EP 2 804 532 B1

Patent Office

s @y EP 2804 532 B1

(1 9) ’ e "llmlmll‘mm“||H|Hll‘m“||m|‘||‘|“||““|Hl‘lHllH‘lHll‘
Patentamt
0 European

(12) EUROPEAN PATENT SPECIFICATION
(45) Date of publication and mention (51) IntCl.:
of the grant of the patent: A61B 8/08 (2006.01) A61B 8/00 (2006.01)
13.04.2016 Bulletin 2016/15 A61B 10/00 (200097 A61B 90/00 207607
(21) Application number: 13710017.8 (86) International application number:
PCT/IB2013/050417

(22) Date of filing: 17.01.2013
(87) International publication number:

WO 2013/108198 (25.07.2013 Gazette 2013/30)

(54) ULTRASONIC GUIDANCE OF A NEEDLE PATH DURING BIOPSY
ULTRASCHALLFUHRUNG EINES NADELWEGES WAHREND EINER BIOPSIE
GUIDANCE ECHOGRAPHIQUE D’UNE TRAJECTOIRE D’AIGUILLE LORS D’UNE BIOPSIE

(84) Designated Contracting States: (72) Inventors:
AL ATBE BG CH CY CZDE DKEE ES FIFRGB * KUDAVELLY, Srinivas Rao
GRHRHUIEISITLILTLULV MC MK MT NL NO NL-5656 AE Eindhoven (NL)
PL PT RO RS SE SI SK SM TR * BANDARU, Raja Sekhar

NL-5656 AE Eindhoven (NL)

(30) Priority: 18.01.2012 US 201261587784 P

(74) Representative: Steffen, Thomas

(43) Date of publication of application: Philips Intellectual Property & Standards
26.11.2014 Bulletin 2014/48 High Tech Campus 5

5656 AE Eindhoven (NL)

(73) Proprietor: Koninklijke Philips N.V.
5656 AE Eindhoven (NL) (56) References cited:

EP-A2- 1 649 818 WO-A1-01/78607

WO-A2-2007/059452

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 804 532 B1 2

Description

[0001] This invention relates to medical diagnostic im-
aging systems and, in particular, to diagnostic ultrasound
systems which provide visual guidance of a needle during
biopsy or other invasive procedure.

[0002] A biopsy is a medical procedure involving the
removal of cells or tissues for examination. The proce-
dure comprises the medical removal of tissue from a liv-
ing subject to determine the presence or extent of a dis-
ease. The excised tissue is generally examined under a
microscope by a pathologist, and can also be analyzed
chemically for disease states. When an entire lump or
suspicious area is removed, the procedure is called an
excisional biopsy. When only a sample of tissue is re-
moved with preservation of the histological architecture
of the cells of the tissue, the procedure is called an inci-
sional biopsy or core biopsy. When a sample of tissue or
fluid is removed with a needle in such a way that cells
are excised without preserving the histological architec-
ture of the tissue cells, the procedure is called a needle
aspiration biopsy.

[0003] In order to efficiently insert the needle directly
to the target tissue it is preferable to perform the proce-
dure with the assistance of diagnostic imaging such as
ultrasound imaging. The clinician can locate the target
tissue in the image, then insert the needle in line with the
image plane. This step can be also performed as de-
scribed in EP1649818 A2, by comparing relative tissue
density, as represented by pixel intensity in a medical
image, a control device of is able to identify tumor tissue
and further refine a tumor outline. Similarly WO
2007/059452 A2 teaches identifying regions of varying
densities in a patient from an ultrasound image and fur-
ther identifying a location of a tumor volume and other
tissues. The clinician can then observe the needle as it
is inserted and confidently guide the needle until the nee-
dle tip accesses the target tissue. A sample of the target
tissue can then be aspirated or excised through the nee-
dle. For even greater ease and precision, the procedure
can also use a surgical navigation system such as the
Philips PercuNav® guidance system. The PercuNav®
system broadcasts a modulated magnetic field around
and through the site of the procedure. Sensors are posi-
tioned on the needle and the ultrasound imaging probe
so that the system can locate the position and orientation
of the patient, the surgical site, the needle and the ultra-
sound image plane in three dimensional space. The Per-
cuNav system can then aid in the more precise display
of the needle and needle tip in the ultrasound image and
its position and orientation with respect to the image
plane. The clinician can indicate the target tissue on the
ultrasound image and the PercuNav® system will graph-
ically indicate on the display the path to be followed by
the needle to reach the target tissue.

