (588-591). In an asymptomatic patient with prior
infarction, stress echocardiography may be helpful in assess-
ing the presence, distribution, and severity of inducible
myocardial ischemia and thereby determining the need for
cardiac catheterization. However, in certain circumstances it
may be difficult to detect residual ischemia within a zone of
infarction that exhibits akinetic wall motion (161).

2. Special Issues With Regard to Stress
Echocardiography for the Diagnosis of CAD

a. The Influence of Bayes’ Theorem 

In using any testing method, it is important to consider the
pretest likelihood of the disorder being sought. With specific
regard to stress echocardiography, the diagnostic value is
greatest in patients in whom the pretest probability of clini-
cal CAD is intermediate (roughly 20% to 80%). Subsets of
patients with an intermediate pretest likelihood would
include symptomatic middle-aged women with typical angi-
na, patients with coronary risk factors and abnormal ECG
findings at baseline, and patients with risk factors and atypi-
cal angina pectoris. In such patients, stress echocardiography
would be expected to have the greatest value in increasing
(based on a positive result) or lowering (based on a negative
result) the likelihood of CAD. In patients with a very low
pretest likelihood for CAD (such as patients with no risk fac-
tors or those with highly atypical or nonanginal chest pain),
positive stress echocardiography results may often be false-
positive. In patients with a very high pretest likelihood of
CAD (such as middle-aged or elderly men with multiple
coronary risk factors and classic angina pectoris), negative
stress echocardiography results are often false-negative. 

Notwithstanding these concerns, the results of stress
echocardiography may have important prognostic value
(even if the test is less valuable for diagnostic purposes). A
positive stress echocardiographic study can be helpful in
determining the location and severity of inducible myocar-
dial ischemia, even in a patient with a high pretest likelihood
that disease is present. A negative stress echocardiographic
evaluation may also be prognostically helpful because it pre-
dicts a low risk for future cardiovascular events such as death
and nonfatal myocardial infarction (185-193,575,592-598).
Table 9 summarizes the prognostic value of stress echocar-
diography in various patient populations with chronic CAD.
Additional prognostic studies are desirable.

b. Stress Echocardiography

As currently practiced (with the aid of digital acquisition and
storage of relevant images), stress echocardiography is both
sensitive and specific for detecting inducible myocardial
ischemia in patients with intermediate to high pretest proba-
bility of CAD. A variety of methods can be used to induce
stress; exercise (treadmill, upright or supine bicycle) and
pharmacological techniques (using either adrenergic stimu-
lating or vasodilator agents) are most often used. In patients
studied with exercise echocardiography, weighted mean sen-
sitivity is 86%, specificity 81%, and overall accuracy 85%.
With dobutamine stress echocardiography, corresponding
values are 82%, 84%, and 83%. The accuracy of stress
echocardiography is summarized in Tables 7 and 8. As with
other noninvasive methods, sensitivity is higher in patients
with multivessel disease than in those with one-vessel dis-
ease, in those with prior infarction, and in those with greater
than 70% stenosis compared with those with more moderate
lesions (150-184,543,555-582). Compared with standard
treadmill exercise testing, stress echocardiography is of sig-
nificant additive clinical value for detecting and localizing
inducible myocardial ischemia. Moreover, when the pretest
probability is in the intermediate range, stress echocardiog-
raphy may be more cost-effective for identifying the pres-
ence or absence of CAD than conventional exercise testing
(583-585). However, some of these studies do not assume
sequential testing, just exercise testing and coronary arteri-
ography, without stress imaging as an intermediate step.
These studies also do not take into account posttest referral
bias, which always favors the new test (stress imaging) over
the old test (exercise treadmill). Because of the increased
incidence of false-positive exercise ECG tests in women,
stress imaging has been recommended as the initial test. The
optimal strategy for detecting CAD in women remains to be
defined. The ACC/AHA/ACP Committee to Update
Guidelines for the Management of Chronic Stable Angina
believes that the data available at present are insufficient to
justify replacing standard exercise testing with stress imag-
ing when evaluating women for CAD. In women with a low
pretest likelihood of disease, a negative exercise stress test
will be sufficient, and further stress imaging will not be nec-
essary (586).

In patients with a significant clinical suspicion of CAD,
stress echocardiography is appropriate when standard exer-
cise testing is likely to be nondiagnostic for identifying the
presence or absence of CAD. Examples include conditions
likely to reduce the validity of ST-segment analysis, such as
the presence of resting ST-T wave abnormalities, left bundle
branch block, ventricular paced rhythms, LV hypertrophy/
strain, or digitalis treatment. When a noncardiac limitation
precludes adequate exercise testing, pharmacological stress
echocardiography is an appropriate alternative. Dobutamine
stress echocardiography has substantially higher sensitivity
than vasodilator stress echocardiography for detecting coro-
nary stenoses in most (150,173,183,184,566,568,575) but
not all (172,543,574) studies. Treadmill stress echocardiog-
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than in men (600,601). In studies of nearly 1000 women with
suspected CAD (most with chest pain), stress echocardiogra-
phy has demonstrated good diagnostic accuracy for detecting
or excluding significant CAD proven by subsequent angiog-
raphy, with a weighted mean sensitivity of 81% (89% in
women with multivessel disease), specificity of 86%, and
overall accuracy of 84%. In women, stress echocardiography
clearly has a higher diagnostic accuracy than conventional
treadmill testing (600). Several studies, although uncorrected
for referral bias, do suggest that stress echocardiography may
be a cost-effective diagnostic strategy in women with an
intermediate pretest probability of CAD (560,584,585),
because it allows avoidance of inappropriate angiography.
Table 9a summarizes the diagnostic accuracy of stress
echocardiography in women.

e. Stress Echocardiography for Diagnosis of CAD 
in Patients After Cardiac Transplantation

Coronary arteriopathy is common in patients who have
undergone cardiac transplantation and is a significant cause
of morbidity and mortality (602). Angiographic assessment
of transplant-associated CAD is difficult because of the dif-
fuse nature of this disease, and some centers use intracoro-
nary ultrasound to evaluate intimal thickening as part of post-
transplant surveillance (602-605). In an effort to avoid
repeated invasive evaluation, transplant cardiologists have
used noninvasive testing methods to detect or exclude trans-
plant coronary arteriopathy. Conventional treadmill exercise
is often unsuccessful because of chronotropic incompetence
in many patients after cardiac transplantation. Table 9b sum-
marizes the diagnostic accuracy of stress echocardiographic
testing in cardiac transplant patients. Although the number of
patients studied was modest, dobutamine stress echocardiog-
raphy appeared to offer a higher sensitivity (weighted mean
76%) compared with other stress echocardiographic meth-
ods. In addition, in several series (606,607), the presence or
absence of ischemic abnormalities on stress echocardio-
graphic studies has been reported to identify, respectively,
heart transplant patients at high and low risk of adverse car-
diac events during 8 to 10 months of follow-up (Table 9). 

fe. Detection of CAD in Asymptomatic Patients

Stress echocardiography is not recommended for screening
in asymptomatic patients without known CAD because of the
low pretest likelihood of disease. However, if a false-positive
result is suspected in an asymptomatic patient with a positive
exercise treadmill test, a negative stress echocardiographic
study may be helpful by lowering the likelihood of CAD and
indicating a low likelihood of cardiac death or nonfatal
myocardial infarction (185,191,193,595-597).

gf. Stress Echocardiography for Preoperative
Evaluation

This topic is discussed in the ACC/AHA Guideline Update
for Perioperative Cardiovascular Evaluation for Noncardiac

b. Influence of Posttest Referral Bias

As discussed in more detail in the recent Stable Angina
Guidelines (599), the issue of “posttest referral bias” (some-
times referred to as “workup bias” or “verification bias”) is
important in understanding the clinical usefulness of a diag-
nostic test. Once a test becomes used to guide patient man-
agement, it becomes more difficult to establish its true sensi-
tivity and specificity. Because coronary angiography is far
more likely to be recommended when the results of stress
testing for CAD are positive and far less likely when stress
testing is negative, this leads to a lower number of false-neg-
ative results and therefore tends to raise the measured sensi-
tivity and lower the measured specificity of the test. This
consideration pertains not only to stress echocardiography
but also to other noninvasive diagnostic approaches such as
conventional stress testing (without imaging) and stress
myocardial perfusion imaging.

cb. Pharmacological Stress Echocardiography 

Pharmacological agents can be used to increase cardiac
workload in lieu of treadmill or bicycle exercise, or to cause
coronary arteriolar dilation arterial or vasodilation and
increased coronary blood flow; these are generally adrener-
gic-stimulating (such as dobutamine or arbutamine) or
vasodilating agents (such as dipyridamole or adenosine).
Adrenergic-stimulating agents increase myocardial oxygen
demand by increasing contractility, blood pressure, and heart
rate. They can be given in graded doses to titrate myocardial
workload in a manner akin to standard exercise testing.
Vasodilator agents, in contrast, cause heterogenous myocar-
dial perfusion, which in some patients is sufficient to cause
functional myocardial ischemia.

These considerations suggest that pharmacological stress
echocardiography might best be accomplished using adren-
ergic stimulants, since they enhance myocardial contractile
performance, which can be evaluated directly by echocardio-
graphy. Vasodilator agents could cause heterogeneity of
myocardial perfusion without actually altering workload (or
wall motion) directly. Indeed, comparative studies have sug-
gested a somewhat lower sensitivity for stress echocardiog-
raphy using adenosine vasodilators compared with dobuta-
mine (150,173,183,184,566,568,575). However, in several
studies pharmacological stress echocardiography using
vasodilator agents does appear to be useful in detecting
inducible myocardial ischemia (172,543,574) and particular-
ly valuable in determining prognosis (141,145,153,188,189,
548-550,592,598).

d. Stress Echocardiography for Diagnosis of CAD 
in Women

The majority of studies reporting noninvasive diagnostic test-
ing for the detection of CAD have described predominantly
male patient populations. In part because men typically have
a higher prevalence of angiographically proved CAD than
women, the accuracy of exercise testing is lower in women
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combination of these abnormalities, or a noncardiac cause
for heart failure symptoms. How best to treat the patient can
be planned more rationally when one knows the state of LV
systolic and diastolic function, valvular function, and right-
heart hemodynamics. These recommendations are discussed
in section II, “Murmurs and Valvular Heart Disease,” and
section V, “Cardiomyopathy, Congestive Heart Failure, and
Assessment of Left Ventricular Function: Echocardiographic
Parameters.”

As summarized in Table 9, the presence or absence of
inducible myocardial ischemia has useful prognostic value in
patients undergoing exercise or pharmacological stress
echocardiography. A negative stress echocardiographic study
generally denotes a low rate of adverse cardiovascular events
rate during follow-up (185-193,575,592-598). Compared
with standard treadmill testing, stress echocardiography is
more specific for identifying patients with inducible myocar-
dial ischemia. In general, patients with a positive electrocar-
diographic response to treadmill stress test but no inducible
wall motion abnormality on stress echocardiogram have a
very low rate of adverse cardiovascular events during follow-
up (185,186,594), albeit higher than patients with a com-
pletely negative test result. 

The prognosis is not benign in patients with a positive
stress echocardiographic study. In this subset, morbid or fatal
cardiovascular events are more likely, but the overall event
rates are rather variable. Hence, the cost-effectiveness of
using routine stress echocardiography testing to establish
prognosis is uncertain. Nonetheless, a number of studies
involving nearly 6000 patients with chronic CAD do indicate
that the risk of future cardiac events can be stratified based
on the presence or absence of inducible ischemia on stress
echocardiography testing (Table 9).

5. Echocardiographic Assessment Before and
After Revascularization

Echocardiographic studies may help in planning revascular-
ization procedures by demonstrating the functional signifi-
cance of a given coronary stenosis. This may be of particular
value in determining the need for percutaneous transluminal
coronary angioplasty, particularly when the degree of angio-
graphic stenosis is of uncertain physiological significance or
when multiple lesions are present. Moreover, because
restenosis is a common complication, stress echocardiogra-
phy is useful in evaluating patients after coronary angioplas-
ty (151). Reassessment roughly 1 month after angioplasty is
a reasonable time frame within which to assess the function-
al results of angioplasty. However, in an asymptomatic stable
patient, routine stress testing (with or without an imaging
modality) does not appear to be cost-effective. When a
patient is symptomatic or when there are other clinical rec-
ommendations, an evaluation can be performed using either
treadmill, bicycle, or pharmacological methods to induce
stress, depending on the patient’s physical capabilities.
Compared with the preangioplasty evaluation, improvement
in wall motion on stress echocardiography evaluation after
angioplasty confirms a successful result; persistent evidence

Surgery available at http://www.acc.org/clinical/guidelines/
perio/update/periupdate_index.htm (517). 

3. Diagnosis of Myocardial Viability in 
Chronic CAD

In patients with chronic stable CAD, myocardial contractile
function can be impaired because of irreversible myocardial
necrosis or as a result of hibernating myocardium (194,608).
Myocardial hibernation is thought to be due to chronic
reduction in myocardial perfusion to levels inadequate to
support normal myocardial contractile performance but suf-
ficient to preserve viability (609). Since this condition is
potentially reversible, identifying it accurately has important
clinical value; revascularization of hibernating myocardium
can lead to functional recovery and clearly improves pre-
sumably improved long-range outlook (610-612). In patients
with multivessel CAD and depressed LV function, improve-
ment in regional LV function during dobutamine stress
echocardiography indicates contractile reserve and is predic-
tive of improved ventricular function after revascularization
(195-200,613-628). The lack of contractile reserve during
low-dose dobutamine infusion denotes a low likelihood of
improvement after bypass surgery. The presence or absence
of contractile reserve by low-dose dobutamine stress
echocardiography has both weighted mean positive and neg-
ative predictive values of 83%. Table 9c6 summarizes the
role of dobutamine stress echocardiography for evaluating
hibernating myocardium. Larger studies in patients with
chronic ischemic LV dysfunction are needed to confirm the
accuracy of this approach.

4. Assessment of Disease Severity/Risk
Stratification/Prognosis in Chronic CAD

Echocardiographic techniques, at rest and particularly cou-
pled with stress, can be helpful in clinical decision making
regarding medical therapies and clinical interventional thera-
pies, in evaluating the results of therapy, in prognostication,
and clinical follow-up of patients with known CAD and new
or changing symptoms. There is evidence that patients with
a recent myocardial infarction and an ejection fraction less
than or equal to 30% randomized to an implantable car-
dioverter-defibrillator (ICD) had a 31% relative risk reduc-
tion in mortality compared to those in the conventionally
treated group after the mean follow up of 20 months (834,
835).

In patients with chronic ischemic heart disease, LV ejection
fraction measured at rest has an important influence on long-
term prognosis (201); as LV ejection fraction declines, mor-
tality increases. Ejection fraction is an important considera-
tion in choosing appropriate medical or surgical therapies
and in making recommendations about activity levels. In
patients with clinical signs and symptoms of congestive heart
failure, echocardiography is also helpful in establishing
pathophysiological mechanisms and guiding therapy. For
example, after a myocardial infarction, a patient with con-
gestive heart failure might have systolic LV dysfunction, pre-
dominant diastolic dysfunction, mitral regurgitation, some
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or with more than 1 mm ST depression at rest on the
baseline ECG, those with pre-excitation [Wolff-
Parkinson-White] syndrome, complete left bundle-
branch block) with an intermediate pretest likelihood
of CAD.

23.Assessment of global ventricular function at rest. 
34.Assessment of myocardial viability (hibernating

myocardium) for planning revascularization.†
45.Assessment of functional significance of coronary

lesions (if not already known) in planning percuta-
neous transluminal coronary angioplasty.*

Class IIa
1. Prognosis of myocardial ischemia in selected patients

(those in whom ECG assessment is less reliable) with
the following ECG abnormalities: pre-excitation
(Wolff-Parkinson-White) syndrome, electronically-
paced ventricular rhythm, more than 1 mm of ST
depression at rest, complete left bundle-branch
block.*

2. Detection of coronary arteriopathy in patients who
have undergone cardiac transplantation.†

3. Detection of myocardial ischemia in women with an
intermediate pretest likelihood of CAD.*

Class IIb
1. Diagnosis of myocardial ischemia in selected patients

with an intermediate or high pretest likelihood of
CAD.*

12.Assessment of an asymptomatic patient with positive
results from a screening treadmill test.*

23.Assessment of global ventricular function with exer-
cise.*

Class III
1. Screening of asymptomatic persons with a low likeli-

hood of CAD.
2. Routine periodic reassessment of stable patients for

whom no change in therapy is contemplated.
3. Routine substitution for treadmill exercise testing in

patients for whom ECG analysis is expected to suf-
fice.*

*Exercise or pharmacological stress echocardiogram.
†Dobutamine stress echocardiogram.

of inducible ischemia after angioplasty indicates an inade-
quate result or restenosis. More extensive studies are needed
to document the value of stress echocardiography in assess-
ing the results of percutaneous revascularization.

In patients with heart failure due to ischemic LV dysfunc-
tion, evaluation of myocardial viability by dobutamine stress
echocardiography can help determine the potential benefit of
revascularization. The demonstration of significant hibernat-
ing myocardium, suggesting a high likelihood of improved
function after revascularization (195-200,613-628), can help
in choosing revascularization rather than heart transplanta-
tion. The prognostic value of contractile reserve, demonstrat-
ed with using low dose dobutamine stress echocardiography
in patients with CAD and chronic impairment of LV systolic
function, and the influence of revascularization on subse-
quent adverse events are summarized in Table 9d.

After successful bypass surgery, routine follow-up testing
generally is not necessary in the asymptomatic individual.
Improvement in patient outcomes by identifying asympto-
matic residual inducible ischemia has not been demonstrat-
ed, hence routine testing cannot be recommended. However,
when symptoms persist or recur after coronary bypass sur-
gery, stress echocardiography testing can be helpful. After
cardiac surgery many patients have abnormal baseline ECG
findings, and early after bypass surgery some demonstrate
abnormal ECG responses on standard treadmill testing (202).
When the possibility of incomplete revascularization is of
clinical concern, stress echocardiography studies may be
helpful in evaluating the location and severity of residual
ischemia. When an initial postoperative stress echocardio-
graphic study is negative for inducible ischemia but a subse-
quent test is positive, the likelihood of graft closure or devel-
opment of new obstructive lesions can be inferred.

The recommendations for echocardiography in chronic
ischemic heart disease are summarized below.

Recommendations for Echocardiography in Diagnosis
and Prognosis of Chronic Ischemic Heart Disease

Class I
1. Diagnosis of myocardial ischemia in symptomatic

individuals.*
2. Exercise echocardiography for diagnosis of myocar-

dial ischemia in selected patients (those where ECG
assessment is less reliable because of digoxin use, LVH

Table 9d. Prognostic Value of Viable (Hibernating) Myocardium by LD-DSE, and Influence of Revascularization

Total Average
No. Follow-up, Annualized Event Rate, %

Author (Ref) Year Stress of Pts mo Events Viable, +Re Viable, -Re Not Viable

Meluzin (854) 1998 LD-DSE 133 20 D, MI 4.1 — 9.5
Afridi (855) 1998 LD-DSE 353 18 D 4 20 19
Prognostic value of contractile reserve, detected using low-dose dobutamine stress echocardiography (LD-DSE), in patients with chronic ischemic heart disease and impaired left ventricular
systolic function. The annualized rate of death or nonfatal myocardial infarction is tabulated in patients with viable myocardium by LD-DSE depending on whether they did or did not under-
go revascularization, and also in those patients without viable myocardium.

Annualized Event Rate indicates percentage of patients, per year, who developed an adverse event during follow-up after LD-DSE; Average Follow Up (mo), average period of follow-up, after
LD-DSE; D, death; Events, adverse events; LD-DSE, low-dose dobutamine stress echocardiography; MI, nonfatal myocardial infarction; Not Viable, patients without contractile reserve by LD-
DSE, who were followed up for adverse events; Stress, stress echocardiography protocol; Total  No. of Pts, number of patients with chronic ischemic heart disease and impaired left ventricu-
lar systolic function studied using low-dose dobutamine stress echocardiography and subsequently followed up for the development of an adverse event (death or nonfatal myocardial infarc-
tion); Viable,+Re, patients with viability (contractile reserve) demonstrated by LD-DSE who underwent revascularization and were then followed; Viable,-Re, patients with viability (contrac-
tile reserve) demonstrated by LD-DSE who did not undergo revascularization and were then followed up.
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graphy is the principal noninvasive method used for quanti-
tating LV volumes and assessing global and regional systolic
function. LV mass and volume quantitation by echocardiog-
raphy requires high-quality images, meticulous attention to
proper beam orientation, and the use of geometric models to
approximate LV shape (206).

A. Assessment of Ejection Fraction

M-mode echocardiographic methods can be used to define
many indices of global LV function; the most widely used
parameters are ejection phase indices, including fractional
shortening of the minor axis and velocity of circumferential
fiber shortening. However, ejection fraction, a more widely
used index, must either be derived using algorithms devel-
oped for volume determination from M-mode linear dimen-
sions (206,207), visually estimated from two-dimensional
echocardiographic images (208), or obtained by quantitative
analysis of two-dimensional echocardiographic images
(209,210). The algorithms vary considerably in complexity.
In general, although all are suitable for assessing perform-
ance of a normally shaped, normally contracting left ventri-
cle, more complex approaches are required to assess
deformed ventricles with regional wall motion abnormalities.
Simplified approaches combining measurements and visual
assessment of the function of the apex have been proposed
(209), but these also have limited applicability in distorted
ventricles.

In clinical practice the visual estimation of ejection fraction
from two-dimensional echocardiography is common
(208,211). Ejection fraction may be reported quantitatively
or qualitatively as increased, normal, or mildly, moderately,
or severely reduced; or it may be quantitated. When per-
formed by skilled observers, ejection fraction by visual esti-
mation has been reported to yield ejection fractions that cor-
responds closely to that obtained by angiography (207) or
gated blood pool scanning (208). However, because of its
subjective nature, a visual estimate of ejection fraction may
be less reproducible than quantitative methods. Optimally, its
use should be restricted to those practitioners with consider-
able experience in clinical echocardiography who can peri-
odically compare their visual estimates to those obtained
with a nonechocardiographic method. Alternative approach-
es such as LV angiography and nuclear methods are often
used to obtain a quantitative ejection fraction. However, in
the absence of an interval change in patient status or another
recommendation for testing, duplicate estimates of ejection
fraction with multiple modalities should be discouraged. The
administration of echocardiographic contrast agents
improves the delineation of the endocardial/LV cavity inter-
face and improves the accuracy of two-dimensional echocar-
diographic estimates of ejection fraction (629).

All ejection phase indices of myocardial contractile per-
formance are limited by their load dependence. Load-inde-
pendent indexesIndices that are less sensitive to hemody-
namic loads, including end-systolic pressure-volume rela-
tions (210), preload recruitable stroke work, and end-systolic
stress-length relations (212), can be derived echocardio-

The use of echocardiography in the evaluation of patients
undergoing noncardiac surgery is covered in the  ACC/AHA
Guideline Update for Perioperative Cardiovascular
Evaluation for Noncardiac Surgery (517).

Recommendations for Echocardiography in Assessment
of Interventions in Chronic Ischemic Heart Disease 

Class I
1. Assessment of LV function when needed to guide insti-

tution and modification of drug therapy in patients
with known or suspected LV dysfunction.

2. Assessment for restenosis after revascularization in
patients with atypical recurrent symptoms.*

Class IIa
1. Assessment for restenosis after revascularization in

patients with typical recurrent symptoms.*
2. Assessment of LV function in patients with previous

myocardial infarction when needed to guide possible
implantation of implantable cardioverter-defibrillator
(ICD) in patients with known or suspected LV dys-
function.

Class III
Routine assessment of asymptomatic patients after
revascularization.

*Exercise or pharmacological stress echocardiography.

