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Ultrasound-enhancing agents have the potential to evaluate myocardial perfusion, adding a new
dimension to echocardiography. This article summarizes the clinical studies involving SonoVue, a
new intravenous ultrasound contrast agent, in assessing myocardial perfusion. Safe and well
tolerated, SonoVue coupled with echocardiography has the capability to identify perfusion abnor-
malities, as confirmed by scintigraphic imaging. While the optimal modalities for ultrasound
perfusion assessment are not yet determined, numerous technical advances have been introduced:
continuous infusion or slow intravenous administration of the agent, harmonic intermittent imag-
ing, pulse inversion, background subtraction, color coding, and others. SonoVue is a promising new
agent in the booming field of myocardial contrast echocardiography. (ECHOCARDIOGRAPHY,

Volume 17, No. 6, Part 2, August 2000)

contrast agents, echocardiography, imaging, myocardial perfusion

The assessment of myocardial perfusion by
ultrasound-enhancing agents has been tested
in different experimental and clinical settings,
potentially adding a new dimension to echocar-
diography. Likely applications would include
bedside evaluation of the area of myocardium
at risk for necrosis,-4 response to thromboly-
sis, 3% identification of no-reflow phenomenon
(for risk stratification and therapeutic inter-
ventions),%8 assessment of viability (whether
stunning or hibernation),*4 adjunct to stress
testing to detect reversible myocardial isch-
emia,l® and appraisal of collateral circula-
tion.16

This approach was initially attempted using
intracoronary injection of free air bubbles ob-
tained by hand agitation or sonication of a va-
riety of substances. Today, contrast micro-
bubbles are industrially produced, and two ul-
trasound contrast agents have been approved
by the FDA: Albunex and Optison (Molecular
Biosystems, San Diego, CA, USA). The first
agent is a solution of air-filled microspheres,
produced by sonicating 5% human serum albu-
min; these air-filled microspheres have a lim-
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ited stability and duration of contrast effect.1”
The second agent is based on perfluorocarbon-
filled albumin microbubbles; this contrast
agent is more stable than Albunex and has
been approved for improvement of endocardial
border delineation during echocardiography.18
SonoVue (Bracco, Italy) is a microbubble
preparation that is stable, resistant to pres-
sure, and specifically designed for use as a con-
trast agent for ultrasound imaging.19-20 Stored
in the form of a lyophilized powder, it can be
reconstituted by addition of physiologic saline
followed by hand agitation for 30 seconds. The
resulting microbubble suspension is stable for
6 hours at room temperature. The micro-
bubbles contain sulfur hexafluoride (SF6), a
poorly soluble and totally innocuous gas, which
is eliminated through the lungs. SonoVue solu-
tion is isotonic to human plasma and does not
contain any protein-based material. This arti-
cle focuses on the early clinical experience with
this agent in myocardial perfusion imaging.

Clinical Studies with SonoVue

Six Phase I studies with this agent were
completed in a total of 111 healthy volun-
teers.21-26 Based on the safety profile and the
preliminary efficacy profile of the agent, fur-
ther clinical investigations have been com-
pleted or are ongoing. As of December 1999,
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more than 1700 subjects had received SonoVue
in completed clinical studies for both cardiac
and noncardiac indications. In these studies
SonoVue appeared to be safe and well toler-
ated. The majority of adverse events was mild
in intensity and resolved without sequelae.

Three Phase II clinical trials were conducted
to evaluate the use of SonoVue for the assess-
ment of myocardial perfusion. The first study
(BR1-021) enrolled 15 patients with a known
perfusion defect based on a prior SPECT
study.2” The view that best delineated the de-
fect on the SPECT study was the only view
assessed during myocardial contrast echocar-
diography. All patients were studied using
power Doppler harmonic imaging following in-
travenous contrast administration. The agree-
ment between myocardial contrast echocardi-
ography and SPECT in the detection of perfu-
sion defects by slow bolus injections of SonoVue
(2-3 ml over 20 seconds) was assessed by using
a 5-segment matching model. The concordance
between the two modalities for the presence or
absence of the defect was 93%. A high agree-
ment was also obtained on the location of the
defects (96%, 93%, and 87% for the anterosep-
tal inferoposterior and apical regions, respec-
tively). The results of this study documented
the potential of SonoVue to determine the pres-
ence of resting perfusion abnormalities.

