wo 2011/154782 A1 I T 0K OO OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date
15 December 2011 (15.12.2011)

(10) International Publication Number

WO 2011/154782 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72)
(73)

International Patent Classification:
A61B 8/00(2006.01) A61B 8/08 (2006.01)

International Application Number:
PCT/IB2010/054383

International Filing Date:
29 September 2010 (29.09.2010)

Filing Language: English
Publication Language: English
Priority Data:

12/745,374 7 June 2010 (07.06.2010) US

Applicant (for all designated States except US): KONIN-
KLIJKE PHILIPS ELECTRONICS N.V. [NL/NL];
Groenewoudseweg 1, NL-5621 BA Eindhoven (NL).

Inventors; and

Inventors/Applicants (for US only): FERNANDEZ,
Anna, Teresa [US/US]; ¢/o High Tech Campus Building
44, NL-5656 AE Eindhoven (NL). XIE, Hua [CN/US]; ¢/
o High Tech Campus Building 44, NL-5656 AE Eind-
hoven (NL). HALL, Christopher, Stephen [US/US]; c/o
High Tech Campus Building 44, NL-5656 AE Eindhoven
(NL). GAUTHIER, Thomas [FR/US]; c¢/o High Tech
Campus Building 44, NL-5656 AE Eindhoven (NL).
SOKKA, Shunmugavelu [US/US]; c¢/o High Tech Cam-
pus Building 44, NL-5656 AE Eindhoven (NL).

74

62y

84)

Agents: VAN VELZEN, Maaike, M. ct al.; High Tech
Campus 44, NL-5600 AE Eindhoven (NL).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, 8G, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: ULTRASONIC VISUALIZATION OF PERCUTANEOUS NEEDLES, INTRAVASCULAR CATHETERS AND
OTHER INVASIVE DEVICES

114 110 118

120 122

112 ~A

TITETIITT

140

Harmonic
Beamformer Signal B Mode
Separator Detector
le— Amplitude
Transmitter |[«— Frequency Scan ——~ 124
l«— Phase Converter
T— Polarity
Display Pixel Image
Classifier Buffer

Buffer
)

116 142

FIG. 6

!

130 126

(57) Abstract: An invasive medical device includes a fluid path of microbubbles which is imaged by ultrasound during use of the
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Ultrasonic visualization of percutancous needles, intravascular catheters and other invasive

devices

FIELD OF THE INVENTION
This invention relates to medical diagnostic ultrasonic imaging and, in
particular, to ultrasonic imaging of invasive devices inserted into the body during a medical

procedure.

BACKGROUND OF THE INVENTION

Many invasive procedures are augmented by noninvasive imaging, particularly
when an invasive device is inserted into the body to treat a target tissue. For instance, a
biopsy needle is often visually assisted by ultrasound so that a target tissue or cell mass is
accessed directly and positively by the needle. The clinician can visually observe the path of
the needle as it is inserted into the body to sample or remove suspect pathology inside the
body. Another example is an r.f. ablation needle, which is inserted into the body to engage a
tumor which is to be grasped or surrounded by the tines of the needle before r.f. energy is
applied. The visualization assures that the needle tines have correctly and fully engaged the
tumor. A further example is an intravascular catheter, which may be guided over long
distances inside the body from its access point at a femoral artery, for instance. The tip of the
catheter may be observed by ultrasonic imaging to assure its accurate placement in a targeted

chamber of the heart, for example.

SUMMARY OF THE INVENTION

However, it can often be difficult to clearly visualize an invasive device in an
ultrasound field. Invasive devices like needles are generally inserted into the body in close
proximity to the ultrasound probe. These solid instruments are specular reflectors which
present a shallow angle of incidence to the ultrasound beams from the probe. Many times the
position of the instrument is virtually parallel to the beam directions. Consequently the
sound waves can be reflected deeper into the body rather than providing a strong return
signal. As a result the device will present a broken or indistinct appearance in the ultrasound
image. Attempts have been made to mitigate this problem such as forming a diffraction

grating near the tip of a needle as described in US Pat. 4,401,124 (Guess et al.), but this
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approach is also angle-dependent. Another approach is to Doppler demodulate the motion of
the needle as described in US Pat. 5,095,910 (Powers), but this technique is only effective
while the needle is moving. Another Doppler approach is to inject a steady flow of fluid into
the body and detect the locus of the injecting device from Doppler sensing of the flow rate of
the fluid flow, as described in international publication no. WO 2004/082749 (Keenan et al.)
Accordingly it is desirable to be able to clearly image an invasive instrument with ultrasound
regardless of its position in the sound field and without the need to create motional effects.

