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Part 1: Technical and methodological issues. Contrast echocardiography is based on the use of gas
microbubbles. The size, gas composition and shell structure of the microbubbles modify their stabil-
ity, resistance to pressure and scattering behavior. A proposed classification of contrast agents is
based on the modalities of production of microbubbles (galenic or industrial); the industrial agents
are divided into three generations depending on their characteristics. Following venous administra-
tion, the industrial microbubbles behave as intravascular free-flowing tracers and this is fundamen-
tal for their use in perfusion studies. When insonated at a low acoustic pressure, microbubbles show
a linear behavior and can be used for signal amplification. At intermediate acoustic pressures mi-
crobubbles resonate and produce a harmonic signal that is detectable by new scanners. Higher
acoustic pressures cause microbubble disruption with emission of a transient acoustic signal. The
available contrast agents behave differently in an ultrasound field.

Part 2: Safety of contrast echocardiography. Galenic contrast agents were tested in many studies for
intracoronary and intravenous injection and no clinically relevant side effects were detected. The in-
travenous injection of industrial contrast agents is safe in all conditions, even in acute coronary syn-
dromes. The interaction between ultrasound and microbubbles produces energy with potential effects
on tissue for inertial cavitation and acoustic current production. These effects seem particularly in-
teresting for the therapeutic applications of contrast echocardiography, but they do not appear to
have clinically relevant effects. 

Part 3: Experimental studies. Experimental studies in contrast echocardiography are designed to
induce, in animal models, acute myocardial infarction and coronary artery stenosis and to evaluate
the differences in blood flow. The risk area and infarct area are well visualized with serial contrast
agent infusion. No-reflow after coronary occlusion is a well-known phenomenon and is detectable at
contrast echocardiography. Different degrees of induced coronary stenosis cause differences in the re-
gional flow rate. The results of contrast echocardiographic studies are comparable with those of oth-
er invasive flow measurements. Caution must be used to transfer the knowledge acquired from ani-
mal studies to the clinical arena, owing to both methodological and anatomical differences.

Part 4: Enhancement of Doppler signal and coronary flow study. The anterior descending coronary
artery flow is detectable in almost all patients, and the posterior descending coronary artery in about
70%. The coronary flow reserve can be measured by injection of a vasodilator agent (dipyridamole
or preferably adenosine) with a success rate of almost 100% for the anterior descending but only 50%
for the posterior descending coronary artery. Data from transthoracic studies are comparable with
those of Doppler flow wire. The fields of application presently include the evaluation of acute my-
ocardial infarction, the short- and long-term results of percutaneous coronary interventions and
coronary grafts, and the study of the microcirculation in several clinical conditions where the coro-
nary flow reserve may be reduced, such as in syndrome X, hypertension, hypercholesterolemia or di-
abetes.

Part 5: Endocardial border enhancement. Opacification of the left ventricle is the main indication to
contrast echocardiography that, in this setting, is principally used to improve endocardial border de-
lineation. This allows accurate evaluation of left ventricular volumes and function, increasing the role
of echocardiography for the quantitative study of the left ventricle. Other indications for left ventric-
ular opacification are the identification of intraventricular thrombosis, non-compaction of the left
ventricle and heart rupture. In this respect, industrial second-generation contrast agents are more
useful. The most appropriate patients for contrast echocardiography are those with a poor or subop-
timal acoustic window, in whom a predictable diagnostic and prognostic usefulness of the procedure
is expected. If appropriately used, contrast echocardiography is a cost-effective technique, although
lack of reimbursement presently limits its use.

Part 6: Use of contrast agents during stress echocardiography. Contrast agents during stress echocar-
diography may be used to improve the diagnostic accuracy of the test and to study myocardial per-
fusion. The diagnosis of ischemia in stress echo relies on the operator’s visual assessment of changes
in contractility during stress. Contrast agents must be considered an important tool that improve im-
age quality especially in patients with an intermediate or poor acoustic window and their use has been
reported to be cost-effective in the few studies designed to this end. The evaluation of myocardial per-
fusion during stress is certainly one of the most important goals of contrast echocardiography. Pre-
liminary data are interesting but there is still a number of methodological problems that currently
hamper clinical application.
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The echographic contrast effect is gen-
erated by the presence of microscopic gas
bubbles, known as microbubbles, which
are contained in the ultrasound contrast
agents. In this session we will briefly ana-
lyze some of the physical properties of mi-
crobubbles. 

Contrast agent typologies and properties

Pharmacological research has allowed
continued evolution of contrast agents. As
shown in table I, the main determinants of
the characteristics of a contrast agent are its
size, shell structure, and gas composition of
the microbubble1-3.

Contrast agents may be galenic or in-
dustrially produced; the latter may be di-
vided into first and second-generation con-

trast agents depending on the gas composi-
tion of the microbubbles. The proposed
classification of contrast agents (Table II)
includes a third generation of contrast
agents, not yet available for clinical use, in
which the targeted microbubbles are acti-
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Part 7: Myocardial perfusion. Echocardiography has the potential of visualizing microbubbles in
the microcirculation by detecting stimulated acoustic emission, produced by high-energy applied ul-
trasound, or by detecting the harmonic signal produced by resonance of the microbubbles in a low-
energy ultrasound field. In the first case images are triggered at increasing end-systolic intervals (in-
termittent imaging), whereas in the second case entire cardiac cycles are analyzed (real-time imag-
ing). Continuous infusion is the preferred method of maintaining a large and constant microbubble
concentration inside the microcirculation. Analysis of the perfusion signal may be made in the quali-
tative, semi-quantitative or quantitative mode. Quantitative analysis is based on the construction of
videointensity-time curves to study the refilling phase after complete microbubble destruction. There
are not enough data in the literature showing the additional role of quantitative analysis for clinical
purposes. Thus, at present, quantitative softwares should be considered as research tools. Converse-
ly, there is a general consensus based on experimental and clinical studies on the use of myocardial
contrast echo in patients with acute myocardial infarction by means of qualitative or semi-quantita-
tive analysis. Important information on the infarct area extension, on the efficacy of reperfusion ther-
apy, on the presence and extension of the no-reflow phenomenon and on the extent of residual tissue
viability may be derived from the routine use of myocardial contrast echo. The reference technique
still remains myocardial scintigraphy even though many theoretical problems are being discussed.

Part 8: Implementing ultrasound contrast in the echocardiography laboratory. Contrast echocardiog-
raphy should be considered an extension of the existing echocardiographic examination. Standard
laboratory equipment is sufficient to run a contrast echocardiography program. However, cultural
and technological upgrading is mandatory to obtain good results in contrast echocardiography. In-
travenous infusion is easier during stress echocardiography than during rest study, because the time
and cost for the venous line are comprised. In this setting, the cost-effectiveness for the addition of
contrast agent is optimal, but patient selection is a critical point. The economic issue (contrast agent
and personnel costs, and time needed) of contrast echocardiography determines the fact that without
adequate reimbursement there is no incentive to perform the procedure.

(Ital Heart J 2004; 5 (4): 309-334)

Table I. Properties that primarily influence mi-
crobubble behavior.

Effect of microbubble size
- Migration through the pulmonary filter and dif-

fusion into the microcirculation of different or-
gans

- Intensity of contrast effect, which is proportion-
al to the power of microbubble radius

- Resonance when exposed to an ultrasound
beam. The microbubbles of industrial contrast
agents resonate at the frequencies utilized in di-
agnostic scanners

- Microbubble stability (according to Laplace’s
law)

Effect of shell structure
- Microbubble stability, limiting gas diffusion and

increasing surface tension
- Resistance to external pressure
- Ability to resonate

Effect of gas composition
- Stability of microbubbles and their persistence

in the circulation
- Resistance to external pressure
- Clinical tolerability and safety



vated by the ultrasound for diagnostic or therapeutic
purposes4.

In Italy, the available contrast agents are Levovist
(Schering AG, Berlin, Germany), of the first generation,
and SonoVue (Bracco International, Amsterdam, The
Netherlands), of the second. Abroad, Optison (Amer-
sham, Princeton, NJ, USA) and Definity (DuPont Phar-
maceutical, Bristol-Myers Squibb, North Billerica, MA,
USA), from the second generation, are available. 

Microbubble rheology

The microbubbles of commercial contrast agents
may move freely through the circulation. Following in-
travenous injection, the pulmonary filter retains only
1% of the microbubbles, as they are larger than the cap-
illaries. From there, the microbubbles behave as in-
travascular free-flowing tracers5 and have a rheology
superimposable with that of red blood cells6,7. This is a
fundamental premise for the utilization of echocardio-
graphic contrast agents to study tissue perfusion. 

The microbubble rheology varies depending on
whether the same agents are injected intravenously (as
appropriate) or intra-arterially8-12. 

Ultrasound beam energy

The effects of the ultrasound beam on microbubbles
and tissues are strictly related to the energy of the
beam13, which is emitted by the combination scanner-
transducer. Ultrasound energy may be measured by dif-
ferent parameters, as shown in table III.

