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Description
BACKGROUND
Field of the Present Disclosure

[0001] The disclosure generally relates to organ in-
spection. More specifically, it relates to organ inspection
of living subjects for diagnosing purpose and/or thera-
peutic applications.

Background Art

[0002] In the following description, a solid organ is de-
fined as an organ that does not contain a cavity or lumen
and that is not gaseous. A solid organ may for example
consist of parenchyma and stroma, the latter often ar-
ranged as trabeculae or surrounding groups of paren-
chymatous cells to provide support (e.g. liver, kidney). A
solid organ may also comprise cysts. Histological exam-
ination of suspected lesions and structural alterations in
solid organs, e.g. inliver cirrhosis or staging of pancreatic
malignant disease, is a continuous challenge. Radiology
only offers a partial answer to this issue because Mag-
netic Resonance Imaging (MRI), helical Computed To-
mography (CT) scan, endoscopic ultrasonography and
Positron Emission Tomography (PET) only allow a low
accuracy diagnosis with significant over and understag-
ing status. To confirm definite diagnosis, standard his-
topathology through biopsies remains the current stand-
ard practice.

[0003] Inordertogetatissue sample onliving subjects,
endoscopy procedures are generally preferred. As
shown on Figure 1A, forimaging the gastrointestinal tract
(Gl tract), an endoscope 1 may be inserted in a subject
7 through upper or lower endoscopy. A specific endos-
copy procedure, called Endoscopic UltraSound-guided
Fine Needle Aspiration (EUS-FNA) is designed to pro-
vide ultrasound images of accessory full organs of the
Gl tract, such as the liver, the pancreas and sentinel
lymph nodes. Referring now to Figure 1B, which illus-
trates an EUS-FNA procedure, the endoscope 1 may ac-
cess a stomach 71 at the level of a junction with a duo-
denum 72 through upper endoscopy. A distal tip of the
endoscope 1 may comprise an ultrasound module 11 for
targeting a mass 74 of a pancreas 73 with an endoscopic
needle 23 inserted into a working channel of the endo-
scope 1.

[0004] In the present description and subsequent
claims, the term "needle" is used to indicate a hollow
conduit that has a tip intended to puncture organs. Pref-
erably, the tip is beveled. In the present description and
subsequent claims, the expression "endoscopic needle"
is used to indicate a hollow conduit adapted to be inserted
in the working channel of an endoscope. In selected em-
mbodiments, the endoscopic needle has a beveled tip.
[0005] Therange ofthe ultrasound is marked on Figure
1B with dashed lines. The pancreas 73 may then be punc-
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tured and penetrated by the endoscopic needle 23 in
order to obtain a biopsy for diagnosis purposes. EUS-
FNA procedures are common in the field of endoscopy
and are used for diagnostic of lesions as well as thera-
peutic actions. EUS-FNA main applications include:

- Pancreatic solid or cystic lesions. Solid masses or
cysts can grow in the pancreas and they need to be
punctured to diagnose whether they are malignant
tumors or benign lesions. Liquid cysts, due to pan-
creatitis for instance, may also be punctured via
EUS-FNA in order to be drained.

-  Staging of cancers, by assessing the content of the
surrounding lymph nodes. Indeed in many cancers,
including lung cancer, pancreatic cancer, gastric
cancer orrectum cancer, metastases are often found
in the lymph nodes. Therefore, puncturing the lymph
nodes allows diagnosing if cancer has spread.

[0006] Other less common applications of EUS-FNA
include lesions in the liver or submucosal lesions in the
Gl tract. EUS-FNA procedures work by using an echoen-
doscope (standard endoscope with an ultrasound mod-
ule at its tip) to localize a suspected lesion via ultrasound
images of the area surrounding the Gl or respiratory tract
(in the case of lesion in the respiratory tract, the proce-
dure is called EUS-TBNA for Endoscopic UltraSound-
guided TransBronchial Needle Aspiration). Then a fine
endoscopic needle is inserted in the endoscope’s work-
ing channel and punctures the surrounding wall (either
Gl tract wall, or bronchial tree) in order to reach the tar-
geted lesion. This puncture is monitored thanks to real-
time ultrasound images in order to guide the needle to
the lesion while avoiding any dangerous vessel puncture.
The endoscopic needles used for the puncture have var-
ying diameters, but the most used are referred to in the
art as 19G and 22G needles, whose inner diameter is
about 890 pm and 560 pum respectively. US patent doc-
ument US2008/064925 discloses a portable system for
endoscopic procedures.

[0007] However, cytology has also major limitations in-
cluding: incremental cost, risk, time needed to perform a
diagnosis, lack of in vivo information such as blood flow,
and limited ability to predict disease course. Fine needle
aspirations are particularly limited by sampling errors due
to the limited number of aspirations and delayed diagno-
sis because of time consuming sampling processing.
[0008] The Applicant proposes hereunder a method,
an optical probe and a confocal microscopy system for
inspecting solid organs capable of overcoming the afore-
mentioned limitations and in particular to accelerate the
time needed for diagnosis and/or therapy.

