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Objective. To develop an animal model suitable for characterizing electrocardiographic
arrhythmias in hearts exposed to ultrasound after injection of a microbubble contrast
agent. Methods. Conduction complex and heart lesion data were recorded from 20 rats
that received intravenous injections of 0.25 mL of a contrast agent and were exposed to
pulsed ultrasound (frequency, 3.1 MHz; pulse duration, 1.3 microseconds; pulse repeti-
tion frequency, 1700 Hz; and in situ peak rarefactional pressure, 15.9 MPa). The volume
of the contrast agent based on body weight and the mechanical index (ultrasonic pres-
sure) exceeded those used in echocardiography by 14 to 345 and 3 to 29 times, respec-
tively. Results. Premature atrial complexes, premature ventricular complexes, or
polymorphic ventricular tachycardia occurred in 10 rats. When ultrasound exposure was
halted, arrhythmias ceased but reoccurred in 4 of the 10 rats when exposure resumed.
Myocardial degeneration identified by histochemical staining (hematoxylin-basic fuchsin-
picric acid) was observed in 16 rats; however, only 10 rats had arrhythmias. There was
no significant difference in the amount of histochemical staining in hearts from rats with
arrhythmias when compared with rats without arrhythmias. Conclusions. An animal
model suitable for characterizing electrocardiographic arrhythmias in rat hearts exposed
to ultrasound after injection of a microbubble contrast agent was developed. Because
arrhythmias were induced principally when the contrast agent interacted with ultra-
sound during exposure, the presence of myocardial degeneration alone was not a suffi-
cient explanation for ectopic electrical activity. Under these extreme exposure conditions,
the data suggest that pulsed ultrasound through its biomechanical interactions with con-
trast agents has the potential to induce arrhythmias. Key words: arrhythmias; conduc-
tion abnormalities; contrast agent; pulsed ultrasound.
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Article

icrobubble contrast agents are used as
adjuncts in echocardiographic examinations
to increase the opportunity for early detec-
tion and diagnosis of heart disease.1–6 Intra-

venous contrast-enhanced echocardiography provides
the following potential benefits: (1) improved image qual-
ity, especially in patients in whom sonograms are subop-
timal because of obesity or lung disease; (2) enhanced
visualization of ventricular opacification and endocardial
border delineation; and (3) improved image acquisition
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and enhanced delineation of regional wall
motion abnormalities at the peak level of exercise
in stress echocardiography.2 Furthermore, assess-
ment of myocardial perfusion and coronary
artery disease is likely to become a useful diag-
nostic tool to measure global and regional
myocardial structure, function, and perfusion.2

When administered intravenously, contrast
agents are effective because they substantially
enhance the distinction between tissues with
similar acoustic impedances such as the ventric-
ular myocardium and the blood within the ven-
tricle.6 Contrast enhancement results from
increased reflection of ultrasound from micro-
bubbles circulating in blood vessels, vascular
beds, and heart chambers when compared with
adjacent tissue.7

Concerns have been raised about the inter-
action of ultrasound with microbubble contrast
agents in studies documenting in vitro and in
vivo bioeffects.8–20 These concerns have been
addressed by the Bioeffects Committee of the
American Institute of Ultrasound in Medicine.21,22

It was advised that contrast agent exposure con-
ditions that minimize the potential for bioeffect
occurrence should be used. However, the con-
sensus statements did not provide guidelines
as to what exposure conditions would minimize
the potential for bioeffect occurrence. Sub-
sequent to these consensus statements, prema-
ture ventricular contractions were reported in
healthy adult humans during triggered second-
harmonic imaging of a contrast agent for myo-
cardial perfusion.23

The purpose of this study was to develop an
animal model suitable for characterizing electro-
cardiographic arrhythmias in hearts exposed to
ultrasound after intravenous injection of a
microbubble contrast agent. If an appropriate
animal model could reproduce ultrasound-
induced electrocardiographic arrhythmias with
contrast agent concentrations and exposure con-
ditions at levels much in excess of those used
clinically, then future studies could be designed
to assess threshold levels. If not, then there would
be no need to pursue further studies. The pur-
pose was fulfilled by (1) determining whether
arrhythmias could be induced in rat hearts
exposed to pulsed ultrasound after intravenous
contrast agent injection, (2) determining the
total number of arrhythmias per minute of treat-
ment under a variety of treatment conditions, 
(3) determining the character of arrhythmias,

and (4) correlating arrhythmias with myocardial
degeneration as identified by histochemical
staining of heart tissue.

