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Description

FIELD OF THE INVENTION

[0001] The invention relates to a biopsy guide system
for guiding a biopsy needle along a biopsy path while
monitoring with an ultrasound transducer. Furthermore,
the invention relates to a method of controlling guidance
of a biopsy needle using such biopsy guide.

BACKGROUND OF THE INVENTION

[0002] A biopsy is a medical test involving the removal
of cells or tissues from a region of interest such as a
lesion for medical examination purposes. The removed
cells or tissues may be examined in order to detect the
presence or extent of a disease.
[0003] For removing the cells or tissues, a biopsy nee-
dle has to be introduced into a patient’s body and has to
be guided to the region of interest. In order to enable
monitoring of the introduction and guidance of the biopsy
needle, ultrasound transducers are frequently used to
observe the region of interest during the insertion of the
biopsy needle.
[0004] As described for example in WO2006/060657-
A2, a biopsy needle guide adapted for guiding a biopsy
needle along a biopsy path may be coupled to a conven-
tional ultrasound transducer device.
[0005] As schematically shown in Figs. 1-3, a conven-
tional ultrasound transducer 103 comprises a one-di-
mensional (ID) transducer face 104 from which ultrasonic
signals may be emitted. Thereby, an image plane under-
neath the transducer face may be observed by detecting
echoes of reflected ultrasonic signals coming from inho-
mogeneities of the observed region. By correctly posi-
tioning the ultrasound transducer 103, a region of interest
comprising for example a lesion 108 may be observed.
A biopsy needle guide 105 may be attached close to the
transducer face 104 and may be adapted to guide a bi-
opsy needle along a biopsy path 107 into the lesion 108.
[0006] Conventional one-dimensional ultrasound
transducers comprise an array of elements 109 arranged
in a line. A division of elements 109 in a line allows each
element 109 to  transmit and receive separate ultrasound
signals, which may be combined to generate an image.
The transducers array face 104 is usually a rectangle,
where the long direction is generally referred to as the
"azimuth" direction and the orthogonal direction is gen-
erally referred to as the "elevation" direction. Because
the elements 109 are arranged in a single line, the ultra-
sound beam can be steered and focused in a region that
is orthogonal to the face 104 of the transducer 103 but
which is most simply described as a plane. This plane
extends in the azimuth direction and in the "range" direc-
tion, where the range direction is orthogonal to the trans-
ducer array face and therefore orthogonal to both the
azimuth and elevation directions. Although the transduc-
er face is usually a rectangle, the field of view may be a

