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Contrast echocardiography has
achieved major importance only in
the last 5-6 years driven by a num-
ber of new developments. The new
second- and third-generation ultra-
sound contrast agents are far more
potent. Refined recording tech-
niques aimed specifically at re-
cording and detecting the contrast
signal have been developed. Har-
monics, power Doppler, a variety
of echocardiographic-gated imag-
ing, and most recently real-time
contrast echo comprise this newer
instrumentation. Instruments ini-
tially modified to detect tissue now
have been modified to detect
microbubbles. This combination of
capabilities enables visualization of
the left ventricular (LV) cavity and
enhances Doppler signal as well as
opacification of the myocardium to
allow myocardial perfusion studies.
In the future, these new
microbubble agents will serve as
targeted markers, for instance to

detect upregulation of endothelial
adhesion cell molecules or to de-
liver drugs or therapies, such as
thrombolytic agents or genes.

CHARACTERISTICS OF NEW
CONTRAST AGENTS

Microbubble persistence has been
achieved by using high density,
high molecular weight fluorocar-
bon gases that do not diffuse readily
or rapidly saturate the blood if dif-
tused. The new agents also employ
shells, such as albumin, galactose,
liposomes, or polymers to achieve
microbubble persistence sufficient
to pass through the lungs after an
intravenous injection and opacify
the cavity and myocardium of the
left ventricle.

The second-generation agent,
Optison, a fluorocarbon with an al-
bumin shell, is the only approved
new agent in the US. Many agents
should be commercially available
soon. Two agents entering clinical
trials employ polymer shells, the
same material as absorbable sutures,

can
b e
very
pre-
cisely
honed
for wall
thickness
and other
characteristics.

Persistence, fragility, resonance, at-
tenuation, and adhesion differences
characterize the new microbubbles.
Their unique shells (surface modi-
fiers) and unique gases will alter
their persistence and fragility. They
will have various abilities to reso-
nate in ultrasound fields to expand
and contract, have various degrees
of attenuation, and perhaps various
degrees adhesion. To date all of the
bubbles have been proven safe and
easy to prepare. Opacification of
the LV cavity and the myocardium
after about 10 cardiac cycles can be
achieved with these agents provid-
ing the opportunity to study myo-
cardial perfusion. The goal is to ob-
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tain images that demonstrate a
perfusion defect where the con-
trast signal is weak in the area of
the infarct relative to the rest of
the myocardium post-myocardial in-
farction.

Harmonics

Harmonic capability is possible
because bubbles reso-
nate. When exposed to
ultrasonic energy the
bubbles expand and
contract in a non-linear
fashion creating a sec-
ondary, harmonic, fre-
quency that is a multiple
of the transmitted fre-
quency. Therefore by
recording the transmit-
ted frequency the
bubble signal can be amplified rela-
tive to the myocardium.

Gated Imaging

ECG-gated imaging is used to
minimize bubble exposure to ul-
trasonic energy so fewer bubbles
are destroyed. Rather than expose
bubbles to ultrasonic energy at 30
frames/second, they are exposed
at one frame per one or four to
five cardiac cycles. The greater
time period between imaging
pulses allows new blood with
undestroyed microbubbles to fill
the imaging field. Real-time im-
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aging may minimize the impor-
tance of gated-imaging, though.

Power Doppler

The power Doppler signal repre-
sents the correlation between two
successive transmissions. Bubbles
move between two successive
transmissions, may be destroyed,
or break into smaller bubbles with
different reflection characteristics.

“Rather than expose bubbles
to ultrasonic energy at 30
frames/second, they are
exposed at one frame pev one or
four to five cavdiac cycles.”

The power Doppler is able to de-
tect these changes and therefore
Is very sensitive at imaging
microbubbles.

Bubble Destruction

Bubble destruction is one of the
most important concepts in myo-
cardial contrast echocardiography
(MCE), as it provides the poten-
tial to quantify myocardial blood
flow. Ohmori showed in studies
performed at UCSD that bubbles
were nearly all destroyed during
continuous imaging (30 frames/
second), whereas they were not
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during triggered imaging (1
frame/second). In the interval be-
tween triggered pulses new blood
with undestroyed microbubbles
filled the tube and was imaged. He
showed that very high flow rates
of 30 cc/second can replenish the
microbubbles between transmis-
sions.

The ability to assess intensity as a
measure of the velocity of blood
flow is very important.
Plotted data from
Ohmori shows there is a
close relation between
flow rate and
videointensity (r=0.95).
These data demonstrate
that flow rate can be es-
timated using the ability
to refill the imaging field
between transmitted im-
pulses.