V. CARDIOMYOPATHY, CONGESTIVE
HEART FAILURE, AND ASSESSMENT
OF LEFT VENTRICULAR FUNCTION:
ECHOCARDIOGRAPHIC
PARAMETERS
Of all the indications for echocardiography, tThe evaluation
of ventricular systolic function is the most common recom-
mendation for echocardiography. In the recent prospective
study by Krumholz et al (203), evaluation of LV systolic
function was the primary indication for TTE in 26% of inpa-
tients studied, a frequency at least twice that of the next most
common indication. Current echocardiographic techniques
permit a comprehensive assessment of LV size and function.
LV cavity measurements and wall thickness at end diastole
and end systole and shortening fraction may be obtained with
precision by M-mode echocardiography; conventions for
obtaining these measurements (204,205) and reference nor-
mal values have been published. Two-dimensional echocar-
diography, because of its superior spatial resolution, is used
to guide appropriate positioning of the M-mode beam and is
used for direct measurements of ventricular dimensions size
(204) as well as for calculation of LV volumes and ejection
fraction. An advantage of two-dimensional (compared with
M-mode) echocardiography is that the myocardial mass,
chamber volumes, and ejection fraction, and the LV mass of
an abnormally shaped ventricle can be determined measured.
Therefore, in most laboratories two-dimensional echocardio-
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Regional Left Ventricular Function

Echocardiography is well suited for the assessment of
regional LV contractile function in view of its high spatial
and temporal resolution and its ability to define regional wall
thickening and endocardial excursion. Controversy still sur-
rounds the optimal method for assessing regional LV func-
tion; however, virtually all carefully tested methods have
yielded useful data (210).

Ventricular Dysfunction

b. Heart Failure

Clinically mostMost instances of systolic dysfunction are
due to ischemic heart disease, hypertensive disease, or valvu-
lar heart disease. However, primary disorders of the heart
muscle may also beare often encountered and are usually of
unknown etiology. These disorders are often categorized as
dilated/congestive, hypertrophic, and restrictive (215).
Ultrasound techniques permit a comprehensive assessment
of morphology and function and often allow assessment of
hemodynamic status regardless of etiology. Left-sided con-
trast agents and TEE extends the capability of ultrasound
techniques to the acutely ill patient in the intensive care unit,
a setting where routine transthoracic imaging may be of lim-
ited value (see section XIII, “Echocardiography in the
Critically Ill”). For these reasons, echocardiography often
provides important insight into the etiology of congestive
heart failure signs and symptoms. In a retrospective analysis
of 50 consecutive patients with the principal diagnosis of
congestive heart failure who underwent M-mode and two-
dimensional echocardiography, Echeverria et al. (216)
reported that echocardiography often furnished unexpected
information; in 40% of patients with reduced systolic func-
tion, the ejection fraction was worse than expected, and 20 of
the 50 patients (unexpectedly) had normal systolic function.
In the study population as a whole, echocardiography was
associated with a change in management in 29 of 50 (or
58%) of patients. The utility of echocardiography was great-
est in the subgroup of 20 patients in whom echocardiography
revealed normal systolic function; this information led to a
change in diagnosis and management in 18 (90%) of these
patients.

These observations concerning the utility of echocardiog-
raphy in patients with congestive heart failure were extended
by Aguirre et al. (217), who prospectively studied 151 con-
secutive patients undergoing Doppler echocardiography who
had a clinical diagnosis of congestive heart failure; a normal
ejection fraction (greater than 55%) was observed in 34% of
patients. More recent data from population studies confirm
the high prevalence of normal ejection fraction in older
patients hospitalized for congestive heart failure (630,631).

c. Heart Failure With Normal Ejection Fraction
(Diastolic Dysfunction)

Diastolic dysfunction, defined as heart failure in the presence
of an ejection fraction greater than 40% (80,217,218,235), as

graphically. Although these indices may be used in the clini-
cal setting, practically speaking, their use is limited by the
need for simultaneous LV pressure and difficultcomplex
mathematical calculations.

Although Doppler analysis of aortic outflow spectra may
be used to derive systolic time intervals, peak aortic flow
velocity, and acceleration, these measurements are not gen-
erally used in clinical practiceclinically. The determination
of cardiac output is a potentially more useful Doppler appli-
cation (213,214) and can be performed in outpatients, but
clinically, for serial studies in critically ill patients thermod-
ilution methods are usually used for this purpose.

B. Regional LV Function

Echocardiography is well suited for the assessment of
regional LV contractile function in view of its high spatial
and temporal resolution and its ability to define regional wall
thickening and endocardial excursion. Controversy still sur-
rounds the optimal method for assessing regional LV func-
tion; however, virtually all carefully tested methods have
yielded useful data (210).

1. Clinical Syndromes

a. Edema and Dyspnea

The causes of peripheral edema, both cardiac and noncar-
diac, are numerous. Cardiac causes include any abnormality
that results in elevated central venous pressure and thus
encompasses the full spectrum of myocardial, valvular, and
pericardial disease. Echocardiography provides the diagnosis
in many, if not most, instances. In some instances, however,
the overlapping features of constrictive pericarditis and
restrictive cardiomyopathy make definitive diagnosis by
ultrasound difficult (see section VI, “Pericardial Disease”).
Echocardiography is not recommended in patients with
edema when the clinically determined jugular venous pres-
sure does not appear to be elevated is definitely not elevated.

Dyspnea, either at rest or with exertion, is one of the cardi-
nal symptoms of heart disease. When present in patients with
heart failure, dyspnea may usually denote pulmonary venous
hypertension. It can be difficult to distinguish among the var-
ious etiologies of dyspnea, which include primary cardiac or
respiratory abnormalities, deconditioning, anemia, difficul-
ties with peripheral circulation, or anxiety. Certain features
of the history help establish that dyspnea is of cardiac origin,
such as a progressive decrease in the intensity of exertion
necessary to produce symptoms. Certainly dyspnea accom-
panying obvious signs of heart disease strongly suggests a
cardiac etiology. When the etiology is in doubt, echocardio-
graphy can document elucidate the origin of dyspnea by doc-
umenting or rule out the common cardiac causes of pul-
monary congestion: left-sided valvular disease, depressed
systolic or diastolic function, diastolic function and car-
diomyopathy. In this regard, echocardiography is may be the
preferred initial diagnostic test when the history, physical
examination, and routine laboratory tests suggest (or cannot
eliminate) cardiac disease.
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tion fraction and rhythm. Doppler-derived parameters of
diastolic filling can be useful in assessing prognosis.

d. Hypertrophic Cardiomyopathy

Echocardiography provides a definitive diagnosis of hyper-
trophic cardiomyopathy, revealing ventricular hypertrophy in
patients without other primary causes. Echocardiographic
imaging also permits a comprehensive assessment of the
degree and distribution of hypertrophy (228), which may
affect prognosis. Doppler techniques may be used to localize
and quantify intraventricular gradients at rest and with
provocative maneuvers, evaluate diastolic filling, and quanti-
fy associated mitral regurgitation (229). Several investigators
have shown that tissue Doppler imaging can detect abnormal
diastolic function in patients with hypertrophic cardiomy-
opathy even prior to the development of ventricular hyper-
trophy (836,837). When coronary disease is not strongly sus-
pected, comprehensive Doppler echocardiographic examina-
tion may obviate the need for catheterization. 

Echocardiography may also be used to evaluate the
response to therapeutic interventions, such as alterations in
medical therapy, dual-chamber pacing, septal ethanol abla-
tion, and surgical myectomy (230). Echocardiographic con-
trast assessment of the myocardial infarct zone during inter-
ventional septal alcohol ablation is very useful (838,839).

e. Restrictive Cardiomyopathy

Echocardiography generally demonstrates normal ventricu-
lar size and systolic function but atrial enlargement in
patients with restrictive cardiomyopathy. Doppler studies
have demonstrated characteristic ventricular inflow velocity
profiles that consist of elevated peak early flow velocity,
rapid deceleration, and reduced flow velocity associated with
atrial contraction (231,232). Frequently, isovolumic relax-
ation time is shortened, and pulmonary venous flow veloci-
ties demonstrate significant diastolic flow reversal (233,234).
The subject of myocardial tissue characterization by
echocardiography is still being investigated. However, the
intense echocardiography reflectance that gives the
myocardium a characteristic stippled appearance in some
cases of amyloidosis is clinically useful in identifying this
cause of restrictive cardiomyopathy (635,636).

f. Heart Failure With Reduced Ejection Fraction and
LV DilationDilated Cardiomyopathy

Echocardiography demonstrates dilation of ventricular
chambers, usually without increased wall thickness, as well
as valvular function, pericardial abnormality and size and
function of the RV. Systolic function is depressed to varying
degrees, with diffusely abnormal wall motion. Doppler tech-
niques are used to evaluate the presence and extent of asso-
ciated valvular regurgitation, to estimate pulmonary pres-
sures, and to gain insight into diastolic function of the left
ventricle (218). Echocardiography also permits re-evaluation
of ventricular size and function so that disease progression

mentioned above, is common. This syndrome is related to the
inability of the left ventricle to fill adequately at normal pres-
sure. There are other, subtler manifestations of diastolic dys-
function, including failure to augment cardiac output with
exercise (236). Given that the optimal management for the
patient with heart failure with normal ejection fraction (and
probably the patient’s prognosis) is likely to be quite differ-
ent from the heart failure patient with reduced ejection frac-
tion, it is important that the proper diagnosis be made. A
large number of indices of diastolic function based on infor-
mation from M-mode and two-dimensional echocardiogra-
phy Doppler mitral and pulmonary flow profiles (see below)
have been investigated. The most commonly used Doppler
indices are the early E wave and late A wave and their ratio,
the deceleration time of the E wave, and the isovolumic
relaxation time (see Table 9e). When these variables are used
for the evaluation of impaired relaxation and the semiquan-
tification of filling pressures, care must be taken to under-
stand their limitations. Impaired relaxation may be overdiag-
nosed in patients with decreased preload and tachycardia.
Normal values also need to be adjusted for age. Validation of
filling pressures has been performed predominantly in
patients with a decreased LV ejection fraction and sinus
rhythm.

Nonetheless, when these indices are interpreted in the con-
text of clinical and other echocardiographic variables, such
as left atrial size, and with the recognition of all the poten-
tially confounding influences, they may provide valuable
information in individual subjects. As diastolic dysfunction
progresses, there may be a period of pseudonormalization
during which there is a combination of impaired relaxation
and elevation of LV filling pressures. The use of pulmonary
vein flow velocities, as well as newer techniques such as tis-
sue Doppler imaging and analysis of flow propagation by
color M-mode, may provide additional information to enable
the clinician to detect filling abnormalities when standard
mitral flow velocities appear normal. The duration of pul-
monary vein diastolic flow reversal may indicate increased
LV filling pressure, particularly when it exceeds the duration
of the mitral A wave (632). In patients with heart disease,
analysis of the early velocity of mitral annular motion, cou-
pled with the transmitral E wave, has been shown to correlate
with LV filling pressures (633,634) regardless of the LV ejec-

Table 9e. Doppler Echocardiographic Indices of Diastolic Function

• Mitral inflow velocities (E wave, A wave, E/A ratio)

• Mitral E-wave deceleration time

• Isovolumic relaxation time

• Pulmonary vein systolic and diastolic velocities (S, D, S/D ratio)

• Pulmonary vein atrial systolic reversal (PVa)

• Difference between PVa and mitral A-wave duration

• Mitral annular velocities as measured by tissue Doppler imaging
imaging: E´ (early), A´ (late), and ratio of mitral E to Doppler 
tissue E´

• Color M-mode flow propagation
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The subject of myocardial tissue characterization by
echocardiography is still being investigated. However, the
intense echocardiography reflectance that gives the
myocardium a characteristic stippled appearance in some
cases of amyloidosis is clinically useful in identifying the eti-
ology of one type of restrictive cardiomyopathy.

Heart Failure With Normal Systolic Function
(Diastolic Dysfunction)

Diastolic dysfunction is thought to be present when a patient
with heart failure has a systolic ejection fraction >40%
(80,217,218,235). There are other, subtler manifestations of
diastolic dysfunction, including failure to augment cardiac
output with exercise (236). Given that the prognosis and opti-
mal management for the patient with diastolic dysfunction is
likely to be quite different from the heart failure patient with
systolic dysfunction, it is critical that the proper diagnosis be
made. A large number of indexes of diastolic function based
on information from M-mode and two-dimensional echocar-
diography, (and more recently Doppler mitral and pulmonary
flow profiles) have been investigated. However, experience
and theoretic considerations have tempered early enthusiasm
that simple Doppler indexes could adequately describe as
complex a phenomenon as diastolic function. This is due to
several factors, including

• Load and heart rate dependence of the commonly
described echocardiographic variables (237,238)

• The broad overlap in diastolic filling parameters for
normal and abnormal subjects

• The inability to apply most methods in atrial fibrillation
and other rhythm and conduction disturbances

For these reasons, echocardiographic indexes of diastolic
function are most useful in the re-evaluation examination of
a given patient or in characterizing large groups of subjects.
Nonetheless, when these indexes are interpreted in the con-
text of clinical variables with the recognition of all the poten-
tially confounding influences, they may provide valuable
information in individual subjects.

g. Evaluation of the Right Ventricle

Approaches to obtaining quantitative determinations of RV
size (204) and volume (239) have been proposed but are
more problematic than comparable measurements of the left
ventricle. This is due both to the complex shape of this cham-
ber with its heavy trabecular pattern and to the difficulty in
obtaining standardized imaging planes. The myocardial per-
formance index (or Tei index) has been proposed as a way of
quantitating RV performance, but experience with this index
is limited (840,841). Thus, the assessment of RV size is often
performed in a qualitative fashion. Similarly, although glob-
al RV systolic function in adults is difficult to quantitate by
echocardiography, useful qualitative information may be
obtained. In children, useful quantitative measures of RV

and response to therapy may be monitored noninvasively.
Doppler mitral inflow abnormalities (“restrictive” pattern)
correlate strongly with congestive symptoms (219). A short
deceleration time (less than 115 ms) is an independent pre-
dictor of poor outcome or need for transplantation (220). In
view of the established benefits of angiotensin converting
enzyme inhibitors (221,222) in patients with ventricular dys-
function, echocardiography is also used to evaluate the
appropriateness of such therapy.

Chemotherapy with doxorubicin produces a dose-depend-
ent degenerative cardiomyopathy (223). It is therefore rec-
ommended that cumulative doses of doxorubicin be kept to
less than 450 to 500 mg/m2 (224). In fact, subtle abnormali-
ties of systolic function (increases in wall stress) are evident
in 17% of patients receiving only one dose of doxorubicin;
most patients who receive at least 228 mg/m2 show either
increased wall stress or evidence of reduced contractility by
stress-shortening analysis (223). For this reason, re-evalua-
tion monitoring of ejection fraction throughout the course of
chemotherapy appears to be important in that further admin-
istration of doxorubicin appears safe if resting ejection frac-
tion remains in the normal range and, conversely, further
treatment may be dangerous if ejection fraction is abnormal-
ly low. It has been hypothesized that Doppler mitral inflow
abnormalities suggestive of impaired relaxation might pre-
cede reductions in ejection fraction in patients receiving seri-
al doses of doxorubicin (225). Abnormalities in diastolic fill-
ing, either by Doppler or radionuclide techniques, in patients
with normal systolic function have been demonstrated in
patients receiving 200 to 300 mg/m2 of doxorubicin
(226,227).

Hypertrophic Cardiomyopathy

Echocardiography provides a definitive diagnosis of hyper-
trophic cardiomyopathy, revealing ventricular hypertrophy in
patients without other primary causes. Echocardiographic
imaging also permits a comprehensive assessment of the dis-
tribution of hypertrophy (228). Doppler techniques may be
used to localize and quantitate intraventricular gradients at
rest and with provocative maneuvers, evaluate diastolic fill-
ing, and quantitate associated mitral regurgitation (229).
When coronary disease is not strongly suspected, compre-
hensive Doppler echocardiographic examination may obvi-
ate the need for catheterization. Echocardiography may also
be used to evaluate the response to therapeutic interventions,
such as dual-chamber pacing (230).

Restrictive Cardiomyopathy

Echocardiography generally demonstrates normal ventricu-
lar size and systolic function but atrial enlargement in
patients with restrictive cardiomyopathy. Doppler studies
have demonstrated characteristic ventricular inflow velocity
profiles that consist of elevated peak early flow velocity,
rapid deceleration, and reduced flow velocity associated with
atrial contraction (231,232). Frequently isovolumic relax-
ation time is shortened, and pulmonary venous flow veloci-
ties demonstrate significant diastolic flow reversal (233,234).
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tamponade or constriction physiology. Pericarditis can occur
after cardiac surgery (postpericardiotomy syndrome). The
anatomic evidence of pericardial disease and its functional
effects on cardiovascular physiology can often be seen on M-
mode, two-dimensional, and Doppler echocardiograms.

A. Pericardial Effusion

Echocardiography provides a semiquantitative assessment of
pericardial effusion and a qualitative description of its distri-
bution. Differentiation among types of pericardial fluid
(blood, exudate, transudate, and others) cannot be made, but
fibrous strands, pericardial adhesions, tumor masses, and
blood clots can often be distinguished. It should be remem-
bered that all “echo-free” spaces adjacent to the heart are not
the result of pericardial effusion (241). Focal epicardial fat
must be distinguished from small to medium localized effu-
sions.

Most pericardial effusions that require pericardiocentesis
are located both anteriorly and posteriorly, but loculated
effusions may occur, particularly after cardiac surgery. In
such cases, echocardiography can define the distribution of
the fluid so that the safest and most effective approach can be
planned for the pericardiocentesis. TEE may be used in those
with technically unsuitable surface studies and in early post-
operative cases, in whom it is often difficult to obtain a sur-
face echocardiogram of diagnostic quality. Postoperative loc-
ulated effusions may be difficult to detect, and typical
echocardiographic signs of tamponade may not be present,
but small chamber size and elevated filling pressures should
suggest the correct diagnosis. The risk of pericardiocentesis
may be reduced by the use of echocardiographic guidance
and monitoring of needle aspiration, particularly for loculat-
ed or small effusions (637,638).

B. Cardiac Tamponade

Enlarging pericardial effusions may cause cardiac tampon-
ade. Although the diagnosis of cardiac tamponade is based
on established clinical criteria, an accurate and early diagno-
sis of tamponade can often be made using echocardiography.
The elevated intrapericardial pressure in tamponade decreas-
es the transmural pressure gradient between the pericardium
and right atrium and ventricle and increases the distending
force necessary for ventricular filling. Echocardiographic
evidence of right atrial invagination (collapse) at onset of
systole with the X descent and RV collapse in diastole are
signs of hemodynamic compromise (242-245). Right atrial
collapse is a sensitive sign of increased intrapericardial pres-
sure; however, diastolic RV collapse is more specific for tam-
ponade. Distension of the inferior vena cava that does not
diminish on deep inspiration may also be seen and indicates
an elevation of central venous pressure (246). The respirato-
ry changes in mitral valve motion and ventricular dimensions
were correlated with paradoxical pulse (247). Doppler flow
studies have shown marked respiratory variation in trans-
valvular flow velocities, LV ejection, and LV isovolumetric
times in patients with pericardial tamponade (248,249).
These echocardiographic findings often precede the clinical

systolic function may be made. Echocardiographic methods
of evaluating RV diastolic function have not been reported.

Recommendations for Echocardiography in Patients
With Dyspnea, Edema, or Cardiomyopathy

Class I
1. Assessment of LV size and function in patients with

suspected cardiomyopathy or clinical diagnosis of
heart failure.*

2. Edema with clinical signs of elevated central venous
pressure when a potential cardiac etiology is suspect-
ed or when central venous pressure cannot be esti-
mated with confidence and clinical suspicion of heart
disease is high.*

3. Dyspnea with clinical signs of heart disease.
4. Patients with unexplained hypotension, especially in

the intensive care unit.*
5. Patients exposed to cardiotoxic agents, to determine

the advisability of additional or increased dosages.
6. Re-evaluation of LV function in patients with estab-

lished cardiomyopathy when there has been a docu-
mented change in clinical status or to guide medical
therapy.

7. Suspicion of hypertrophic cardiomyopathy based on
abnormal physical examination, ECG, or family his-
tory.

8. Contrast echocardiographic assessment of myocardial
infarct zone during interventional septal alcohol abla-
tion studies.

Class IIb
1. Re-evaluation of patients with established cardiomy-

opathy when there is no change in clinical status but
where the results might change management.

2. Re-evaluation of patients with edema when a potential
cardiac cause has already been demonstrated.

Class III
1. Evaluation of LV ejection fraction in patients with

recent (contrast or radionuclide) angiographic deter-
mination of ejection fraction.

2. Routine re-evaluation in clinically stable patients in
whom no change in management is contemplated and
for whom the results would not change management.

3. In patients with edema, normal venous pressure, and
no evidence of heart disease.

*TEE is indicated when TTE studies are not diagnostic.

VI. PERICARDIAL DISEASE
One of the earliest clinical applications of echocardiography
was in the detection of pericardial effusion (240,637), and it
remains the procedure of choice for evaluating this condition.
The pericardium usually responds to disease or injury by
inflammation, which may result in pericardial thickening, the
formation of an exudate, or both, which in turn is manifested
in the clinical picture of pericardial effusion with or without
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patients after open-heart surgery; early postoperative bleed-
ing may result in localized accumulation of blood clots, espe-
cially posteriorly. This situation is often difficult to diagnose
except by TEE.

Recommendations for Echocardiography in 
Pericardial Disease

Class I
1. Patients with suspected pericardial disease, including

effusion, constriction, or effusive-constrictive process.
2. Patients with suspected bleeding in the pericardial

space (eg, trauma, perforation).
3. Follow-up study to evaluate recurrence of effusion or

to diagnose early constriction. Repeat studies may be
goal directed to answer a specific clinical question.

4. Pericardial friction rub developing in acute myocar-
dial infarction accompanied by symptoms such as per-
sistent pain, hypotension, and nausea.

Class IIa
1. Follow-up studies to detect early signs of tamponade

in the presence of large or rapidly accumulating effu-
sions. A goal-directed study may be appropriate.

2. Echocardiographic guidance and monitoring of peri-
cardiocentesis.

Class IIb
1. Postsurgical pericardial disease, including postperi-

cardiotomy syndrome, with potential for hemody-
namic impairment.

2. In the presence of a strong clinical suspicion and non-
diagnostic TTE, TEE assessment of pericardial thick-
ness to support a diagnosis of constrictive pericarditis.

Class III
1. Routine follow-up of small pericardial effusion in clin-

ically stable patients.
2. Follow-up studies in patients with cancer or other ter-

minal illness for whom management would not be
influenced by echocardiographic findings.

3. Assessment of pericardial thickness in patients with-
out clinical evidence of constrictive pericarditis.

4. Pericardial friction rub in early uncomplicated
myocardial infarction or in the early postoperative
period after cardiac surgery.

VII. CARDIAC MASSES AND TUMORS
TTE and TEE are accurate, high-resolution techniques for
identifying masses within any of the four cardiac chambers.
Masses that can be identified by echocardiographic tech-
niques include primary tumors of the heart, such as atrial
myxoma, metastatic disease from extracardiac primary sites,
thrombi within any of the four chambers, and vegetations
(infectious or noninfectious) on any of the four cardiac
valves. Atrial myxoma is the most common primary tumor of
the heart, and two-dimensional echocardiography is the pri-
mary method for its diagnosis.

signs of tamponade and may provide an opportunity for early
therapeutic intervention.

C. Increased Pericardial Thickness

Increased echocardiographic density behind the posterior
wall suggests pericardial thickening, but echocardiographic
measurement of the precise pericardial thickness may be
inaccurate (250). The causes of such thickening include
fibrosis, calcification, and neoplasms, although it is usually
not possible to differentiate the specific cause by echocar-
diography. Improved resolution by TEE provides a more
accurate assessment of pericardial thickness, especially if
fluid accumulation is also present (251).

D. Pericardial Tumors and Cysts

Tumor in the pericardium is usually metastatic from the
breast or lung, but other types occasionally occur (252). The
clinical findings are typically a sizable pericardial effusion,
at times leading to tamponade, but tumor may also present as
single or multiple epicardial tumor nodules, as effusive-con-
strictive pericarditis, or even as constrictive pericarditis
(253). The effects of radiation therapy on the tumor may fur-
ther affect the pericardium, resulting in inflammation, effu-
sion, or fibrosis.

Pericardial cysts are rare and are usually located at the right
costophrenic angle. They are readily visualized by echocar-
diography, and their cystic nature can be differentiated from
that of a solid mass (254).

