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7 ABSTRACT

An ultrasound probe for cavity scanning of a body, compris-
ing: an elongated rod-like member (101), with a longitudinal
axis (102), configured to accommodate at its one end a first
transducer (104). The first transducer (104) has a field of view
(1054, 1055) established by acquiring an image along radial
scan lines in a first image plane that coincides with the lon-
gitudinal axis (102). The field of view covers more than 15
degrees of scan lines at each side of its intersection with the
longitudinal axis and more than 15 degrees of scan lines at
each side of its intersection with a transverse axis (103) that
lies in the first image plane and is perpendicular to the longi-
tudinal axis. The probe may comprise a first and second
needle guide (203, 204) arranged to guide an instrument
along a path (202, 201) which intersects with the first field of
view (108), respectively.
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ULTRASOUND PROBE

BACKGROUND

[0001] Various ultrasound techniques and devices have
been developed for imaging the interior of a body e.g. the
human body. One application of ultrasound imaging has been
in the medical field, and in particular, in endocavitary probes
(e.g., biopsy guidance endocavitary probes). Such probes
may be used, for example, for endovaginal examination (e.g.,
to examine the uterus, ovaries, etc.), endorectal examination
(e.g., to examine the rectal wall, prostate, etc.), and/or other
medically-related applications. It should be noted that for
instance endorectal examination is rather unpleasant and that
biopsy taking is rather painful and therefore typically requires
local anaesthesia. Typically, endocavitary probes include a
linear array transducer positioned at the distal end or front end
of the probe that is to be inserted into a cavity of a body. The
transducer provides an imaging plane for viewing structures/
features of the body and/or another instrument (e.g., a biopsy
needle) that, for example, may be guided into the body via the
probe. Theimaging plane may be provided at a side of a probe
(corresponding to a “side-fire” transducer) or the front of the
probe (corresponding to an “end-fire” transducer).

[0002] Endocavitary probes typically have an elongated
rod-like shape configured with a handle that extends as a
portion of the elongated rod-like shape, but in the end oppo-
site the distal end. Other ultrasound probes are, contrary to
endocavitary probes, configured for placing the probe on the
skin of the body to provide imaging of the interior of the body
located beneath the skin. Still other probes (e.g. intra-opera-
tive probes) are configured for placing the probe directly on
organs inside the body during surgery operations.

[0003] Ultrasound probes are, during use as a probe for
imaging purposes, connected to an image processor e.g. in the
form of a special purpose computer. The image processor is
configured to provide stimulation signals to the probe for
emission of ultrasound pulses and to record reflected ultra-
sound signals in response thereto. Recorded ultrasound sig-
nals are processed to provide a presentation of the reflected
ultrasound signals in the form of an ultrasound image on a
display screen e.g. a computer monitor.

[0004] Use of an ultrasound probe for imaging purposes is
also denoted ultrasound scanning or simply scanning. Scan-
ning is commonly understood as the act of systematically
emitting a (finely focused) beam of e.g. ultrasound into a
medium at different locations across the medium in order to
produce an image of structures contained in the medium. The
beams are emitted systematically e.g. by transducer elements
arranged in a linear or curved linear transducer array. An
image is generated from reflections received in response to
emitted ultrasound beams.

[0005] The transducer(s) of the probe has/have a so-called
field of view which is the sector (usually with a shape like a
sector of a circle) from which reflections are recorded and
displayed as an image. The field of view is also denoted the
imaging plane since field of view can be thought of as a very
thin sector of a disc. A very thin sector is desired in order to
provide precise spatial location (e.g. of organs or tumours).
This is provided by focusing the emitted ultrasound waves in
a direction transverse to the linear array. Thus, the sector can
be described as a plane or sector of a circle, but it will have a
certain thickness. The width of the field of view is determined
by the length of the linear array and the shape of the array.
Typically, the array is shaped to extend along an arc or a
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circle. The depth of the field of view is among other things
determined by the length of a time-window within which
reflected ultrasound signals are recorded.

[0006] The focusing required to obtain the desired field of
view in a direction transverse to the length of the array is
typically obtained by giving each of the transducer elements
aconcave surface shape (in a direction transverse to the length
of the array). It is also desired to have a fine focusing in the
image plane i.e. in a direction along the length of the array.
This is typically achieved by giving each of the transducer
elements a flat surface shape (in a direction transverse to the
length of the array) and then obtaining a desired focusing
electronically. The focused image acquired from the field of
view comprises a number of radial lines. The number ofradial
lines in the image corresponds to radial scan lines (in the
tissue scanned) along which focusing is provided. Thus, the
field of view comprises a number of scan lines.

[0007] The probe typically provides either signals from a
single transducer array for display as one image or rather
sequence of images representing the ultrasound imaging from
the field of view of the single transducer array. Some ultra-
sound probes comprise two arrays arranged perpendicular to
each other to provide bi-plane imaging that is two separate
images acquired from the two different arrays. Thereby a
so-called sagittal image plane and transverse image plane can
be provided for simultaneous display. Bi-plane imaging pro-
vides more spatial information due to acquisition of two
images from two transducers with different fields of view.
[0008] Forthe vast majority ofuses of endocavitary probes,
the probe is used to monitor the safe guidance of an instru-
ment e.g. abiopsy needle. This monitoring is typically carried
out by means of a probe configured with a guide that guides
the instrument along a predefined path. The transducer(s) of
the probe and the guide are mutually arranged so as to remain
in a fixed position relative to each other and so as to obtain a
field of view which covers at least a portion of the predefined
path along which the instrument is guided. Thereby safe
guidance of an instrument can be obtained.

[0009] The above described observations and techniques
are well-known in the field of ultrasound probes. Below,
reference is made to different endocavitary probes.

RELATED PRIOR ART

[0010] JP 02071732-A discloses an elongated ultrasound
probe for biplane ultrasound imaging of a prostate. The elon-
gated probe comprises an end portion with a longitudinally
arranged transducer array for sagittal imaging and a trans-
versely arranged transducer array for transverse imaging,
where the longitudinally arranged array is placed perpendicu-
lar to the transversely arranged array, but on the more distal
end of the end portion, such that the image planes of the two
transducers intersect orthogonally. The arrays are formed ina
convex arc shape so as to provide the image planes from radial
scan lines. The arc shapes have a relatively smooth shape.
[0011] The ultrasound probe is disclosed interconnected
with a biopsy needle guide configured for guiding a biopsy
needle longitudinally to the elongated ultrasound probe, but
offset a certain distance from the probe. The biopsy needle
guide is configured such that the biopsy needle is guided
through the opening of the body cavity and penetrates the
body from the interior of the body cavity.