SUMMARY OF THE CLAIMED SUBJECT MATTER

[0009] In at least one aspect, embodiments disclosed
herein relate to a method for inspecting a solid organ in
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a subject. The method may include the steps of introduc-
ing a needle in a predetermined area of the solid organ,
inserting an optical probe through a lumen of the needle,
and imaging the predetermined area by means of the
optical probe.

[0010] Preferably, the step of introducing a needle in
a predetermined area of the solid organ is performed
before the step of inserting an optical probe through a
lumen of the needle. According to an alternative embod-
iment, the step of introducing aneedle in a predetermined
area of the solid organ is performed after the step of in-
serting an optical probe through a lumen of the needle.
[0011] Preferably, the step of introducing the needle in
the solid organ comprises puncturing the solid organ,
preferably with a tip of the needle, which is preferably
beveled.

[0012] According to a preferred embodiment, the step
of introducing the needle in the solid organ comprises
puncturing the solid organ using a stylet which is prefer-
ably preliminary inserted in the lumen of the needle, the
stylet being preferably drivento protrude out ofthe needle
and being preferably removed from the lumen before the
step of inserting the optical probe through the lumen of
the needle.

[0013] Preferably, the needleis percutaneously insert-
ed in the organ.

[0014] Preferably, the solid organ is one selected from
the group comprising, preferably consisting of a pancre-
as, a liver, a spleen, a lymph node, a prostate, a kidney,
breast and ovaries.

[0015] According to a preferred embodiment, the nee-
dle is passed through aworking channel of an endoscope
which is preferably inserted in the subject through a nat-
ural orifice to approach the solid organ.

[0016] Preferably, the endoscope is passed through
an internal incision of internal tissues to access the solid
organ.

[0017] Preferably, the needle is guided using an ultra-

sound module. Preferably, the ultrasound module is ar-
ranged at a tip of the endoscope.

[0018] Preferably, the needle is passed through an in-
cision of internal tissues to access the solid organ.
[0019] Preferably, the needle is guided using any of an
ultrasound module, a scanner, a computed tomography
scan system, a magnetic resonance imagery system or
a fluoroscopy imagery system.

[0020] In at least one aspect, embodiments disclosed
herein relate to an optical probe for inspecting a solid
organ in a subject, the optical probe being intended to
be positioned in the solid organ through a needle. The
optical probe preferably comprises an optical fiber bun-
dle; a ferule for protecting the distal tip of the optical fiber
bundle, the ferule preferably comprising a shank and a
head; a sheath preferably wrapping the fiber bundle and
the shank. The head of the ferule has a length adapted
for the optical probe to image the solid organ while keep-
ing the sheath inside the needle.

[0021] Preferably, the optical probe further comprises
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an objective connected coaxially at a distal tip of the op-
tical fiber bundle, and the ferule preferably connects the
objective to the distal tip of the optical fiber bundle.
[0022] Preferably, the shank and the head of the ferule
are coaxially mounted together. Preferably, both the
shank and the head of the ferule have a tubular shape
defining a lumen. Preferably, the optical fiber bundle and
the objective are enclosed in said lumen.

[0023] Preferably, the optical probe further comprises
an external junction between the shank and the head,
the external junction being chamfered.

[0024] Preferably the shank, the head and the external
junction are integrally made, preferably integrally molded
with one another.

[0025] The optical probe according preferably further
comprises glue preferably provided on the external junc-
tion between the head and the shank of the ferule.
[0026] Preferably, the head of the ferule extends to the
tip of the objective to be in contact with the organ to image.
[0027] Preferably, the head of the ferule extends to the
tip of the optical fiber bundle to be in contact with the
organ to image.

[0028] Preferably, the optical fiber bundle, the ferule
and the sheath each have an external diameter of pref-
erably less than 0.9 mm, preferably less than 0.8 mm,
preferably less than 0.7 mm.

[0029] Preferably, the length of the ferule is less than
8 mm, preferably less than 7 mm, preferably less than 6
mm. Preferably, the axial length of the ferule is less than
8 mm, preferably less than 7 mm, preferably less than 6
mm.

[0030] Preferably, the external diameter of the head of
the ferule is substantially equal to the external diameter
of the sheath.

[0031] Preferably, the optical probe further comprises
a locking mechanism preventing the head of protruding
out of the needle. Preferably, the locking mechanism is
intended to prevent the head of protruding out of the nee-
dle more than of a predetermined length.

[0032] Preferably, an internal surface of the sheath is
adapted to stick on the shank.

[0033] Preferably, the optical probe further comprises
at least one hollow section, preferably a hollow volume
to be filled for example with air or other suitable gas for
enhancing ultrasound visualization of the optical probe.
[0034] In at least one aspect, embodiments disclosed
herein relate to a confocal microscopy system forinspect-
ing a solid organ in a subject preferably comprising a
confocal microscope, and an optical probe as described
above.

[0035] Other aspects and advantages of the present
disclosure will be apparent from the following description
and the appended claims.

BRIEF DESCRIPTION OF DRAWINGS

[0036]
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Figure 1A llustrates alower endoscopy and an upper
endoscopy on a human body according to the prior
art. Figure 1B illustrates a standard Endoscopic Ul-
traSound-guided Fine Needle Aspiration technique
(EUS-FNA) according to the prior art.

