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Description

[0001] This invention relates to medical diagnostic ul-
trasound systems and, in particular, to ultrasonic diag-
nostic imaging systems which enable the visualization
and guidance of the insertion of multiple biopsy needles
in real time.

[0002] Ultrasonicimaging haslongbeen used toimage
the insertion path of biopsy needles and other invasive
devices so that the clinician can visually observe the in-
sertion of the needle toward and to target anatomy which
is to be biopsied.

Conventionally this is done with two dimensional (2D)
ultrasound imaging and a 2D imaging probe equipped
with a needle guide. One such needle guide is illustrated
in US Pat. 6,203,499 (Imling et al.) The purpose of the
needle guide is to keep the needle in alignment with the
plane of the 2D image of the ultrasound probe so that
theinsertion of the needle continuously takes place within
thatplane where itis continually imaged by the ultrasound
probe. The needle guide clips onto the probe so that the
hole or slot in the guide through which the needle is in-
serted is in fixed alignment with the image plane of the
probe. This limits needle insertion to two positions, one
end of the probe or the other. The clinician manipulates
the probe until the target anatomy is in view in the image
plane. The clinician then inserts the needle through the
guide and at an inclination which will cause the tip of the
needle to be inserted toward and access the target anat-
omy. A sample of the target anatomy can then be ex-
tracted through the Iumen of the needle.
US2002/0123689 discloses an ultrasonic probe with a
needle guide for up to 3 needles.

[0003] A difficulty commonly encountered in needle bi-
opsies is keeping the insertion path of the needle con-
stantly in alignment with the image plane of the probe.
There are two sources of this difficulty. One is that the
probe must be held stationary with one hand to keep the
image plane in a fixed position while the needle is ma-
nipulated and inserted with the other hand. The other is
that the needle can bend and deflect as it is inserted and
encounters tissues of different density and stiffness as it
penetrates the tissue of the body. This can cause the
needle to vary from a single plane as itis inserted. Hence
it would be desirable to have a wider field of of view of
the target anatomy and the needle insertion path such
as one afforded by three dimensional (3D) ultrasound
imaging. It would further be desirable to enable the nee-
dle to be inserted from a variety of positions and not just
from the ends of the probe.

[0004] Three dimensional ultrasound imaging will af-
ford awider field of view of the needle insertion. However,
many clinicians do not like the clutter and often ambigu-
ous perception of depth in a 3D ultrasonic imaging. They
prefer a clear and easy to understand two dimensional
image. One way to accommodate this desire is to use
3D imaging with multi-planar reconstruction (MPR). With
MPR the 3D probe will scan the three dimensional volume
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in front of the probe which includes the target anatomy,
then one plane in the volume is chosen to be constructed
as a 2D image. This enables the clinician to hold the 3D
probe stationary and adjust the MPR plane location to
accommodate a changing needle insertion plane. Unfor-
tunately, this is in practice a three-handed procedure:
one hand to hold the probe, one to insert the needle, and
a third to adjust the location of the MPR plane.
WO02011/114259 discloses the automatic positioning of
imaging planes in ultrasonic imaging. It would be desir-
able to improve this procedure so that the needle will be
continually imaged in a 3D volume with one hand holding
the probe and the other inserting the needle.

[0005] Inaccordance with the principles of the present
invention, a diagnostic ultrasound system has a 3D im-
aging probe with a needle guide that automatically aligns
the plane of a displayed ultrasound image with the plane
of needle insertion. A needle guide attached to the im-
aging probe produces a signal identifying the location of
the plane of needle insertion in a volumetric region which
can be scanned by the probe. The ultrasound system
produces an image of the identified plane, preferably by
biplane imaging by which only the identified plane or
planes are scanned. In one embodiment the insertion
planes of multiple needles can be identified, facilitating
use of an ultrasound system of the present invention for
procedures such as r.f ablation using multiple needles.
In another embodiment the insertion planes of differently
inclined needles can be identified and visualized.
[0006] In the drawings:

FIGURE 1 illustrates a 3D ultrasound probe being
held by the probe handle with a needle guide of the
present invention attached to the distal end of the
probe.