[0012] U.S. Pat. No. 6,443,902-B1 discloses an ultrasound
probe with a detachable needle guide for collecting tissue
samples. The ultrasound probe is configured for insertion into
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a body cavity and comprises two transducer arrays and a
needle guide assembly for guiding a biopsy needle. The trans-
ducer arrays are arranged perpendicular to each other as
described above, so as to provide bi-plane imaging.

[0013] Theneedle guide assembly is separate from, but can
be interconnected with the ultrasound probe. The ultrasound
probe can be covered by a soft sheath and the needle guide
assembly can then be attached to the probe, but such that the
sheath prevents contact between the probe and assembly.
Thus, the needle guide is arranged outside the sheath in such
a manner that a needle of the needle guide need not penetrate
the sheath. Thereby, only the assembly, but not the probe
needs sterilization after use. The needle guide is arranged to
guide the needle in a direction transverse to a longitudinal
axis of the elongated ultrasound probe. The biopsy needle
guide is configured such that the biopsy needle is guided
through the opening of the body cavity and penetrates the
body from the interior of the body cavity.

[0014] U.S. Pat. No. 6,261,234-B1 discloses a probe for
providing simultaneous viewing of an instrument in two
ultrasound imaging planes (biplane instrument guidance).
The probe is configured as an elongated member with an
end-portion that is configured to accommodate two trans-
ducer arrays. The two transducer arrays are in the form of a
side-fire transducer array and end-fire transducer array
arranged along a respective convex arc shape to provide two
imaging planes. The two imaging planes intersect at a line
which coincides with an instrument path. A needle guide in
the form of a groove of the probe is arranged to guide the
needle along the instrument path when it protracts from the
groove. Seen towards the end-portion, the transducer arrays
are arranged in an L-shaped configuration, where the groove
has an opening, wherefrom the needle protracts, at the corner
of the L-shape.

[0015] Despite the above prior art documents disclose
important improvements, the cited prior art documents do not
fully take advantage of the possibilities related to patient
comfort and effectiveness/efficiency in medical diagnosis
situations.

SUMMARY OF THE INVENTION

[0016] There is provided an ultrasound probe for cavity
scanning of a body, comprising: an elongated member, with a
longitudinal axis and an end-portion. configured to accom-
modate a first transducer; a second transducer configured to
provide a second image plane transverse to a longitudinal axis
of the elongated member. The first transducer has a field of
view established by acquiring an image along radial scan
lines in a first image plane that coincides with the longitudinal
axis. The field of view covers more than 15 degrees of scan
lines at each side of its intersection with the longitudinal axis
and more than 15 degrees of scan lines at each side of its
intersection with a transverse axis that lies in the first image
plane and is perpendicular to the longitudinal axis.

[0017] Consequently, the probe can be used for two differ-
ent scanning principles in a sagittal imaging plane: end-fire
scanning and side-fire scanning. This greatly increases the
use of the probe since each of the scanning principles has its
own advantages. Since the one and same probe can be used
for the two different scanning principles the operator of the
probe can use the same probe for both types of scans. The
operator does not have to switch between two different
probes. Thereby, the patient will be exposed to a less compli-
cated endocavitary examination and patient discomfort is
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thus reduced. Further, due to the less complicated endocavi-
tary examination, effectiveness and efficiency in medical
examination situations is greatly increased.

[0018] The second transducer array provides a field of view
in a second image plane transverse to the longitudinal axis of
the elongated member. This greatly improves the spatial
imaging capability in that the second imaging plane extends
in an additional (third) dimension than the two dimensions of
the first imaging plane. This bi-plane imaging capability is
expediently used for providing image data from the second
transducer and a portion of the first transducer covering a
sector about the transverse axis.

[0019] The probe also provides improvements relating to
instrument guidance. When the probe is used in combination
with instrument guidance, the two scanning principles men-
tioned above allow biopsy to be taken and monitored along
two differently located paths while the probe remains in the
body cavity. The two different paths will extend through
different locations of the body and thus provide for taking
monitored biopsies at more locations in the same cycle of
operations i.e. the cycle of operations where the probe is and
remains inserted in the. body cavity.

[0020] Expediently, the first transducer and/or second
transducer have/has a field of view which are/is centred about
the longitudinal axis and/or transverse axis, respectively.
Thereby, the field of view provided by the probe is more
intuitively arranged about zero degrees and/or ninety degrees
with respect to the longitudinal axis of the often rod-shaped
probe.

[0021] The field of view, at each side of its intersection with
the longitudinal axis or transverse axis, preferably covers a
radial section larger than an angle selected from the group of
20,25, 30, 35, 40, 45, 50 and 55 degrees. The maximum size
of the angular coverage of the field of view is determined by
the shape and length of the transducer array. But the size of the
field of view providing image data can be reduced electroni-
cally as desired. For larger radial sections about the longitu-
dinal and transverse axis the radial sections may overlap.
[0022] When the field of view established about the longi-
tudinal axis and the field of view established about the trans-
verse axis are of substantially same size, the respectively
acquired images can expediently occupy the same field on a
display screen. Thereby switching between the two images
intuitively causes less confusion.

[0023] Inapreferred embodiment, the first transducer com-
prises a curved array shaped to substantially follow an arc
segment of a circle a with a radius selected form the ranges 2
to 20 millimetres and/or 4 to 16 millimetres and/or 4 to 12
millimetres and/or 6 to 12 millimetres. Thereby imaging
comprising 5 non-phase array processing can be performed
while providing a sufficiently broad field of view. Likewise,
the second transducer can comprise a curved array shaped to
substantially follow an arc segment of a circle a with a radius
selected form the ranges 2 to 20 millimetres and/or 4 to 16
millimetres and/or 4 to 12 millimetres and/or 6 to 12 milli-
metres. When both the first transducer and the second trans-
ducer comprise a curved array shaped to substantially follow
arc segments of circles with substantial same radius, the
images acquired by the transducers can be presented in a like
layout.