Figures 2 shows an endoscopic needle system ac-
cording to the prior art.

Figure 3 illustrates an ultrasound view obtained via
EUS-FNA in a pancreas according to an embodi-
ment of the present disclosure.

Figure 4 illustrates a distal tip of an optical probe
according to an embodiment of the present disclo-
sure.

Figure 5 illustrate a distal tip of an optical probe ac-
cording to an embodiment of the present disclosure.

Figures 6A, 6B and 6C illustrate three positions of
an optical probe according to embodiments of the
present disclosure inserted in a needle according to
the prior art.

Figure 7 illustrates a confocal microscopy system
according to an embodiment of the present disclo-
sure.

Figures 8A and 8B are respectively confocal images
of pancreatic and hepatic blood vessels obtained us-
ing a method and the confocal microscopy system
of Figure 7 according to embodiments of the present
disclosure.

Figures 9A, 9B and 9C are respectively confocal im-
ages of pancreatic, hepatic and splenic cells ob-
tained using a method and the confocal microscopy
system of Figure 7 according to embodiments of the
present disclosure.

DETAILED DESCRIPTION

[0037] Specific embodiments of the present disclosure
will now be described in detail with reference to the ac-
companying Figures. Like elements in the various Fig-
ures may be denoted by like numerals.

[0038] In a method for inspecting solid organs accord-
ing to the present disclosure, a needle may be introduced
in a solid organ of a subject. An optical probe inserted in
a lumen of the needle may be brought in contact of a
predetermined area of the organ to image the predeter-
mined area. The optical probe may be used together with
a confocal microscopy system. Imaging the organ ac-
cording to this method may enable to obtain microscopic
pictures of the predetermined area and may help estab-
lishing a diagnosis in real time. The solid organ may be
one selected from the group consisting of a pancreas, a
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liver, a spleen, a lymph node, breast, ovaries, a kidney
or a prostate.

[0039] The step of introducing the needle in the solid
organ may comprise puncturing the solid organ, prefer-
ably with a tip of the needle. In order to facilitate the punc-
turing, the tip of the needle intended to puncture the organ
is preferably beveled. The needle may be percutaneously
inserted in the organ to image. Alternatively, the needle
may be an endoscopic needle and may be passed
through a working channel of an endoscope inserted in
the subject for example through upper or lower Gl en-
doscopy procedures, bronchoscopy and other endo-
scopic procedures (for example transrectal ultrasound,
cystoscopy, etc.) in order to approach the solid organ to
image. The endoscope may further be passed through
an internal incision for the needle to directly access the
solid organ. The needle may puncture a surrounding wall
before accessing the organ to image. The step of insert-
ing the optical probe in the needle may be performed
before or after the step of puncturing the organ with the
needle. The optical probe may be positioned to protrude
out of the needle and may be locked on a given position
using a locking mechanism.

[0040] After the puncture of the surrounding organs
(for instance the stomach or duodenum in the case of a
pancreatic lesion), dirt resulting from surrounding organ
residuals may remain in the lumen of the needle. A stylet
may be used to push the dirt out of the lumen. Advanta-
geously, when the step of inserting the optical probe fol-
lows the puncture, the stylet may be loaded in the lumen
of the needle during the organ puncture. The dirt may
also be pushed out of the needle by the optical probe.
Advantageously, when the step of inserting the optical
probe in the needle precedes the puncture, the optical
probe performs pushing out of the dirt.

[0041] Inanother embodiment, the solid organ may be
punctured by a stylet preloaded in the lumen of the nee-
dle. The stylet may have a beveled edge to ease the
organ puncture. The stylet may be driven out of the lumen
of the needle to puncture a predetermined area of the
solid organ. The needle may thereafter be introduced in
the solid organ at the predetermined area. The stylet may
be removed for the optical probe to be inserted in said
lumen.

[0042] The needle maybe guided to the predetermined
area using ultrasound, scanner, MRI or the like in order
to avoid dangerous vessel puncture. An ultrasound mod-
ule may be arranged at a tip of an endoscope in order to
visualize the needle when it is used through the working
channel of the endoscope. The device used to perform
the puncture (i.e. the needle or the stylet) may puncture
the organ under direct visualization or ultrasound guid-
ance by advancing carefully into the organ. Advanta-
geously, when the optical probe is used together with a
fluorescence fiber microscope, fluorescein may be inject-
ed intravenously for intensifying contrast enhancement.
The optical probe may then be manipulated in order for
a distal tip of the optical probe to touch the inner tissue
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of the organ.

