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Recent updates in the field of echocardiography have
resulted in improvements in image quality, especially
in those patients whose ultrasonographic (ultra-
sound) evaluation was previously suboptimal. Intra-
venous contrast agents are now available in the
United States and Europe for the indication of left
ventricular opacification and enhanced endocardial
border delineation. The use of contrast enables
acquisition of ultrasound images of improved quality.
The technique is especially useful in obese patients
and those with lung disease. Patients in these
categories comprise approximately 10% to 20% of
routine echocardiographic examinations. Stress
echocardiography examinations can be even more
challenging, as the image acquisition time factor is
critically important for accurate detection of coro-
nary disease. Improvements in image quality with
intravenous contrast agents can facilitate image
acquisition and enhance delineation of regional wall
motion abnormalities at the peak level of exercise.
Recent phase Il clinical trial data on the use of
Optison and several other agents (currently under
evaluation) have revealed that for approximately half
of patients, image quality substantively improves,
which enables the examination to be salvaged and/or
increases diagnostic accuracy. For the “difficult-to-
image” patient, this added information results in (1)
enhanced laboratory efficiency, (2) a reduction in
downstream testing, and (3) possible improvements
in patient outcome. In addition, substantial research
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efforts are underway to use ultrasound contrast
agents for assessment of myocardial perfusion. The
detection of myocardial perfusion during echocardio-
graphic examinations will permit the simultaneous
assessment of global and regional myocardial struc-
ture, function, and perfusion—all of the indicators
necessary to enable the optimal noninvasive assess-
ment of coronary artery disease. Despite the added
benefit in improved efficacy of testing, few data exist
regarding the long-term effectiveness of these agents.
Currently under evaluation are the clinical and
economic outcome implications of intravenous
contrast agent use for daily clinical decision making
in a variety of patient subsets. Until these data are
known, this document offers a preliminary synthesis
of available evidence on the value of intravenous
contrast agents for use in rest and stress echocardi-
ography. At present, it is the position of this guideline
committee that intravenous contrast agents demon-
strate substantial value in the difficult-to-image
patient with comorbid conditions limiting an ultra-
sound evaluation of the heart. For such patients, the
use of intravenous contrast agents should be en-
couraged as a means to provide added diagnostic
information and to streamline early detection and
treatment of underlying cardiac pathophysiology.
As with all new technology, this document will
require updates and revisions as additional data
become available. (J Am Soc Echocardiogr 2000;13:
331-42))

INTRODUCTION

New ultrasonographic (ultrasound) contrast agents and
new imaging technologies to detect them have recent-
ly become available to the echocardiography laborato-
ry. Intravenous (IV) injection of ultrasound contrast
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Table 1 Echocardiographic contrast agents that have been approved* by the Food and Drug Administration or are under

development

Name Shell composition Gas Manufacturer
Albunex*/Infoson Albumin Air Mallinckrodt
Optison* (FS069) Albumin Air/PFP Mallinckrodt
PESDA Albumin Air/PFC T. Porter
Sonazoid (NC100100) Lipid Air/PFC Nycomed
Definity (DMP115) Lipid Air/PFP Dupont
Imagent (AFO150) Surfactant/powder Air/PFC Alliance/Schering
Sonovue (BR1) Surfactant/powder Air/SF6 Bracco
Levovist Galactose/Palmitate Air Schering/Berlex
BY 963 Lipid Air Byk-Gulden
EchoGen Surfactant PFC Sonus
PB-127 Bilayer Nitrogen Point Biomedical
Al-700 Polymer Air/PFC Acusphere

PFP, Perfluoropropane; PFC, perfluorocarbon.

agents has been documented to improve endocardial
border delineation.1 Contrast enhancement of the
blood-tissue boundary enables improved assessment of
ventricular wall motion, wall thickness and thickening,
calculation of ejection fraction, and delineation of car-
diovascular structural abnormalities. Experimental
results indicate that contrast has the potential to pro-
vide qualitative and quantitative assessment of myocar-
dial perfusion and coronary blood flow.

