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Description
FIELD OF THE INVENTION

[0001] The invention generally relates to a system for
obtaining a 3D biopsy. Particularly, the invention relates
to a biopsy device with a biopsy tube maintaining the
integrity of an extracted tissue volume.

BACKGROUND OF THE INVENTION

[0002] Forthe proper analysis of tumours and defining
the appropriate treatment detailed information on a tu-
mour may be needed. First the presence and position of
a potential tumour may be identified through medical im-
aging.

[0003] Subsequently a biopsy may be taken to assess
whether or not the lesion is benign or malignant through
pathology. An exemplary workflow for obtaining a biopsy
is depicted in figure 1. For positioning the biopsy device
(usually a needle with a shaft 100 having a lateral recess
200, and an outer tubular member 500) accurately in the
suspicious tissue, the correct location is commonly de-
termined using image guidance such as Ultrasound or
X-ray. While imaging may provide coarse guidance of
the needle towards the region of interest, it is often chal-
lenging to precisely identify the boundaries of small le-
sions or tumours with the biopsy needle using standard
imaging modalities. As a consequence, biopsies are of-
ten taken at the wrong location, which increases the risk
of false diagnoses.

[0004] Finally molecular diagnostic (MDx) analysis of
the tissue may be done to determine which molecular
mutations and molecular pathway drive the tumour in or-
der to arrive at a proper treatment. In order to provide
the correct molecular analysis, also tumour heterogene-
ity may be assessed to determine whether a single can-
cerous clone is responsible for the tumourous growth or
whether multiple clones are present, so that possibly mul-
tiple biological pathways drive tumour growth and rather
a combination of drugs should be given.

[0005] US2012/006 8085 describes atissue collection
device having a cylindrical optically transparent tissue
collection tube with two sets of spaced apart micro-pores
formed along one side of the optical transparent walls
thereof, a micro-occluder that slides about the outer sur-
face of the cylindrical tissue collection tube to selectively
occlude the micro-pores, a distal cap for sealing off the
open distal tip portion of the tissue collection tube, and
aproximal cap for sealing off the open proximal end open-
ing of the tissue collection tube.

[0006] A document WO2007021904A2 discloses var-
ious single-insertion, multiple sampling biopsy devices.
One exemplary biopsy device has a stylet with a distal
end and a proximal end, a sample opening being provid-
ed at the distal end. An interior volume lies within the
stylet and runs between the distal and proximal ends.
The sample opening provides access to the interior vol-
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ume. The stylet has a recovery position proximal of the
distal end. A shuttle is mounted in the stylet and free to
travel from the sample opening to the recovery position.
The shuttle has at least one bulkhead shaped and posi-
tioned to push a sample in the shuttle toward the proximal
end of the stylet. In use, the exemplary biopsy device
allows a sample to be drawn into and sample opening
and into the shuttle. Once separated, the sample is car-
ried to the recovery position at the proximal end of the
stylet by the shuttle.

SUMMARY OF THE INVENTION

[0007] Inview of the above mentioned problems, it can
be seen as an object of the invention to get an intact 3D
biopsy so that an appropriate analysis can be made.
[0008] This and further objects are solved by the sub-
ject-matter of the independent claim. Further embodi-
ments are described in the dependent claims.

[0009] A deviceinaccordance withtheinvention allows
for a simpler sample handling. The biopsy stays in one
piece, which is advantageous for the correlation of any
pathology and MDx results to the medical imaging da-
ta/pictures. This approach enables a comparison and
correlation of metabolomic markers for tumour activity
(as derived from the photonic needle), molecular diag-
nostic markers such as obtained from molecular test such
as PCR and/or sequencing from the tumour biopsy, and
medical imaging data (obtained by modalities such MRI,
ultrasound). In addition, the biopsy tube enables the sub-
sequent selection of a section of the biopsy by optical
imaging for further analysis by MDx or (digital) pathology.
[0010] Moreover, a tumour heterogeneity map can be
made which facilitates determining the appropriate drug
cocktail as well as following the tumour response via im-
aging.

[0011] To achieve all these advantages, a biopsy tube
is generally proposed for use with a biopsy device. The
biopsy tube may be made of a transparent material such
as, for example, glass or a hard plastic material. Accord-
ing to an embodiment, the biopsy tube may be coated
with a coating, which may reduce the friction such as a
silicone coating, within the biopsy tube. In an example,
the biopsy tube may be coated with a coating, which may
reduce the friction such as a silicone coating, on the out-
side of the biopsy tube. In one example, the coating is
provided inside the biopsy tube, and in another example,
the coating is provided on the outside of the biopsy tube.
In a further example, the coating is provided inside and
on the outside of the biopsy tube.

[0012] According to an example, the biopsy tube may
have a length between 9 mm and 19 mm, preferably 14
mm and may have an outer diameter up to 2 mm, with
an inner diameter up to 1.6 mm.

[0013] Furthermore, the biopsy tube may have an in-
clined end with an inclination angle of about 50 to 60
degrees, so as to form a pointed tip. In such an embod-
iment, it may be of interest to control the rotational ori-
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entation of the biopsy tube relative to the tube shaft. To
achieve this, the biopsy tube may have an alignment fea-
ture like a groove for an engagement with a correspond-
ing protrusion at the tube shaft. Alternatively, a flat edge
on an outer surface of the biopsy tube may be used to
identify a rotational orientation.

[0014] According to another example, the biopsy tube
may comprise a sharp edge at an end of the biopsy tube,
which end will thus be configured to cut tissue when being
pushed forward (distally) by means of a biopsy device.
The sharp edge may preferably be provided at the point-
ed tip.

[0015] According to afurther example, the biopsy tube
may have a barcode identifier in order to permit identifi-
cation of the biopsy tube and/or of the biopsy tissue lo-
cated within the biopsy tube.

[0016] Generally, a biopsy device for taking a 3D bi-
opsy may comprise an outer sleeve, a hollow main shaft,
a biopsy tube and a tube shaft. The hollow main shaft
may have a distal end portion with a sideward facing
notch, and the main shaft may be adapted to be accom-
modated within the outer sleeve. Itis noted that the side-
ward facing notch may also be an upwardly or downward-
ly facing notch, depending on the point of view.