FIGURE 2 is a view of the face of the 3D probe of
FIGURE 1 with the needle guide attached to and
surrounding the distal end of the probe.

FIGURE 3 illustrates a reference plane location and
an insertion plane location of the probe and needle
guide of FIGURES 1 and 2.

FIGURE 4 shows the needle guide attached to the
end of the probe with a surrounding needle position
encoder and a wireless communicator.

FIGURE 5a illustrates a needle guide of the present
invention which employs an optical needle position
encoder.

FIGURE 5b illustrates a needle guide of the present
invention which employs a resistive needle position
encoder.

FIGURE 6 illustrates the relationship between the
plane of needle insertion and the location of the bi-
plane in which the insertion plane is located in rela-
tion to the volumetric region which can be scanned
by a 3D imaging probe.

FIGURE 7 illustrates in block diagram form an ultra-
sound system with a needle guide constructed in ac-
cordance with the principles of the presentinvention.
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FIGURES 8 an 9 illustrate a needle guide of the
present invention with multiple angles of inclination
for needle insertion.

FIGURE 10 illustrates an ultrasound display of mul-
tiple needles being used for a microwave ablation
procedure.

[0007] Referring first to FIGURE 1, a 3D ultrasound
imaging probe 12 is shown being held at its proximal
(cable) end with a needle guide 14 of the present inven-
tion attached to the distal (acoustic window) end of the
probe. The needle guide attaches to the probe in a fixed
orientation by alignment with a distinctive feature of the
probe such as its probe orientation marker. A probe ori-
entation marker is a feature usually located on a side of
the distal end of the probe which the clinician uses to
relate the orientation of the probe on the subject to the
orientation of the anatomy in the ultrasound image. See,
for example, US Pat. 5,255,682 (Pawluskiewicz et al.) In
a constructed embodiment the probe 12 has an orienta-
tion marker formed as a projection which is aligned with
a mating notch in the inner circumference of the needle
guide, thereby assuring that the needle guide can be at-
tached to the probe in only one known orientation. When
properly attached the face of the needle guide is aligned
with the face of the lens 71 of the probe as shown in the
plan view of the face of both components in FIGURE 2.
The illustrated needle guide is a ring-like structure with
a number of angled holes 40 located around the guide.
The holes are slightly larger than the size of the needle
with which the guide is intended to be used, small enough
to constrain the path of insertion of the needle yet large
enough to permit the clinician to move and guide the nee-
dle as it is inserted. In the illustrated needle guide there
are thirty-six evenly spaced holes 40, one every 10°
around the circumference of the ring-like guide. The
holes are angled so that the path of an inserted needle
is directed under the lens 71 and travels into the aperture
of the probe. In the illustrated embodiment the holes are
angled at 20° with respect to an axis normal to the face
of the probe lens. The probe 12 is a 3D imaging probe
which preferably has a two-dimensional array of trans-
ducer elements by which a pyramidal or trapezoidal vol-
ume in front of the lens can be scanned by electronic
beam steering. Mechanically scanning 3D probes may
also be used. As a needle is guided into the subject by
the needle guide, its path of insertion is guided into the
volumetric region which can be imaged by the 3D probe
12. FIGURE 3 illustrates a reference plane 42 projecting
normal to the face of the lens 71 and orthogonal to the
ends of the 2D array probe. This illustration shows a hole
40 (enlarged for purposes of illustration) through which
a needle can be inserted to travel along an insertion path
in an imaging plane of the probe which is at an angle of
0 with respect to the reference plane 42.

[0008] FIGURE 4 illustrates the needle guide 14 with
a rotational encoder 44 that identifies the location of a
hole around the guide through which a needle is inserted.
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When a needle is inserted through a hole at the eight
o’clock position of the guide 14 in FIGURE 4, the encoder
identifies a scan plane at a position of 6 with respect to
the reference plane 42 in which the needle insertion path
can be imaged. If a needle is inserted through a hole at
the four o’clock position, for instance, the encoder will
identify a scan plane at a position of -6 in which the in-
sertion path can be imaged. The identified scan plane is
communicated to the ultrasound system operating the
probe, by either a wired connection or a wireless con-
nection such as a Bluetooth communication link 60. Pow-
er for the encoder can be provided by either a wired con-
nection or a battery 62.