As with all emerging technologies, criteria for appro-
priate application need to be developed. Indeed, the
proliferation of new medical technology has been a
major factor contributing to the rising cost of health
care.2 During the past 2 decades, a number of new and
innovative techniques have been introduced to diag-
nostic cardiology that have resulted in improved test
performance, but at a higher cost. Historically, as new
technology has been developed, it has been expected
that payers would reimburse for imaging tests without
requiring justification of the incremental cost of the
new technology. Today medical societies, such as the
American Society of Echocardiography, are taking the
lead in providing a thorough synthesis of available evi-
dence justifying adoption of relevant new technology.
The purpose of this paper is to review recent devel-
opments in contrast echocardiography and to propose
standards and guidelines for the appropriate applica-
tion of this technology on the basis of published sci-
entific evidence.

BACKGROUND

Contrast Agents

The ability to opacify vascular structures with strong
echoes (or “contrast”) on echocardiograms by inject-

ing agitated saline solution or other fluids containing
gas bubbles has been recognized for over 30 years.3
The primary mechanism by which injection of such
fluids produces ultrasound contrast was determined
to be increased backscatter from inclusions of micro-
bubbles within the injectant. Such microbubbles
markedly enhanced the blood echo by introducing
multiple liquid-gas interfaces. However, those micro-
bubbles of room air, which were small enough to pass
through the microcirculation (red blood cell size; ie,
<8 um), dissolved rapidly in blood and lost their
echogenicity. Early attempts to encapsulate the bub-
bles resulted in agents with improved stability but of
a size too large to traverse the pulmonary microvas-
culature. Therefore, early contrast echocardiography
by IV injection was used primarily to detect cardiac
shunts or examine right heart structures. The inva-
sive administration of contrast agents directly into the
central circulation or pericardial cavity was use to
image the left ventricular (LV) cavity and the great
vessels and to assist in determining needle location
during pericardiocentesis. With the use of such
approaches, numerous studies have validated the
benefit of contrast echocardiography in the detection
of atrial and ventricular septal defects, patent forami-
na ovale, congenital anomalies,*> and in the assess-
ment of the placement of intrapericardial catheters.5
Moreover, invasive assessment of myocardial perfu-
sion has been achieved by direct injection of contrast
agents into the heart or coronary arteries.”"11
Recently, new ultrasonic contrast agents (Table 1)
have been developed, which are characterized by
both smaller mean size and prolonged persistence.
Various techniques are used to combine materials
that control the bubble surface (“shells™) with gases
that inhibit diffusion and bubble dissolution (eg, per-
fluorocarbons). These new contrast agents can be
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visualized in the LV chamber and myocardium after
IV injection.

New Ultrasound Imaging Technologies

Simultaneous with the emergence of novel agents,
new ultrasound technologies have been developed
to improve microbubble detection. Enhancement of
both the intensity and duration of the detection of
microbubbles has resulted from technologic advances
exploiting the interactions that occur between
microbubbles and the incident ultrasound field.12.13
Some of these advances, such as harmonic and pulse
inversion imaging, have already been introduced into
clinical echocardiographic practice, while others are
in rapid evolution. Harmonic imaging'416 substan-
tially enhances the detection of contrast within the
cardiac chambers during clinical assessments,17.18 s
commercially available, and can readily be used in
patients undergoing echocardiography. New and
evolving approaches to ultrasound delivery prefer-
entially enhance the visualization of microbubbles
within the microcirculation of the myocardium.19-21
These emerging technologies have demonstrated
investigational evidence for detection of myocardial
perfusion with contrast echocardiography and are
evolving in their design and application.