Materials and Methods

Experimental Design
Ultrasound exposure conditions and the volume
of the contrast agent administered based on
body weight in this study greatly exceeded those
used routinely in contrast agent–enhanced
echocardiography. The volume of the contrast
agent based on body weight and the mechanical
index (MI; ultrasonic pressure) exceeded those
used in echocardiography by 14 to 345 and 3 to
29 times, respectively.

Animals
The experimental protocol was approved by the
Laboratory Animal Care Advisory Committee,
University of Illinois at Urbana-Champaign, and
satisfied all campus and National Institutes of
Health rules for the humane use of laboratory
animals.

Rats were chosen as the experimental animals
on the basis of expertise acquired from our
previous studies with lungs that examined 
ultrasound-induced bioeffects.24–27 The hearts of
10- to 11-week-old 269 ± 12-g (mean ± SD) female
Sprague Dawley rats (Harlan, Indianapolis, IN)
were exposed in vivo through the sternum to
pulsed ultrasound after intravenous injection of
a contrast agent. These 20 rats were evaluated by
electrocardiography for arrhythmias and by
histopathologic examination for myocardial
injury. Fifteen additional 10- to 11-week-old 
251 ± 15-g female Sprague Dawley rats were used
as control rats for the histopathologic assess-
ment of myocardial injury.

Rats were weighed and anesthetized with
ketamine hydrochloride (87.0 mg/kg) and
xylazine (13.0 mg/kg) administered intra-
peritoneally. Anesthetized rats were placed in
dorsal recumbency. Respiratory rates and peri-
pheral vascular perfusion (ear skin color and
mucous membrane color) were monitored
visually. Experiments were conducted in a
room maintained at 22°C. To minimize body
heat loss to an adjacent tabletop, rats were
placed on a thick insulating paper barrier
and in contact with the thin membrane of the
30°C standoff tank (Fig. 1C). The skin over the
sternum was exposed by removing the hair
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with an electric clipper, followed by a depila-
tory agent (Nair; ArmKel, LLC, Princeton, NJ)
to maximize sound transmission. An intra-
venous 25-gauge catheter was inserted into
the lateral tail vein and taped in place. A black
dot was placed on the skin over the sternum at
approximately 1.7 cm cranial to the xyphoid
process to guide the positioning of the trans-
ducer’s ultrasonic beam (Fig. 1, A and D). A
standoff tank was positioned in contact with
the skin with the use of mineral oil as a cou-
pling agent (Fig. 1C). A circular transducer
holder was visually centered above the black
dot (Fig. 1A). The transducer was placed in the
holder in the standoff tank, which contained
highly degassed water at 30°C (Fig. 1B). The
low-power pulse-echo capability of the expo-
sure system (RAM5000; Ritec Inc, Warwick, RI),
displayed on a digital oscilloscope (9354CTM;
LeCroy, Chestnut Ridge, NY), was used to
adjust the calibrated transducer’s focal region
center 6 mm posterior to the skin surface echo
(the focal region length [the –6-dB pulse-echo
depth of focus] was 5.9 mm). Fine tuning of the
transducer’s position was then done until 3
distinct echoes were seen within the focal
region (Fig. 2, A and B). The ultrasonic beam
axis was approximately perpendicular to the
heart at the position of the black dot, with the
beam’s focal region within the heart. The oscil-
loscope’s echo signals were also used to visual-
ly determine whether the ultrasonic field
interacted with the contrast agent within the
circulatory system during exposure (Fig. 2C).
For those rats in which contrast agents were
injected, the echo signals were greatly
increased.

Electrocardiography
Electrocardiographic electrodes were inserted
into the skin to produce a lead I configuration
(Fig. 1D). Electrocardiograms were recorded
digitally with an SRA-400b sinus rhythm anal-
yzer (Micro-Med Inc, Louisville, KY). Electro-
cardiograms were collected continuously in the
following sequential order: (1) normal sinus
rhythm, (2) ultrasound exposure alone, (3) con-
trast agent alone, (4) ultrasound and contrast
agent, (5) contrast agent alone, (6) ultrasound
and contrast agent, and (7) contrast agent
alone. Electrocardiographic recordings were
collected continuously from the onset of treat-
ment (baseline normal sinus rhythm) until the
recording session was terminated. Recording
times of approximately 2 minutes’ duration
were attempted in each of the treatment condi-
tions listed above; however, the complexity of
the technical and recording procedures hin-
dered attainment of precisely timed intervals.
The number and character of arrhythmias were
correlated with the treatment conditions for
each recording interval described above. Results
were expressed as the number of arrhythmias
per minute of recording time (rate).

