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Description

[0001] The present invention relates to an apparatus
for ultrasound detection and imaging in intravascular ap-
plications.
[0002] Currently, the decision to revascularize a symp-
tomatic cardiac patient is based on the severity of a cor-
onary luminal obstruction caused by atherosclerotic
plaque formation. However, the arterial wall may also
contain atherosclerotic lesions, which have not resulted
in arterial lumen narrowing. Around 40% of acute cardi-
ovascular events, including fatal or non-fatal myocardial
infarction or stroke, are thought to be caused by sudden
rupture events that occur in these plaques. Plaque vul-
nerability is known to be related to its composition, stress
distribution, and inflammation. Increasingly, it is becom-
ing recognized that two other factors are linked to plaque
progression: a) the microvascular status of the plaques
(vasa vasorum); and b) the expression of specific mole-
cules within the plaques.
[0003] Vasa vasorum are the microvessels that supply
blood to cells within the walls of larger blood vessels that
lie beyond the diffusion limit for nutrient and waste ex-
change with the vessel lumen. While their precise role is
not entirely understood, evidence is mounting that the
growth of neovascular vasa vasorum through the proc-
ess of angiogenesis is a crucial step in the development
of atherosclerotic plaques. This realization has led to an
emerging interest in the vasa vasorum as a therapeutic
target. Further, these new plaque-associated microves-
sels appear to have a different density and spatial distri-
bution than in normal coronary arteries, which suggests
the possibility that they may be an independent marker
for plaque staging. Due to the small vessel sizes, slow
blood flow, and large tissue motion, this presents a very
challenging problem for imaging. Currently there is no
clinically available technique capable of imaging vasa
vasorum in the coronary arteries.
[0004] Molecular imaging is a rapidly evolving area of
medical imaging that is anticipated to have a substantial
impact on the diagnosis and treatment of a range of dis-
ease processes. The general imaging approach is to in-
troduce particles (e.g. bubbles or droplets) into the body,
which can be detected with a medical imaging modality
(e.g. magnetic resonance imaging, positron emission to-
mography or ultrasound), and which have been treated
in such a way as to adhere to specific molecules that are
only present in regions of diseased tissue or cells. It is
of primary importance to the success of molecular imag-
ing with a given modality that the targeted agent be de-
tected with sufficient sensitivity and specificity.
[0005] The majority of ultrasound systems operate at
frequencies in the 1 to 10 MHz range and form images
using a hand-held transducer that is external to the body.
Such systems are capable of providing real-time infor-
mation about tissue structure, and blood flow in the heart
and larger vessels. Unfortunately, microvessel detection
and mapping is not possible at these frequencies due to

low signal strengths from blood, tissue motion effects,
and limited spatial resolution.
[0006] Microvessel detection with ultrasound can be
improved by increasing the operating frequency, due in
large part to increases in ultrasound scattering from blood
at higher frequencies. However, increased signal atten-
uation at higher frequencies requires that the transducer
is located close to the region of interest, i.e. closer than
approximately 5 or 10 mm at 50 MHz. Experimental mi-
crovessel flow imaging systems operating in the 20 to 50
MHz range have hitherto therefore only examined super-
ficial tissues such as the eye, skin and superficial tu-
mours. Regardless of frequency, tissue motion effects
inhibit the detection of microvessels.
[0007] Intravascular ultrasound (IVUS) is an estab-
lished tool for gaining insight into the size, structure, and
composition of atherosclerotic plaques. Intravascular ul-
trasound (IVUS) is a method by which a catheter-based
high frequency (20 to 50 MHz) transducer is used to cre-
ate high-resolution images of the lumen and vascular wall
of larger vessels. It is an established interventional car-
diology tool for gaining insight into the size, structure,
and composition of atherosclerotic plaques. Techniques
have also been developed to assess flow within the lu-
men of larger vessels (>2 mm diameter) using IVUS.
However, no existing IVUS system or technique has been
capable of imaging blood flow in the vasa vasorum.
[0008] Within the last two decades, gas bubbles of mi-
crometer size have been employed in 1 to 10 MHz ultra-
sound systems to improve the quality of cardiovascular
images and thereby improve the quality of medical diag-
nosis. Gas bubbles are typically stabilized using emulsi-
fiers, oils, thickeners or sugars, or by entraining or en-
capsulating the gas or a precursor thereof into a variety
of systems. Stabilized gas bubbles are generally referred
to as "gas-filled microvesicles" or microbubbles. Exam-
ples of microbubbles include gas bubbles dispersed in
an aqueous medium and stabilized at the gas/liquid in-
terface by a very thin envelope involving a surfactant (i.e.,
an amphiphilic material). These microvesicles are pre-
pared by contacting powdered amphiphilic materials, e.g.
freeze-dried preformed liposomes or freeze-dried or
spray-dried phospholipid solutions, with air or other gas
and then with an aqueous carrier, and agitating to gen-
erate a microbubble suspension which is then adminis-
tered shortly after its preparation.
[0009] Other examples of gas-filled microvesicles are
suspensions in which the gas bubbles are surrounded
by a solid material envelope of natural or synthetic poly-
mers, lipids, proteins or mixtures thereof. These micro-
vesicles are in general referred to in the art as "micro-
capsules" or "microballoons", while the term "microbub-
bles" refers more commonly to surfactant-stabilized mi-
crovesicles. For the sake of clarity, in the present de-
scription and claims, the terms "bubble". "microbubble",
and gas-filled microvesicle, where not expressly men-
tioned, are used interchangeably.
[0010] Examples of suitable aqueous suspensions of
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gas-filled microvesicles and of the preparation thereof
are disclosed, for instance, in US 5,271,928, US
5,445,813, US 5,413,774, US 5,556,610, 5,597,549, US
5,827,504, US 5,711,933, US 6,333,021, WO 97/29783
and WO 2004/069284.
[0011] These bubbles, referred to as contrast agents,
are small enough to pass safely through the capillaries,
and are introduced into the body through injection. During
the formation of an ultrasound image, the bubbles are
stimulated to produce acoustic emissions that are distinct
from those of tissue, which are then exploited with spe-
cific imaging strategies to form images of the vasculature.
Most current imaging strategies rely upon nonlinear bub-
ble behaviour, which occurs when bubbles are stimulated
with sufficient amplitude with ultrasound frequencies re-
lated to the bubble resonant frequency. The resonant
frequency is related to bubble size, and most contrast
agents are comprised primarily of bubbles in the 1 to 10
micron range in order to exhibit resonant behaviour in
the conventional ultrasound frequency range.
[0012] Most implementations of nonlinear bubble im-
aging exploit second harmonic emissions (centred at or
near twice the transmit frequency) emissions, though the
efficacy of this approach for separating blood and tissue
signals can be confounded by the presence of tissue
propagation harmonics. A variety of other approaches
have also been examined, including subharmonic imag-
ing, which in the case of contrast agents has been centred
about half the transmit frequency (the order half subhar-
monic) [1]. Nonlinear energy may also be distributed in
other frequency regions, through a variety of mecha-
nisms such as, for example, spectral broadening, tran-
sient responses and bubble disruption. Initial implemen-
tations of nonlinear bubble imaging relied upon separa-
tion of linear and nonlinear signals largely through fre-
quency domain filtering. Subsequently multipulse tech-
niques were developed, such as phase and amplitude
modulation schemes. Bubbles may also be destroyed,
which has enabled the implementation of ultrasound de-
struction-reperfusion techniques for assessing tissue
perfusion. Detection of bubbles during destruction also
can be used. The application of microbubble contrast
agents in combination with specific detection techniques
has enabled the detection of blood located in microves-
sels in many clinically relevant situations.
[0013] There is a growing interest in developing mo-
lecular imaging techniques in medical ultrasound through
the use of targeted microbubbles [2].
[0014] Little work has been done with microbubble
contrast agents at transmit frequencies above 15 MHz.
Demos et al [3] showed the detection of targeted gaseous
liposomes with IVUS in animal models of thrombus. Ca-
chard et al [4] visualized microbubbles with IVUS in an
in vitro detection for the purposes of enhancing visuali-
sation of lumen boundaries. Moran et al [5] conducted a
study of the linear scattering properties of four agents in
the 30 MHz frequency range with IVUS. Deng et al [6]
performed imaging of microbubbles within microvessels