[0017] The outer sleeve may be movable relative to
the main shaft between a first position in which the notch
is not covered by the outer sleeve, and a second position
in which the notch is covered by the outer sleeve. The
outer sleeve may have a sharp distal edge, wherein the
sharp distal edge may be provided to cut tissue which is
present in the notch so that the tissue can be isolated
from surrounding tissue.

[0018] The biopsy tube is provided for receiving isolat-
ed tissue. A proximal end of the biopsy tube may be re-
leasably attachable to a distal end of the tube shaft so
that the biopsy tube is movable together with the tube
shaft within the hollow main shaft between a proximal
position in which the biopsy tube is not located in the
notch, and a distal position in which the biopsy tube is
located in the notch.

[0019] The biopsy tube may be adapted to be inserted
into the notch so as to be attached to the distal end of
the tube shaft, when the outer sleeve is in the first posi-
tion.

[0020] Alternatively, biopsy tube may be adapted to be
inserted into main shaft more proximally. The outer
sleeve may comprise a side opening and the hollow main
shaft may comprise a side recess, with the side recess
being arranged proximally to the notch. To allow an in-
sertion of the biopsy tube through the side opening of the
outer sleeve and into the side recess of the main shaft,
the outer sleeve may be movable relative to the main
shaft to a third position in which the side opening is lo-
cated over the side recess. By inserting the biopsy tube
that way, it can be attached to the distal end of the tube
shaft. It is noted that the third position may be identical
with the first position in which the outer sleeve does not
cover the notch.
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[0021] According to an example, the outer sleeve may
comprise an inwardly protruding edge at or near the distal
edge of the outer sleeve for an abutment of a distal end
of the biopsy tube. As long as the biopsy tube abuts to
the inwardly protruding edge, the position of the biopsy
tube within the main shaft and the outer sleeve can be
controlled and the biopsy tube may be movable together
with the tube shaft and the outer sleeve relative to the
main shaft.

[0022] Further, the tube shaft may comprise a distal
end with a smaller diameter so as to engage with one of
the ends of the biopsy tube. Otherwise, the tube shaft
may have a portion with a larger inner diameter so as to
allow the biopsy tube to be inserted into that portion.
[0023] According to a further example, a suction chan-
nel may be provided in the tube shaft.

[0024] Furthermore, at least one optical fibre may be
provided in the biopsy device, with a distal end of the
optical fibre being arranged in the vicinity of the notch,
for emitting and receiving of light, allowing in-vivo tissue
inspection including at least one out of the group consist-
ing of diffuse reflectance spectroscopy, fluorescence
spectroscopy, diffuse optical tomography, differential
path length spectroscopy, and Raman spectroscopy.
[0025] The tube shaft may be formed as a hollow tube
shaft, the biopsy device further comprising an elongated
fibre body with the at least one optical fibre being ar-
ranged within the fibre body. According to an example,
the fibre body may be movably accommodated within the
tube shaft, movable between a first position in which the
fibre body extends through the biopsy tube so that the
distal end of the optical fibre is located at the distal end
of the main shaft, and a second position in which the
distal end of the at least one optical fibre is located prox-
imally to the notch.

[0026] Using a biopsy device with optical fibres, for bi-
opsy taking, may have the following advantages:

- By measuring the optical spectrum of the surround-
ing tissue, one may determine whether the tu-
mour/lesion has been reached, sothatone may have
a better chance of successfully taking a biopsy from
the tumour.

- The metabolomic activity, through the NADH/FAD
ratio, can be determined from the optical spectrum.

- By tissue sensing at the tip, it can be ensured that
the device is correctly positioned at the location of
interest. A biopsy may be obtained from exactly the
same location as the tissue sensing by advancing
only the main shaft until the notch is at the location
of interest. A further tissue sensing of the tissue in
the notch may be performed to control as to whether
the correct tissue sample is captured in the notch of
a biopsy device.

[0027] Inthe following, geometrical aspects will be de-
fined for a better understanding. First of all, the device
includes a longitudinal axis. Here, the longitudinal axis
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is understood as the center axis, and in particular as the
center axis of a rotationally symmetrical shaft. Further,
the tip portion of the device, which is the end portion of
the device which will be introduced first into a body, may
be cut at an angle to the main axis forming a bevel. The
pointed tip of the bevel is directed to the 'front’ of the
needle. As a result, looking from the 'side’, it is possible
to recognize the angle between the bevel and the main
axis, and further it is possible to look onto and into a
recess formed at the side, i.e. laterally. The term ’distal’
means to the front and the term ’proximal’ is used to de-
fine a direction opposite to distal, i.e. to the back of a
device or element.

[0028] According to another example, the biopsy de-
vice may further comprise a channel for injecting or ex-
tracting a fluid. Such a channel may be an additional
channel formed in the main shaft, in the tube shaft or in
a fibre body and may extend through that shaft or body
in a longitudinal direction, but may also be formed be-
tween forexample the fibre body and the shaft or between
the shaft and the outer sleeve.

[0029] According to a further embodiment, the biopsy
device may further comprise a tissue retraction channel,
wherein a suction device may apply vacuum to the chan-
nel for retracting a sample of tissue. For example, the
channel in which the fibre body is accommodated within
the tube shaft may be used for retracting a sample, after
removing the fibre body. Alternatively, the channel may
be formed in the fibre body between optical fibres which
are preferably arranged as much as possible at opposite
sides of the elongated body.

[0030] Accordingtoan embodiment, the biopsy device
may further comprise a console including a light source,
a light detector and a processing unit for processing the
signals provided by the light detector, wherein one of the
light source and the light detector may provide wave-
length selectivity. The light source may be one of a laser,
a light-emitting diode or a filtered light source, and the
console may further comprise one of a fibre switch, a
beam splitter or a dichroic beam combiner. Furthermore,
the device may be adapted to perform at least one out
of the group consisting of diffuse reflectance spectros-
copy, diffuse optical tomography, differential path length
spectroscopy, and Raman spectroscopy.

[0031] The system may further comprise a device
adapted for ex-vivo tissue inspection, and/or a storage
container for receiving extracted tissue in the biopsy tube
and for storing pathology information obtained by an in-
vivo tissue inspection and/or an ex-vivo tissue inspection.
[0032] The aspects defined above and further aspects,
features and advantages of the present invention may
also be derived from the examples of embodiments to
be described hereinafter and are explained with refer-
ence to examples of embodiments. The invention will be
described in more detail hereinafter with reference to ex-
amples of embodiments but to which the invention is not
limited.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0033]

Figure 1 illustrates steps of taking a biopsy with a
known needle.