E. Constrictive Pericarditis

In constrictive pericarditis there are such prominent patho-
logical and physiological changes that echocardiographic
abnormalities are always present, and in most cases there are
multiple abnormalities. However, no single echocardiograph-
ic sign is diagnostic of constrictive pericarditis. Some fre-
quently seen findings are pericardial thickening, mild atrial
enlargement with a normal-sized left ventricle, dilation of the
vena cava, flattening of LV endocardial motion in mid and
late diastole, various abnormalities of septal motion, and pre-
mature opening of the pulmonary valve.

The Doppler findings of respiratory variations in flow
velocities across the atrioventricular valves as well as across
the LV outflow and pulmonary venous flow are often highly
characteristic and provide additional supportive evidence
favoring constriction. A combination of echocardiographic
(255-258) and Doppler flow data (232,259,639) in an appro-
priate clinical context usually indicates the diagnosis of peri-
cardial constriction.

The pericardial thickness may also be assessed, often more
accurately by computed tomography or MRI.

F. Congenital Absence of the Pericardium and
Pericardial Disease After Open-Heart Surgery

In both total and partial absence of the pericardium, there are
echocardiographic findings that are helpful in establishing
the diagnosis (260,261). Pericardial disease occurs in
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4. Patients with known primary malignancies when
echocardiographic surveillance for cardiac involve-
ment is part of the disease staging process.

Class IIb
Screening persons with disease states likely to result in
mass formation but for whom no clinical evidence for
the mass exists.

Class III
Patients for whom the results of echocardiography
will have no impact on diagnosis or clinical decision
making. 

VIII. DISEASES OF THE GREAT
VESSELS
Echocardiography can be effectively used to visualize the
entire thoracic aorta in most adults. Complete aortic visuali-
zation by combined transthoracic imaging (left and right
parasternal, suprasternal, supraclavicular, and subcostal win-
dows) frequently can be achieved. Biplane or multiplane
TEE provides high-resolution images of the aortic root, the
ascending aorta, and the descending thoracic and upper
abdominal aorta. The only portion of the aorta that cannot be
visualized is a small segment of the upper ascending portion
adjacent to the tracheobronchial tree. Roman et al. have pub-
lished nomograms for aortic root, diameters at the annulus,
sinuses of Valsalva, sino-tubular junction and proximal
ascending aorta for children and adults (842). Using
transthoracic imaging, good visualization of the main pul-
monary artery segment and the proximal right and left pul-
monary arteries can also be achieved in most children and the
majority of adults. Visualization of the proximal portion of
the innominate veins along with the superior vena cava can
be achieved in nearly all patients with the use of the right
supraclavicular fossa and suprasternal notch approaches.
Similarly the proximal inferior vena cava and hepatic (sub-
costal) and pulmonary veins (apical and transesophageal)
can be visualized in many patients.

A. Aortic Aneurysm

Aneurysms of the ascending aorta can be characterized by
TTE. The aneurysm may be localized to one of the sinuses of
Valsalva. With Doppler color flow imaging, rupture of an
aneurysm in the sinus of Valsalva can be diagnosed, and its
communication with the receiving cardiac chamber can be
documented. Annuloaortic ectasia as well as localized ather-
osclerotic aneurysms of the ascending aorta can be well visu-
alized with the use of the left as well as the right parasternal
windows. Echocardiography is particularly well suited for
the re-evaluation of patients with ascending aortic aneurysms
(especially in patients with Marfan syndrome) to determine
the increase in the size of the aneurysm. Descending thoracic
aortic aneurysms are difficult to visualize with the transtho-
racic approach. TEE is particularly suited for complete char-
acterization of these aneurysms (265).

Intracardiac masses should be suspected in the context of
the clinical presentation. Examples of this include suspicion
of vegetative lesions in patients with signs and symptoms
that suggest infective endocarditis, as well as those with
underlying connective tissue diseases. and new or varying
murmurs and obviously in patients with signs and symptoms
suggesting infective endocarditis. Intracardiac thrombi
should be suspected in several clinical situations. These
include a suspicion of LV thrombi in patients after who have
sustained extensive anterior myocardial infarction and left
atrial thrombi in patients with atrial fibrillation in whom left
atrial thrombi should be considered. The latter is especially
pertinent if atrial fibrillation is present in association with
rheumatic heart disease. Patients with signs and symptoms of
peripheral embolic phenomenon (neurological events as well
as non-neurological) should be suspected of having intracar-
diac masses if another embolic source is not identified.

In addition to detection and localization, echocardiograph-
ic techniques can play a role in stratifying the embolic risk of
a cardiac mass. When seen in the left ventricle, Ssessile, lam-
inar thrombi represent less of a potential embolic risk than do
pedunculated and mobile thrombi. 

Identifying patients who are appropriate candidates for
echocardiographic screening for intracardiac masses repre-
sents a greater clinical dilemma than does the actual detec-
tion of a mass. Patients for whom echocardiography may be
appropriate include those in whom there is a high clinical
suspicion that a cardiac mass is present. An intracardiac mass
should be suspected in patients with one or more embolic
peripheral or neurological events or in those who have hemo-
dynamic or auscultatory findings suggesting intermittent
obstruction to intracardiac flow. Patients in whom a mass
may be suspected because of a predisposing condition
include those with rheumatic heart disease, dilated car-
diomyopathy, and atrial fibrillation, as well as following
anteroapical myocardial infarction. Patients with malignan-
cies known to have a high incidence of cardiovascular
involvement may also be appropriate targets for screening.
This includes individuals with hypernephroma as well as
those with metastatic melanoma or metastatic disease with
known primary tumors of intrathoracic organs. Clinical sus-
picion of disease entities such as endocarditis in which a
mass is known to develop would also fall into the latter cate-
gory. Special considerations referable to pediatric popula-
tions are found in the section on congenital heart disease. 

Recommendations for Echocardiography in Patients
With Cardiac Masses and Tumors 

Class I
1. Evaluation of patients with clinical syndromes and

events that suggest an underlying cardiac mass.
2. Evaluation of patients with underlying cardiac disease

known to predispose to mass formation for whom a
therapeutic decision regarding surgery or anticoagu-
lation will depend on the results of echocardiography.

3. Follow-up or surveillance studies after surgical
removal of masses known to have a high likelihood of
recurrence (ie, myxoma).
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2. Aortic aneurysm.*
3. Aortic intramural hematoma.
4. Aortic rupture.
5. Aortic root dilation in Marfan syndrome or other con-

nective tissue syndromes.*
6. Degenerative or traumatic aortic disease with clinical

atheroembolism.
7. Follow-up of aortic dissection, especially when com-

plication or progression is suspected.
8. First-degree relative of a patient with Marfan syn-

drome or other connective tissue disorder for which
TTE is recommended* (see section XIIa).

Class IIa
Follow-up of a patient with surgically repaired aortic
dissection.*

*TTE should be the first choice in these situations, and TEE should only be
used if the examination is incomplete or additional information is needed.

Note: TEE is the technique that is indicated in examination of the entire
aorta, especially in emergency situations.

E. The Great Veins

Echocardiography is a useful technique for visualizing the
superior vena cava and diagnosing various congenital and
acquired abnormalities. A persistent left superior vena cava
often can be imaged directly from the left supraclavicular
fossa. Its connection, which is frequently to the coronary
sinus, can be seen from a parasternal window as dilation of
that structure. In some cases the connection to the coronary
sinus can be better delineated with contrast echocardiogra-
phy with injection of a contrast into a left arm vein. Other
abnormalities, such as vena caval thrombosis, can also be
diagnosed with combined use of echocardiographic and
Doppler techniques. The proximal inferior vena cava can be
readily visualized in nearly all patients, and vena caval dila-
tion and thrombosis or extension of tumors from the inferior
vena cava to the right-heart chambers have been visualized.
The hepatic veins, their size, connection, and flow dynamics
can be characterized with combined use of two-dimensional
and Doppler echocardiography. Although visualization of all
four pulmonary veins is not feasible with the transthoracic
approach in the majority of adult patients, TEE frequently
permits clear visualization of the pulmonary vein connec-
tions although four pulmonary veins may not be visualized
even with TEE. However, some pulmonary veins can usual-
ly be visualized by TTE and interrogated with Doppler as
part of routine examination which will often provide addi-
tional hemodynamic information. Anamalous pulmonary
veins can be missed.

IX. PULMONARY AND PULMONARY
VASCULAR DISEASE
As a general rule, patients who have primary pulmonary dis-
ease are not ideal subjects for echocardiographic examina-
tions because the hyperinflated lung is a poor conductor of

B. Aortic Dissection

Acute aortic dissection is a life-threatening emergency, and
an early and prompt diagnosis is mandatory for appropriate
patient care (640). Although TTE may visualize the intimal
flap in patients with aortic dissection, TEE has proved to be
a far more sensitive diagnostic procedure (262,263). Since
time is of the essence in the prompt diagnosis of dissection,
only a brief transthoracic study should precede TEE. Biplane
or mMultiplane TEE should be used for a comprehensive and
accurate visualization of the thoracic aorta. In addition to
establishing the diagnosis and extent of aortic dissection,
echocardiography is useful in delineating any associated
complications, such as pericardial effusion with or without
tamponade and the degree and mechanism of aortic regurgi-
tation and pleural effusion, as well as evaluating proximal
coronary artery involvement and LV size and function. The
ability to detect branch vessel involvement may be incom-
plete and on ocassion require other imaging techniques. TEE
studies can also determine the potential for aortic valve-spar-
ing operations (641). TEE is also suited for postoperative
evaluation of patients with aortic dissection (264).

C. Aortic Intramural Hematoma

Aortic intramural hematoma may be difficult to distinguish
clinically from aortic dissection. The etiology may be spon-
taneous, often related to hypertension or iatrogenic trauma.
All imaging techniques have lower sensitivity and specifici-
ty in detecting intramural hematoma compared with aortic
dissection (642,643). The combined use of multiple imaging
techniques may be required to establish the diagnosis. TEE
studies can demonstrate a localized or extensive abnormal
degree of aortic wall thickness. Care must be taken to not
confuse hematoma with areas of calcification or atheroma.
Serial studies may demonstrate healing or progression to aor-
tic dissection.

D. Aortic Rupture and Thoracic Aortic
Degenerative Disease

TEE has provided diagnostic information in traumatic and
other causes of aortic rupture. Although large tears are easi-
ly visualized, it is possible to overlook small tears, which
may also have dire prognostic implications (266).

The use of TEE has made it possible to detect atheromatous
debris, clots, and other lesions capable of producing embolic
occlusions downstream. A grading system has been estab-
lished to determine the amount of aortic atheroma seen on
TEE studies. This correlates with the risk of embolic events,
especially if surgery requiring aortic manipulation is being
considered. TEE can also detect complications of atheroma-
tous lesions (eg, ulceration or contained rupture) (308-313).

Recommendations for Echocardiography in Suspected
Thoracic Aortic Disease

Class I
1. Aortic dissection, diagnosis, location, and extent.
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emboli, TEE may detect thrombus in the main portion and
proximal branches of the pulmonary artery (644). The effects
of severe embolization may be detected by the presence of
pulmonary hypertension and RV dilatation and dysfunction.

Recommendations for Echocardiography in 
Pulmonary and Pulmonary Vascular Disease

Class I
1. Suspected pulmonary hypertension. 
2. Pulmonary emboli and suspected clots in the right

atrium or ventricle or main pulmonary artery
branches.*

32.For distinguishing cardiac versus noncardiac etiology
of dyspnea in patients in whom all clinical and labo-
ratory clues are ambiguous.*

43.Follow-up of pulmonary artery pressures in patients
with pulmonary hypertension to evaluate response to
treatment.

54.Lung disease with clinical suspicion of cardiac
involvement (suspected cor pulmonale).

Class IIa
1. Pulmonary emboli and suspected clots in the right

atrium or ventricle or main pulmonary artery
branches.*

12.Measurement of exercise pulmonary artery pressure.
23.Patients being considered for lung transplantation or

other surgical procedure for advanced lung disease.*

Class III
1. Lung disease without any clinical suspicion of cardiac

involvement.
2. Re-evaluation studies of RV function in patients with

chronic obstructive lung disease without a change in
clinical status.

*TEE is indicated when TTE studies are not diagnostic.

X. SYSTEMIC HYPERTENSION
Echocardiography is the noninvasive procedure of choice in
evaluating the cardiac effects of systemic hypertension, the
most common cause of LV hypertrophy and congestive heart
failure in adults (270). M-mode and two-dimensional
echocardiographic estimates of LV mass are more sensitive
and specific than either the ECG or chest radiograph in diag-
nosing LV hypertrophy or concentric remodeling (271-274),
and these estimates have been shown to correlate accurately
with LV mass at necropsy (275,276). These techniques have
been used to evaluate the relation of LV mass to rest and exer-
cise blood pressure as well as multiple other physiological
variables (277). Newer diagnostic techniques such as MRI are
arguably more accurate but are often more expensive and less
readily available (278). Assessment of hypertrophy is relevant
because several cohorts have shown that the risks of cardiac
morbidity and mortality are increased in hypertensive patients
with electrocardiographic or echocardiographic criteria of LV
hypertrophy and are independent of traditional coronary risk

ultrasound. Despite these technical limitations, TTE can still
be very informative in some patients with primary lung dis-
ease. The usual precordial or parasternal windows are fre-
quently unavailable in patients with hyperinflated lungs.
However, in these same patients the diaphragms are fre-
quently lower than normal. Thus, the subcostal or subxiphoid
transducer position can offer a useful window for echocar-
diographic examinations. For those few patients in whom
transthoracic and subcostal echocardiographic windows are
totally unavailable, the transesophageal approach provides
an unobstructed view of the heart in patients with lung dis-
ease. As a result, with use of one examining technique or
another, almost all patients with primary lung disease can be
studied echocardiographically.

If lung disease does not result in anatomic or physiological
alteration of cardiac structure or function, the findings on the
echocardiogram will be normal. Although a normal result on
echocardiography does not indicate a diagnosis of lung dis-
ease, the differential diagnosis of cardiac versus pulmonary
symptoms can often be made on the basis of the echocardio-
gram. When shortness of breath could be due to either a lung
or heart condition, normal findings on the echocardiogram
can be extremely helpful in such a differential diagnosis.

In those patients whose lung disease affects cardiac func-
tion, the echocardiogram can be of significant value.
Pulmonary hypertension is one of the most common compli-
cations of primary lung disease, and echocardiography is
helpful in evaluating its presence and severity. The right ven-
tricle commonly dilates, which can be detected on both the
M-mode and two-dimensional echocardiogram. With marked
systolic or diastolic overload of the right ventricle, the shape
or motion, or both, of the interventricular septum is distort-
ed, with abnormal diastolic bulging toward the left ventricle.
In patients with increased pulmonary vascular resistance, the
M-mode recording of the pulmonary valve shows a distinc-
tive early to mid-systolic notch with loss of its A wave. A
somewhat similar pulmonary artery velocity flow pattern is
seen on the Doppler recording in such patients.

Any valvular regurgitation resulting from pulmonary
hypertension can be detected with Doppler techniques. If
adequate tricuspid and pulmonary valve regurgitation signals
are obtained (as is the case in nearly 70% of all subjects),
Doppler techniques can be used to accurately calculate RV
systolic pressure (267,268). The tricuspid regurgitation sig-
nal is especially suited for saline contrast enhancement. The
pulmonary artery diastolic pressure may also be estimated.
This type of determination can be made in a high percentage
of patients with significant pulmonary hypertension.

A. Pulmonary Thromboembolism

Echocardiography has aided a diagnosis of central pul-
monary artery thromboembolic disorders, especially in
patients with severe or massive pulmonary embolism.
However, echocardiography has low sensitivity and speci-
ficity for detecting pulmonary emboli (269). Echo-
cardiography has a low sensitivity and specificity in diagnos-
ing pulmonary emboli. In patients with larger pulmonary
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sion making (see LV function).
2. Detection and assessment of functional significance of

concomitant CAD by stress echocardiography (see
coronary disease).

3. Follow-up assessment of LV size and function in
patients with LV dysfunction when there has been a
documented change in clinical status or to guide med-
ical therapy.

Class IIa
1. Identification of LV diastolic filling abnormalities

with or without systolic abnormalities.
2. Assessment of LV hypertrophy in a patient with bor-

derline hypertension without LV hypertrophy on
ECG to guide decision making regarding initiation of
therapy. A limited goal-directed echocardiogram may
be indicated for this purpose.

Class IIb
Risk stratification for prognosis by determination of
LV performance.

Class III
1. Re-evaluation to guide antihypertensive therapy

based on LV mass regression.
2. Re-evaluation in asymptomatic patients to assess LV

function.

XI. NEUROLOGICAL DISEASE AND
OTHER CARDIOEMBOLIC DISEASE
Acute interruption of blood flow to the cerebral vasculature
or a peripheral artery results in an identifiable clinical syn-
drome such as transient ischemic attack, cerebrovascular
accident, acute limb ischemia, or mesenteric or renal artery
insufficiency. The above clinical scenarios can be the result
of intrinsic local vascular disease, atheromatous emboli from
proximal vessels, or emboli of cardiac origin. Cardioembolic
disease refers to the heart as the origin of an occlusive embo-
lus with subsequent migration to a target organ. Depending
on the target organ, the age of the patient, and the likelihood
of underlying primary vascular disease, the prevalence of a
cardioembolic etiology is highly variable. Most studies have
documented that a substantial proportion of patients with
embolic events, even those with vascular disease, also have a
potential cardiac source of embolus (Table 10). Proving
cause and effect between the clinical event and a potential
embolic source has been more elusive for many entities.
Exceptions include the obvious link between embolic events
and bacterial endocarditis and embolic phenomena occurring
in patients with prosthetic valves.

The level of evidence for proving deriving a relation
between potential cardiac sources of embolus and neurolog-
ical events is relatively low. Virtually all studies published to
date rely on data from nonrandomized trials and frequently
nonconsecutive patients compared with either historical or
concurrent control populations. No large-scale prospective
studies are available from which a definite cause and effect

factors (272,279-281). Moreover, even in those patients with-
out increased LV mass, concentric remodeling or an increased
wall thickness relative to cavity size carries a poor prognosis
(272). For these reasons, in patients with borderline hyper-
tension a decision to initiate therapy may be based on the
presence of hypertrophy or concentric remodeling. In border-
line hypertensive patients without evidence of LV hypertro-
phy by ECG, a goal-directed echocardiogram to evaluate LV
hypertrophy may be indicated.

Echocardiography can also be used to evaluate systolic and
diastolic properties of the left ventricle, such as the speed and
extent of contraction, end-systolic wall stress, and the rate of
ventricular filling throughout diastole (275), and to evaluate
related CAD and degenerative valve disease, especially in the
elderly. Stress echocardiography is indicated in the diagnosis
and assessment of the functional severity of concomitant
CAD. The usefulness of echocardiography in an individual
patient with hypertension without suspected concomitant
heart disease depends on the clinical relevance of the assess-
ment of LV mass or function in that patient. Thus, not every
patient with hypertension should have resting LV function
assessed (Class I), but if such an assessment is relevant,
echocardiography is a well-documented and accepted
method by which to achieve it.

The value of repeated studies in asymptomatic hyperten-
sive patients with normal LV function is not clearly estab-
lished. A decrease in LV mass in hypertensive patients
through control of blood pressure or weight loss has been
demonstrated by many regimens in several studies (282-
285). While data suggest that LV hypertrophy regression
improves LV filling (282), data linking treatment-associated
reduction in echocardiographic LV mass and improved out-
come have appeared (645). In view of the limited test-retest
reliability of echocardiography in an individual patient, a rel-
atively large reduction in LV mass appears to be necessary to
unequivocally prove that true mass regression has taken
place (272,286,646). The impact on patient morbidity and
mortality is unknown, as is the potential effectiveness of
echocardiography in guiding therapy aimed at reducing LV
mass (272,286). Despite this, a possible recommendation for
re-evaluation there may be a role for quantitation of LV mass
inand assessingment drug therapy for hypertension is evalu-
ation of regression of LV hypertrophy after adequate blood
pressure control with antihypertensive therapy (282). More
study is required to prove that regression of LV hypertrophy
alters cardiac morbidity and mortality and that echocardiog-
raphy is a cost-effective method for both detection of hyper-
trophy and follow-up evaluation of the large number of
patients with hypertension. Until these studies are available,
the monitoring of LV hypertrophy by echocardiography can-
not be supported.

Recommendations for Echocardiography in
Hypertension

Class I
1. When assessment of resting LV function, hypertrophy,

or concentric remodeling is important in clinical deci-
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At this time there are no highly specific types of neurologi-
cal events that should exclude the possibility of a cardioem-
bolic source. Clinical studies have suggested that up to 20%
of acute neurological events may be attributable to a car-
dioembolic source (288-302), with an additional 40% classi-
fied as cryptogenic. Recently it has been suggested that a
substantial proportion of the latter may also be attributed to a
cardiac etiology (Table 11). This prevalence is obviously age
dependent, with some studies suggesting a prevalence of car-
dioembolic disease greater than 50% for younger persons
(303,648-650). As such, the use of echocardiographic tech-
niques in patients with acute embolic events should be placed
in the context of the clinical presentation and the likelihood
of other (ie, intrinsic cerebrovascular) responsible pathology.

Additionally, a decision to use echocardiographic tech-
niques screening for a potential source must take into
account the presence of underlying cardiac disease. Clearly
the presence of rheumatic heart disease or atrial fibrillation
predisposes a patient to atrial thrombus formation and the
likelihood of an embolic event. Other cardiac diseases that
may predispose to thrombus formation and subsequent
embolization include cardiomyopathy, nonrheumatic atrial
fibrillation, mitral annular calcification, and anterior myocar-
dial infarction with aneurysm formation. Data to support a
link between cardioembolic disease and entities such as atri-
al septal aneurysm, valvular strands, and mitral annular cal-
cification are less robust. Several studies have demonstrated
that the prevalence of potential embolic sources is greater in

between cardiac source of embolus and subsequent neuro-
logical events can be proved derived. The available data are
all concordant, however, in suggesting a high prevalence of
potential cardiac sources of embolus in subjects with periph-
eral or and other neurological embolic events.

Many studies have evaluated the frequency with which a
potential of a cardioembolic source of an acute neurological
syndrome is found on echocardiography. The definition of
cardioembolic events can be characterized either from the
reference of a potential source of embolus or the reference of
the end-organ event. Both definitions have been used in the
literature, and sufficient exceptions to any given stratification
scheme occur. The Cerebral Embolism Task Force has previ-
ously defined a cardioembolic neurological event as “pres-
ence of a potential cardioembolic source in the absence of
cerebrovascular disease in a patient with nonlacunar stroke”
(287,647). This definition obviously implies cause and effect
when a potential cardiac source of embolus is noted in an
individual with a neurological event. Historically several
types of neurological events have been thought to be more
likely embolic than due to intrinsic cerebrovascular disease.
The neurological findings traditionally thought to suggest an
embolic source are sudden onset in a previously asympto-
matic individual, middle or anterior circulation defects, and
multiple events in peripheral territories. Conversely, classic
lacunar strokes or hemorrhagic strokes have been thought
more likely due to intrinsic cerebrovascular disease. Recent
data have called into question the classification of the latter.

Table 10. Prevalence of Cardiac Abnormalities in Patients With and Without Presumed Embolic Events Derived From General Surveillance Studies

Event
Patients* Range Control Patients* Range

Author (Ref) n=Population (n) % (%)† n=Population (n) % (%)†

No potential 1530 772 50.5 32-85 — — — —
source of
embolus

Any potential 1530 758 49.5 15-68 — — — —
source of
embolus

Left atrial 1153 98 8.5 3-17 877 28 3.2 2-81
thrombus

Spontaneous 1081 187 17.3 11-23 1105 63 5.7 5-6
contrast

Patent foramen 1292 247 19.1 8-45 1043 87 8.3 2-23
ovale

Atrial septal 1131 150 13.3 3-28 1204 85 7.1 3-12
aneurysm

Aortic atheroma 348 49 14.1 4-44 n/a — — —

Mitral valve 1131 57 5.0 2-9 927 83 8.9 5-9
prolapse

n/a indicates reliable extraction data not available.

*Control patient population derived from studies in which lesion was specifically sought. The control subjects were not necessarily age and risk factor matched.

†Range refers to minimum and maximum prevalence of abnormalities reported for the cited references.