In accordance with the principles of the present invention, an invasive medical
instrument which is to be imaged by ultrasound utilizes a fluid of microbubbles for improved
visualization. Microbubbles are encapsulated gaseous particles or gaseous pre-cursors
suspended in fluid. The microbubbles can be very small, on the order of tens of microns, and
carried in saline or other fluids. The fluid can be continuously flowing or circulated through
the instrument in a closed path, or can exit the distal end of the instrument to enable the tip of
the device to be clearly located in the image. The microbubbles in the fluid present diffuse
reflectors of harmonic signals to the impinging ultrasound waves, enabling the device to be
clearly imaged regardless of its position in the ultrasound field. The harmonic signal returns
clearly segment the locus of the microbubbles around the distal tip of the instrument from the
fundamental signals returned from other scatterers, and are produced without the need for

motional effects.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

FIGURE 1 is a cross-sectional view of an invasive medical device with an
open microbubble fluid path constructed in accordance with the principles of the present
invention.

FIGURE la is an enlarged view of the tip of the needle of FIGURE 1 showing
the needle tip surrounded by microbubbles.

FIGURE 2 is a cross-sectional view of an invasive medical instrument with a
closed loop microbubble fluid path circulating fluid to and from the tip of the instrument.

FIGURE 2a is a cross-sectional view of the needle sheath of FIGURE 2
showing the path connecting the supply and return fluid paths.

FIGURE 3 is a cross-sectional view of an r.f. ablation needle with the needle

tines ultrasonically illuminated with a flow of microbubbles.
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FIGURE 4 is a block diagram of an ultrasonic imaging system adapted to
image microbubbles associated with an invasive medical device.

FIGURE 5 is a flow chart illustrating exemplary steps in performing r.f.
ablation with the needle of FIGURE 3 in accordance with the principles of the present
invention.

FIGURE 6 illustrates an ultrasonic imaging system in block diagram form
which is adapted to image harmonic signal returned from microbubbles in accordance with
the present invention.

FIGURE 7 illustrates a preferred ultrasonic imaging system in block diagram
form which is adapted to image harmonic signal returned from microbubbles in accordance

with the present invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

Referring first to FIGURE 1, an invasive medical instrument, here shown as a
biopsy needle 20, is constructed in accordance with the principles of the present invention.
The needle 20 comprises an outer sheath 21, sometimes referred to as the insertion needle,
which is inserted into the body toward tissue which is to be biopsied or otherwise probed by
the instrument. The outer sheath 21 carries a stylet or needle or other tool 24. When the
outer sheath 21 is inserted into the body in proximity to the tissue to be probed, the stylet 24
is extended to pierce the suspect tissue and acquire a sample or perform some other operation
on the tissue. In some procedures the insertion needle is removed from the body while the
stylet or tool 24 is left in place for subsequent manipulation.

In accordance with the principles of the present invention a flow 26 of a fluid
containing microbubbles is supplied through the lumen of the needle. In this embodiment the
fluid path is open at the distal tip of the insertion needle and the microbubble fluid can flow
out of the tip of the insertion needle 21 and surround the tip of the stylet 24. The
microbubble fluid may be any biocompatible fluid such as water or saline solution which
contains gaseous particles. The gaseous particles may be air bubbles, encapsulated
microbubbles, phase-converted nanoparticles, agitated saline, or ultrasonic contrast agent to
name a few candidates. The microbubbles are high echogenic particles which provide
relatively strong echo returns from impinging ultrasound waves. In comparison with a needle
which is a specular reflector from which the strength of the returning echoes is highly angle-
dependent, the spherical microbubbles or other particles will return a significant echo signal

with little or no angle dependency. Thus the bath 26 of microbubbles which surrounds the tip
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of the needle 24 will illuminate the tip location and the shaft of the needle and stylet
regardless of the angle of the needle. The needle, on the other hand, may cause impinging
ultrasound to glance off at the angle of the needle and scatter deeper into the tissue rather
than return to the ultrasound transducer, resulting in dropout and an irregular appearance of
the needle and stylet in the ultrasound image. This difficulty is resolved by the microbubble
fluid path which returns ultrasound from along the length of the needle with little or no angle
dependency or image dropout.