[0009] The encoder can be constructed in a number
of ways. One way is to use optical encoding as shown in
FIGURE 5a. In this embodiment there are a number of
light emitters such as LEDs 46 which direct light across
the holes 40 to light detectors on the other side of the
holes. When a needle is inserted through a particular
hole, the needle will block the light from the detector for
that hole and the detector signal then identifies that par-
ticular hole and its corresponding scan plane as one
through which a needle is being inserted. The ultrasound
probe and ultrasound system will then image the identi-
fied scan plane and the needle being inserted in that
plane. As illustrated in FIGURE 5a, when a needle is
inserted through a hole 40 at the eight o’clock position
of the needle guide, the optical detector signal identifies
scan plane 6 as that of the needle insertion path.
[0010] Another encoder implementation which uses a
resistive encoder is illustrated in FIGURE 5b. In this im-
plementation the encoder 44 has an outer slip ring with
one or more holes or grooves 84 through which a needle
can be inserted. The outer slip ring 58 can be rotated
around an inner ring 56 which has a resistive path 48
around the ring. The outer slip ring has a sliding contact
82 in a known relationship to the position of the hole or
groove 84 of the slip ring 58 which is in electrical contact
with the resistive path 48. The sliding contact and resis-
tive path thereby operate as a potentiometer such that
an electrical measurement between "+" and "-" terminals
electrically connected to the sliding contact 82 and an
end of the resistive path will identify the position of the
hole or groove around the ring-like structure. This posi-
tion information is reported to the ultrasound system to
identify the plane of the needle insertion path to be
scanned by the probe and ultrasound system. Multiple
holes or grooves can be individually identified by con-
necting an additional resistance in series with a respec-
tive terminal so that the range of resistance values re-
ported for one hole does not overlap the range of resist-
ance values for the others.

[0011] FIGURE 6 is an illustration of the relationships
between a 3D imaging probe 12, the volume 100 which
may be scanned by the probe, and a selected scan plane
102 in which the image field 104 of the probe is posi-
tioned. When a needle 110 is inserted through a hole or
groove in the needle guide 14, the needle is constrained
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to a path which comes into view beneath the acoustic
window of the probe. Since the probe is a 3D imaging
probe, it is capable of scanning numerous plane orien-
tations in the volume 100. The rotational encoder of the
needle guide 14 identifies the particular hole through
which the needle is being inserted, which corresponds
to a particular scan plane orientation 102 that can be
imaged by the 3D imaging probe. The probe 12 then im-
ages the identified scan plane orientation as illustrated
by the sector scan area 104 in plane 102. The clinician
can then follow the progress of the needle 110 as it is
inserted along an insertion path in the sector scan area
104 until the tip 112 of the needle accesses the target
anatomy.

[0012] FIGURE 7 illustrates an ultrasound probe, nee-
dle guide, and ultrasound system constructed in accord-
ance with the principles of the present invention. The
ultrasound system 10 is configured by two subsystems,
afront end acquisition subsystem 10A and a display sub-
system 10B. A 3D ultrasound probe 12 is coupled to the
acquisition subsystem which includes a two-dimensional
matrix array transducer 70 and a micro-beamformer 72.
The micro-beamformer contains circuitry which control
the signals applied to groups of elements ("patches") of
the array transducer 70 and does some processing of
the echo signals received by elements of each group.
Micro-beamforming in the probe advantageously reduc-
es the number of conductors in the cable between the
probe and the ultrasound system and is described in US
Pat. 5,997,479 (Savord et al.) and in US Pat. 6,436,048
(Pesque), and provides electronic steering of beams on
transmit and receive for high frame rate real-time (live)
2D or 3D imaging.