triangle, rectangle or trapezoid that is orthogonal to the
array face 104 and extends in the azimuth and range
directions; this is generally referred to as the azimuthal
plane.
[0007] In the example shown in Fig.2, the field of view
110 is trapezoidal. The length of the transducer array in
the elevation direction may determine, in conjunction with
a mechanical lens, the focal characteristics in the eleva-
tion direction generally referred to as "slice thickness".
Ideally, slice thickness would be zero so that the image
represents a cross-section of the patient orthogonal to
the face of the array, but in practice, slice thickness can-
not be zero. The image presented on the ultrasound sys-
tem screen, while portrayed in a single plane, is in fact a
projection of the ultrasound information contained in the
non-zero slice in the azimuth plane. The slice thickness
is not constant throughout the depth of the image. At the
face of the transducer, it is equal to the elevation direc-
tion; as depth increases the slice thickness decreases
as the elevation direction and lens curvature are com-
bined to focus the ultrasound energy; past the focal
depth, i.e. the depth at which the slice thickness is small-
est, the ultrasound beam diverges and the slice thickness
increases. To further complicate matters, the ultrasound
beam does not have perfectly sharp boundaries. In the
below description, simple planar structures will be used
to illustrate ultrasound imaging fields of view that are in
fact a fairly complex sampling of a three-dimensional
space.
[0008] While in Fig.1, the ultrasound transducer 103 is
shown with a planar one-dimensional array face 104, the
one-dimensional array can also be formed on a curved
surface, in which case it is generally referred to as a
"curved linear array" (CLA). This is illustrated in Fig.3.
Such a CLA, rather than being a rectangle, is a section
of a cylinder. The resulting field of view 110’ is a section
of a circle with the inner boundary being the array face
104’. Although, in the following description, most of the
examples presented are for a flat array, the ideas of the
invention may be equally applicable to a curved array.
[0009] As in conventional biopsy guide systems the
ultrasound transducer acquires an image of the observed
tissue only along an azimuthal plane, the biopsy needle
guide attached to the ultrasound transducer is usually
designed to support needle entry on the azimuthal plane.
A different needle guide location could be used, but since
the biopsy needles path would not fall within the single
available imaging plane, no guidance imaging may be
available as the needle will not be visible until it passes
through the imaging plane.
[0010] Accordingly, in conventional biopsy proce-
dures, the biopsy guide system including the ultrasound
transducer will be moved along the surface above the
region of interest until the actual region of interest (in-
cluding e.g. a lesion) may be seen on the acquired ultra-
sound image, i.e. until the imaging plane crosses the re-
gion of interest. Then, the biopsy needle may be intro-
duced into the tissue along the azimuthal plane. As the
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needle moves along the imaging plane, the current loca-
tion of the needle may be monitored in the ultrasound
image. A biopsy may be taken as soon as the region of
interest has been reached.
[0011] Document US 2002/0173719 A1 discloses a
method, system, computer program product, and user
interface for real-time ultrasonic visualization enhance-
ment of a biopsy needle are disclosed in which a wide
range of needle positions with respect to the ultrasound
probe axis and with respect to the imaged plane are ac-
commodated. Ordinary frames are compounded with
special purpose frames, the special purpose frames hav-
ing transmit and receive parameters adapted to highlight
reception of echoes from the biopsy needle. Preferably,
an elevation beam width associated with the special pur-
pose ultrasound frames is wider than an elevation beam
width associated with the ordinary ultrasound frames.
Preferably, the beams of the special purpose ultrasound
frames are steered such that they are incident upon the
biopsy needle at an increased angle as compared to the
angle of incidence for ordinary ultrasound frames. A
method for automatically and adaptively determining the
depth and orientation of a biopsy needle is also de-
scribed, whereby beam steering parameters, focus pa-
rameters, etc. may be automatically and adaptively com-
puted. The user may optionally provide selected beam
steering parameters to the ultrasound imaging system
using a simple, intuitive user interface.
[0012] Document EP 1 804 079 A2 discloses an ultra-
sonic diagnosis apparatus according to the present in-
vention includes an ultrasonic endoscope having ultra-
sonic transducers for scanning ultrasonic wave in a living
body three-dimensionally, an ultrasonic image creating
portion of an ultrasonic observing apparatus for creating
ultrasonic volume data based on an ultrasonic signal cap-
tured by the ultrasonic endoscope, a two-dimensional
image select knob, keyboard, trackball, computing/con-
trol portion and display control portion for selecting a to-
mographic plane from the ultrasonic volume data by des-
ignating the angle of rotation about the straight line
through two points designated on the ultrasonic volume
data as the axis of rotation, and a monitor for displaying
the tomographic plane selected during a scanning oper-
ation as a two-dimensional ultrasonic image.
[0013] Document US 2002/0156376 A1 discloses an
instrument guide for mounting the instrument to an im-
aging probe, controlling its position, monitoring its posi-
tion, and/or predictively displaying its position on a user
display of the medical imaging system. A plurality of sub-
stantially rigid segments are hingeably connected to the
probe, to an instrument handle, and to each other such
that movement of the biopsy needle is restricted to within
the imaged plane. However, substantial freedom of
movement within the imaged plane is provided such that
the instrument may be inserted into the patient over a
wide range of angles. In one preferred embodiment, an-
gle detectors are provided at each segment intersection
and provided to the medical imaging system for comput-

ing and displaying the position and orientation of the in-
strument on the user display. The instrument guide/po-
sition monitor is preferably made with low-cost compo-
nents such that it is disposable after a single use. In an-
other preferred embodiment, a predictive user display is
provided in which the throw of a spring-loaded instrument
is shown on the user display, the throw corresponding to
the space that the instrument will occupy after a spring
trigger is activated.