The mechanical index, also known as the cavitation
index, is a recently introduced parameter that supplies
information on the energy of the ultrasound beam14. If
a medium is exposed to high ultrasound energy, cavi-
tation phenomena may occur leading to the formation
of microbubbles, which oscillate and then implode.
These microbubbles are generated during the negative
phase of the acoustic wave, i.e. during the rarefaction
phase. In addition to the medium’s characteristics, the
chances of initiating cavitation phenomena depend on
the intensity of the negative acoustic phase and on its
duration (which is inversely proportional to the ultra-
sound frequency). On a conceptual plan, the mechani-
cal index is the ratio between the peak negative
acoustic pressure and the central transducer frequency.
The cavitation threshold is lowered if gas microbub-
bles are already present in the medium exposed to the
ultrasound beam.
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Table II. Classification of ultrasound contrast agents.

Production Composition Characteristics Clinical use

Galenic - Saline solution - Non-homogeneous microbubble - Right heart cavity opacification
Manual shaking - Emagel diameter
Sonication - Radiological contrast agents - Very limited microbubble stability - Patent foramen ovale

- Human albumin and duration of contrast effect - Myocardial perfusion with 
- Patient’s blood - Unable to cross the lung barrier intracoronary injection

Industrial
I generation - Atmospheric air - Limited microbubble stability - Doppler signal enhancement

- Albumin capsule or surfactant - Pressure sensitivity - Improvement in endocardial
- Limited persistence in vivo border delineation

II generation - Gases with high density and low - Enhanced stability and resistance - Myocardial perfusion with
diffusibility in blood to pressure intravenous administration

- Capsule - Improved persistence in vivo
III generation - Ligands on microbubble shell - Directed toward specific targets - Detection of target lesions

- Vehicle for medications or gene - Ultrasound-activated drug or gene - Drug or gene delivery
delivery

Table III. Parameters used to describe ultrasound beam energy.

Parameter Definition Characteristics

Acoustic pressure Compression and rarefaction grade of a medium - Maximum in the focal zone
(Newton/m2 or Pascal) exposed to ultrasound - Allows to measure forces acting on the medium

crossed by ultrasound

Power (W = 1 J/s) Capability of the whole ultrasound beam to - Maximum in the focal zone
transfer energy as it propagates - Related to the thermal ultrasound effect

Intensity (W/cm2) Ratio between ultrasound beam power and - Related to the thermal ultrasound effect
irradiated area



Microbubble behavior in the ultrasound beam 

Depending on the ultrasound beam energy, three
different microbubble behavior types may be schemat-
ically distinguished1,2,15. At a low acoustic energy (peak
pressure < 100 kPa), the microbubble response to ultra-
sound is of a linear type and the intensity of the
backscattered signal is proportional to the microbubble
concentration, the intensity of the incident acoustic
wave and the scattering cross-section of each element2.

With higher acoustic energies (peak pressure be-
tween 100 kPa and 1 MPa), due to their resonance, the
microbubble response is non-linear16-19. The resonance
frequency of the microbubbles of commercial contrast
agents is around 3 MHz, the same frequency as that of
many diagnostic transducers. If the microbubbles are
introduced into an ultrasound field of adequate acoustic
energy, their oscillatory variations reach a limit at
which their maximum expansion and maximum com-
pression are not equivalent, thus leading to the produc-
tion of harmonic waves. The latest generation scanners
allow analysis of the signal produced by microbubble
resonance, thus facilitating their detection for diagnos-
tic purposes. 

A further increase in acoustic energy (peak pressure
> 1 MPa) leads to microbubble breakage by implosion.
This transiently increments the backscattered signal
(linked to microbubble rupture) which then decreases
due to a reduction in microbubble concentration – a
phenomenon known as transient acoustic emission20,21. 

Specifically, first-generation agents are fragile and
do not produce a harmonic response to the ultrasound
beam; they are used either as linear backscatter ampli-
fiers (at low energy) or as flow tracers with the destruc-
tive method (at high energy). Second-generation agents
characteristically give a non-linear, harmonic response,
but may also present a linear response and transient
acoustic emission.

References

1. de Jong N, Hoff L, Skotland T, Bom N. Absorption and scat-
ter of encapsulated gas filled microspheres: theoretical con-
siderations and some measurements. Ultrasonics 1992; 30:
95-103.

2. de Jong N, Bouakaz A, Frinking P. Basic acoustic properties
of microbubbles. Echocardiography 2002; 19: 229-40.

3. Frinking PJ, de Jong N. Acoustic modeling of shell-encap-
sulated gas bubbles. Ultrasound Med Biol 1998; 24: 523-
33.

4. Price RJ, Kaul S. Contrast ultrasound targeted drug and
gene delivery: an update on a new therapeutic modality. J
Cardiovasc Pharmacol Ther 2002; 7: 171-80.

5. Chen S, Wang Z, Zhou YT, Grayburn PA. Optimization of
the size distribution and myocardial contrast effect of per-
fluorocarbon-filled albumin microbubbles by lyophilization
under continuous negative pressure. J Am Soc Echocardio-
gr 2000; 13: 748-53.

6. Ismail S, Jayaweera AR, Camarano G, Gimple LW, Powers

ER, Kaul S. Relation between air-filled albumin microbub-
ble and red blood cell rheology in the human myocardium:
influence of echocardiographic systems and chest wall at-
tenuation. Circulation 1996; 94: 445-51.

7. Tiemann K, Schlosser T, Pohl C, et al. Are microbubbles
free flowing tracers through the myocardium? Comparison
of indicator-dilution curves obtained from dye dilution and
echo contrast using harmonic power Doppler imaging.
Echocardiography 2000; 17: 17-27.

8. Clark LN, Dittrich HC. Cardiac imaging using Optison. Am
J Cardiol 2000; 86: 14G-18G. 

9. Fisher NG, Christiansen JP, Leong-Poi H, Jayaweera AR,
Lindner JR, Kaul S. Myocardial and microcirculatory ki-
netics of BR14, a novel third-generation intravenous ultra-
sound contrast agent. J Am Coll Cardiol 2002; 39: 530-7.

10. Lindner JR, Song J, Jayaweera AR, Sklenar J, Kaul S. Mi-
crovascular rheology of Definity microbubbles after intra-
arterial and intravenous administration. J Am Soc Echocar-
diogr 2002; 15: 396-403.

11. Schneider M, Arditi M, Barrau MB, et al. BR1: a new ultra-
sonographic contrast agent based on sulfur hexafluoride-
filled microbubbles. Invest Radiol 1995; 30: 451-7.

12. Skyba DM, Camarano G, Goodman NC, Price RJ, Skalak
TC, Kaul S. Hemodynamic characteristics, myocardial ki-
netics and microvascular rheology of FS-069, a second-
generation echocardiographic contrast agent capable of pro-
ducing myocardial opacification from a venous injection. J
Am Coll Cardiol 1996; 28: 1292-300.

13. Preston RC. Safety of diagnostic ultrasonic equipment: the
relevance of acoustic output information to the clinical
users. In: Preston RC, ed. Output measurements for medical
ultrasound. Berlin: Springler-Verlag, 1991: 5-18.

14. Discussion of the mechanical index and other exposure pa-
rameters. American Institute of Ultrasound in Medicine. J
Ultrasound Med 2000; 19: 143-8. 

15. Chin CT, Burns PN. Predicting the acoustic response of a
microbubble population for contrast imaging. Ultrasound
Med Biol 2000; 26: 1293-300. 

16. Burns PN. Harmonic imaging with ultrasound contrast
agents. Clin Radiol 1996; 51 (Suppl 1): 50-5.

17. Miller DL, Neppiras EA. On the oscillation mode of gas-
filled micropores. J Acoust Soc Am 1985; 77: 946-53.

18. Ophir J, Parker KJ. Contrast agents in diagnostic ultra-
sound. Ultrasound Med Biol 1989; 15: 319-33.

19. Uhlendorf V, Scholle FD, Reinhardt M. Acoustic behavior
of current ultrasound contrast agents. Ultrasonics 2000; 38:
81-6.

20. Becher H, Tiemann K, Schlief R, Luderitz B, Nanda NC.
Harmonic power Doppler contrast echocardiography: pre-
liminary clinical results. Echocardiography 1997; 14 (Part
1): 637.

21. Bude RO, Rubin JM. Power Doppler sonography. Radiolo-
gy 1996; 200: 21-3.

PART 2
SAFETY OF CONTRAST ECHOCARDIOGRAPHY

Luigi P. Badano, Roberta Montisci*,
Giuseppe Trocino**, Scipione Carerj***

Cardiology, Cardiovascular Science Department, S. Maria della
Misericordia Hospital, Udine, *Department of Cardiovascular and
Neurological Sciences, University of Cagliari, Cagliari, and
Department of Cardiology and Cardiothoracic Surgery, University
of Padua, Padua, **Cardiology Unit, Cardiothoracic Department,
San Gerardo Hospital, Monza (MI), ***Department of Cardiology,
University of Messina, Messina, Italy

312

Ital Heart J Vol 5 April 2004



The safety of both galenic and commercial contrast
agents has been demonstrated in various clinical studies. 