Complete opacification is ob-
tained with gating, whereas it is
not with continuous mode, be-
cause at 1 frame /5 cardiac cycles,
enough time is allowed for the en-
tire myocardium to refill with
microbubbles. Bubble destruction
allows for clear visualization of
blood vessels, for example the
coronary artery, because the
blood flow in the coronary artery
has a much greater velocity than
that of the microcirculation. New
bubbles continuously entering the
imaging field prominently define
the vessel.
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Bubble destruction can be used to
distinguish which of the intensi-
ties in the myocardium is from
bubbles and which is from under-
lying tissue. An image is taken af-
ter the myocardium is totally filled
with microbubbles and then two
rapid fire images are taken to in-
sure all bubbles are destroyed. The
difference between the myocardial
signal when the bubbles are de-
stroyed and when they are present
represents bubbles rather than tis-
sue. Experimental studies show
that as the bubbles are destroyed
the myocardial image becomes
clearer. Clinically, all the
microbubbles are destroyed, and
then the length of time for the

myocardium to refill is the

function of myocardial flow

rate, and is used as a parameter

vance using several approaches, in-
cluding beam coherence. Power
pulse inversion is used widely in
the US. Power modulation uses a
very high mechanical energy pulse
to destroy bubbles. These ap-
proaches use multiple pulses, be-
cause bubbles subjected to two
successive but different (in phase,
amplitude) pulses have a non-lin-
ear response, whereas tissue has a
linear response. By removing the
linear responders only the bubble
signal remains, so low energy can
be used for real-time imaging.
Gray-scale image resolution is far
superior in real-time, and both
contraction and perfusion can be

misread as a perfusion defect.
Therefore most imaging to date
uses the apical four-chamber view
so the area of attenuation is the
left atrium, not the myocardium.

Blood volume, microcirculatory
flow velocity, and relative regional
perfusion can be determined with
MCE. Signal intensity is a func-
tion of blood volume as it is re-
lated to the number of
microbubbles. Microcirculatory
flow can be determined indirectly
from the reflow rate and bubble
destruction. Potentially, it will be
possible to determine volumetric
blood flow through blood volume

and blood velocity. Relative re-

gional perfusion has been the

major endpoint of MCE to date,

in the same fashion as radionu-

“Real-time imaging is
a major advance using
several approaches...”

to recognize abnormal coro- clide scans.
nary blood flow.

MCE in basic science

Power Doppler

The pulse-to-pulse change in
contrast is great relative to tissue,
giving power Doppler an advan-
tage in imaging microbubbles.
Power Doppler recording has a
greater signal-to-noise threshold
than gray scale; can employ an
autocorrelation algorithm; is suit-
able for power display; has a quan-
titative potential for “event
counts”; and enables image
colorization. However, it is sub-
ject to motion artifacts and
blooming.

Real-time imaging

Real-time imaging is a major ad-
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seen. In combination with inter-
mittent high energy pulses real-
time imaging enables looking at
the rate of reperfusion; studying
cyclic variation, potentially an im-
portant criteria for ischemia; and
facilitates the use of myocardial
contrast with stress echo.

MYOCARDIAL CONTRAST
ECHOCARDIOGRAPHY

Despite the enormous potential
for MCE, there are issues to be
addressed. Attenuation is one of
the largest challenges in MCE as
thickening or shadowing could be
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Physiologic questions can be

answered with basic science
studies using MCE. For example,
when Nozaki was at UCSD he
used MCE to document gene
transfer of fibroblast growth fac-
tor-5 with an adenoviral vector
delivered directly to the coronar-
ies that resulted in angiogenesis.
The generation of coronary
collaterals and repair of the per-
fusion defect could be docu-
mented with MCE after applying
an ameroid constrictor that ex-
pands slowly over 10-14 days to
occlude a coronary artery.

continued on page four
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Clinical applications of MCE in
CAD

MCE may be used to study clini-
cal questions in patients with coro-
nary artery disease (CAD). Poten-
tial applications of MCE include:

e Identity risk area of the infarct
or ultimate infarct size in pa-
tients with occluded coronary
arteries and acute myocardial inf-
arction (MI)

® Determine reperfusion efficacy
after thrombolytic therapy

¢ Identify no-reflow phenomenon
when the epicardial vessel
opened by PTCA or throm-
bolytic therapy but no microcir-
culatory flow occurs

e Study myocardial viability
through information about the
integrity of the microcirculatory

bed

e Assess presence of coronary
collaterals

e [dentify coronary artery steno-
sis in patients with chest pain—
its key use

¢ Enhance the Doppler signal

® Deliver targeted markers or
agents

Animal studies have shown that
the size of the perfusion defect will
correlate with the size of the inf-

arction. Numerous published ex-
perimental studies confirm that 1)
MCE can identity MI, 2) MCE
can determine infarct size fromthe
perfusion defect, 3) residual perfusion
during occlusion predicts infarct size,
4) contrast enhancement identifies
successtul repertusion, and 5)
post-reperfusion defects equal no-
reflow.