[0043] Figure 2 shows an endoscopic needle system
2 that may be used for fine needle aspiration. The endo-
scopic needle system 2 may comprise a handle 21, a
protective needle sheath 22, and an endoscopic needle
23. A stylet 24 may be inserted through an opening in a
lumen of the needle. The opening may be located at an
end of the handle 21. A syringe connection that may also
be placed on the opening may enable to connect a sy-
ringe for aspiration of a tissue when the endoscopic nee-
dle system is used for performing tissue aspiration
through EUS-FNA procedure. In order to connect the sy-
ringe, the stylet may first be removed. According to an
embodiment of the present disclosure, an optical probe
may be inserted through the opening in the lumen of the
needle. The needle 23 may be enclosed in the sheath
22 and the handle 21 may also comprise a control system
to enable controlled protrusion of the needle 23 out of
the needle sheath 22. When an optical probe is inserted
in the lumen of the needle 23, the position of the optical
probe in the lumen may be manually adjusted by an op-
erator. The distal tip of the needle may be beveled in
order to facilitate the puncture of a predetermined organ.
Preferred features of the needle may be for example:
inner diameter (ID) from about 0.30 mm to 1 mm; outer
diameter (OD) from about 0.6 mm to about 1.2 mm. Par-
ticularly preferred needles are the 22G needle (ID = 0.56
mm; OD = 0.71 mm) and the 19G needle (ID = 0.89 mm;
OD = 1.07 mm). Those having ordinary skill will appre-
ciate that alternative needle gauges and sizes may be
used as well.

[0044] The sheath 22 together with the needle 23 may
be inserted into an endoscope to approach an organ.
The step of puncturing the organ may be performed under
ultrasound guidance. Figure 3 illustrates an ultrasound
picture of a pancreas taken via an endoscope arranged
with a linear ultrasound module 11 atits tip during a punc-
ture of a pancreas by an endoscopic needle 23.

[0045] Referringto Figure 7, an optical probe 3 accord-
ing to an embodiment of the present disclosure may com-
prise an optical fiber bundle made of several thousands
of optical fibers protected by a sheath. The fibers may,
for example, have a core diameter of 2 pum and a mean
core spacing of 3.3 um. A proximal end of the optical
probe may be connected for example to a real-time scan-
ning confocal microscope 4 (such as Cellvizio® from
Mauna Kea Technologies). A proximal end may also be
connected to any type of fiber microscopes. Observa-
tions at cellular or micro-vascular levels with high sensi-
tivity may also be made possible. The proximal confocal
microscope 4 may include an illumination source, which
may be a LASER source, capable of exciting endog-
enous or exogenous fluorophores. The proximal confocal
microscope 4 may also include a detection channel,
which permits collecting and measuring a fluorescence
signal. In an embodiment, the confocal microscope is a
reflection microscope collecting and measuring back-
scattered light. The distal objective of the optical probe
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3 conjugates the distal end of the fiber bundle with a
specificimage plane, at a specific working distance when
the optical probe is in contact with a biological tissue.
Wheniilluminated one after another by the proximal scan-
ner, each fiber of the bundle becomes an illumination
source of a small volume within the tissue. This illumina-
tion may excite endogenous or exogenous fluorescence.
In addition to functioning as a source of light, the illumi-
nation fiber also collects the fluorescence signal and
transmits it to the proximal scanner. There, the return
beam is spatially filtered and directed to the detection
channel. As a result, the optical probe and its proximal
scanner perform a confocal exploration of the tissue. The
resulting images may be stored and processed on a
processing and storage device 6 and may also be dis-
played on a display device 5.

[0046] Referring now to Figure 4, an optical probe 3
may comprise an optical fiber bundle 31, a miniaturized
objective 32 coaxially mounted at a distal tip of the optical
fiber bundle 31 and a ferule 33 for connecting the objec-
tive 32 to the distal tip of the optical fiber bundle 31. The
ferule 33 may comprise a shank 331 and a head 332. A
sheath 34 may wrap a portion of the fiber bundle 31 and
the shank 331. The head 332 may extend to the tip of
the objective 32 to be in contact of the organ to image
and may be polished in order to limit its invasiveness.
The shank 331 and the head 332 of the ferule 33 may
both have a tubular shape and be coaxially arranged.
The shank 331 and the head 332 may be integrally
formed. The fiber bundle 31 and the objective 32 may fit
in a lumen formed by arranging the shank 331 and the
head 332 coaxially. The shank 331 and the head 332
may have same internal diameter. An external junction
333 between the shank 331 and the head 332 may be
chamfered. Advantageously, the chamfered external
junction may be covered with glue to prevent from dirt
accumulation at the junction 333.

[0047] In an embodiment, the optical probe 3 may not
comprise an objective and the distal tip of the fiber bundle
31 may be brought directly into contact of an organ to
image. In this embodiment, the head 332 may protect
the fiber bundle 31 and may extend to the distal tip of the
fiber bundle 31.

[0048] As shown in Figure 5, the optical probe 3 may
comprise at least one hollow volume 334 filled with air in
order to enhance ultrasound visualization of the optical
probe 3. Advantageously, the air in the hollow volume
may be replaced by any fluid or solid enhancing ultra-
sound visualization of the optical probe. The head and
the shank may have a tubular shape. The external diam-
eter of the shank 331 may substantially be equal to the
internal diameter of the head 332. An internal surface of
the head 332 may comprise a cavity so that the hollow
volume 334 may result from assembling the shank into
a lumen of the head 332.