A second Phase II study was conducted in 58
patients with perfusion abnormalities, know-
ing the results of the myocardial scintigra-
phy.28 Myocardial contrast echocardiography
was performed using not only power Doppler
harmonic imaging, but also harmonic gray
scale imaging using qualitative and quantita-
tive (video intensity) assessment of the con-
trast activity. In addition to analysis of raw
online images, B-mode images were digitally
processed and color coded. The results of this
study suggest that SonoVue appears to have
potential clinical utility as a contrast agent for
enhanced detection of myocardial perfusion de-
fects at rest during intermittent, harmonic B-
mode echocardiography and intermittent, har-
monic power Doppler echocardiography. The
agreement with SPECT varied with the dose,
administration modality (bolus or infusion),
and pulsing interval.

In both the aforementioned pilot studies, the
investigator knew the results of the myocardial
scintigraphy prior to SonoVue administration,
and only one echocardiographic view was ex-
amined. Therefore, a third Phase II study was
designed, which included 19 patients, to more
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closely represent clinical practice for the use of
contrast agents in echocardiography.?® The pa-
tients were enrolled based on the presence of
ventricular wall-motion abnormalities at rest,
and multiple echocardiographic views were re-
corded in each patient. The investigator did not
know the results of the SPECT study until
after echocardiographic assessments were
completed. Two to three contrast injections
were required to complete the contrast perfu-
sion study in four views using B-mode echocar-
diography. Combining all the views in B-mode
imaging, the agreement between myocardial
contrast echocardiography and SPECT was
72% for segments indicating the presence of a
perfusion defect, 86% for segments indicating
normal perfusion, and 80.2% for segments with
perfusion defect or normal perfusion. This
study demonstrated that the use of repeated
bolus doses was effective in obtaining different
echocardiographic views, allowing completion
of a myocardial perfusion examination.

These clinical studies provided the basis for
pursuing a comprehensive Phase II dose-find-
ing study (BR1-038). This study was designed
to assess the dose-response relationship for a
slow intravenous administration of SonoVue
for myocardial perfusion based on the extent of
qualitative enhancement and contrast dura-
tion during harmonic B-mode and harmonic
power Doppler imaging. This assessment was
based on an apical four-chamber view. An off-
site comparison was performed between con-
trast echo images and corresponding radionu-
clide perfusion images for detection or exclu-
sion of perfusion defects. In a subset of
patients, angiographic findings were compared
to radionuclide perfusion study and myocardial
contrast echocardiography for the purpose of
assessing coronary artery disease. This study
was international, with sites in Europe and the
United States. The study was recently com-
pleted and the results are under evaluation.

Representative Case

The following example is the case of a patient
enrolled in the BR1-038 study. A 59-year-old
man was admitted to the hospital 40 minutes
after the onset of acute chest pain resistant to
sublingual nitrates. The electrocardiogram
showed ST segment elevation in DI, avL, and
from V2 to V6 (maximal ST elevation was 0.3
mV). To proceed to primary PTCA, the patient
underwent coronary angiography. The angiog-
raphy showed occlusion of the left anterior de-
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scending artery (LAD) in its middle third and a
tight stenosis at the origin of the first diagonal
branch; the circumflex and the right coronary
arteries displayed only minor luminal irregu-
larities. The patient successfully underwent
PTCA plus stenting on the LAD lesion and
PTCA on the diagonal branch. At the time of
hospital discharge (7 days postrevasculariza-
tion) transthoracic two-dimensional echocar-
diogram (Fig. 1) showed severe hypokinesia
and reduction of systolic thickening of mid-
anterior septum and apical septal and lateral
segments. To evaluate myocardial perfusion,
slow intravenous SonoVue injection was per-
formed under harmonic intermittent power
Doppler imaging. Figure 2 illustrates contrast
echocardiography during the infusion of 4 ml of
the agent completed over 1 minute 20 seconds.
A definite perfusion defect is clearly appreci-
ated in apical septal and lateral segments.
SPECT imaging with thallium-201 at rest
demonstrated a severe uptake defect involving
the anterior septum and the apex with preva-
lence of necrosis in these walls.

This case illustrates the substantial agree-
ment between myocardial contrast echo and
radionuclide perfusion imaging that both re-
flect the state of myocardial microcirculation
with different modalities. Of notice, the infor-
mation on myocardial perfusion abnormalities
cannot be predicted neither by coronary anat-
omy (showing a patent infarct-related artery)
nor by regional wall-motion assessment (dem-
onstrating more extensive regional contractil-
ity abnormalities).