In rats that received intravenous injections of
the contrast agent and were exposed to ultra-
sound, meaningful arrhythmias (more than 
2 consecutive premature contractions) were
observed when exposure was initiated. If no
arrhythmias were observed during the first
minute of experimental interval 4 (ultrasound
and contrast agent), the duration of data collec-
tion was reduced or eliminated in subsequent
experimental intervals. In rats that had develop-
ment of meaningful arrhythmias in experimen-
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Figure 1. Rat preparation and transducer alignment. A, After depilation, rats were placed in dorsal recumbency. A black dot was placed on the skin
over the sternum to mark the site for alignment of the ultrasonic transducer. B, The focused 51-mm-diameter lithium niobate ultrasonic transducer was
aligned perpendicular to the black dot. C, A standoff vessel containing degassed water (30°C) was placed in contact with the skin of the rat. The mem-
brane of the standoff vessel made direct contact with the skin surface. A small quantity of mineral oil was used to ensure complete contact between
the membrane and the skin. D, Electrocardiographic leads were attached to the limbs in a lead I configuration before the alignment procedure.



tal interval 4, electrocardiographic data were col-
lected during a second exposure of the heart to
ultrasound. It was known that Optison (FS069;
Mallinckrodt Inc, St Louis, MO) would be cleared
rapidly by the lungs after intravenous administra-
tion, and it was hypothesized that the occurrence
of arrhythmias would decrease with a second
exposure of the heart to ultrasound.

Contrast Agent
Optison, an injectable sonographic echogenic
contrast agent that consists of hollow micro-
spheres of heat-denatured human albumin filled
with octafluoropropane, was used in this study.28

In humans, the recommended diagnostic dose is
0.5 mL with a total maximal dose of 8.7 mL.29 In
this study, Optison was injected intravenously
(0.25-mL total dose) as a bolus into the lateral tail
vein, followed by 0.25 mL of 0.9% NaCl. This vol-
ume was used to ensure a reasonable probability
of inducing arrhythmias.

The volume of Optison administered was based
on product safety information provided in the
package insert.29 In the product safety study,
Optison was administered intravenously in rats
during organogenesis at doses of 0.25 and 5.0 mL
· kg–1 · d–1 and was approximately 0.2 and 5.0
times the recommended maximal human dose
based on body surface area. By extrapolation, a
dose of 1.0 mL · kg–1 · d–1 would be approximately
equal (1.0×) the recommended maximal human
dose based on body surface area. The average
weight of an adult Sprague Dawley rat used in this
study was approximately 250 g (0.25 kg); there-

fore, 0.25 mL of Optison was administered intra-
venously to each rat.

Pathologic Examination
After treatment, each rat was killed by cervical
dislocation while anesthetized. Hearts were
examined macroscopically and then processed
for histologic evaluation by routine methods.
Sections were stained with hematoxylin-eosin 
for routine microscopic evaluation and hema-
toxylin-basic fuchsin-picric acid (HBFP) for inap-
parent myocardial degeneration.30–32 Each heart
section was assigned a numerical HBFP staining
score between 0 and 5. A score of 0 was assigned
when there was no HBFP staining. As the amount
of HBFP staining increased, scores were assigned
between 1 and 5 to reflect the incremental
amounts of staining. Myocardial staining in both
experimental and control rats was scored blindly.

Exposimetry
Ultrasound exposure conditions and transducer
calibration procedures used in this study were
described previously.24–27 In summary, a focused
51-mm-diameter lithium niobate ultrasonic
transducer (ValpeyFisher Corporation, Hopkinton,
MA) was used to expose each heart. The low-
power pulse-echo capability of the RAM5000
exposure system was used to align the trans-
ducer’s axial position on the heart. The transduc-
er was characterized and calibrated in degassed
water (22°C) according to established proce-
dures.27,33 The pulse-echo characterization pro-
cedure yielded a center frequency of 3.1 MHz, a
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Figure 2. Example of the A-mode images seen during the alignment procedure (A), ultrasound exposure without the circulating contrast agent (B),
and ultrasound exposure with the circulating contrast agent (C). In A, the chest wall (first 2 echoes), heart walls (third and fourth echoes), and heart
chambers (between the third and fourth echoes) are shown; the first 3 echoes are located in the middle of the trace, and the fourth echo is located
near the right side of the trace. Approximately 12 microseconds separated the third and fourth echoes. The time base was 5 µs/division (equivalent to
3.85 mm/division), and the amplitude was 100 mV/division.