Lesions not tabulated above, such as vegetations, myxoma, other tumors, mitral valve strands, etc, were too few in number and in too few studies to derive meaningful conclusions.
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patients and in those with atrial fibrillation, a clinically per-
tinent proportion of patients without either risk factor (age or
atrial fibrillation) will have cardiovascular pathology that
places them at risk for arterial embolization. Recent data
have suggested a role for TEE in stratifying risk of thrombus
formation in patients with atrial fibrillation (651-653).

Traditionally, it has been assumed that there is an inverse
relation between age and the prevalence of potential cardiac
sources of embolus in patients with neurological events.
SeveralRecent studies, however, have clearly demonstrated
an almost equal prevalence of potential cardiac sources of
embolus in older patients when compared with younger
cohorts. Younger patients typically have a higher likelihood
that the potential cardiac source of embolus is the only iden-
tifiable abnormality, whereas older patients are more likely
to have identifiable concurrent cerebrovascular disease. The
definition of “younger” and “older” patients has been vari-
able. It should be recognized that there is a gradation of age
and prevalence of potential cardiac source of embolus rather
than distinct age cutoffs. From a standpoint of data analysis,
most studies have assumed an age break at approximately 45
years. however, it should be understood that this does not
represent a distinct break. Clearly there is a range of likeli-
hood of finding potential cardioembolic sources, with the
likelihood of an exclusive cardioembolic source being

persons with clinically apparent organic heart disease than in
those without clinically apparent heart disease (Table 12).
This relatively high prevalence of clinically unsuspected car-
diovascular disease (presumably with embolic potential) sug-
gests that echocardiographic screening may be applicable to
patients other a broader range of patients thanonly those per-
sonswith clinically suspected disease.

Two-dimensional echocardiography is the only technique
that is easily applied and widely available for evaluation of a
potential cardioembolic source. Rapid iIntravenous injection
of agitated saline floods the right heart with microbubbles
and can be used to detect right-to-left shunting across a
patent foramen ovale. Examinations can be performed either
from a transthoracic or transesophageal approach.
Comparative studies between the two approaches have sug-
gested a higher yield for potential cardiac source of embolus
when TEE is used compared with TTE (299,300). Table 13
outlines the relation between TEE and TTE for detection of
in a wide range of potential cardioembolic sources. Entities
such as mitral stenosis, cardiomyopathy, and LV mural
thrombus are equally well identified with either technique,
and once identified by TTE, the additive cost, inconvenience,
and risk of TEE is probably notmay not be warranted.
Conversely, TEE is uniquely suited for detection of left atri-
al spontaneous contrast (302,304,305), left atrial thrombi,
atrial septal aneurysm (306,307), right to-left shunting
through a patent foramen ovale, and atheroma of the ascend-
ing aorta and aortic arch (308-313) as well as several other
more recently described anomalies. Atrial septal aneurysm
(306,307) and right-to-left shunting through a patent foramen
ovale can generally be detected with either technique.

In a similar fashion, the issues of age and presence or
absence of atrial fibrillation have been addressed in several
of the published series. While in each series the prevalence of
potential cardiovascular abnormalities is greater in older

Table 12. Prevalence of Echocardiographic Abnormalities Based on
Clinically Apparent Organic Heart Disease

Potential Source of Embolus
(n) (n) %

All patients 370 164 44
Organic heart disease* 85 58 68
No organic heart disease 186 67 36

*Organic heart disease is defined variably as significant valvular or myocardial disease
or evidence of reduced left ventricular function.

Data from references 289, 290, 296.

Table 13. Transthoracic Versus Transesophageal Echocardiography
for Detection of Potential Cardioembolic Source

Diagnosis by TTE* Diagnosis by TEE (primarily or alone)

Mitral stenosis Left atrial thrombus
Dilated cardiomyopathy Left atrial spontaneous contrast
Left ventricular aneurysm Atrial septal aneurysm
Left ventricular thrombus Patent foramen ovale
Mitral valve prolapse Aortic atheroma
Vegetation
Atrial septal defect

TEE indicates transesophageal echocardiography; TTE, transthoracic echocardiography.

*TTE is sufficient; TEE may be additive but not essential. “TTE sufficient” identifies dis-
ease entities for which TTE is sufficient to establish a diagnosis and for which TEE is
unlikely to provide additional information. When detected with TTE, further evaluation
by TEE is not necessary in all patients. “TEE additive” identifies entities for which doc-
umented incremental diagnostic yield can be obtained by performing TEE after negative
TTE or entities for which the likelihood of unique TEE-identified abnormalities is high
enough to warrant TEE even after adequate TTE.

These categories assume that high-quality TTE is feasible and has been conducted to
evaluate all potential cardiac sources of embolus. When adequate TTE is not feasible,
TEE is essential.

Table 11. Prevalence of Echocardiographic Abnormalities Based on Cryptogenic Versus Noncryptogenic Embolic Event

Cryptogenic (n=308) Noncryptogenic (n=263)
Total* Echo+ Echo % Total* Echo+ Echo %

PFO 308 100 32.5 263 64 24.3
SC 104 17 16.3 74 10 13.5
ASA 168 38 22.6 110 14 12.7

ASA indicates atrial septal aneurysm; PFO, patent foramen ovale; SC, spontaneous contrast; .

*Total indicates number of patients in each subgroup for whom each entity was specifically tabulated in the referenced studies. Not all studies tabulated data for each entity.

Data from references 296, 303, 307, 314, 317, 318.
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2. Younger patients (typically less than 45 years) with
cerebrovascular events.

3. Older patients (typically more than 45 years) with
neurological events without evidence of cerebrovascu-
lar disease or other obvious cause.

4. Patients for whom a clinical therapeutic decision (eg,
anticoagulation) will depend on the results of echocar-
diography.

Class IIa
Patients with suspicion of embolic disease and with
cerebrovascular disease of questionable significance.

Class IIb
Patients with a neurological event and intrinsic cere-
brovascular disease of a nature sufficient to cause the
clinical event.

Class III
Patients for whom the results of echocardiography
will not impact a decision to institute anticoagulant
therapy or otherwise alter the approach to diagnosis
or treatment.

XII. ARRHYTHMIAS AND
PALPITATION
Arrhythmias can occur as primary electrophysiological
abnormalities or as a complication of or in association with
structural heart disease. The spectrum of heart disease asso-

greater in younger patients and progressively less in older
patients.

Few published series have investigated recurrence rates of
neurological events in relation to specific cardiovascular
abnormalities. It appears that lesions such as mitral stenosis,
left atrial spontaneous contrast, patent foramen ovale with
right-to-left shunting, and atrial septal aneurysm represent
relatively higher risk entities with respect to recurrent cere-
brovascular events (654,655). Presumably more aggressive
therapy should be directed at these patients.

In addition to the presence or absence of a specific disease
that impacts the likelihood of an embolic event, the nature of
the occlusive event also has implications for the necessity of
further evaluation. Clearly, younger persons with cerebrovas-
cular events are more likely to have had an event with an
embolic basis than are elderly patients with intrinsic cere-
brovascular disease. Likewise, in persons with events in mul-
tiple cerebrovascular territories it is more likely for the event
to be embolic. Additionally, occlusion of a large peripheral
vessel such as a femoral or renal artery is far more likely to
represent a cardioembolic event. The heart represents the
only source for a mass of sufficient size to cause total occlu-
sion of an otherwise normal large-caliber vessel. In individ-
uals with an abrupt occlusion of a large vessel, cardioembol-
ic disease should be suspected. Several recently published
studies have evaluated the link between specific entities of
embolic potential and neurological events. These include
atrial septal aneurysm (303,306,307), patent foramen ovale
(303,314-317), left atrial spontaneous contrast (302,304,
305), and aortic atheroma (308-313). In each case a statisti-
cally significant increase in the prevalence of these entities
has been demonstrated in individuals with neurological
events. Tables 14 through 17 outline results of studies that
have evaluated these phenomena. In each case there is a
greater likelihood of finding one or more of these entities in
patients with neurological events than in control populations
without neurological events.

Recommendations for Echocardiography in Patients
With Neurological Events or Other Vascular Occlusive
Events 

Class I
1. Patients of any age with abrupt occlusion of a major

peripheral or visceral artery.

Table 14. Prevalence of Patent Foramen Ovale in Patients With
Embolic Events

(n) PFO+ PFO%

Control 543 56 10.3
CVA/TIA 526 163 30.9
Known etiology 153 39 25.5
Cryptogenic 204 97 47.5
CVA/TIA indicates patients with documented cerebrovascular accident or transient
ishemic attack; PFO indicates patent foramen ovale.

Known etiology refers to patients for whom an obvious primary neurological, cere-
brovascular, or other etiology was present in a location adequate to explain the event.
Cryptogenic refers to patients for whom a known etiology was not present.

Data from references 303, 307, 314, 317, 318.

Table 15. Prevalence of Aortic Atheroma in Patients With Prior
Cerebrovascular Accident or Transient Ischemic Attack

(n) Atheroma %

Control 574 23 4
CVA 677 139 20.5
Known etiology 217 31 14.3
Cryptogenic 123 29 23.6

Mobile Atheroma
(n) Mobile %

Control 324 1 0.3
CVA/TIA 427 29 6.8

CVA/TIA indicates patients with documented cerebrovascular accident or transient
ischemic attack.

Known etiology refers to patients for whom an obvious primary neurological, cere-
brovascular, or other etiology was present in a location adequate to explain the event.
Cryptogenic refers to patients for whom a known etiology was not present.

Data from references 309 through 313.

Table 16. Prevalence of Atrial Septal Aneurysm in Patients With
Prior Embolic Events

Total (n) ASA Present ASA (%)

Control 1213 53 4.3
All events 1635 213 13
Cryptogenic 168 38 22.6

ASA indicates atrial septal aneurysm.

Events refers to cerebrovascular accidents or transient ischemic attacks plus peripheral
embolization. Cryptogenic refers to patients for whom a known etiology was not present.
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(326-328) or allow accurate localization of the bypass tract in
patients with Wolff-Parkinson-White syndrome (329), car-
diac ultrasound is rarely used for these purposes.

In this era of interventional electrophysiology, an expanded
role for echocardiography has developedbeen suggested.
Thus, TEE (655,657) and intracardiac ultrasound (658,659)
have has been reported to be helpful during radiofrequency
ablative procedures, particularly when transseptal catheteri-
zation is required (329). Early studies also proposed routine
postprocedural evaluation of patients undergoing ablation.
However, the yield has been low enough in laboratories with
established ablative programs that the test is no longer rec-
ommended in uncomplicated cases (660). 

The Maze procedure for atrial fibrillation is generally per-
formed with intraoperative transesophageal monitoring (661)
and postoperative TTE and may be used to monitor the return
of atrial mechanical function in this setting (662).

For a discussion of the role of echocardiography in the
assessment of children with arrhythmias, see the correspon-
ding section in section XV, “Echocardiography in the
Pediatric Patient.”

Recommendations for Echocardiography in Patients
With Arrhythmias and Palpitations

Class I
1. Arrhythmias with clinical suspicion of structural

heart disease.
2. Arrhythmia in a patient with a family history of a

genetically transmitted cardiac lesion associated with
arrhythmia such as tuberous sclerosis, rhabdomyoma,
or hypertrophic cardiomyopathy.

3. Evaluation of patients as a component of the workup
before electrophysiological ablative procedures.

Class IIa
1. Arrhythmia requiring treatment.
2. TEE or intracardiac ultrasound guidance of transsep-

tal catheterization and catheter placement during
radiofrequency ablative procedures.

Class IIb
1. Arrhythmias commonly associated with, but without

clinical evidence of, heart disease.
2. Evaluation of patients who have undergone radiofre-

quency ablation in the absence of complications. (In
centers with established ablation programs, a post-
procedural echocardiogram may not be necessary.)

3. Postoperative evaluation of patients undergoing the
Maze procedure to monitor atrial function.

ciated with arrhythmias is broad, including congenital abnor-
malities as well as acquired diseases of the myocardium,
valves, pericardium, and coronary arteries. While some
arrhythmias may be life-threatening or carry significant mor-
bidity, others are considered benign.

In the setting of arrhythmias, the utility of echocardiogra-
phy lies primarily in the identification of associated heart dis-
ease, the knowledge of which will influence treatment of the
arrhythmia or provide prognostic information. In this regard,
echocardiographic examination is frequently performed to
assess patients with atrial fibrillation or flutter, re-entrant
tachycardias, ventricular tachycardia, or ventricular fibrilla-
tion. Echocardiography detects an underlying cardiac disor-
der in approximately 10% of patients with atrial fibrillation
who have no other clinically suspected cardiac disease
(319,320) and in 60% of those with equivocal indicators of
other heart disease (319). Ventricular arrhythmias of RV ori-
gin should alert the physician to a diagnosis of RV abnor-
malities, including RV dysplasia (321-323), while ventricu-
lar tachycardias of LV origin are frequently associated with
reduced LV function. Evaluation of LV function is important
when antiarrhythmic drugs are used, since the proarrhythmic
effect of some antiarrhythmic drugs increases markedly with
decreased LV systolic function.

A large group of patients have benign arrhythmias such as
atrial or ventricular premature beats. Although, in general,
echocardiographic evaluation should be reserved for those
for whom there is a clinical suspicion of structural heart dis-
ease, there may be a therapeutic role for cardiac ultrasound
by reassuring the anxious patient that the heart is structural-
ly normal. Unless there are other recommendations for test-
ing, echocardiography need not be performed in a subject
with palpitation for which an arrhythmic basis has been ruled
out.

Although echocardiography has provided useful insights
into the effects of arrhythmias on cardiac function (324),
there is no recommendation for repeated clinical testing for
this purpose unless there has been a change in clinical status
or the result might impact a therapeutic decision. One situa-
tion where treatment might be impacted is in the selection of
appropriate settings for DDD pacing where Doppler studies
can be used to determine stroke volume at various settings to
provide optimum cardiac output (325). However, it appears
that for most patients, similar settings provide optimum out-
put. Thus, this application of echocardiography might be lim-
ited to those in whom the usual settings do not appear to con-
vey favorable hemodynamics. Similarly, while there have
been reports that echocardiography may assist in identifica-
tion of an arrhythmia when a surface ECG is nondiagnostic

Table 17. Prevalence of Neurological Events in Patients With and Without Spontaneous Contrast

Left Atrial Clot
(n) (%) Event %

All patients 713 90 (12.6) 87 12.2
Spontaneous contrast present 311 79 (25) 64 20.5
No spontaneous contrast 402 11 (3) 23 5.7

Data from references 302, 304, 305.
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anticoagulation in the pericardioversion period, there was a
2.4% incidence of embolic events despite the absence of
thrombus at the time of precardioversion TEE (338). Large
multicenter trials are under way to address this issue. Thus,
at present, although there is controversy concerning the rou-
tine use of TEE to identify patients to undergo cardioversion
without prolonged anticoagulation, there is agreement that
periconversion and postconversion anticoagulation is indicat-
ed. For individuals in whom anticoagulation confers more
than a minimal risk, further stratification into subgroups at
high and low risk for embolic events with TEE may be war-
ranted.

There is less information available about the risk of throm-
bus and pericardioversion embolism in patients with atrial
fibrillation of recent onset. It has been the recommendation
of theThe most recent American College of Chest Physicians
Consensus Conference on Antithrombotic Therapy (674)
makes no specific recommendation regarding anticoagula-
tion in this setting, citing the lack of sufficient data. However,
the report acknowledges that it is common practice not to
provide anticoagulation to that anticoagulation is not neces-
sary before cardioversion of patients with atrial fibrillation of
less than 48 hours’ duration before cardioversion. The
ACC/AHA/ESC guidelines (675) have listed cardioversion
without TEE guidance during the first 48 hours of atrial fib-
rillation as a class IIb recommendation and stated that anti-
coagulation before and after cardioversion is optional,
depending on assessment of risk. This assumes that thrombus
formation does not occur in this time interval. However, a
recent TEE study has reported left atrial appendage thrombus
in 14% of patients with acute-onset atrial fibrillation (341).
These results suggest that guidelines for anticoagulation and
TEE in patients undergoing cardioversion of atrial fibrilla-
tion should not differentiate between those with recent ver-
sus chronic fibrillation. However, until studies show that
there is an increased danger of systemic embolization, rec-
ommendations for cardioversion without anticoagulation
when atrial fibrillation occurs within 48 hours in otherwise
low-risk patients will remain unchanged.

The prevalence of thrombus in patients with atrial flutter
appears to be lower than that for those with atrial fibrillation
or fibrillation/flutter (342). However, no studies have
addressed the role of pericardioversion anticoagulation and
TEE in these patients. 

Recommendations for Echocardiography Before
Cardioversion

Class I
1. Patients requiring urgent (not emergent) cardiover-

sion for whom extended precardioversion anticoagu-
lation is not desirable.*

2. Patients who have had prior cardioembolic events
thought to be related to intra-atrial thrombus.*

3. Patients for whom anticoagulation is contraindicated
and for whom a decision about cardioversion will be
influenced by TEE results.*

4. Patients for whom intra-atrial thrombus has been

Class III
1. Palpitation without corresponding arrhythmia or

other cardiac signs or symptoms.
2. Isolated premature ventricular contractions for which

there is no clinical suspicion of heart disease.

A. Cardioversion of Patients With Atrial
Fibrillation

Studies have supported a role for echocardiography in
patients with atrial fibrillation undergoing cardioversion.
Echocardiography may help identify subjects who are most
likely to undergo cardioversion successfully and maintain
sinus rhythm after conversion. LV dysfunction argues against
long-term success. The relation between atrial size and suc-
cessful conversion is more controversial (330-336,663)
(Table 18). Doppler indices of atrial appendage function
measured by TEE have been reported to predict both restora-
tion and long-term maintenance of sinus rhythm after car-
dioversion (664-667). However, study results are somewhat
inconsistent, and TEE assessment before cardioversion is not
indicated for this purpose.

The issue of performing TEE before elective cardioversion
from atrial fibrillation has recently been addressed in patients
with atrial fibrillation of more than 48 hours’ duration
(337,338,664,668-670). Historical data suggest a 5% to 7%
incidence rate of cardioembolic events associated with elec-
trical cardioversion from atrial fibrillation in patients who
have not undergone anticoagulation. The presumed mecha-
nism is dislodgment of previously existing atrial thrombi
after cardioversion to atrial fibrillation. It has been demon-
strated that transient left atrial mechanical dysfunction and
spontaneous echocardiography contrast may occur after car-
dioversion to sinus rhythm, potentially explaining the mech-
anism of delayed cardioembolic events (339).

In subjects undergoing cardioversion it has been reported
that exclusion of intra-atrial thrombus with TEE can obviate
the need for extended precardioversion anticoagulation
(337,670-672). In light of encouraging results in small series,
a large multicenter randomized trial (ACUTE) was initiated
in which TEE-guided cardioversion was compared to car-
dioversion after 4 weeks of anticoagulation. The rate of
embolism was low and similar between both groups, 5
(0.8%) of 619 in the TEE group and 3 (0.5%) of 603 in the
conventional therapy group after follow-up of 8 weeks.
Although there was a significant reduction in composite
major and minor bleeding events in the TEE-guided arm, the
hypothesized reduction in embolic events in the TEE arm did
not occur, and the study was terminated prematurely (673).
Because there were comparable embolic event rates in both
arms, it appears that TEE is an alternative to but is not supe-
rior to conventional extended anticoagulation. Should a TEE-
guided approach be used, it is essential that patients be
However, the authors emphasize the importance of anticoag-
ulation given anticoagulation from the time of study until the
time of cardioversion and subsequently until atrial mechani-
cal function has returned after conversion. Others, however,
have reported that iIn a group of patients not routinely given
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Table 18. Echocardiographic Predictors for Outcome of Elective Cardioversion

Author, y Patient Parameters
(Ref) n Study Design Group Method Evaluated Results Comments

Danias, 1998 356 Retrospective AF more than 72 h 2-D, LA diam, LV LA size not predictive,
(663) outcome equals M-mode Fxn NILV fxn more common in

spontaneous spontaneous converters but 
conversion not independently predictive

Dittrich, 1989 85 Retrospective Variety of etiologies M-mode M-mode Initial success
(330) and coexisting cardiac and 2D LV diam, LVH No echo parameter predictive

problems (greater than 
11 mm) 1 –mo maintenance of NSR

Most pts in AF LVEDD, LA diam (M-mode) and RA
greater than 5 y LVFS% long axis not predictive

2D LA long axis and LAA larger
LA long axis, in pts staying in NSR
RA long axis, (but great overlap)
LA area (Es),
RA area (Es) 6 –mo maintenance of NSR

No echo parameter predictive

Flugelman, 40 Retrospective All had chronic AF, 2D LA diam Success No breakdown separating
1984 (336) postoperative mitral LVFS% NSR at 3 mo pts who initially failed

valvotomy or MVR for LV diam conversion vs those who
rheumatic MS RV diam LA size larger in those reverted within 3 mo.

with failure (P = 0.03) No useful cutoff was 
suggested or evaluated.

Dethy, 1988 50 Prospective All maintained NSR 2D, M-mode Maintenance of NSR at 6 mo
(331) greater than 24 h M-mode LA diam LA diam greater than 45

Sens = 59%
Doppler Spec = 44%
parameters PPV 66
based on E LA diam greater than 50
and A Sens = 38%
waves Spec = 6%

PPV = 63%
Success vs failure
LA size ns
A wave at 24 h P = 0.12
Increase in A wave from 
4-24 h, P = 0.003

Henry, 1976 37 Retrospective Pts had MV M-mode LA diam Only 25% maintained NSR This study has been widely
(333) diagnosis or ASH. to 6 mo cited to support the concept

Many had multiple that LA size of 45 argues
attempts at cardio- 10% of pts with LA diam against successful cardio-
version. No pt had LA greater than 5 had NSR version. However, no pt had
less than 45. at 6 mo LA less than 45. No infor-

mation on initial success.
Group not typical of usual 
mix of pts with AF.

Ewy, 1980 74 Retrospective Rheumatic heart  M-mode LA diam No pt with LA greater than Considerable overlap
(334) disease, 6 cm and rheumatic heart between groups and small

idiopathic AF disease of greater than 5 in pts number in successfully 
with idiopathic AF successfully cardioverted group.
converted, but there was no signif-
icant difference in LA size when 
entire group of successful vs 
failed cardioversion was compared.

Hoglund, 26 Prospective Rheumatic heart  M-mode LA diam Success Small number, but 4.5 
1985 (332) disease, Maintenance of NSR for 1 mo appears to be a good cutoff 

idiopathic AF LA diam smaller in pts with  in this pt group.
success vs failure P = 0.001. 
No pt with recurrence had LA 
less than 4.5. 
Success in 1 pt with LA greater
than 4.5

Halpern, 21 Prospective Mixed group re M-mode LA diam Initial success Small number
1980 (335) coexisting heart disease.  LA smaller in converters

Cardioversion attempted P less than 0.005 
only with procainamide. All converters had LA less than 4

Only 1 nonconverter had LA less 
than 4

AF and Afib indicate atrial fibrillation; ASH, asymmetric septal hypertrophy; ES, end systole; LA, left atrium; LAA, left atrial appendage; LV, left ventricular; diam, diameter; LVEDD, left ven-
tricular end-diastolic diameter; LVFS, left ventricular fraction shortening; LVH, left ventricular hypertrophy; RA, right atrium; NSR, normal sinus rhythm; MVR, mitral valve replacement, MS,
mitral stenosis; Pts, patients; RV, right ventricular; Sens, sensitivity; Spec, specificity; PPV, positive predictive value; 2D, two-dimensional.
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tine echocardiography found no abnormalities that estab-
lished the cause of the syncope (677). However, it is impos-
sible to determine the true yield of echocardiography in this
setting, including its ability to rule out as well as rule in clin-
ically suspected abnormalities in a retrospective study. Thus,
there is a strong need for a large prospective study in this
area.

Recommendations for Echocardiography in the 
Patient With Syncope

Class I
1. Syncope in a patient with clinically suspected heart

disease.
2. Periexertional syncope.

Class IIa
Syncope in a patient in a high-risk occupation (eg,
pilot).

Class IIb
Syncope of occult etiology with no findings of heart
disease on history or physical examination.

Class III
1. Recurrent syncope in a patient in whom previous

echocardiographic or other testing demonstrated a
cause of syncope.