FIGURE 1la is an enlarged view of the tip of the stylet 24, which illustrates the
microbubbles 26 surrounding the tip of the instrument. The echo returns from the
microbubbles 26 will thus illuminate the location of the tip in the ultrasound image.

FIGURE 2 illustrates another embodiment of the present invention in cross-
section. The medical instrument illustrated in this embodiment has a closed fluid path for the
microbubble solution. Such an embodiment is suitable for a catheter or other device which is
inserted into the vasculature of the body, and also for instruments which utilize a cooling
fluid for the tip of the instrument, in which case the cooling fluid will contain the
microbubbles. An r.f. ablation catheter used to ablate the endocardial wall of the heart in
cardiac resynchronization therapy may also have a fluid path suitable for carrying a
microbubble solution in accordance with the present invention. In the example of FIGURE 2
the outer sheath 21 contains the microbubble fluid 26 in a supply fluid path 28a. The
microbubble fluid 26 in this path 28a travels to the tip of the instrument from a source of
supply as indicated by arrow 27. On the other side of the sheath 21 is a return fluid path 28b,
through which the microbubble fluid returns to a point outside the instrument as indicated by
the arrow 29. Near the tip of the sheath is a connecting path 28c through which fluid flows
from the supply path 28a to the return path 28b, as shown in FIGURE 2a. An advantage of a
closed fluid path instrument is that the microbubble fluid does not have to meet the stringent
requirements of a fluid which is injected into the body from an open fluid path instrument.

FIGURE 3 illustrates an example of an r.f. ablation needle 30 constructed in
accordance with the principles of the present invention for treating tumors with radio
frequency energy. In this example the needle sheath 21 carries an r.f. ablation needle with
many small, curved tines 32a,32b at the distal tip. The needle sheath 21 is inserted into the
body until the distal end of the sheath approaches a tumor which is to be treated. The needle
is then deployed by extending the needle from the end of the sheath as shown in FIGURE 3.
As the needle is deployed the many curved tines 32a,32b, etc. are disposed uniformly through

the volume of the tumor. However, variations in the density or stiffness of the tumor tissue
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can cause the small tines to deflect from their intended paths and be non-uniformly
distributed in the tumor. The clinician will check for this problem by imaging the deployed
tines with ultrasound. However, as is apparent, the curved tines 32a,32b will scatter
ultrasound at many angles, which can cause dropout and an indistinct view of the fine needle
tines in the ultrasound image. In accordance with the principles of the present invention, a
microbubble fluid 26 surrounds the needle inside the shaft 21 and will travel through the
apertures in the tumor pierced by the tines as shown in FIGURE 3. The echo returns from
the microbubbles adjacent the needle tines 32a,32b will not be angle dependent and will
enable the fine tines of the r.f. ablation needle to be clearly visualized in the ultrasound
image.

FIGURE 4 illustrates an invasive medical device 10 and an ultrasound system
14,16 constructed in accordance with the principles of the present invention. In this example
a needle 10 is inserted through the surface 15 of the body toward a target pathology. As the
needle 10 is inserted its progress is monitored by an ultrasound probe 14 which transmits
ultrasound waves 18 to the needle and receives returning echoes for image formation. The
transduced echo signals are coupled by a cable 17 to the mainframe 16 of the ultrasound
system for processing and display. The echo signals are processed to produce an ultrasound
image 22 which shows the location of the needle in the body.