fractional bandwidth of 15%, a focal length of 
56 mm, a –6-dB focal beam width of 610 µm, and
a –6-dB depth of focus of 5.9 mm. In comparison
with the beam width of 610 µm, hearts mea-
sured approximately 1.5 cm in length and 1.0 cm
in diameter. The calibration procedure used a
calibrated polyvinylidene difluoride hydro-
phone (Y-34-6543; Marconi, Chelmsford, Essex,
England) and yielded an in vitro peak rarefac-
tional pressure of 20.2 MPa, an in vitro peak
compressional pressure of 45.8 MPa, an MI of
5.8, and a pulse duration of 1.3 microseconds
(~4 cycles). The in situ (at the heart) acoustic
pressure was estimated by taking into account
attenuation of 6-mm-thick interposed tissues
(1.1 dB · cm–1 · MHz–1).34

This estimate yielded at the center of the focal
region (6 mm from the skin surface), an in situ
peak rarefactional pressure of 15.9 MPa, and an
in situ peak compressional pressure of 36.1 MPa.
The exposure of each rat’s heart was conducted
at a pulse repetition frequency of 1700 Hz. The
magnitude of acoustic pressure selected was
based on previous findings that produced ultra-
sound-induced lung hemorrhage.24–27 The expo-
sure level was considerably greater than that
allowed under current regulations.35 At the expo-
sure conditions used, the equivalent MI was 5.8,
whereas the regulatory limit is 1.9 for diagnostic
ultrasonic equipment that falls under Food and
Drug Administration (FDA) control, that is, 
3 times greater than the FDA’s regulatory MI
limit.36

Data Analysis
The total number of abnormal complexes per
treatment condition and per minute of treat-
ment condition were summed for all exposed
rats. Analysis of variance (single factor) was used
to compare HBFP staining differences between
control and treatment groups.

Results

Electrocardiography
Clinically meaningful arrhythmias developed in
10 (50%) of 20 rats exposed to pulsed ultrasound
after intravenous injection of the contrast agent.
The number of arrhythmias for each treatment
condition, the duration of each treatment condi-
tion, and the number of arrhythmias per minute
for each treatment condition are summed and
shown in Figure 3.

Five rats had a single arrhythmia during base-
line data (normal sinus rhythm) collection. Ten
rats had a total of 13 arrhythmias when exposed
to ultrasound alone. These arrhythmias general-
ly occurred as single events when ultrasound
exposure was first initiated. Three of these 10
rats had 2 consecutive arrhythmias. Seven rats
had a single arrhythmia that generally occurred
during the time when the contrast agent was
injected intravenously. Ten rats had a total of 131
arrhythmias when exposed to ultrasound while
the contrast agent was circulating in the cardio-
vascular system. When ultrasound exposure was
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Figure 3. Data summed for all 20 experimental rats. The number of arrhythmias
for each treatment condition, the duration of each treatment condition, and the
number of arrhythmias per minute for each treatment condition are shown. CA
indicates contrast agent; SR, normal sinus rhythm (baseline); US, ultrasound expo-
sure; and US & CA, ultrasound exposure with the circulating contrast agent. 
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halted, arrhythmias ceased, and normal sinus
rhythm returned in all but 2 rats. Sinus rhythm
abnormalities developed in these 2 rats for the
remainder of the recording time. Four rats that
had arrhythmias during the first contrast
agent–ultrasound exposure period had a total of
39 arrhythmias when ultrasound exposure
resumed while the contrast agent was circulat-
ing in the cardiovascular system.

Arrhythmias included premature atrial con-
tractions, premature ventricular contractions,
and ventricular tachycardia (Fig. 4). In most rats,
the configuration of arrhythmias was polymor-
phic and restricted solely to an origin in the atria
or the ventricles. Continuous sinus rhythm
abnormalities (atrial or ventricular bigeminy)
developed in 2 rats after the initial onset of
arrhythmias.