[0024] Expediently, the second transducer array is inclined
to provide the second image plane at an angle less than 90
degrees with respect to the longitudinal axis towards the one
end of the elongated member. Thereby, a sector of the first



US 2010/0041996 A1

image plane about the transverse axis and the second image
plane can be arranged to coincide. Thereby, e.g. an instrument
can be located in both image planes to provide improved
spatial location.

[0025] Preferably, the second transducer is inclined to pro-
vide the first image plane at an angle that is within the range
of 40 to 110 degrees with respect to the longitudinal axis
towards the one end of the elongated member. An inclination
of about 70-80 degrees e.g. 85 degrees has been found to be
especially expedient.

[0026] The first transducer is expediently arranged on the
more distal portion of the end than the second transducer
array. Thereby, the first transducer can provide end-fire imag-
ing without the end-fire field of view colliding with the struc-
ture of the second transducer.

[0027] In an embodiment the ultrasound transducer is con-
figured to enable selection of’ a first mode wherein an end-
view image is acquired from a first portion of the first trans-
ducer array with a field of view that covers scan lines at each
side of the longitudinal axis, and a second mode wherein a
side-view image is acquired from a second portion of the first
transducer array with a field of view that covers scan lines at
each side of the transverse axis. The first and second portions
of the first transducer array have a field of view that covers a
first and a second sector of ray scan lines; and where the first
and second sectors are arranged to cover a common sector of
scan lines. Thereby the first transducer is utilized more effi-
ciently in that the elements of the first transducer, which form
the common or overlapping sectors, are used in both images
corresponding to both sectors. Consequently, the same trans-
ducer line array can be used for acquiring both images.

[0028] When a transverse image additionally is acquired in
the second mode, but from the second transducer array, two
different and acknowledged principles for scanning of pros-
tate are provided: bi-plane scanning in the second mode and
end-fire scanning in the first mode. The bi-plane scanning
comprises the side-fire scanning and the scanning in the trans-
verse imaging plane.

[0029] Whenthe firsttransducer array covers a sector of say
more than 160 degrees, more transducer elements of the line
array than pins of a sensible electrical connector will typically
be present. Thus, on the one hand pure parallel read-out of the
individual transducer elements is ruled out. On the other
hand, very few pins would not provide for read-out of all the
transducer elements within a sensible timeframe. Therefore,
the probe is conveniently configured with a multiplexer for a
combined parallel and time-multiplexed output of image
data.

[0030] Preferably, the probe is configured with coupling
means for interconnection with a biopsy assembly with
complementary coupling means. Thereby, the probe can be
separately protected by a cover to avoid sterilization of the
probe between each and every use of the probe. The coupling
means and the probe and the biopsy assembly shall allow
sufficient clearance for the cover to protect the probe without
being punctured or flawed.

[0031] The probe or biopsy assembly may comprise a first
needle guide configured to guide a needle along a path which
intersects with the first field of view; and a second needle
guide configured to guide a needle along a path which inter-
sects with the first field of view and the transverse axis.
Thereby, the instrument (e.g. a needle) can be guided safely
since it can be monitored along its path.
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[0032] A known configuration comprises a biopsy needle
guide for guiding a needle a long a path longitudinal to, but
offset from a rod-shaped probe and a side-fire monitoring of
the path (cf. U.S. Pat. No. 6,443,902-B1, FIG. 1). However,
this configuration poses problems when used for taking biop-
sies of a prostate. A biopsy regimen can include e.g., at least
two biopsies from the apical area ofthe prostate (closest to the
pelvic floor muscles). In this situation the biopsy needle will
first penetrate into the human tissue at a small, but sometimes
significant distance behind the sagittal image projection
which projects from the first transducer. Examining the
anatomy slightly below the apex more closely identifies the
different pelvic floor muscles. It is then clear that any attempt
to introduce a biopsy needle along, but offset from the probe
will cause the needle to come close to—or even pass through
parts of the muscles.

[0033] Therefore, expediently, the first needle guide is
arranged to guide a needle in a direction transverse to the
longitudinal axis, and the second needle guide is arranged to
guide the needle in a direction along the elongated member.
[0034] The transversely guided biopsy needle is thus
guided through the opening of the body cavity and penetrates
the body from the interior of the body cavity. Thereby, the
basal area (opposite the apical area) of the prostate can be
sampled by biopsy while being safely monitored by the side-
fire imaging. The longitudinally guided biopsy needle is also
guided through the opening of the body cavity (very close to
the periphery of the probe) and penetrates the body from the
interior of the body cavity. Likewise, but when rotated about
90 degrees and introduced into the body at a more steep angle,
the apical area of the prostate can be sampled by biopsy while
being safely monitored by end-fire imaging. Thereby, the
prostate apex and basal can be sampled by biopsy in the same
cycle of operation while being safely monitored by either
side-fire or end-fire imaging.

[0035] The combination of the transversely guided biopsy
needle and longitudinally guided biopsy needle provides a
superior probe for taking biopsies of a prostate in a single
cycle of operations.

[0036] Preferably, the first needle guide is arranged to pro-
vide an angle between the needle, when inserted into the
needle guide, and the longitudinal axis of the elongated mem-
ber within the range of 10 to 50 degtees. The needle guide can
be shaped as a substantially straight tube or curved tube.
[0037] Preferably, the first needle guide provides an angle
of a needle, when inserted into the first needle guide, at its
projection from the first needle guide and the longitudinal
axis of the elongated member within the range of 10 to 50
degrees. The projection of the needle can be controlled by the
needle guide to obtain the desired angle of protraction.
[0038] Expediently, the needle guides are arranged, with
respect to the elongated member, to make the needles, when
inserted into the needle guides, protract at opposite positions
with respect to a cross-section of the biopsy assembly.
Thereby, the relevant locations for taking samples of the
tissue under examination can be addressed by the paths of the
biopsy needles by firstly using the first needle guide to take
first biopsies (removing the biopsy needle) and then simply
rotating the probe to take second biopsies. This is far more
convenient than actually changing probe.

[0039] Inapreferred embodiment, the second needle guide
extends along the periphery of the elongated member, but
offset from the periphery in a direction away from the point of
gravity in a cross-sectional view of the elongated member.
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[0040] 1In a preferred embodiment, the elongated member
has a shape that is configured for mechanical interconnection
with a probe and to match a recess of a probe so as to provide
a combination of the assembly and probe, when intercon-
nected, that can be circumscribed by a cylinder that covers at
least a portion of the length of the elongated member and has
a diameter that is within the range of 12 to 30 millimetres.
[0041] The needle guides may be shaped as a tube with an
entry end configured for entry of a needle and an exit end
configured for the needle to project from the needle guide.
The smooth shape of a tube has a smaller tendency to collect
dirt and remainders of tissue, since there are fewer protru-
sions.