2. Syncope in a patient for whom there is no clinical sus-
picion of heart disease.

3. Classic neurogenic syncope.

XIIa. SCREENING
If screening asymptomatic individuals for cardiac abnormal-
ities is to be recommended, several criteria must be met.
First, the test used must be accurate, free of complications,
widely available, and inexpensive. Second, the abnormalities
sought should occur with reasonable frequency in the popu-
lation to be screened and, if present, should convey risk to the
affected individual. Third, recognition of the abnormality
should ideally lead to initiation of a management plan that
will favorably affect long-term outcome or prevent initiation
of a potentially detrimental plan. At a minimum, identifica-
tion of the disease should provide prognostic information
that will influence the patient’s life decisions.

As a testing modality, echocardiography is a safe, widely
available, and accurate method for identifying most structur-
al heart disease. Its cost varies, depending in part on which
components are included in the examination. In general, its
cost is higher than that of a physical examination, ECG, or a
conventional stress test but lower than that of cardiac imag-
ing with computerized axial tomography, MRI, or nuclear
methods. Thus, echocardiography has several properties that
promote its use as a screening tool. However, of the many
conditions that echocardiography is capable of identifying,
few meet the criteria enumerated above.

Among those that meet these criteria are heritable diseases
of the heart and great vessels when the target group for

demonstrated in previous TEE.*
5. Evaluation of patients for whom a decision concerning

cardioversion will be impacted by knowledge of prog-
nostic factors (such as LV function or coexistent
mitral valve disease).

Class IIa
Patients with atrial fibrillation of less than 48 hours’
duration and other heart disease.*

Class IIb
1. Patients with atrial fibrillation of less than 48 hours’

duration and no other heart disease.*
2. Patients with mitral valve disease or hypertrophic

cardiomyopathy who have been on long-term antico-
agulation at therapeutic levels before cardioversion
unless there are other reasons for anticoagulation (eg,
prior embolus or known thrombus on previous
TEE).*

3. Patients undergoing cardioversion from atrial flut-
ter.*

Class III
1. Patients requiring emergent cardioversion.
2. Patients who have been on long-term anticoagulation

at therapeutic levels and who do not have mitral valve
disease or hypertrophic cardiomyopathy before car-
dioversion unless there are other reasons for anticoag-
ulation (eg, prior embolus or known thrombus on pre-
vious TEE).*

3. Precardioversion evaluation of patients who have
undergone previous TEE and with no clinical suspi-
cion of a significant interval change.

*TEE only.

B. Syncope

Syncope is a common clinical problem with multiple causes.
The role of echocardiography in the diagnostic evaluation of
patients with syncope relates to its ability to diagnose and
quantitate obstructive lesions and identify abnormalities such
as LV dysfunction that provide a substrate for malignant
arrhythmias. The abnormality identified may be solely
causative or one of several combining to cause syncope. 

Whether the use of echocardiography can be justified as a
routine component of a syncopal workup is controversial.
Only retrospective studies published in abstract form are
available on the subject (343-345), and the conclusions dif-
fer. While two studies reported no diagnostic yield from
echocardiography in whom history, physical exam, and ECG
failed to indicate a cause (343,344), a third study reported
that echocardiography identified what was ultimately deter-
mined to be the sole cause in 8% of subjects with syncope
referred for echocardiographic evaluation (345). One retro-
spective study reported that echocardiography did not identi-
fy an unsuspected cause in patients in whom history, physi-
cal examination, and ECG failed to indicate a cause (676).
However, in a prospective study of 155 patients with syncope
unexplained by history, physical examination, or ECG, rou-
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graphic screening of first-degree relatives of those with the
disease. Because the disease is relatively uncommon and the
echocardiographic manifestations may be subtle, it is impor-
tant that screening be performed by those with expertise in
the assessment of the right ventricle.

Marfan syndrome is transmitted as an autosomal dominant
with spontaneous mutation occurring in up to 30% of sub-
jects. Despite advances in genetic testing for the disease
(685), Tthe diagnosis is still made using a multidisciplinary
set of major and minor diagnostic criteria that include abnor-
malities of the skeleton, eye, cardiovascular system, pul-
monary system, skin, and central nervous system and that
take into consideration the family history (Table 19).
Because the primary method of diagnosing cardiovascular
abnormalities is echocardiography, this tool is an essential
element of screening for Marfan syndrome. When screening
is performed, it is essential to use normal values corrected for
body size and age. In adult cases where a thorough multifac-
eted evaluation excludes diagnosis, no subsequent screening
is necessary. However, in borderline cases and young chil-
dren of a clearly affected parent, repeat evaluation in 12
months is appropriate because skeletal, aortic, and ocular
abnormalities may evolve.

The current approach to screening for Marfan syndrome
and to guiding treatment of patients diagnosed with this dis-
order is echocardiographic assessment of the aorta. Improved
medical and surgical therapy has increased life expectancy in
these patients (350). 

Other heritable conditions of the heart include other con-
nective tissue disorders and tuberous sclerosis. A single
report has suggested that one of five patients with dilated car-
diomyopathy has a familial form of the disease, thus propos-
ing a role for echocardiographic screening in this setting as
well (351). However, no other study has confirmed this
observation. 

screening is the family of an affected individual. The most
common diseases that fall into this category are cardiomy-
opathy and Marfan syndrome.

Recent advances in molecular genetics have identified a
familial basis for many forms of cardiomyopathy. Although
genetic testing will likely become more widely available as a
screening tool in the future, echocardiography currently
plays a pivotal role in the process. Genetic testing and
echocardiography will likely always play complementary
roles in screening, the former documenting the genetic sub-
strate for the disease and the latter defining its manifestations
and progression. Three forms of myopathy in which there is
a defined role for echocardiographic screening are hyper-
trophic cardiomyopathy, dilated cardiomyopathy, and
arrhythmogenic RV dysplasia.

The inheritance pattern of hypertrophic cardiomyopathy is
variable, with familial occurrence reported in 56% and spo-
radic occurrence in 44% (346). In a large-scale screening
study (346), the proportion of first-degree relatives of
probands with hypertrophic cardiomyopathy also found to
have the disease was 22%. Of relevance to the screening
process is the fact that in an affected individual, the hyper-
trophy may develop de novo or increase dramatically during
childhood and adolescence (347). These observations pro-
vide justification for more than one screening examination of
subjects in this age group. In contrast, one study has sug-
gested that hypertrophy does not progress in adulthood
(348). However, emerging data demonstrating the genetic
heterogeneity and variable expression of hypertrophic car-
diomyopathy (678) raise the possibility that patterns of dis-
ease progression may be similarly variable. Thus, repeat
screening of adults may also be indicated in some cases.jus-
tifiable, particularly in those whose kindred have malignant
forms of the disease.

Although published series are still small, it has been report-
ed that up to two thirds of patients initially diagnosed as hav-
ing idiopathic dilated cardiomyopathy have familial forms of
the disease, which are typically inherited in an autosomal
dominant pattern (351,679,680). Clinical profiles of affected
families suggest that 29% of asymptomatic relatives have
echocardiographic abnormalities and roughly one third of
these will go on to develop full-blown cardiomyopathy
(681). These observations support echocardiographic screen-
ing of first-degree relatives of patients with apparent idio-
pathic dilated cardiomyopathy and more extended screening
of kindreds with established familial cardiomyopathy.
Because the age of onset varies considerably within and
between families, more than a single screening echocardio-
gram may be appropriate (682).

A familial basis has been reported in 30% to 50% of
patients with arrhythmogenic RV dysplasia (683). Although
genes responsible for the disease have been mapped to sev-
eral chromosomal loci, no genetic test for the disease is cur-
rently available. Arrhythmogenic RV dysplasia is most com-
monly transmitted as an autosomal dominant with variable
expression and penetrance. A recessive form associated with
epidermal abnormalities has also been reported (684). These
observations support electrocardiographic and echocardio-

Table 19. Diagnostic Criteria for Marfan Syndrome: 1995 Ghent
Nosology*

To make an initial diagnosis, at least two of the following major cri-
teria must be met:
1. Aortic dilation (by comparison with nomograms accounting for 

age and body size).
2. Ectopia lentis (detected by slit lamp exam with dilated pupils).
3. Skeletal abnormalities, four of the following:

• Positive thumb and wrist signs

• >20° scoliosis

• Pectus carinatum or pectus excavatum requiring surgery

• Pes planus (demand displacent of medial malleolus)

• Abnormal upper/lower segment ratio

• Arm span greater than 105% of height

• Typical facies (malar hypoplasia, deep-set eyes, retrognathia)

4. Dural ectasia
5. Positive diagnosis of Marfan syndrome or death due to dissection 

plus positive skeletal features in a first-degree relative.

*In families in which a firm phenotypic diagnosis of the Marfan syndrome has been
established, mutation or linkage analysis for fibrillin-1 can be used to diagnose Marfan
syndrome on a molecular basis in equivocally affected relatives or prenatally (349). 
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Class III
1. The general population.
2. Routine screening echocardiogram for participation

in competitive sports in patients with normal cardio-
vascular history, ECG, and examination.Competitive
athletes without clinical evidence of heart disease.

XIII. ECHOCARDIOGRAPHY IN THE
CRITICALLY ILL
Numerous applications of TTE and TEE to clinical condi-
tions discussed elsewhere in these guidelines also apply to
the hemodynamically unstable patient who is evaluated in
either the emergency department or critical care unit. Chest
pain, hypotension, or shock of unknown cause may not have
the usual clinical findings that clearly define the diagnosis.
Among the specific conditions detectable in the acutely ill
patient are acute myocardial infarction and its complications,
cardiac tamponade, aortic dissection, mechanical or infective
complications of native or prosthetic valves, and source of
embolism (359,360). In the critically ill patient there are sig-
nificant differences in the relative value of TEE versus TTE.

The critically ill patient in the emergency department or
intensive care unit is often managed by intubation and
mechanical ventilation, frequently utilizing positive end-
expiratory pressure (PEEP). Up to one half of such patients
cannot be adequately imaged by TTE, especially those
requiring more than 10 cm PEEP (361). Furthermore, many
patients in intensive care units cannot be appropriately posi-
tioned, have sustained chest injury, or are postoperative
patients with dressings and tubes preventing adequate TTE.
Because of these considerations, TEE is often required to
make the diagnosis.

In the critically ill patient without myocardial infarction,
significant left-sided valve or ventricular disease, or known
pulmonary disease, the finding of RV dilation or hypokinesis
on TTE indicates a high probability of pulmonary embolism.
Although in some series Tthe presence of RV hypokinesis
identifies patients with 30% or more of the lung nonperfused
who may receive significant benefit from thrombolysis
(362), others have noted a lack of correlation between the
extent of perfusion abnormalities on lung scan and the degree
of RV dilatation or dysfunction (687). These authors also
found that RV enlargement and systolic dysfunction are pres-
ent and persist despite treatment with heparin and warfarin or
vena caval interruption. The degree of RV dysfunction on
TTE does seem to serve as a predictor of mortality rate (688).
In patients who are hypotensive in the ICU setting, large
main pulmonary thrombus may rarely be diagnosed by TEE
even when unsuspected (689). One study (690) found that
central pulmonary embolism could be detected in 80% using
TEE and 90% using spiral CT (690,691).

The majority of studies of echocardiography in the clini-
cally ill have been retrospective analyses. In most, both TTE
and TEE results were available, allowing a comparison
between the two. In some of the studies both the critically ill
and injured were evaluated, and in others only postoperative

Another accepted recommendation for echocardiographic
screening is in the evaluation of potential donor hearts for
transplantation (352). Other heritable conditions of the heart
include other connective tissue disorders and tuberous scle-
rosis. In patients in whom transthoracic imaging is inade-
quate, TEE provides an alternative approach (353). Another
accepted recommendation for echocardiographic screening
is in the evaluation of potential donor hearts for transplanta-
tion (352). The overall yield for conditions that eliminate the
heart as a donor is approximately one of four patients. 

Noninvasive screening of LV function before the initiation
of chemotherapy with cardiotoxic agents is also accepted
clinical practice. Both echocardiography and nuclear gated
blood pool scanning have been used for this purpose.
Similarly, either modality may be used to monitor ventricu-
lar function serially during treatment. In this regard it is
notable that two small prospective studies have reported
Doppler-defined abnormalities of diastolic function that pre-
ceded detectable changes in systolic performance in patients
with doxorubicin cardiotoxicity (225,226).

Although a number of systemic diseases, such as sarcoido-
sis and systemic lupus erythematosis have the potential to
involve the heart, there appears to be little role and generally
few options for treatment of asymptomatic cardiac disease in
this setting. Thus, the role of echocardiographic screening of
these subjects is debatable.

In contrast to its utility in screening selected relatively
high-risk populations, echocardiographic testing cannot be
justified when asymptomatic cardiovascular disease is
sought in larger lower-risk groups. For example, in two large
screening studies the prevalence of echocardiographically
manifest hypertrophic cardiomyopathy in an adult popula-
tion was reported to be 0.2% (354,355), with the majority of
individuals thus identified having mild manifestations of the
disease. Similarly, although there is considerable public
awareness of athletes dying from unrecognized heart disease,
studies (356,686) have shown that the prevalence of these
and other conditions appears to be too low to justify wide-
spread screening (Table 20).

Recommendations for Echocardiography to Screen for
the Presence of Cardiovascular Disease 

Class I
1. Patients with a family history of genetically transmit-

ted cardiovascular disease.
2. Potential donors for cardiac transplantation. 
3. Patients with phenotypic features of Marfan syn-

drome or related connective tissue diseases.
4. Baseline and re-evaluations of patients undergoing

chemotherapy with cardiotoxic agents.
5. First-degree relatives (parents, siblings, children) of

patients with unexplained dilated cardiomyopathy in
whom no etiology has been identified.

Class IIb
Patients with systemic disease that may affect the
heart.
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Complication rates of TEE undertaken in the emergency
department (ED) have been found to be much higher than for
TEEs undertaken in ICUs (1% to 3%). In one series of 142
ED TEEs, there were 18 complications (12.6%): death (1),
respiratory insufficiency/failure (7), hypotension (3), emesis
(4), agitation (2), and cardiac dysrhythmia (1) (701).

A. Echocardiography in the Trauma Patient

Both TTE or TEE methods have been found to be useful in
the severely injured patient in whom cardiac, pericardial,
mediastinal, or major intrathoracic vascular injury has
occurred. Myocardial contusion or rupture, pericardial effu-
sion, tamponade, major vascular disruption, septal defects or
fistulae, and valvular regurgitation may all result from either
blunt or penetrating trauma. Assessment of the patient’s vol-
ume status and detection of significant underlying heart dis-
ease, especially in the elderly patient, is possible through
standard Doppler echocardiography techniques (702).

These patients represent a diagnostic challenge as they
often present with serious multisystem trauma or major chest
injury and are hemodynamically unstable. The ECG is help-
ful but often nonspecific, and serum enzymes have not been
found reliable. TTE has been used since the early 1980s to
evaluate cardiac trauma (379,380). In both blunt and pene-
trating chest trauma, 87% of patients could be imaged satis-
factorily by TTE, with significant abnormalities found in
50%, the most common of which was pericardial effusion
(27%) (381). In a prospective study of 336 patients over 6
years, young patients with minor blunt thoracic trauma and a
normal or minimally abnormal ECG have a good prognosis,
and further diagnostic studies and monitoring are seldom
necessary (382). Others have proposed a similar triage
scheme for blunt cardiac trauma using both TTE and TEE
(383-385). Both TTE and TEE are being used with increas-
ing frequency in EDs in patients with blunt thoracic trauma
(703), prompting the publication of guidelines for echocar-
diography in emergency medicine (704).

Blunt cardiac injury may result in cardiac contusion signif-
icant enough to produce serious dysrhythmias (386), cardiac
dysfunction, or tamponade. The majority of serious injuries
result in death from rupture of the ventricle or aorta before
the patient can be transported (387). In patients with serious
blunt trauma who reach the hospital, even if in profound
shock or cardiac arrest, survival is possible if the injury is
recognized and immediate surgery undertaken, even in car-
diac rupture (388). In certain cases, TTE done emergently in
the ED may assist in the diagnosis and result in salvage. The
sequelae of blunt cardiac trauma may not be immediately
evident and require close follow-up. The diagnosis may
eventually be made by various means, including cardiac
echocardiography (389).

It is often difficult to image patients with severe blunt trau-
ma with TTE. Most studies have found that TEE was valu-
able when TTE images were suboptimal and when aortic
injury was suspected (390-392). In one study of intubated
multiple injury patients not confined to blunt chest trauma,

patients were included. In general, there is an improved yield
of critical findings by TEE in patients in whom the standard
two-dimensional Doppler TTE study provided inadequate
information. TEE often resulted in a change in treatment or
surgery (86,88,363-370,692-694) (Table 21). Recently the
first prospective but nonrandomized trial comparing the
value of TTE and TEE for evaluating unexplained hypoten-
sion found that 64% of 45 TTE studies were inadequate,
compared with 3% of 61 TEE studies. Transesophageal stud-
ies contributed new clinically significant diagnoses (not seen
by TTE) in 17 patients (28%), leading to operation in 12
(20%) (86).

Although TEE appears to be of special advantage in the
critically ill, when the overall utility of TTE echocardiogra-
phy was evaluated in 500 patients, changes in treatment
occurred because of the TTE finding more commonly in
patients in the ICU (54%) versus patients not in the ICU
(37%) (695). Recent excellent reviews comprehensively
cover the use of TEE in the critically ill and traumatized
patients (664,696).

New modalities using contrast injection are improving the
usefulness of TTE in ICU and mechanically ventilated
patients even beyond the technical improvements offered by
harmonics. Two recent studies have shown that wall motion
scoring and ejection fraction calculation can be improved to
over 80% of such patients with contrast imaging (697,698).

TTE or TEE may help to define pathophysiological abnor-
malities in patients even when there is constant invasive
monitoring of pulmonary artery pressures by the Swan-Ganz
technique. In several series echocardiography was found to
be more reliable than Swan-Ganz catheter pressure in deter-
mining the cause of hypotension (86,371-373). Although the
measurement of cardiac output by TEE and Doppler using
special views appears to be feasible (374-376), clinical use
on a continuous basis is not yet available. It is not a realistic
expectation at this point that echocardiography and Doppler
measurements will replace thermodilution-determined car-
diac output or pulmonary artery catheter monitoring (5),
although with severe tricuspid regurgitation, thermodilution
cardiac outputs can be misleading. In this situation, the car-
diac output can be checked by a Doppler-derived cardiac out-
put. Other measurements of function can be obtained using
TEE and Doppler, including pulmonary venous flow deter-
mination, which may assist in separating various cardiovas-
cular conditions responsible for hemodynamic instability
(87).

TEE is valuable in the hypotensive postoperative cardiac
surgery patient to detect treatable conditions (372,373).
Other potential advantages of TEE in the surgical patient are
addressed in practice guidelines for perioperative TEE (377),
and the specific role of intraoperative TEE has been covered
recently in reviews (699) and in ASE/SCA guidelines (700)
and in the new section (XVI) of this guideline.

Although no fatal and few serious complications of TEE
were reported in the studies cited, there are significant spe-
cial technical considerations that must be taken into account
in these critically ill patients (87,378).
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Table 21. Role of Echocardiography in the Critically Ill and Injured

% TEE
Diagnosis or

Year and TTE Pts Number Not Primary
Author Type of or TTE Available by Reasons for
(Ref) Study Studies TTE Comment TTE Type of Unit Examination

Pearson 1990 61 All Suboptimal in 44% Multiple Aortic dissection
(363) retrospective most 29%

Source of
embolism 26%
Complication of

CAD 10%
Miscellaneous

19%
Ventricular
function 8%

Infective
endocarditis 8%

Oh 1990 51 All Suboptimal 59% Multiple 25—hemodynamic
(364) retrospective TTE reason for instability 49%

TEE No. of pts
Infective

endocarditis 10
Cardiac contusion

10
Heart donor 5

Aortic dissection,
source of

embolus, LV
function, chest
pain, other 10

Font 1991 112 All 68% fair to By TEE Multiple 56% RO vegetations
(365) retrospective poor image 131 new lesions postoperative 46%

compared with 95 cardiac or RO valve
for TTE: noncardiac dysfunction 43%

TTE/TEE=73% surgery Assess ventricular
overall function 19%

Equal for Source of
tamponade embolus 12%

Detailed analysis RO dissection 9%
of TTE/TEE

frequency for each Other (congenital
diagnosis heart disease,

tamponade,
LVOT

obstruction,
constriction) 14%

Foster 1992 83 34% had TEE with 25 “new Endocarditis 43%
(366) retrospective TTE Doppler not findings” in TEE Embolic source

available pts who had TTE 14%
TTE with 19% cardiac Mitral
Doppler surgery prompted regurgitation 11%

complementary by TEE
Hypotension 11%

Other (LV
function, aortic

dissection,
prosthetic valve,

etc) 21%

Hwang 1993 80 All 50% did not Aortic dissection Multiple Aortic dissection
(367) retrospective provide critical 27 sensitivity 27

information TEE 100% 48 pts
provided by 12 sensitivity Hemodynamic

TEE TTE 44% Emergency instability 20
Hemodynamic department 32

instability pts Embolic source 9
TEE 20 pts
TTE 11 pts Evaluation of

Embolic source MR 7
TEE 9 pts Endocarditis 3
TTE 0 pts Other remainder

Cardiac surgery
prompted in 18%

Continued on next page
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Table 21. (Continued)

% TEE
Diagnosis or

Year and TTE Pts Number Not Primary
Author Type of or TTE Available by Reasons for
(Ref) Study Studies TTE Comment TTE Type of Unit Examination

Khoury 1994 77 All Technically Same Multiple Hemodynamic
(368) retrospective poor or instability 41%

inconclusive in Echocardiography Endocarditis 34%
77 (100%), thus resulted in change Embolic source
reason for TEE in treatment of 21%

46 of 77 pts Aortic dissection
(100%); 48% 4%
(37) were due
solely to TEE

findings TEE led
to surgery in 22

pts (29%)

Poelaert 1995 108 TEE only Not compared TEE excluded Medical-surgical Multiple reasons
(369) retrospective in pts with abnormalities in ICU No postoperative

inadequate 27% pts
TTE TTE not compared;

primary reason
for study to

evaluate TEE in
comparison with
pulmonary artery

catheter

Heidenreich 1995 61 In 45 of Adequate 17 (28%) new Multiple Unexplained
(86) prospective 61 pts visualization in diagnoses by hypotension:

only 36% vs TEE not observed multiple different
97% for TEE by TTE causes found

Multiple
unexpected

findings by TEE
leading to a
change in

management in
48% of pts,
resulting in

improved BP in
24%

Sohn 1995 122 new All Suboptimal 98% Multiple Hemodynamic
(88) retrospective pts (25 in TTE reason for instability and

1990 TEE In 59% a cause inadequate TTE
group) was found, No. of pts

resulting in 53 global or
urgent surgery in regional LV

21% function (34%)
31 severe valvular

disease (20%
22 endocarditis

(14%)
12 suspected

aortic dissection
(8%)

11 shunt lesions
(7%)

7 mass lesions
(4%)

30 had 2 reasons

BP indicates blood pressure; CAD, coronary artery disease; ICU, intensive care unit; LV, left ventricular; LVOT, left ventricular outflow tract; MR, mitral regurgitation; Pts, patients; RO, rule out;
TEE, transesophageal echocardiogram; TTE transthoracic echocardiogram.
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should be routinely performed in victims of violent deceler-
ation collisions even when the chest X-ray appeared normal
(707,708). The same authors and others (709) have more
recently pointed out limitations of TEE in various types of
aortic injury, concluding aortography is superior, especially
for branch and proximal arch disruption. The rapidly evolv-
ing diagnostic modality of contrast-enhanced spiral thoracic
computed tomography (CEST-T) has demonstrated a higher
degree of accuracy. In one study from the Maryland Shock-
Trauma Center, in 1104 prospectively studied blunt trauma
patients, CEST-T had an overall diagnostic accuracy of
99.7% (710). Despite the rapid evolution in the use of ultra-
sound and spiral CT in the evaluation of aortic injuries, aor-
tography appears at this point in time to be the most fre-
quently used imaging modality. Which techniques are used
appears to largely depend on a specific institution’s individ-
ual algorithm and the expertise they can mobilize in the eval-
uation of these acute patients until such time as a large
enough prospective comparative study of aortography, spiral
CT, and/or TEE is completed in multiple trauma centers
(711).