Nonlinear harmonic imaging. Harmonic imaging
results in enhanced detection of ultrasound contrast
agents through exploitation of the differences be-
tween the response of solid tissue and contrast
microbubbles to the ultrasound energy. Soft tissues
are linear scatterers, meaning that the echo they cre-
ate is a scaled version of the insonifying sound.
Ultrasound contrast agents, on the other hand, oscil-
late in an asymmetric way in the ultrasound field and
give rise to nonlinear echoes that contain new
acoustic information. With a linear scatterer, insoni-
fying at a given frequency produces a response only
at that frequency, which is what occurs during con-
ventional (or “fundamental”) imaging. However, with
a nonlinear scatterer, insonifying at a given frequency
produces responses at multiples of that frequency.
Multiples of the transmitted frequency are termed
“harmonics.” The second harmonic is used in clinical
echocardiographic imaging. Thus a second harmon-
ic imaging system might transmit at a frequency of
1.7 MHz and receive at the frequency 3.4 MHz. It
happens that at high transmittal intensities, propaga-
tion of ultrasound through tissue is somewhat non-
linear, so harmonics build up as the beam penetrates
tissue. Thus signals from the myocardium and sur-
rounding tissue are not entirely absent in harmonic
imaging, but regions perfused by a highly nonlinear
contrast agent appear substantially brighter.The non-
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linear response of microbubbles is greatest at their
resonant frequency. Fortuitously, the range of ultra-
sound frequency used clinically (2 to 5 MHz) coin-
cides with the resonant frequencies of microbubbles
small enough for transpulmonary passage (less than
6 to 10 microns), thus making harmonic imaging
highly effective for ultrasound contrast studies.

Understanding ultrasound and microbubble inter-
actions: Emergence of newer imaging techniques.
Most ultrasound contrast agents can be destroyed, at
least partially, by the interrogating ultrasound field
itself19.22 eliminating the targets for imaging. Current
ultrasound equipment has acoustic output informa-
tion available to the user. The mechanical index (MI)
is an estimate of the peak negative pressure of the
sound field at its focus, normalized to the transmitted
frequency. The MI is now routinely displayed and
can be readily adjusted on most equipment.

To control microbubble destruction1® and enable
detection (and potentially, quantification) of myocar-
dial perfusion,23 ultrasound transmission may be
delivered in an interrupted manner. This is usually
accomplished by obtaining a single image gated to
the electrocardiogram, but newer approaches that
use multiple ultrasound pulses to detect and destroy
microbubbles are also available.24.25 The most recent
advances and refinements in harmonic imaging and
Doppler technology have enabled visualization of
tiny amounts of contrast with very high spatial reso-
lution, obviating the need for intermittent delivery of
ultrasound and permitting the real-time clinical
assessment of myocardial perfusion.26.27

CONTRAST ECHOCARDIOGRAPHY:
CURRENT INDICATIONS

In the United States and Europe, the Food and Drug
Administration (FDA) and European Union, respective-
ly, have approved several echocardiographic contrast
agents for the indication of ventricular opacification
and enhancement of endocardial border definition in
patients with technically suboptimal echocardiograms.
Left ventricular cavity opacification (LVO) is of clinical
value for the assessment of cardiac structure and ven-
tricular performance in resting and stress echocardio-
graphy. In addition, contrast agents may be used for the
enhancement of Doppler signals needed to evaluate
diastolic and valvular function.

Enhancement of Endocardial Border
Delineation

Cardiovascular structure and function assess-
ment. Contrast opacification of left heart structures
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Figure 1 Two-dimensional still frame end-diastolic images
from a 48-year-old male patient with dilated cardiomyopa-
thy. Left panels, Noncontrast harmonic images. Right pan-
els, Contrast harmonic images (Optison, 0.5 mL intra-
venous bolus). Top row, apical 4-chamber view; middle row,
apical long-axis view; bottom row, apical 2-chamber view.
Left ventricle is on right, apex at top. Arrows indicate
apparent myocardial borders. Note improved visualization
of endocardial border with contrast.

after 1V injection has now been achieved with sev-
eral microbubble agents (Figure 1).Sonicated human
serum albumin (Albunex) was the initial agent ap-
proved for this application. Multicenter data estab-
lished the ability of an IV Albunex injection to
enhance the echocardiographic diagnosis of LV size
and function.28 Unfortunately, the consistency with
which diagnostic studies could be obtained with this
agent was disappointing, mainly because of the
fragility and short duration of the effect of the air-
containing microbubbles. Newer contrast agents
containing low solubility gases and/or surface-stabi-
lizing shells have been shown to achieve studies of
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diagnostic quality more reliably. In a multicenter
study of more than 200 patients in whom LV opaci-
fication was produced by a commercially available
agent (Optison), the degree of LV opacification, the
number and length of LV endocardial border seg-
ments visualized, and the duration of contrast
enhancement achieved were significantly superior
to that resulting from Albunex.1 The patient cohort
was selected on the basis of suboptimal baseline
echocardiograms with nonvisualization of at least 2
of 6 segments in the apical 4-chamber view. Contrast
administration in these patients converted a nondi-
agnostic study to a diagnostic echocardiogram in
75% of those examined. This added improvement in
image quality resulted in a greater ability to answer
the primary referral question in as many as 50% of
patients.2® In terms of physician assessment, diag-
nostic information (ie,added value) increased 35% to
40% with the use of contrast echocardiography in
patients selected for suboptimal image quality.2®
Similar findings have been observed after LV opacifi-
cation produced by IV injections of investigational
contrast agents.30.31 Administration of an IV contrast
agent has also been shown to enable more accurate
measurement of LV volume and ejection fraction in
human beings, and is most useful in subjects with 2
or more adjacent endocardial segments not seen at
baseline.32 It has also been demonstrated clinically
that with the use of contrast, harmonic imaging pro-
duces improvements over fundamental imaging in
LVO, endocardial border definition, and reviewer
confidence in the assessment of systolic func-
tion.l7,18,33,34