Qualitative Versus Quantitative
Assessment of Myocardial Perfusion

Myocardial echo contrast enhancement may
be assessed both qualitatively and quantita-
tively. Although it would be highly desirable to
be able to obtain quantitative information on
tissue perfusion by contrast echocardiography,
the exact measurement is affected by several
limitations. A major one regards the relation
between microbubble concentration and inten-
sity of ultrasound signal. As a matter of fact,
several studies have demonstrated that this
relation is not linear over a wide range of con-
trast concentrations.30-31 To overcome this lim-
itation, the utilization of a very limited range of
contrast concentrations, where this relation is
assumed to be linear, has been proposed.39
However, the concentration of microbubbles
following a bolus contrast injection is often
above this “linear range.”

To overcome this limitation and to quantify
myocardial blood flow, Wei et al.32 proposed a
continuous infusion of second generation echo
contrast agents during intermittent harmonic
imaging. Using this approach, a steady state
may be achieved where microbubble concentra-
tion is constant. In this situation, the concen-
tration of microbubbles is proportional to the
fraction of blood volume, while the rate at
which microbubbles enter different organs is
related to their velocity. Concerning utilization
of contrast echocardiography in routine clinical
practice, a slow administration of SonoVue, as
shown in Figure 2, seems to be an acceptable

Figure 1. Two-dimensional echocardiographic images in the apical 4-chamber view, corresponding to end-diastole A and
end-systole B. A reduction in systolic thickening can be appreciated in mid-anterior septal, apical septal, and lateral segments.
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Figure 2. Myocardial contrast echo study during the infusion of SonoVue. A. corresponds to contrast enhancement of right
heart cavities; B. to the enhancement of left ventricular cavity and C, D to myocardial contrast enhancement. A perfusion
defect can be appreciated in lower panels in apical septal and lateral segments.

compromise that can be easily and routinely
performed in different clinical settings.

Before contrast administration, normal ven-
tricular walls show different degrees of myo-
cardial intensity. This heterogeneity in myo-
cardial background is mainly due to the angle
between incident ultrasound beam and myo-
cardial fibers, a phenomenon commonly re-
ferred to as anisotropy.33-3¢ An heterogeneous
background intensity is also present in pa-
tients with previous infarction, whose in-
farcted walls often show an intensity higher
than normal myocardium, likely due to the
presence of fibrotic or scar tissue. This hetero-
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geneous background may affect the measure-
ment of myocardial perfusion when digital sub-
traction is performed. Due to these reasons, it
would be desirable to eliminate background in-
tensity in contrast echocardiography, as partly
done using power Doppler35 or pulse inversion
technology.36:37

Indicator dilution theory assumes that the
changes in signal intensity following the ad-
ministration of a tracer into the blood stream
reflect its passage through the circulation.38
This is true if the tracer is purely intravascular
(as contrast microbubbles) and if it is stable
enough. First generation contrast agents are
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sensitive to pressure and to contact with blood,
so that the changes in myocardial contrast in-
tensity are due both to the passage of micro-
bubbles through the coronary circulation and
to their in vivo decay. This limitation is less
obvious with second generation agents, such as
SonoVue, which are characterized by a greater
stability in vivo.

While the human eye can discern only a few
shades of gray (on average 16), it can discrim-
inate between thousands of hues of color. The
main advantage of color over gray scale images
is that the perception of differences in myocar-
dial signal intensity is easier. This has been
extensively used in nuclear cardiology, where
perfusion images are usually color-coded. This
advantage can also be utilized in myocardial
contrast echocardiography to make the subjec-
tive identification of perfusion abnormalities
easier.31.39

Studies have shown that pulsed imaging as
compared to continuous imaging can minimize
the destruction of microbubbles.4® Accordingly,
triggered imaging was employed in these stud-
ies to maximize the assessment of myocardial
perfusion following intravenous administra-
tion of SonoVue. Changes in triggering interval
(time interval between two consecutive frames)
can produce several positive effects. Using the
adequate dose of contrast agent and acoustic
pressure, a single sweep of ultrasound can de-
stroy all microbubbles within the sector. If this
is achieved, myocardial intensity in the next
frame reflects the number of microbubbles en-
tering the myocardium in the ultrasound field
during the pulsing interval. According to this
approach, varying this .interval allows to ex-
plore different flow velocities, because nor-
mally perfused ventricular walls are replen-
ished by microbubbles at low pulsing intervals
(e.g., one beat), while hypoperfused areas can
require very prolonged pulsing intervals (up to
8 beats or even more) to fill the myocardium.32