SUMMARY OF THE INVENTION

[0014] The inventor has considered that a desirable
point of entry for the biopsy needle may be constrained
by acoustic access or other features on the patient’s
body. Therefore, it may be desirable to be able to image
needle entry from another position. For example, it may
be desirable to image the entry of a needle introduced
from a position different to the azimuthal position.
[0015] It is an object of the invention to provide a biopsy
guide system which allows for an improved flexibility in
selecting an entry location for a biopsy needle while en-
abling monitoring an insertion of the biopsy needle. It is
another object of the invention to provide a method of
controlling the guidance of a biopsy needle using such
biopsy guide system.
[0016] The invention is defined by the independent
claims. Advantageous embodiments are defined in the
dependent claims.
[0017] According to a first aspect of the present inven-
tion, a multi-position biopsy guide system is proposed. It
comprises a 2D matrix ultrasound transducer and at least
two biopsy needles along biopsy paths extending in dif-
ferent planes; the multiposition biopsy guide system be-
ing adapted to controllably guide the biopsy needle along
biopsy paths at variable locations with respect to the 2D
matrix ultrasound transducer, and to acquire ultrasound
images in respective image planes aligned with the bi-
opsy paths of each of the biopsy needle guides.
[0018] According to a second aspect of the present
invention, a method of controlling guidance of a biopsy
needle along a biopsy path using the multi-position biop-
sy guide system according to the first aspect of the in-
vention is proposed. The method comprises (a) deter-
mining a location of at least two biopsy needle guides
with respect to the 2D matrix ultrasound transducer, and
(b) acquiring ultrasound images in image planes aligned
with the biopsy path corresponding to the determined
location of the biopsy needle guides.
[0019] The present invention may be seen as based
on the following idea:
[0020] In conventional biopsy guide systems using
one-dimensional ultrasound transducer arrays, a biopsy
needle has to be guided such that it enters into the tissue
in alignment with the imaging plane of the ultrasound
transducer. Accordingly, only biopsy needles introduced
along a biopsy path correctly aligned may be monitored.
[0021] The multi-position biopsy guide system accord-
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ing to the first aspect of the present invention comprises
a two-dimensional matrix ultrasound transducer. Such
transducer may comprise an array of ultrasound trans-
ducer elements arranged in columns and rows. The
transducer array face may still be rectangular as in the
case of a one-dimensional ultrasound transducer but the
array of transducer elements is separated into a two-
dimensional matrix. This additional complexity may allow
for ultrasound beams to be steered and focused through
a three-dimensional space rather than in only a nominal
plane.
[0022] Thus, the field of view, rather than being a single
trapezoid, may be a volume that is generally a truncated
pyramid or, in the case of a sector transducer, an entire
pyramid with its  apex at the transducer face. Information
from within the field of view may be acquired and dis-
played in many ways. The user may choose to view one
or more planes in an azimuth or elevation direction. It is
also possible to illustrate so-called X-plane imaging,
where an azimuth and an elevation plane are displayed
simultaneously. Furthermore, diagonal planes  may be
imaged. Finally, ultrasound information can be rendered
into a 3D or volume representation, the best known ex-
ample of which is the so-called "baby face". This list of
potential display planes may not be complete but illus-
trates the capability of matrix transducers to display in-
formation acquired from within the volume field of view.
[0023] An idea of the present invention is to exploit this
capability of flexible image acquisition and display from
within the volume field of view. Using a 2D matrix ultra-
sound transducer enables alignment of an image plane
with an arbitrary biopsy path along which a biopsy needle
is guided into a patient’s tissue. Accordingly, a biopsy
needle guide may be arranged at any desired location
for example along a circumference of the matrix ultra-
sound transducer and the ultrasound transducer may be
controlled such as to acquire an ultrasound image in an
imaging plane coinciding with a biopsy path along which
a biopsy needle is guided by the biopsy needle guide.
[0024] Accordingly, the proposed biopsy guide system
that provides for multiple needle entry locations would
allow a user to choose the most appropriate location for
a given situation. Multiple needle entry locations may
take advantage of imaging capabilities of a matrix trans-
ducer, in particular the ability to image multiple planes
simultaneously or alternatively (e.g. X-planes), planes
that do not align to the transducers primary axis (azimuth
or elevation), or volumes.
[0025] In accordance with specific embodiments of the
present invention described further below in more detail,
it is also possible to adapt the location and/or orientation
of an imaging plane to a varying location of a biopsy nee-
dle for example in a case, where a flexible biopsy needle
is deflected from its originally intended biopsy path due
to inhomogeneities in the patient’s tissue or due to other
mechanical obstacles. Furthermore, it is also possible to
monitor the insertion of two or more biopsy needles in-
troduced simultaneously or alternately along different bi-