[0049] Referring to Figure 6A, the optical probe 3 may
be inserted in a lumen of the needle 23. The optical probe
3 may be moved toward the tip of the needle 23 (Figure
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6B) in order to protrude out of the tip of the needle (Figure
6C) for imaging a predetermined area of an organ (not
shown on Figures 6A-C). The needle 23 may be beveled
to ease the puncture of the organ. The head 332 of the
optical probe may have a longitudinal length adapted for
the sheath 34 to stay enclosed in the needle 23 when
the tip of the head 332 is moved beyond the tip of the
needle 23 in order to be put in contact with the organ. In
other words, the head 332 may have an axial length such
that the sheath 34 stays before the end section of the
needle (preferably before the beginning of the bevel)
when the tip of the head 332 projects out of the end sec-
tion of the needle (after the end of the bevel, i.e. the free
end of the needle 23). The head 332 may be pushed
beyond the end of the bevel of about 0 to 5 mm. The
bevel of the needle 23 may form an angle of about 20°
to 90° relatively to a longitudinal axis of the needle 23.
Preferably, the bevel of the needle 23 may be of about
20°. The head 332 may have a length of about 1 to 8
mm. The length of the head 332 of the optical probe 3
may be defined as the axial length of the head 332. Pref-
erably, the bevel of the needle 23 may have a length
greater than 2 mm. The length of the bevel may be de-
fined as the axial length between the beginning of the
bevel and the end of the bevel, i.e. the free end of the
needle 23. In other words, the length of the bevel may
be equal to the projection, on the longitudinal axis of the
needle 23, of the beveled edge of the needle 23. The
length of the head 332 of the optical probe 3 is preferably
greater than the length of the bevel of the needle 23.
[0050] Experiments with first ferules having a longitu-
dinal length of about 4 mm and second ferules having a
longitudinal length of about 8mm have shown that the
first ferules ease the extraction of the probe 3 from the
needle 23 especially when the needle 23 is bent, for ex-
ample upon accessing lesions through the duodenum.
[0051] A safe contact between the probe 3 and the
needle 23 is provided by the presence of the ferule 33
which avoids the probe 3 to be cut by the bevel of the
needle 23. When the probe 3 is inserted in the needle
23, a predetermined limit of advancement of the probe 3
beyond the end of the bevel may be determined. In an
embodiment, this limit position may be reached when the
probe 3 protrudes from the distal tip of the needle 23 of
more than 2 mm. Having the probe 3 protruding out of
the bevel from 2 mm may enabile to position the tip of the
probe 3 in better contact with the tissue to inspect and
therefore enables to obtain a good image quality. Pref-
erably, the length of the head 332 of the optical probe 3
is superior to the length of the bevel of the needle 23
increased by the predetermined limit of advancement of
the probe 3 beyond the end of the bevel.

[0052] Preferably, the head of the optical probe 3 may
have a length of about 3 mm. This may advantageously
improve the resistance of the optical probe 3 by prevent-
ing the sheath 34 to rub against the bevel of the needle
23. The length of the ferule may be advantageously kept
lower than 12 mm for the flexibility of the endoscope and
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the needle to stay satisfactory.

[0053] Figures 8A-B and Figures 9A-C illustrate imag-
es of solid organs obtained according to embodiments
of the present disclosure. Figures 8A and 8B show blood
vessels 731 and 751 respectively observed in a pancreas
and in a liver.

[0054] Figure 9A has been acquired in a pancreas and
shows pancreatic acini 732 which are part of the exocrine
part of the pancreas. Figure 9B has been acquired in a
liver. The liver is a very vascularized organ, divided into
small hexagonal structures called lobules which are
themselves composed of hepatocytes 752 separated by
sinusoids. Figure 9C has been acquired in a spleen and
enables to distinguish between the red pulp 762 and
white pulp 761 of the spleen.

[0055] While the disclosure has been described with
respecttoalimited number of embodiments, those skilled
in the art, having benefit of this disclosure, will appreciate
that other embodiments can be devised which do not
departfromthe scope of the disclosure as disclosed here-
in. Accordingly, the scope of the disclosure will be limited
only by the attached claims.

Claims

1. Anoptical probe to image a solid organ in a subject,
the optical probe being intended to be positioned in
the solid organ through a needle, the optical probe
comprising:

an optical fiber bundle (31) for transmitting light
of anillumination source towards the solid organ
through the distal end of the optical fiber bundle
and for transmitting a return light beam coming
from the solid organ;

a ferule (33) to protect the distal tip of the optical
fiber bundle, the ferule (33) comprising a shank
(331) and a head (332);

a sheath (34) wrapping the fiber bundle (31) and
the shank (331);

wherein

the head (332) of the ferule (33) has a length
adapted for the optical probe to image the solid
organ while keeping the sheath (34) inside the
needle.

2. The optical probe according to claim 1, further com-
prising an objective (32) connected coaxially at a dis-
tal tip of the optical fiber bundle (31), wherein the
ferule (33) connects the objective (32) to the distal
tip of the optical fiber bundle (31).