[0004] However, difficulties in tumor targeting still exist
as the ultrasound image plane and biopsy needle must
remain coplanar throughout the procedure to display the
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actual needle tip position. Also, the Philips PercuNav®
system will not suggest a favorable path for insertion
which provides the least resistance to insertion and
avoids nearby sensitive organs. In many instances the
needle will deflect and bend as it encounters stiff or dense
tissue during insertion. As a result, biopsy procedural ef-
ficiency is hindered since needle pathway interpretation
is often difficult, especially for needle insertions at large
depths that can require multiple reinsertions. All the
aforementioned difficulties result in additional time with
multiple reinsertions of the biopsy needle with increased
patient discomfort and morbidity. Accordingly it is desir-
able for the imaging system to predict the most favorable
path for needle insertion so as to reduce technique var-
iability and unnecessary injury to the patient. This will
lead to a shorter learning curve for biopsy procedures,
reduce procedure time, avoid multiple biopsy needle in-
sertions and enable consistent replicable biopsy proce-
dures, thereby reducing discomfort to the patient and im-
proving outcomes.

[0005] The invention is defined in claim 1.

[0006] In accordance with the principles of the present
invention, an ultrasonic imaging system is provided for
guiding needle insertion procedures. An ultrasound
probe images the target tissue for the procedure and the
tissue through which the needle is inserted to access the
target tissue. As the insertion begins, ultrasonic echo in-
formation of pixels along the projected insertion path is
acquired and analyzed to determine local variations in
tissue density along the projected path. If the analysis
shows that a region of dense tissue will be encountered
along the intended path, densities along other possible
paths are acquired and analyzed and an alternative in-
sertion path is presented for consideration by the clini-
cian. The clinician can then choose an insertion path
which is most effective for the procedure and most com-
fortable for the patient.

[0007] In the drawings:

FIGURE 1 illustrates in block diagram form an ultra-
sonicimaging system for needle guidance construct-
ed in accordance with the principles of the present
invention.

FIGURE 2 illustrates a column of pixels along the
projected insertion path of a biopsy needle.
FIGURE 3 illustrates an ultrasound probe imaging
target tissue and tissue through which the target is
accessed in a body.

FIGURE 4 illustrates the positioning of a needle for
a biopsy procedure and a projected path of insertion.
FIGURE 5 illustrates the imaging state of FIGURE
4 with an indication of tissue density along the pro-
jected path of insertion.

FIGURE 6 illustrates the imaging state of FIGURE
4 with a dense anatomical structure in the projected
path of needle insertion.

FIGURE 7 illustrates the imaging state of FIGURE
6 with suggested alternative paths of insertion.
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[0008] Referring first to FIGURE 1, an ultrasonic im-
aging system for assisting needle guidance is shown in
block diagram form. an ultrasound probe 10 contains an
array transducer 12 for scanning and imaging the region
in front of the transducer. The transducer array can be a
one-dimensional (1D) array for scanning a plane in front
of the probe, but preferably the transducer is a two di-
mensional (2D) array transducer 12 which transmits elec-
tronically steered and focused beams over a volumetric
region and receives single or multiple receive beams in
response to each transmit beam. With the 2D array 12
the probe can scan an image plane and the tissue on
either elevational side of the image plane. Groups of ad-
jacent transducer elements of the array, referred to as
"patches" or "subarrays," are integrally operated by a mi-
crobeamformer (wBF) in the probe 12, which performs
partialbeamforming of received echo signals and thereby
reduces the number of conductors in the cable between
the probe and the mainframe ultrasound system. Suitable
two dimensional arrays are described in U.S. Patent
6,419,633 (Robinson etal.) and in U.S. Patent 6,368,281
(Solomon et al.) Microbeamformers are described in U.
S. Patents 5,997,479 (Savord et al.) and 6,013,032 (Sa-
vord). The transmit beam characteristics of the array are
controlled by a beam transmitter 16, which causes the
apodized aperture elements of the array to emit afocused
beam ofthe desired breadth in a desired direction through
a volumetric region of the body. Transmit pulses are cou-
pled from a beam transmitter 16 to the elements of the
array by means of a transmit/receive switch 14. The echo
signals received by the array elements and partially
beamformed by the microbeamformer in response to a
transmit beam are coupled to a system beamformer 18,
where the partially beamformed echo signals are proc-
essed to form fully beamformed single or multiple receive
beams in response to a transmit beam. A suitable beam-
former for this purpose is described in the aforemen-
tioned Savord '032 patent.