opsy paths.
[0026] Possible features and advantages of embodi-
ments of the present invention will be described in more
detail in the following.
[0027] The two-dimensional matrix ultrasound trans-
ducer used in the proposed multiposition biopsy guide
system may comprise a multiplicity of ultrasound trans-
ceiver elements  adapted for emitting ultrasound waves
and receiving echoes thereof. The elements may be ar-
ranged in a matrix fashion such that each row and each
column comprises a plurality of adjacent transducer el-
ements. The size of each transducer element as well as
the overall size and geometry of the matrix ultrasound
transducer may be adapted to a specific application. For
example, the matrix ultrasound transducer may comprise
a rectangular array of transducer elements. The trans-
ducer elements may be arranged and controlled such as
to enable steering and focusing of an emitted ultrasound
wave in any arbitrary direction or plane within a three-
dimensional region of observation.
[0028] The biopsy needle guide of the proposed multi-
position biopsy guide system may be adapted such that
the biopsy needle may be introduced into a patient’s tis-
sue along a biopsy path wherein the location of the biopsy
path may be controllably varied. For example, the biopsy
needle guide may be either located in an azimuth position
with respect to a rectangular 2D matrix ultrasound trans-
ducer or, alternatively, in an elevation position. It may
also be positioned at any other location with respect to
the ultrasound transducer. Alternatively, a multiplicity of
biopsy needle guides may be arranged at different loca-
tions with respect to the ultrasound transducer such that
each of the biopsy needle guides may introduce a biopsy
needle along a different biopsy path.
[0029] According to an embodiment of the present in-
vention, the two-dimensional matrix ultrasound transduc-
er is adapted to acquire ultrasound images in an image
plane which image plane is controllably variable. In other
words, the ultrasound transducer may be controlled, e.g.
by a control device, in a manner that addresses the trans-
ducer elements of the matrix transducer in such a way
that ultrasound signals are emitted in a selectable imag-
ing plane. From the detected echoes, an image of the
region of observation in this imaging plane can be ac-
quired.
[0030] According to another embodiment of the
present invention, the multi-position biopsy guide system
is adapted to mount the biopsy needle guide in variable
locations with respect to the 2D matrix ultrasound trans-
ducer. In other words, one or more biopsy needle guides
may be mounted at one of a plurality of possible mounting
locations for example along a circumference around the
matrix ultrasound transducer. Then, for example depend-
ing on space requirements occurring in a specific medical
application, a biopsy needle may be  guided along a pre-
ferred biopsy path using a biopsy needle guide located
in one of the provided possible locations.
[0031] According to a further embodiment of the
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present invention, the multi-position biopsy guide system
is adapted to determine the location of the biopsy needle
guide with respect to the 2D matrix ultrasound transduc-
er. For example, the location of the biopsy needle guide
may be input manually by a user after previous mounting
of the biopsy needle guide at a specific location. Alter-
natively, the proposed multi-position biopsy guide sys-
tem may automatically determine the location of the bi-
opsy needle guide. For example, switches may be pro-
vided at possible mounting locations for the biopsy nee-
dle guide such that, when a biopsy needle guide is mount-
ed at a specific location, a respective switch is operated
and indicates the location.
[0032] According to a further embodiment of the
present invention, the multi-position biopsy guide system
is adapted to acquire an ultrasound image in an image
plane aligned with the biopsy path corresponding to the
determined location of a biopsy needle guide. In other
words, the proposed multi-position biopsy guide system
may have a control device which is, on the one hand,
able to determine the location of the biopsy needle guide
and which, on the other hand, is able to control the 2D
matrix ultrasound transducer such that an ultrasound im-
age is acquired in an imaging plane which is aligned with
the biopsy path of a biopsy needle guided by the biopsy
needle guide in the determined location. Accordingly, ul-
trasound imaging may be automatically aligned with the
biopsy path thereby allowing easy and fast monitoring of
the process of introducing the biopsy needle.
[0033] According to a further embodiment of the
present invention, the proposed multiposition biopsy
guide system comprises at least two biopsy needle
guides. In such embodiment, the two biopsy needle
guides may be arranged such that biopsy needles may
be introduced into a patient’s tissue along biopsy paths
extending in different planes. For example, one biopsy
needle guide may be arranged in an azimuth direction
and another biopsy needle guide may be arranged in an
elevation direction. Alternatively, further biopsy needle
guides may be provided for example in a diagonal direc-
tion. Each of the biopsy needle guides may be used al-
ternatively depending on specific requirements of a med-
ical application. For example, in one medical application,
it may be advantageous to introduce a  biopsy needle
along an azimuthal direction whereas in another medical
application the elevation direction may be preferred.
[0034] It may also be advantageous to use the at least
two biopsy needle guides to introduce two or more biopsy
needles simultaneously. For example, it may be desired
to introduce a first biopsy needle to a region of interest
for application of a medical, pharmaceutical or contrast
agent. A second biopsy needle may be used to actually
acquire a biopsy sample from the region of interest. Al-
ternatively, two biopsy needles may be guided to a region
of interest to apply therapy treatment in order to destroy
deteriorated tissue.
[0035] According to a further embodiment of the
present invention, the multi-position biopsy guide system

is adapted to acquire ultrasound images in respective
image planes aligned with the biopsy paths of each of
the biopsy needle guides. In other words, as the 2D matrix
ultrasound transducer may be able to acquire ultrasound
images in any arbitrary image plane, it may be advanta-
geous to acquire ultrasound image in imaging planes co-
inciding with each of the possible biopsy paths such that
introduction of one or preferably several biopsy needles
along the several possible biopsy paths may be observed
quasi-simultaneously or alternately.
[0036] According to a further embodiment of the
present invention, the biopsy needle guide is adapted for
guiding the biopsy needle along a biopsy path at control-
lably variable angles. In other words, a biopsy needle
guide may include provisions to allow for different tilting
of a guided biopsy needle such that the biopsy needle
may be introduced into a patient’s tissue under a selecta-
ble angle. Accordingly, the introduction angle of the bi-
opsy needle can be chosen such that a specific location
of a region of interest may be reached with the biopsy
needle. This may be particularly advantageous in case
a biopsy needle guide may be mounted at the proposed
multi-position biopsy guide system at different selected
locations such as at azimuth locations or at elevation
locations. Depending on the selected location, a different
introduction angle may be required for the biopsy needle
in order to reach a region of interest.
[0037] According to a further embodiment of the
present invention, the biopsy needle guide is adapted for
guiding different types of biopsy needles. The type of
biopsy needle may be adapted for a specific medical ap-
plication. For example, the biopsy needles may differ in
length, shape or diameter.
[0038] According to a further embodiment of the
present invention, the 2D matrix ultrasound transducer
is adapted to acquire 3D ultrasound images. The ability
of a 2D matrix ultrasound transducer to acquire ultra-
sound images from a volume may allow for the ability of
deriving 3D ultrasound images. Thereby, it is possible to
provide a 3D or volume representation of a region of in-
terest. Such 3D representation may even be time-de-
pendent (sometimes referred to as "live 3D " or "4D") by
concatenating a plurality of 3D representations acquired
in a time sequence. Biopsy needles may be guided within
an acquired 3D image. Biopsy guidance in live 3D may
provide better awareness of nearby structures and may
thereby help to avoid mistakes during the procedure.
[0039] A biopsy arrangement comprising a multi-posi-
tion biopsy guide system as described above and further
comprising a display device for displaying ultrasound im-
ages acquired by the 2D matrix ultrasound transducer
may be used to assist a physician in finding a region of
interest and/or monitoring the guidance of a biopsy nee-
dle towards the region of interest. For example, an ultra-
sound image may be displayed on the display device
wherein the location and orientation of the image plane
in which the ultrasound image is acquired may be man-
ually aligned by the surgeon or automatically aligned by