[0013] The probe 12 is coupled to the acquisition sub-
system 10A of the ultrasound system. The acquisition
subsystem includes a beamform controller 74 which is
responsive to a user control 36 and, for the present in-
vention, a gating signal, which provide control signals to
the microbeamformer 72, instructing the probe as to the
timing, frequency, direction and focusing of transmit and
receive beams and the plane or planes to be scanned
by those beams. The beamform controller also controls
the system beamforming of echo signals received by the
acquisition subsystem by its control of analog-to-digital
(A/D) converters 18 and a beamformer 20. Partially
beamformed echo signals received from the probe are
amplified by preamplifier and TGC (time gain control) cir-
cuitry 16 in the acquisition subsystem, then digitized by
the A/D converters 18. The digitized echo signals are
then formed into fully steered and focused beams by a
main system beamformer 20. The echo signals are then
processed by animage processor 22 which performs dig-
ital filtering, B mode and M mode detection, and Doppler
processing, and can also perform other signal processing
such as harmonic separation, speckle reduction, and oth-
er desired image signal processing.

[0014] The echo signals produced by the acquisition
subsystem 10A are coupled to the display subsystem
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10B, which processes the echo signals for display in the
desired image format. The echo signals are processed
by an image line processor 24, which is capable of sam-
pling the echo signals, splicing segments of beams into
complete line signals, and averaging line signals for sig-
nal-to-noise improvement or flow persistence. The image
lines for a 2D image are scan converted into the desired
image format by a scan converter 26 which performs R-
theta conversion as is known in the art. The scan con-
verter can thus formatrectilinear or sectorimage formats.
The image is then stored in an image memory 28 from
which it can be displayed on a display 38. The image in
memory is also overlaid with graphics to be displayed
with the image, which are generated by a graphics gen-
erator 34 which is responsive to the user control 36 so
that the graphics produced are associated with the im-
ages of the display. Individual images or image sequenc-
es can be stored in a cine memory 30 during capture of
image loops or sequences.

[0015] For real-time volumetric imaging the display
subsystem 10B also includes a 3D image rendering proc-
essor 32 which receives image lines from the image line
processor 24 for the rendering of real-time three dimen-
sional images. The 3D images can be displayed as live
(real time) 3D images on the display 38 or coupled to the
image memory 28 for storage of the 3D data sets for later
review and diagnosis.

[0016] In accordance with the present invention the
scan plane identification signal produced by the needle
guide 14, which identifies the scan plane in which a nee-
dle inserted through the needle guide will pass and can
be imaged, is coupled to a plane ID processor 52. The
plane identification signal produced by the plane ID proc-
essor is coupled to a trigger signal generator 54 which
produces a gating signal that commands the beamformer
controller 74 to control the scanning of a desired scan
plane, one in which a needle insertion path is located.
The beamformer controller 74 controls the microbeam-
former 72 to scan the desired scan plane and produce
echo signals from the scanning of the desired plane which
are partially beamformed by the microbeamformer and
coupled to the system beamformer 20 for completion of
beamformation of scanline in the desired plane. The
scanlines of the plane are processed by the image line
processor 24 and scan converted into a two dimensional
image of the identified plane which is displayed on the
display 38. The identified scan plane can be imaged as
a single thin plane within the elevational resolution of the
probe and system, but can also be imaged as a thick
slice image of a plane thickness greater than that of a
single thin plane as described in US patent publication
no. US2010/0168580A1 (Thiele et al.) The use of thick
slice imaging enables the needle to be continually visu-
alized inthe image even ifits path of insertion varies from
aperfectly straightline, so long as the path remains within
the thickness of the thick slice image.

[0017] FIGURES 8 and 9 illustrate another needle
guide of the present invention through which needles 110
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can be inserted at different inclination angles «, B, and
y- The cross sectional view of FIGURE 8 shows three
needles 110, 110’, and 110" inserted through different
holes 40 of the needle guide which guide the needles
along insertion paths inclined at angles vy, B, and a, re-
spectively. Each set of three holes at a particular rota-
tional position around the guide will direct the needles
along an insertion path in the same scan plane, two of
which, 64 and 6,, are shown in FIGURE 9 in relation to
the central reference plane 42. The needle guide 14 of
FIGURES 8 and 9 enable a clinician to access target
anatomy at different depths below the probe while iden-
tifying the scan plane of each insertion path.