Gas embolism1,2 is a potential side effect of galenic
contrast agents, but has never been a major problem in
a clinical context since no adverse events have been de-
scribed following intracoronary injection1. 

A large number of cases have documented the good
tolerability and scarce side effects, all classified as
mild, of industrial contrast agents (Tables I and II)3-14. 

Levovist® is contraindicated in patients with galac-
tosemia and must be used with caution, due to its os-
molarity, in patients with severe heart failure. Optison®

must not be administered to patients with known or sus-
pected hypersensitivity to blood, hemoderivatives or al-
bumin. SonoVue® is contraindicated in patients with
known hypersensitivity to sulphur hexafluoride, right-
to-left shunt, pulmonary arterial pressure > 90 mmHg,
uncontrolled systemic hypertension, adult respiratory
distress syndrome, assisted mechanical ventilation, and
unstable neuropathies. SonoVue® has no known over-
dose effects, and in a phase I study in healthy volun-
teers it was used in dosages of up to 56 ml with no clin-
ically significant effects.

No studies have evaluated the safety of commercial
contrast agents in case of direct intracoronary injection.
As it is known that this infusion method influences mi-
crobubble kinesis, and as their rheology has not been
studied in the absence of filtering by the pulmonary mi-
crocirculation, these agents should not be used for in-
tracoronary injection. 

Safety of contrast agents in acute coronary
syndromes 

To our knowledge, no collateral effects have ever
been documented in the various studies on myocardial
infarction. Infusion methods are identical to those ap-
proved for endocardial border delineation in both basal
conditions and during stress echocardiography. The on-
ly difference in the test execution protocol is the use of
software to detect the signal from microvessels, present
in echo-equipment of the latest generation. Myocardial
perfusion study requires a higher contrast agent dosage
than is used for endocardial border study, but dosages
tested in safety studies have never been overcome.
Thus, although no controlled studies have ever been
performed in this setting, contrast agents may be
deemed to be safe for the study of the endocardial bor-
der and perfusion even in patients with acute coronary
syndromes.

Potential local side effects

The interaction between ultrasound and microbub-
bles produces energy with potential effects on tissue.
Two mechanisms of local interaction are described here
below: inertial cavitation and acoustic current produc-
tion. 

Inertial cavitation refers to all the phenomena of
formation, growth and collapse of the gas cavities with-
in a fluid as a result of ultrasound exposure15,16. This re-
leases high energy levels in a very small volume, with
a temperature increase of up to thousands of degrees
Kelvin in the center of the collapsed zone, generating
free radicals and emitting electromagnetic radiation
(sonoluminescence)17-20. Potential tissue damage has
been reported in a study on red blood cells in vitro and
animal cells in vivo21-25. In a clinical environment, at-
tenuation from the tissues between the heart and trans-
ducer leads to a reduction of 0.3 dB/cm/MHz in the en-
ergy reaching the transducer’s focal point. The me-
chanical index reported on the echo-equipment monitor
takes and indicates the energy present at the transduc-
er’s focal point. As most of the myocardium lies outside
the focal area, it receives a lower amount of ultrasonic
energy. With the contrast agent concentrations, sound
energy (< 7 W/cm2), wave length and mechanical index
used in clinical settings, the probability of important bi-
ological effects on the human heart (which is notably
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Table I. Incidence of main adverse events during Optison infu-
sion and in the subsequent 24 hours in 279 patients.

Adverse event No. patients

Headache 15 (5.4%)
Nausea and vomiting 12 (4.3%)
Sensation of heat/flushes 10 (3.6%)
Dizziness 7 (2.5%)
Dysgeusia 5 (1.8%)
Chilling/fever 4 (1.4%)
Discomfort in injection site 3 (1.1%)
Dyspnea 3 (1.1%)
Weakness/asthenia 3 (1.1%)
Thoracic pain 3 (1.1%)
Flu symptoms 3 (1.1%)
Erythema 2 (0.7%)

Data supplied by Amersham Health.

Table II. Incidence of main adverse events during SonoVue in-
fusion and in the subsequent 24 hours in 138 patients14.

Adverse event No. patients

Paresthesia 3 (2.2%)
Dysgeusia 3 (2.2%)
Headache 2 (1.4%)
Nausea 2 (1.4%)
Tiredness 1 (0.7%)
Pain at injection site 1 (0.7%)
Cutaneous reaction at injection site 1 (0.7%)
Pain 1 (0.7%)
Hyperglycemia 1 (0.7%)
Insomnia 1 (0.7%)
Nervousness 1 (0.7%)
Breathing alterations 1 (0.7%)



larger and heavier than that of experimental animal
models) is negligible20. 

Miller et al.26 recorded in a study using an electron
microscope the effects on the cell membranes sur-
rounding oscillating microbubbles in an ultrasound
field. They found an increase in membrane permeabili-
ty, an effect which could be used for local drug deliv-
ery. Hilgenfeldt and Lohse27 and Marmottant et al.28

clarified that this increased cell membrane permeabili-
ty is due to an increase in tangential stress, which de-
forms the cells and stretches them to the point of rup-
ture, caused by acoustic currents secondary to the mi-
crobubble oscillation. These effects seem particularly
interesting for the therapeutic applications of contrast
echocardiography, but they do not seem to have clini-
cally relevant effects. 

Conclusions on the safety of contrast agents 

The available data allow us to consider contrast
agents for echocardiography safe and with a low risk
profile:
- the contrast agents in use in Italy are hemodynamical-
ly and electrocardiographically inert;
- use for direct intracoronary injection is not permitted;
- no serious adverse events have been recorded;
- a low incidence of clinically irrelevant adverse events
has been reported;
- it is unlikely that they may provoke local tissue dam-
age in a clinical environment;
- use in acute coronary syndromes is safe. 
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Experimental studies provide fundamental data on
the clinical use of contrast agents. Research on laborato-
ry animals is concentrated on two experimental models:
the evaluation of myocardial blood flow in the presence
of coronary stenosis and acute myocardial infarction.

Evaluation of myocardial blood flow in the presence
of coronary stenosis

Data from various experimental models demon-
strate that the method has an interesting potential in the
study of chronic coronary artery disease. The flow mea-
sured with contrast echocardiography relative to the
different degrees of coronary stenoses correlates with
invasive Doppler flowmeter and microsphere data1-8.

Acute infarction study

The model utilized is that of prolonged coronary oc-
clusion, with reopening of the vessel at variable time
intervals. The experimental model demonstrated that
contrast microbubbles are able to accurately distin-
guish the non-perfused (risk area) from the perfused
area, and produced observations on the different as-
pects of the pathophysiology of acute myocardial in-
farction9-26:
- the risk area is well delineated as the area without con-
trast after coronary occlusion;
- during coronary occlusion, late opacification of the
risk area may indicate the presence of a collateral coro-
nary circulation able to partially compensate for the ab-
sence of flow;
- the videodensitometric signal intensity is dependent
on the microbubble concentration and thus is an indica-
tor of microvessel density;
- serial studies allow evaluation of the dynamic phe-
nomenon of microcirculatory stunning;
- the no-reflow phenomenon occurs in around 30% of
reperfusion cases;
- study of the occlusion over time allows good defini-
tion of the extent of the infarct area.

One of the most interesting aspects is the study of
no-reflow, a condition of absence of perfusion in the
risk area in spite of the restoration of a normal flow in
the infarct-related artery. The responsible mechanism

has not been unequivocally identified27-29. Contrast
echocardiography, differently from angiographic tech-
niques, has shown potential in the study of this phe-
nomenon, highlighting some peculiarities: 
1) there is a possibility that the reperfused area after re-
canalization is overestimated, due to the reactive hyper-
emia occurring after coronary artery recanalization. For
this reason, an accurate no-reflow estimation should be
performed 12-24 hours after the infarction22,30;
2) although experimental data are not in agreement31-33,
it has been observed that, during reperfusion, damage
may occur at the level of the myocardial and endothe-
lial cells, probably caused by an increase in endothelin
levels34-36. The use of contrast echocardiography per-
mitted documentation of the improvement in the post-
ischemic microvascular reflow after treatment with an
endothelin antagonist37.

The potential of contrast echocardiography in the
identification of collaterals is known38 and recent stud-
ies have demonstrated its importance in predicting the
extent of the infarct area13. The evaluation of collaterals
is important, not only in the acute phase, but also in
chronic ischemic conditions, to evaluate the natural de-
velopment of the collateral network or the phenomenon
of neoangiogenesis after the administration of angio-
genic substances39,40.

Study of myocardial viability. The premise for the use
of contrast echocardiography in the study of myocar-
dial viability relates to the demonstration of microvas-
cular integrity, a prerequisite for myocyte viability. Da-
ta deriving from experimental studies are sparse and
should be considered as preliminary41.