7 8 



EP 2 424 440 B1

6

5

10

15

20

25

30

35

40

45

50

55

the biopsy arrangement itself such that a process of in-
troducing the biopsy needle may be effectively moni-
tored. Alternatively, two or more ultrasound images may
be acquired and displayed. For example, a first ultra-
sound image may be acquired in a direction coinciding
with the biopsy path while a second ultrasound image
may be acquired in a direction orthogonal thereto. From
the second ultrasound image a surgeon may learn where
the biopsy needle crosses the region of interest in a plane
perpendicular to the biopsy path. Alternatively, two or
more biopsy needles may be monitored. The two or more
ultrasound images may be displayed simultaneously, for
example side-by-side, or alternately. Accordingly, a sur-
geon may acquire image information and monitor a bi-
opsy process in different imaging planes without the ne-
cessity to move the ultrasound transducer.
[0040] According to an embodiment of the method ac-
cording to the above second aspect of the invention, at
least two biopsy needles are guided using separate bi-
opsy needle guides and each biopsy needle is visualized
in respective corresponding imaging planes using the 2D
matrix ultrasound transducer (3). Both needles may be
visualized simultaneously or alternately.
[0041] It has to be noted that aspects and embodi-
ments of the present invention have been described with
reference to different subject-matters. In particular, some
embodiments have been described with reference to ap-
paratus-type claims whereas other embodiments or fea-
tures have been described with reference to method-type
claims. However, a person skilled in the art will gather
from the above and the following description that, unless
other notified, in addition to any combination of features
belonging to one type of subject-matter also any combi-
nation between features relating to different subject-mat-
ters, in particular between features of the apparatus-type
claims and features of the method-type claims, is con-
sidered to be disclosed with this application.

BRIEF DESCRIPTION OF THE DRAWINGS

[0042] Features and advantages of the present inven-
tion will be further described with respect to specific em-
bodiments as shown in the accompanying figures but to
which the invention shall not be limited.

Fig.1 shows a perspective view of a conventional
biopsy guide.
Fig.2 shows a schematical side view of a conven-
tional biopsy guide system with a one-dimensional
ultrasound transducer.
Fig.3 schematically shows a one-dimensional ultra-
sound transducer surface with a curved linear array
(CLA).
Fig.4 schematically shows a two-dimensional matrix
ultrasound transducer usable in a multi-position bi-
opsy guide system according to an embodiment of
the present invention.
Figs. 5a, 5b illustrate azimuthal and elevational ori-

ented imaging planes of the two-dimensional matrix
ultrasound transducer shown in Fig. 4.
Fig.6 schematically shows a top view on a multi-po-
sition biopsy guide system according to an embod-
iment of the present invention.
Fig.7 schematically shows imaging planes corre-
sponding to locations of biopsy needle guides of the
embodiment of the present invention shown in Fig.6.
Fig.8 shows a schematic representation of a 3D view
of a lesion and a diagonal biopsy needle path for a
multi-position biopsy guide system according to an
embodiment of the present invention.
Figs. 9a-9c show 2D cross-sections through the 3D
volume of Fig.8 in an azimuthal, elevational and di-
agonal direction.
Figs. 10a-10c show the cross-sections of Figs. 9a-
9c with the addition of a biopsy path appropriate to
each plane.

[0043] The drawings are only schematical and not to
scale. Similar elements are indicated with similar refer-
ence signs.