[0009] The receive beams formed by the beamformer
18 are coupled to a signal processor 12 which performs
functions such as filtering and quadrature demodulation.
The echo signals along the receive beams are detected
and processed into a succession of pixels along each
beam which are stored as a 3D data set 28. A B mode
ultrasound image is generally formed by pixels in arange
of grayscale values which are proportionate to the
strength of received echo signals. Blood and very soft
tissue will return relatively weak echo signals which pro-
duce relatively low grayscale values that are presented
as darker shades in a B mode image. The blood in a
blood vessel will be reproduced as a dark, almost black
shade. But hard and dense substances such as hard
cysts and dense tissue and specular reflectors will return
relatively strong echo signals. The pixels of relatively high
pixel values displayed from these locations are displayed
as bright, almost white pixels. Boundaries between dif-
ferent tissue types such as the boundaries of organs will
also return strong echo signals which are displayed as
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bright pixels. Thus the values of the pixels are indicators
of local tissue densities and organ boundaries.

[0010] The pixels of a plane of the scanned volume are
coupled to a 2D image processor 34 where they are proc-
essed to form a two-dimensional ultrasound image of a
scan plane of the volume. A technique for forming a 2D
image from a 3D data set is commonly known and multi-
planar reformatting (MPR). The MPR technique address-
es the data values of image data which is in a common
plane, which is then processed to form a 2D image of the
selected plane. Alternatively, a plane of the scanned vol-
ume can be separately scanned in a time-interleaved
manner as described in US Pat. 6,497,663 (Fraser et al.
), which can result in a 2D display with a higher frame
rate. A control panel 20 by which the clinician controls
the operation of the ultrasound system includes a control
by which the clinician selects and positions the plane of
the MPR or scanned 2D image. The 2D image plane is
generally aligned with the center of the two-dimensional
array transducer, which advantageously means that re-
gions on both sides of the image plane are scanned to
produce pixel values in the image plane and on either
side of it in the elevation dimension. However, a plane
which is offset from the center of the transducer can also
be used in accordance with the present invention, and
the plane can be orthogonal to the transducer or tilted at
anon-orthogonal angle to the transducer array. The proc-
essed 2D image is coupled to the display processor
where it is overlaid with graphics from a graphics gener-
ator 36, then displayed on the image display 48.

[0011] The ultrasound system described above can be
used with a navigation system such as the PercuNav
system, elements of which are shown in FIGURE 1. The
PercuNav system has a field generator 46 which radiates
an electromagnetic field permeating the site of the pro-
cedure and surrounding space. Sensors 44 are located
on the probe 10, the biopsy needle (not shown) and the
patient (not shown) which interact with the electromag-
netic field and produce signals used to calculate the po-
sition and orientation of the 2D image plane of the probe,
the biopsy needle and needle tip, and the patient. This
calculation is done by a coordinate generator 42 of the
PercuNav system, which is shown receiving signals from
the needle and image plane and is also coupled to the
field generator for field registration purposes. Coordinate
information of the needle and image plane is coupled to
the graphics generator 36 which produces needle path
graphics in response thereto and in response to operator
control signals from the control panel 20 as described
below.