Concluding considerations on experimental studies 

Experimental studies are a fundamental step in the
understanding of the pathophysiological mechanisms
and the study of the potential clinical applications of con-
trast echocardiography. Transfer of knowledge acquired
from animal studies to the clinical arena, however, must
be performed with caution for the following reasons:
- in animals with an opened chest, high-quality images
are obtained, while transthoracic imaging in humans
may be suboptimal due to attenuation phenomena from
the chest wall and lungs, and the presence of a worse
signal to noise ratio;
- animals examined during contrast echocardiographic
studies are healthy before the determination of coronary
stenosis, while humans undergoing such studies may be
affected by various degrees of ischemic diseases;
- in animals, a single coronary stenosis is created, while
humans may present with multivessel disease and/or
endothelial dysfunction;
- the reperfusion pathophysiology in animals always
occurs with the same mechanism, while in humans the
mechanism is not always easily identifiable;
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- in animals, the area of the produced coronary stenosis
is compared with a healthy coronary area. This is not
always possible in humans;
- reperfusion quantification using refilling curves may
be complex in humans due to the presence of artifacts. 
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Doppler enhancement

Several studies have tested the efficacy of contrast
agents in improving the Doppler signal1-4 in tricuspid
and mitral regurgitation, aortic transvalvular flow and
pulmonary venous flow4-7. However, interest in this
type of application has considerably dropped year by
year, above all following the technological improve-
ments in echocardiographic equipment. 

The use of a shaken saline solution for the study of
left-to-right shunts had been completely abandoned af-
ter the introduction and technical refinement of color
Doppler. Currently, the main indication in this area is
the study of patent foramen ovale during trans-
esophageal echocardiography, with injection of a man-
ually shaken saline solution8. However, since the reso-
lution of transesophageal echocardiography is ≤ 1 mm,
a patent foramen ovale should be always detected with-
out the help of a contrast agent.

A possible field of application of ultrasound con-
trast agents is the study of the Doppler signal from
the left anterior descending coronary artery9 (Table I)
in the minority of patients (< 5%) in whom the “na-
tive” flow is difficult to record10-13. However, all
studies were performed using first-generation indus-
trial contrast agents, which produce several artifacts
in the Doppler spectral curve, and which may only in
part be prevented by adjusting the equipment set-
tings.
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Table I. Pros and cons of the use of contrast agents in the study
of coronary flow.

Pros
Increase in examination feasibility
Faster operator learning curve
Detection of low flow in small caliber vessels

Cons
Additional costs
Introduction of Doppler noise and other artifacts
Increase in test procedure complexity due to the necessity of
a double infusion pump

As with other Doppler applications, the use of con-
trast agents for the study of the coronary flow has pro-
gressively decreased because of the improvement in
echocardiographic settings and individual technique,
and because of the use of higher frequency transduc-
ers14-18. Therefore, the latest studies are aimed at the se-
lected use of contrast agents, limited to cases where the
registration of coronary flow in basal conditions is im-
possible13. The possibility of a more extensive use of
contrast agents is predicted in the study of the posteri-
or descending arterial flow, due to anatomical reasons,
a vessel which is difficult to visualize14.



Coronary flow visualization and study
of the coronary flow reserve 

Resting coronary flow. The left anterior descending
coronary artery flow may be studied at the middle-dis-
tal tract in almost all patients12,14,19-21.

The visualization of long tracts of the vessel is dif-
ficult but, on the basis of the resting flow acceleration,
may yield information on the presence of coronary
plaques. However, quantification of the stenosis is not
yet possible. 

With high-frequency transducers (≥ 7.0 MHz) per-
forating branches of the anterior descending artery may
also be visualized. The presence of flow in these ves-
sels seems to be an accurate predictor of the recovery of
post-recanalization function in acute myocardial in-
farction22.

The posterior descending artery is visible in around
50-70% of cases17,18. The vessel position seems less fa-
vorable for flow visualization, in part because its dis-
tance from the thoracic surface does not allow the use
of high-frequency transducers. 

The possibility of extending the study of the coro-
nary flow to the right coronary artery seems fundamen-
tal if coronary flow reserve (CFR) studies are to be
complete. However, this is an objective which to date
has not yet been reached.

Study of coronary flow reserve. CFR is measured by
recording the flow in basal conditions and after vasodi-
lation induced with adenosine or dipyridamole23, and is
calculated as the ratio of the hyperemic and resting
peak diastolic flow velocities. 

These drugs act in two ways:
• endothelium-independent mechanism, provoking va-
sodilation of the coronary microvessels with a diameter
< 170 �m, which accounts for 75% of the total coro-
nary resistance;
• endothelium-dependent flow mechanism, which di-
lates coronary arteries with a diameter > 170 �m, re-
sponsible for the remaining 25% of the total coronary
resistance. 

High doses of adenosine and dipyridamole may in-
duce a similar vasodilation24 and can be used effective-
ly (Table II), but adenosine is a more reliable, safe and
versatile drug. On the other hand, dipyridamole may be
used to evaluate the coronary flow and myocardial con-
tractility in the same examination25.

The reference method for the study of CFR is with
no doubt intracoronary Doppler (Doppler flow-wire).
Various studies have compared the two methods and
the results indicated that the data calculated with
transthoracic echocardiography are reliable12,19,26-28.

Clinical applications. Evaluation of the entity of coro-
nary stenosis. Values of CFR > 2.5 are considered in-
dicative of the absence of a flow-limiting coronary
stenosis. Values < 2 indicate the presence of a flow-lim-

iting coronary stenosis. There is a gray zone of inter-
mediate CFR, ranging from 2 to 2.5, where the correla-
tion with angiography is less strong. A CFR ≤ 1 sug-
gests the presence of a severe coronary artery steno-
sis20,29. 

Follow-up of percutaneous coronary interventions.
The most commonly used clinical application of CFR
with transthoracic echocardiography is currently the
follow-up of percutaneous coronary interventions30.
Serial measurements are potentially useful in the ear-
ly identification of restenosis31-33, as a reduction in
CFR compared to a post-procedural reference value,
may identify the development of a subclinical resteno-
sis34.

It is known that other provocative tests of ischemia
are not accurate in predicting restenosis over time, and
symptoms are often atypical and non-specific. The de-
finitive role of transthoracic coronary Doppler will be
highlighted by the results from multicenter studies cur-
rently in progress.

Study of the microcirculation. Possible areas for the
study of the microcirculation by means of echocardio-
graphic evaluation of CFR are:
• the evaluation of the functional integrity of the micro-
circulation after primary angioplasty35. The vasodilato-
ry response in the infarcted area is directly proportion-
al to the extent of viable myocardium36 and CFR after
primary angioplasty could thus predict the functional
recovery of the infarcted myocardium24,37;
• the study of patients with chest pain and normal coro-
nary arteries15,34. An altered CFR may confirm the car-
diac origin of the chest pain and may conversely rule
out false positives from ECG stress tests38;
• the study of patients with disease potentially affecting
the microcirculatory function, such as diabetes39, hy-
pertension40-45, hypercholesterolemia31 and other meta-
bolic46 or endocrine47 disorders.

Study of arterial grafts. The Doppler curve of the graft-
ed mammary artery changes from a “native” triphasic
pattern, with a dominant systolic and a reduced dias-
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Table II. Drugs used in the study of the coronary flow reserve.

In favor of adenosine
Speed of action
Speed of elimination
No need for an antidote
Greater safety (rapid interruption of examinations when side
effects occur)
Shorter examination
Better patient compliance

In favor of dipyridamole
Cheaper product
Possibility of simultaneous evaluation of myocardial
contractility



tolic component, to a biphasic pattern, with a reduction
in the systolic and an increase in the diastolic compo-
nent47-50. In order to obtain adequate information on
graft function, CFR should be measured by dipyri-
damole or adenosine, following the same guidelines
proposed for coronary artery study51.

Conclusions

The study of CFR is feasible in the left anterior de-
scending coronary artery and requires mastering of an
unusual examination method.

The calculation of CFR is not burdened by any
methodological difficulties, and is a highly sensitive
pathophysiological index in the evaluation of coronary
stenosis, and therefore in the clinical and therapeutic
management of patients with coronary artery disease.

This non-invasive method allows one to perform se-
rial measurements in subjects undergoing revascular-
ization procedures in the area of the anterior and poste-
rior descending arteries or, in the context of other car-
diac diseases, to evaluate over time the efficacy of phar-
macological therapies aimed at improving the coronary
flow52,53.
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The main clinical indication for industrial contrast
agents is the opacification of the left ventricular cavi-
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ty1. In particular, contrast agents are used to enhance
the definition of the endocardial borders and improve
evaluation of left ventricular volume, geometry and
function in patients with a reduced acoustic window. In
fact, it is estimated that, even when using tissue har-
monic imaging, endocardial borders are still inade-
quately visualized in about 5-15% of routine echocar-
diograms2-4. 

Other indications for intravenously injected contrast
agents are the detection of endoventricular thrombosis5-7,
non-compaction of the left ventricle and heart rupture8. 