Work from Itoh in Japan shows
that in some patients with success-
ful opening of an epicardial artery
through the left anterior descend-
ing (LAD) a perfusion defect may
continue, the no-reflow phenom-
ena. This exists in about 35% of
patients and predicts the lack of
recovery of that myocardium.
MCEE clearly has great potential to
identify this phenomenon. MCE
in the clinical setting of MI has
not been well studied, and the
data available are conflicting about
its ability to recognize infarction.
Importantly, the optimal tech-
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niques to study MI with MCE
must be defined and validated.

The detection of coronary artery
stenosis is the greatest potential
for MCE. Work done by
DeMaria’s lab established that
contrast intensity seen in the myo-
cardium reflects myocardial blood
flow. An experimental model of
graded coronary stenoses in the
LAD using flow measurements
and microspheres to assess blood
flow showed that the LAD was
well perfused at baseline. Opacifi-
cation was increased with adenos-
ine vasodilation. But, in the pres-
ence of a stenosis, abnormal per-
tusion was seen clearly with MCE.
Correlating myocardial contrast
intensities (ratio of ischemic to
normal area) with actual blood
flow using MCE as its own cali-
bration yielded a good correlation
(r=0.79).

Further, a relative relation be-
tween the stenosis severity and
contrast intensity was found when
comparing the ratio of ischemic
to normal myocardial contrast in-
tensity at graded stenoses.

A 92% concordance between
color-encoded contrast echos and
radionuclide sestamibi studies was
tound when Kaul applied this
technique in 30 patients. The data
are preliminary and very sophisti-
cated computer analysis was per-
formed, but give strong encour-

UPDATE



agement that MCE can be used
to detect coronary artery steno-
sis. Similar results have been
reported by Grayburn ( )
and Porter ( ). However,
the reproducibility of
these results has been
limited. A European
multicenter study using
triggered imaging
found that diagnostic
quality images were ob-
tained in only about
60% of patients and the
sensitivity was below 40%.
MCE is not yet an alternative
to stress echo or radionuclide
imaging.

Challenges to clinical application
of MCE

To apply MCE clinically to detect
stenoses, many technical and lo-
gistical questions must be an-
swered. These include 1) optimal
dosing and agent, 2) bolus injec-
tion or infusion, 3) gray scale or
Doppler, 4) triggered or real-time
imaging, 5) visual analysis or
quantitation, and 6) criteria for
abnormality.

Work from DeMaria’s lab prima-
rily by Masugata compared har-
monic gray scale imaging to power
Doppler at various pulsing inter-
vals from 1:2 to 1:10 to assess
graded stenoses in 9 open chest
dogs with 4 grades of resting
stenosis. The difference between
baseline and the stenoses with gray
scale was most readily observed at
long pulsing intervals. In contrast,
with power Doppler the differ-
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ences were best seen at short puls-
ing intervals, and at long pulsing
intervals the differences in inten-
sity virtually disappear. This fun-
damental difference illustrates the
complexity of using MCE to study
clinical phenomena.

The criteria to define abnormal-
ity, which will drive when it is ap-
propriate to use gray scale or
power Doppler, is being debated.
Some say visualization, as with ra-
dionuclide, others say measure-
ment is needed. A variety of pro-
posed quantitative criteria are be-
ing evaluated, and include 1) ab-
solute reduction in intensity, 2)
relative reduction compared to
normal, 3) appearance or disap-
pearance rate of contrast, 4) cy-
clic variation of intensity, 5)
reperfusion rate, and 6) tissue sig-
nature.

The many artifacts in contrast

I M ACINCGC

echo make reliance on visualization
alone problematic. These include
1) attenuation, 2) anisotropy,
when the myocardial fibers are
aligned parallel to the ultra-
sound diminishing high in-
tensity signals, 3) bubble
destruction, a problem in
the near field where energy
is highest, 4) rib artifacts
that can destroy all ultra-
sound signal, 5) blooming
artifacts with Doppler, 6)
motion artifacts with Dop-
pler.

MCE studies of myocavdial per-
fusion

Repertfusion rate, the rate bubbles
refill the imaging field after bubble
destruction, has received the most
attention as a measure of abnor-
mal perfusion. But, to use MCE
to study abnormal blood flow and
myocardial perfusion, normal
must be defined

Many variables exist even in nor-
mal MCE, such as regional varia-
tions in intensity throughout the
cardiac cycle. It has been shown
that in any one frame an apical
defect is not diagnostic. Low in-
tensity during diastole and high
intensity in systole, and differ-
ences in the uptake of peak inten-
sity after introduction of contrast
has been shown in normal subjects
in DeMaria’s lab. Thus, intermit-
tent imaging will play a key role.
For example, at baseline the myo-
cardium is  filled with

hdhddiddiddeddidididd  continued on page six
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continued from page five

microbubbles, which are then ex-
posed to high mechanical energy
at 4-10 times the strength used
for imaging immediately destroy-
ing all the bubbles. At the end of
6 cardiac cycles there was nearly
complete opacification.