[0018] In a given invasive procedure it may be desira-
ble to access anatomy in the body with several invasive
instruments simultaneously. As FIGURES 4 and 9 illus-
trate, multiple needles can be inserted at the same time
in different identified scan planes 61 and 62 or +6 and -
0, for example. When two insertion paths through the
guide are used, the guide will report the identity of the
two different scan plane orientations to the plane ID proc-
essor, which will cause the ultrasound system 10 to al-
ternately scan the different planes. Two different instru-
ments may be used for microwave ablation of target anat-
omy, for instance, in which case the clinician will want to
visually guide both ablation needles to the target so that
their tips are in contact with the anatomy to be ablated.
FIGURE 10illustrates an ultrasound display which shows
four different images of an invasive procedure using a
needle guide of the present invention. In this example
three different needles, 110, 110B, and 110y are being
used andimaged atthe same time. Needle 110a is shown
in ultrasound image 202 of the insertion path scan plane
ofneedle 110a and the border 202a of this image is color-
ed a unique color such as blue to distinguish the image
of needle 110c.. Identifying and coloring a needle in an
ultrasound image can be performed by a segmentation
technique that specifically identifies the needle in an im-
age fromits surrounding tissue as described in US patent
pub. no. 2004/0002653 (Greppi et al.) and in the paper
"Enhancement of Needle Visibility in Ultrasound-guided
Percutaneous Procedures" by S. Cheung et al., Ultra-
sound in Med. & Biol., vol. 30, no. 5 (2004) at pp 617-24,
for example. Similarly, needles 110p and 110y are shown
in respective 2D images 204 and 206 of their insertion
paths and are outlined in distinctive colors 204a and 206a
such as red and yellow. Image 201 is a full 3D volumetric
image of the region of the procedure which shows the
target anatomy being accessed by all three needles. In
the 3D image each needle is colored with its distinctive
color, blue, red, or yellow, so that the clinician can easily
relate each needle in the 3D image to its own 2D insertion
planeimage. Each 2D image plane and the full 3D volume
are scanned in a time interleaved manner, with the indi-
vidual insertion planes being scanned at a greater repe-
tition rate (and hence real time frame rate of display) than
the 3D image. Once the needles are in their desired po-
sitions in the target anatomy the individual 2D images
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can be frozen on the screen so that the full acquisition
time is devoted to 3D imaging and the procedure at the
target anatomy can continue to be imaged in live 3D.

[0019] An implementation of the needle guide and ul-
trasound system of the present invention can be assisted
by other guides to help the clinician plan and carry out a
needle insertion procedure, such as guiding the clinician
in needle insertion to avoid hard tissues and critical anat-
omy as described in US patent application no.
61/587,784, filed January 18,2012 and entitled "ULTRA-
SONIC GUIDANCE OF A NEEDLE PATH DURING BI-
OPSY" (Kudavelly et al.) Avoidance of hard tissue in the
insertion path can help prevent deflection and bending
of a needle during insertion. This guidance assistance
can be used to plan the insertion path prior to the proce-
dure or to provide guidance as a needle is being inserted.

Claims

1. An ultrasonic imaging system which visually guides
insertion of a plurality of invasive devices such as a
biopsy or ablation needle comprising:

a 3D ultrasonic imaging probe (12) which is ca-
pable of imaging different planes of a volumetric
region;

a needle guide (14), dimensioned to attach to
the imaging probe (12) in a predetermined ori-
entation, the needle guide having a plurality of
needle insertion positions to guide the plurality
of invasive devices for insertion into the volu-
metric region through a plurality of different in-
sertion planes; and

an ultrasound system (10) coupled to the probe
and configured to control the 3D ultrasonic im-
aging probe to simultaneously produce a plural-
ity of 2D images, planes of which being aligned
with the plurality of different insertion planes.

2. The ultrasonic imaging system of Claim 1, wherein
the ultrasound system further comprises a display
subsystem which produces a plurality of differently
coded 2D images of the plurality of differentinsertion
planes.