Contrast echocardiography for endocardial
border delineation 

Only second-generation contrast agents may be
clinically used for this indication (Table I). Compared
to first-generation agents9-12, in fact, they have shown a
higher increase in the percent improvement of endocar-
dial borders13. This advantage is also seen in patients
with global left ventricular dysfunction14-16. By the use
of second-generation contrast agents, 75% of non-diag-
nostic echocardiograms may now be evaluated, and in
50% of cases it is possible to respond to the primary di-
agnostic question17. 

Data from the literature show that the use of contrast
agents increases both the accuracy and reproducibility
of the echocardiographic examination11,18-21. In partic-
ular, injection of contrast agents improves the ability to
identify and evaluate changes in the regional left ven-
tricular wall motion, especially at the level of the ante-
rior and lateral walls. 

Contrast echocardiography and automated
endocardial border recognition 

One of the most promising research fields in con-
trast echocardiography is the automated recognition of
the endocardial borders for rapid and accurate evalua-

tion of left ventricular volume, global systolic perfor-
mance, and regional wall motion. Actually, the in-
creased definition of the endocardial borders obtain-
able with current contrast agents has the potential of
making computerized algorithms for border extraction
working accurately, which is not possible at present us-
ing fundamental imaging22-25.

Power Doppler images have favorable characteris-
tics for automated border extraction, despite reduced
spatial resolution and anatomical details compared to
standard gray-scale echocardiography26-30. The critical
point is the differentiation of myocardial wall from
ventricular cavity. In this respect, pulse-inversion, pow-
er-modulation and phase-inversion techniques are very
promising. The high sensitivity of weak echoes gener-
ated by low contrast agent concentrations associated
with low-energy ultrasound imaging facilitates a uni-
form opacification of the left ventricular cavity without
significant attenuation: this significantly improves vi-
sualization of the intramyocardial contrast31.

Examination reimbursement

Despite the advantages of contrast echocardiogra-
phy for the evaluation of left ventricular function in
technically difficult patients and/or in difficult environ-
mental conditions, such as in the intensive care or
emergency units, this technique is still underutilized in
Italian laboratories. The same seems to hold true in the
United States32,33, while in Great Britain contrast
echocardiography seems to be more utilized34. The
main reasons for a reduced use of contrast agents are
the need for specific training and the non-reimbursable
cost32,35. A survey conducted among regional delegates
of the Italian Society of Cardiovascular Echography
showed that contrast echocardiography currently is on-
ly reimbursed in Friuli Venezia Giulia (Ä 83 specifical-
ly). The cost-efficacy of the method, however, has been
demonstrated36,37. A study of Yong et al.20 on patients
admitted to the intensive care unit, for example, showed
that the use of contrast agents allowed avoidance of
transesophageal echocardiography for the evaluation of
left ventricular systolic function in technically difficult
patients, saving $423 for every 1% increase in accura-
cy per 100 patients. 

Conclusions

Standard echocardiography is a highly feasible
technique. In this respect, contrast echocardiography
offers little margin of improvement. Conversely, in pa-
tients with suboptimal image quality, opacification of
the left ventricle by intravenous injection of industrial
contrast agents significantly increases the informative
content of the echocardiographic examination, improv-
ing the accuracy and reproducibility of quantitative
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Table I. Impact of contrast medium on the echocardiographic
examination.

Influence on information content
- About 70% of non-diagnostic examinations become diagnostic
- Clinical questions relative to the quantitative evaluation of left

ventricular function may be answered in about 50% of cases
- Best results are obtained when 2 to 6 adjacent myocardial seg-

ments are not adequately visualized at standard echocardiogra-
phy

Influence on reproducibility
- Compared to reference methods, the accuracy of volume cal-

culation is improved
- Inter- and intraobserver variability is reduced
- The ability to identify regional wall motion alterations is im-

proved



evaluation of volumes and ejection fraction. Power
Doppler echocardiography seems to be the most effec-
tive ultrasound technique for the accurate differentia-
tion between the ventricular cavity and myocardial
wall38 and is also the most promising approach for the
application of automated border extraction algorithms.

Because of the high cost of current contrast agents,
the use of contrast echocardiography for ventricular
opacification should be restricted to patients where the
cost-effectiveness ratio is acceptable. These patients
are identified by the presence of at least two of the fol-
lowing characteristics: 
- lack of visualization of the endocardial borders of 2-6
adjacent segments in the apical views;
- inappropriate visualization of the ventricular my-
ocardium for the evaluation of regional wall motion; 
- predictable diagnostic and prognostic usefulness of
the procedure. 
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The use of contrast agents during stress echocardio-
graphy has two main objectives: 
- to improve endocardial border detection and thus fa-
cilitate recognition of wall motion abnormalities during
pharmacological stress or physical exercise; 
- to obtain information on perfusion as well as function
during stress. 

Improvement of diagnostic accuracy 

Interpretation of stress echocardiography is notori-
ously qualitative and based on the operator’s subjective
assessment. Accurate visualization of every ventricular
wall is thus a fundamental prerequisite to guarantee
good reproducibility and a high diagnostic accuracy. 

Harmonic imaging has considerably improved im-
age quality, providing undoubted benefits to stress
echocardiography1,2. In particular, a limited number of
patients are considered inadequate to undergo stress
echocardiography because of poor image quality; thus,
the feasibility of stress echocardiography with harmon-
ic imaging can currently be considered very high. How-
ever, the increasing number of patients eligible for
stress echocardiography results in a significant number
of patients with an echocardiographic window which
may be defined as intermediate. 

Visualization of the endocardial border further im-
proves after the infusion of a contrast medium both at
rest and during stress echo3-8. In patients with poor im-
age quality, the contrast medium reduces interobserver
variability and increases diagnostic accuracy9. This re-
sults in an improvement in the cost/benefit ratio in the
context of the diagnostic procedure for patients with
coronary artery disease6,10-14.

Border definition is only one of the interpretative
parameters of stress echocardiography and should al-
ways be associated with the evaluation of systolic
thickening. In the past, this was unfeasible in a signifi-
cant proportion of patients, especially at peak stress,
due to the physical properties of contrast agents and
limited ultrasound equipment settings. Currently avail-
able software suitable for the real-time study of my-
ocardial perfusion may also be used during stress echo,
considerably improving the signal from the myocardi-
um. In this way, both the endocardial border and left
ventricular wall are enhanced through cavity and my-
ocardial opacification.

Evaluation of myocardial perfusion

The possibility of obtaining information on both
function and perfusion during stress is an attractive is-
sue pursued by echocardiography. When considering
that during the ischemic cascade, changes in contractil-
ity are preceded by perfusion abnormalities, the useful-
ness of perfusion study during ischemic challenge can
easily be appreciated. Until recently, only scintigraphic
methods were able to supply perfusion information dur-
ing physical exercise or pharmacological tests. For this
reason, studies evaluating perfusion with contrast
agents during stress echo have considered nuclear meth-
ods as the reference methods. There are a number of
comparative preliminary studies showing satisfactory
agreement between the two methods15-21 especially in
the area of the left anterior descending coronary artery.
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Vasodilators such as adenosine and dipyridamole
were used at first, especially in comparative studies
with scintigraphy, due to the presence of validated di-
agnostic protocols in nuclear medicine16,17, while dobu-
tamine use is more recent22,23 and is currently limited to
the experimental field. Thus, to date there are insuffi-
cient data to establish which is the best stressor in con-
junction with contrast echocardiography to highlight
the presence of perfusion abnormalities during stress
(Table I).

Conclusions

Contrast agents require optimal settings of the
echocardiographic equipment to allow real-time analy-
sis and improved visualization of the wall thickness
(Table II).

Even taking into account the increased feasibility of
stress echo due to the introduction of harmonic imag-
ing, contrast agents may be used during stress echocar-
diography not only in patients with poor but also in
those with intermediate acoustic windows. This is due
to the fact that the accuracy of stress echocardiography
increases with improvement in the echocardiographic

image quality and thus any tool which improves image
quality must be considered useful.

The added cost is related only to the use of the con-
trast medium, given that, in pharmacological stress
echo, the infusion line is already prepared. Preliminary
cost-benefit studies suggest an advantage in contrast
medium use, although this must be confirmed in larger
studies.

Myocardial perfusion evaluation during stress
echocardiography is an interesting study area, but it
does not currently have any specific clinical applica-
tions. 

References

1. Franke A, Hoffmann R, Kuhl HP, et al. Non-contrast second
harmonic imaging improves interobserver agreement and
accuracy of dobutamine stress echocardiography in patients
with impaired image quality. Heart 2000; 83: 133-40.

2. Kasprzak JD, Paelinck B, Ten Cate FJ, et al. Comparison of
native and contrast-enhanced harmonic echocardiography
for visualization of left ventricular endocardial border. Am
J Cardiol 1999; 83: 211-7.

3. Crouse LJ. Sonicated serum albumin in contrast echocar-
diography: improved segmental wall motion depiction and
implications for stress echocardiography. Am J Cardiol
1992; 69: 42H-45H.

4. Falcone RA, Marcovitz PA, Perez JE. Intravenous Albunex
during dobutamine stress echocardiography: enhanced lo-
calization of left ventricular borders. Am Heart J 1995; 130:
254-8.