Figure 2 shows a biopsy tube and a tube shaft.
Figure 3 illustrates steps of inserting a biopsy tube
into a notch of a main shaft of a biopsy device, ac-
cording to a first embodiment.

Figure 4 illustrates steps of inserting a biopsy tube
into a recess of a main shaft of a biopsy device, ac-
cording to a second embodiment.

Figure 5 illustrates steps of taking a biopsy with a
biopsy device of figure 3 or 4.

Figure 6 shows a biopsy device including a fibre
body.

Figure 7 illustrates steps of taking a biopsy with a
biopsy device of figure 6.

Figure 8 illustrates steps of inserting a biopsy tube
into a recess of a main shaft of a biopsy device, ac-
cording to a third embodiment.

Figure 9 shows a system including a biopsy device
and a console.

[0034] The illustration in the drawings is schematically
only and not to scale. Itis noted that similar elements are
provided with the same reference signs in different fig-
ures, if appropriate.

DETAILED DESCRIPTION OF EMBODIMENTS

[0035] In figure 2, embodiments of a biopsy tube 20
and a tube shaft 30 are shown. The biopsy tube 20 is
substantially formed as a hollow cylinder with a substan-
tially circular outer cross section and with first and second
ends each having a straight edge. In this embodiment,
the first end 22 is formed with an angle of 90° relative to
the longitudinal axis 26, i.e. substantially perpendicular
to the longitudinal axis. The second end 24 may be
formed with an inclined angle relative to the longitudinal
axis 26, wherein this angle may be in the range between
45° and 65°, for example 55°. It will be understood that
the angles at the ends of the biopsy tube may be adapted
to fit to inclined surfaces of a notch formed in a main shaft
of a biopsy device, as described in detail below. For ex-
ample, the length of such a biopsy tube may be between
approximately 3 mm and 20 mm, preferably 14 mm +/-
5 mm and an outer diameter may be 2 mm, whereas an
inner diameter of a channel 28 which extends through
the cylinder, may be between 1.4 and 1.6 mm. The biopsy
tube may be made of glass or froma hard and transparent
plastic such as PMMA. Alternative hard plastics could be
Pes (polyester), PC (polycarbonate), PSU (polysulfon),
PES (polyethersulfon), or Teflon. Furthermore, the biop-
sy tube 20 may be provided with a sharp edge at one
end, in particular at the leading end, i.e. the distal end
when the biopsy tube is pushed forwards by the tube
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shaft 30. As an alignment feature, the biopsy tube 20 is
exemplarily provided with a groove 23 at the first end 22,
which groove 23 may be configured for an engagement
with a protrusion 31 formed at or adjacent to the first end
32 of the tube shaft 30. Such alignment features may
also be useful in identifying the rotational orientation of
a resected sample during later handling and analysis. In
an embodiment in which a beveled leading edge is used,
as shown in figure 2, it may further ensure that the cutting
takes place with the cutting edge of the biopsy tube at
the correct orientation with respect to the notch.

[0036] Thetube shaft30,asshowninfigure2,includes
a first end 32 and a second end 34. The first end 32 as
well as a short portion 33 may have a reduced diameter
which is adapted to engage within one of the ends of the
biopsy tube. The tube shaft 30 may also be formed as a
hollow cylinder. The tube shaft may have a through bore
38 which may provide several functions. The through
bore 38 may have a smaller diameter sufficient for inject-
ing or retracting a fluid through the shaft or may have a
greater diameter sufficient for allowing retraction of tis-
sue. In a case in which the diameter of the through bore
38 inthe tube shaftis equal or at least similar to the inner
diameter of the biopsy tube 20, a separate element like
a fibre body may be inserted and movably accommodat-
ed within the combination of the biopsy tube and the tube
shaft.

[0037] The biopsy device as shown in figure 3 com-
prises a hollow shaft 10 with a distal end or tip 14 forming
a slanted surface, wherein the slanted surface may have
an oval shape in case the hollow shaft has a circular
cross section. Furthermore, a lateral recess or notch 16
is formed in the shaft, wherein the notch 16 is substan-
tially formed by a lateral opening and a section of the
bore extending through the shaft in a longitudinal direc-
tion. Figure 3 further illustrates as to how a biopsy tube
20 may be inserted into a notch 16 of a main shaft 10 of
a biopsy device so as to be attached at the distal end 32
of the tube shaft 30.

[0038] Forexample, the biopsy tube 20 may be insert-
ed with an inclined orientation and with the proximal end
22 first. This may have the advantage that an attachment
of the biopsy tube to the distal end of the tube shaft may
be better controlled by hand. The kind of movement of
this example is indicated by the bolt arrow in figure 3.
[0039] Alternatively, the biopsy tube 20 may be insert-
ed into the notch 16 of the main shaft 10 with a parallel
orientation of the longitudinal axis of the biopsy tube and
the longitudinal axis of the main shaft. In this case, the
tube shaft 30 may be pulled a few millimeters backwards,
i.e. proximally, to provide sufficient space for the biopsy
tube to be inserted into the notch. Subsequently, the tube
shaft 30 may be pushed forwards, i.e. distally, so that the
portion 33 with the reduced diameter may engage the
biopsy tube so as to attach the biopsy tube to the tube
shaft.