[0012] Inaccordance with the principles of the present
invention, a tissue density analyzer 52 is provided which
receives pixel data of the 3D Data Set 28. Using the co-
ordinate information of the projected path of needle in-
sertion from coordinate generator 42, the tissue density
analyzer selects out and analyzes pixels along the pro-
jected needle path. These pixels can all be in the same
plane such as the plane of the 2D image produced by
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the 2D image processor 34. Preferably the pixels are a
three dimensional set of pixels (voxels) of the 3D Data
Set as illustrated in FIGURE 2. This drawing illustrates
a 3 x 3 x N group of pixels where N is a number of pixels
occupying some or all of the distance between the tip 62
of the needle 60 in the D direction. In this example the
tip of the needle is aligned with the center column of this
group of pixels which is in alignment with the projected
path of the needle. This center column is surrounded in
all directions by eight adjacent columns of pixels. Thus,
each group of pixels in the x-y plane includes a center
pixel on the projected needle path and pixels from the
space surrounding the path. While a single column of
pixels can be used, a three dimensional group is pre-
ferred as it samples the needle path and the pixel space
around the path. In this example the tissue density ana-
lyzer 52 averages or sums the values of the nine pixels
in each x-y plane and produces a value representing the
tissue density at the distance D of the group along the
needle path. For example, if there is dense, highly reflec-
tive anatomy at a given pixel plane, the value of the com-
bined pixels of that location along the path will be rela-
tively high, indicating a dense substance which may im-
pede needle insertion. An organ boundary along the path
will also generally return stronger echo signals. If a loca-
tion comprises only soft tissue, the combined value will
be relatively low, indicating less dense substance which
should be easily penetrated by a needle. The sequence
of density estimates thus calculated in the D direction is
forwarded to a needle path calculator 54. The tissue den-
sity analyzer also performs this operation for possible
needle paths adjacent to the projected needle path. For
example the calculation can be performed on another
group of pixels with the same y and D coordinates but
with x incremented by three, identifying a similar 3 x 3 x
N group of pixels immediately adjacent to the first one.
A sequence of density estimates is similarly calculated
for this adjacent group of pixels. An adjacent but non-
parallel group can be addressed by using incrementally
different x coordinates along the D direction, which would
provide a density estimate for a possible insertion path
adjacent to but not parallel to the initial projected path.
When the needle path calculator 54 receives the sequen-
tial density estimates for the projected path and several
alternative adjacent paths, it can select the one that pos-
es the least hazard and resistance to needle insertion.
For example the needle path calculator can select the
sequence of densities with the lowest peak density. Or,
the needle path calculator can sum or average the se-
quential density values of each path and select the one
with the lowest combined or average density. The coor-
dinates of one or more alternative paths which have been
identified as more favorable for needle insertion are then
coupled to the graphics generator for indication on the
displayed image.

[0013] A procedure conducted in accordance with the
present invention can proceed as follows. The clinician
hold an ultrasound imaging probe 30 by its handle 40
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and places the distal end of the probe 32 which contains
the transducer array in contact with the surface 80 of a
body. With acoustic contact with the skin established the
probe will image the interior of the body as illustrated by
the 2D sector region 84 which is shown to contain the
ultrasound image. The region of the body which isimaged
contains target tissue 86 which is to be biopsied. The
clinician manipulates a target icon control of the control
panel 20 to position a target graphic over the target tissue
in the image as shown by the circle graphic 92 in FIGURE
4. The navigation system identifies the position of the
circle graphic in the image 84 and, using the the coordi-
nates of the position and orientation of the needle in the
electromagnetic field, produces a graphic 90 on the ul-
trasound image which predicts the insertion path of the
needle 60. As FIGURE 4 illustrates, the projected path
of the needle 60 in this example is graphically identified
by a line of dots 90 in line with the needle 60 and the
target graphic 92. When the clinician continues to insert
the needle in this orientation, the path of the needle will
follow the line of dots 90 and reach the target tissue iden-
tified by the target graphic 90.

[0014] With the projected needle path now identified
by the line of dots 90, the tissue density analyzer 52 can
access the pixels along the projected path and analyze
them to determine tissue density along the path. In the
example of FIGURE 5 the needle path calculator has
caused the sequence of density estimates along the path
to be graphically displayed as a curve 94 in relation to a
zero baseline. In this example the curve 94 shows the
tissue density to be relatively low and substantially uni-
form from a shallow depth to the target tissue 86, where
the solid mass of the target tissue has caused a notice-
able increase of the density curve 94. The clinician may
be satisfied with these characteristics of the tissue along
the projected path of insertion and may then insert the
needle along the line of dots 90 to biopsy the mass 86.
[0015] FIGURE 6 illustrates a different situation, in
which there is a semi-solid mass 88 such as a cystin the
needle insertion path. When the tissue density analyzer
and the needle path calculator generate a curve for this
insertion path, the curve 94 is seen to have a second
peak 95 indicating the greater density in the path posed
by the cyst 88. In this example the clinician decides that
the insertion path proposed by the dots 90 is unaccept-
able and queries the system to propose a more desirable
insertion path. The clinician actuates a control on the
control panel 20 which causes the tissue density analyzer
and needle path calculator to iteratively identify, analyze,
and propose alternative insertion paths, as described
above. In this example the needle path calculator has
found and identified two alternative insertion paths which
are graphically indicated by dashed lines 97 and 99 on
the ultrasound image. The proposed insertion path 97 is
tilted slightly to the left of the current insertion path 90,
and the proposed insertion path 99 is located to the right
of the current insertion path and accessed from the other
side of the probe 30. When the clinician moves or rein-
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serts the needle tip in line with one of these alternative
insertion paths, the navigation system causes the line of
dots 90 to move in line with the proposed path, and the
density curve 94 will change and display density along
the newly aligned path. The clinician can then choose
the insertion path that is deemed to be most appropriate
to perform the biopsy procedure.