situated in the anterior segment of a rabbit eye. Prelim-
inary studies have illustrated the ability of microbubbles
to enhance the signal strength from blood in high fre-
quency colour flow imaging [7], [8] experiments. All of
this work has examined or assumed linear scattering
from microbubbles at high frequencies.
[0015] Commercially available contrast agents are not
designed for use at high frequencies. As bubbles are
reduced in size, oscillation damping increases and it is
generally accepted that nonlinear oscillations associated
with resonant bubble behaviour are more difficult to ini-
tiate. It is theoretically predicted that there will be an upper
limit to resonant frequency as bubbles are decreased in
size [9]. However, it has recently been shown that it is
possible to initiate nonlinear scattering (subharmonics,
ultraharmonics and second harmonics) from a commer-
cially available agent (Definity™) at transmit frequencies
in the 14 to 32 MHz range [10], [11]. In vivo microvessel
detection in animals has also been demonstrated using
the subharmonic of a 20 MHz transmit frequency using
Definity™ [12]. Second harmonic imaging mode did not
show improvements in contrast agent detection due to
the presence of high levels of tissue second harmonic
signals. These results for nonlinear imaging at high fre-
quencies were achieved with a type of transducer (spher-
ically focused polymer film transducer) that can only be
used external to the body due to its size (typically 6 to 12
mm in diameter). Such transducers are well suited to
nonlinear imaging since they are broad bandwidth
(>100%) and can achieve high pressures through focus-
ing. This technology is appropriate for use with small an-
imal imaging, dermatology and ophthalmology.
[0016] Nonlinear tissue imaging techniques have also
been developed. In this case nonlinear propagation of
ultrasound, (increasing with transmit pressure) gives rise
to harmonics (centred at positive integer multiples of the
transmit frequency). IVUS transducer elements (not
catheter based) have been shown to be capable of pro-
ducing second harmonic images, with nonlinear signals
isolated with analog filtering and signals being averaged
at a series of discrete transducer beam locations [13],
[14].
[0017] US 6,645,147 discloses a system for contrast
agent imaging with a catheter transducer. Contrast
agents are injected into the patient. Using the catheter
transducer, ultrasonic acoustic energy is transmitted and
reflected energy is received. The reflected energy is re-
sponsive to the contrast agents. The catheter transducer
comprises any one of various transducers such as single
element transducers, radial array transducers or linear
array transducers. An image processor generates an im-
age of the tissue and contrast agents, and the image
provides an indication of perfusion.
[0018] It is an object of the present invention to facilitate
detection of vasa vasorum and plaque-associated mol-
ecules using ultrasound techniques. It is a further object
of the present invention to facilitate the use of nonlinear
contrast microbubble imaging with IVUS. It is a further
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object of the present invention to facilitate the use of non-
linear tissue harmonic imaging with IVUS. It is a further
object of the invention to improve the image quality of
IVUS using tissue harmonic imaging by using multiple
pulse sequences.
[0019] According to one aspect, the present invention
provides an ultrasound imaging device for detecting in-
ternal properties of a target body, comprising: an ultra-
sound transducer positioned at a distal end portion of a
catheter for intravascular introduction into the target
body, the ultrasound transducer having a transmit fre-
quency; a waveform generator, coupled to the transduc-
er, for producing excitation pulses at said transmit fre-
quency; a receiver for receiving echo signals from the
transducer; and a signal processor for analysing echo
signals at harmonics and/or subharmonics of the transmit
frequency.
[0020] According to another aspect, the present inven-
tion provides an ultrasound imaging device for intravas-
cular ultrasound imaging of a patient’s body comprising:
a catheter-based ultrasound transducer for insertion into
the body at a site of interest; means for transmitting a
series of ultrasound excitation signals from the transduc-
er sufficient to induce a non-linear response in tissue at
the site of interest; means for receiving ultrasound echo
signals in response to the excitation signals; and means
for generating an image of the site of interest using non-
linear components of the received ultrasound echo sig-
nals.
[0021] According to another aspect, the present inven-
tion provides an ultrasound transducer head for use with
an intravascular ultrasound imaging system for imaging
internal parts of a target body, comprising: an ultrasound
transducer positioned at a distal end portion of a catheter
for intravascular introduction into the target body; and a
contrast agent delivery conduit extending along the cath-
eter, the delivery conduit having an exit orifice proximal
to the ultrasound transducer.
[0022] Embodiments of the present invention will now
be described by way of example and with reference to
the accompanying drawings in which:

Figure 1 is a schematic diagram of a catheter-based
intravascular ultrasound system in situ in the body
at a region of interest;
Figure 2 is a schematic diagram of transmit and re-
ceive subsystems for use with the catheter-based
intravascular ultrasound transducer of figure 1;
Figure 3 shows exemplary images of selectively lo-
cated contrast agent bubbles produced using: (a) 20
MHz fundamental frequency imaging; (b) 40 MHz
harmonic imaging from low amplitude excitation; and
(c) 40 MHz harmonic imaging from high amplitude
excitation;
Figure 4 shows exemplary images of selectively lo-
cated contrast agent bubbles produced using: (a) 40
MHz fundamental frequency imaging; and (b) 20
MHz subharmonic imaging;

Figure 5 shows exemplary images of free and bound
contrast agent bubbles produced using: (a) 20 MHz
fundamental frequency imaging of free bubbles; (b)
10 MHz subharmonic imaging of free bubbles; and
(c) 10 MHz subharmonic imaging of bound bubbles;
Figure 6 shows exemplary images of cross-sections
of a tissue mimicking phantom acquired with the fun-
damental 20 MHz mode, the fundamental 40 MHz
mode and the 40 MHz harmonic mode from a cath-
eter-based rotating single element transducer; and
Figure 7 shows exemplary images of cross-sections
of an atherosclerotic rabbit aorta acquired with the
fundamental 20 MHz mode, the fundamental 40 MHz
mode and the 40 MHz harmonic mode from a cath-
eter-based single element transducer.