Many have attempted to devise
quantitation criteria. Plotting in-
tensity versus time yielded curves
that could distinguish normal
from abnormal flow. The curves
also provided information about
the severity of the grade of steno-
sis, such as a nearly linear relation

between the rate of rise and in-
creasing stenosis severity. They
also developed an exponential
equation [y = A (1-exp™) + ¢; v
being signal intensity, b the
change in intensity over time (t)].

Dobutamine has been compared
to adenosine in work by DeMaria
in open chest dogs. Each agent
had advantages and disadvantages.

CLOSING

Clinical application of these im-
pressive data requires that excel-
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Stress Echo & Stress Doppler Workshops

Presented by:
MEDICAL POSITIONING, INC.

SATURDAY, JULY 14

11:00 - 4:50

Brady Medical Arts Bldg. Audi-
torium

Harrisburg Hospital
Harrisburg, PA.

SATURDAY, AUGUST 18
1:30 - 6:20

Mission St. Joseph Hospital
Asheville, NC.

MEDICAL POSITIONING, INC.
Phone: 800-593-3246 ¢ AmerEcho@aol.com
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SATURDAY, AUGUST 25
7:30 - 12:50

Helfaer Auditorium
Froedert Memorial Lutheran
Hospital, Milwaukee, WI.

SATURDAY, SEPTEMBER 8
7:30 - 12:50

Kraus Auditorium
Chippenham Johnston Willis
Medical Center, Richmond, VA

SATURDAY, SEPTEMBER 15
7:30 - 12:50

St. Ann’s Mt. Carmel Hospital
Westerville, OH.
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lent images can be routinely ob-
tained with intravenous injection
in 90-95% of patients. The new-
est instruments and bubbles have
made this a near reality. Intensity
must be related to perfusion,
which has been done experimen-
tally and is not possible in humans.
Accurate criteria for abnormal
perfusion must be defined, and
most likely will be the refilling
rate. When this is validated, ma-
jor trials to compare MCE stress
imaging with regular stress echo
or radionuclide imaging can be
done to determine the additive or
superior information expected to
be provided by MCE. sk

SATURDAY, OCTOBER 20
7:30 - 12:50

St. Vincent’s Medical Center
New York, NY

SATURDAY, OCTOBER 27
7:30 — 12:50

Rudd Heart & Lung Institute
Jewish Hospital Conference
Center, Louisville, KY

SATURDAY, NOVEMBER 3
TBA
Ann Arbor, M|

Additional Stress Echo &

Doppler Workshops are being

planned in the following aveas:
Northern California
Southern California
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More Extensive Detection
of Techemia

Ischemia ldentified
Maore Often

Prefered by Patients
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1)

MEETINGS

July 29 — August 4

15* Annual Echocardiographic
Symposium on 2-D and Doppler
Echocardiography at Vail

American College of Cardiology

Director: George M. Gura, Jr. MD

Vail, Colorado

For info call the ACC Resource Center

(800) 253-4636 Ext 694

August 12 - 14

Echo Montana 2001

American College of Cardiology
Director: Pravin M. Shah, MD
Missoula, Montana

For info call the ACC Resource Center
(800) 253-4636
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August 19 - 21

6% Annual Mountain Course: New
Strategies for the Evaluation and
Treatment of Congestive Heart Failure

Mayo Foundation

Director: Brooks Edwards, MD

Whistler, British Columbia, Canada

For info call the CME office

(800) 323-2688

August 24 - 26

Cardiology Update

University of Michigan Medical School
Director: Michael Shea, MD

Mackinac Island, Ml

For info call Dept. of Medical Education
(800) 800-0666

September 13 - 15

Echocardiology as a Definitive Diagnostic
Modality and Therapeutic Guide

American College of Cardiology

Director: Nelson B. Schiller, MD and

Miguel A. Quinones, MD

Bethesda, MD

For info call the ACC resource center

(800) 253-4636
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September 23 - 25

9 Annual Echocardiology for the
Sonographer 2001: Focus on Adult
Echocardiology

Mayo Foundation

Director: Fletcher A. Miller, Jr, MD and

Janel M. Mays RN, RDCS

Rochester, Minnesota

For Info call Charlene Tri

(507) 284-6732

September 27 - 30

14" Annual Conference of 2D
Conventional and Color Doppler
Echocardiography

University of Alabama at Birmingham

Director: Navin C. Nanda, MD

Pine Mountain, GA

For info call Lindy Chapman

(205) 934-8256
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