3. The ultrasonic imaging system of Claim 2, wherein
the differently coded 2D images are differently color-
coded.

4. The ultrasonic imaging system of Claim 3, wherein
the differently coded 2D images display differently
color-coded invasive devices in the differentimages.

5. The ultrasonic imaging system of Claim 3, wherein
the differently coded 2D images have differently
colored borders.
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The ultrasonic imaging system of Claim 1, wherein
the ultrasound system further controls the 3D ultra-
sonic imaging probe to produce a 3D volumetric im-
age,

wherein the ultrasound system further comprises a
display subsystem (10A) which simultaneously pro-
duces the plurality of 2D images and the 3D volu-
metric image.

The ultrasonic imaging system of Claim 6, wherein
the 3D volumetric image displays the plurality of in-
vasive devices in distinctively different colors.

The ultrasonic imaging system of Claim 7, wherein
the plurality of 2D images are each differently color-
coded,

wherein the 3D volumetric image displays a plurality
of invasive devices in different colors corresponding
to the 2D image color coding.

The ultrasonic imaging system of Claim 1, wherein
the needle insertion positions further comprise a plu-
rality of needle insertion holes or grooves(84) of the
needle guide located around an attached imaging
probe.

The ultrasonic imaging system of Claim 9, wherein
the needle guide further comprises a needle inser-
tion detector associated with each of the plurality of
needle insertion holes or grooves which detects the
insertion of a needle and identifies the insertion plane
of the inserted needle.

The ultrasonic imaging system of Claim 10, wherein
the needle insertion detector further comprises an
optical detector.

The ultrasonic imaging system of Claim 10, wherein
the needle insertion detector further comprises a re-
sistive detector.

The ultrasonic imaging system of Claim 10, wherein
the needle insertion detector communicates the
identity of a plurality of differently oriented insertion
planes to the ultrasound system,

wherein the ultrasound system is responsive to the
communication of the identity of a plurality of differ-
ently oriented insertion planes to control the 3D ul-
trasonic imaging probe to scan only the differently
oriented insertion planes identified in the volumetric
region.

The ultrasonic imaging system of Claim 1, wherein
the plurality of invasive devices further comprise a
plurality of r.f. ablation needles.

The ultrasonic imaging system of Claim 1, wherein
the plurality of invasive devices further comprise a
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plurality of biopsy needles.

Patentanspriiche

1.

Ultraschallbildgebungssystem, das die Einfihrung
einer Vielzahl invasiver Vorrichtungen wie zum Bei-
spiel einer Biopsie- oder Ablationsnadel visuell fiihrt,
umfassend:

eine 3D-Ultraschallbildgebungssonde (12), die
verschiedene Ebenen eines volumetrischen Be-
reichs abbilden kann;

eine Nadelfiihrung (14), die dimensioniert ist,
um sich in einer vorgegebenen Orientierung an
die Bildgebungssonde (12) zu fligen, wobei die
Nadelfihrung eine Vielzahl von Nadeleinfiih-
rungspositionen aufweist, um die Vielzahl inva-
siver Vorrichtungen zur Einfiihrung in den volu-
metrischen Bereich durch eine Vielzahl ver-
schiedener Einflihrungsebenen zu flihren; und
ein Ultraschallsystem (10), das an die Sonde
gekoppelt ist und konfiguriert ist, um die 3D-UI-
traschallbildgebungssonde zu steuern, um
gleichzeitig eine Vielzahl von 2D-Bildern zu er-
zeugen, deren Ebenen an der Vielzahl verschie-
dener Einflhrungsebenen ausgerichtet sind.

Ultraschallbildgebungssystem nach Anspruch 1,
wobei das Ultraschallsystem weiter ein Anzeigesub-
system umfasst, das eine Vielzahl verschieden co-
dierter 2D-Bilder der Vielzahl verschiedener Einfiih-
rungsebenen erzeugt.

Ultraschallbildgebungssystem nach Anspruch 2,
wobei die verschieden codierten 2D-Bilder verschie-
den farbcodiert sind.