Pathologic Findings
Control rats (n = 5) not exposed to ultrasound or
given an intravenous injection of the contrast
agent had a mean ± SD HBFP staining score of
0.6 ± 0.55. Control rats (n = 5) exposed to ultra-
sound had a mean staining score of 1.2 ± 0.45.
Control rats (n = 5) not exposed to ultrasound but
given an intravenous injection of the contrast
agent had a mean staining score of 1.0 ± 0.71.
Analysis of variance showed no significant differ-
ences among these 3 control groups (P = .28).
Thus, there were no differences in the degree of
labeling (injury) of myocardial cells in rat hearts
exposed to ultrasound or the contrast agent
alone when compared with 0.9% NaCl alone.

Analysis of variance showed no significant
differences (P = .85) in the degree of HBFP
labeling (injury) of myocardial cells between
rats with arrhythmias and rats without arrhyth-
mias. These results suggested that the occur-
rence of arrhythmias was unrelated to the
presence or absence of myocardial injury in the
heart.

There was no statistically significant differ-
ence (P = .12) in the degree of HBFP labeling
(injury) of myocardial cells between control
rats (including all 3 control groups, n = 15) and
experimental rats (n = 20). These results sug-
gest that (1) the interaction of ultrasound with
the intravenous contrast agent did not induce
differences in HBFP labeling (injury) of
myocardial cells between these 2 groups; and
(2) the occurrence of arrhythmias was again
unrelated to the presence or absence of
myocardial injury in the heart.

One rat (5%) had a macroscopic lesion that
extended transmurally through the myocardi-
um of the right ventricular free wall to the
endocardium on the ventricle (Fig. 5, A and B).
There were no visible lesions in the interven-
tricular septum or free wall of the left ventricle.
Microscopic lesions were similar in character
in control rats and in rats that had or did not
have arrhythmias. In all rats with lesions, the
lesions consisted of 1 or more foci of swollen,
hyalinized necrotic rhabdomyocytes without
an inflammatory response (acute coagulative
necrosis) (Fig. 5, C and D).

Figure 4. Electrocardiographic data (lead I) from a rat exposed to pulsed ultrasound after intravenous injection of the contrast agent. Analysis of the
electrocardiographic data showed normal sinus rhythm complexes (complexes to the left of the arrow). When the contrast agent was in the systemic
circulation and ultrasound exposure was initiated (arrow), ventricular tachycardia was observed (complexes to the right of the arrow).



Discussion 

In this study, we have shown that extremely
high-powered pulsed ultrasound, through its
biomechanical interactions with excessively
large doses of a contrast agent, has the potential
to induce arrhythmias. The volume of the con-
trast agent based on body weight and the MI
(ultrasonic pressure) used in this study exceeded
those recommended for use in echocardiogra-
phy by 14 to 345 and 3 to 29 times, respectively.
There were no clinically meaningful arrhyth-
mias when the heart was in the sinus rhythm or
when it was exposed to pulsed ultrasound alone
or the contrast agent alone. The clinical rele-
vance of these findings is as yet unknown.

The arrhythmias induced in our rats included
atrial premature contractions, ventricular pre-
mature contractions, and ventricular tachycar-
dia. Because echogenic contrast agents are used
to improve diagnostic imaging in patients with
heart disease that already have an increased risk
of having fatal arrhythmias, the relationship
between the use of these agents and the induc-
tion of cardiac arrhythmias must be thoroughly
understood.

In our rats, arrhythmias were dissimilar in con-
formation and duration and thus were catego-
rized as predominately polymorphic, suggesting

that they likely originated from multiple foci
within the right and left ventricles (ventricular
premature contractions and ventricular tachy-
cardia) or right and left atria (atrial premature
contractions and abnormal sinus rhythms). The
characteristics of the transmural lesion extend-
ing from the epicardium to the endocardium of
the right ventricular free wall implied that the
genesis of the lesion was related to the interac-
tion of the contrast agent with the ultrasonic
field as the bubbles passed through microvascu-
lar beds of the myocardium. In addition, the
finding of microscopic myocardial lesions dis-
tributed at random within the ultrasonic field in
the interventricular septum and right and left
ventricular free walls suggests that the interac-
tion of the contrast agent with the ultrasonic
field also occurs within the same microvascular
beds. The outcome of this interaction likely leads
to injury of rhabdomyocytes in exposed areas;
however, this lesion does not appear to con-
tribute to the generation of arrhythmias.