Intravenous injections of contrast have utility in
defining altered cardiovascular anatomy. Detection
of complications of myocardial infarction, such as
myocardial rupture and LV pseudoaneurysm forma-
tion, has been facilitated with IV contrast injec-
tions.3% Echocardiographic contrast has also been
used to enhance the diagnostic capability of trans-
esophageal echocardiography in suspected ascend-
ing aortic dissection by clearly identifying true and
false lumina.36 Space-occupying masses within car-
diac chambers, such as thrombi and/or tumors, may
also be more easily identified with the use of intra-
venously injected intracavitary contrast.3” Enhanced
definition of left and right ventricular morphology
may be achieved, which may be particularly valuable
in the assessment of asymmetric hypertrophic and
right ventricular dysplastic syndromes.38

Beyond enhanced assessment of ventricular func-
tion and cardiac structure in the technically chal-
lenging patient presenting in the echocardiography
laboratory setting, significant application for contrast
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Table 2 Technical guidelines for LVO harmonic contrast studies

Ultrasound Machine Settings
Set Mechanical Index (Ml): 0.4-0.6
Select harmonic imaging

Optimize transmit focus location (usually far-field; may be apical)

Optimize TGCs and gain
Minimize near-field gain

Use and modify contrast presets supplied by specific vendors

Intravenous Contrast Injection
Rest Study
0.5 mL of Optison IV bolus (0.5-1.0 mL/5s)
Slow NaCl flush (2-3 mL over 3-5 seconds)
When contrast is seen in right ventricle, stop flush

Additional 1V doses of 0.2-0.3 mL Optison if required

Stress Study
Rest imaging as above
Low dose and peak Dobutamine
0.5 mL of Optison 1V bolus in dobutamine line
Dobutamine infusion acts as flush

If clinical reasons require termination of dobutamine infusion:

Use NaCl flush (2-3 mL over 3-5 seconds)
If attenuation at rest with 0.5 mL Optison:
Decrease dose to 0.3-0.4 mL at peak
Additional doses of 0.2-0.3 mL (if needed)
Peak Exercise

While on treadmill, inject 30 seconds before exercise termination
If bicycle exercise, inject at peak stress stage (at beginning if 2-minute stage; at 1 minute if 3-minute stages used)

Inject optimal rest dose with NaCl flush as above
Transfer to imaging bed

Additional 0.2-0.3 mL Optison 1V as required with slow NaCl flush

Image Acquisition: Practical Guidelines
Start at apical window; use bed with cutout
To improve image quality and decrease shadowing:
Use respiratory movements
Move transducer position (more laterally)
If shadowing cannot be eliminated:

Attempt to direct shadow through center of left ventricle

If apex is underfilled with contrast:
Reduce Ml
Inject more contrast
Use larger and more rapid saline flush
If attenuation:
Wait; increase Ml

LVO, Left ventricular opacification; TGC, time gain compensation; 1V, intravenous.

exists in patients presenting in other clinical envi-
ronments. The bedside use of contrast echocardiog-
raphy to assist in adequate image acquisition in the
supine, mechanically ventilated, intensive care, or
emergency room patient can be helpful. Previously,
the clinician could resort only to a transesophageal
echocardiography or nuclear study, but contrast-
enhanced transthoracic echocardiography imaging
can frequently provide the required information,
without the need for an alternative testing method.29