[0042] To reduce the risk of confusing the acquired images,
marking on biopsy needle guides may correspond to marking
of acquired bi-plane images, respectively, when displayed on
a display screen.

BRIEF DESCRIPTION OF THE DRAWINGS

[0043] Preferred embodiments will be described in greater
detail and with reference to the drawing in which:

[0044] FIG. 1 shows a cross-sectional view of an ultra-
sound probe comprising a transducer array with a field of
view;

[0045] FIG. 2 shows a cross-sectional view of an ultra-
sound probe comprising a needle guide arranged longitudi-
nally and a needle guide arranged transversely;

[0046] FIG. 3 shows a cross-sectional view of an ultra-
sound probe comprising a needle guide arranged along the
ultrasound transducer, but inclined;

[0047] FIG. 4 shows a cross-sectional view of an ultra-
sound probe in a mode providing sagittal side-fire imaging
and a transverse imaging;

[0048] FIG. 5 shows a cross-sectional view of an ultra-
sound probe in a mode providing sagittal end-fire imaging;
[0049] FIG. 6 shows a cross-sectional view of an ultra-
sound probe shown with different field of views;

[0050] FIGS. 7a-b show a side-view and a top-view of an
ultrasound probe with a recess for accommodating a biopsy
assembly;

[0051] FIG. 7c-d shows a top-view and a side-view of a
biopsy assembly;

[0052] FIG. 7e shows an interconnected ultrasound probe
and biopsy assembly;

[0053] FIG. 7f shows an ultrasound probe protected by a
cover;

[0054] FIG. 7g shows a biopsy assembly with a curved
needle guide;

[0055] FIGS. 8a and 85 show a side-view and a 3D view of

an ultrasound probe in a bi-plane mode;

[0056] FIGS.9a and 95 show a side-view and a 3D view of
an ultrasound probe in an end-fire mode; and

[0057] FIGS.10q and 105 show a side-view and a 3D view
of a biopsy assembly.

DESCRIPTION OF A PREFERRED
EMBODIMENT

[0058] FIG. 1 shows a cross-sectional view of an ultra-
sound probe comprising a transducer array with a field of
view. The ultrasound probe 100 is configured for cavity scan-
ning of a body in that it has an elongated or rod-like shape
which can be introduced into the cavity. In general such an
ultrasound probe has a handle, a shaft and a distal end con-
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figured to accommodate an ultrasound transducer 104a;
1045. Only the portion of the shaft towards the distal end is
shown—the handle is not shown. The distal end of the probe
may also be denoted a scanning head or the scanning end of
the probe. The probe or rather the distal end of it may also be
seen as a housing in that it accommodates transducer array. In
general the probe has the shape of an elongated member.
[0059] A longitudinal axis 102 of the probe or elongated
member is shown as a dashed line. A transverse axis 103
perpendicular to the longitudinal axis 102 is also shown as a
dashed line.

[0060] Inoneaspect,the probe 100 is configured to accom-
modate at its distal end a first transducer in the form of two
detached arrays 104a;1045 of ultrasound transducer ele-
ments. The two arrays 104a,;104b are arranged in extension of
one another, but at an offset distance in the direction of exten-
sion. However, the offset distance may be so small that the
arrays provide imaging corresponding to a single array. In
another aspect, as described further below, the first transducer
is in the form of a single array. The arrays or array provide(s)
an imaging plane coinciding with the longitudinal axis 102
and transverse axis 103 i.e. the axes lies in the imaging plane.
For medical uses, this imaging plane is also denoted a sagittal
imaging plane.

[0061] Thetransducer arrays 104a,1045 are shaped so as to
provide a desired field of view in the sagittal imaging plane. It
is in general desired to use small (i.e. short) arrays. Conse-
quently, the arrays are shaped along a convex arc shape to
emit and receive ultrasound wave energy along radial scan
lines. The radial structure of the scan lines provides a sector of
acircle which becomes broader with the distance to the trans-
ducer. The smaller the radius of the convex arc shape, the
broader the sector of the circle. The above is based on a
circular arc shape. However, other arc shapes that provide
radial scan lines can be used. Such other arc shapes can
comprise sections of straight linear arrays each comprising a
number of transducer elements. Complex arc shapes compris-
ing sections with different radiuses can also be applied to
obtain a desired field of view.

[0062] Since in general small clearance or close contact
between the transducer and the housing of the distal end is
desired, the shape of the transducer dictates the shape of the
housing about the transducer. In the shown configuration, the
housing and the transducer has the shape of a portion of a
circular arc. Since it is an objective to provide a design of the
probe which is suitable for cavity scanning and thus for suit-
able for being introduced into the cavity, the probe has a
depression 106 behind the housing that accommodates the
transducer arrays 104a,1045. Thereby the field of view 105a
about the transverse axis 103 is allowed to extend further
towards the handle end of the probe without requiring a larger
diameter of the housing. The arrays 104a and 1045 of the first
transducer provide partial fields of view 105¢ and 1055,
respectively. The field of view 1054,1055 provided by the first
transducer 104a,104b covers more than 15 degrees of scan
lines at each side of its intersection with the longitudinal axis
102 and more than 15 degrees of scan lines at each side of its
intersection with a transverse axis 103. Thus angles al, a2, a3
and a4 are larger than 15 degrees. The angles need not be
equal. In a preferred embodiments al plus a2 is approxi-
mately equal to a3 plus a4.

[0063] For most practical purposes a partial field of view of
more than 30 degrees is desired. Thus, preferably, the field of
view, at each side of its intersection with the longitudinal axis
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or transverse axis, covers a radial section larger than an angle
selected from the group of 20, 25, 30, 35, 40, 45, 50 and 55
degrees.

[0064] Itis shown that the first transducer has partial fields
of view which are centred about the longitudinal axis 102 and
the transverse axis 103. It is also shown that the field of view
1055 established about the longitudinal axis 102 and the field
of view 1055 established about the transverse axis 103 are of
substantially same size.