Penetrating chest trauma, whether by gunshot, stabbing, or
other means, has usually required surgical exploration using
a subxiphoid pericardial approach to exclude cardiac injury.
The subxiphoid exploration, however, carries a negative
exploration rate of 80%. TTE, when compared to subxiphoid
pericardiotomy, is 96% accurate, 97% specific, and 90% sen-
sitive in detecting pericardial fluid in juxtacardiac penetrat-
ing chest wounds (399). Thus, TTE may prevent unnecessary
exploratory thoracotomy or subxiphoid pericardiotomy
(400). In a report in which TTE was used in the ED of a large
metropolitan hospital, survival in the group who had TTE
was 100%; for the nonechocardiography group, survival was
57.1% (401). In another series of patients with penetrating
chest injury, TTE had an accuracy of 99.2% and positive and
negative predictive values of 100% and 98% (402). Others,
however, have reported that a normal echocardiogram (TTE)
does not always exclude major intrapericardial injury, and
that even small effusions in penetrating chest trauma may be
associated with significant injury (403). When hemothorax is
associated with penetrating injury, cardiac echocardiography
does not have adequate sensitivity and specificity to avoid the
necessity of subxiphoid exploration (404).

Late sequelae of penetrating injuries are not uncommon,
and thus routine TTE is recommended in all patients with
penetrating cardiac injuries (405,406). The detection and
location of bullet fragments is also possible with TEE and
Doppler (407). While no large series of penetrating cardiac
wounds studied by TEE and Doppler has been reported, ini-
tial reports support its routine use in the perioperative period
(408).

Iatrogenic penetrating cardiac injury in the catheterization
laboratory is rare, occurring in 0.12% of procedures.
Whether by guidewires, pacemaker catheters, balloon valvu-
lotomy, PTCA, or pericardiocentesis, tamponade is the result
in many of these, recognizable by fluoroscopy at the time and
confirmed by cardiac echocardiography in the laboratory or

TEE evaluation detected unsuspected myocardial contusion,
pericardial effusion, and aortic injury (393).

Thoracic aortic disruption usually occurs in a sudden decel-
eration injury or serious blunt trauma in which torsion forces
are brought to bear upon the aorta, resulting in tears in the
intima or transection of the aorta. The most common sites of
rupture or partial rupture in those patients surviving to reach
the hospital are the descending aorta just distal to the left
subclavian artery (aortic isthmus) and the ascending aorta
just proximal to the origin of the brachiocephalic vessels. Of
the 20% who survive to reach the emergency room, 40% die
within the first 24 hours. Radiological signs in these patients
include widening of the mediastinum on chest radiograph,
fracture of first and second ribs with an apical cap, or multi-
ple types of thoracic trauma. Occasional patients with multi-
system trauma without evidence of chest trauma sustain rup-
ture.

While aortography has been the gold standard, computed
tomography and MRI have also been used in an attempt to
differentiate patients with trauma and a widened medi-
astinum. TEE is becoming the first approach in many centers
because of the utility and speed with which it can be accom-
plished and because of its superiority in evaluating aortic dis-
ease such as dissection. This is especially so with the wide-
spread use of biplane and multiplane TEE (384,391,392).
Obviously, the value of TEE depends on its availability in a
timely manner and the expertise of the operators to perform
a comprehensive evaluation of the aorta without serious com-
plications in the traumatized patient (394,395). Several series
of patients undergoing TEE have been reported in which
most patients have had aortography or surgery to confirm the
diagnosis (266,390,392,396,397). The use of TEE as a pri-
mary diagnostic modality in traumatic aortic rupture appears
to be rapid, safe, and accurate as a bedside method. Although
widespread use of TEE has not been documented in large
series from many different institutions, aortography may be
avoided except in those patients in whom TEE results are
equivocal, when TEE is not tolerated or contraindicated, or
when other vascular injuries of arch vessels or lower portions
of the descending aorta are suspected. TEE, aortography,
computed tomography, and MRI are reviewed in a recent
publication (398).

Blunt aortic injury is the second most common cause of
death in studies of blunt trauma deaths. Early studies, cited
above, indicate an increasing utilization of TEE in these
patients in many centers. An initial prospective study at 50
trauma centers throughout North America of 274 blunt aortic
injury cases seen between 1993 and 1996 revealed that chest
computed tomography (CT) and TEE were applied in 88 and
30 cases, respectively, and were 75% and 80% diagnostic,
respectively (705). However, the increasing frequency of use
of TEE in the assessment of blunt aortic injury is apparent
from the literature, introducing a challenge to echocardiogra-
phers and systems caring for these patients. Smith et al.
reported 101 cases of suspected traumatic rupture of the
aorta in which TEE was attempted. Ninety-three patients
were successfully studied with a sensitivity of 100% and a
specificity of 98% (706). Vignon et al. signaled that TEE
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6. Potential catheter, guidewire, pacer electrode, or peri-
cardiocentesis needle injury with or without signs of
tamponade.

Class IIa
1. Evaluation of hemodynamics in multiple-trauma or

chest trauma patients with pulmonary artery catheter
monitoring and data disparate with clinical situation.

2. Follow-up study on victims of serious blunt or pene-
trating trauma.

Class III
Suspected myocardial contusion in the hemodynami-
cally stable patient with a normal ECG who has no
abnormal cardiac/thoracic physical findings and/or
lacks a mechanism of injury suggesting cardiovascu-
lar contusion.

*The use of TTE or TEE includes Doppler techniques when indicated and
available and with appropriately trained and experienced sonographer
and interpreter.

TEE is indicated when TTE images are suboptimal. TEE often provides
incremental information.

XIV. TWO-DIMENSIONAL DOPPLER
ECHOCARDIOGRAPHY IN THE
ADULT PATIENT WITH CONGENITAL
HEART DISEASE
The adult patient with congenital heart disease is referred for
echocardiography either because the problem was not dis-
covered in childhood or more often because the patient was
previously diagnosed as having inoperable congenital heart
disease and is stable or inoperable or has had one or more
palliative or corrective surgical procedures (712,713).

As a general rule, all patients with congenital heart disease
must be followed indefinitely (672), even those who have
had “corrective” procedures to return them to physiological-
ly normal status. The only potential cures are in repaired
patent ductus arteriosus and in some patients a repaired atri-
al septal defect. Adult patients with congenital heart disease
are seen by the cardiologist because they

• Have been undiagnosed in the past

• Have recognized congenital heart disease that is present
ly inoperable, eg, hypoplastic pulmonary arteries or sys-
temic level pulmonary hypertension and due to severe
pulmonary vascular disease, and

- Progressive clinical deterioration, such as ventricular
dysfunction or arrhythmias due to the natural history
of the disease

- Become pregnant or have other stresses such as non-
cardiac surgery or infection, including infective endo-
carditis

• Have residual defects after a palliative or corrective oper-
ation

at the bedside. Pericardiocentesis is the definitive treatment
in most, and surgery is rarely necessary (409).

In summary, echocardiography and Doppler techniques are
extremely valuable in delineating pathology and hemody-
namics in the critically ill or injured patient and in certain
perioperative situations. TEE appears to have a distinct
advantage in certain settings and conditions.

Conditions and Settings in Which TEE Provides the
Most Definitive Diagnosis in the Critically Ill and
Injured

• The hemodynamically unstable patient with subop-
timal TTE images

• The hemodynamically unstable patient on a ventilator

• Major trauma or postoperative patients (unable to be
positioned for adequate TTE)

• Suspected aortic dissection

• Suspected aortic injury

• Other conditions in which TEE is superior (see sec-
tion on valvular disease)

Because of the highly variable nature of these patients, the
differing clinical circumstances in reported series, and the
evolving utilization of either TTE or TEE and Doppler tech-
niques, the relative merit and recommendations may vary
among institutions.

Recommendations for Echocardiography in the
Critically Ill

Class I
1. The hemodynamically unstable patient.
2. Suspected aortic dissection (TEE). 

Class III
1. The hemodynamically stable patient not expected to

have cardiac disease.
2. Re-evaluation follow-up studies on hemodynamically

stable patients.

Recommendations for Echocardiography in the
Critically Injured*

Class I
1. Serious blunt or penetrating chest trauma (suspected

pericardial effusion or tamponade).
2. Mechanically ventilated multiple-trauma or chest

trauma patient.
3. Suspected pre-existing valvular or myocardial disease

in the trauma patient.
4. The hemodynamically unstable multiple-injury

patient without obvious chest trauma but with a
mechanism of injury suggesting potential cardiac or
aortic injury (deceleration or crush).

5. Widening of the mediastinum, postinjury suspected
aortic injury (TEE).
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systolic function RV and LV function

• Defining the presence, site, and relative magnitude of
intracardiac and/or systemic-to-pulmonary artery shunts

• Defining the presence, magnitude, and site of LV and RV 
outflow tract and valvular obstruction

• Evaluating valvar regurgitation

• Estimating pulmonary artery pressure

• Defining the relation of veins, atria, ventricles, and arteries

• Visualizing coarctation of the aorta and estimated degree
of obstruction

• Defining the presence, site, and relative magnitude of
intracardiac or vascular shunts using contrast echocar-
diography and color Doppler.

• Demonstrating intracardiac and/or central vascular mural
thrombi as well as coronary fistulas

• Assessment of atrioventricular valve anatomy and func-
tion

• Visualizing conduits and intracardiac baffles in patients
who have had surgical palliation (Mustard, Rastelli, and
Fontan procedures)

• Identifying the site of origin and initial course of coro-
nary arteries

Recommendations for Echocardiography in the Adult
Patient With Congenital Heart Disease

Class I
1. Patients with clinically suspected congenital heart dis-

ease, as evidenced by signs and symptoms such as a
murmur, cyanosis, or unexplained arterial desatura-
tion, and an abnormal ECG or radiograph suggesting
congenital heart disease.

2. Patients with known congenital heart disease on fol-
low-up when there is a change in clinical findings.

3. Patients with known congenital heart disease for
whom there is uncertainty as to the original diagnosis
or when the precise nature of the structural abnor-
malities or hemodynamics is unclear.

4. Periodic echocardiograms in patients with known
congenital heart lesions and for whom ventricular
function and atrioventricular valve regurgitation
must be followed (eg, patients with a functional single
ventricle after Fontan procedure, transposition of the
great vessels after Mustard procedure, L-transposi-
tion and ventricular inversion, and palliative shunts).

5. Patients with known congenital heart disease for
whom following pulmonary artery pressure is impor-
tant (eg, patients with hemodynamically important,
moderate, or large moderate or ventricular septal
defects, atrial septal defects, single ventricle, or any of
the above with an additional risk factor for pul-
monary hypertension).

• Develop arrhythmias (including ventricular tachycardia
atrial flutter, or atrial fibrillation) that may result in syn-
cope or sudden death

• Have progressive deterioration of ventricular function
with congestive heart failure

• Have progressive hypoxemia because of inadequacy of
palliative shunt or development of pulmonary vascular
disease

• Require monitoring and prospective management to
maintain ventricular or valvar function and/or to prevent
arrhythmic or thrombotic complications

Table 22 lists the late complications that occur in patients
with surgically treated congenital heart disease. Echo-
cardiography has been so accurate in the diagnosis of con-
genital heart disease that in many centers, patients with
echocardiographic diagnosis alone are sent for complete
repair of major congenital heart defects (714).

Transthoracic and transesophageal echocardiography are
extremely useful in monitoring patients who have had surgi-
cal palliation or “correction” by detecting and quantifying
the severity of residual defects such as shunts, valvular and
conduit obstruction, valvular regurgitation, and ventricular
function (715-717). TEE is better at defining the detailed
anatomy of the atrioventricular junction and atria than TTE
(718).

Magnetic resonance imaging also is very accurate in defin-
ing intracardiac anatomy and diagnosing congenital heart
disease. It is complementary to echocardiography in that it is
more accurate than echocardiography in diagnosing extracar-
diac abnormalities such as anomalous pulmonary veins and
vascular rings (718,719). Three-dimensional echocardiogra-
phy is becoming more useful in defining complex intracar-
diac anatomy in patients with congenital heart disease, but
techniques are still evolving, and at present, its availability is
extremely limited (720,721). Finally, echocardiography is
increasingly being used in intracardiac interventional proce-
dures such as valvotomy, device closure of atrial and ventric-
ular septal defects, and intracardiac ablation for arrhythmias
722,723).

Of special importance is the recognition that congenital
heart disease is relatively infrequent in the practice of the
cardiologist who sees adults. Most cardiologists and echocar-
diographic technicians have insufficient experience with the
wide variety of congenital heart disease lesions that exist. It
is likely that they will recognize that something is abnormal
but not recognize the specifics of the congenital heart lesion.
For this reason, it is necessary that both the cardiac sonogra-
pher and interpreting cardiologist have special competencies
in congenital heart disease or refer the patient to a cardiolo-
gist (adult or pediatric) experienced in the area. 

Two-dimensional Doppler eEchocardiography is useful in 

• Demonstrating chamber size and atrial septum

• Evaluating LV systolic and diastolic function and RV
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1. Atrial Septal Defects
Atrial arrhythmias: atrial fibrillation, atrial flutter, sick-sinus 

syndrome 
Mitral regurgitation (ostium primum defect; occasionally other types 

of atrial defects)
Heart block (ostium primum defect) (rare)
Residual left-to-right shunt (rare)
Right ventricular dysfunction

2. Atrioventricular Septal Defect
Residual interatrial or interventricular left-to-right shunt
Mitral and/or tricuspid regurgitation
Left ventricular inflow and outflow tract obstruction
Heart block

3. Ventricular Septal Defect
Residual left-to-right shunt
Heart block (rare)
Ventricular arrhythmias, including ventricular tachycardia and 

sudden death
Aortic regurgitation
Left ventricular dysfunction

4. Patent Ductus Arteriosus
Recanalization when ligated (rare)
With coil embolization: residual left-to-right shunt
Embolized coils to pulmonary artery or systemically (rare): occurs 

early within 24 hours of placement

5. Aortic Stenosis
Recurrent or residual aortic stenosis
Aortic regurgitation
Ventricular septal defect (with fibromuscular tunnel)
Aortic-to-right ventricular fistula (with Kono procedure)
Heart block
Coronary ostial obstruction (supravalvular aortic stenosis) 

(rare)
Prosthetic valve dysfunction
Prosthetic valve leak
Prosthetic valve infection

6. Pulmonic Valve Stenosis
Residual pulmonic valve stenosis
Pulmonic valve regurgitation

7. Palliative Shunts
Infective endocarditis (all shunts)
Inadequate left-to-right shunt (Blalock-Taussig)
Pulmonary hypertension (Potts, Waterston): can be unilateral due to 

pulmonary artery kinking protecting the opposite lung
Congestive heart failure (Potts, Waterston)
Obstruction of right pulmonary artery (Waterston) or left pulmonary 

artery (Potts)

8. Tetralogy of Fallot
Residual right ventricular outflow tract obstruction, valvar or subvalvar
Residual branch pulmonary artery stenosis
Residual ventricular septal defect
Pulmonic valve regurgitation–right-heart failure, associated tricuspid 

regurgitation
Aortic regurgitation
Ventricular arrhythmias, including ventricular tachycardia and sudden

death
Heart block (rare)
Right ventricular outflow tract aneurysm
Calcification of homograft patches
Aortic dilation
Left ventricular dysfunction (previous or present large palliative 

shunts or aortopulmonary collaterals or poor myocardial preserva-
tion during surgery)

9. Tetrology of Fallot With Conduit RV to PA
Pulmonary atresia (Rastelli procedure)
Mural calcification of homograft
Degeneration of valve in conduit–stenosis or regurgitation
Ventricular arrhythmias–sudden death
Aneurysm of proximal attachment of right ventricular outflow graft
Aortic valve regurgitation
Left ventricular dysfunction (previous or present large palliative 

shunts or aortopulmonary collaterals or poor myocardial preserva
tion during surgery)

10. Tricuspid Atresia, Single Ventricle (Fontan Procedure)
Atrial tachyarrhythmias (atrial flutter, atrial fibrillation)
Intracardiac or central vascular mural thrombi
Systemic venous hypertension, manifests as ascites, pleural effusion,

hepatomegaly, superior vena caval syndrome, protein losing enteropathy
Pulmonary arteriovenous fistula (rare except with associated Glenn 

procedure)
Ventricular dysfunction
Subaortic obstruction

11. Transposition of the Great Vessels
Senning and Mustard procedure
Sinus and atrioventricular nodal dysfunction
Right ventricular (systemic ventricle) failure
Intra-atrial caval baffle obstruction
Baffle leaks with intra-atrial shunt
Obstruction of neo-left atrium and pulmonary venous hypertension 
Fixed subpulmonic stenosis (discrete fibrous band on septal surface

of left ventricular outflow or dynamic left ventricular outflow tract 
obstruction)

Systemic embolization
Arterial switch operation
Supravalvular aortic obstruction
Aortic valve regurgitation
Coronary arterial obstruction, myocardial ischemia
Left ventricular failure
Supravalvular pulmonic stenosis

12. Congenitally Corrected Transposition (ventricular inversion with 
L-transposition)
Heart block
Left-sided atrioventricular valve regurgitation
Right (systemic) ventricular failure
Residual ventricular septal defect and residual subpulmonic obstruction

13. Ebstein Disease
Tricuspid regurgitation, progressive supraventricular tachycardias,

Wolff-Parkinson-White syndrome
Residual atrial shunts

14. Coarctation of the Aorta
Hypertension
Bicuspid aortic valve (regurgitation, stenosis)
Vascular aneurysm rupture (cerebrovascular accident, berry 

aneurysm)
Aortic dissection
Residual or recurrent coarctation
Mitral valve anomalies that can result in stenosis or regurgitation 

(rare)
Premature coronary artery disease

These are late postoperative complications in the more common congenital heart lesions
in patients who survive to adulthood.  There may be occasional patients with other
lesions not included in this list.

RV indicates right ventricle; PA, pulmonary artery.

Table 22. Late Postoperative Complications in Patients With Congenital Heart Disease
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Echocardiographic re-evaluation in some candidates
improves medical or surgical management. For the child with
insignificant cardiac disease, an echocardiographic evalua-
tion should reduce the frequency of pediatric cardiology sur-
veillance and provides reassurance to the family (726). For
those patients with a significant cardiac abnormality, early
and accurate echocardiographic evaluation improves clinical
outcome. Most echocardiographers who deal with adult
patients have little experience with congenital heart disease,
especially as it is seen in the pediatric and neonatal patient.
Echocardiographers should have appropriate training and
experience before attempting to perform or interpret
echocardiograms in patients with congenital heart disease.

Re-evaluation echocardiographic examinations are fre-
quently used to monitor cardiovascular adaptation to surgical
repair or palliation and identify recurrence of abnormalities.
Such longitudinal follow-up allows facilitates proactive sur-
gical and/or medical intervention (416-431) (416-422,424-
426,430,431,727-729). For these reasons, echocardiography
provides improved outcome and lowers healthcare costs by
streamlining the use of medical resources, guiding manage-
ment decisions, and providing early education and support
for the family.

A. Resource Utilization and Age

Guidelines for pediatric echocardiography utilization must
be stratified by age to accommodate the unique cardiovascu-
lar physiology of the neonate. Such guidelines must recog-
nize the newborn’s transitional circulation and the frequent
coexistence of confounding pulmonary disease. The transi-
tional circulation in the perinatal age group may obscure
hemodynamically important, even critical, cardiovascular
abnormalities. Due to the rapid changes in pulmonary vascu-
lar resistance and the patency of the ductus arteriosus, re-
evaluation echocardiographic examinations of the critically
ill neonate are often required. Newborns with primary pul-
monary hypertension (persistent fetal circulation pulmonary
hypertension of the neonate) will require repeated echocar-
diographic evaluation of the cardiovascular response to med-
ical interventions modulating pulmonary artery pressure.
Those undergoing extracorporeal cardiopulmonary therapy
require echocardiographic monitoring of ventricular function
(432) and surveillance for intracardiac thrombus formation.
Newborn infants with noncardiac anomalies requiring urgent
surgical intervention undergo preoperative echocardiograph-
ic screening, even in the absence of clinically manifest car-
diovascular disease, to exclude associated cardiovascular
anomalies (730). This knowledge facilitates perioperative
treatment of these patients and focuses both on noncardiac
and cardiac therapy. For neonates with multiple congenital
abnormalities and severe anatomic and/or functional neuro-
logical impairment, echocardiographic identification of car-
diac anomalies will better define survivability and help guide
difficult management decisions regarding life support and
palliation (433).

6. Periodic echocardiography in patients with surgically
repaired (or palliated) congenital heart disease with
the following: change in clinical condition or clinical
suspicion of residual defects, obstruction of conduits
and baffles, LV or RV function that must be followed,
or when there is a possibility of hemodynamic pro-
gression or a history of pulmonary hypertension.

7. To direct interventional catheter valvotomy, radiofre-
quency ablation, and interventions in the presence of
complex cardiac anatomy.

8. Identification of site of origin and initial course of
coronary arteries (TEE may be indicated in some
patients).*

Class IIb
A follow-up Doppler echocardiographic study, annu-
ally or once every 2 years, in patients with known
hemodynamically significant congenital heart disease
without evident change in clinical condition.

Class III
1. Multiple repeat Doppler echocardiography in patients

with repaired patent ductus arteriosus, atrial septal
defect, ventricular septal defect, coarctation of the
aorta, or bicuspid aortic valve without change in clin-
ical condition.

2. Repeat Doppler echocardiography in patients with
known hemodynamically insignificant congenital
heart lesions (eg, small atrial septal defect, small ven-
tricular septal defect) without a change in clinical con-
dition.

* TEE may be necessary to image both coronary origins in adults.

XV. ECHOCARDIOGRAPHY IN THE
PEDIATRIC PATIENT
Congenital structural heart disease is the most common type
of cardiovascular disease in the pediatric population.
However, acquired heart disease also contributes to the car-
diovascular morbidity of this population. Historically identi-
fied with rheumatic fever and endocarditis, acquired pedi-
atric heart disease now includes Kawasaki disease and other
coronary arterial diseases, human immunodeficiency virus
(HIV) and other viral-related cardiac disease, dilated car-
diomyopathy with or without acute-onset congestive heart
failure, hypertrophic cardiomyopathy, and an increasing
pediatric and young adult population with clinical cardiovas-
cular issues related to surgical palliation/correction of struc-
tural heart disease and cardiac transplantation.

Two-dimensional Doppler echocardiography has become
the definitive diagnostic method for the recognition and
assessment of congenital and acquired heart disease in the
pediatric population. Its use has eliminated the need for inva-
sive or other noninvasive studies in some and decreased the
frequency and improved the timing and performance of inva-
sive studies in other patients (410-415714,724,725).
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namic relation of great arteries to coexisting ventricu-
lar septal defect, nature of subarterial obstruction,
great artery anatomy, associated lesions, ventricular
compensation (450-454)

6. Coronary anomalies: origin, size and flow in coronary
arteries, presence of abnormal coronary artery/ven-
tricular fistulae, ventricular compensation (455,456,
457,737,738) 

7. Complex lesions: cardiac segmental analysis of situs
and connections, size and location of all cardiac
chambers, atrioventricular valve morphology and
function, subarterial and arterial obstruction, interatri-
al and interventricular communications, venous and
great artery anatomy, ventricular compensation

C. Cardiopulmonary Disease

The hemodynamic transition from the fetal to the extrauter-
ine environment hemodynamics influences clinical expres-
sion of cardiovascular and pulmonary disease in the neonate.
Premature infants may have respiratory failure based on a
combination of processes: lung immaturity, hyaline mem-
brane disease, persistence of the ductus arteriosus, inflam-
matory disease, alveolar capillary dysplasia, or congenital
heart disease. Echocardiography indicates the patency of the
ductus arteriosus, direction and degree of shunting across the
interatrial septum or patent ductus arteriosus at the ductal
level, and estimation of pulmonary artery pressure. and its
consequences. In premature babies, diagnosis and monitor-
ing of a patent ductus arteriosus is achieved by echocardiog-
raphy. Echocardiography identifies occult coexisting ductal-
dependent cardiovascular lesions, thereby avoiding undesir-
able before pharmacological or surgical closure of a patent
ductus arteriosus. is planned.