Using continuous intravenous infusion of
SonoVue at pulsing intervals of 1, 3, and 8
cardiac cycles Lindner et al.28 demonstrated
that relative perfusion defects at rest are best
discerned at long pulsing intervals. At rest,
when the heart rate is normal, plateau myocar-
dial intensity in normal myocardium is usually
reached at pulsing intervals of 5 to 6 cardiac
cycles. Background-subtracted myocardial in-
tensity at a pulsing interval of every 8 cardiac
cycles, therefore, represents relative myocar-
dial blood volume in different myocardial beds.
Better representation of relative myocardial

Vol. 17, No. 6, Part 2, 2000

blood volume in normal and infarcted beds at a
pulsing interval of 8 cardiac cycles should pro-
vide better assessment of relative perfusion. A
good correlation was found between relative
perfusion defects by SPECT and by myocardial
contrast echocardiography using a pulsing in-
terval of 8 (correlation coefficient r = 0.73).
This correlation was not as good when myocar-
dial contrast echocardiography was performed
with pulsing intervals of 1 and 3.

Significance of Myocardial Echo
Contrast Enhancement

Myocardial contrast intensity is heavily af-
fected by biological factors: mainly changes in
coronary blood flow and alterations in myocar-
dial blood volume. These factors influence con-
trast intensity in opposite directions. More-
over, the transit time of microbubbles through
the coronary circulation is inversely related to
coronary blood flow, but directly related to
myocardial vascularity and blood volume.4t
Therefore, an increase in coronary flow not ac-
companied by an increase in myocardial vascu-
larity and blood volume is achieved by a faster
transit of microbubbles through the coronary
circulation. Conversely, an increase in coro-
nary blood flow mediated by augmented myo-
cardial vascularity and blood volume will in-
crease myocardial contrast enhancement and
lengthen microbubble transit. The analysis
of still frames as shown in Figure 2 more
likely reflects changes in myocardial vascular-
ity among different ventricular walls, while
changes in signal intensity using different trig-
gering intervals should mainly reflect changes
in blood flow velocity.32

Advantages of Myocardial Contrast
Echocardiography over SPECT

Despite the previously mentioned limita-
tions, myocardial contrast echocardiography
offers several potential advantages over radio-
nuclide perfusion imaging. The relatively lower
cost of ultrasound equipment permits MCE to
be more readily available to community health
care facilities, and its portability allows bed-
side evaluation of critical care patients. In ad-
dition, there is no delay in diagnosis with MCE:
images may be assessed in real-time. Myocar-
dial contrast echocardiography also has several
safety advantages compared to SPECT: there
is no exposure to radioactivity for patients or
health care personnel, and there is no addi-
tional expense for radioactive waste disposal.

ECHOCARDIOGRAPHY: A Jrnl. of CV Ulirasound & Allied Tech. S21



ROVAI ET AL.

Acknowledgments: The authors wish to thank Bracco In-
ternational for their support in providing the material for
the preparation of the manuscript and for revising the
manuscript.

10.

11.

522

References

Grayburn PA, Erickson JM, Escobar J, et al: Periph-
eral intravenous myocardial contrast echocardiogra-
phy using a 2% dodecafluoropentane emulsion: Iden-
tification of myocardial risk area and infarct size in
the canine model of ischemia. J Am Coll Cardiol 1995;
26:1340-1347.

Dittrich HC, Bales GL, Kuvelas T, et al: Myocardial
contrast echocardiography in experimental coronary
artery occlusion with a new intravenously adminis-
tered contrast agent. J Am Soc Echocardiogr 1995;8:
465-474.

Rovai D, Lubrano V, Vassalle C, et al: Detection of
perfusion defects during coronary occlusion and myo-
cardial reperfusion after thrombolysis by intravenous
administration of the echo-enhancing agent BRI.
J Am Soc Echocardiogr 1998;11:169-180.

Kamp O, Lepper W, van Overschelde JL, et al: Se-
rial contrast echocardiography using intravenous
NC100100 can detect a reduction of initial myocardial
contrast defect in first myocardial infarction treated
with primary PTCA. (abstract) Circulation 1998;
17(Suppl.):1-76.

Rovai D, Janerot-Sjoberg B, Nagy A, et al: Myocardial
perfusion abnormalities by intravenous administra-
tion of the contrast agent NC100100 in an experimen-
tal model of coronary artery thrombosis and reperfu-
sion. Echocardiography 1998;15:731-740.