Stress echocardiography. Accurate assessment of
global and regional LV systolic performance is essen-
tial to the evaluation of coronary artery disease.
Because the criteria for ischemia are based on the

detection of contractile dysfunction in any myocar-
dial segment, complete visualization of all LV walls is
necessary to document or exclude abnormalities
confidently. Two-dimensional stress echocardiogra-
phy has shown high sensitivity and specificity in the
detailed evaluation of regional wall motion, cavity
size,and LV function at rest and peak stress induced
by either exercise or pharmacologic means.3940
Stress echocardiography has also been shown to pre-
dict cardiovascular outcome accurately in patients
with normal4! and abnormal results.4244 However,
interpretation of stress echocardiograms is qualita-
tive, and multiple factors may produce suboptimal
image quality and decreased endocardial border def-
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inition, leading to diminished diagnostic accuracy.
Impaired transmission of sound energy caused by
body habitus and/or lung disease, as well as the chal-
lenges imposed by excessive cardiac motion result-
ing from hyperventilation and tachycardia, can result
in nondiagnostic images in up to 30% of patients.4>
In addition, suboptimal studies can lead to interob-
server variability and reduced reproducibility. Inter-
institutional observer variance in stress echocardiog-
raphy interpretation has been reported to decline
substantially from 100% agreement to 43% agree-
ment in those studies with the lowest image quali-
ty.46 Investigations that used the earliest IV contrast
agents found incremental improvement in the repro-
ducibility of stress echocardiography by producing
greater than 80% improvement in endocardial bor-
der definition.4749 With the newer contrast agents,
essentially complete LVO can be reliably obtained,
resulting in up to 95% improvement in endocardial
border resolution.5? The improvements in endocar-
dial border definition are especially helpful in the
anterior and lateral regions, which are often difficult
to visualize.50 Improved reproducibility in the quan-
titative analysis of LV function, both at rest and dur-
ing stress, has also been reported.51

Contrast echocardiography may provide increased
accuracy in the stress echocardiography diagnosis.
Harmonic imaging of a second-generation contrast
ultrasound agent permits homogenous and persis-
tent LV opacification with significantly improved
image quality, completeness of wall segment visual-
ization, and reviewer confidence.52 Importantly,
early studies indicate that the substantial improve-
ment in diagnostic accuracy afforded by use of con-
trast may contribute to a cost-effective pattern of
care.29:53,54 This is achieved through (1) the impact
on downstream repetitive testing in patients with an
initially nondiagnostic echocardiogram, (2) a reduced
rate of false-positive and false-negative echocardio-
grams as a result of improved image quality, and (3)
increased laboratory efficiency in evaluation of the
labor-intensive, difficult-to-image patient. Large-scale
clinical studies are underway to evaluate contrast
use in stress echocardiograms of patients with other
than suboptimal images at rest. These studies were
designed to further objectively define patient popu-
lation subsets most likely to benefit from contrast
and to assess the impact on resources.

To achieve optimal LVO results and avoid common
pitfalls with contrast echocardiography as practiced
in the current clinical environment, several basic
guidelines for equipment setup, contrast agent
administration,and image acquisition are provided in
Table 2. An important key to success in LVO contrast
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imaging that cannot be overemphasized is the cor-
rect adjustment of the acoustic output level (MI); use
of a lower MI will provide more homogenous intra-
cavity and endocardial contrast effect, especially in
the apical regions. As only one contrast agent is avail-
able clinically in the United States at the time of writ-
ing, the guidelines refer primarily to this agent.
However, as other agents become available, specifics
will need to be modified. The general imaging prin-
ciples should remain valid, nonetheless.

Doppler Enhancement

Recordings of blood flow velocity by echocardio-
graphic Doppler methods have long been applied to
estimating intracardiac pressures and transvalvular
gradients. Contrast enhancement produced by hand
agitation of the saline solution has traditionally been
used for enhancement of right-sided Doppler flow
velocity signals.55 This technique has been limited to
the noninvasive assessment of pulmonary artery sys-
tolic pressure by analysis of tricuspid regurgitant sig-
nals.