Ultraschallbildgebungssystem nach Anspruch 3,
wobei die verschieden codierten 2D-Bilder verschie-
den farbcodierte invasive Vorrichtungen in den ver-
schiedenen Bildern anzeigen.

Ultraschallbildgebungssystem nach Anspruch 3,
wobei die verschieden codierten 2D-Bilder verschie-
denfarbige Rander aufweisen.

Ultraschallbildgebungssystem nach Anspruch 1,
wobei das Ultraschallsystem weiter die 3D-Ultra-
schallbildgebungssonde steuert, um ein volumetri-
sches 3D-Bild zu erzeugen,

wobei das Ultraschallsystem weiter ein Anzeigesub-
system (10A) umfasst, das gleichzeitig die Vielzahl
von 2D-Bildern und das volumetrische 3D-Bild er-
zeugt.

Ultraschallbildgebungssystem nach Anspruch 6,
wobei das volumetrische 3D-Bild die Vielzahl inva-
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siver Vorrichtungen in deutlich verschiedenen Far-
ben anzeigt.

Ultraschallbildgebungssystem nach Anspruch 7,
wobei die Vielzahl von 2D-Bildern jeweils verschie-
den farbcodiert ist,

wobei das volumetrische 3D-Bild eine Vielzahl inva-
siver Vorrichtungen in verschiedenen Farben, die
der 2D-Bild-Farbcodierung entsprechen, anzeigt.

Ultraschallbildgebungssystem nach Anspruch 1,
wobei die Nadeleinfiihrungspositionen weiter eine
Vielzahl von um eine angefiigte Bildgebungssonde
angeordneten Nadeleinfiihrungsléchern oder -rillen
(84) der Nadelfiihrung umfassen.

Ultraschallbildgebungssystem nach Anspruch 9,
wobei die Nadelfiihrung weiter einen Nadeleinfiih-
rungsdetektor in Verbindung mit jeder der Vielzahl
von Nadeleinflihrungsléchern oder -rillen umfasst,
der die Einfiihrung einer Nadel detektiert und die Ein-
fihrungsebene der eingefiihrten Nadel identifiziert.

Ultraschallbildgebungssystem nach Anspruch 10,
wobei der Nadeleinfiihrungsdetektor weiter einen
optischen Detektor umfasst.

Ultraschallbildgebungssystem nach Anspruch 10,
wobei der Nadeleinfihrungsdetektor weiter einen re-
sistiven Detektor umfasst.

Ultraschallbildgebungssystem nach Anspruch 10,
wobei der Nadeleinfiihrungsdetektor die Identitat ei-
ner Vielzahl verschieden orientierter Einfiihrungse-
benen an das Ultraschallsystem tbermittelt,

wobei das Ultraschallsystem auf die Ubermittlung
der ldentitat einer Vielzahl verschieden orientierter
Einfiihrungsebenen reagieren kann, um die 3D-UI-
traschallbildgebungssonde zu steuern, um nur die
verschieden orientierten Einfiihrungsebenen zu
scannen, die im volumetrischen Bereich identifiziert
wurden.

Ultraschallbildgebungssystem nach Anspruch 1,
wobei die Vielzahl invasiver Vorrichtungen weiter ei-
ne Vielzahl von RF-Ablationsnadeln umfasst.

Ultraschallbildgebungssystem nach Anspruch 1,
wobei die Vielzahl invasiver Vorrichtungen weiter ei-
ne Vielzahl von Biopsienadeln umfasst.

Revendications

Systeme d’imagerie ultrasonore qui guide visuelle-
ment I'insertion d’une pluralité de dispositifs invasifs
tels qu'une aiguille de biopsie ou d’ablation
comprenant :
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une sonde d’imagerie ultrasonore 3D (12) qui
est capable d’'imager différents plans d’'une ré-
gion volumétrique ;

un guide d’aiguille (14), dimensionné pour étre
fixé a la sonde d’'imagerie (12) dans une orien-
tation prédéterminée, le guide d’aiguille ayant
une pluralité de positions d’insertion d’aiguille
pour guider l'insertion de la pluralité de disposi-
tifs invasifs dans la région volumétrique a travers
une pluralité de différents plans d’insertion ; et
un systeme ultrasonore (10) couplé a la sonde
et configuré pour commander la sonde d’ima-
gerie ultrasonore 3D pour produire simultané-
ment une pluralité d’images 2D, dont les plans
sont alignés avec la pluralité de différents plans
d’insertion.