[0016] While the above examples illustrate the display
of a tissue density curve 94, the display of the curve can
be omitted in a constructed embodiment.

The system will then only show alternative insertion
paths. Another possible implementation is to illustrate
the tissue density along an insertion path by a numeric
value such as the average or peak or mean value of the
sequence of density values. Yet another possibility is to
omit the proposed insertion lines 97 and 99 and just show
the density curve or value of the dotted insertion path in
line with the needle as the needle is moved to various
possible insertion positions. A clinician may also prefer
to employ a needle guide to aid in guiding the needle
insertion. As aneedle isinserted, the system can monitor
the path of insertion, compare it with a recommended
insertion path, and advise the clinician as to whether the
prescribe path is being followed or that the insertion is
varying from the prescribed path. Other variations from
the examples described above will be readily apparent
to those skilled in the art.

Claims

1. Anultrasonic imaging system configured for visually
guiding the insertion of a needle (60), the ultrasonic
system comprising:

an ultrasound probe (30) having an array trans-
ducer (12) configured for imaging a region of
tissue containing target tissue (86) and produc-
ing received signals;

an ultrasound system processing signals re-
ceived by the ultrasound probe to produce a set
of spatially identified pixels having pixel values
proportionate to the received signals;

an image processor (34) responsive to the pixel
values configured for producing an ultrasound
image;

a display (48) configured for displaying the ul-
trasound image;

atissue density analyzer (52), responsive to the
pixel values, configured for producing an esti-
mate of tissue density, wherein the display is
configured for displaying the estimate of tissue
density,

a spatial navigation system configured forinden-
tifying the position and orientation of the needle
in relation to the target tissue, wherein the nav-
igation system is operable to identify a projected
path of needle insertion in relation to the position
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and orientation of the need,

wherein the display is configured for displaying
the projected path of needle insertion in spatial
registration with the ultrasound image; and

characterized in that

the tissue density analyzer (52) is further operable
to produce an estimate of tissue density along the
projected path of needle insertion using the values
of pixels in registration with the projected path.

The ultrasonic imaging system of Claim 1, further
comprising a needle path calculator (54), which is
responsive to the tissue density analyzer (52) and
configured for calculating a path of needle insertion,
wherein the display is configured for displaying the
calculated path of needle insertion in spatial regis-
tration with the ultrasound image.

The ultrasonic imaging system of Claim 1, wherein
the display is configured for displaying the estimate
of tissue density as a curve of relative tissue density
along the projected path of needle insertion.

The ultrasonic imaging system of Claim 1, wherein
the display is configued for displaying the estimate
of tissue density numerically.

The ultrasonic imaging system of Claim 1, wherein
the ultrasound image further comprises a 2D ultra-
sound image; and

wherein the tissue density analyzer is configured for
producing an estimate of tissue density using the
values of pixels of the 2D ultrasound image.

The ultrasonic imaging system of Claim 1,

wherein the array transducer further comprises a 2D
array transducer capable of being used by the probe
to scan a volumetric region of tissue;

wherein the volumetric region includes a plane of a
2D ultrasound image; and

wherein the tissue density analyzer is configured for
producing the estimate of tissue density using a
group of pixels representing a three dimensional re-
gion.

The ultrasonic imaging system of Claim 6,
wherein some of the pixels of the group are coinci-
dent with the plane of the 2D ultrasound image.

The ultrasonic imaging system of Claim 6, wherein
the tissue density analyzer is configured for produc-
ing a sequence of tissue density estimates along the
projected path of needle insertion,

wherein each estimate is produced from a two di-
mensional array of pixels having at least two pixels
in each of the dimensions.
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The ultrasonic imaging system of Claim 2,

wherein the tissue density analyzer is operable to
produce estimates of tissue density along a plurality
of possible paths of needle insertion,

wherein the needle path calculator is further opera-
ble to calculate a plurality of proposed paths of nee-
dle insertion,

wherein the display is configured for displaying one
of the proposed paths in spatial registration with the
ultrasound image.

The ultrasonic imaging system of Claim 9,

wherein the display is configured for displaying a plu-
rality of proposed paths in spatial registration with
the ultrasound image.

The ultrasonic imaging system of Claim 1, further
comprising a graphics generator (36) configured for
producing graphics for overlaid display with the ul-
trasound image,

wherein the graphics generator is configured for pro-
ducing a graphic indicating the projected path of nee-
dle insertion.