[0023] Conventional IVUS operates with ultrasound in
the 20 to 50 MHz range, which extends beyond the range
of reported nonlinear oscillations for contrast agents. Ac-
cording to currently published data, there is no indication
that nonlinear scattering is possible at transmit frequen-
cies above 32 MHz. The isolation of bubbles below 1
micron in diameter produces improved second harmonic
and subharmonic generation for a transmit or excitation
frequency of 30 MHz [15]. The peak transmit pressure
used to initiate subharmonics in [15] was 3.2 MPa. While
subharmonic generation is not well understood at these
frequencies, it is reasonable to expect that pressures re-
quired to initiate subharmonics will increase with transmit
frequency.
[0024] Existing IVUS technology has significant con-
straints. Intravascular ultrasound is necessarily a cathe-
ter-based technique and as such very small aperture
transducers are used. Current IVUS systems employ ei-
ther a mechanically rotated single element transducer,
or an electronically steered array transducer. Mechanical
rotation systems employ unfocussed transducers of <1
mm radiating surface, and images are formed from single
pulses along a series of beam directions. These trans-
ducers have limited bandwidths. Due to the transducer
location at the tip of a catheter approximately 1.5 m long,
there can be electrical tuning effects which narrow the
effective bandwidth on transmit and reception still further.
IVUS array transducers are even more narrowband than
single element transducers, and obtain lower pressures.
These constraints limit the ability of IVUS to initiate and
detect nonlinear signals. The transmit pulse and receive
pulse must both be within the pass band of the transduc-
er, which limits the pressure that can be achieved on
transmit, limits the signal bandwidth, and results in loss
of received acoustic energy.
[0025] To date, no targeted or untargeted nonlinear (or
bubble specific) microbubble imaging has been reported
with IVUS systems. No reports have been made for tissue
harmonic imaging with a mechanically rotating IVUS
catheter or an array catheter. Implementing second har-
monic microbubble imaging in IVUS requires operation
at a frequency range where second harmonic contrast
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images have not been successfully demonstrated as a
means to improve contrast agent to tissue signals. The
application of multipulse techniques such as pulse-inver-
sion to isolate nonlinear signals in the context of a rapidly
rotating transducer has not been demonstrated and can
be expected to suffer from signals decorrelation effects
between pulses. For subharmonic imaging, achieving
transmit pressures indicated in the above literature (e.g.
[15]) at the upper range of the transducer bandwidth may
not be feasible.
[0026] The inventors have established that a contrast
agent comprising bubbles below 1 micron in diameter
can be used to effectively produce detectible nonlinear
emissions at least up to 40 MHz, and under conditions
(e.g. sufficiently low pressures) that are feasible to
achieve with IVUS techniques.
[0027] The inventors have also determined that non-
linear detection, at high frequencies, of microbubble con-
trast agents bound to a surface is also possible, despite
the different physical conditions experienced by bound
and free bubbles.
[0028] The inventors have also determined that non-
linear detection of tissue harmonic signals can be isolat-
ed, and second harmonic images thereby formed, by
means of multiple pulse methods, like pulse-inversion
methods during the rotation of a mechanically steered
IVUS catheter.
[0029] With reference to figure 1, in a preferred ar-
rangement, intravascular ultrasound imaging in a pa-
tient’s body 10 provides for detection of encapsulated
gaseous acoustic contrast agent 11 with intravascular
ultrasound. It will be understood that other types of con-
trast agent particle may be used as the contrast agent
11. Specific acoustic signals are induced and detected
from the encapsulated gas bubbles 11 using an intravas-
cular ultrasound transducer 12. The induction and detec-
tion of nonlinear bubble oscillations is used to distinguish
ultrasound echo signals arising from tissue (including
blood) from echo signals arising from contrast agent par-
ticles.
[0030] The ultrasound excitation signal transmitter and
echo signal receiver comprises a transducer 12 mounted
on a catheter 13 or guidewire introduced through a vessel
14 such as the coronary artery. In preferred arrange-
ments, the length of the catheter is in the range 60 to 200
cm (only partial length is shown in the figure) and the
outer diameter is in the range 0.7 to 3 mm.
[0031] In one arrangement, a bend 5 may be formed
in the distal end region of the catheter, approximately 15
to 30 mm from its tip, to provide lateral displacement of
the transducer 12 to a position off the main axis of the
catheter 13 and thereby closer to the walls of the vessel
14. The transducer 12 communicates with transmit and
receive electronics via wiring 8 passing through the cath-
eter 13.
[0032] The transducer 12 may be used to excite and
detect free contrast agent that is located in the main ves-
sel lumen (in which the IVUS is situated), in side-branch-

es of the main lumen, in vasa vasorum, and in other ves-
sels or microvessels within the surrounding tissue.
[0033] The transducer 12 may be used to excite and
detect free contrast agent 11 that has selectively located
to a region 15a of specific character, e.g. the vasa vaso-
rum. The transducer 12 may be used to excite and detect
targeted contrast agent 11 that has selectively located
to target plaque-associated molecules 15b (including
molecules expressed by vasa vasorum) or to markers
related to neovascularisation. The transducer 12 may be
used to excite and detect targeted contrast agent 11 that
has selectively located to target molecules 15b associ-
ated with other vascular diseases.
[0034] The contrast agent 11 (which expression in-
cludes free bubbles) preferably comprises encapsulated
bubbles that are of a composition and a size distribution
capable of oscillating in a nonlinear manner at intravas-
cular ultrasound transmit centre frequencies of at least
10 MHz, preferably in the range 10 to 80 MHz, and more
preferably in the range 15 to 60 MHz, and more preferably
with centre frequency above 15 MHz or above 30 MHz.
[0035] Preferably, the contrast agent bubbles 11 have
compliant shells encapsulating a gaseous medium. Pref-
erably, the contrast agent bubbles 11 are gas-filled mi-
crovesicles stabilised by a surfactant, and in particular a
phospholipid. Preferably, the contrast agent includes a
substantial proportion of bubbles having diameters less
than 1.5 microns, more preferably less than 1.0 microns,
and still more preferably of diameters in the range of 0.2
to 1.5 microns. Preferably bubbles with diameters in the
specified ranges (e.g. 0.2 to 1.5 microns) form greater
than 1% of the volume fraction, more preferably greater
than 2% of the volume fraction, even more preferably
greater than 5% of the volume fraction, and still more
preferably greater than 10% of the volume fraction. Ac-
cording to further preferred embodiments, the bubbles
form greater than 50% of the volume fraction, and more
preferably greater than 70% of the volume fraction.
[0036] These contrast agent bubbles 11 can be spe-
cifically manufactured to achieve such a size distribution.
A suitable method for preparing bubbles with the desired
high volume fractions in the specified ranges is disclosed
in WO 2004/069284. Alternatively, existing commercially
available contrast agent designed for use at lower fre-
quencies but having a significant number of smaller bub-
bles can have its population distribution modified to some
extent by decantation or mechanical filtration [13].
[0037] The contrast agent bubbles 11 are preferably
introduced into the blood stream either through a sys-
temic steady infusion or in the form of a bolus. The steady
state infusion may be administered through a systemic
intravenous drip, as can be done for conventional fre-
quency contrast agent use. The contrast agent may be
introduced in combination with localised drug delivery.
For the avoidance of doubt, the expression "introducing
contrast agent into the vicinity of the transducer" is in-
tended to encompass both (i) ’local’ introduction of the
contrast agent at or very close to the transducer location,
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and (ii) ’remote’ introduction of the contrast agent else-
where in the body, relying on transport of the agent to
the vicinity of the transducer using inherent action of the
body, such as blood flow.
[0038] More particularly, as shown in figure 1, the IVUS
catheter 13 carrying the transducer 12 at an imaging tip
16 may be introduced into the vessel of interest 14 within
a sheath or delivery catheter 17. When located at the
region or site of interest, the imaging tip 16 extends past
the end 17a of the sheath 17 by a distance d which is
preferably variable or pre-selectable. In preferred ar-
rangements, the distance d is in the range 10 to 300 mm.
Contrast agent 11 may be injected locally though the
sheath 17, which defines a delivery conduit 17b, to an
exit orifice 17c at or proximal to the end 17a. This facili-
tates the delivery of a high local concentration of contrast
agent 11 at the site of interest.
[0039] Near the imaging tip 16 there may be an out-
ward taper (not shown) of the entire catheter 13 or of its
inner diameter to reduce the space between the outer
diameter of the catheter 13 and the inner diameter of the
delivery catheter or sheath 17 to avoid pre-injection leak-
age. Preferably, the exit orifice 17c will be formed as
openings in the periphery of the delivery catheter 17 so
as to permit the exit of contrast agent in a manner that
encourages an even agent distribution towards the ves-
sel wall 14. The exit orifice 17c openings may preferably
be provided within about 10 cm of the end of the sheath
17.
[0040] A suitable remotely controllable closure mech-
anism (not shown) may be provided to open and close
the exit orifice 17c, e.g. using a control wire so that the
timing of contrast agent delivery can be carefully control-
led.
[0041] Although in the illustrated embodiment, the
IVUS catheter 13 and its transducer 12 is integrated with
the delivery conduit 17b by incorporation within the de-
livery sheath, it will be understood that the roles may be
reversed with the delivery conduit 17b being formed with-
in the IVUS catheter. In a further arrangement, the IVUS
catheter 13 and delivery sheath 17 may be integrated by
coupling them together side-by-side.
[0042] The catheter-based transducer 12 may of any
suitable type, e.g. comprising one or more layers of active
or passive components and acoustic matching and back-
ing layers. The frequency response of the transducer
may have a single frequency region of efficiency or a
combination or multiple peaks of efficiency. In one con-
figuration, the transducer may have elevated efficiency
around the transmitted frequency and at an integer
number times this transmitted frequency and in another
configuration at the transmitted frequency and at half of
this frequency. In one configuration, the transducer 12
may comprise an array of transducer elements which are
capable of producing an electronically steerable ultra-
sound excitation beam. In another configurations, the
transducer 12 may comprise a mechanically manipulable
single or multiple element transducer so that the direction