Systéme d’'imagerie ultrasonore selon la revendica-
tion 1, dans lequel le systéme ultrasonore comprend
enoutre un sous-systéme d’affichage qui produitune
pluralité d'images 2D codées de différentes fagons
de la pluralité de différents plans d’insertion.

Systéme d’'imagerie ultrasonore selon la revendica-
tion 2, dans lequel les images 2D codées de diffé-
rentes fagcons ont un codage couleur différent.

Systéme d’'imagerie ultrasonore selon la revendica-
tion 3, dans lequel les images 2D codées de diffé-
rentes fagons affichent des dispositifs invasifs a co-
dage couleur différent dans les différentes images.

Systéme d’'imagerie ultrasonore selon la revendica-
tion 3, dans lequel les images 2D codées de diffé-
rentes fagons ont des bordures de différentes cou-
leurs.

Systéme d’'imagerie ultrasonore selon la revendica-
tion 1, dans lequel le systéeme ultrasonore comman-
de en outre la sonde d’imagerie ultrasonore 3D pour
produire une image volumétrique 3D,

dans lequel le systeme ultrasonore comprend en
outre un sous-systeme d’affichage (10A) qui produit
simultanément la pluralité d’'images 2D et I'image
volumétrique 3D.

Systéme d’'imagerie ultrasonore selon la revendica-
tion 6, dans lequel I'image volumétrique 3D affiche
la pluralité de dispositifs invasifs dans des couleurs
nettement distinctes.

Systéme d’'imagerie ultrasonore selon la revendica-
tion 7, dans lequel la pluralité d'images 2D ont cha-
cune un codage couleur différent,

dans lequel I'image volumétrique 3D affiche une plu-
ralité de dispositifs invasifs dans différentes couleurs
correspondant au codage couleur de I'image 2D.
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Systeme d’imagerie ultrasonore selon la revendica-
tion 1, dans lequel les positions d’'insertion d’aiguille
comprennent en outre une pluralité d’orifices ou de
rainures d’insertion d’aiguille (84) du guide d’aiguille
situés autour d’'une sonde d’imagerie fixée.

Systeme d’imagerie ultrasonore selon la revendica-
tion 9, dans lequel le guide d’aiguille comprend en
outre un détecteur d’insertion d’aiguille associé a
chacun de la pluralité d’orifices ou de rainures d’in-
sertion d’aiguille qui détecte I'insertion d’une aiguille
et identifie le plan d’insertion de l'aiguille insérée.

Systeme d’imagerie ultrasonore selon la revendica-
tion 10, dans lequel le détecteur d’insertion d’aiguille
comprend en outre un détecteur optique.

Systeme d’imagerie ultrasonore selon la revendica-
tion 10, dans lequel le détecteur d’insertion d’aiguille
comprend en outre un détecteur résistif.

Systeme d’imagerie ultrasonore selon la revendica-
tion 10, dans lequel le détecteur d’insertion d’aiguille
communique l'identité d’'une pluralité de plans d’in-
sertion orientés de différentes fagons au systéme
ultrasonore,

dans lequel le systéme ultrasonore répond a la com-
munication de l'identité d’'une pluralité de plans d'’in-
sertion orientés de différentes fagons pour comman-
der la sonde d'imagerie ultrasonore 3D pour balayer
uniquement les plans d’insertion orientés de diffeé-
rentes fagons identifiés dans la région volumétrique.

Systeme d’'imagerie ultrasonore selon la revendica-
tion 1, dans lequel la pluralité de dispositifs invasifs
comprend en outre une pluralité d’aiguilles d’ablation
afr.

Systeme d’imagerie ultrasonore selon la revendica-
tion 1, dans lequel la pluralité de dispositifs invasifs
comprend une pluralité d’aiguilles de biopsie.
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