In accordance with the principles of the present invention, a bag 40 contains a
microbubble fluid 26. The microbubble fluid is supplied to a fluid coupling 12 of the needle
10 by a tube 44. A pump 42 such as an infusion pump or roller pump will gently pump the
microbubble fluid from the supply bag 40 to the needle. The pump pressure need be only
sufficient to cause the microbubble fluid to reach the tip of the needle, and to enable passage
alongside a deployed tool through the aperture cut by the tool, such as the tines of an r.f.
ablation needle. Thus, the fluid pressure need only be sufficient to overcome the occluding
pressure of the tissue which surrounds the tines, for example. In this example a return tube
46 1s coupled to the fluid coupling 12 through which returning fluid is expelled into a
container 48 for disposal. A return tube will be desirable for a closed path system when the
microbubble fluid is continuous supplied to the tip of the instrument as for cooling, for
example. A return tube may also be desirable for an open path system in which a supply of
fresh microbubble fluid is continuously supplied to the instrument.

In other embodiments the microbubble fluid bag 26 and the pump 42 may
comprise a syringe pump with the microbubble fluid contained within a syringe which is

operated by the syringe pump. The microbubble fluid can be supplied by the pump system
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which is a part of an r.f. ablation device or by any other pumping or irrigation subsystem that
is part of the invasive device. The flow of microbubble fluid may be controlled by the
ultrasonic imaging system, which controls the delivery of fluid for improved imaging, either
with or without operator involvement. For example, automatic, semi-automatic or manual
image analysis may detect a poor image of the invasive device and call for a greater or pre-
determined (e.g., a pulsatile flow) delivery of microbubble fluid.

FIGURE 5 is an example of a procedure for using an r.f. needle in accordance
with the present invention. In step 50 a catheter or r.f. needle is inserted into an initial
position adjacent to target tissue. In the case of an r.f. ablation procedure the needle tines are
deployed into the tumor. An infusion pump is then operated in step 52 to fill the catheter or
needle, and/or the space in the tissue adjacent the deployed instrument, with the microbubble
fluid. Ultrasonic imaging is then performed in step 54 in an imaging mode which illuminates
the microbubbles in the image such as contrast-specific imaging, B-mode imaging, or
Doppler imaging. In step 56 the ultrasound images are presented to the clinician performing
the procedure. The images can be 2D images or 3D images (desirable for seeing the
deployed tines of an r.f. ablation needle) and the microbubble visualization images can be
overlaid on a structural B-mode image or shown side-by-side. Additional post-processing
may be performed as desired to highlight needle tines such as speckle-reduction processing.
After viewing the location of the needle, catheter, or needle tines with the microbubble fluid,
the clinician may adjust the position of the invasive instrument as indicated in step 58. Once
the instrument has been adjusted to its most beneficial and effective position in the body, the
intended treatment is performed in step 60.

FIGURE 6 illustrates in block diagram form an ultrasonic diagnostic imaging
system constructed in accordance with the principles of the present invention. The system
operates by scanning a two or three dimensional region of the body being imaged with
ultrasonic transmit beams. As each beam is transmitted along its steered path through the
body, the tissue and microbubbles in the body return echo signals with linear and nonlinear
(or fundamental and harmonic) components corresponding to the transmitted frequency
components. The transmit signals are reflected from the microbubbles of a contrast agent
which exhibit a nonlinear response to ultrasound. The nonlinear response will cause the echo
signals returned from the contrast agent to contain nonlinear components.

The ultrasound system of FIGURE 6 utilizes a transmitter 140 which transmits
waves or pulses of a selected modulation characteristic in a desired beam direction for the

return of harmonic echo components from scatterers within the body. The transmitter is



10

15

20

25

30

WO 2011/154782 PCT/IB2010/054383
7

responsive to a number of control parameters which determine the characteristics of the
transmit beams as shown in the drawing, including the frequency components of the transmit
beam, their relative intensities or amplitudes, and the phase or polarity of the transmit signals.
The transmitter is coupled by a transmit/receive switch 110 to the elements of an array
transducer 112 of a probe 114. The array transducer can be a one dimensional array for
planar (two dimensional) imaging or a two dimensional array for two dimensional or
volumetric (three dimensional) imaging.

The transducer array 112 receives echoes from the body containing linear and
nonlinear components which are within the transducer passband. These echo signals are
coupled by the switch 110 to a beamformer 118 which appropriately delays echo signals from
the different transducer elements, then combines them to form a sequence of coherent echo
signals along the beam from shallow to deeper depths. Preferably the beamformer is a digital
beamformer operating on digitized echo signals to produce a sequence of discrete coherent
digital echo signals from a near field to a far field depth of field. The beamformer may be a
multiline beamformer which produces two or more sequences of echo signals along multiple
spatially distinct receive scanlines in response to the transmission of one or more spatially
distinct transmit beams, which is particularly useful for 3D imaging. The beamformed echo
signals are coupled to a harmonic signal separator 120.