DETAILED DESCRIPTION OF INVENTION

[0044] The conventional biopsy guide system 100
shown in Fig.1 comprises a 1D ultrasound transducer
103. A biopsy guide bracket 106 is arranged around the
transducer face 104. In an azimuthal position with respect
to the longitudinal transducer face 104, a biopsy needle
guide 105 is attached to the biopsy guide bracket 106.
As indicated in Fig.2, the ultrasound transducer 103 with
the one-dimensional transducer face 104 is adapted to
acquire an image from within a trapezoidal region includ-
ed in an image plane 110 coinciding with and orthogonal
to the transducer face 104.
[0045] While with the conventional biopsy guide sys-
tem shown in Fig.1 and 2 the image plane 110 has to be
moved together with the biopsy guide system until it co-
incides with a region of interest 108 such that a biopsy
needle may be guided along a biopsy path 107 using the
biopsy needle guide 105, Fig.4 illustrates an advantage
which may be obtained when using a two-dimensional
matrix ultrasound transducer for the biopsy guide system
in accordance with an embodiment of the present inven-
tion. Using such two-dimensional matrix ultrasound
transducer 3 having a matrix of transducer elements 9
arranged in rows and columns it is possible to provide a
field of view 10 in a shape of a truncated pyramid. Ac-
cordingly, the field of view is not restricted to a single
plane but covers a three-dimensional space.
[0046] Information from within the field of view 10 can
be displayed in many ways. As illustrated in Fig.5a, a
user may choose to view one or more planes 10’ in the
azimuth direction. Alternatively, as shown in Fig.5b, im-
age planes 10" in an elevation direction may be provided.
Also any other orientation of image planes may be pro-
vided using a two-dimensional matrix ultrasound trans-
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ducer.
[0047] As schematically indicated in the top view
shown in Fig.6, one or more biopsy needle guides 5’, 5",
5’" may be provided at different locations around the two-
dimensional matrix  ultrasound transducer 3. With refer-
ence to Fig.7, a first biopsy needle guide 5’ in an azi-
muthal position may be aligned with an azimuth image
plane 10’. A second biopsy needle guide 5’" arranged in
a corner of the rectangular transducer face of the matrix
transducer 3 may be aligned with a diagonal image plane
10"’. A third biopsy needle guide 5" arranged at an ele-
vation position may be aligned with an elevation imaging
plane 10".
[0048] Fig.8 is a schematic representation of a three-
dimensional field of view of a matrix transducer 3. Within
the field of view is a lesion 8 to be biopsied. Around an
edge of the transducer’s 3 lens three small rectangle 5’,
5", 5’" are illustrated to indicate potential locations for a
biopsy needle guide with biopsy paths in the azimuth,
elevation and diagonal planes, respectively. Figs.9a-9c
show two-dimensional cross-sections through the three-
dimensional volume shown in Fig.8, and Figs.10a-10c
show the same cross-sections with the addition of the
biopsy path 7 appropriate to each plane.
[0049] With the multi-position biopsy guide system ac-
cording to embodiments of the present invention, it is the
ability of the 2D matrix transducer to view the other planes
or the 3D view that make the multiple biopsy needle guide
locations useful. Biopsy guidance in three dimensions
may also provide better awareness of nearby structures
and help to avoid mistakes during the procedure.
[0050] Finally, it should be noted that the biopsy paths
in the different imaging planes shown for example in Figs.
10a-10c are all at different angles to pass through the
lesion 8. Accordingly, it is useful to provide biopsy needle
guides 5 which may be adapted to variable angles of the
biopsy path.
[0051] It should be noted that the above-mentioned
embodiments illustrate rather than limit the invention, and
that those skilled in the art will be able to design many
alternative embodiments without departing from the
scope of the appended claims. The term "comprising"
does not exclude other elements or steps and the term
"a" or "an" does not exclude a plurality of elements. It
should also be noted that reference signs in the claims
should not be construed as limiting the scope of the
claims. The invention may be implemented by means of
hardware comprising several distinct elements, and/or
by means of a suitably programmed processor. The mere
fact that certain measures are recited in mutually  differ-
ent dependent claims does not indicate that a combina-
tion of these measures cannot be used to advantage.

List of reference signs

[0052]

3 2D matrix ultrasound transducer

5 Biopsy needle guide

7 Biopsy path

8 Lesion

9 Transducer elements

10 Image plane

100 biopsy guide

103 Ultrasound transducer

104 Transducer face

105 Biopsy needle guide

106 Bracket

107 Biopsy path

108 Lesion

109 Transducer elements

110 Imaging plane

Claims

1. A multiposition biopsy guide system, comprising:

a 2D matrix ultrasound transducer (3); charac-
terized in that the system further comprises
at least two biopsy needle guides (5) for guiding
at least two biopsy needles along biopsy paths
(7) extending in different planes;
the multiposition biopsy guide system being
adapted to controllably guide the biopsy needles
along biopsy paths (7) at variable locations with
respect to the 2D matrix ultrasound transducer
(3), and to acquire ultrasound images in respec-
tive image planes (10) for each of the biopsy
needle guides, wherein the image planes are
aligned with the biopsy paths (7) of each of the
biopsy needle guides (5).

2. The multiposition biopsy guide system according to
claim 1,
wherein the 2D matrix ultrasound transducer (3) is
adapted to acquire ultrasound images in an image
plane (10), which image plane is controllably varia-
ble.