5. Leischik R, Kuhlmann C, Bruch C, Jeremias A, Buck T, Er-
bel R. Reproducibility of stress echocardiography using in-
travenous injection of ultrasound contrast agent (BY 963).
Int J Card Imaging 1997; 13: 387-94.

6. Rainbird AJ, Mulvagh SL, Oh JK, et al. Contrast dobuta-
mine stress echocardiography: clinical practice assessment
in 300 consecutive patients. J Am Soc Echocardiogr 2001;
14: 378-85.

7. Schroder K, Agrawal R, Voller H, Schlief R, Schroder R.
Improvement of endocardial border delineation in subopti-
mal stress-echocardiograms using the new left heart con-
trast agent SH U 508 A. Int J Card Imaging 1994; 10: 45-51.

8. Porter TR, Xie F, Kricsfeld A, Chiou A, Dabestani A. Im-
proved endocardial border resolution during dobutamine
stress echocardiography with intravenous sonicated dex-
trose albumin. J Am Coll Cardiol 1994; 23: 1440-3.

9. Dolan MS, Riad K, El-Shafei A, et al. Effect of intravenous
contrast for left ventricular opacification and border defini-
tion on sensitivity and specificity of dobutamine stress
echocardiography compared with coronary angiography in
technically difficult patients. Am Heart J 2001; 142: 908-15.

10. Shaw LJ. Impact of contrast echocardiography on diagnos-
tic algorithms: pharmacoeconomic implications. Clin Car-
diol 1997; 20 (Suppl 1): I39-I48.

11. Shaw LJ, Gillam L, Feinstein S, Dent J, Plotnick G. Use of
an intravenous contrast agent (Optison) to enhance echocar-
diography: efficacy and cost implications. Optison Multi-
center Study Group. Am J Manag Care 1998; 4 (Special
Number): SP169-SP176.

12. Shaw LJ, Monaghan MJ, Nihoyannopoulos P. Clinical and
economic outcomes assessment with myocardial contrast
echocardiography. Heart 1999; 82 (Suppl 3): III16-III21.

13. Tardif JC, Dore A, Chan KL, et al. Economic impact of con-
trast stress echocardiography on the diagnosis and initial

324

Ital Heart J Vol 5 April 2004

Table I. Type of stressors available for the evaluation of my-
ocardial perfusion during stress echocardiography.

Physical exercise
Advantages

Increased oxygen consumption
Limitations

Tachypnea and tachycardia
Post-test image acquisition

Dipyridamole and adenosine
Advantages

Low increase in respiration and heart rates
Stressors used with other imaging techniques

Limitations
Lower sensitivity (without atropine)
Few data on stress echocardiography with adenosine

Dobutamine
Advantages

Additional information on contractile reserve
Limitations

Tachypnea and tachycardia
Perfusion data more difficult to obtain

Table II. Requirements for the use of contrast agents in stress
echocardiography to improve diagnostic accuracy.

Real-time evaluation
Possibility of identifying the endocardial border even at high fre-
quencies
Myocardial wall visualization to improve systolic thickening
evaluation
Preferential use in patients with suboptimal acoustic windows
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Two imaging modalities, intermittent and real-time
imaging, are currently used to detect the presence of

microbubbles in the myocardium. At sufficiently high
acoustic pressures, ultrasound destroys microbubbles
(stimulated acoustic emission) producing a strong sig-
nal that may be easily detected using the intermittent
imaging modality, whereas at low acoustic pressures
microbubbles resonate producing a weak harmonic sig-
nal that may be detected using real-time imaging1-8

(Table I).
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Table I. Technical issues for an adequate myocardial opacifica-
tion.

Intermittent imaging
- A microbubble concentration sufficiently high to produce an

intense breaking signal
- Intermittent imaging with ultrasound impulse emission at in-

creasing trigger intervals sufficiently long to guarantee that the
contrast medium refills the beam

- Equipment able to detect the microbubble breakage signal by
Doppler power

Real-time imaging
- Contrast agents able to resonate at low acoustic pressures
- A microbubble concentration sufficiently high to guarantee a

return signal intense enough to be analyzed
- System for detecting non-linear signals produced by micro-

bubble resonance

Imaging modalities

Intermittent imaging. To obtain a reliable myocardial
opacification by destructive methods, contrast agents
with a thin shell and a low persistence gas should be
used. The reduced solubility and high molecular
weights of the gases used for second-generation con-
trast agents makes it harder to differentiate them from
tissue when a microbubble destruction imaging tech-
nique is used.

It is relatively easy to detect myocardial perfusion
using this technique since a strong signal is produced
by bubble destruction; however, it is relatively hard to
maintain the same scan plane during intermittent imag-
ing and this limits the routine use of this method.

Real-time imaging. The “flash” method is currently
used to assess the replenishment curves. After a few
frames (5 to 9) using the highest possible mechanical
index, all the bubbles are destroyed. Switching at a low
mechanical index (0.09 to 0.15), a signal produced by
bubble resonation may be followed until complete re-
filling is reached. For this imaging modality, only sec-
ond-generation contrast agents may be used.

Commercially available echocardiographic instru-
ments use various systems to detect microbubble reso-
nance5,9,10 (Table II). All of these have the aim of identi-
fying the distorted low intensity signal produced by mi-
crobubbles (non-linear response), which is completely
masked by the tissue components in traditional settings.



With this technique, there is no need to use trigger-type
imaging and microbubbles are not destroyed, thus allow-
ing continuous detection of the signal within the my-
ocardium. For these reasons, the technique has been de-
fined “real-time perfusion imaging”11-18.

Using a low-energy technique, higher doses of con-
trast media have to be used to enhance the weak signal
detected within the myocardium, however, it is easier to
maintain the same scan plane during contrast injection.
Myocardial perfusion and contraction may simultane-
ously be assessed, thus reducing artifacts and pitfalls.

Intermittent versus real-time imaging. The relative
advantages and limits of the two methods for mi-
crobubble signal detection (stimulated acoustic emis-
sion and detection of a non-linear signal) are summa-
rized in table III. Only one comparative study has been
published on the two different imaging modalities and
similar results were obtained19.

Although more consistent literature data are need-
ed, there is general agreement on the greater benefits
offered by real-time imaging.

Infusion method. Both bolus injection and continuous
contrast agent infusion throughout a pump are used
(Table IV). It currently seems advisable to use continu-
ous infusion, limiting the use of bolus injection to the
evaluation of the area at risk in acute settings20-22. The
infusion speed cannot be currently standardized due to
the variability of the contrast packages available in the
various echocardiographic instrument sets and to pa-
tient to patient differences in the acoustic window, but
it should be regulated in each individual laboratory to
optimize the relationship between the perfusion signal
and the attenuation provoked by high concentrations of
microbubbles in the left ventricle.

Myocardial perfusion: evaluation methods 

Myocardial perfusion may be evaluated with qualita-
tive, semi-quantitative or quantitative methods (Table V).

Qualitative and semi-quantitative methods. Myocar-
dial perfusion may be qualitatively graded as normal,
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Table III. Advantages and limits of different imaging modalities to assess myocardial perfusion.

For Against

Trigger
More clinical data Non-uniform bubble destruction within the ultrasound field
Strong signal easy to detect at ultrasound Increasing trigger intervals needed for quantification
Used in experimental models to validate quantification methods Possible scan plane changes during prolonged trigger intervals
Usable with first- and second-generation contrast media
Currently widespread use

Real-time
Possible to maintain a well-centered image in the ultrasound field Less widespread use
Easier to use with a larger potential diffusion Less clinical data
Simultaneous evaluation of flow and contractile function Software not yet optimized

Table II. Softwares to detect microbubble resonance.

Application Function principles

Pulse inversion Emission of two consecutive ultrasound pulses in phase opposition
Power pulse inversion As pulse inversion using a Doppler power signal
Single pulse cancellation Two-dimensional analysis of the different phases of adjacent ultrasound sectors
Power modulation Use of two consecutive ultrasound pulses with differing amplitudes
Contrast pulse sequence Analysis of the linear and non-linear response components of microbubbles with exclusion of 

the components deriving from tissue

Table IV. Advantages and limits of different contrast agent infusion modalities for myocardial perfusion.

Bolus Continuous infusion

Rapid plateaus but frequently with attenuation Prolonged diagnostic threshold
Brief diagnostic threshold Constant input function for microcirculation replenishment (mandatory for
Not useful for quantification quantification)

Microbubble concentration strictly dependent on infusion speed
Need of dedicated infusion pumps (high-infusion speed, self-stabilizing)



abnormal or non-homogeneous. A semi-quantitative
contrast score is generally used: 0, no enhancement; 1,
patchy enhancement; 2, homogeneous enhancement. A
contrast score index may be calculated by dividing the
sum of the contrast scores for each segment by the
number of segments analyzed. For viability purposes, a
perfusion score index in the risk area may be derived by
dividing the summed perfusion scores in the risk area
by the number of dysfunctional segments.