Ito H, Maruyama A, Iwakura K, et al: Clinical impli-
cations of the ‘no reflow’ phenomenon. A predictor of
complications and left ventricular remodeling in
reperfused anterior wall myocardial infarction. Circu-
lation 1996;93:223-228.

Sakuma T, Hayashi Y, Sumii K, et al: Prediction of
short- and intermediate-term prognoses of patients
with acute myocardial infarction using myocardial
contrast echocardiography one day after recanaliza-
tion. J Am Coll Cardiol 1998;32:890-897.

Porter TR, Li S, Oster R, et al: The clinical implica-
tions of no reflow demonstrated with intravenous per-
fluorocarbon containing microbubbles following resto-
ration of thrombolysis in myocardial infarction (TIMI)
3 flow in patients with acute myocardial infarction.
Am J Cardiol 1998;82:1173-1177.

Ragosta M, Camarano G, Kaul S, et al: Microvascular
integrity indicates myocellular viability in patients
with recent myocardial infarction. New insights using
myocardial contrast echocardiography. Circulation
1994;89:2562-2569.

DeFilippi CR, Willett DL, Irani WN, et al: Compari-
son of myocardial contrast echocardiogrphy and low
—dose dobutamine stress echocardiography in pre-
dicting recovery of left ventriculare function after cor-
onary revascularization in chronic ischemic heart dis-
ease. Circulation 1995;92:2863-2868.

Bolognese L, Antoniucci D, Rovai D, et al: Myocardial
contrast echocardiography versus dobutamine echo-
cardiography for predicting functional recovery after
acute myocardial infarction treated with primary cor-
onary angioplasty. J Am Coll Cardiol 1996;28:1677-
1683.

ECHOCARDIOGRAPHY: A Jrnl. of CV Ultrasound & Allied Tech.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.

23.

24,

25.

26.

27.

Nagueh SF, Vaduganathan P, Ali N, et al: Identifica-
tion of hibernating myocardium: Comparative accu-
racy of myocardial contrast echocardiography, rest-
redistribution thallium-201 tomography and dobut-
amine echocardiography. J Am Coll Cardiol 1997;29:
985-993.

Brochet E, Czitrom D, Karila-Cohen D, et al: Early
changes in myocardial perfusion patterns after myo-
cardial infarction: Relation with contractile reserve
and functional recovery. J Am Coll Cardiol 1998;32:
2011-2017.

Czitrom D, Karila-Cohen D, Brochet E, et al: Acute
assessment of microvascular perfusion patterns by
myocardial contrast echocardiography during myo-
cardial infarction: Relation to timing and extent of
functional recovery. Heart 1999;81:12-16.

Porter TR, Xie F, Kricsfeld A, et al: Improved endo-
cardial border resolution during dobutamine stress
echocardiography with intravenous sonicated dex-
trose albumin. J Am Coll Cardiol 1994;23:1440-1443.
Sabia PJ, Powers ER, Ragosta M, et al: An association
between collateral blood flow and myocardial viability
in patients with recent myocardial infarction. N Engl
J Med 1992;327:1825-1831.

Feinstein SB, Cheirif J, Ten Cate FJ, et al: Safety and
efficacy of a new transpulmonary contrast agent: Ini-
tial multicenter clinical results. J Am Coll Cardiol
1990;16:316-324.

Cohen JL, Cheirif J, Segar DS, et al: Improved left
ventricular endocardial border delineation and opaci-
fication with OPTISON (FS069), a new echocardio-
graphic contrast agent: Results of a phase III multi-
center trial. J Am Coll Cardiol 1998;32:3:746-752.
Schneider M, Arditi M, Barrau MB, et al: BR1: A new
ultrasonographic contrast agent based on sulfur
hexafluoride-filled microbubbles. Invest Radiol 1995;
30:451-457.

Schneider M: Characteristics of SonoVue. Echocardi-
ography 1999;16:743-746.

Bokor D, Cassinotti M, Llull B, et al: Clinical Phar-
macology of BR 1, a new stabilized, bubble-based
echocontrast agent. European Congress of Radiology.
(abstract) 1997, p. S260.

Bokor D, Cassinotti M, Spinazzi A: Clinical safety
evaluation of BR1 a new stabilized bubble-based
echocontrast agent: Phase I results. (abstract) Inter-
national Congress of Radiology, 1996, p. 161.
Blomley M, Jayaram V, Cosgraove D, et al: Linear
dose response relationship with the US contrast
agent BR1: A quantitative study in normal volun-
teers. (abstract) European Congress of Radiology,
1997, page S69.