The advent of contrast agents capable of travers-
ing the pulmonary vasculature enables clinical appli-
cation of the contrast-enhanced Doppler technique
to the assessment of left-sided valvular lesions.56
Amplification of Doppler signals has been shown to
be of great value in aortic stenosis, which poses a fre-
quent challenge in the obtainment of representative
peak velocities across the stenosed valve. In one clin-
ical study, contrast-enhanced Doppler recordings
across stenotic aortic valves provided clear spectral
signals in 9 of 10 patients in whom they could not be
recorded otherwise, and the gradients calculated
from these signals correlated well with those of
catheterization.57 Transmitral and pulmonary venous
flow velocities can also be enhanced by contrast
agents, permitting more complete diastolic function
assessments, especially in patients with faint signals
and in those with mitral inflow patterns suggestive
of pseudonormalization. It is very important to
adjust gain settings and use only small amounts of
contrast when assessing Doppler spectral profiles to
avoid overestimation of spectral velocities caused by
the blooming effect.58 Color flow Doppler enhance-
ment has also been demonstrated with transpul-
monary contrast agents,>® but clinical application of
these observations is yet evolving.

FUTURE APPLICATIONS

At present, the US FDA has approved 2 contrast
agents (Albunex and Optison). Several additional



Journal of the American Society of Echocardiography
Volume 13 Number 4

agents have been approved in other countries.These
agents have been approved only for the indication of
ventricular cavity and endocardial border enhance-
ment. A multitude of additional agents are under
development and in various phases of the regulatory
approval process (Table 1).Although clinically useful
as endocardial border-enhancing agents, ultrasound
contrast agents have the greater potential to permit
assessment of myocardial perfusion with noninva-
sive, nonionizing, portable imaging methods, which
has fueled the continuing development of newer
agents.

Myocardial perfusion detection achieved by the
direct intracoronary arterial injection of experimental
microbubbles, generally produced from hand-agitated
or sonicated radio-opaque contrast dyes, has been
extensively investigated in animal and human studies.
These investigations have shown intracoronary
myocardial contrast echocardiography to be a repro-
ducible, reliable technique for the evaluation of (1)
the area at risk for necrosis after acute coronary occlu-
sion,® (2) regional coronary flow reserve and trans-
mural perfusion relationships,t0 (3) collateral myocar-
dial blood flow,10 (4) myocardial viability,11.61-63 and
(5) the outcome of cardiac reperfusion interven-
tions.6468 Resting myocardial perfusion defects,
assessed by intracoronary injections of micro-
bubbles, have been correlated to radionuclide perfu-
sion assessment techniques in animals (micro-
spheres) and humans (99mTc-sestamibi single-pho-
ton emission computed tomography [SPECTY]),
respectively.69.70 However, the FDA has not approved
any ultrasound contrast agent for intracoronary use.

Intravenous administration of contrast has an
emerging role in the assessment of myocardial per-
fusion. Several recent studies with intravenously
administered contrast agents in conjunction with
newer imaging techniques have reported a clear
delineation of the spatial distribution of nonperfused
myocardium during experimental coronary artery
occlusion and reperfusion.’78 In addition, regional
myocardial perfusion abnormalities during pharma-
cologic stress (induced by both dobutamine and
adenosine) have been demonstrated to occur in
experimental and clinical stress-induced ischemia.?9.80
In initial studies during dipyridamole stress testing,
regional myocardial perfusion abnormalities identi-
fied with intermittent contrast harmonic imaging
have correlated well with regional radionuclide tracer
distribution.8! Preliminary experimental studies
have suggested that quantitative measurements of
myocardial videointensity from intermittent harmonic
imaging during continuous IV infusion of contrast
can detect differences in coronary artery stenosis
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severity during dobutamine stress echocardiogra-
phy'sz