Neonates with primary pulmonary hypertension (persistent
fetal circulation pulmonary hypertension of the neonate) may
present with or without perinatally acquired pulmonary
parenchymal disease. Differentiation of this entity from
cyanotic heart disease can be accomplished by echocardiog-
raphy. Inhaled nitric oxide increases systemic oxygen satura-
tion by causing a reduction in pulmonary vascular resistance
and right-to-left shunting across the interatrial septum and
ductus arteriosus in such neonates (739,740). In addition to
excluding structural abnormalities, Doppler echocardiogra-
phy provides additional information about atrial and ductal
shunting, pulmonary artery pressure, and ventricular func-
tion in response to therapeutic interventions. Re-evaluation
studies are useful for monitoring the efficacy of therapeutic
interventions and the response to withdrawal of therapy.
Adverse rebound pulmonary hypertension can accompany
withdrawal of nitric oxide therapy (741-743). In patients
with severe disease progressing to extracorporeal membrane
oxygenation (744,745), this information is useful in assess-
ing the contribution of extracorporeal circulation to ventricu-
lar output, alteration in myocardial function (746), and
changes in ductus arteriosus flow (432).

B. Congenital Cardiovascular Disease in the
Neonate

1. Structural Congenital Cardiovascular Disease

Two-dimensional echocardiography provides essential struc-
tural information in all forms of cardiac and great vessel dis-
ease in pediatric patients. Doppler echocardiography pro-
vides important physiological information that, when com-
bined with anatomic data, guides therapeutic management in
some diagnostic categories. Re-evaluation examinations
allow tracking of hemodynamic changes such as those occur-
ring during the transition phase from fetal to newborn and
infancy periods (434). Echocardiography provides clinical
information to guide medical or surgical intervention and
provide prognostic information. It is also valuable to track
evolutionary changes in the cardiovascular system and to
determine management subsequent to medical or surgical
intervention.

Perinatal physiological changes often mask or obscure the
presence of hemodynamically important cardiovascular
lesions on physical examination of the neonatal or young
infant (731). Echocardiography allows early recognition of
cardiac lesions in the neonate with presumed sepsis or pul-
monary disease in which either the pulmonary or the sys-
temic circulation depends on the patency of the ductus arte-
riosus (435-437). Definitive diagnosis in these lesions before
ductal closure may prevent severe morbidity or death. Infants
with a loud murmur, signs of congestive heart failure,
cyanosis, or failure to thrive have a high probability of sig-
nificant heart disease and along with a general examination
by a qualified pediatric cardiologist should undergo immedi-
ate echocardiographic evaluation under his/her supervision.
These evaluations should not be performed in the field.

The common categories of structural congenital cardiovas-
cular disease encountered in the neonate and information
provided by echocardiography are summarized as follows:

1. Intracardiac shunts: location, morphology and size of
defect, direction of flow and gradient across defect,
pulmonary/systemic flow profile, ventricular compen-
sation, associated lesions (438,439,732) 

2. Obstructive lesions: location, morphology, pressure
gradient, ventricular compensation, associated lesions
(437,440,733-735) 

3. Regurgitant lesions: valve morphology, assessment of
severity, atrial/ventricular dilation, ventricular com-
pensation, associated lesions (420,444-446444,
446,736) 

4. Anomalous venous connections: location and connec-
tions of proximal systemic and pulmonary veins,
assessment of left-to-right and right-to-left shunts,
presence of venous obstruction, and associated lesions
(424,447-449)

5. Conotruncal abnormalities: position of great arteries,
ventriculoarterial connections, spatial and hemody-
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11. Clinical suspicion of residual or recurrent abnor-
mality, poor ventricular function, pulmonary
artery hypertension, thrombus, sepsis, or pericar-
dial effusion after cardiovascular surgical therapy
for congenital heart disease.

12. Re-evaluation after initiation or termination of
medical therapy for pulmonary artery hyperten-
sion.

13. Re-evaluation during initiation or withdrawal of
extracorporeal cardiopulmonary support.

1214. Nonimmunologic fetal hydrops.
1315. Follow-up assessment of a neonate with patent duc-

tus arteriosus who has undergone medical or surgi-
cal intervention.

Class IIa
1. Short, soft murmur at the lower left sternal border in

the neonate.
2. Failure to thrive in the absence of definite abnormal

clinical findings.
Class IIb
31. Presence of a syndrome associated with a high inci-

dence of congenital heart disease for which there are
no abnormal cardiac findings and no urgency of
management decisions.

Class III
1. History of nonsustained fetal ectopy in the absence of

postpartum arrhythmias.
2. Acrocyanosis with normal upper-and-lower extremi-

ty pulsed oximetry oxygen saturations.

F. Congenital Cardiovascular Disease in the
Infant, Child, and Adolescent

Cardiovascular disease in the infant, child, and adolescent
includes anomalies of cardiac anatomy, function, morpho-
genesis, and rhythm. While these problems often present as
an asymptomatic heart murmur, the cardiac murmurs of this
age group are more commonly functional than pathological.
History and physical examination by a skilled observer are
usually sufficient to distinguish functional from pathological
murmurs and are more cost-effective than referral for an
echocardiogram (461). Echocardiography provides useful
guidance for the primary practitioner (520,748-751) con-
fronted with ambiguous historical and clinical findings.
However, in the presence of ambiguous clinical findings,
Echocardiography can demonstrate the presence or absence
of abnormalities such as an interatrial septal defect, bicuspid
aortic valve, mildly obstructive subaortic stenosis, MVP, or
functionally occult cardiomyopathy. Such determination
clarifies the need for further evaluation or endocarditis pro-
phylaxis, or both. For patients with clinical findings of hemo-
dynamically important significantheart disease, anatomic
and physiological data provided by re-evaluation and two-
dimensional Doppler echocardiography may establish a
definitive diagnosis and allow the most efficient selection of
adjuvant diagnostic procedures or medical/invasive interven-

D. Arrhythmias/Conduction Disturbances

Electrophysiological anomalies may be present in the new-
born period. Arrhythmias may occur as an isolated clinical
problem; however, some neonatal rhythm abnormalities are
associated with structural cardiac or systemic disease.
Intracardiac tumors, particularly the rhabdomyomas of
tuberous sclerosis (458), can present with supraventricular or
ventricular tachyarrhythmias. Neonatal Perinatal arrhythmia
may present as nonimmune fetal hydrops or acute-onset con-
gestive heart failure. or findings of nonimmune fetal hydrops.
Echocardiography is integrated into the treatment of these
patients to identify the hemodynamic sequelae of the dys-
rhythmia and coexisting systemic disease.

E. Myocardial Acquired Cardiovascular Disease 
in the Neonate

Myocardial abnormalities in the neonate are most common-
ly related to transplacentally acquired pathogens, metabolic
abnormalities, structural congenital heart disease, maternal
systemic disease, or peripartum injury (459,460). Echo-
cardiography is used to identify reversible structural anom-
alies contributing to myocardial dysfunction, monitor the
response of the myocardium to medical intervention, and
document recovery from peripartum injury. Premature
infants receiving steroids for pulmonary disease should
undergo echocardiography at intervals to screen for the
appearance of hypertrophic cardiomyopathy (747).

Recommendations for Neonatal Echocardiography

Class I
1. Cyanosis, respiratory distress, congestive heart fail-

ure, or abnormal arterial pulses.
2. Chromosomal abnormality or major extracardiac

abnormality associated with a high incidence of
coexisting cardiac abnormality.

3. Lack of expected improvement in cardiopulmonary
status in a premature infant with a clinical diagnosis
of pulmonary disease.

4. Systemic maternal disease associated with neonatal
comorbidity.

5. Loud or abnormal murmur or other abnormal car-
diac finding in an infant.

6. Presence of a syndrome associated with cardiovas-
cular disease and dominant inheritance or multiple
affected family members.

7. Presence of a syndrome associated with heart dis-
ease, with or without abnormal cardiac findings, for
which an urgent management decision is needed.

8. Cardiomegaly on chest radiograph.
9. Dextrocardia, abnormal pulmonary or visceral situs

by clinical, electrocardiographic, or radiographic
examination.

10. Arrhythmias or other abnormalities on standard
ECG suggesting structural heart disease or peripar-
tum myocardial injury.
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Recommendations for Echocardiography in the Infant,
Child, and Adolescent

Class I
1. Atypical or pathological murmur or other abnormal

cardiac finding in an infant or older child.
2. Cardiomegaly on chest radiograph. 
3. Dextrocardia, abnormal pulmonary or visceral situs

on clinical, electrocardiographic, or radiographic
examination.

4. Patients with a known cardiac defect, to assess timing
of medical or surgical therapy.

5. Selection, placement, patency, and monitoring of
endovascular devices, as well as identification of
intracardiac or intravascular shunting before, dur-
ing, and after interventional cardiac catheterization.

6. Immediate assessment after percutaneous interven-
tional cardiac catheterization procedure.

75. Immediate preoperative evaluation for cardiac sur-
gery of a patient with a known cardiac defect to guide
cardiac surgical management and inform the patient
and family of risks of surgery.

86. Patient with known cardiac lesion and change in
physical finding.

97. Postoperative congenital or acquired heart disease
with clinical suspicion of residual or recurrent abnor-
mality, poor ventricular function, pulmonary artery
hypertension, thrombus, sepsis, or pericardial effu-
sion.

10. Presence of a syndrome associated with cardiovascu-
lar disease and dominant inheritance or multiple
affected family members (eg, Marfan syndrome or
Ehlers-Danlos syndrome).

9. Phenotypic findings of Marfan syndrome or Ehlers-
Danlos syndrome.

11. Patients with a family history of genetically transmit-
ted myocardial disease, with or without abnormal
cardiac finding.

12. Baseline and follow-up examinations of patients with
neuromuscular disorders having known myocardial
involvement.

12. Presence of a syndrome associated with a high inci-
dence of congenital heart disease when there are no
abnormal cardiac findings.

13. Exercise-induced precordial chest pain or syncope.
14. “Atypical,” “nonvasodepressor” syncope without

other cause.

Class IIb
Failure to thrive in the absence of definite abnormal
clinical findings.

Class III
1. In a child or adolescent, an asymptomatic heart mur-

mur identified by an experienced observer as func-
tional or an insignificant cardiovascular abnormality.

2. In an otherwise asymptomatic child or adolescent,
chest pain identified by an experienced observer as
musculoskeletal in origin.

tion. Referral for cardiac ultrasound must provide the pedi-
atric cardiologist and the sonographer with relevant diagnos-
tic data and the clinical objective for the examination.
Referral, acquisition, and appropriate interpretation of the
echocardiogram must consider the compliance of the patient,
include relevant medical history, and identify the clinical
objective of the examination. The need for conscious seda-
tion of infants and toddlers should be identified and requisite
protocols implemented in a setting that permits mandated
surveillance.

1. Structural Cardiovascular Disease

The categories of structural cardiovascular disease in the
infant, child, or adolescent are identical to those encountered
in the neonate (see previous section).The presence of heart
disease is more likely to be recognized in the older popula-
tion because of an abnormal clinical finding Therefore,
Physical findings may become more obvious in the older
children and adolescents. In this population, echocardiogra-
phy may plays a less important role in screening for heart
disease than it does in the neonatal period. The more impor-
tant role for echocardiography in the infant, child, and ado-
lescent is this age group is in fully characterizing a cardiac
lesion once an abnormality is suspected. Echocardiography It
also provides essential information, particularly for the child
and adolescent, regarding the natural history of the abnor-
mality (528) and responses to medical and surgical manage-
ment (752). Contributing to the successful management of
these children is the early recognition and prevention of sec-
ondary functional changes in the cardiovascular system, and
echocardiography is often the most direct and cost-effective
way to acquire this information.

Echocardiography enhances patient selection, endovascular
device implantation, and surveillance of patients undergoing
therapeutic cardiac catheterization. Interventions including
transcatheter closure of interatrial septal defects or the duc-
tus arteriosus and endovascular stent implantation are guided
by anatomic and Doppler-based echocardiographic imaging
of intracardiac and central vascular structures before, during,
and after deployment of devices (753-761).

Echocardiography also provides important information in
patients with systemic connective tissue disorders, eg,
Marfan syndrome or Ehlers-Danlos syndrome. Re-evaluation
and examination of patients with these disorders identifies
acute and chronic changes in great artery size, semilunar and
atrioventricular valve function, and ventricular compensation
(462-464). Functional murmurs are commonly encountered
in this pediatric population. The contribution of echocardio-
graphy to an experienced clinician’s evaluation of an asymp-
tomatic patient with this finding on routine examination is
limited. Such murmurs can usually be diagnosed by an expe-
rienced clinician without the need for echocardiography.
Referral of infants, children, and adolescents with functional
murmurs for echocardiographic examination should be guid-
ed by evidence of coexisting congenital or acquired cardio-
vascular disease.
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H. Acquired Cardiovascular Disease

Acquired cardiovascular disease occurs with systemic dis-
ease processes associated with inflammation, renal disease
and related systemic hypertension, cardiotoxic drug therapy,
pulmonary parenchymal disease, and after heart transplanta-
tion. Patients receiving anthracycline or other cardiotoxic
agents should have baseline and re-evaluation follow-up
studies. Echocardiographic assessment of patients with renal
disease provides guidance in management of hemodialysis
and hypertensive medications.

Echocardiography provides information for the common
categories of acquired pediatric heart disease regarding acute
and chronic changes in ventricular size, ventricular wall
thickness, ventricular wall motion, ventricular systolic and
diastolic function, ventricular wall stress, atrioventricular
and semilunar valve anatomy and function, pericardial anato-
my, and the presence of intracardiac masses.

The common categories of pediatric acquired heart disease
are summarized as follows:

• Kawasaki disease can result in abnormalities of the in the
proximal or distal coronary circulation, myocarditis,
pericarditis, and myocardial infarction. Baseline and re-
evaluations by echocardiography are recommended in
all patients with clinical stigmata of this disease to guide
management decisions (465-469). Since long-term
abnormalities of the coronary arteries have been noted
after resolution of initial aneurysms, these patients may
require lifelong follow-up studies (470). Stress echocar-
diography may be a means to follow these patients seri-
ally and chronically (765-767).

• Endocarditis is encountered in the pediatric population
with and without structural congenital heart disease. The
increased use of central venous catheters for hemody-
namic monitoring, parenteral alimentation, and
chemotherapy expands the population at risk for endo-
carditis. Echocardiography identifies intracardiac mass-
es and valve regurgitation associated with infectious
valvulitis. Echocardiography offers supportive evidence
for bacterial or rickettsial endocarditis but does not nec-
essarily confirm or exclude the diagnosis. Children with
suspected bacterial and rickettsial diseases associated
with myocardial depression should have echocardio-
graphic assessment of ventricular size and function, par-
ticularly because the acutely ill presentation of these dis-
orders may mask the contribution of myocardial dys-
function to low cardiac output.

• Rheumatic fever is a persistent cause of acquired pedi-
atric cardiac disease in the United States. Newer diag-
nostic criteria include echocardiographic assessment of
mitral valve function, ventricular function, and peri-
carditis. Echocardiography is an important component of
the diagnostic and sequential evaluation of children with
fever, new cardiac murmur, migratory polyarthritis, and
chorea (471,768).

G. Arrhythmias/Conduction Disturbances

Frequent, sustained, or complex rhythm abnormalities in the
pediatric population may be associated with Ebstein’s anom-
aly of the tricuspid valve, cardiac tumor, dilated or hyper-
trophic cardiomyopathy, arrhythmogenic RV cardiomyopa-
thy, MVP, glycogen storage disease, or stimulation from
migrated central venous catheters. Thus, exclusion of these
lesions by echocardiography is an important component in
evaluation. Mild rhythm disturbances, such as sinus arrhyth-
mias and low-gradeisolated supraventricular ectopic beats or
brief and infrequent runs of supraventricular tachycardia, are
rarely associated with cardiac pathology. Therefore,
eEchocardiography is generally indicated only when abnor-
mal findings are also present. Occasionally, echocardiogra-
phy aids in the characterization of an arrhythmia when sur-
face ECG findings are ambiguous. Echocardiography after
radiofrequency catheter ablation is discretionary (762,763).
Re-evaluation echocardiogram after initiation of medical
therapy or radiofrequency ablation of patients with ectopic
atrial tachycardia and secondary dilated cardiomyopathy
identifies recovery of ventricular function (764). Persistent
ventricular dilatation after successful ablation or effective
medical control of the heart rate may indicate an arrhythmo-
genic primary cardiomyopathy.

Recommendations for Echocardiography in Pediatric
Patients With Arrhythmias/Conduction Disturbances

Class I
1. Arrhythmia in the presence of an abnormal cardiac

finding.
2. Arrhythmia in a patient with a family history of a

genetically transmitted cardiac lesion associated with
arrhythmia, such as tuberous sclerosis or hyper-
trophic cardiomyopathy.

3. Complete atrioventricular block or advanced second-
degree atrioventricular block.

4. Complete or high-degree secondary atrioventricular
block.

5. Arrhythmia requiring treatment. 

Class IIa
1. Ventricular arrhythmia in a patient referred for eval-

uation for competitive sports.
2. Evidence of pre-excitation on ECG with symptoms.

Class IIb
1. Pre-excitation on ECG in the absence of abnormal

cardiac findings.
2. Recurring arrhythmia not requiring treatment in the

presence of normal findings on examination.
3. Examination immediately after radiofrequency abla-

tion.

Class III
Sinus arrhythmia or isolated extrasystoles in a child
with otherwise normal cardiac findings and no family
history of a genetically transmitted abnormality asso-
ciated with arrhythmia.
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mented Kawasaki disease, myopericarditis, HIV, or
rheumatic fever.

2. After cardiac or cardiopulmonary transplant to mon-
itor for signs of acute or chronic rejection, thrombus,
and cardiac growth.

3. Baseline and re-evaluation examinations of patients
receiving cardiotoxic chemotherapeutic agents.

4. Patients with clinical evidence of myocardial disease.
5. Patients with severe renal disease and/or systemic

hypertension. an abnormal cardiac finding.
6. Donors undergoing evaluation for cardiac transplan-

tation.

Class IIa
An acutely ill child with suspected bacterial sepsis or
rickettsial disease.

Class IIb
1. Follow-up examinations after acute rheumatic fever

in patients with normal cardiac findings.
2. A single late follow-up study after acute pericarditis

with no evidence of recurrence or chronic pericardial
disease.

Class III
1. Routine screening echocardiogram for participation

in competitive sports in patients with normal cardio-
vascular examination.

12.Long-term follow-up studies in patients with
Kawasaki disease who have no coronary abnormali-
ties during the acute phase of the disease process.

I. Pulmonary Diseases in Pediatric Acquired
Cardiopulmonary Cardiovascular Disease

Children with upper airway or chronic lung disease may have
clinical or ECG evidence of pulmonary artery hypertension.
Echocardiography provides indirect documentation of pul-
monary artery hypertension and estimation of severity by the
presence of RV dilation and/or hypertrophy, the presence of
tricuspid or pulmonic valvular regurgitation, and by Doppler
estimation of RV systolic pressure. Follow-up studies reflect
response to therapy and are useful in guiding management.

Disease states in older infants and children with diseases
that cause secondary pulmonary hypertension require docu-
mentation of pulmonary hypertension when there are sug-
gestive clinical, electrocardiographic, or radiographic find-
ings. These include severe scoliosis, central hypoventilation,
diaphragmatic hernia, pulmonary hypoplasia,upper airway
obstruction, and familial pulmonary artery hypertension
bronchopulmonary dysplasia, adult-onset respiratory distress
syndrome, cystic fibrosis, and chronic upperairway obstruc-
tion (775). Clinical expression of primary pulmonary artery
hypertension in the pediatric population may initially include
atypical fatigue, seizures and/or syncope without antecedent
history of structural cardiopulmonary disease. Echo-
cardiography provides documentation of pulmonary artery
hypertension and estimation of severity by the presence of
RV dilation or hypertrophy, the presence of tricuspid or pul-

• In children, HIV infection acquired during the fetal or
newborn period is aggressive, with early and prominent
myocardial involvement. Therefore, a baseline study and
re-evaluation follow-up studies should be done as indi-
cated by the appearance of tachycardia, congestive heart
failure, and respiratory distress (470, 472,769).

• Dilated cardiomyopathy with or without acute-onset con-
gestive heart failure occurs in association with metabol-
ic disorders after viral myopericarditis (473,474) or car-
diotoxic chemotherapy. Frequently no etiology is identi-
fied to account for an occult dilated cardiomyopathy
(475,476). Echocardiography identifies pericardial dis-
ease and myocardial dysfunction and permits surveil-
lance of ventricular function during acute and convales-
cent phases of myocarditis. Identification of occult ven-
tricular and atrial mural thrombi allows prompt antico-
agulation therapy, possibly reducing further systemic
morbidity. Echocardiographic follow-up of patients
receiving cardiotoxic chemotherapy identifies at-risk
subjects and helps guide subsequent therapy (477,478).
Stress echocardiography may be useful in detecting sub-
clinical LV dysfunction (770).

• Echocardiography is useful in detecting hypertrophic
cardiomyopathy and determining the presence and
nature of subaortic and subpulmonary obstruction, mitral
insufficiency, and diastolic compliance abnormalities.
Echocardiography is useful in screening family mem-
bers for all types of cardiomyopathy associated with a
dominant or recessive pattern of inheritance, eg, isolated
noncompaction of the myocardium (479771), and in
screening patients with multisystem disorders associated
with cardiomyopathy, eg, muscular dystrophy and
Friedreich’s ataxia (480,481). Re-evaluation studies
measuring septal and ventricular wall thickness as well
as systolic and diastolic function are required to monitor
the sequelae of hypertrophic or dilated cardiomyopathies
in the pediatric population. Hypertrophic cardiomyopa-
thy also occurs in response to systemic hypertension
(482) secondary to chronic renal disease, the Noonan
syndrome, and obliterative arteriopathies and after car-
diac transplantation (483,484772-774). Echocardio-
graphic surveillance of LV wall thickness, systolic func-
tion, and diastolic function permits appropriate adjust-
ments in medical therapy (483,484). Re-evaluation stud-
ies identify changes in cardiac allograft ventricular func-
tion and wall motion in a population at risk for small-
vessel CAD. The leading cause of death after the first
posttransplant year is transplant-related CAD. There is
evidence that stress echocardiography identifies subclin-
ical ischemia (773).

Recommendations for Echocardiography in Pediatric
Acquired Cardiovascular Disease

Class I
1. Baseline studies and re-evaluation as clinically indi-

cated on all pediatric patients with suspected or docu-
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and indwelling catheter should be evaluated by echocardiog-
raphy when there are suggestive symptoms or findings of
systemic embolization.

Echocardiographic screening for cardiac tumor is indicated
in the fetus, newborn, or child with clinical evidence or
familial history of tuberous sclerosis (780,781). Screening in
the second and third trimester of gestation as well as during
infancy and again in childhood is warranted because this
lesion may appear at any of these times. Older children and
adolescents with evidence of peripheral embolization should
be screened for the presence of myxoma. 

Recommendations for Echocardiography in Pediatric
Thromboembolic Disease States

Class I
1. Thromboembolic event in an infant, child, or adoles-

cent.
2. Finding or family history of tuberous sclerosis.
3. Appearance of sepsis, cyanosis, or right-heart failure

in a patient with a long-standing indwelling catheter.
4. Systemic embolization or acute-onset hypertension in

a patient with right-to-left-shunting and an indwelling
catheter.

5. Superior vena caval syndrome in the presence of cen-
tral venous catheter.

Class IIb
Patient with indwelling catheter and fever but without
evidence of pulmonary or systemic embolization.

Class III
Routine surveillance of asymptomatic patients with
indwelling catheter.

K. Transesophageal Echocardiography

Transthoracic echocardiography, using high-frequency imag-
ing probes and multiple parasternal, apical, suprasternal, and
subcostal projections offers excellent resolution of intracar-
diac and paracardiac structures in the infant and young child.
Transesophageal echocardiography, however, adds important
clinical information regarding these structures in the older
pediatric patient and in subjects of all ages during or after
thoracic instrumentation. Because the potential for airway
compromise and coexistence of complex gastroesophageal
anomalies is increased in smaller patients, the procedure
should only be performed by persons skilled in TEE and
trained in the care of infants and children. 