The harmonic signal separator 120 can separate the linear and nonlinear
components of the echoes signal in various ways. One way is by filtering. Since certain
nonlinear components such as the second harmonic are at a different frequency band (2f;)
than the fundamental transmit frequencies (f,), the harmonic signals which are the signature
of microbubbles can be separated from the linear components by band pass or high pass
filtering. There are also a number of multiple pulse techniques for separating nonlinear
components which are generally referred to as pulse inversion techniques. In pulse inversion
the image field is insonified by the transmission of multiple, differently modulated transmit
signals in each beam direction, returning multiple echoes from the same location in the image
field. The transmit signals may be modulated in amplitude (as described in U.S. Pat.
5,577,505 (Brock Fisher et al.)), phase or polarity (as described in U.S. Pat. 5,706,819
(Hwang et al.)), or a combination thereof. When the received echoes from a common
location are combined, the linear signal components are canceled and the nonlinear signal
components reinforce each other (or vice versa, as desired), thereby producing separated

nonlinear (e.g., harmonic) echo signals for imaging.



10

15

20

25

30

WO 2011/154782 PCT/IB2010/054383
8

The echo signals are detected by a B mode detector 122. An advantage of the
inventive technique over the prior art techniques discussed above is that Doppler processing
is not necessary. The present invention may be carried out using Doppler processing if
desired in a given embodiment, however the use of B mode signals avoids the reduction in
real time frame rate caused by the acquisition of long Doppler ensembles. The detected echo
signals are then converted into the desired image format such as a sector or pyramidal image
by a scan converter 124. The scan converted image is temporarily stored in an image buffer
126 from which it can undergo further processing. The image data is coupled to a pixel
classifier where the strong harmonic signal returns from microbubbles can be segmented and,
if desired, highlighted in the image as by coloring or brightness control, e.g., to emphasize
the small pool of microbubbles around the tip of the needle. The image of the needle with its
tip clearly indicated by the harmonic signals from surrounding microbubbles is coupled to a
display buffer 142, from which it is shown on a display 116.

FIGURE 7 illustrates another ultrasonic diagnostic imaging system in block
diagram form which performs harmonic signal separation by the techniques of two-pulse
phase or polarity pulse inversion or difference frequency detection. In FIGURE 7 the
transducer array 112 receives echoes of nonlinear signal from microbubbles which may
comprise harmonic or difference frequency components. These echo signals are coupled by
the switch 110 to the beamformer 118 which appropriately delays echo signals from the
different elements then combines them to form a sequence of echo signals along the beam
from shallow to deeper depths. The beamformer may be a multiline beamformer which
produces two or more sequences of echo signals along multiple spatially distinct receive
scanlines in response to a single transmit beam. The beamformed echo signals are coupled to
a nonlinear signal separator 120. In this embodiment the separator 120 is a pulse inversion
processor which separates the nonlinear signals including second harmonic and difference
frequency components by the pulse inversion technique. Since the harmonic and difference
frequency signals are developed by nonlinear effects, they may advantageously be separated
by pulse inversion processing. For pulse inversion the transmitter has another variable
transmit parameter which is the phase, polarity or amplitude of the transmit pulse as shown in
the drawing. The ultrasound system transmits two or more beams of different transmit
polarities controlled by the transmitter 140 which exhibit different amplitudes and/or phases.
Another alternative is to transmit the beams with two different major component
frequencies, shown as bf; and af,, which are intermodulated by their passage through tissue