[0065] FIG. 2 shows a cross-sectional view of an ultra-
sound probe comprising a needle guide arranged longitudi-
nally and a needle guide arranged transversely. This arrange-
ment of the needle guides enhances the use of the ultrasound
probe to be used for taking biopsy samples along two differ-
ent. biopsy paths while providing safe monitoring of both the
paths.

[0066] The transverse needle guide 203 and longitudinal
needle guide 204 can, as shown, be integrated with the probe
body 101. Alternatively, as described further below, the probe
can be configured with coupling means for interconnection
with a biopsy assembly with complementary coupling means.
[0067] The probe body 101 comprises a first, transverse
needle guide 203 configured to guide a needle along a path
202 which intersects with the field of view 1054 established
about the transverse axis 103. It further comprises a second,
longitudinal needle guide 204 configured to guide a needle
along a path 201 which intersects with the field of view 1055
established about the longitudinal axis 102. Thereby, a needle
or other instrument guided, by means of the needle guide,
along one of the paths will intersect with at least some of the
scan lines of the respective fields of view and thus be viewable
during the ultrasound scanning. Thereby safe monitoring of
both the paths is provided.

[0068] The transverse needle guide 203 guides a needle
along the path 202. This path intersects the scan lines of the
field of view 1 054 established about the transverse axis 103
at angles say between about 25 to 90 degrees. Thereby, the
path 202 is viewable across the entire field of view.

[0069] The transverse needle guide is arranged to provide
an angle between the needle, when inserted into the needle
guide, and the longitudinal axis of the elongated member
within the range of 10 to 50 degrees, preferably at about 15 to
20 degrees, e.g. at 17 degrees.

[0070] Fora straight transverse needle guide the same angle
is provided along the entire path 202. But a needle guide
configured to provide a curved path can also be employed.
Such a curved guide can provide an angle of a needle, when
inserted into the first needle guide, at its projection from the
first needle guide and the longitudinal axis of the elongated
member within the range of 10 to 50 degrees.

[0071] The longitudinal needle guide 204 guides a needle
along the path 201. This path intersects the scan lines of the
field of view 1055 established about the longitudinal axis 102
atangles say between about 5 to 25 degrees. Thereby, the path
201 is viewable only at a partial sector of the field of view.

[0072] Seen along the longitudinal axis 102 at a point more
distal than the housing of the probe and towards the housing
of the probe, the needle guides are arranged, with respect to
the elongated member, to make the needles, when inserted
into the needle guides, protract at opposite positions with
respect to a cross-section of the biopsy assembly. Thus, e.g. a
prostate can be addressed by either one of the paths 201,202
by rotating the probe 180 degrees about its longitudinal axis.
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[0073] 1In this embodiment, the first transducer is config-
ured as a single array 104. Thereby, the signals to and from the
elements of the transducer array can be elected electronically
so as to provide differently sized or positioned images from
the transducer array. This will be explained in greater detail
further below.

[0074] FIG. 3 shows a cross-sectional view of an ultra-
sound probe comprising a needle guide arranged along the
ultrasound transducer, but inclined. In this embodiment, one
of the needle guides 303 extend in a direction along the
elongated member 101. This direction may be parallel to a
longitudinal axis of the elongated probe or, as shown, inclined
withrespect to a longitudinal axis of the elongated probe. This
inclination is preferably arranged such that the path 302
crosses the longitudinal axis in front of the transducer 104.
The needle guide 303 can be configured as a straight channel
or a curved channel. Thus, the inclination need not be
present—or be the same—along the entire length of the guide
303.

[0075] FIG. 4 shows a cross-sectional view of an ultra-
sound probe in a mode providing bi-plane imaging. The bi-
plane imaging is provided by sagittal side-fire imaging and
transverse imaging. The transverse imaging is provided by a
second transducer array 405 to provide a second image plane
406 transverse to the longitudinal axis of the elongated mem-
ber. Preferably, the second image plane 406 is orthogonal to
the first image plane 407. The second image plane is also
denoted the transverse image plane.

[0076] The transverse image plane 406 may be arranged so
as to coincide with the axis 103 transverse (perpendicular) to
the longitudinal axis 102 i.e. at right angles or about right
angles. However, as shown, it is preferred that the second
transducer array is inclined to provide the transverse image
plane at an angle of less than 90 degrees with respect to the
longitudinal axis towards the distal end of the elongated
member. The transverse image plane 406 is shown at an angle
of about (180 degrees minus 107 degrees equal to) 73 degrees
relative to the longitudinal axis 102. Preferably, the second
transducer is inclined to provide the second image plane at an
angle that is within the range of 40 to 85 degrees with respect
to the longitudinal axis towards the one end of the elongated
member.

[0077] As the second transducer 405 is arranged in an
inclined position close to the first transducer 104, the image
plane 406 provided by the second transducer intersects the
field of view provided by the first transducer. Thereby, since
some spatial locations appear in both imaging planes, the
ability provided by the second imaging plane 406 to scan
outside the sagittal imaging plane 407 can improve spatial
location determination. As it can be seen, the transverse field
of view will intersect only scan lines of a sector the first field
of view i.e. a partial sector of the first field of view.

[0078] Asitisshown, the first transducer 104 is arranged at
the one end of the elongated member 101, but on the more
distal portion of the end than the second transducer array 405.
[0079] It is also shown that only a portion (ie. a 131.7
degrees sector closest to the transverse array 405) of the first
transducer 104 is used for providing the sagittal field of view
i.e. the portion enclosed by the depicted field of view 407. The
remaining portion of the first transducer 104 may or may not
be used when the probe is in a mode where bi-plane imaging
is provided.

[0080] In this embodiment the transverse needle guide
comprises a channel 203 which extends at its distal end into a
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projection 404. The longitudinal needle guide comprises a
channel 401 which extends at its distal end into a projection
402. An instrument, e.g. needle, follows the path 403.
[0081] Preferably, the distal opening of the channel 203 is
located relative to the (left side boundary of the) field of view
407. Thereby, the path 202 can be monitored/scanned when
the needle starts to protract from the opening of the channel
203 and potentially could damage tissue or organs of a body.
[0082] The angle b designates the inclination of the trans-
verse field of view 406 relative to the left boundary of the
(sagittal) image plane (407). The angle c designates the cov-
erage of the (sagittal) field of view 407. The angle d desig-
nates the angle between the longitudinal axis and the left
boundary of the (sagittal) image plane (407).