Semi-quantitative methods are currently used to
study acute myocardial infarction. The diagnostic and
prognostic roles of a preserved myocardial opacifica-
tion and/or of perfusion defect within the dysfunction-
al area have been well established in several clinical
studies22-32. Controversial data have been reported as
for the prognostic role of patchy perfusion. For the bet-
ter delineation of non-homogeneous perfusion within
the infarct zone, future quantitative studies are needed.

Quantitative methods. The extent of a perfusion de-
fect may be calculated as the sum of the endocardial
border length of the perfusion defect divided by the to-
tal endocardial length. The ratio between the relative
perfusion defect size before and after different reperfu-
sion strategies should be considered as a valid quantita-
tive instrument to assess the extension of the reflow
area in reperfused acute myocardial infarction33-37. A
useful threshold value (50%) may be extrapolated for
prognostic purposes.

Using quantitative software, an off-line analysis of
the refilling curves may be obtained. After flash in re-
al-time imaging, or increasing pulse intervals using in-
termittent imaging, myocardial videointensity progres-
sively increases with time until the myocardial blood
volume within the entire ultrasound beam is filled and
reaches a plateau. At this stage, videointensity reflects
the myocardial blood volume. At this point, the signal
detected within the myocardium is a corollary of the
blood volume of the myocardial capillaries. The rate of
change of videointensity from baseline to the plateau
represents the microbubble velocity. For each segment,
plots of the signal intensity vs the time or pulsing inter-

vals may be constructed and fit an exponential function
y = A � (1-e-�t) where A is the plateau or videointensi-
ty peak and � is the rate constant that determines the
rate of increase of videointensity. A is a measure of the
myocardial blood volume, � is a measure of the micro-
bubble velocity and the product A � � is a measure of
the myocardial blood flow.

The calculation of these parameters has been wide-
ly validated in experimental studies11,13,38-43; in particu-
lar, preliminary data showed that the microcirculatory
flow reserve during hyperemic stimulation may be cal-
culated12,44,45. 

Using intermittent imaging, only systolic frames are
stored; similarly, there is a general consensus on the
analysis, even in real-time imaging, of selected consec-
utive systolic frames to improve the quality of quanti-
tative assessment.

Despite a solid theoretical and experimental basis
there are not enough data in the literature showing the
additional role of quantitative analysis for clinical pur-
poses. Thus, at present, quantitative softwares should
be considered as research tools.

Clinical applications

Acute myocardial infarction. Myocardial contrast
echocardiography (MCE) has been widely employed in
patients with acute myocardial infarction. Both intra-
coronary and intravenous contrast agent injection have
been used.

Intracoronary myocardial contrast echocardiography.
Several MCE studies showed that about one fourth to
one third of acute myocardial infarction patients treated
with primary angioplasty have an inadequate tissue per-
fusion (no-low-reflow phenomenon) despite angio-
graphically successful coronary recanalization. The clin-
ical impact of the “no-reflow phenomenon” has been
largely demonstrated by several intracoronary MCE
studies showing that patients with microvascular dys-
function soon after infarct-related artery reopening may
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Table V. Different methods for myocardial perfusion analysis.

Method Characteristics

Qualitative Presence or absence of microbubble signal Useful in the acute phase
All or nothing response
Ischemia severity not assessable

Semi-quantitative 0 to 3 score for each segment based on myocardial Variability in the interpretation of the intermediate
contrast enhancement score
CSI calculation CSI damage extension index

CSI prognostic index

Quantitative Video intensity/time curves reconstructed with Intracoronary injection: wash-in/wash-out curve
dedicated softwares Intravenous injection: refilling curves

CSI = contrast score index.



exhibit no significant contractile reserve or functional re-
covery at follow-up. The infarct size in experimental an-
imal models is slightly underestimated due to the hyper-
emic response immediately after recanalization. The
greatest changes in the injured microvasculature occur
within one day of infarct-related artery reopening where-
as the extent of microvascular damage is relatively stable
on the second hospital day. Thus, the best timing to per-
form contrast studies should be 1 day after the achieve-
ment of a sustained coronary reflow. Whereas there is
consensus, based on experimental and clinical studies,
on the use of the MCE extent of the no-reflow area after
reperfusion as a good predictor of irreversible left ven-
tricular dysfunction at follow-up, the available data on
the changes in microvascular perfusion in the convales-
cent phases after acute myocardial infarction are con-
flicting. Different studies indicate that ischemic mi-
crovascular damage may be reversible or progressive af-
ter coronary reflow confirming the presence of “mi-
crovascular stunning”. The degree of perfusion and func-
tional improvement varies among patients; however, the
extent of MCE reflow at 1 week after acute myocardial
infarction is highly predictive of left ventricular func-
tional recovery up to 6 months after acute myocardial in-
farction. Thus, in patients surviving acute myocardial in-
farction, the predischarge MCE analysis of the extension
of residual perfusion within the infarct zone is a simple
and useful method to better distinguish still viable from
necrotic myocardial regions24,25,27,29,33,34,36,46-69.

Intravenous myocardial contrast echocardiography. Sev-
eral intravenous MCE studies have been recently pub-
lished further confirming previous intracoronary MCE
data.

In brief, the results obtained at intravenous MCE in
the setting of acute myocardial infarction may be sum-
marized as follows:
• there is a close correlation between intravenous and
intracoronary MCE in detecting the no-reflow phenom-
enon67;
• there is a close correlation between a preserved mi-
crovascular perfusion after acute myocardial infarction
and the coronary flow reserve using intracoronary
Doppler flow-wire37;
• microcirculatory perfusion may improve 24 hours af-
ter acute myocardial infarction, confirming that mi-
crovascular damage after reperfusion may be a dynam-
ic phenomenon70;
• there is a close correlation between the predischarge
contrast defect extent and the contractile function re-
covery over time37,71-73;
• the contrast defect extent is an independent predictor
of left ventricular remodeling74.

Thus, intravenous MCE assessment of microvascu-
lar dysfunction plays a crucial role in the phases of
acute myocardial infarction:
• during infarct-related artery occlusion, to evaluate the
extent of the area at risk;

• after infarct-related artery reopening, to evaluate the
efficacy of reperfusion. Preliminary studies showed
that intravenous MCE may be particularly helpful in
the assessment of the efficacy of different recanaliza-
tion strategies75; further clinical studies are needed to
demonstrate the role of this technique in the assessment
of distal microembolization;
• on day 1 after reperfusion, to evaluate the residual
area at risk;
• at predischarge, to assess the final microvascular dam-
age.

Myocardial viability. Several studies support the hy-
pothesis that either the contractile reserve as assessed
by dobutamine stress echocardiography or the possibil-
ity of myocardial dysfunction to recover are strictly de-
pendent on the maintenance of microvascular integrity.

In patients with myocardial infarction, myocyte loss
is accompanied by a loss of microvasculature; thus, the
MCE detection of a perfusion defect may be evidence of
lack of tissue viability. A recent elegant study76, de-
signed with the aim of assessing, in patients with postis-
chemic left ventricular dysfunction, the histological cor-
relates of MCE-derived quantitative parameters, con-
firms this hypothesis showing that the peak contrast ef-
fect (A), an index of the myocardial blood volume, cor-
relates with the microvascular density and capillary area
and inversely with the collagen content and thus helps to
differentiate hibernating from necrotic tissue.

For these reasons, MCE seems to be one of the most
effective techniques for the assessment of tissue viability.

Quick confirmation of the extent of microvascular
integrity in acute myocardial infarction patients and of
successful reperfusion has important implications for
patient management. The presence of a preserved mi-
crovascular flow in the acute postinfarction period is
associated with a lower rate of fibrous scar formation
and with less ventricular remodeling. Moreover, there
is a close relation between the extent of microvascular
perfusion soon after acute myocardial infarction and
the relative risk of major cardiac events. Controlling for
infarct size did not eliminate the power of microvascu-
lar obstruction in predicting the occurrence of adverse
postinfarction events.

Comparison with other imaging techniques. The rela-
tionship between the residual perfusion and inotropic
reserve of dysfunctional myocardium has been investi-
gated. The proportion of segments showing a positive
dobutamine stress echo response is significantly lower
than that with a normal 201thallium uptake or a preserved
MCE perfusion. The rate of agreement between dobuta-
mine stress echocardiography and perfusion techniques
is low. It was hypothesized that the cellular mechanisms
responsible for a positive response to dobutamine stim-
ulation require a higher degree of myocyte functional
integrity than those responsible for perfusion imaging.
However, the prevalence of postoperative functional im-
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provement in single-photon emission computed tomog-
raphy-MCE-viable patients is low, resulting in a lesser
specificity and positive predictive value as compared to
dobutamine stress echocardiography. On the contrary, in
all dyssynergic segments graded as viable at dobuta-
mine stress echo and improving after revascularization,
a residual perfusion was detected. On the other hand, in
the absence of residual perfusion, contractile recovery at
follow-up has never been observed, despite a positive
response to dobutamine stress echo. Finally, in some se-
verely dysfunctional but viable segments, the contrac-
tile reserve may be exhausted if the residual stenosis is
subcritical. However, the functionality of these seg-
ments may improve after revascularization, when grad-
ed as viable at MCE77-79. Furthermore, recent MCE
studies have suggested a beneficial role of microvascu-
lar integrity in postinfarction left ventricular remodel-
ing, independent of the effective functional recovery.
Further studies are needed to evaluate the long-term im-
pact of different extents of dysfunctional areas with pre-
served microvascular integrity on ventricular remodel-
ing and cardiac death.