[0040] Figure 4 shows another embodiment providing
an additional recess for inserting a biopsy tube into the
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main shaft of the biopsy device at a location more prox-
imal. In this embodiment, the outer sleeve 50 comprises
a side opening 54 and the main shaft 10 comprises a
recess 18. The outer sleeve 50 can be moved relative to
the main shaft 10 so that the side opening 54 is positioned
over the recess 18. As soon as the tube shaft 30 is re-
tracted behind the opening as well as the recess, a biopsy
tube 20 can be inserted in a similar way as described
above. After insertion of a biopsy tube, the tube shaft 30
together with the biopsy tube 20 can be moved forwards
and the outer sleeve backwards so that the recess in the
main shaft is covered by the outer sleeve and the biopsy
tube is located within the notch in the main shaft.
[0041] Figure 5 shows a sequence of steps of taking
a biopsy by means of a biopsy device including, inter alia,
a biopsy tube 20 for receiving tissue. Firstly, with the
notch 16 of the main shaft 10 being covered by the outer
sleeve 50, the biopsy device is inserted into tissue. Sec-
ondly, the main shaft is pushed forward until the notch in
the main shaft is no longer covered so that tissue can
engage the notch 16. Thirdly, the outer sleeve 50 which
is provided with a sharp distal edge in accordance with
this example, is pushed forwards so as to cut the tissue
and the tube shaft 30 with the biopsy tube 20 is pushed
forward so as to receive the cut tissue. It is noted that
the outer sleeve 50 may also have a blunt distal edge,
i.e. not a sharp distal edge, and that the biopsy tube 20
may be provided with a sharp distal edge, so that tissue
which is present in the notch 16 of the main shaft 10 can
be cut by means of the biopsy tube 20.

[0042] Figure 6 shows anotherembodimentofa biopsy
device, wherein this embodiment mainly differs from the
above described embodiments in that additionally a fibre
body 40 is inserted through the tube shaft and the biopsy
tube. The fibre body 40 may be formed by an elongated
and solid element in which channels for accommodating
optical fibres 42 are provided. The fibre body may include
an end surface 42 forming a bevel at the distal end of the
fibre body.

[0043] An optical fibre 42 may be provided for illumi-
nating and collecting light, with a distal end of the optical
fibre at the tip, i.e. at the end surface 44 of the fibre body.
The proximal end of the fibre may be connected to an
optical console capable of emitting and receiving light.
[0044] For optimal tissue sensing, it may be advanta-
geous to guide at least two optical fibres 44 (source and
detector) towards the tip, with the fibre tip ends having a
maximized distance from each other.

[0045] Inatypical clinical workflow as shown in figures
7A to 7C, the biopsy device is inserted into the patient
with the outer sleeve 50 (a cutting cannula) covering the
notch 16 of the shaft 10 to ensure a smooth protrusion
(step A in figure 7). Hence the notch 16 is not exposed
to the tissue in this step, and the hollow space in the shaft
10 (including the notch 16) can be occupied by the fibre
body without altering the workflow. Thus, an additional
tissue characterization atthe tip is possible during needle
positioning.
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[0046] At the target location, the shaft 10 is ejected
whereas the fibre body 40 remains in its position (step B
in figure 7). Thereby, the notch 16 is no longer occupied
by the outer sleeve 50 and the biopsy can be obtained
as described above (step C in figure 7).

[0047] Whereas all other elements are moveable
parts, the fibre body 40 may virtually remain at a fixed
position during the entire procedure. Since the fibre body
40 with the integrated optical fibres 44 is not moved, the
design is compatible with fast (fully-automated) shooting
mechanisms, where the workflow steps B and C are suc-
cessively executed at high speed. Thus, the risk of dam-
aging the optical fibres 44 by strong mechanical forces
can be circumvented.

[0048] The length and position of the main shaft 10
may be chosen in such a way that the fibre body 40 is
facing the proximal side of the notch 16 when exposed
after the ejection (step B). This allows for a direct char-
acterization of the tissue present in the notch 16, just
before the biopsy is taken (step C). With this option, a
confirmation measurement from the tissue in the notch
can be performed in-situ, and an optimal correlation be-
tween the biopsy sample and the optical measurement
can be ensured. This is particularly useful for biopsy de-
vices with a manual or semi-automated shooting mech-
anism, where the workflow steps 2 and 3 can be executed
with a user-defined time delay to allow for additional tis-
sue measurements in the notch.

[0049] As a further feature, an opening for applying
vacuum can be realized within the main shaft, the tube
shaft and/or in the fibre body, and it may be used for
sucking tissue into the notch 16 after the main shaft 10
has been ejected (step B) to ensure that the biopsy is of
sufficient size. By way of this, the vacuum may also en-
sure that the tissue is brought in close contact with the
optical fibres 44 facing the proximal side of the exposed
notch 16, for the case that the tissue in the notch is char-
acterized prior to obtaining the biopsy. It is noted that
such an opening for applying vacuum may also be formed
as a gap between the tube shaft 30 and the main shaft
10 or between the tube shaft 30 and the fibre body 40.
[0050] The incorporation of a small opening for apply-
ing vacuum can also allow for simultaneous biologi-
cal/physiological analysis of the blood/tissue under con-
sideration, thus obtaining a better biopsy quality. The
vacuum can be used to suck in small amounts (microliter)
of body fluid (for instance blood/serum, bile, or else) for
instant biochemical analysis, which can be used to com-
plement the optical tissue characterization.

[0051] For this, the vacuum is preferably realized by a
small vacuum opening within or at the fibre body, so that
the blood sampling can be performed within the de-
scribed design at the tip (workflow step A in figure 7) and
also in the notch (step B in figure 7).The absorbed
blood/cells could be analyzed by appropriate detectors
(such as chip-sized microfluidic devices and/or MEMS)
connected to the distal end of the vacuum channel, there-
by enabling instantaneous analysis.
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[0052] For instance, MEMS-based pH sensors could
allow for complementary classification of tumor (acidic)
vs. normal (basic) tissue based on pH. Apart from pH
sensors, also other specific sensors may be used that
could characterize the tissue sample in consideration.
This could serve as complimentary means to support the
optical tissue sensing in difficult cases, and thereby im-
prove the results of photonic biopsy procedures even fur-
ther.

[0053] The optical fibres and the vacuum channel may
be integrated into the shaft and/or fibre body in a way to
ensure (1) a sufficiently large fibre distance for tissue
characterization, and that (2) the opening has an appro-
priate size for sucking the tissue samples into the biopsy
tube without hampering the stability of the shaft and/or
fibre body.

[0054] It is noted that the 'bevel might also have an-
other shape or structure at the tip of the device, useful
for introducing the device into a tissue. For example, the
bevel might be a convex or concave surface, or the bevel
might be a combination of several small surfaces, where-
in these surfaces are connected to each other by steps
or edges. It might also be possible that the cross section
of the shaft is not completely cut by the bevel, such that
an area remains which is blunt, i.e. is for example per-
pendicularly orientated relative to the longitudinal axis of
the shaft. Such a’blunt’ end mightinclude rounded edges
or might also form a rounded leading edge. As another
example, a sharp edge might be formed by two or more
slanted surfaces being symmetrically or asymmetrically
arranged to form the tip of the device.