3. The optical probe according to claim 2, wherein:

the shank (331) and the head (332) of the ferule
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(33) are coaxially mounted and both have a tu-
bular shape defining a lumen, and

the optical fiber bundle (31) and the objective
(32) are enclosed in the lumen.

The optical probe according to claim 3, further com-
prising an external junction (333) between the shank
(331) and the head (332), the external junction (333)
being chamfered.

The optical probe according to claim 4, wherein the
shank (331), the head (332) and the external junction
(333) are integrally molded.

The optical probe according to claim 4 further com-
prising glue provided on the chamfered external
junction between the head (332) and the shank (331)
of the ferule (33).

The optical probe according to claim 2, wherein the
head (332) of the ferule (33) extends to the tip of the
objective (32) to be in contact with the organ to im-
age.

The optical probe according to claim 1, wherein the
head (332) of the ferule (33) extends to the tip of the
optical fiber bundle (31) to be in contact with the or-
gan to image.

The optical probe according to claim 3, wherein the
optical fiber bundle (31), the ferule (33) and the
sheath (34) each have an external diameter of less
than 0.9 mm.

The optical probe according to claim 1, wherein the
length of the ferule (33) is less than 8 mm.

The optical probe according to claim 3, wherein the
external diameter of the head (332) of the ferule (33)
is substantially equal to the external diameter of the
sheath (34).

The optical probe according to claim 1, further com-
prising a locking mechanism preventing the head of
protruding out of the needle more than of a prede-
termined length.

The optical probe according to claim 1, wherein an
internal surface of the sheath (34) is adapted to stick
on the shank (331).

The optical probe according to claim 1, further com-
prising at least one hollow section to be filled with air
for enhancing ultrasound visualization of the optical
probe.

A confocal microscopy system for inspecting a solid
organ in a subject comprising:
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a confocal microscope, and
an optical probe according to any of claims 1 to
14.

16. A confocal microscopy system according to claim

15, comprising

a proximal scanner for illuminating one after an-
other the fibers of the optical fiber bundle of the
optical probe in order to excite an endogenous
or exogenous fluorescence of a tissue of the sol-
id organ and for collecting a fluorescence signal
coming from the solid organ which is transmitted
through the optical fiber bundle of the optical
probe.

17. A method to image a solid organ in a subject using

an optical probe according to any of claims 1 to 14,
the method comprising:

transmitting a light of an illumination source
through the optical fiber bundle of the optical
probe towards the solid organ,

collecting a return light beam coming from the
solid organ and transmitted through the optical
fiber bundle of the optical probe,

acquiring an image of the solid organ from the
return light beam.

18. A method according to claim 17, further comprising

illuminating, by a proximal scanner, one after another
the fibers of the optical fiber bundle of the optical
probe in order to excite an endogenous or exoge-
nous fluorescence of a tissue of the solid organ,
wherein the return light beam is a fluorescence sig-
nal.

Patentanspriiche

1.

Optische Sonde zum Abbilden eines soliden Organs
in einem Subjekt, wobei die optische Sonde mithilfe
einer Nadel im soliden Organ positioniert werden soll
und die optische Sonde Folgendes umfasst:

ein Lichtleitfaserbliindel (31) zum Aussenden
von Licht einer Lichtquelle durch das distale En-
de des Lichtleitfaserblindels in Richtung des so-
liden Organs und zum Senden eines zurtickkeh-
renden Lichtstrahls, der vom soliden Organ
kommt;

eine Hulse (33) zum Schutz der distalen Spitze
des Lichtleitfaserbiindels, wobei die Hiilse (33)
Folgendes umfasst:

einen Schaft (331) und einen Kopf (332);

eine Umhdllung (34), die das Faserbiindel (31)
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und den Schaft (331) umgibt;
wobei

der Kopf (332) der Hiilse (33) eine Lange auf-
weist, die so angepasst ist, dass die optische
Sonde das solide Organ abbildet, wahrend die
Umhdllung (34) innerhalb der Nadel bleibt.

Optische Sonde nach Anspruch 1, die auBerdem ein
Objektiv (32) umfasst, das koaxial an einer distalen
Spitze des Lichtleitfaserbiindels (31) verbunden ist,
wobei die Hilse (33) das Objektiv (32) mit der dis-
talen Spitze des Lichtleitfaserblindels (31) verbindet.

Optische Sonde nach Anspruch 2, wobei:

der Schaft (331) und der Kopf (332) der Hilse
(33) koaxial angebracht sind und beide eine
Schlauchform aufweisen, die ein Lumen defi-
niert, und

das Lichtleitfaserbiindel (31) und das Objektiv
(32) im Lumen eingeschlossen sind.

Optische Sonde nach Anspruch 3, die auRerdem ei-
nen externen Anschluss (333) zwischen dem Schaft
(331) und dem Kopf (332) umfasst, wobei der exter-
ne Anschluss (333) abgeschragt ist.

Optische Sonde nach Anspruch 4, wobei der Schaft
(331), der Kopf (332) und der externe Anschluss
(333) in einem Stiick gegossen sind.

Optische Sonde nach Anspruch 4, die des Weiteren
Klebstoff umfasst, der auf dem abgeschragten ex-
ternen Anschluss zwischen dem Kopf (332) und dem
Schaft (331) der Hilse (33) bereitgestellt wird.