Kaps M, Seidel G, Bokor D, et al: Safety and ultra-
sound-enhancing potentials of a new sulfur hexafluo-
ride-containing agent in the cerebral circulation.
J Neuroimag 1999;9:150-154.

LaFrance N: A Phase 1 evaluation of the safety of
higher doses of SonoVue during ultrasound imaging
in normal subjects. Personal communication, March
2000.

Morel DR, Schwieger I, Hohn L, et al: Human phar-
makokinetics and safety evaluation of SonoVue, a
new contrast agent for ultrasound imaging. Invest
Radiol 2000;35:80-85.

Senior R, Kaul S, Soman P, et al: Power Doppler
contrast echocardiography- A new technique for the
assessment of myocardial perfusion. Am Heart J
2000;139:245-251.

Vol. 17, No. 6, Part 2, 2000



CLINICAL EXPERIENCE WITH SONOVUE IN MYOCARDIAL PERFUSION IMAGING

28. Lindne; JR, _Villanuevg FS, Dent JM, et al: Assess- 35. Irvine T, Wanitkun S, Powers J, et al: Acoustically
;r;ir;zac; d;:St;ni }?er’?;lselg:le t?t:lt]]:l my((i)cardmg' colntxzst stimulated tra}nsient power scattering explains en-
Hourt J 20%’;) _11’33’:231_240 ical and practical. Am hax:lqed det.ectlo'n of the very low velocities in myo-

29. Avelar E, K(;lias T, Portis M, et al: Assessment of S,?:rol ftiz;;llsrﬁibéioviiz?c(;;;};l;r ;mlzgg;g-gfzé&l;
resting myocardial perfusion using SonoVue myocar- 649 ’ s T
dial contrast echocardiography using triggered pulse 36 Sim. i i
. . S . . . pson DH, Burns P: Pulse inversion Doppler. A
inversion harmonic imaging: A comparison to SPECT i i i
sestamibi imaging. (abstract) Eur Heart J 1999;20 nevg n;ﬁ{h‘)d ﬁ;r detecting nonlinear ephoes from -
(Suppl.):167. (il;; #2.1 gg;o;ﬁgz(i)st agents. Ultrasonics Symposium

30. Powsner SM, Keller MW, Saniie J, et al: Quantitation - oson DH. Burns P ion imaging wi
of echocontrast effects. Am J Physiol Imaging 1986; 87. _Slmps?n DH, Burns P: Perfusion imaging with pulse
1:124-198. inversion D?ppler and mlcrobpbble contrast agents:

31. Skyba DM, Jayaweera AR, Goodman NC, et al: Quan- In vivo studies of the myocardium. Ultrasonics Sym-
tification of myocardial perfusion with myocardial 38 1;)31;1m 1998;2:178.3-1786' .
contrast echocardiography during left atrial injection - Zierler KL: Equations for measuring blood ﬁow by
of contrast: Implications for venous injection. Circu- external measurement of radioisotopes. Circ Res
lation 1994;90:1513-1521. 1965;14:309.

32. Wei K, Jayaweera AR, Firoozan S, et al: Quantifica- 39. Villanueva FS, Glashe'en wP, Sklen'ar dJ, et .al: S}Jc-
tion of myocardial blood flow with ultrasound-induced cessful and reproducible myocardial opacification
destruction of microbubbles administered as a con- during two-dimensional echocardiography from right
stant intravenous infusion. Circulation 1998;97:473- }1122? injection of contrast. Circulation 1992;85:1557-
483. .

33. Mottley JG, Miller JG: Anisotropy of the ultrasonic 40. Porter TR, Xie F, Li S, et al: Increased ultrasound
backscatter of myocardial tissue 1. Theory and mea- contrast and decreased microbubble destruction rates
surements in vitro. J Acoust Soc Am 1988;83:755-761. using triggered ultrasound imaging. J Am Soc Echo-

34. Madaras EI, Perez JE, Sobel BE, et al: Anisotropy of cardiogr 1996;9:599-605.
the ultrasonic backscatter of myocardial tissue II. 41. Rovai D, DeMaria AN, L'Abbate A: Myocardial con-
Theory and measurements in vivo. J Acoust Soc Am trast echo effect: The dilemma of coronary blood flow
1988;83:762-769. and volume. J Am Coll Cardiol 1995;26:12-17.

Vol. 17, No. 6, Part 2, 2000 ECHOCARDIOGRAPHY: A Jrnl. of CV Ultrasound & Allied Tech. S23