The ultrasonic imaging system of Claim 11,

further comprising a user control (20) which is con-
figured for being actuated to indicate the location of
a target tissue in the ultrasound image,

wherein the graphics generator is responsive to the
user control to produce a target tissue graphicin reg-
istration with the ultrasound image.

The ultrasonic imaging system of Claim 13,

further comprising a needle path calculator (54),
which is responsive to the tissue density analyzer
and configured for calculating a path of needle in-
sertion,

wherein the graphics generator is responsive to the
needle path calculator to produce a graphic repre-
senting a proposed path of needle insertion.

Patentanspriiche

1.

Ultraschallbildgebungssystem, das dafir eingerich-
tetist, das Einflihren einer Nadel (60) visuell zu flih-
ren, wobei das Ultraschallsystem Folgendes um-
fasst:

eine Ultraschallsonde (30) mit einem Array-
wandler (12), daflr eingerichtet, eine das Ziel-
gewebe (86) enthaltende Geweberegion darzu-
stellen und empfangene Signale zu erzeugen;
ein Ultraschallsystem, das durch die Ultraschall-
sonde empfangene Signale verarbeitet, um ei-
nen Satz von raumlich identifizierten Pixeln mit
Pixelwerten zu erzeugen, die proportional zu
den empfangenen Signalen sind;
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einen auf die Pixelwerte reagierenden Bildpro-
zessor (34), der daflr eingerichtet ist, ein Ultra-
schallbild zu erzeugen;

eine Anzeigeeinheit (48), die daflr eingerichtet
ist, das Ultraschallbild anzuzeigen;

einen auf die Pixelwerte reagierenden Gewebe-
dichteanalysator (52), der dafiir eingerichtet ist,
einen Schatzwert der Gewebedichte zu erzeu-
gen, wobei die Anzeigeeinheit dafiir eingerichtet
ist, den Schatzwert der Gewebedichte anzuzei-
gen;

ein raumliches Navigationssystem, das dafur
eingerichtet ist, die Position und Ausrichtung der
Nadel in Bezug auf das Zielgewebe zu identifi-
zieren, wobei das Navigationssystem betriebs-
fahig ist, um einen projizierten Weg der Nade-
leinflihrung in Bezug auf die Position und Aus-
richtung der Nadel zu identifizieren,

wobei die Anzeigeeinheit dafiir eingerichtet ist,
den projizierten Weg der Nadeleinfiihrung in
raumlicher Registrierung mit dem Ultraschall-
bild anzuzeigen; und

dadurch gekennzeichnet, dass

der Gewebedichteanalysator (52) weiterhin be-
triebsfahig ist, um einen Schatzwert der Gewebe-
dichte entlang des projizierten Wegs der Nadelein-
fuhrung unter Verwendung der Werte von Pixeln in
Registrierung mitdem projizierten Weg zu erzeugen.

Ultraschallbildgebungssystem nach Anspruch 1,
weiterhin umfassend eine Nadelwegberechnungs-
einheit (54), die auf den Gewebedichteanalysator
(52) reagiert und daflr eingerichtet ist, einen Weg
der Nadeleinfiihrung zu berechnen,

wobei die Anzeigeeinheit dafiir eingerichtet ist, den
berechneten Weg der Nadeleinflihrung in raumlicher
Registrierung mit dem Ultraschallbild anzuzeigen.

Ultraschallbildgebungssystem nach Anspruch 1,
wobei die Anzeigeeinheit dafiir eingerichtet ist, den
Schatzwert der Gewebedichte als eine Kurve der re-
lativen Gewebedichte entlang des projizierten Wegs
der Nadeleinfiihrung anzuzeigen.

Ultraschallbildgebungssystem nach Anspruch 1,
wobei die Anzeigeeinheit dafiir eingerichtet ist, den
Schatzwert der Gewebedichte numerisch anzuzei-
gen.

Ultraschallbildgebungssystem nach Anspruch 1,
wobei das Ultraschallbild weiterhin ein 2D-Ultra-
schallbild umfasst; und

wobei der Gewebedichteanalysator dafiir eingerich-
tet ist, einen Schatzwert der Gewebedichte unter
Verwendung der Werte von Pixeln des 2D-Ultra-
schallbilds zu erzeugen.
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Ultraschallbildgebungssystem nach Anspruch 1,
wobei der Arraywandler weiterhin einen 2D-Array-
wandler umfasst, derin der Lage ist, durch die Sonde
genutzt zu werden, um eine volumetrische Gewebe-
region abzutasten,

wobei die volumetrische Region eine Ebene eines
2D-Ultraschallbilds umfasst; und

wobei der Gewebedichteanalysator dafiir eingerich-
tet ist, den Schatzwert der Gewebedichte unter Ver-
wendung einer Gruppe von Pixeln zu erzeugen, die
eine dreidimensionale Region darstellen.