The occurrence of 1 or 2 arrhythmias after
exposure of hearts to pulsed ultrasound alone or
the contrast agent alone as observed in our rats
was not unexpected. Studies have shown that a
single pulse of high-intensity pulsed ultrasound
focused on the hearts of frogs,35,37,38 mice,39 and
pigs40 can cause single premature contractions.
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Figure 5. Hematoxylin-basic fuchsin-picric acid staining in rats exposed to pulsed ultrasound. A, Ventral (sternum)–dorsal view of the heart after fixa-
tion in 10% buffered formalin. The heart had an area of acute myocardial injury aligned with the focal plane of the ultrasonic beam over the free wall
of the right ventricle (arrow). This lesion was observed in only 1 (5.0%) of 20 rats exposed to ultrasound. B, Midsagittal view of the transected heart
after fixation in 10% buffered formalin. The heart had an area of acute myocardial injury aligned with the focal plane of the ultrasonic beam that extend-
ed from the epicardial surface through the free wall of the right ventricle (arrow) into the right ventricle (arrowhead; asterisk indicates left ventricle). 
C, Microscopic section of a representative myocardial lesion. Rhabdomyocytes had loss of cross striations and were swollen and hyalinized (arrows).
These changes were characteristic of acute coagulative necrosis (hematoxylin-eosin stain). D, Microscopic step section of the same myocardial lesion
shown in C. Application of a histochemical stain for acute rhabdomyocte injury labeled the injured cells. The injured cells are stained dark (HBFP stain).



The premature contractions in frog hearts were
hypothesized to be related to radiation force
effects that were exerted directly on cells in the
myocardium by the acoustic wave.38 Because
Schelling et al41 have shown that extracorporeal
shock waves can stimulate the initiation and
conduction of electrical impulses in frog sciatic
nerves, it is plausible that a mechanism that
alters electrical activity within exposed hearts
could be involved in the ventricular arrhythmias
induced in our rats.

Of the known biomechanical phenomena asso-
ciated with the interaction of the contrast agent
with an ultrasonic field, inertial cavitation is the
most plausible mechanism that could lead to
development of arrhythmias. Bubble collapse
might result in the formation of microjets of
superheated gas, oxygen free radicals, peroxides,
and other molecules toxic to cell membranes and
cell organelles.42,43 Toxic molecules and microjets
have the potential to cause direct injury to cells
and cell membranes. Cellular aberrations in the
transport or sequestration of intracellular and
extracellular ions, such as calcium and potassi-
um across membrane barriers and membrane
systems, leading to changes in intracellular cur-
rent potentials, must be considered as potential
causes of ectopic foci.44

The exposure conditions used in this experi-
ment were designed to test the hypothesis of
whether arrhythmias could be induced in rat
hearts exposed to ultrasound when a contrast
agent was present in the circulatory system. Both
the dose of the contrast agent administered
intravenously (0.25 mL) and the MI (5.8) exceed-
ed those used under normal conditions to obtain
an echocardiogram in humans. Clinical proto-
cols1,4 for imaging left ventricle opacification and
endocardial border delineation routinely use
contrast agent volumes ranging between 0.2 and
5.0 mL and MIs between 0.2 and 0.8, less then 1.9
as regulated by the FDA.33 No clinically meaning-
ful changes were observed in the electrocardio-
grams of 20 and 203 patients participating in
these clinical studies.1,4 The volume of contrast
agent based on body weight used in our study
exceeded the volumes used in these clinical pro-
tocols by 14 to 345 times on the basis of body
weight. The MI used in our study exceeded the
indices used in those clinical protocols by 3 to 29
times. Even under these excessive experimental
conditions, we were only able to produce mean-
ingful arrhythmias in 10 of 20 rats. This result

suggests that even at high exposure conditions,
there are differences in susceptibility to the
induction of arrhythmias. The factors that con-
trol these differences are unknown but could, in
part, be due to transducer alignment issues as
well as other biological and physiologic factors.

Studies need to be conducted to establish
threshold levels for the initiation of arrhythmias
by examining the roles of acoustic pressure (MI),
contrast agent dose, contrast agent class, and
exposure frequency. The mechanisms surround-
ing occurrence of ectopic electrical foci should
be explored by examination of the role of alter-
ations in ion balances and ion transport chan-
nels as well as the effects of drugs that inhibit
arrhythmias and block ion transport pathways.
These data will allow for a more clear under-
standing of the safety issues surrounding the use
of contrast agents in at-risk patients.
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