to produce a difference frequency (fi—f;). For a two pulse embodiment, the scanline echoes
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received in response to the first transmit pulse are stored in a Linel buffer 152. The scanline
echoes received in response to the second transmit pulse are stored in a Line2 buffer 154 and
then combined with spatially corresponding echoes in the Linel buffer by a summer 156.
Alternatively, the second scanline of echoes may be directly combined with the stored echoes
of the first scanline without buffering. As a result of the different phases or polarities of the
transmit pulses, the out of phase fundamental (linear) echo components will cancel and the
nonlinear second harmonic or difference frequency components, being in phase, will
combine to reinforce each other, producing enhanced and clearly segmented nonlinear
harmonic difference frequency signals. The nonlinear harmonic or difference frequency
signals may be further filtered by a filter 160 to remove undesired signals such as those
resulting from operations such as decimation. The signals are then detected by a detector
162, which may be an amplitude or phase detector. The echo signals are then processed by a
signal processor 164 for subsequent grayscale, Doppler or other ultrasound display, then
further processed by an image processor 150 for the formation of a two dimensional or three
dimensional image of the needle and the nonlinear (harmonic or difference frequency) signals
returned from the microbubbles. The resultant display signals are displayed on the display
116.
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CLAIMS:

1. An ultrasonic diagnostic imaging system for imaging an invasive medical
device comprising:

an invasive medical device having a fluid path;

a source of microbubble fluid coupled to the fluid path and providing
microbubble fluid for the fluid path;

an ultrasound probe for scanning an ultrasonic image field which includes the
location of the invasive medical device; and

an ultrasound imaging system, coupled to the ultrasound probe and responsive
to nonlinear ultrasound signals received by the probe from the microbubbles of the fluid for

displaying an image of the location of the microbubbles.

2. The ultrasonic diagnostic imaging system of Claim 1, wherein the fluid path

extends to the distal tip of the medical device.

3. The ultrasonic diagnostic imaging system of Claim 1, wherein the medical
device further includes an insertion portion and a tool which is extendable from the distal end
of the insertion portion, wherein the fluid path extends to the distal end of the insertion

portion and is open to the tool location.

4. The ultrasonic diagnostic imaging system of Claim 1, wherein the medical
device further includes an insertion portion having a distal end, wherein the fluid path further
includes a supply path extending to the distal end and a return path extending from the distal

end.

5. The ultrasonic diagnostic imaging system of Claim 1, wherein the invasive
medical device further comprises an r.f. ablation device for one of applying r.f. energy to a

tumor or r.f. energy to a chamber of the heart.
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6. An ultrasonic diagnostic imaging system for imaging an invasive medical
device comprising:

an invasive medical device having a fluid path and a coupling to the fluid path;

a source of microbubble fluid;

a fluid pump coupled between the source of microbubble fluid and the medical
device coupling which act to supply microbubble fluid to the fluid path of the device;

a return fluid path coupled to the medical device coupling for removal of
microbubble fluid from the medical device;

an ultrasound probe for scanning an image field including the location of the
medical device within a body; and

an ultrasonic imaging system, coupled to the ultrasound probe and responsive
to nonlinear signals returned from the microbubble fluid, which produces an image of the

location of the invasive medical device within the body.

7. The ultrasonic diagnostic imaging system of Claim 6, wherein the ultrasonic
imaging system is capable of operating in one of the contrast-specific imaging, B-mode

imaging, or Doppler imaging modes.

8. The ultrasonic diagnostic imaging system of Claim 6, wherein the fluid pump

comprises an infusion pump.

9. The ultrasonic diagnostic imaging system of Claim 6, wherein a distal end of
the medical device is insertable into tissue, and wherein the fluid path is open to allow

microbubble fluid to flow to the tissue.

10. The ultrasonic diagnostic imaging system of Claim 6, wherein the fluid path of
the medical device extends to a distal end of the medical device, wherein the fluid path is a

closed fluid path within the portion of the medical device that is insertable into tissue.

11. The ultrasonic diagnostic imaging system of Claim 6, wherein the invasive
medical device further comprises an r.f. ablation device for one of applying r.f. energy to a

tumor or r.f. energy to a chamber of the heart.
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12. The ultrasonic diagnostic imaging system of Claim 6, wherein the source of

microbubble fluid comprises a bag of microbubbles in saline solution.

13. The ultrasonic diagnostic imaging system of Claim 6, wherein the
microbubble fluid comprises one of air bubbles, encapsulated microbubbles, microbubbles of

phase-converted nanoparticles, microbubbles of agitated saline, or microbubbles of ultrasonic

contrast agent.

14. The ultrasonic diagnostic imaging system of Claim 6, wherein the ultrasonic

imaging system is operable to control the delivery of microbubble fluid by the fluid pump.
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