There are as yet no published human data on
alternative methods for assessing perfusion during
stress, such as that induced with the use of a tread-
mill, bicycle, or pacing.The additional imaging com-
plexities encountered during exercise echocardiog-
raphy, such as variables of motion and time, present
a more challenging environment for implementa-
tion of contrast perfusion techniques. Investigative
studies have focused on the more “controlled” envi-
ronment of the pharmacologic stress test to opti-
mize techniques of contrast administration and
imaging algorithms. Once the optimal algorithms
have been established in the controlled environ-
ment of pharmacologic or pacing stress, application
will likely follow in the exercise environment.
Similarly, there is a large body of literature that doc-
uments the usefulness of contrast echocardiography
in the assessment of myocardial viability through
the demonstration of coronary microvascular capil-
lary integrity during intracoronary injections of con-
trast in the setting of acute and chronic coronary
artery disease.10.61-65,83-87 Assessment of microvas-
cular integrity by intracoronary contrast echocar-
diography in the early postinfarction period has
been shown to predict short- and intermediate-term
(median 22-month follow-up) relative risk for major
cardiovascular outcomes.8> However, limited infor-
mation exists regarding such applications during
intravenously administered contrast. Further under-
standing of optimal contrast image acquisition and
analysis will enable the complementary potential of
simultaneous perfusion and function assessments
during low-dose dobutamine or vasodilator stress to
unmask contractile reserve.

It is apparent that myocardial contrast echocardiog-
raphy holds promise for the noninvasive assessment
of myocardial perfusion in human beings. Recently,
myocardial opacification has been achieved even
during real-time imaging.21.27 However, at present,
there are many important questions that remain to
be answered before the routine application of myo-
cardial contrast echocardiography for perfusion imag-
ing can become a clinical reality. A multicenter study
sought to identify the accuracy and feasibility of con-
trast echocardiography by using one investigational
contrast agent for the detection of resting perfusion
defects in routine practice; the results from an early
experiential phase of a group of novice users showed
poor sensitivity when compared with SPECT.88 The
crucial problem of reliably differentiating defects
from artifacts, such as those caused by ultrasound
attenuation, lateral wall dropout, blooming of the
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cavity echo, or other sources, has yet to be resolved.
Ongoing intensive investigative efforts seek to deter-
mine optimal methodologies for contrast administra-
tion (bolus versus infusion), image acquisition (trig-
gered versus real-time; optimal nonlinear technique;
acoustic output adjustment for optimal microbubble
detection versus destruction), image display (real-
time versus intermittent, videotape versus digital),
and image analysis and processing (quantitative ver-
sus qualitative, postprocessing colorization algo-
rithms versus gray-scale analysis, background sub-
traction referenced to individual patient versus “nor-
mal” patient populations).8® Additional practical
issues that will need to be addressed before contrast
stress perfusion assessments can be routinely clini-
cally applicable include the labor intensiveness of
the current techniques, the time added to the patient
examination because of complex acquisition algo-
rithms, the time required for complex off-line quan-
titative analysis, and the availability of ultrasound
units equipped with harmonic imaging capability.
Therefore many issues remain to be worked out
before perfusion detection with contrast echocar-
diography will become a standard component of the
practice of stress echocardiography.9° However, with
further understanding of ultrasound-microbubble
interactions leading to refinements in ultrasound
technology as outlined above, it is anticipated that
achievement of the ultimate goal of noninvasive
echocardiographic assessment of both cardiac func-
tion and myocardial perfusion will be met.

In addition to investigations into the application of
contrast echocardiography to myocardial perfusion
detection, techniques are being developed and vali-
dated for new applications, including assessments of
coronary artery flow detection and flow reserve
measurement,91.92 endothelial integrity,93 intracavi-
tary pressure measurements,% and targeted delivery
of drugs, ligands, and genes.9

TRAINING AND EXPERIENCE

The basic prerequisites for independent competence
in echocardiography (Training Level 2) must be met
before introduction of experience with contrast.
Level 2 training is defined as including a minimum of
6 months of echocardiography education, involving
300 studies with a wide variety of abnormalities.9¢
Special competence in stress echocardiography
training, as outlined by the American Society of Echo-
cardiography, is also recommended.%7 Cardiac sono-
graphers should be well experienced and creden-
tialed in echocardiography.
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Beyond these basic prerequisites, the use of con-
trast in rest and/or stress echocardiograms optimally
requires a level of experience through exposure and
performance, initially with guidance and supervi-
sion.To optimize the benefit to be gained in different
clinical settings, physicians and sonographers are
encouraged to undertake the pursuit of courses,
tutorials, and preceptorships to learn the appropri-
ate techniques for administration of contrast agents
and interpretation of contrast-enhanced echocardio-
grams. It is anticipated that additional training will be
required when contrast perfusion studies become a
clinical reality, as the techniques for LVO enhance-
ment and perfusion assessment are significantly dif-
ferent. However, the experience with LVO contrast
will be valuable to the cardiac sonographer and
echocardiographer as a foundation from which to
begin when ultrasonic contrast methods are eventu-
ally used to assess both function and perfusion.