of excitation beam can be steered or scanned during a
sequence of excitation pulses.
[0043] The transducer 12 is adapted to be capable of
generating acoustic excitation pulses of sufficient pres-
sure and other characteristics (e.g. length, frequency
content) to initiate nonlinear scattering or response from
the contrast agent.
[0044] With reference to figure 2, a transmit subsystem
21 is provided to generate sequences of excitation pulses
21a of sufficient amplitude characteristics (e.g. length,
frequency content) to the transducer 12 in order to initiate
the nonlinear scattering in the contrast agent. Part of the
transmit subsystem may reside within the catheter 13.
[0045] Preferably, the excitation pulses are generated
at frequencies greater than 10 MHz, more preferably at
frequencies greater than 15 MHz. Preferably, the excita-
tion pulses have centre frequencies in the range 10 to
80 MHz and more preferably in the range 15 to 60 MHz.
In other embodiments, the excitation pulse centre fre-
quency is in the range 15 to 50 MHz, and more preferably
15 MHz or higher, or above 30 MHz.
[0046] Pulse sequences may be phase- and/or ampli-
tude-modulated or frequency-band limited in order to suf-
ficiently permit the isolation of bubble-specific scattering
after reception of echo signals arising from interaction of
the excitation signals with the tissue and with the contrast
agent. In general, any excitation pulse characteristic may
be used to enable or enhance the ability to discriminate
between echo signals respectively arising from interac-
tion of ultrasound excitation signals with tissue and inter-
action with contrast agent.
[0047] The sequence of excitation pulses may com-
prise pulses that are identical, that vary in amplitude, that
vary in phase or that vary in length. Pulses may be derived
from combinations of previously transmitted pulses, e.g.
inverted copies and the like.
[0048] Excitation pulses may be adapted to be used
to destroy contrast agent, and to detect agent during the
destruction thereof, or to use imaging pulses which follow
destruction pulses. Part of the transmit subsystem 21
may reside within the catheter 13.
[0049] Detection of nonlinear bubble behaviour may
be achieved by way of detection of echo pulses of suffi-
cient bandwidth, in the form of single or multiple frequen-
cy peaks, or through energy loss in the receive bandwidth
or through the detection of transient bubble responses.
[0050] With further reference to figure 2, a receive sub-
system 22 conditions received echo signals 22a from the
transducer (e.g. by amplification and filtering), digitizes
the conditioned signal in a manner compatible with sep-
arating the tissue and blood signals (e.g. with sufficient
phase coherence). Part of the receive subsystem 22 may
reside within the catheter 13 which may have benefit with
respect to overcoming electrical tuning effects and im-
proving signal to noise ratio. Part of the system may be
provided by a personal computer. Preferably, the receive
subsystem is adapted to receive echo signals in at least
a part of the range 8 to 80 MHz.
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[0051] A signal processor 30 and an image processing
subsystem 31 may be used to apply appropriate algo-
rithms to extract bubble specific signals and thereby form
images that have improved sensitivity and specificity to
the contrast agent. It is to be understood that free bubbles
located in vasa vasorum or targeted bubbles located an-
ywhere may have specific acoustic signatures that may
be exploited in transmission of excitation signals, in re-
ception of echo signals and in signal processing.
[0052] In one preferred embodiment, the echo signal
analysis and imaging is performed on echo signals in a
frequency band that is different to but potentially over-
lapping or non-overlapping with that of the transmit fre-
quency band. In one arrangement, the echo signal anal-
ysis and imaging is performed on echo signals in a fre-
quency band comprising the second harmonic of a trans-
mit frequency. In another arrangement, the echo signal
analysis and imaging is performed in a frequency band
comprising a subharmonic of a transmit frequency. In
another arrangement, both harmonics and subharmon-
ics are used in the echo signal analysis and imaging.
[0053] In preferred embodiments, subharmonic imag-
ing from excitation signals having centre frequencies in
the range 20 to 60 MHz is preferred, requiring for example
acoustic pressures of at least 50 kPa.
[0054] In order to initiate and detect nonlinear ultra-
sound signals using an intravascular transducer system
as shown in figure 1, it is necessary to achieve sufficient
acoustic pressure in the excitation signals and provide
sufficient bandwidth and/or sensitivity when receiving the
echo signals.
[0055] Preferably, very thin transducer layers are de-
ployed to resonate at high frequencies, and small aper-
ture dimensions of less than 1 mm to fit in suitable cath-
eters 13.
[0056] Nonlinear oscillations in contrast agent may be
detected by signal changes primarily within the transmit
frequency bandwidth. One approach for doing this is to
employ power modulation approaches. In power modu-
lation, the transmit amplitude of successive excitation
pulses is varied, to result in differences in nonlinear signal
generation (and thereby a corresponding reduction in the
echo signals present in the transmit bandwidth). On re-
ceiving echo signals, pulse groups are combined in such
a way as to extract the nonlinear signal strength by an-
alyzing differences in the transmit bandwidth. Other ap-
proaches are also possible, for example exploiting the
transient response of contrast agent.
[0057] Differentiation between contrast agent bubbles
within the main vessel lumen 14 (e.g. the coronary ves-
sel) and bubbles within vasa vasorum 15a situated in
tissue immediately adjacent to the lumen 14 may be ef-
fected by using correlation-based techniques to differen-
tiate between slowly moving bubbles 11 in the vasa va-
sorum 15a and more rapidly moving bubbles in the lumen
14. This may be done within a given image frame and/or
between two or more consecutive image frames (frame
rate is typically 20 to 30 frames per second).