3. The multiposition biopsy guide system according to
claim 1 or 2,
wherein the multiposition biopsy guide system is
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adapted to mount the biopsy needle guides (5) in
variable locations with respect to the 2D matrix ul-
trasound transducer (3).

4. The multiposition biopsy guide system according to
one of claims 1 to 3, wherein the multiposition biopsy
guide system is adapted to determine the locations
of the biopsy needle guides (5) with respect to the
2D matrix ultrasound transducer (3).

5. The multiposition biopsy guide system according to
claim 4,
wherein the multiposition biopsy guide system is
adapted to acquire ultrasound images in image
planes (10) aligned with the biopsy paths (7) corre-
sponding to the determined locations of the biopsy
needle guides (5).

6. The multiposition biopsy guide system according to
claims 1 to 5, wherein the biopsy needle guide (5) is
adapted for guiding the biopsy needles along biopsy
paths (7) at controllably variable angles.

7. The multiposition biopsy guide system according to
one of claims 1 to 6, wherein the biopsy needle
guides (5) are adapted for guiding different types of
biopsy needles.

8. The multiposition biopsy guide system according to
one of claims 1 to 7, wherein the 2D matrix ultrasound
transducer (3) is adapted to acquire 3D ultrasound
images.

9. A biopsy arrangement comprising:

a multiposition biopsy guide system according
to one of claims 1 to 8; and
a display device for displaying ultrasound imag-
es acquired by the 2D matrix ultrasound trans-
ducer.

10. A method of monitoring guidance of at least two bi-
opsy needles along biopsy paths (7) using the multi-
position biopsy guide system according to one of
claims 1 to 8, the method comprising:

determining locations of the at least two biopsy
needle guides (5) with respect to the 2D matrix
ultrasound transducer (3); and
acquiring ultrasound images in image planes
(10) aligned with the biopsy path (7) correspond-
ing to the determined locations of the biopsy
needle guides (5).

Patentansprüche

1. Multipositions-Biopsieführungssystem, das Folgen-

des umfasst:

einen 2D-Matrix-Schallkopf (3),
dadurch gekennzeichnet, dass das System
ferner Folgendes umfasst:
zumindest zwei Biopsienadelführungen (5) zur
Führung von zumindest zwei Biopsienadeln ent-
lang von Biopsiewegen (7), die in verschiede-
nen Ebenen verlaufen,
wobei das Multipositions-Biopsieführungssy-
stem für die kontrollierte Führung der Biopsie-
nadel entlang von Biopsiewegen (7) an ver-
schiedenen Positionen hinsichtlich des 2D-Ma-
trix-Schallkopfes (3) und für die Erfassung von
Ultraschallbildern in entsprechenden Bildebe-
nen (10) für jede der Biopsienadelführungen
ausgelegt ist, wobei die Bildebenen zu den Biop-
siewegen (7) jeder der Biopsienadelführungen
(5) ausgerichtet sind.

2. Multipositions-Biopsieführungssystem nach An-
spruch 1,
wobei der 2D-Matrix-Schallkopf (3) für die Erfassung
von Ultraschallbildern in einer Bildebene (10) aus-
gelegt ist, wobei die Bildebene kontrolliert variiert
werden kann.

3. Multipositions-Biopsieführungssystem nach An-
spruch 1 oder 2,
wobei das Multipositions-Biopsieführungssystem für
die Montage der Biopsienadelführungen (5) an ver-
schiedenen Positionen hinsichtlich des 2D-Matrix-
Schallkopfes (3) ausgelegt ist.

4. Multipositions-Biopsieführungssystem nach einem
der Ansprüche 1 bis 3, wobei das Multipositions-
Biopsieführungssystem für die Ermittlung der Posi-
tionen der Biopsienadelführungen (5) hinsichtlich
des 2D-Matrix-Schallkopfes (3) ausgelegt ist.

5. Multipositions-Biopsieführungssystem nach An-
spruch 4,
wobei das Multipositions-Biopsieführungssystem für
die Erfassung von Ultraschallbildern in Bildebenen
(10) ausgelegt ist, die zu den Biopsiewegen (7) aus-
gerichtet sind, die den ermittelten Positionen der
Biopsienadelführungen (5) entsprechen.

6. Multipositions-Biopsieführungssystem nach den An-
sprüchen 1 bis 5, wobei die Biopsienadelführung (5)
für die Führung der Biopsienadeln entlang von Biop-
siewegen (7) unter kontrolliert variablen Winkeln
ausgelegt ist.

7. Multipositions-Biopsieführungssystem nach einem
der Ansprüche 1 bis 6, wobei die Biopsienadelfüh-
rungen (5) für die Führung unterschiedlicher Arten
von Biopsienadeln ausgelegt sind.

13 14 



EP 2 424 440 B1

9

5

10

15

20

25

30

35

40

45

50

55

8. Multipositions-Biopsieführungssystem nach einem
der Ansprüche 1 bis 7, wobei der 2D-Matrix-Schall-
kop (3) für die Erfassung von 3D-Ultraschallbildern
ausgelegt ist.