[0055] Figure 8 shows anotherembodimentof a biopsy
device having a main shaft 10, a biopsy tube 20, a tube
shaft 30 and an outer sleeve 50, wherein the outer sleeve
comprises a side opening 54 through which the biopsy
tube 20 can be inserted into the main shaft 10 and in front
of the tube shaft 30. This embodiment differs from the
above described embodiments in that the outer sleeve
50 further comprises aninwardly protruding edge 56. The
inwardly protruding edge 56 is configured to permit a
movement of the biopsy tube 20 from proximal beyond
that edge 56. In other words, the distal end 24 of the
biopsy tube 20 may abut at the inwardly protruding edge
56. This embodiment provides the possibility of using a
biopsy tube with a greater outer diameter. The biopsy
tube may be arranged directly at an inner surface of the
outer sleeve 50 and not inside a channel of the main shaft
10. Consequently, the wall of the hollow main shaft is
partially removed so thatthe notch 16 and the side recess
18 together form a longer open portion for accommodat-
ing a larger biopsy tube and for allowing a movement of
that biopsy tube within that longer open portion. Further,
as can be seen in figure 8, the longitudinal center axis of
the biopsy tube may be parallel but not congruent to the
longitudinal center axis of the main shaft 10 and/or of the
tube shaft 30.

[0056] As shown in figure 9, the fibres 44 of the inter-
ventional device may be connected to an optical console
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60. The optical fibres can be understood as light guides
or optical waveguides. In an embodiment, the console
60 comprises a light source 64 in the form of a halogen
broadband light source with an embedded shutter, and
an optical detector 66. The optical detector 66 canresolve
light with a wavelength substantially in the visible and
infrared regions of the wavelength spectrum, such as
from 400 nm to 1700 nm. The combination of light source
64 and detector 66 allows for diffuse reflectance meas-
urements. For a detailed discussion on diffuse reflect-
ance measurements see R. Nachabe, B.H.W. Hendriks,
A.E. Desjardins, M. van der Voort, M.B. van der Mark,
and H.J.C.M. Sterenborg, "Estimation of lipid and water
concentrations in scattering media with diffuse optical
spectroscopy from 900 to 1600 nm", J. Biomed. Opt. 15,
037015 (2010).

[0057] Optionally it is also possible that the console is
couple to an imaging modality capable of imaging the
interior of the body, for instance when the biopsy is taken
under image guidance. In this case it is also possible to
store the image of the interior when the biopsy is taken
to a container of the biopsy. In this case the in-vivo infor-
mation of the optical biopsy needle, the information of
the pathology of the biopsy as well as the location where
the biopsy was taken may be brought together for ad-
vanced pathology.

[0058] On the other hand, also other optical methods
can be envisioned like diffuse optical tomography by em-
ploying a plurality of optical fibres, differential path length
spectroscopy, fluorescence and Raman spectroscopy to
extract tissue properties.

[0059] Further shown in figure 9 are a suction device
70, a device 80 for obtaining ex-vivo pathology informa-
tion, and a storage container 90. The suction device may
be connected to a proximal end of the biopsy device,
such that underpressure or a vacuum can be applied
through the biopsy device to the distal end of the same,
in particular to the notch at the distal end of the biopsy
device.

[0060] The device 80 may be connected to the console
60 by means of a wire or wireless, for interchanging in-
formation like control commands or data representing
pathological aspects of an inspected tissue sample. The
device 80 may be a digital pathology systems consisting
of an optical scanner and an image management system
to enable digitizing, storage, retrieval, and processing of
tissue staining images, reading the information stored in
the storage box container, and integrating this informa-
tion with the digitized staining data set, to be presented
to the pathologist. In addition to this, the data set from
the photonic biopsy device may be either presented next
to the histopathology image or the two data sets may be
fused in the image, characterized and recognizable by a
certain coloring pattern of the image. For instance the
oxygenation level measured in-vivo could be added as
ared color, where deep red means low oxygenation and
bright red would mean high oxygenation level. Addition-
ally, molecular spatial distributions from FTIR or Raman
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could be added as a color coded mapping to the pathol-
ogy slide of specific molecules.

[0061] The tissue sample, which may firstly be subject-
ed to anin-vivo tissue inspection, i.e. an inspection within
a living body, and which may secondly subjected to an
ex-vivo tissue inspection by means of the device 80, may
be situated in the container 90. Molecular diagnostics
can also be performed on the tissue biopsy (e.g. se-
quencing or PCR), or part of the biopsy.

[0062] The storage containerforthe biopsy may further
be such that the optical information obtained in-vivo
and/or ex-vivo can be stored onit. This can be a barcode
label which can be read at the pathology department by
the digital pathology device. It can also be a microchip
where the optical information can be stored electronical-
ly. Instead of storing the actual information it is also pos-
sible to store an "address" or "link" of where the informa-
tion may be retrieved.

[0063] According to another embodiment, the contain-
er 80 may be placed in the console 60. The data can then
be written on the container while the photonic biopsy de-
vice is attached to the console. The data can be written
in the form of a barcode or can electronically be stored
in the chip on the container.

[0064] A processortransformsthe measured spectrum
into physiological parameters that are indicative for the
tissue state and a monitor 68 may be used to visualize
the results.

[0065] A computer program executable on the proces-
sor may be provided on a suitable medium such as an
optical storage medium or a solid-state medium supplied
together with or as part of the processor, but may also
be distributed in other forms, such as via the Internet or
other wired or wireless telecommunication systems.
[0066] For fluorescence measurements the console
must be capable of providing excitation light to at least
one source fibre while detecting tissue-generated fluo-
rescence through one or more detection fibres. The ex-
citation light source may be a laser (e.g. a semiconductor
laser), a light-emitting diode (LED) or a filtered light
source, such as a filtered mercury lamp. In general, the
wavelengths emitted by the excitation light source are
shorterthan the range of wavelengths of the fluorescence
that is to be detected. It is preferable to filter out the ex-
citation light using a detection filter in order to avoid pos-
sible overload of the detector by the excitation light. A
wavelength-selective detector, e.g. a spectrometer, is re-
quired when multiple fluorescent entities are present that
need to be distinguished from each other.