[0058] If a local upstream bolus injection is used to
introduce the contrast agent, this will result in a rapid
passage of agent within the main lumen 14, followed by
a time-delayed arrival of agent to the vasa vasorum. An-
alyzing the evolution of the signals in a region of interest
(ROI) as a function of time after a bolus may therefore
assist in discriminating between contrast agent in the
main lumen and agent in the vasa vasorum. Such ap-
proaches may use frame-to-frame image tracking due to
tissue motion.
[0059] Destruction-reperfusion techniques may also
be used. In such techniques, a series of narrow band-
width pulses (preferably at as low a frequency as achiev-
able) is more appropriate to achieve destruction of the
contrast agent bubbles. Imaging pulses may then follow.
Two different transducers may be used within the cath-
eter located at or near the imaging tip 16: a first transducer
for destructive excitation pulses (e.g. with a frequency in
the range 1 to 15 MHz, and preferably in the region of 5
MHz) and a second transducer for imaging, of the type
described above. Imaging may be performed during de-
struction, or during reperfusion.
[0060] Either transducer may be used to facilitate the
targeting of contrast agent by means of radiation pres-
sure. In a preferred embodiment acoustic pulses will be
sent out in such a way as to enhancement binding fol-
lowing the injection of agent. This will then be followed
by pulse sequences that are appropriate for imaging the
bound agent.
[0061] Targeted and untargeted contrast agent bub-
bles may be differentiated using a number of techniques.
Correlation-based techniques may be used to differenti-
ate between bound and free bubbles. These techniques
may be performed within a given frame and/or between
two or more consecutive frames (frame rate is typically
20 to 30 frames per second). Such approaches may use
frame-to-frame image tracking. Destruction techniques
may be used, as previously described above. Imaging
may be performed during destruction, or during re-accu-
mulation at target sites. Differences between the acoustic
response of bound and free bubbles located within the
lumen may also be used.
[0062] With further reference to figure 2, an exemplary
demonstration of the ultrasound imaging is now de-
scribed. In the transmit subsystem 21, a waveform gen-
erator 23 provides a suitable pulse waveform to a power
amplifier 24, to generate excitation signals from the trans-
ducer 16. Protection circuitry 25 in the form of an expand-
er /limiter may be provided at the output of the power
amplifier 24. A transmit-side filter 26 may be provided to
pre-condition waveforms generated by the waveform
generator 23. It will be understood that any or all of the
elements 23 - 26 of the transmit subsystem 21 could be
combined and/or incorporated into a single electronic cir-
cuit.
[0063] In the receive subsystem 22, an amplifier 27
receives echo signals 22a from the transducer 12, and
passes these to a digitizer 29 for analogue-digital con-
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version. The digitised signals are passed to a signal proc-
essor 30 (which may be incorporated within a personal
computer. The signal processor 30 may include, or be
coupled to an appropriate image processing device 31,
which also may be incorporated within a personal com-
puter. An analogue filter 28 may be incorporated in the
receive path, e.g. before and/or after amplification of the
received echo signals. It will be understood that any or
all of the elements 27 - 30 of the receive sub-system 22
could be combined and/or incorporated into a single elec-
tronic circuit.
[0064] In a practical implementation, a flow phantom
was constructed by creating a 1 mm flow channel through
tissue mimicking phantom, and contrast agent was
passed through this ’vessel’ during the experiments. The
contrast agent employed was an experimental phosphol-
ipid-stabilized composition prepared according to exam-
ple 1i of WO 2004/069284. Images were constructed by
pulse-inversion techniques from a series of pulse ensem-
bles (10 or 25% bandwidth) acquired during continuous
translation. The pulse-inversion technique effects can-
cellation of linear signals by exploiting differences in con-
secutive phase-inversed pulses due to nonlinear propa-
gation or bubble responses. If there is substantial motion
between the tissue and transducer between pulses, this
will result in inefficient cancellation of the fundamental
frequency.
[0065] In a first experiment, a needle-mounted IVUS
transducer was employed (having a bandwidth of 15 to
45 MHz) to image free bubbles flowing freely through the
vessel. The vessel was first imaged in 20 MHz funda-
mental mode (F20), which is linear imaging. The vessel
was then imaged using the second harmonic of a 20 MHz
transmit pulse (H40), and finally using the subharmonic
of a 40 MHz transmit pulse, centred closer to 20 MHz
(S20).
[0066] In a second experiment, the potential to image
bound microbubbles in a nonlinear manner at high fre-
quencies was demonstrated. This was done by passing
contrast agent through a phantom vessel composed of
a material that bound to the agent in a non-specific man-
ner. After flushing the phantom with distilled water, the
inner part of the phantom was coated in a layer of bound
bubbles. Imaging in this experiment was done with a
spherically focused polymer transducer of centre fre-
quency 19 MHz, using a transmit frequency of 20 MHz.
Imaging was done in both F20 mode and using the sub-
harmonic (SH10) emissions.
[0067] The results are shown in figures 3 to 5.
[0068] As shown in figure 3, F20 imaging shows little
contrast between tissue and agent flowing in the vessel
(figure 3a). At low transmit amplitudes (figure 3b), H40
was found to produce improvements in contrast to tissue
signal ratios (CTR). At higher transmit amplitudes (figure
3b), the CTR degrades due to increases in nonlinear
propagation giving rise to a stronger tissue harmonic sig-
nal. This indicates that lower pressure ranges will be ap-
propriate for contrast agent imaging, and higher pressure