[0083] FIG. 5 shows a cross-sectional view of an ultra-
sound probe in a mode providing sagittal end-fire imaging. In
this mode another portion of the first transducer array is used
for acquiring the image (image signals). The end-fire image is
provided from a field of view corresponding to a sector of a
circle of about 140 degrees. The field of view 501 is substan-
tially centred about a longitudinal axis 102 of the probe 101.
However, this centring may deviate about +4 degrees as the
elements of the array may be located such that perfect cen-
tring is inconvenient. The angle e designates the coverage of
the sagittal end-fire view 501.

[0084] The probe can be operated in one of two modes: one
mode providing side fire imaging or bi-plane imaging com-
prising side-fire imaging and another mode providing end-
fire imaging. Preferably the probe is configured to enable
selection of a first mode wherein an end-view image is
acquired from a first portion of the first transducer array with
a field of view that covers scan lines at each side of the
longitudinal axis. It is possible to shift to a second mode
wherein a side-view image is acquired from a second portion
of the first transducer array with a field of view that covers
scan lines at each side of the transverse axis. In the second
mode the transverse image is also acquired. The modes can be
selected either by operating one or more buttons on the probe
or at the image-processor console.

[0085] FIG. 6 shows a cross-sectional view of an ultra-
sound transducer shown with different field of views. Four
different fields of views in the sagittal image plane obtainable
by the first transducer is shown. Two end-fire fields of views
and two side-fire fields of views are shown.

[0086] A first end-fire view 601 has a broader angular cov-
erage than a second end-fire view 602. The first end-fire view
601 covers a circular section of about 132 degrees. The sec-
ond end-fire view 602 covers a circular section of about 84
degrees.

[0087] A first side-fire view 604 has a broader angular
coverage than a second side-fire view 603. The first side-fire
view 604 covers a circular section of about 90 degrees. The
second end-fire view 602 covers a circular section of about
132 degrees.

[0088] The second end-fire view 602 and the second side-
fire view 603 are positioned next to each other and have in
combination a non-overlapping coverage. If these side-fire
and end-fire views are the desired views for all uses of the
probe, the first array 104 need not cover a larger field of view.
However, these side-fire and end-fire views may also repre-
sent electronically selected field of views from the—larger—
field of view provided by the first transducer.

[0089] The first end-fire view 601 and the first side-fire
view 604 are positioned such that they establish a common

Feb. 18,2010

field of view or overlap. This may be desired in any event
since the common field of view improves the ability to keep a
reference location when switching from the side-view to the
end-view and vice versa. However, this may also be so since
the field of view provided by the first transducer array has a
limited length. Thus, the fields of view (or sectors) are
arranged to cover a common sector of scan lines.

[0090] The angle f designates the angle between the longi-
tudinal axis and the left side boundary of the (sagittal) field of
view 603 and the angle g designates the angle between the
longitudinal axis and the left side of view 601. Angle h des-
ignates the coverage of view 601.

[0091] The probe will typically comprise electronic cir-
cuitry configured with a multiplexer for a combined parallel
and time-multiplexed output of image data.

[0092] FIGS. 7a-b show a side-view and a top-view of an
ultrasound probe with a recess for accommodating a biopsy
assembly. In this embodiment, the biopsy assembly com-
prises the needle gnides and is detachable from the ultrasound
probe 700. The probe comprises an elongated shaft 702 with
arecess 703 and a distal end with a housing 701 configured to
accommodate the transducer arrays (not shown). The housing
701 (or scanner head) constitutes a portion of the probe 700.
As shown the housing 701 has a cross-section which matches
the cross-section of the shaft so as to form a probe with no
sharp protrusions. The housing 701 has portions or windows
704,705 behind which the transducer arrays are mounted. The
windows are optimized for transmission of ultrasound
between the transducers and the medium to be scanned that
surrounds the probe during use.

[0093] Anindentation or notch 715 provides a fixation hole
of the assembly.

[0094] FIGS. 7c¢-d show a top-view and a side-view of a
biopsy assembly. The biopsy assembly 706 comprises the
needle guides and is detachable from the ultrasound probe
700.

[0095] The biopsy assembly 706 has an elongated member
707 with a cross-section in the shape of a half-section of a
tube (e.g. a semi-cylindrical member). This cross-section of
the elongated member matches the recess 703 of the probe so
as for the assembly to be interconnected with the probe and
form an interconnected probe and assembly which is rela-
tively smooth and which is relatively closely interconnected
such that larger slits or slots between the probe and assembly
are avoided.

[0096] A collar 708 provides fixation of the assembly at the
handle-end of the probe. At the opposite end of the elongated
member a knob or pin 716, when engaging with the notch
715, provides locking of the assembly at the distal end of the
probe. Retention is further improved by an upper lip 709 and
alower lip 711 which engage with a portion of the periphery
of the probe.

[0097] The upper lip 709 and lower lip 711 are configured
with openings 710 and 718 wherefrom instruments inserted
into the channels 717 and 712 can protract to follow the
biopsy paths into the tissue under examination.

[0098] Theneedle guide 712 extends along the periphery of
the elongated member 707, but offset from the periphery ina
direction away from the point of gravity in a cross-sectional
view of the elongated member. This offset distance is only
about a few millimetres or a fraction of a millimetre. As
shown this offset distance can very along the length of the
elongated member 707.
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[0099] The channels are made from a material that can
stand sterilization and is robust to damage caused by a sharp
instrument introduced in the guide e.g. high quality stainless
steel or a suitable plastic material that can stand autoclaving
or for disposable (single use) biopsy guides or assemblies a
plastic material that can stand sterilization by gas or radioac-
tive radiation. The channel 712 is held in a fixed position
relative to the elongated member by means of a fixture 714.

[0100] The elongated member is made from a material that
can stand autoclaving.

[0101] The channels 717 and 712 terminate at the handle-
end in respective end-pieces 719 and 720 which are shaped as
a convex cylinder for the operator of the probe to place two
fingers and securely (single-handed) maintaining the finger
grip when the instrument or needle is to be introduced into the
guide. The end-pieces may optionally have a tactile surface
on a portion of surface to facilitate secure handling. Prefer-
ably, marking on the end-pieces corresponds to marking of
the bi-plane images acquired by means of the first transducer
in side-fire mode and end-fire mode, respectively, when dis-
played on a display screen.

[0102] FIG. 7e shows an interconnected ultrasound probe
and biopsy assembly. It can be seen that the collar 708 and
upper lip 709 and lower lip 711 engage with the probe. It can
further be seen that the knob or pin 716 engages with the
notch 715 to form a locking mechanism.