Optische Sonde nach Anspruch 2, wobei der Kopf
(332) der Hulse (33) sich bis zur Spitze der Objektivs
(32) erstreckt, um mit dem abzubildenden Organ in
Kontakt zu sein.

Optische Sonde nach Anspruch 1, wobei der Kopf
(332) der Huilse (33) sich bis zur Spitze des Lichtleit-
faserbiindels (31) erstreckt, um mit dem abzubilden-
den Organ in Kontakt zu sein.

Optische Sonde nach Anspruch 3, wobei das Licht-
leitfaserbiindel (31), die Hilse (33) und die Umhiil-
lung (34) jeweils einen AuRendurchmesser von we-
niger als 0,9 mm aufweisen.

Optische Sonde nach Anspruch 1, wobei die Lénge
der Hilse (33) weniger als 8 mm betragt.

Optische Sonde nach Anspruch 3, wobeider Aulen-
durchmesser des Kopfs (332) der Hilse (33) im We-
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12.

13.

14.

15.

16.

17.

18.

sentlichen dem AuRendurchmesser der Umhiillung
(34) entspricht.

Optische Sonde nach Anspruch 1, die auRerdem ei-
ne Arretierung umfasst, die verhindert, dass der Kopf
weiter aus der Nadel hervorragt als eine vorgegebe-
ne Lange.

Optische Sonde nach Anspruch 1, wobei eine innere
Oberflache der Umhiillung (34) so ausgefihrt ist,
dass sie auf dem Schaft (331) haftet.

Optische Sonde nach Anspruch 1, die weiterhin min-
destens einen Hohlbereich umfasst, der mit Luft ge-
fullt wird, um die Ultraschallvisualisierung der opti-
schen Sonde zu verbessern.

Konfokales Mikroskopiesystem zur Untersuchung
eines soliden Organs in einem Subjekt, das Folgen-
des umfasst:

ein konfokales Mikroskop, und
eine optische Sonde gemaR einem der Anspri-
che 1 bis 14.

Konfokales Mikroskopiesystem nach Anspruch 15,
welches

einen proximalen Scanner umfasst, um damit
nacheinander die Fasern des Lichtleitfaserbln-
dels der optischen Sonde zu beleuchten, so-
dass eine endogene oder exogene Fluoreszenz
eines Gewebes des soliden Organs angeregt
wird und um ein Fluoreszenzsignal zu empfan-
gen, das vom soliden Organ kommt und durch
das Lichtleitfaserbiindel der optischen Sonde
Ubertragen wird.

Verfahren zur Abbildung eines soliden Organs in ei-
nem Subjekt mithilfe einer optischen Sonde nach ei-
nem der Anspriiche 1 bis 14, wobei das Verfahren
Folgendes umfasst:

Aussenden eines Lichts einer Lichtquelle durch
das Lichtleitfaserbiindel der optischen Sonde in
Richtung des soliden Organs,

Empfangen eines zurlickkehrenden Licht-
strahls, der vom soliden Organ kommt und durch
das Lichtleitfaserbiindel der optischen Sonde
Ubertragen wird,

Erhalt einer Abbildung des soliden Organs vom
zurlickkehrenden Lichtstrahl.

Verfahren nach Anspruch 17, das auRerdem Fol-
gendes umfasst:

Beleuchtung der Fasern des Lichtleitfaserbln-
dels der optischen Sonde nacheinander mithilfe
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eines proximalen Scanners, um eine endogene
oder exogene Fluoreszenz eines Gewebes des
soliden Organs anzuregen,

wobei der zurlickkehrende Lichtstrahl ein Fluo-
reszenzsignal ist.

Revendications

Sonde optique pour former une image d’un organe
solide dans un sujet, la sonde optique étant destinée
a étre positionnée dans I'organe solide a travers une
aiguille, la sonde optique comprenant :

un faisceau de fibres optiques (31) pour trans-
mettre la lumiére d’une source d’éclairement en
direction de I'organe solide a travers I'extrémité
distale du faisceau de fibres optiques et pour
transmettre un faisceau lumineux de retour ve-
nant de I'organe solide ;

une ferrule (33) pour protéger la pointe distale
du faisceau de fibres optiques, la ferrule (33)
comprenant une tige (331) et une téte (332) ;
une gaine (34) enveloppant le faisceau de fibres
(31) et la tige (331) ;

dans laquelle

la téte (332) de la ferrule (33) présente une lon-
gueur adaptée pour que la sonde optique forme
une image de I'organe solide tout en maintenant
la gaine (34) a l'intérieur de l'aiguille.

Sonde optique selon la revendication 1, comprenant
en outre un objectif (32) raccordé coaxialement sur
une pointe distale du faisceau de fibres optiques
(31), dans laquelle la ferrule (33) raccorde I'objectif
(32) a la pointe distale du faisceau de fibres optiques
(31).