[0067] In case fluorescence measurements are to be
combined with diffuse reflectance measurements, the
excitation light for measuring fluorescence may be pro-
vided to the same source fibre as the light for diffuse
reflectance. This may be accomplished by, e.g., using a
fibre switch, or a beam splitter or dichroic beam combiner
with focusing optics. Alternatively, separate fibres may
be used for providing fluorescence excitation light and
light for diffuse reflectance measurements.
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[0068] The described devices canbe used in minimally
invasive needle interventions such as low-back pain in-
terventions or taking biopsies in the field of cancer diag-
nosis or in case where tissue characterization around the
needle is required.

[0069] In the following, exemplary needle devices will
be described with respect to their outer diameter, their
insertion length, and their preferred use.

[0070] A biopsy needle might have an outer diameter
of 1.27 mm up to 2.108 mm, might be inserted into tissue
with 100 mm to 150 mm of its length, and might be used
in soft tissue core biopsies in the neck, the head, the
breast, the prostate, and the liver.

[0071] Afineaspiration needle of softtissue mighthave
an outer diameter between 0.711 mm and 2.108 mm,
might be inserted into soft tissue with 100 mm to 150 mm
of its length, and might be used for aspiration of soft tis-
sue.

[0072] A brain biopsy needle might have an outer di-
ameter of 2.108 mm, might be inserted into tissue with
150 mm up to 250 mm of its length, and might be used
for diagnostic brain biopsies.

[0073] Finally, the device may include a needle elec-
trode having an outer diameter of 2.108 mm and smaller,
the electrode might be inserted into tissue up to 250 mm
of its length, and might be used for radio frequency ab-
lation for instance of tumours.

[0074] According to an example, the diameter of the
channel inside the main shaft may be 0.91 mm and the
outer diameter of the tube shaft and the biopsy tube may
be slightly less than that. The outer diameter of the main
shaft may be 1.4 mm which may be combined with a
loose fit inside an outer sleeve which may have an outer
diameter of 1.65 mm. The notch may have a length of 17
mm.

[0075] According to another example, the dimensions
of the tube shaft, the main shaft and the outer sleeve may
be adapted to a biopsy tube with an outer diameter of 2
mm.

[0076] While the invention has been illustrated and de-
scribed in detail in the drawings and foregoing descrip-
tion, suchiillustration and description are to be considered
illustrative or exemplary and not restrictive; the invention
is not limited to the disclosed embodiments. Other vari-
ations to the disclosed embodiments may be understood
and effected by those skilled in the art in practicing the
claimed invention, from a study of the drawings, the dis-
closure, and the appended claims.

[0077] In the claims, the word "comprising" does not
exclude other elements or steps, and the indefinite article
"a" or "an" does not exclude a plurality. The mere fact
that certain measures are recited in mutually different
dependent claims does not indicate that a combination
of these measured cannot be used to advantage. Any
reference signs in the claims should not be construed as
limiting the scope.
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LIST OF REFERENCE SIGNS:
[0078]

10 main shaft
12 channel of main shaft

14 distal tip

16 notch

18 recess

20 biopsy tube
22 proximal end

23 alignment groove

24 distal end

26 longitudinal axis

28 channel of biopsy tube
30 tube shaft

31 alignment protrusion

32 first end

33 end portion

34 second end

36 longitudinal axis

38 channel of tube shaft

40 fibre body

42 optical fibre

44 end surface of fibre body
50 outer sleeve

52 cutting edge

54 lateral opening

56 inwardly protruding edge
60 console

64 light source

66 light detector

68 monitor

70 suction device

80 device for ex-vivo tissue inspection
90 storage container

100  shaft

200 notch

500 outer member
Claims

1. A biopsy device comprising
an outer sleeve (50),
a hollow main shaft (10), the main shaft having a
distal end portion, wherein a sideward facing notch
(16) is formed in the main shaftin the distal end por-
tion of the main shaft, wherein the main shaft is ac-
commodated within the outer sleeve (50),
wherein the outer sleeve (50) is movable relative to
the main shaft (10) between a first position in which
the notch (16) is not covered by the outer sleeve,
and a second position in which the notch is covered
by the outer sleeve,
a tube shaft (30) movably accommodated within the
hollow main shaft (10), and characterised by:
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a biopsy tube (20) for receiving tissue to be re-
sected, wherein a proximal end (22) of the biop-
sy tube is releasably attachable to a distal end
of the tube shaft (30) so that the biopsy tube is
movable together with the tube shaft within the
hollow main shaft between a proximal position
in which the biopsy tube (20) is not located in
the notch (16), and a distal position in which the
biopsy tube is located in the notch.

The biopsy device of claim 1, wherein the biopsy
tube (20) is adapted to be inserted into the notch (16)
so as to be attached to the distal end of the tube
shaft (30).

The biopsy device of claim 1, wherein the outer
sleeve (50) comprises a side opening (54) and the
hollow main shaft (10) comprises a side recess (18),
the side recess being arranged proximally to the
notch (16), wherein the outer sleeve is movable rel-
ative to the main shaft to a third position in which the
side opening (54) is located over the side recess
(18), with the biopsy tube (20) being adapted to be
inserted through the side opening into the side re-
cess so as to be attached to the distal end of the
tube shaft.

The biopsy device of claim 3, wherein the outer
sleeve (50) comprises an inwardly protruding edge
(56) for an abutment of a distal end (24) of the biopsy
tube (20) so that the biopsy tube is movable together
with the tube shaft and the outer sleeve.

The biopsy device of any one of claims 1to 4, wherein
the tube shaft (30) comprises a distal end portion
(33) with a smaller diameter which is adapted to en-
gage with one of the ends of the biopsy tube (20).

The biopsy device of any one of claims 10 5, wherein
a suction channel is provided in the tube shaft.

The biopsy device of any one of claims 1 to 6, further
comprising at least one optical fibre (42) for emitting
and receiving of light, allowing in-vivo tissue inspec-
tion including at least one out of the group consisting
of diffuse reflectance spectroscopy, fluorescence
spectroscopy, diffuse optical tomography, differen-
tial path length spectroscopy, and Raman spectros-

copy.