SUMMARY AND RECOMMENDATIONS

Currently, the use of contrast echocardiography for
the improvement of suboptimal rest and stress echo-
cardiography by enhanced definition of the endocar-
dial border is strongly validated. This enhanced defi-
nition has enabled improved assessment of cardiac
structure and function, as well as diagnostic feasibil-
ity and accuracy. The combination of IV contrast
with harmonic stress echocardiography is a power-
ful tool for improved wall motion analysis through
enhanced image quality, routinely permitting evalua-
tion of patients with suboptimal images. In this era of
cost containment, we await results from studies in
large populations addressing resource use and cost-
effectiveness to evaluate the need for contrast in
patients other than those with suboptimal 2-dimen-
sional or Doppler echocardiograms.

Unique information regarding myocardial perfu-
sion, functional assessment of the coronary vascula-
ture, endothelial function, and therapeutic applica-
tions are evolving. Simultaneous acquisition of
myocardial function and perfusion information is in
developmental phases. Noninvasive imaging of coro-
nary arteries with the use of contrast-enhanced
transthoracic harmonic echocardiography and Dop-
pler promises to expand the field of diagnostic and
experimental echocardiography, bringing new in-
sight to the pathophysiology of ischemic and nonisch-
emic heart disease. Other future potential applica-
tions of contrast echocardiography, including assess-
ment of endothelial function and targeted delivery of
diagnostic and therapeutic agents, are areas of inten-
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sive investigative research that do not currently have
established clinical application.

To ensure quality control and maximize benefit to
patients, the American Society of Echocardiography
recommends that appropriately trained (Training
Level 2 or 3) physicians and cardiac sonographers
and the laboratories in their institutions establish an
effective system for the performance of contrast
echocardiography according to the following guide-
lines:

1. Intravenous injection of approved contrast
agents is useful for enhancement of 2-dimensional
echocardiographic images and Doppler spectral
recordings in patients with suboptimal studies.
Existing publications have defined suboptimal 2-
dimensional and Doppler studies as those in
which 2 of 6 segments in a standard apical echo-
cardiographic view are not visualized on baseline
study,and an inability to obtain a recording of the
complete maximal velocity from Doppler spec-
tral profiles, respectively.

2. There are insufficient data at the present time to
recommend the “routine” use of contrast agents
in all patients.The results of well-controlled clin-
ical trials and observational series with suffi-
ciently powered patient samples to evaluate
long-term clinical and economic outcomes are
pending.

3. High-quality echocardiographic equipment, pre-
ferably with harmonic imaging capability and
mechanical index (acoustic output level) display
and adjustment, should be available to optimize
contrast studies.

4. Physicians should meet current American Society
of Echocardiography and American College of
Cardiology guidelines for independent echocar-
diographic interpretation (Training Level 2 or 3).
Cardiac sonographers should be experienced
and credentialed in echocardiography. Additional
didactic and practical training for contrast LVO
should include appropriate handling and admin-
istration of agents, adjustment of the ultrasound
instrument, and recognition and delineation of
artifacts. This training can be obtained through
course instruction and/or working with experi-
enced colleagues. At present, the proceeding rec-
ommendations apply only for LV opacification, as
contrast perfusion imaging is still investigational.
It is anticipated that guidelines will be further
modified for the application of myocardial perfu-
sion contrast echocardiography.

5. Sonographers should be encouraged to identify
patients who may benefit from contrast echocar-
diography and to assist in the administration of
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contrast agents to achieve optimal images.
Determination of credentials and supervision
required for administration of contrast agents (IV
placement and injection of contrast) is to be
guided by individual institutional policies, adher-
ing to local and state requirements.

6. The use of contrast agents for assessment of

myocardial perfusion, while promising, is investi-
gational at present and not currently recom-
mended for clinical diagnosis.
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