[0103] FIG. 7f shows an ultrasound probe protected by a
cover. The assembly is detached from probe, but is shown
next to the probe. The probe is covered by a cover 720 such
that the probe is protected from direct contact with the patient
when introduced into a body cavity. Thereby disinfection of
the probe after use is not needed. The probe is ready for its
next use after common cleaning thereof (when the cover 720
has been removed). Thereby, the assembly 706 does not need
to come into direct contact with the probe. Arranging the
assembly in this manner is particularly advantageous in that a
needle will not penetrate the cover 720. As a result the probe
is not unnecessarily contaminated and thus need not be dis-
infected after each use.

[0104] FIG. 7g shows a biopsy assembly with a curved
needle guide. In this embodiment the transverse guide 721 is
shown as a guide with a curved channel. Thereby, the angle of
protraction can be arranged with fewer constraints than a
straight channel. Especially, the handle-end of the guide can
be placed with fewer constraints thus allowing a more ergo-
nomic or operator friendly design. Reference numerals 722
and 723 designate paths of the needles guided through the
transverse and longitudinally extending needle guide, respec-
tively.

[0105] FIGS. 8a and 85 show a side-view and a 3D view of
an ultrasound probe in a bi-plane mode. The probe comprises
a handle 801 and a shaft 802 with a scanning head 803. The
handle has two buttons 805 for shifting between modes of the
probe e.g. one of the buttons selects the end-fire mode and the
other selects the bi-plane mode. At the handle-end a cable
connection 804 is provided.

[0106] The probe is interconnected with a biopsy assembly
with an elongated member 815 which is maintained intercon-
nected with the probe by means of a clamp 806. An upper lip
811, a lower lip 810, a longitudinal guide channel 809 and
end-pieces 808 thereof are also shown. Further, an end-piece
807 of a transverse guide is also shown and the biopsy path
812 established by the transverse guide is also shown.
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[0107] Theprobe is shown in a mode that provides bi-plane
imaging with a sagittal. field of view 813 and a transverse
field of view 814. The sagittal field of view 813 is arranged to
provide primarily a side-fire view.

[0108] FIGS. 9a and 96 show a side-view and a 3D view of
an ultrasound probe in an end-fire mode. The sagiftal field of
view 816 is arranged to provide primarily an end-fire view.
The biopsy path 817 established by the transverse guide is
also shown.

[0109] FIGS. 10a and 105 show a side-view and a 3D view
of a biopsy assembly. This assembly is the biopsy assembly
shown interconnected with the probe on FIGS. 8 and 9, but
here shown in greater detail.

[0110] The biopsy assembly 1000 has an elongated mem-
ber 815. A collar 818 provides retention or fixation of the
assembly at the handle-end of the probe. At the opposite end
of the elongated member a knob or pin 817 provides retention
or fixation of the assembly at the distal end of the probe.
Retention is further improved by an upper lip 811 and a lower
lip 810 which engage with a portion of the periphery of the
probe.

[0111] The upper lip 811 and lower lip 810 is configured
with openings (not shown) wherefrom instruments inserted
into the channels 816 and 809 can protract to follow the
biopsy paths into the tissue under examination.

[0112] Theneedle guide 809 extends along the periphery of
the elongated member 815 and is held in a fixed position in the
handle-end by a fixation protrusion 819. The needle guide
816 extends transverse to the longitudinal axis of the elon-
gated member 815 and is held in a fixed position in the
handle-end by a duct 820 in the elongated member 815. The
duct 820 fixates the guide by friction. At the opposite ends of
the guides 816,809, the guides are fixated by the upper lip 811
and lower lip 810.

[0113] The channels 816 and 809 terminate at the handle-
end in respective end-pieces 807 and 808 which are shaped as
a convex cylinder for the operator of the probe to place two
fingers and securely (single-handed) maintaining the finger
grip when the instrument or needle is to be introduced into the
guide. Preferably, marking on the end-pieces correspond to
marking of acquired bi-plane images, respectively, when dis-
played on a display screen. As shown the end-pieces can have
adifferent outer shape e.g. an outer shape as concave cylinder
(807) or an outer shape as a combined cylinder and cone.
[0114] As stated in the above, the field of view comprises a
number of scan lines. The image is focused along these scan
lines either by the physical shape of the transducer elements
or electronically or by a combination of the two. When using
a combination of the two, the elements of the array can have
asurface shape whichis convex in a direction transverse to the
length of the line array and which is substantially straight in a
direction longitudinal to the length of the array.

[0115] Since the array is curved the transducer elements
thereof have surface normals that extend mutually radially
from the surfaces of the array elements or at least some of the
elements have surface normals that extend mutually radially
from the surfaces of the array elements. Please recall that a
surface normal to a flat surface is a three-dimensional vector
which is perpendicular to that surface. A normal to a non-flat
surface at a point on the surface is a vector which is perpen-
dicular to the tangent plane to that surface at the point. The
radial surface normals (disregarding their length) of the trans-
ducer element can coincide with the scan lines and thus,
define the field of view provided by the transducer array.
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[0116] Although primarily linear curved array embodi-
ments have been described alternative embodiments can
comprise curved multi-line arrays (curved matrixes of trans-
ducer elements). Still alternative, embodiments can comprise
element transducers e.g. single element transducers arranged
in mechanically moveable configurations.

1. An ultrasound probe for cavity scanning of a body,
comprising:

an elongated member (101), with a longitudinal axis (102),

configured to accommodate at its one end a first trans-
ducer (104); and
a second transducer (405) configured to provide a second
image plane (406) transverse to a longitudinal axis of the
elongated member (101);

where the first transducer (104) has a field of view (105)
established by acquiring an image along radial lines
(107) in a first image plane that coincides with the lon-
gitudinal axis (102);

where the field of view (105) covers more than 15 degrees
at each side of its intersection with the longitudinal axis
(102 and more than 15 degrees at each side of its intet-
section with a transverse axis (103) that lies in the first
image plane and is perpendicular to the longitudinal axis
(102).

2. An ultrasound transducer according to claim 1, where
the first transducer (104) has a field of view which is centred
about the longitudinal axis (102) and/or transverse axis (103).