Transesophageal echocardiography has become particular-
ly useful in the intraoperative management of neonates and
children undergoing cardiovascular surgery. This is true for
patients undergoing repair of shunts, valvular insufficiency,
obstruction, and univentricular repairs (782-784). The devel-
opment of smaller transesophageal echocardiographic probes
has extended its use to the smaller neonates (785,786).

Transesophageal echocardiography may be used in concert
with cardiac catheterization to limit the quantity of radi-
ographic contrast material. This is indicated in the presence
of significant pulmonary artery hypertension or in complex

monic valvular regurgitation, and Doppler estimation of RV
systolic pressure (776). Continuous intravenous epoprostenol
therapy for patients with severe primary pulmonary hyper-
tension has produced symptomatic and hemodynamic
improvement as well as improved survival (777). Follow-up
studies reflect response to medical and/or surgical therapy
and are useful in guiding management.

Acquired cardiopulmonary disease in the pediatric popula-
tion includes acute respiratory failure, idiopathic dilated car-
diomyopathy, and septic shock, as well as low cardiac output
syndrome after congenital heart surgery. Extracorporeal life
support improves systemic oxygenation and perfusion during
rapidly progressive, potentially self-limiting cardiopul-
monary failure (778,779). Echocardiography provides nonin-
vasive indices of LV and atrioventricular valve function and
RV systolic pressure to guide patient selection and separation
from extracorporeal life support.

Recommendations for Echocardiography in Pediatric
Acquired Cardiopulmonary Disease

Class I
1. Any patient with clinical findings of pulmonary artery

hypertension.
2. Re-evaluation after surgical intervention or initiation

of oral and/or parenteral vasodilator therapy for pul-
monary artery hypertension.

3. Re-evaluation during withdrawal of extracorporeal
cardiopulmonary support.

Class IIa
Baseline study of patients with cystic fibrosis and no
findings of cor pulmonale.

J. Thrombus/Tumor

Stroke and other manifestations of thromboembolism that
occur in childhood may result from intracardiac thrombus,
tumor, or vegetation. In some groups of patients, long-term
indwelling catheters in the central veins or atria may predis-
pose to thrombus formation or infection. Because children
have a lower incidence of peripheral distal vascular disease
as a cause of stroke or loss of pulse, the yield of echocardio-
graphy in finding an intracardiac cause may be somewhat
higher than for adults. Situations in which there is a high sus-
picion of intracardiac thrombus include late-onset arrhyth-
mias after Fontan palliation of congenital heart disease (485),
severe dilated cardiomyopathy or other causes of severely
reduced ventricular function, noncompaction of the
myocardium, and patients on ventricular assist cardiac-assist
or extracorporeal cardiopulmonary membrane oxygenation
devices. or with reduced systolic function of any cause. In
addition, the presence of aortic thrombus should be sought in
neonates with transumbilical indwelling aortic catheters and
the appearance of hypertension, low cardiac output, or renal
failure (629).

Patients with longstanding indwelling catheters and evi-
dence for sepsis, cyanosis, or right-heart failure should be
screened for the presence of thrombus or vegetation on the
catheter. The patient with intracardiac right-to-left shunting



69
Cheitlin et al. 2003

ACC/AHA Practice Guidelines

ACC - www.acc.org
AHA - www.americanheart.org
ASE - www.asecho.org

5. Patients with long-term placement of intravascular
devices in whom thrombus or vegetation is suspected.

6. Patients with a prosthetic valve in whom thrombus or
vegetation is suspected.

7. Any patient with suspected endocarditis and inade-
quate transthoracic acoustical window.

8. Patients with right atrial to pulmonary artery Fontan
connection for identification of atrial thrombus.

Class IIa
Patients with lateral tunnel Fontan palliation.

Class III
1. Performing TEE in a patient who has not previously

had careful study by TTE.
2. Patients with structural esophageal abnormality.

L. Fetal Echocardiography

Widespread use of general fetal ultrasound examinations
among women receiving prenatal care has resulted in
increased referrals for specific cardiac analysis. Definition of
fetal cardiac structures is currently possible at 10 to 12 weeks
of gestation with the use of vaginal probes with high-resolu-
tion transducers (793). By 16 to 18 weeks, accurate segmen-
tal analysis of cardiac structure is possible with a conven-
tional transabdominal approach at the current state of tech-
nology (494,495). In the coming years such studies are like-
ly to be performed even earlier than 16 to 18 weeks. Doppler
examination provides important information about blood
flow across the cardiac valves, great arteries, ductus arterio-
sus, and umbilical arteries (496). A general fetal ultrasound
examination usually includes a four-chamber or inflow view
of the fetal heart (497). This view is sensitive to abnormali-
ties of the inflow portions of the heart but is insensitive to
some septal defects, outflow lesions, and conotruncal abnor-
malities (498,794). Patients are referred for specific fetal
echocardiographic examination because of an abnormality of
structure or rhythm noted on ultrasound examination or
because the patient is in a high-risk group for fetal heart dis-
ease (499-502). Early recognition of fetal heart disease
allows the opportunity for transplacental therapy, as in the
case of arrhythmias (503-505). When a potentially life-
threatening cardiac anomaly is found (506-508), the delivery
can be planned at a tertiary care center where supportive
measures can be instituted before severe hypoxia, shock, or
acidosis ensues (509). The effect of antenatal diagnosis of
life-threatening congenital heart disease on surgical outcome
is multifactorial. Conflicting observations regarding the
impact of prenatal diagnosis on surgical outcome for
hypoplastic left heart syndrome and D transposition of the
great arteries have been reported. The experience in larger
series suggests that prenatal diagnosis of life-threatening
congenital heart disease improves preoperative condition and
surgical outcome (795,796). Prenatal diagnosis of life-threat-
ening cardiovascular anomalies permits early education of
the parents can be initiated early so that complex therapeutic
choices can be reviewed and informed consent obtained

cases when an unsafe amount of radiographic contrast mate-
rial would be required for adequate documentation of the
lesion. For neonates requiring urgent balloon atrial septosto-
my, performance of this procedure under TTE or TEE guid-
ance in the neonatal intensive care unit may be lifesaving.

The placement of intracardiac and intravascular devices
can be aided by echocardiographic guidance (781,782).
Transesophageal echocardiography has become particularly
helpful in guiding placement of catheter-deployed devices
used in closing atrial septal defects. It is essential in ensuring
proper positioning of the device in the defect and in deter-
mining whether there are residual shunts or abnormal device
occlusion of venous inflow into the atria or encroachment on
the atrioventricular valves. Likewise, placement of catheters
for radiofrequency ablation of arrhythmogenic pathways can
be facilitated by TEE when there are intracardiac abnormal-
ities (787).

Direct atrial-pulmonary and intracardiac and extracardiac
caval-pulmonary Fontan palliations are associated with mal-
adaptations to functional single ventricle physiology. Right
atrial dilatation with pulmonary venous compression and
right atrial venous stasis are associated with disturbances in
pulmonary blood flow and atrial rhythm (788). Spontaneous
closure of Fontan baffle fenestration results in elevated sys-
temic venous pressure, reduced systemic cardiac output, and
persistent effusions (789). Anomalies in coagulation (790)
predispose patients with modified Fontan palliations to
thrombotic events (791,792). Transthoracic echocardio-
graphic imaging of caval-pulmonary channels is limited by
their posterior location and anterior prosthetic material.
Transesophageal echocardiography provides a retrocardiac
acoustical window for assessing caval, atrial, and central pul-
monary artery anatomy/flow and baffle fenestration patency
as well as occult mural thrombi.

Intraoperative echocardiography has been used to provide
timely information about the success of septal defect closure
and valve palliation (486-493). In some lesions the ability to
scan the heart by TEE or direct transducer placement on the
heart surface allows the patient to undergo surgical repair
without previous cardiac catheterization.

Recommendations for TEE in Pediatric Patients

Class I
1. Any patient with congenital or acquired heart disease

needing echocardiography when significant diagnos-
tic information cannot be obtained by TTE.

2. Monitoring and guidance during cardiothoracic sur-
gical procedures when there is a risk for residual
shunting, valvular insufficiency, obstruction, or
myocardial dysfunction.

3. Guidance of catheter/device placement during inter-
ventional catheterization/radiofrequency ablation in
patients with congenital heart disease.

4. Study of patients with intra-atrial baffle in whom the
potential for thrombus is of concern because of elevat-
ed central venous pressures, atrial chamber dilation,
increasing cyanosis, or the appearance of arrhythmia.
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Re-evaluation examinations are required in these con-
ditions.

Class IIa
Fetal distress or dysfunction of unclear etiology.

Class IIb
1. Previous history of multiple fetal losses.
2. Multiple gestation.

Class III
1. Low-risk pregnancies with normal anatomic findings

on ultrasound examination.
2. Occasional premature contractions without sustained

tachycardia or signs of dysfunction or distress.
3. Presence of a noncardiovascular system abnormality

when evaluation of the cardiovascular system will not
alter either management decisions or fetal outcome.

XVI. INTRAOPERATIVE
ECHOCARDIOGRAPHY
Over the past 15 years, the application of intraoperative
echocardiography (IOE) has grown enormously, and it is
now used routinely in most cardiac surgical centers in North
America. Although its usefulness often seems obvious to its
users, the demonstration of its impact on patient outcomes
remains a significant challenge. In 1996, a task force of the
American Society of Anesthesiologists/Society of Cardio-
vascular Anesthesiologists (ASA/SCA) published practice
guidelines for perioperative TEE (799). The guidelines were
evidence-based and focused on the effectiveness of perioper-
ative TEE in improving clinical outcomes. A literature search
conducted at that time retrieved 1844 articles, of which 588
were considered relevant to the perioperative setting. A more
recent literature search identified an additional 118 articles
related to the intraoperative use of echocardiography. The
current text makes reference only to the latter. However, the
recommendations for IOE that are provided in these guide-
lines are based on the initial ASA/SCA guidelines as well as
the newer information.

A. General Usefulness in Cardiac Surgery

1. Adult Surgery

Several recent studies have reported on the usefulness of IOE
in adult cardiac surgery (800-804). The studies have usually
examined whether IOE yielded new information and how
frequently the new information had an impact on anesthetic
or surgical management (Table 23). The incidence of new
information ranged from 12.8% to 38.6%, whereas the
impact on treatment ranged from 9.7% to 14.6%.

Intraoperative TEE is, however, not without risks. Hogue et
al. studied independent predictors of swallowing dysfunction
after cardiac surgery (805). In addition to age and length of
intubation after surgery, intraoperative use of TEE was a
highly significant (P less than 0.003) predictor of swallowing
dysfunction. In another study of 838 consecutive cardiac sur-
gical patients, significant factors causing postoperative dys-

(510-512). If the fetal heart appears normal, the family may
be reassured.

Diagnostic difficulties may arise because of modulation of
the anatomic and physiological presentation of certain
lesions by theAntenatal diagnosis of congenital heart disease
can be influenced by the palliative effect of fetal circulation
and dramatic morphometric changes in the heart and great
vessels occurring throughout gestation. As an example, the
The severity of pulmonary stenosis cannot be assessed by
quantitation of valve gradient because of the variability in
RV output and the patency of the ductus arteriosus. The out-
come of fetal heart disease is often suggested only after re-
evaluation studies to determine growth of cardiac chambers
and vascular structures and changes in blood flow patterns
(797). The spectrum of congenital antenatal cardiac lesions is
broader than that seen in neonates and infants because of the
presence of nonviable subcategories of congenital heart dis-
ease. A knowledge of prenatal maternal history (513,798) is
as necessary as good imaging in providing proper care for
these patients. An additional degree of difficulty is imposed
by the inability to see the fetus for orientation reference and
the inability to examine the fetus for clinical findings that
might guide the performance and interpretation of the
echocardiogram. antenatal and postnatal care to the mother,
fetus, and neonate. 

In skilled hands the diagnostic accuracy of fetal echocar-
diography may reach the high sensitivity and specificity of
echocardiography in the neonate; however, not all pediatric
cardiology centers have specially trained fetal echocardiog-
raphers (514). Such experts may be pediatric cardiologists,
obstetricians, or radiologists with special training or experi-
ence in fetal ultrasound imaging and a comprehensive
knowledge of congenital heart disease, fetal cardiac anatomy
and physiology, and arrhythmias. When specific expertise in
fetal echocardiography does not exist, close collaboration
between a pediatric cardiologist/echocardiographer and a
fetal ultrasonographer may produce similar results once a
learning curve has been completed. The collaboration of a
multidisciplinary perinatal team provides support for diag-
nostic and therapeutic decisions. 

Recommendations for Fetal Echocardiography

Class I
1. Abnormal-appearing heart on general fetal ultra-

sound examination.
2. Fetal tachycardia, bradycardia, or persistent irregu-

lar rhythm on clinical or screening ultrasound exami-
nation.

3. Maternal/family risk factors for cardiovascular dis-
ease, such as a parent, sibling, or first-degree relative
with congenital heart disease.

4. Maternal diabetes.
5. Maternal systemic lupus erythematosus.
6. Teratogen exposure during a vulnerable period.
7. Other fetal system abnormalities (including chromo-

somal).
8. Performance of transplacental therapy or presence of

a history of significant but intermittent arrhythmia.
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(813,814) . In one study, it was observed that 5 of 34 patients
had 1+ regurgitation on postoperative ventriculography. Four
of these patients demonstrated a maximal mosaic area
greater than 2 cm2 on color flow Doppler by TEE immedi-
ately after cardiopulmonary bypass. They all developed rap-
idly progressing mitral regurgitation in the postoperative
period (813). In another study, 40 of 42 patients with no or
trivial mitral regurgitation (mosaic area less than or equal to
2 cm2) also had no or trivial MR early and late postopera-
tively (814). The two other patients in whom no or trivial
mitral regurgitation was detected intraoperatively by TEE
evolved to moderate regurgitation 3 months later.

b. Valve Replacement

Morehead et al. studied the significance of paravalvular jets
detected by IOE after valve replacement (815). In 27
patients, multiple jets were detected after valve replacement.
They were more common and larger in the mitral position
and after insertion of mechanical valves. Reversal of antico-
agulation with protamine reduced the incidence and size of
the jets in all patients.

c. Ischemic Heart Disease

Bergquist et al. studied how TEE guides clinical decision
making in myocardial revascularization (816). Among the
584 intraoperative interventions that were recorded, TEE was
the single most important guiding factor in 98 instances
(17%). TEE was the single most important monitor influenc-
ing fluid administration, anti-ischemic therapy, vasoactive
medications, inotropes, and antiarrhythmic therapy. In two
patients, critical surgical interventions were made solely on
the basis of TEE. In high-risk coronary artery bypass graft-
ing (CABG), Savage et al. observed that in 33% of patients,
at least one major surgical management alteration was initi-
ated on the basis of TEE whereas in 51% of patients, at least
one major anesthetic/hemodynamic change was initiated by
a TEE finding (817).

Arruda et al. evaluated the role of power Doppler imaging
to assess the patency of CABG anastomosis (818). In 11 of
12 patients, the flow in the left anterior descending coronary
artery could be visualized before and after the anastomosis.
In one patient, the graft was revised because of worsened
flow after CPB.

d. Minimally Invasive Cardiac Surgery

With the growing interest in minimally invasive cardiac sur-
gery, the role of IOE in these procedures has been evaluated.

phagia were studied by multiple logistic regression (806).
After controlling for other significant factors such as stroke,
left ventricular ejection fraction, intubation time, and dura-
tion of operation, the patients with intraoperative TEE had
7.8 times greater odds of dysphagia than those without. In a
more recent case series of intraoperative TEE performed in
7200 cardiac surgical patients, no mortality and a morbidity
of only 0.2% were observed (807).

2. Pediatric Surgery

As for adult cardiac surgery, the use of IOE has become rou-
tine in many pediatric cardiac surgery centers. Whereas epi-
cardial echocardiography was used most commonly in the
early years, the use of TEE has increased with the develop-
ment of smaller TEE probes. Several recent studies have doc-
umented the utility of intraoperative TEE, particularly for the
detection of residual defects after cardiopulmonary bypass
(CPB) (808-811). The detection of significant residual
defects after CPB ranged from 4.4% to 12.8% (Table 24).

Greene et al. evaluated the safety of TEE in pediatric car-
diac surgery by performing an endoscopic examination of the
esophagus after TEE (812). In 50 patients undergoing repair
of congenital cardiac defects, the endoscopic examination
was performed after removal of the TEE probe. In 32
patients, mild mucosal injury was observed, but none result-
ed in long-term feeding or swallowing difficulties.

B. Usefulness in Specific Lesions or Procedures

1. Adult Cardiac Surgery

a. Mitral Valve Repair

Intraoperative echocardiography is used extensively in mitral
valve repair. It allows the detailed evaluation of mitral valvu-
lar pathology at the time of surgery, the intraoperative recog-
nition of systolic anterior motion after repair, and the assess-
ment of residual regurgitation. Two recent studies from Japan
have confirmed the usefulness of intraoperative TEE for the
assessment of residual regurgitation after mitral valve repair

Table 23. Usefulness of Intraoperative Echocardiography in Adult Cardiac Surgery

New Change in
Author (Ref) Year N Information Management

Click (800) 2000 3245 15% 14%
Couture (802) 2000 851 — 14.6%
Michel-Cherqui (803) 2000 203 12.8% 10.8%
Mishra (801) 1998 5016 22.9% —
Sutton (804) 1998 238 38.6% 9.7%

Table 24. Usefulness of Intraoperative Echocardiography in Pediatric
Cardiac Surgery

Residual
Author (Ref) Year N Defects

Rosenfeld (808) 1998 86 12.8%
Sheil (809) 1999 200 10.5%
Stevenson (810) 1995 667 6.6%
Ungerleider (811) 1995 1000 4.4%
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atrioventricular defects (827). Intraoperative TEE was useful
in detecting severe MR that required further repair at the
same time. In 21 of the patients, however, there was a dis-
crepancy between the intraoperative and follow-up grades of
MR. The authors noted that blood pressures were signifi-
cantly lower and heart rates significantly higher intraopera-
tively.

b. Aortic Regurgitation

Fourteen patients who underwent repair of ventricular septal
defect with aortic regurgitation were studied by intraopera-
tive TEE (828). The severity of prolapse of each aortic cusp
and its adjacent sinus was assessed. The valvar regurgitation
was quantified by Doppler-derived regurgitant indices. TEE
detected prolapse of the aortic valve and its sinus in all
patients. On the basis of the TEE findings, an aortic valve
exploration was executed in 12 patients. No residual aortic
regurgitation was observed after CPB, but a residual ventric-
ular septal defect was detected in 5 patients.

c. Transposition of the Great Vessels

Less than perfect coronary artery translocation accounts for
the majority of perioperative deaths after the arterial switch
procedure for transposition of the great vessels. Shankar et
al. used epicardial echocardiography to study four neonates
with a failing left ventricle or difficulty of weaning from
CPB (829). In 2 patients, coronary arterial problems in the
form of kinking of the proximal left coronary artery and
extrinsic compression of the artery by the neopulmonary
trunk were identified and corrected. In 2 patients, supraval-
var aortic stenosis was recognized, leading to prompt revi-
sion.

d. Patent Ductus Arteriosus Interruption

The efficacy of intraoperative TEE in reducing the incidence
of residual ductal flow after video-assisted thoracoscopic
patent ductus arteriosus interruption was studied by Lavoie et
al. (830). In 2 of 30 consecutive patients (mean age 2.4 years;
mean weight 11.2 kg), intraoperative TEE detected residual
flow after placement of the vascular clip, requiring place-
ment of a second clip. At one-month follow-up, three patients
had residual duct flow.

Recommendations for Intraoperative Echocardiography

Class I
1. Evaluation of acute, persistent, and life-threatening

hemodynamic disturbances in which ventricular func-
tion and its determinants are uncertain and have not
responded to treatment.

2. Surgical repair of valvular lesions, hypertrophic
obstructive cardiomyopathy, and aortic dissection
with possible aortic valve involvement.

3. Evaluation of complex valve replacements requiring
homografts or coronary reimplantation, such as the
Ross procedure.

4. Surgical repair of most congenital heart lesions that

Applebaum et al. reported that TEE facilitated the placement
of intravascular catheters during port-access surgery, thereby
avoiding the use of fluoroscopy (819). Fluoroscopy was only
helpful as an aide to TEE for placement of the coronary sinus
catheter. Falk et al. observed that TEE was particularly use-
ful for monitoring the placement and positioning of the
endoaortic clamp that is used in these procedures (820). In
patients undergoing coronary bypass without CPB, Moises et
al. detected 31 new regional wall motion abnormalities dur-
ing 48 coronary artery clampings (821). At the time of chest
closure, 16 segments had partial recovery, and 5 of these had
not recovered. Seven days later, the regional wall motion
abnormalities persisted in the five without recovery and in
two with partial recovery. These patients had more clinical
problems postoperatively. In minimally invasive valve sur-
gery, Secknus et al. noted intracardiac air in all patients
(822). New LV dysfunction was more common in patients
with extensive air by IOE. Second CPB runs were required in
6% of patients.

e. Air Embolization

In a study of 20 patients undergoing CABG, Yao et al.
observed intraluminal aortic air emboli in all patients (823).
Although embolization was unevenly distributed throughout
the procedure, 42% of emboli were detected within 4 min-
utes of aortic cross-clamp release and 24% after partial
occlusion clamp release. Tingleff et al. studied two groups of
15 patients: group I consisted of patients undergoing true
open heart procedures, whereas patients in group II under-
went CABG (824). Air embolism was detected in all patients
in group I, with episodes occurring up to 28 minutes after
termination of CPB. In most cases, TEE clearly demonstrat-
ed that the air originated in the lung veins and was not
retained in the heart. For patients in group II, air embolism
was noted in only half and was seen only in the period
between cross-clamp removal and termination of CPB.

f. Aortic Atheromatous Disease

The relationship between the severity of aortic atheromatous
disease and postoperative dysfunction has been established
previously. Choudhary et al. documented severe atheroma-
tous disease in 12 of 126 patients undergoing CABG (825).
Protruding atheromas were significantly more common in
patients over 60 years of age. Of 4 patients with grade V
atheromas, 2 developed right hemiplegia postoperatively. To
determine the optimal method to detect ascending aortic
atheromas intraoperatively, manual palpation, TEE, and
epiaortic scanning were compared in 100 patients (826). Age
older than 70 years and hypertension were significant risk
factors for severe ascending atheromas. Epiaortic scanning
was found to be superior to both manual palpation and TEE. 

2. Pediatric Cardiac Surgery

a. Mitral Regurgitation

Lee et al. studied the validity of intraoperative TEE for pre-
dicting the degree of MR at follow-up in 47 patients with
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ischemia or to predict functional changes after
myocardial revascularization.

6. Assessment of residual duct flow after interruption of
patent ductus arteriosus (831).

Class III
Surgical repair of uncomplicated secundum atrial
septal defect.
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require CPB.
5. Surgical intervention for endocarditis when preopera-

tive testing was inadequate or extension to perivalvu-
lar tissue is suspected.

6. Placement of intracardiac devices and monitoring of
their position during port-access and other cardiac
surgical interventions.

7. Evaluation of pericardial window procedures in
patients with posterior or loculated pericardial effu-
sions.

Class IIa
1. Surgical procedures in patients at increased risk of

myocardial ischemia, myocardial infarction, or hemo-
dynamic disturbances.

2. Evaluation of valve replacement, aortic atheromatous
disease, the Maze procedure, cardiac aneurysm
repair, removal of cardiac tumors, intracardiac
thrombectomy, and pulmonary embolectomy.

3. Detection of air emboli during cardiotomy, heart
transplant operations, and upright neurosurgical pro-
cedures.

Class IIb
1. Evaluation of suspected cardiac trauma, repair of

acute thoracic aortic dissection without valvular
involvement, and anastomotic sites during heart
and/or lung transplantation.

2. Evaluation of regional myocardial function during
and after off-pump CABG procedures.

3. Evaluation of pericardiectomy, pericardial effusions,
and pericardial surgery.

4. Evaluation of myocardial perfusion, coronary anato-
my, or graft patency.

5. Dobutamine stress testing to detect inducible demand
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