amplitudes are appropriate for tissue harmonic imaging.
[0069] As shown in figure 4, the fundamental frequen-
cy image, F40 (figure 4a) offers poor visualization of the
vessel. In SH20 mode results indicate tissue suppression
approaching the noise floor, with up to 18 dB of contrast
to noise ratio at higher transmit amplitudes. These results
indicate the feasibility of nonlinear contrast imaging with
IVUS. The feasibility to suppress tissue signals is critical
in reliably detecting vasa vasorum with IVUS.
[0070] Referring to figure 5, figure 5a shows F20 im-
aging of free flowing bubbles, figure 5b shows SH10 im-
aging of free flowing bubbles, and figure 5c shows SH10
imaging of bound bubbles. These results demonstrate
that nonlinear targeted contrast imaging is viable at high
frequencies from the perspective of bound-agent detec-
tion using catheter-based transducers.
[0071] The imaging techniques using a catheter-based
ultrasound probe may be used to assist in localised drug
delivery by providing real-time image guidance to the
drug delivery mechanism.
[0072] The drug delivery mechanism may be incorpo-
rated with the contrast agent. Drugs or genetic material
may be incorporated into, located within or in some man-
ner attached to or imbedded in the contrast agent. The
catheter-based IVUS transducer can be used to assess
an appropriate location for drug or genetic material de-
livery and to facilitate its delivery. The delivery may be
facilitated by the acoustic stimulation of either the imag-
ing transducer or the second lower frequency transducer,
if present. The acoustic stimulation may effect the dis-
ruption of contrast agent which contains drug or genetic
material, or contrast agent that is in the presence of drug
or genetic material. This may involve the stimulation of
oscillations of contrast agent which contains drug or ge-
netic material, or contrast agent that is in the presence
of drug or genetic material, in a manner that facilitates
the delivery of the drug or genetic material to the tissue
or cells of interest. According to the invention, a two trans-
ducer approach is employed such that the lower frequen-
cy (1 to 15 MHz transducer) is used to facilitate the de-
livery of drug or genetic material, and the second trans-
ducer, the imaging transducer, being used to guide or
monitor the treatment procedure.
[0073] With further reference to figure 1, the contrast
agent delivery system using conduit 17b formed by
sheath 17 may also be configured with means for apply-
ing a saline (or heparinized saline) flush between contrast
injections. The delivery system conduit may also be pro-
vided with a means (not shown) for displacing a smaller
volume of agent to the catheter tip, particularly if the vol-
ume of the catheter sheath 17 may exceed the desired
injection volume.
[0074] In a simple case, existing syringe adaptors may
be used to manually introduce the agent and saline flush-
es. An exemplary automated implementation consists of
a two-plunger syringe pump (one for a saline syringe and
the second for the agent). The agent injection volume
and injection rate can be specified and the agent can
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then automatically be pushed slowly (to avoid pressuri-
zation of agent that would cause its disruption) towards
the catheter tip. This can then be followed by the bolus
injection phase (the timing of which may be electronically
synchronised with the IVUS imaging and acquisition sys-
tem.
[0075] A summary of the presently preferred operating
parameters for both transmission of excitation signals
and reception / processing of echo signals is now pro-
vided for the various catheter-based ultrasonic contrast
imaging schemes described.
[0076] For second harmonic tissue and contrast agent
imaging techniques deploying a single element transduc-
er, pulse centre frequencies in the range of 15 to 30 MHz,
with total pulse frequency content between 5 and 60 MHz
is preferred. Peak positive acoustic pressures within the
beam (as measured in a water tank) lie between 5 kPa
and 1 MPa for contrast imaging mode. Peak positive
acoustic pressures within the beam (as measured in a
water tank) lie between 100 kPa and 10 MPa when op-
erating in tissue harmonic imaging mode.
[0077] For subharmonic imaging techniques using a
single element transducer, pulse centre frequencies in
the range of 30 to 60 MHz, with total pulse frequency
content between 10 and 80 MHz is preferred. Peak pos-
itive acoustic pressures within the beam (as measured
in a water tank) lie between 20 kPa and 8 MPa when
operating in contrast imaging mode.
[0078] In a power modulation mode, pulse centre fre-
quencies in the range of 20 to 50 MHz, with total pulse
frequency content between 10 and 80 MHz is preferred.
Peak positive acoustic pressures within the beam (as
measured in a water tank) lie between 5 kPa and 8 MPa
when operating in contrast imaging mode.
[0079] In other nonlinear oscillation modes (e.g. using
time dependant signals such as transients or using pulse-
length dependant effects), pulse centre frequencies in
the range of 20 to 50 MHz, with total pulse frequency
content between 10 and 80 MHz is preferred. Peak pos-
itive acoustic pressures within the beam (as measured
in a water tank) lie between 5 kPa and 8 MPa.
[0080] In a destruction pulse mode using a single ele-
ment transducer, transmit centre frequencies in the range
of 10 to 40 MHz, with pulse bandwidths between 0.1 %
and 50 %-6 dB relative bandwidths are preferred. Peak
positive acoustic pressures within the beam (as meas-
ured in a water tank) lie between 100 kPa and 15 MPa.
[0081] In a destruction pulse mode using a separate
low frequency element to destroy contrast agent, pulse
centre frequencies in the range of 1 to 15 MHz, with pulse
bandwidths lying between 0.1 % and 50 %-6 dB relative
bandwidths are preferred. Peak positive acoustic pres-
sures within the beam (as measured in a water tank) lie
between 100 kPa and 15 MPa.
[0082] For a non-destructive dual element imaging
mode using a separate low frequency element to initiate
oscillations, pulse centre frequencies in the range of 1 to
15 MHz, with pulse bandwidths between 0.1 % and 50

% -6 dB relative bandwidths are preferred. Peak positive
acoustic pressures within the beam (as measured in a
water tank) lie between 100 kPa and 5 MPa.
[0083] For a non-destructive dual element imaging
mode using both low and high frequency elements to
initiate contrast agent oscillations, pulse centre frequen-
cies for the low frequency element in range of 1 to 15
MHz and pulse centre frequencies for high frequency el-
ement in range of 15 to 50 MHz, with pulse bandwidths
between 0.1 % and 20 % -6 dB relative bandwidths are
preferred. Peak positive acoustic pressures within the
beam (as measured in a water tank) lie between 100 kPa
and 5 MPa.
[0084] For basic contrast agent detection, with a single
element transducer system, agent detection is achieved
by means of the nonlinear behaviour of bubbles. The
nonlinear signals are isolated by means of filtering and
analysis of pulse sequences. Individual transmitted puls-
es have characteristics that fall within the range of those
described above. The expression ’pulse sequence’ re-
fers to a sequence of potentially different pulses that are
transmitted and received as the transducer is rotating.
[0085] In the simplest case, all transmitted pulses are
identical and sent at equal intervals in the range of 1 ms
to 0.001 ms. Nonlinear echo signals at subharmonic or
second harmonic frequencies are isolated by a combi-
nation of analog and digital filtering of the individual re-
ceived echo signals. A single IVUS image is formed by
taking the envelope of individual RF lines displayed in a
linear, logarithmic or other compression scheme. In gen-
eral, the signals from a group of adjacent pulses (more
than two) are combined to form an image line, and in
doing so benefit from signal averaging effects. The com-
bination may take the form of direct averaging of the time
domain, or power averaging or another scheme.
[0086] Transmitted pulses may also be phase-in-
versed (i.e. have 180 degree phase differences) with re-
spect to each other. A group of these pulses (two or more)
may be combined to form an image line as a strategy for
removing linear tissue signals. The operation to combine
the pulses may take different forms, only one of which is
to sum with equal weighting all the pulses.
[0087] Transmitted pulses may also be phase shifted
with respect to each other by an amount other than 180
degrees (e.g. 90 degrees). A group of these pulses (two
or more) may be combined to form an image line as a
strategy for removing linear tissue signals. The operation
to combine the pulses may take different forms, only one
of which is to sum with equal weighting all the pulses.
[0088] Pulses may be transmitted with different ampli-
tudes, referred to as power modulation. This will vary the
amount of nonlinear bubble behaviour. A group of these
pulses (two or more) may be combined to form an image
line as a strategy for removing linear tissue signals. The
operation to combine the pulses may take different forms.
For example, if two pulses are transmitted, the first with
half the amplitude of the second, then the received pulse
pair is added by multiplying the first pulse by two before
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subtracting it from the second.
[0089] Transmitted combinations of phase and ampli-
tude modulation may be used to isolate nonlinear signals.
[0090] Transmit pulse lengths may be varied. The re-
ceived signals may then be processed to extract nonlin-
ear transients or other pulse length dependant signals
arising from bubble oscillations.
[0091] Transmit frequency may be varied within a
pulse. The received signals may then be processed to
extract signals arising from bubble oscillations.
[0092] Formation of images from the imaging trans-
ducer received signals when the transmit pulses are sent
out by either the imaging transducer or a separate low
frequency transducer to destroy agent may be effected
in several ways, both for when destructive pulses are
transmitted by the imaging transducer, or by a separate
low frequency transducer.
[0093] For pulse sequences that consist of one or more
destructive pulses following by imaging pulses of the
types described above, one or more entire rotations of
the IVUS element can be conducted during which time
high amplitude pulses are sent with the intention of de-
stroying free or targeted agent with either transducer.
Following the destructive frames, imaging is then per-
formed using one of the methods described above. This
can be used as a means of implementing destruction-
reperfusion imaging or to assess re-accumulation of tar-
geted agent.
[0094] If the above are conducted following the injec-
tion of a bolus, the changes of signals as a function of
time in regions of interest may be used to differentiate
agent located in vasa vasorum or targeted agent from
free agent within the main lumen.
[0095] With targeted agent, a different pressure, band-
width and frequency range may be employed as a means
of distinguishing targeted agent from bound agent.
[0096] Pulse sequences may consist of non-destruc-
tive (or predominantly non-destructive) pulses sent on
the low frequency transducer and nonlinear signals de-
tected by the imaging transducer. These signals may in-
clude superharmonics, ultraharmonics or transients.
[0097] Pulse sequences may consist of the simultane-
ous transmitting of different pulses on both the imaging
transducer and the low frequency transducer.
[0098] The same apparatus as described herein is ca-
pable of operating in tissue (including blood) imaging
mode. By being able to operate in either mode it is pos-
sible to superimpose contrast specific signals onto tissue
structural images. Tissue signals may be isolated from
the incoming received signals (which may also contain
contrast-specific signals) through processing. Alterna-
tively, tissue signals may be extracted from modifications
of the pulse sequences (i.e. both transmit pulse charac-
teristics and amplitudes) that would allow for tissue im-
aging pulses to be interleaved with contrast imaging puls-
es. Tissue imaging can be performed in linear or nonlin-
ear imaging modes. Multiple pulse techniques such as
pulse-inversion imaging or amplitude modulation can al-