3. An ultrasound transducer according to claim 1, where
the field of view, at each side of its intersection with the
longitudinal axis (102) or transverse axis (103), covers a
radial section larger than an angle selected from the group of
20, 25, 30, 35, 40, 45, 50 and 55 degrees.

4. An ultrasound transducer according to claim 1, where
the field of view established about the longitudinal axis (102)
and the field of view established about the transverse axis
(103) are of substantially same size.

5. An ultrasound transducer according to claim 1, where
the first transducer (104) comprises a curved array shaped to
substantially follow an arc segment of a circle a with a radius
selected form the ranges 2 to 20 and/or millimetres and/or 4 to
16 millimetres and/or 4 to 12 millimetres and/or 4 to 8 milli-
metres.

6. An ultrasound transducer according to claim 1, where
the second transducer array (405) is inclined to provide the
second image plane (406) at an angle less than 90 degrees
withrespect to the longitudinal axis towards the one end of the
elongated member.

7. An ultrasound transducer according to claim 1, where
the second transducer (405) is inclined to provide the second
image plane at an angle that is within the range of 40 to 110
degrees with respect to the longitudinal axis towards the one
end of the elongated member.

8. An ultrasound transducer according to claim 1, where
the first transducer (104) is arranged at the one end of the
elongated member (101), but on the more distal portion of the
end than the second transducer (405).

9. An ultrasound transducer according to claim 1, where
the ultrasound transducer is configured to enable selection of:

a first mode wherein an end-view image is acquired from a

first portion of the first transducer array (104) with a field
of view (501) that covers scan lines at each side of the
longitudinal axis (102), and

asecond mode wherein a side-view image is acquired from

a second portion ( ) of the first transducer array (104)
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with a field of view (407) that covers scan lines at each
side of the transverse axis (103).

10. An ultrasound transducer according to claim 9, where
the first and second portion of the first transducer array (104)
has a field of view (601,604) that covers a first and second
sector of scan lines; and where the first and second sector are
arranged to cover a common sector of scan lines.

11. An ultrasound transducer according to claim 1, where a
transverse image additionally is acquired in the second mode,
but from the second transducer (405).

12. An ultrasound transducer according to claim 1, config-
ured with a multiplexer for a combined parallel and time-
multiplexed output of image data.

13. An ultrasound sound transducer according to claim 1,
configured with coupling means (806;810;811,716,715) for
interconnection with a biopsy assembly (706).

14. An ultrasound sound transducer according to claim 1,
comprising:

a first needle guide (203) configured to guide a needle
along a path (202) which intersects with the first field of
view (105) and the transverse axis (103); and

a second needle guide (303) configured to guide a needle
along a path (201,302) which intersects with the first
field of view (105).

15. A biopsy assembly according to claim 14,

where, the first needle guide (203) is arranged to guide a
needle in a direction transverse to the longitudinal axis,
and

where the second needle guide (204;303) is arranged to
guide the needle in a direction along the elongated mem-
ber (101).

16. A biopsy assembly according to claim 14, where the
first needle guide is arranged to provide an angle between the
needle, when inserted into the needle guide, and the longitu-
dinal axis of the elongated member within the range of 10 to
50 degrees.

17. A biopsy assembly according to claim 14, where the
first needle guide provides an angle of a needle, when inserted
into the first needle guide, at its projection from the first
needle guide and the longitudinal axis of the elongated mem-
ber within the range of 10 to 50 degrees.

18. A biopsy assembly according to claim 14, where the
needle guides (203,204,303) are arranged, with respect to the
elongated member (101), to make the needles, when inserted
into the needle guides, protract at opposite positions with
respect to a cross-section of the biopsy assembly.

19. A biopsy assembly according to claim 14, where the
second needle guide (401) extends along the periphery of the
elongated member, but offset from the periphery in a direc-
tion away from the point of gravity in a cross-sectional view
of the elongated member.

20. A biopsy assembly according to claim 14, where the
elongated member has a shape that is configured for mechani-
cal interconnection with a probe (700) and to match a recess
(703) of a probe so as to provide a combination of the assem-
bly and probe, when interconnected, that can be circum-
scribed by a cylinder that covers at least a portion of the length
of the elongated member and has a diameter that is within the
range of 12 to 30 millimetres.

21. A biopsy assembly accordingto claim 14, where at least
one of the needle guides (203,204,303) is shaped as a tube
with an entry end configured for entry of a needle and an exit
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end configured for the needle to project from the needle acquired bi-plane images, respectively, when displayed on a
guide. display screen.

22. A biopsy assembly according to claim 14, where mark-
ing on biopsy needle guides corresponds to marking of BoOR Ok kK



THMBW(EF)

BAE L
US20100041996A1 K (2E)R
US12/225488 iR

patsnap

2010-02-18

2007-03-23

FRIBE(FFR)ACE) BB-EREEREAT
B (TR AGE) Dana-FarberfEfEfFFTATINC.

HATRE(EFR)A(F) B-KEFTAPS

[#R1 &% BB A NYGAARD PER EHRENREICH
KARLSSON GERT
FORTLING BJORN
SORENSEN LIS

KBEA NYGAARD, PER EHRENREICH
KARLSSON, GERT
FORTLING, BJORN
SORENSEN, LIS

IPCH & A61B8/14

CPCo %= A61B8/0833 A61B8/12 A61B2017/3447 A61B8/4488 A61B2017/3413 A61B8/145

i 51X 60/785373 2006-03-24 US

H AN FF 32k US9259208

SNEBEEE Espacenet USPTO

HEGE)

—fATFAREBERENERRS , 28  #KTRE4E (101) , EEY M
Mgk (102) , MEREE—IRENE —HREEES (104 ) . F—HREE
(104 ) EEBIRESHH (102) EENE—RGFTEFHNERAE
SLIRMEGBMBEILWIZ (105a, 105b ) » WFHEESHHHURI K
BMESEI1SENAEL , AEEHSE—REBTEPNEDH
(103 ) WRXSMEB—NLEEBI15ENAEL%. HEEBETHH.
RO EREE—ME_45I54 (203,204) , EHERBRBESE—MNZ
(105 ) HMBE (202,201 ) IS8,



https://share-analytics.zhihuiya.com/view/6dc6e0b2-14ee-4659-b957-7deb37b25b0c
https://worldwide.espacenet.com/patent/search/family/038541453/publication/US2010041996A1?q=US2010041996A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220100041996%22.PGNR.&OS=DN/20100041996&RS=DN/20100041996