9. Biopsieanordnung, die Folgendes umfasst:

ein Multipositions-Biopsieführungssystem nach
einem der Ansprüche 1 bis 8 und
eine Anzeigevorrichtung zur Anzeige von durch
den 2D-Matrix-Schallkopf erfassten Ultraschall-
bildern.

10. Verfahren zur Überwachung der Führung von zu-
mindest zwei Biopsienadeln entlang von Biopsiewe-
gen (7) anhand des Multipositions-Biopsieführungs-
systems nach einem der Ansprüche 1 bis 8, wobei
das Verfahren Folgendes umfasst:

Ermitteln von Positionen der zumindest zwei
Biopsienadelführungen (5) hinsichtlich des 2D-
Matrix-Schallkopfes (3) und
Erfassen von Ultraschallbildern in Bildebenen
(10), die zu dem Biopsieweg (7) ausgerichtet
sind, der den ermittelten Positionen der Biopsie-
nadelführungen (5) entspricht.

Revendications

1. Système de guides de biopsie à plusieurs positions,
comprenant :

un transducteur ultrasonore à matrice bidimen-
sionnelle (3) ;
caractérisé en ce que le système comprend en
outre :
au moins deux guides d’aiguilles de biopsie (5)
pour guider au moins deux aiguilles de biopsie
le long de voies de biopsie (7) s’étendant dans
des plans différents ;
le système de guides de biopsie à plusieurs po-
sitions étant apte à guider de manière contrôla-
ble les aiguilles de biopsie le long de voies de
biopsie (7) à des emplacements variables par
rapport au transducteur ultrasonore à matrice
bidimensionnelle (3), et à acquérir des images
ultrasonore dans des plans d’images respectifs
(10) pour chacun des guides d’aiguilles de biop-
sie, dans lequel les plans d’images sont alignés
avec les voies de biopsie (7) de chacun des gui-
des d’aiguilles de biopsie (5).

2. Système de guides de biopsie à plusieurs positions
selon la revendication 1, dans lequel le transducteur
ultrasonore à matrice bidimensionnelle (3) est apte
à acquérir des images ultrasonores dans un plan
d’image (10), ledit plan d’image étant variable de ma-

nière contrôlable.

3. Système de guides de biopsie à plusieurs positions
selon la revendication 1 ou 2,
dans lequel le système de guides de biopsie à plu-
sieurs positions est apte à monter les guides
d’aiguilles de biopsie (5) à des emplacements varia-
bles par rapport au transducteur ultrasonore à ma-
trice bidimensionnelle (3).

4. Système de guides de biopsie à plusieurs positions
selon l’une quelconque des revendications 1 à 3,
dans lequel le système de guides de biopsie à plu-
sieurs positions est apte à déterminer les emplace-
ments des guides d’aiguilles de biopsie (5) par rap-
port au transducteur ultrasonore à matrice bidimen-
sionnelle (3).

5. Système de guides de biopsie à plusieurs positions
selon la revendication 4, dans lequel le système de
guides de biopsie à plusieurs positions est apte à
acquérir des images ultrasonores dans des plans
d’images (10) alignés avec les voies de biopsie (7)
correspondant aux emplacements déterminés des
guides d’aiguilles de biopsie (5).

6. Système de guides de biopsie à plusieurs positions
selon l’une quelconque des revendications 1 à 5,
dans lequel le guide d’aiguilles de biopsie (5) est
apte à guider les aiguilles de biopsie le long de voies
de biopsie (7) à des angles variables de manière
contrôlable.

7. Système de guides de biopsie à plusieurs positions
selon l’une quelconque des revendications 1 à 6,
dans lequel les guides d’aiguilles de biopsie (5) sont
aptes à guider différents types d’aiguilles de biopsie.

8. Système de guides de biopsie à plusieurs positions
selon l’une quelconque des revendications 1 à 7,
dans lequel le transducteur ultrasonore à matrice bi-
dimensionnelle (3) est apte à acquérir des images
ultrasonores tridimensionnelles.

9. Agencement de biopsie, comprenant :

un système de guides de biopsie à plusieurs po-
sitions selon l’une des revendications 1 à 8 ; et
un dispositif d’affichage pour afficher des ima-
ges ultrasonores acquises par le transducteur
ultrasonore à matrice bidimensionnelle.

10. Procédé de surveillance de guidage d’au moins deux
aiguilles de biopsie le long de voies de biopsie (7)
en utilisant le système de guides de biopsie à plu-
sieurs positions selon l’une des revendications 1 à
8, le procédé comprenant :
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la détermination d’emplacements d’au moins
deux guides d’aiguilles de biopsie (5) par rapport
au transducteur ultrasonore à matrice bidimen-
sionnelle (3) ; et
l’acquisition d’images ultrasonore dans des
plans d’images (10) alignés avec la voie de biop-
sie (7) correspondant aux emplacements déter-
minés des guides d’aiguilles de biopsie (5).
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