so be applied to nonlinear tissue imaging (both in the
presence of contrast agent or not). For tissue imaging
the multiple pulse techniques will be optimised so that
the level of harmonics generated are maximized, or are
maximized after a certain distance, or to maximize the
contrast in between tissue components.
[0099] This may also be accomplished by alternating
frames to be dedicated to either contrast or tissue signals.
It is recognized that higher amplitude transmit conditions
will favour tissue second harmonic imaging, and lower
transmit amplitudes will favour contrast second harmonic
imaging. Tissue superharmonic imaging may also be per-
formed.
[0100] In a practical implementation, tissue harmonic
imaging was illustrated on a continuously rotating single
element transducer in a tissue mimicking phantom and
in an atherosclerotic rabbit aorta. Gaussian enveloped
pulses at centre frequencies of either 20 MHz or 40 MHz
were generated. The fractional bandwidth of the pulses
was 25 %. In the phantom and in vivo experiments we
acquired results of the fundamental 20 MHz mode (F20),
the fundamental 40 MHz mode (F40) and the harmonic
40 MHz mode (H40), i.e. the second harmonic of 20 MHz.
In these experiments averaging of neighbouring lines to
increase the signal-to-noise ratio (SNR) was used. Har-
monic images (H40 mode) were made by means of pulse
inversion. This multiple pulse technique has not been
used with rotating single-element IVUS catheters before
and is counterintuitive because of loss of correlation due
to lateral motion.
[0101] With reference to figure 6, tissue harmonic im-
aging using pulse inversion has shown to be feasible in
a tissue mimicking phantom and to improve image qual-
ity.
[0102] With reference to figure 7, tissue harmonic im-
aging using pulse inversion has shown to be feasible in
vivo and to improve image quality.
[0103] Other embodiments are intentionally within the
scope of the accompanying claims.
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Claims

1. An ultrasound imaging device for detecting internal
properties of a target body (10), comprising:

a rotatable, first ult rasound transducer (12) po-
sitioned at a distal end portion of a catheter (13)
for intravascular introduction into the target
body, the ultrasound transducer having a trans-
mit frequency;
a waveform generator (23), coupled to the trans-
ducer, for producing excitation pulses at the
transmit frequency and configured to generate
multiple pulse sequences during rotation of the
ultrasound transducer comprising any one of
phase shifted, phase inverted or power modu-
lated multipulse sequences for stimulating echo
signal at the harmonic and/or subharmonic fre-
quencies during said rotation of the transducer;
a receiver (22) for receiving echo signals from
the transducer;
a signal processor (30) for analysing echo sig-

nals from the rotating transducer at said harmon-
ics and/or subharmonics of the transmit frequen-
cy and generating images therefrom; and
a second, lower frequency transducer posi-
tioned at the distal end portion of the catheter
configured to produce contrast agent destruc-
tion pulses in the rangs 1 to 15 MHz.

2. The device of claim 1 in which the first transducer
(12) and waveform generator (23) are adapted to
transmit excitation signals at a frequency in the rangs
10 to 80 MHz.

3. The device of claim 1 in which the first transducer
(12) and waveform generator (23) are adapted to
transmit excitation signals having a centre frequency
in the range 15 to 50 MHz.

4. The device of claim 1 in which the first transducer
(12) has an active element surface of less than 1 mm
in diameter.

5. The device of claim 1 in which the first transducer
(12) is adapted to produce a steerable excitation
beam.

6. The device of claim 5 in which the first transducer
(12) comprises at least one mechanically steerable
active element.

7. The device of claim 5 in which the first transducer
(12) comprises an array of active elements which
can be phased to result in electronic beam steering.

8. The device of claim 1 in which the first transducer
(12) is adapted to produce acoustic pressures of at
least 10 kPa at the transmit frequency.

9. The device of claim 8 in which the first transducer
(12) is adapted to produce acoustic pressures of at
least 100 kPa at the transmit frequency.

10. The device of claim 1 in which the second transducer
is adapted to produce acoustic pressures of at least
200 kPa.

11. The device of claim 1 in which the signal processor
(30) includes means for determining the energy at
the harmonic and/or subharmonic frequencies by
analysis of multiple pulse sequences.