The biopsy device of claim 7, wherein the tube shaft
(30) is formed as a hollow tube shaft, the biopsy de-
vice further comprising an elongated fibre body (40)
with the at least one optical fibre (42) arranged within
the fibre body, wherein the fibre body is movably
accommodated within the tube shaft, wherein the
fibre body (40) is movable between a first position in
which the fibre body extends through the biopsy tube
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12.

13.

14.

so that the distal end of the optical fibre (42) is located
at the distal end of the main shaft (10), and a second
position in which the distal end of the at least one
optical fibre is located proximally to the notch (16).

A biopsy device of any one of claims 1 to 8, wherein
the biopsy tube is made of a transparent material.

The biopsy device of any one of claims 1t0 9, wherein
the biopsy tube is made of glass or a hard plastic
material.

The biopsy device of any one of claims 1 to 10,
wherein the biopsy tube is coated with a silicone-
coating.

The biopsy device of any one of claims 1 to 11,
wherein the biopsy tube has a length between 3 mm
and 20 mm, preferably 14 mm.

The biopsy device of any one of claims 1 to 12,
wherein the biopsy tube has an outer diameter of 2
mm, with an inner diameter between 1.5 mmand 1.6
mm.

The biopsy device of any one of claims 1 to 13,
wherein the biopsy tube comprises a sharp edge at
an end of the biopsy tube.

Patentanspriiche

1.

Biopsievorrichtung, umfassend:

einen AuRenmantel (50),

einen hohlen Hauptschaft (10), wobei der
Hauptschaft einen distalen Endabschnitt auf-
weist, wobei eine seitlich weisende Kerbe (16)
im Hauptschaft im distalen Endabschnitt des
Hauptschafts gebildet ist, wobei der Haupt-
schaft im AuRenmantel (50) aufgenommen ist,
wobei der Auenmantel (50) relativ zum Haupt-
schaft (10) zwischen einer ersten Position, in
der die Kerbe (16) nicht vom AuRenmantel be-
deckt ist, und einer zweiten Position, in der die
Kerbe vom AuRenmantel bedeckt ist, beweglich
ist,

ein Schaftrohr (30), das beweglich im hohlen
Hauptschaft (10) aufgenommen ist, und ge-
kennzeichnet durch:

ein Biopsieréhrchen (20) zum Aufnehmen
von Gewebe, das herauszuschneiden ist,
wobei ein proximales Ende (22) des Biop-
sierdhrchens|ésbar an einemdistalen Ende
des Schaftrohrs (30) befestigbar ist, sodass
das Biopsieréhrchen gemeinsam mit dem
Schaftrohr innerhalb des hohlen Haupt-
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schafts zwischen einer proximalen Positi-
on, in der das Biopsieréhrchen (20) nicht in
der Kerbe (16) gelegen ist, und einer dista-
len Position, in der das Biopsieréhrchen in
der Kerbe gelegen ist, beweglich ist.

Biopsievorrichtung nach Anspruch 1, wobei das Bi-
opsierdhrchen (20) ausgebildet ist, in die Kerbe (16)
eingesetzt zu werden, sodass es am distalen Ende
des Schaftrohrs (30) befestigt ist.

Biopsievorrichtung nach Anspruch 1, wobei der Au-
Renmantel (50) eine Seitendffnung (54) umfasst und
der hohle Hauptschaft (10) eine Seitenvertiefung
(18) umfasst, wobei die Seitenvertiefung proximal
zur Kerbe (16) angeordnetist, wobei der AuRenman-
tel relativ zum Hauptschaft zu einer dritten Position
beweglich ist, in der die Seitendffnung (54) tUber der
Seitenvertiefung (18) gelegen ist, wobei das Biop-
sierdhrchen (20) ausgebildet ist, durch die Seiten-
6ffnung in die Seitenvertiefung eingesetzt zu wer-
den, sodass es am distalen Ende des Schaftrohrs
befestigt ist.

Biopsievorrichtung nach Anspruch 3, wobei der Au-
enmantel (50) einen nach innen ragenden Rand
(56) fur eine Auflage eines distalen Endes (24) des
Biopsieréhrchens (20) umfasst, sodass das Biopsie-
réhrchen gemeinsam mit dem Schaftrohr und dem
AuBenmantel beweglich ist.

Biopsievorrichtung nach einem der Anspriiche 1 bis
4, wobei das Schaftrohr (30) einen distalen En-
dabschnitt (33) mit einem kleineren Durchmesser
umfasst, der ausgebildet ist, mit einem der Enden
des Biopsieréhrchens (20) in Eingriff zu gelangen.

Biopsievorrichtung nach einem der Anspriiche 1 bis
5, wobei ein Saugkanal im Schaftrohr bereitgestellt
ist.

Biopsievorrichtung nach einem der Anspriiche 1 bis
6, weiter umfassend zumindest eine optische Faser
(42) zum Ausstrahlen und Empfangen von Licht, die
eine In-vivo-UberprUfung erlaubt, enthaltend zumin-
dest eine aus der Gruppe bestehend aus diffuser
Reflexionsspektroskopie, Fluoreszenzspektrosko-
pie, diffuser optischer Tomografie, Differentialpfad-
langenspektroskopie und Raman-Spektroskopie.

Biopsievorrichtung nach Anspruch 7, wobei das
Schaftrohr (30) als ein hohles Schaftrohr gebildet ist,
wobei die Biopsievorrichtung weiter einen langlichen
Faserkorper (40) umfasst, wobei die zumindest eine
optische Faser (42) innerhalb des Faserkorpers an-
geordnet ist, wobei der Faserkérper beweglich in-
nerhalb des Rohrschafts aufgenommen ist, wobei
der Faserkorper (40) zwischen einer ersten Position,
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12.

13.

14.

in der sich der Faserkorper durch das Biopsierohr-
chen erstreckt, sodass das distale Ende der opti-
schen Faser (42) am distalen Ende des Haupt-
schafts (10) gelegen ist, und einer zweiten Position,
in der das distale Ende der zumindest einen opti-
schen Faser proximal zur Kerbe (16) gelegen ist,
beweglich ist.

Biopsievorrichtung nach einem der Anspriiche 1 bis
8, wobei das Biopsieréhrchen aus einem transpa-
renten Material besteht.

Biopsievorrichtung nach einem der Anspriiche 1 bis
9, wobei das Biopsierdhrchen aus Glas oder einem
Hartplastikmaterial gebildet ist.