Ultraschallbildgebungssystem nach Anspruch 6,
wobei einige der Pixel der Gruppe mit der Ebene des
2D-Ultraschallbilds zusammenfallen.

Ultraschallbildgebungssystem nach Anspruch 6,
wobei der Gewebedichteanalysator dafiir eingerich-
tet ist, eine Folge von Gewebedichteschatzwerten
entlang des projizierten Wegs der Nadeleinfliihrung
Zu erzeugen,

wobei jeder Schatzwert anhand eines zweidimensi-
onalen Pixelarrays mit mindestens zwei Pixeln in je-
der der Dimensionen erzeugt wird.

Ultraschallbildgebungssystem nach Anspruch 2,
wobei der Gewebedichteanalysator betriebsféahig
ist, um Schatzwerte der Gewebedichte entlang einer
Vielzahl von méglichen Wegen der Nadeleinfiihrung
zu erzeugen,

wobei die Nadelwegberechnungseinheit weiterhin
betriebsfahig ist, um eine Vielzahl von vorgeschla-
genen Wegen der Nadeleinflihrung zu berechnen,
wobei die Anzeigeeinheit dafiir eingerichtetist, einen
der vorgeschlagenen Wege in rdumlicher Registrie-
rung mit dem Ultraschallbild anzuzeigen.

Ultraschallbildgebungssystem nach Anspruch 9,
wobei die Anzeigeeinheit dafiir eingerichtet ist, eine
Vielzahl von vorgeschlagenen Wegen in raumlicher
Registrierung mit dem Ultraschallbild anzuzeigen.

Ultraschallbildgebungssystem nach Anspruch 1,
weiterhin umfassend einen Grafikgenerator (36), der
daflr eingerichtet ist, Grafiken fir die Uberlagerte
Anzeige mit dem Ultraschallbild zu erzeugen,
wobei der Grafikgenerator dafiir eingerichtetist, eine
Grafik zu erzeugen, die den projizierten Weg der Na-
deleinflihrung angibt.

Ultraschallbildgebungssystem nach Anspruch 11,
weiterhin umfassend eine Benutzersteuerung (20),
die dafiir eingerichtet ist, betatigt zu werden, um den
Ort eines Zielgewebes in dem Ultraschallbild anzu-
geben,

wobei der Grafikgenerator auf die Benutzersteue-
rung reagiert, um eine Zielgewebegrafik in Regist-
rierung mit dem Ultraschallbild zu erzeugen.
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13. Ultraschallbildgebungssystem nach Anspruch 12,

weiterhin umfassend eine Nadelwegberechnungs-
einheit (54), die aufden Gewebedichteanalysator re-
agiert und daflr

wobei der Grafikgenerator auf die Nadelwegberech-
nungseinheit reagiert, um eine Grafik zu erzeugen,
die einen vorgeschlagenen Weg der Nadeleinfiih-
rung darstellt.

Revendications

Systéme d’'imagerie échographique configuré pour
guider visuellement l'insertion d’une aiguille (60), le
systeme échographique comprenant :

une sonde a ultrasons (30) ayant un transduc-
teur en réseau (12) configuré pour imager une
région de tissu contenant un tissu cible (86) et
produisant des signaux regus ;

unsystéme a ultrasons traitant les signaux regus
par la sonde a ultrasons pour produire un en-
semble de pixels identifiés spatialement ayant
des valeurs de pixels en proportion des signaux
recus ;

un dispositif de traitement d'images (34) sensi-
ble aux valeurs de pixels et configuré pour pro-
duire une image échographique ;

un affichage (48) configuré pour afficher 'image
échographique ;

un analyseur de densité tissulaire (52) sensible
aux valeurs de pixels configuré pour produire
une estimation de la densité tissulaire, dans le-
quel I'affichage est configuré pour afficher I'es-
timation de la densité tissulaire,

un systéme de navigation spatiale configuré
pour identifier la position et l'orientation de
I'aiguille par rapport au tissu cible, dans lequel
le systéme de navigation peut opérer pour iden-
tifier un trajet projeté d’insertion d’'aiguille par
rapporta la position et al'orientation de l'aiguille,
dans lequel I'affichage est configuré pour affi-
cher le trajet projeté d’insertion d’aiguille en re-
gistre spatial avec I'image échographique ; et
caractérisé en ce que :

I'analyseur de densité tissulaire (52) est en
outre a méme de produire une estimation
de la densité tissulaire le long du trajet pro-
jeté d’insertion d’aiguille en utilisant les va-
leurs de pixels en registre avec le trajet pro-
jeté.