12. The device of claim 1 further including a bend (5) in
the distal end region of the catheter (13) to provide
lateral displacement of the transducer to a position
off the axis of a main portion of the catheter.
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Patentansprüche

1. Ultraschallbildgebungsvorrichtung für die Erken-
nung interner Eigenschaften eines Zielkörpers (10),
die Folgendes aufweist:

einen drehbaren ersten Ultraschallwandler (12),
der an einem distalen Endabschnitt eines Ka-
theters (13) positioniert ist, zur intravaskulären
Einführung in den Zielkörper, wobei der Ultra-
schallwandler eine Sendefrequenz aufweist;
einen Frequenzgeber (23), der mit dem Wandler
gekoppelt ist, zum Aussenden von Anregungs-
pulsen mit der Sendefrequenz und dafür kon-
struiert, während der Drehung des Ultraschall-
wandlers Multipulssequenzen zu erzeugen, die
irgendeine beliebige der phasenverschobenen,
phaseninvertierten oder leistungsmodulierten
Multipulssequenzen zur Stimulierung von Echo-
signalen bei den harmonischen und/oder sub-
harmonischen Frequenzen während der Dre-
hung des Wandlers umfassen;
einen Empfänger (22) zum Empfangen der
Echosignale von dem Wandler;
eine Signalverarbeitungseinheit (30) zur Analy-
se der Echosignale aus dem sich drehenden
Wandler bei den harmonischen und/oder sub-
harmonischen Frequenzen der Sendefrequenz
und der Erzeugung von Bildern daraus; und
einen zweiten Niederfrequenz-Wandler, der am
distalen Endabschnitt des Katheters positioniert
und dafür gestaltet ist, Pulse zum Zerstören des
Kontrastmittels im Bereich von 1 bis 15 MHz zu
erzeugen.

2. Vorrichtung nach Anspruch 1, wobei der erste Wand-
ler (12) und der Frequenzgeber (23) für das Senden
von Anregungssignalen mit einer Frequenz in dem
Bereich von 10 bis 80 MHz geeignet sind.

3. Vorrichtung nach Anspruch 1, wobei der erste Wand-
ler (12) und der Frequenzgeber (23) für das Senden
von Anregungssignalen mit einer Mittelfrequenz in
dem Bereich von 15 bis 50 MHz geeignet sind.

4. Vorrichtung nach Anspruch 1, wobei der erste Wand-
ler (12) eine aktive Elementoberfläche von weniger
als 1 mm im Durchmesser aufweist.

5. Vorrichtung nach Anspruch 1, wobei der erste Wand-
ler (12) für die Erzeugung eines steuerbaren Anre-
gungsstrahls geeignet ist.

6. Vorrichtung nach Anspruch 5, wobei der erste Wand-
ler (12) mindestens ein mechanisch steuerbares, ak-
tives Element aufweist.

7. Vorrichtung nach Anspruch 5, wobei der erste Wand-

ler (12) ein Array aktiver Elemente aufweist, die so
in Phase geschaltet werden können, dass sich eine
Steuerung des Elektronenstrahls ergibt.

8. Vorrichtung nach Anspruch 1, wobei der erste Wand-
ler (12) für die Erzeugung von Schalldrücken von
mindestens 10 kPa bei der Sendefrequenz geeignet
ist.

9. Vorrichtung nach Anspruch 8, wobei der erste Wand-
ler (12) für die Erzeugung von Schalldrücken von
mindestens 100 kPa bei der Sendefrequenz geeig-
net ist.

10. Vorrichtung nach Anspruch 1, wobei der zweite
Wandler für die Erzeugung von Schalldrücken von
mindestens 200 kPa geeignet ist.

11. Vorrichtung nach Anspruch 1, wobei die Signalver-
arbeitungseinheit (30) Mittel zur Bestimmung der
Energie bei den harmonischen und/oder subharmo-
nischen Frequenzen durch die Analyse der Multi-
pulssequenzen aufweist.

12. Vorrichtung nach Anspruch 1, die ferner eine Bie-
gung (5) in dem distalen Endabschnitt des Katheters
(13) aufweist, um eine laterale Verschiebung des
Wandlers in eine Position außerhalb der Achse des
Hauptteils des Katheters vorzusehen.

Revendications

1. Dispositif d’imagerie par ultrasons permettant de dé-
tecter des propriétés internes d’un corps cible (10),
comprenant :

un premier transducteur à ultrasons rotatif (12)
positionné à une portion d’extrémité distale d’un
cathéter (13) pour une introduction intravascu-
laire dans le corps cible, le transducteur à ultra-
sons ayant une fréquence de transmission ;
un générateur de formes d’onde (23), couplé au
transducteur, permettant de produire des impul-
sions d’excitation à la fréquence de transmis-
sion et configuré pour générer de multiples sé-
quences d’impulsions pendant la rotation du
transducteur à ultrasons comprenant l’une quel-
conque parmi des séquences multi-impulsions
déphasées, de phase inversée ou modulées en
puissance pour stimuler des signaux d’écho aux
fréquences harmoniques et/ou sous-harmoni-
ques pendant ladite rotation du transducteur ;
un récepteur (22) permettant de recevoir des
signaux d’écho du transducteur ;
un processeur de signal (30) permettant d’ana-
lyser les signaux d’écho du transducteur rotatif
auxdites harmoniques et/ou sous-harmoniques
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de la fréquence de transmission et de générer
des images ; et
un second transducteur de plus basse fréquen-
ce positionné à la portion d’extrémité distale du
cathéter configuré pour produire des impulsions
de destruction d’agent de contraste dans la pla-
ge de 1 à 15 MHz.

2. Dispositif selon la revendication 1, dans lequel le pre-
mier transducteur (12) et le générateur de formes
d’onde (23) sont adaptés pour transmettre des si-
gnaux d’excitation à une fréquence dans la plage de
10 à 80 MHz.

3. Dispositif selon la revendication 1, dans lequel le pre-
mier transducteur (12) et le générateur de formes
d’onde (23) sont adaptés pour transmettre des si-
gnaux d’excitation ayant une fréquence centrale
dans la plage de 15 à 50 MHz.

4. Dispositif selon la revendication 1, dans lequel le pre-
mier transducteur (12) a un élément de surface actif
de moins de 1 mm de diamètre.

5. Dispositif selon la revendication 1, dans lequel le pre-
mier transducteur (12) est adapté pour produire un
faisceau d’excitation dirigeable.

6. Dispositif selon la revendication 5, dans lequel le pre-
mier transducteur (12) comprend au moins un élé-
ment actif mécaniquement dirigeable.

7. Dispositif selon la revendication 5, dans lequel le pre-
mier transducteur (12) comprend un réseau d’élé-
ments actifs qui peuvent être de phase pour conduire
à une direction de faisceau électronique.

8. Dispositif selon la revendication 1, dans lequel le pre-
mier transducteur (12) est adapté pour produire des
pressions acoustiques d’au moins 10 kPa à la fré-
quence de transmission.

9. Dispositif selon la revendication 8, dans lequel le pre-
mier transducteur (12) est adapté pour produire des
pressions acoustiques d’au moins 100 kPa à la fré-
quence de transmission.

10. Dispositif selon la revendication 1, dans lequel le se-
cond transducteur est adapté pour produire des
pressions acoustiques d’au moins 200 kPa.

11. Dispositif selon la revendication 1, dans lequel le pro-
cesseur de signal (30) inclut un moyen permettant
de déterminer l’énergie aux fréquences harmoni-
ques et/ou sous-harmoniques par analyse de multi-
ples séquences d’impulsions.

12. Dispositif selon la revendication 1, incluant en outre

un coude (5) dans la région d’extrémité distale du
cathéter (13) pour assurer un déplacement latéral
du transducteur à une position désaxée d’une por-
tion principale du cathéter.
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