Biopsievorrichtung nach einem der Anspriiche 1 bis
10, wobei das Biopsierdhrchen mit einer Siliziumbe-
schichtung beschichtet ist.

Biopsievorrichtung nach einem der Anspriiche 1 bis
11, wobei das Biopsierdhrchen eine Lange zwischen
3 mm und 20 mm, vorzugsweise 14 mm hat.

Biopsievorrichtung nach einem der Anspriiche 1 bis
12, wobei das Biopsierdhrchen einen Aufiendurch-
messer von 2 mm hat, mit einem Innendurchmesser
zwischen 1,5 mm und 1,6 mm.

Biopsievorrichtung nach einem der Anspriiche 1 bis
13, wobei das Biopsieréhrchen einen scharfen Rand
an einem Ende des Biopsieréhrchens umfasst.

Revendications

Dispositif de biopsie, comprenant

un manchon extérieur (50),

une tige principale creuse (10), la tige principale
ayantune partie d’extrémité distale, dans lequel une
encoche orientée latéralement (16) est formée dans
la tige principale dans la partie d’extrémité distale de
la tige principale, dans lequel la tige principale est
logée dans le manchon extérieur (50),

dans lequel le manchon extérieur (50) est mobile par
rapport a I'arbre principal (10) entre une premiére
position dans laquelle 'encoche (16) n’est pas re-
couverte par le manchon extérieur, et une seconde
position dans laquelle I'encoche est recouverte par
le manchon extérieur,

une tige tubulaire (30) logée de maniere mobile dans
la tige principale creuse (10), et caractérisé par :

un tube de biopsie (20) destiné a recevoir du
tissu a réséquer, dans lequel une extrémité
proximale (22) du tube de biopsie peut étre fixée
de maniére amovible a une extrémité distale de
la tige de tube (30) de sorte que le tube de biop-
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sie peut étre déplacé avec la tige de tube a I'in-
térieur de la tige principale creuse entre une po-
sition proximale dans laquelle le tube a biopsie
(20) n’est pas situé dans I'encoche (16), et une
position distale dans laquelle le tube de biopsie
est situé dans I'encoche.

Dispositif de biopsie selon la revendication 1, dans
lequel le tube de biopsie (20) est adapté pour étre
inséré dans I'’encoche (16) de maniére a étre fixé a
I'extrémité distale de la tige de tube (30).

Dispositif de biopsie selon la revendication 1, dans
lequel le manchon extérieur (50) comprend une
ouverture latérale (54) et la tige principale creuse
(10) comprend un évidement latéral (18), I'évide-
ment latéral étant agencé de maniére proximale par
rapport a I'encoche (16), dans lequel le manchon
extérieur est mobile par rapport a la tige principale
dans unetroisiéme position dans laquelle I'ouverture
latérale (54) est située au-dessus de I'évidement la-
téral (18), le tube de biopsie (20) étant adapté pour
étre inséreé a travers I'ouverture latérale jusque dans
I'évidement latéral de maniére a étre fixé a I'extré-
mité distale de la tige de tube.

Dispositif de biopsie selon la revendication 3, dans
lequel le manchon extérieur (50) comprend un bord
faisant saillie vers l'intérieur (56) pour une mise en
butée d’'une extrémité distale (24) du tube de biopsie
(20), de sorte que le tube de biopsie puisse étre dé-
placé avec la tige de tube et le manchon extérieur.

Dispositif de biopsie selon I'une quelconque des re-
vendications 1 a 4, dans lequel la tige de tube (30)
comprend une partie d’extrémité distale (33) avec
un diamétre plus petit qui est adaptée pour venir en
prise avec I'une des extrémités du tube de biopsie
(20).

Dispositif de biopsie selon I'une quelconque des re-
vendications 1 a 5, dans lequel un canal d’aspiration
est prévu dans la tige de tube.

Dispositif de biopsie selon I'une quelconque des re-
vendications 1 a 6, comprenant en outre au moins
une fibre optique (42) pour émettre et recevoir de la
lumiére, permettant une inspection tissulaire in vivo,
comprenant au moins une choisie dans le groupe
comprenant la spectroscopie a réflectance diffuse,
la spectroscopie de fluorescence, la tomographie
optique diffuse, la spectroscopie de longueur de tra-
jet différentielle et la spectroscopie Raman.

Dispositif de biopsie selon la revendication 7, dans
lequel la tige de tube (30) est congue sous la forme
d'une tige de tube creuse, le dispositif de biopsie
comprenant en outre un corps de fibre allongé (40)
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avec la au moins une fibre optique (42) agencée a
I'intérieur du corps de fibre, dans lequel le corps de
fibre estlogé de maniére mobile dans la tige de tube,
dans lequel le corps de fibre (40) est mobile entre
une premiére position dans laquelle le corps de fibre
s’étend a travers le tube de biopsie de sorte que
I'extrémité distale de la fibre optique (42) est située
au niveau de I'extrémité distale de la tige principale
(10), et une seconde position dans laquelle I'extré-
mité distale de la au moins une fibre optique est si-
tuée de maniére proximale par rapport a 'encoche
(16).

Dispositif de biopsie selon 'une quelconque des re-
vendications 1 a 8, dans lequel le tube de biopsie
est constitué d’'un matériau transparent.

Dispositif de biopsie selon 'une quelconque des re-
vendications 1 a 9, dans lequel le tube de biopsie
est constitué de verre ou d’'une matiére plastique du-
re.

Dispositif de biopsie selon 'une quelconque des re-
vendications 1 a 10, dans lequel le tube de biopsie
est revétu d’un revétement de silicone.

Dispositif de biopsie selon 'une quelconque des re-
vendications 1 a 11, dans lequel le tube de biopsie
a une longueur comprise entre 3 mm et 20 mm, de
préférence de 14 mm.

Dispositif de biopsie selon 'une quelconque des re-
vendications 1 a 12, dans lequel le tube de biopsie
a un diamétre extérieur de 2 mm, un diamétre inté-
rieur étant compris entre 1,5 mm et 1,6 mm.

Dispositif de biopsie selon 'une quelconque des re-
vendications 1 a 13, dans lequel le tube de biopsie
comprend un bord tranchant a une extrémité du tube
de biopsie.
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