The diagnostic agreement between dobutamine
stress echo and MCE is higher than that reported in ra-
dionuclide studies. This result could be related to the
higher specificity of MCE as compared to 201thallium
scintigraphy in predicting reversible dysfunction.
Three factors may contribute to the observed discor-
dance between these two perfusion techniques:
• direct assessment of myocardial perfusion cannot be
achieved by radionuclides since these tracers simply
provide estimates of the relative differences in tracer
distribution in different areas. Conversely, MCE pro-
vides an estimation of the relative myocardial opacifi-
cation within a segment, independently of the perfusion
in the other segments;
• at MCE both microvascular perfusion and regional
wall motion may be simultaneously evaluated; thus,
false contrast defects are reduced;
• microbubbles behave as a pure flow tracer whereas
201thallium behaves as a metabolic tracer.

Finally, only few comparative studies with positron
emission tomography and magnetic resonance imaging
were published; thus, at present it is impossible to de-
rive any significant information57,80-84. Several studies
compared MCE perfusion and myocardial blush and
TIMI frame count as assessed at coronary angiography:
both angio parameters were found to be less effective
than contrast echocardiography71. Unless new data are
presented, it does not currently seem worthwhile to
proceed with further comparative studies with myocar-
dial blush or TIMI frame count.

Conclusions

In the field of acute myocardial infarction, perfu-
sion studies with contrast echocardiography seem to

have great potential, especially in the evaluation of the
effects of reperfusion therapy. There is general consen-
sus on the use of MCE to assess the results of reperfu-
sion therapy and to obtain prognostic information.
However, the additional value of contrast echocardiog-
raphy has not yet been validated in large clinical trials,
although some multicenter studies are currently in
progress. More extensive use of this technique is par-
ticularly indicated in acute myocardial infarction pa-
tients with suspected failed reperfusion. In this sub-
group of high-risk patients, MCE may be particularly
helpful in indicating more aggressive strategies.
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PART 8
IMPLEMENTING ULTRASOUND CONTRAST IN

THE ECHOCARDIOGRAPHY LABORATORY
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Incorporating the use of ultrasound contrast agents
into the routine echo-lab procedures requires a signifi-
cant reorganization of the laboratory in terms of cul-

ture, resources, staff and materials. As performing a
contrast echocardiogram involves the administration of
a pharmaceutical agent, the decision on whether to per-
form it must be taken by a physician alone or in con-
sultation with the sonographer and/or registered nurse,
in those laboratories where such staff are skilled in the
acquisition of echocardiographic images. In any case,
the performance of contrast studies requires a team ap-
proach and the cooperation of several health workers
(just as for stress or transesophageal echocardiograph-
ic studies) and the reorganization of the laboratory1.
The physician has the responsibility of coordinating the
group in such a way as to optimize results, avoid arti-
facts, and reduce waste of contrast media, whose cost is
not negligible. It is thus essential that the group coordi-
nator understands the effects of contrast media in
echocardiographic imaging, their dosages, administra-
tion methods and contraindications, and has sufficient
experience to set the machine and optimize image ac-
quisition. In fact, the quality of contrast images de-
pends both on the quality and quantity of contrast agent
infusion and on the appropriate settings of the echo ma-
chine2.

Impact on laboratory resources

Ultrasound contrast should be considered an exten-
sion of the existing echocardiographic examination.
For this reason, the laboratory design and equipment
should be standard, and meet the requirements on lab-
oratory accreditation of the Italian Society of Cardio-
vascular Echography3. A hazardous waste container, in
accordance with the universal precautions and haz-
ardous waste guidelines4, where supplies used to access
veins and to infuse ultrasound contrast agents (gloves,
needles, syringes, cotton) can be discarded should be
added to the standard equipment. The examination bed
should be positioned to allow access to the patient’s
arm and vein and inject the contrast agent.

When the standard practice is to image the patient
from the left side, placement of the vein access (nee-
dle size ≥ 20G) in the right arm is preferable. For
right-handed scanners that position the echocardio-
graphic system to the right of the patient, the left arm
may be preferable for intravenous insertion and con-
trast agent injection. Of course, in some patients vein
access will be limited to the arm opposite to the pre-
ferred one.

Apart from supply availability, staff experience and
knowledge requirements and the incorporation of ultra-
sound contrast into routine practice may also represent
a considerable source of increased expenditure for the
laboratory. It is in fact estimated that around 20% of
routine echocardiographic studies are of non-optimal
quality and about 30% of echo stress studies are non-di-
agnostic due to suboptimal image quality5. Since
around 50% of echocardiographic studies are per-
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formed to evaluate the left ventricular function, and
even though a single vial of contrast medium may be
used to study more than one patient, the annual cost in-
crease for the laboratory will certainly be significant
(Table I). This cost should however be cushioned, tak-
ing into consideration that these patients would other-
wise have to undergo other imaging modalities (trans-
esophageal, radionuclide angiography, or magnetic res-
onance) to assess their left ventricular function. Yong et
al.6 have demonstrated how the performance of contrast
echocardiography in patients with a suboptimal echo-
cardiographic window leads to a transesophageal echo-
cardiogram saving 3% for regional wall motion evalu-
ation and 17% for global left ventricular systolic func-
tion evaluation. It may be assumed that for methods
such as ventriculography with radionuclides or mag-
netic resonance the savings will be even greater.

Echocontrastographic examination significantly pro-
longs the duration of the routine echocardiographic ex-
amination. In our experience, the need to explain to pa-
tients the indication for the examination, obtain their
written consent, access a peripheral vein, and prepare the
contrast medium and physiological agent prolong the
routine echocardiographic examination by 20 ± 7 min.

The economic impact and time commitment are much
less when contrast agents are used during stress echo-
cardiography. This is generally an examination which
is performed to select patients for coronary angiogra-
phy and possible revascularization. For this reason, the
economic impact of injection of a contrast medium im-
proving the accuracy of the evaluation of regional kine-
sis on the complete diagnostic-therapeutic protocol is
relative. Finally, patients undergoing stress echocardio-
graphy already have an intravenous line and consent for

the addition of the contrast medium to the examination
may be contextual to that for stress echocardiography.

The economic issue, time consumption, and person-
nel upgrading requirements to run a program of con-
trast echocardiography determine the fact that without
adequate reimbursement there is no incentive to per-
form this procedure. A survey we performed among re-
gional delegates of the Italian Society of Cardiovascu-
lar Echography demonstrated that, at present, in only
one Italian region (Friuli Venezia Giulia) is cardiac
contrast echo reimbursed.

Patient selection

The procedure costs and its organizational impact
on the laboratory limit its application to specific patient
categories. The quality of non-enhanced endocardial
visualization images (with or without the harmonic
imaging, according to the local technological facilities)
and the expected impact on patient management should
be the key parameters on which the decision to com-
plete a standard echocardiographic examination by
adding an injection of a contrast agent is made. The
currently recognized technical indications are:
- enhancement of left ventricular endocardial border
delineation;
- improvement in Doppler signal;
- intracardiac/intrapulmonary shunt diagnoses.

Some American echocardiography laboratories
have specified written criteria to define the cases in
which there are indications to complete the echocardio-
graphic examination with injection of a contrast agent.
In general, there is agreement to administer a contrast
agent to improve the visualization of the endocardial
border in examinations where the main clinical re-
quirement is the evaluation of the left ventricular func-
tion and it is not possible to evaluate ≥ 2 segments out
of 6 (using a 16-segment left ventricular segmentation
model) in the apical sections7.
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Table I. Cost analysis of incorporating ultrasound contrast into
echocardiography laboratory routine practice. Example of costs
for staff and supplies.

Item Cost

Direct cardiologist’s time (hours): 0.20 €7,1*
Direct sonographer’s/nurse’s time (hours): 0.20 €2,9*
Direct support staff time (hours): 0.12 €1,6*
Ultrasound contrast agent (1/3 vial per patient) €22*
Direct procedure supplies (gloves, tourniquet, €7,65*

1 10 ml syringe, 1 10 ml saline vial, 1 19G
needle, 1 20G angiocatheter, injection cap
and/or extension tubing, 3-way stopcock,
sharps and waste containers)

Direct patient supplies (tape, 2�2, alcohol pads, €0,35*
etc.)

Support supplies (pens, billing and report forms) €0,10*
Equipment cost/depreciation Not available

Total directs costs €41,70*

* calculated by using an average salary for registered nurses and
diagnostic cardiac sonographer from the 2002 National Salary
Contract for Health Operators.
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