Systéme d’imagerie échographique selon la reven-
dication 1, comprenant en outre un calculateur de
trajet d’aiguille (54) qui est sensible a I'analyseur de
densité tissulaire (52) et configuré pour calculer un
trajet d’insertion d’aiguille,
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dans lequel I'affichage est configuré pour afficher le
trajet calculé d’insertion d’aiguille en registre spatial
avec I'image échographique.

Systeme d’imagerie échographique selon la reven-
dication 1, dans lequel I'affichage est configuré pour
afficher I'estimation de la densité tissulaire sous la
forme d’une courbe de densité tissulaire relative le
long du trajet projeté d’insertion d’aiguille.

Systeme d’imagerie échographique selon la reven-
dication 1, dans lequel I'affichage est configuré pour
afficher I'estimation de la densité tissulaire numéri-
quement.

Systeme d’imagerie échographique selon la reven-
dication 1, dans lequel I'image échographique com-
prend en outre une image échographique 2D ; et
dans lequel I'analyseur de densité tissulaire est con-
figuré pour produire une estimation de la densité tis-
sulaire en utilisant les valeurs de pixels de I'image
échographique 2D.

Systeme d’imagerie échographique selon la reven-
dication 1, dans lequel le transducteur de réseau
comprend en outre un transducteur en réseau 2D
qui peut étre utilisé par la sonde pour balayer une
région volumétrique du tissu ;

danslequellarégion volumétrique comprend un plan
d’'une image échographique 2D ; et

dans lequel 'analyseur de densité tissulaire est con-
figuré pour produire I'estimation de densité tissulaire
en utilisant un groupe de pixels représentant une
région tridimensionnelle.

Systeme d’imagerie échographique selon la reven-
dication 6, dans lequel certains des pixels du groupe
coincident avec le plan de I'image échographique
2D.

Systeme d’imagerie échographique selon la reven-
dication 6, dans lequel I'analyseur de densité tissu-
laire est configuré pour produire une séquence de
densité tissulaire le long du trajet projeté d’insertion
d’aiguille,

dans lequel chaque estimation est produite a partir
d’'unréseaubidimensionnel de pixels ayantau moins
deux pixels dans chacune des dimensions.

Systeme d’imagerie échographique selon la reven-
dication 2, dans lequel I'analyseur de densité tissu-
laire estaméme de produire des estimations de den-
sité tissulaire le long d’une pluralité de trajets possi-
bles d’insertion d’aiguille,

dans lequel le calculateur de trajet d’aiguille est en
outre améme de calculer une pluralité de trajets pro-
posés d’insertion d’aiguille et

dans lequel I'affichage est configuré pour afficher
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10.

1.

12.

13.

I'un des trajets proposés en registre spatial avec
I'image échographique.

Systéme d’imagerie échographique selon la reven-
dication 9, dans lequel I'affichage est configuré pour
afficher une pluralité de trajets proposés en registre
spatial avec I'image échographique.

Systéme d’imagerie échographique selon la reven-
dication 1, comprenant en outre un générateur de
graphiques (36) configuré pour produire des graphi-
ques pour un affichage superposé avec l'image
échographique,

dans lequel le générateur de graphiques est confi-
guré pour produire un graphique indiquant le trajet
projeté d’insertion d’aiguille.

Systéme d’imagerie échographique selon la reven-
dication 11, comprenant en outre une commande
utilisateur (20) qui est configurée pour étre actionnée
afin d’indiquer 'emplacement d’un tissu cible dans
I'image échographique ,

danslequelle générateur de graphiques est sensible
au contréle de I'utilisateur pour produire un graphi-
que du tissu cible en registre avec I'image échogra-
phique.

Systéme d’imagerie échographique selon la reven-
dication 12, comprenant en outre un calculateur de
trajet d’aiguille (54) qui est sensible a I'analyseur de
densité tissulaire et est configuré pour calculer un
trajet d’insertion d’aiguille,

danslequelle générateur de graphiques est sensible
au calculateur de trajet d’aiguille pour produire un
graphique représentant un trajet proposé d’insertion
d’aiguille.
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