Sonde optique selon la revendication 2, dans
laquelle :

la tige (331) et la téte (332) de la ferrule (33)
sont montées coaxialement et ont toutes deux
une forme tubulaire définissant un conduit, et
le faisceau de fibres optiques (31) et I'objectif
(32) sont enfermés dans le conduit.

Sonde optique selon la revendication 3, comprenant
enoutre une jonction externe (333) entrelatige (331)
et la téte (332), la jonction externe (333) étant chan-
freinée.

Sonde optique selon la revendication 4, dans laquel-
le la tige (331), la téte (332) et la jonction externe
(333) sont intégralement moulées.

Sonde optique selon la revendication 4, comprenant
en outre de la colle prévue sur la jonction externe

10

15

20

25

30

35

40

50

55

10.

1.

12.

13.

14.

15.

16.

17.

chanfreinée entre la téte (332) et la tige (331) de la
ferrule (33).

Sonde optique selon larevendication 2, dans laquel-
le latéte (332) de laferrule (33) s’étend vers la pointe
de I'objectif (32) pour étre en contact avec I'organe
dont une image doit étre formée.

Sonde optique selon larevendication 1, dans laquel-
le latéte (332) de laferrule (33) s’étend vers la pointe
du faisceau de fibres optiques (31) pour étre en con-
tact avec 'organe dont une image doit étre formée.

Sonde optique selon larevendication 3, dans laquel-
le le faisceau de fibres optiques (31), la ferrule (33)
et la gaine (34) ont chacun un diamétre extérieur
inférieur a 0,9 mm.

Sonde optique selon larevendication 1, dans laquel-
le lalongueur de la ferrule (33) est inférieure a 8 mm.

Sonde optique selon larevendication 3, dans laquel-
le le diametre extérieur de la téte (332) de la ferrule
(33) est essentiellement égal au diamétre extérieur
de la gaine (34).

Sonde optique selon la revendication 1, comprenant
en outre un mécanisme de verrouillage évitant que
la téte ne sorte hors de l'aiguille de plus d’'une lon-
gueur prédéterminée.

Sonde optique selon larevendication 1, dans laquel-
le une surface interne de la gaine (34) est adaptée
pour coller sur la tige (331).

Sonde optique selon la revendication 1, comprenant
en outre au moins une section creuse destinée a
étre remplie d’air pour augmenter la visualisation par
ultrasons de la sonde optique.

Systéme de microscopie confocale pour inspecter
un organe solide dans un sujet, comprenant :

un microscope confocal, et
une sonde optique selon I'une quelconque des
revendications 1 a 14.

Systéme de microscopie confocale selon la reven-
dication 15, comprenant

un scanner proximal pour éclairer 'une aprés I'autre
les fibres du faisceau de fibres optiques de la sonde
optique afin d’exciter une fluorescence endogéne ou
exogéne d’un tissu de 'organe solide et pour collec-
ter un signal de fluorescence venant de I'organe so-
lide qui est transmis a travers le faisceau de fibres
optiques de la sonde optique.

Procédé de formation d’'image d’un organe solide
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dans un sujet employant une sonde optique selon
'une quelconque des revendications 1 a 14, le pro-
cédé comprenant :

la transmission d’'une lumiére d'une source 5

d’éclairement a travers le faisceau de fibres op-

tiques de la sonde optique en direction de I'or-

gane solide,

la collecte d’'un faisceau de lumiere de retour

venant de I'organe solide et transmise a travers 70

le faisceau de fibres optiques de la sonde opti-

que,

'acquisition d’'une image de I'organe solide a

partir du faisceau de lumiére de retour.

15
18. Procédé selon la revendication 17, comprenant en
outre :

I'éclairement, par un scanner proximal, 'une
aprés l'autre des fibres du faisceau de fibres op- 20
tiques de la sonde optique afin d’exciter une fluo-
rescence endogéne ou exogéne d’'un tissu de
I'organe solide,

dans lequel le faisceau de lumiére de retour est

un signal de fluorescence. 25

30

35

40

45

50

55

10



EP 2 477 530 B1

1"



EP 2 477 530 B1

21 24

o,

22

23

FIG.2

12



23

11

EP 2 477 530 B1

FIG.3

13



EP 2 477 530 B1

Gold

LEC

AN

/

1T

d

\

ree

cee

¥ Ol

€ee

€€

\

cee

LEC

14



EP 2 477 530 B1

090l

¢t

d9 9Old

JINg N

¢t

<

(op]

——

| AN

T

!

15



EP 2 477 530 B1

FIG.7

16



EP 2 477 530 B1

731

FIG.8A

17



EP 2 477 530 B1

18



EP 2 477 530 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

* US 2008064925 A [0006]

19



patsnap

ERATROF) ATREXBRENSE , AFRENAEEHERS
DF(RE)F EP2477530B1 DF(E)A 2017-05-10
RiES EP2010785187 RiEHR 2010-09-17

RIRB(RFRN)AGE) BEHERRLQF

RIB(ERR)AGE) B4 =L TECHNOLOGIES

HHBEBE(ZRAP)AER) EHRILTECHNOLOGIES

[#R1 &% BB A BOULAROT NICOLAS
GENET MAGALIE
SCHWARZ FRANCE

RHEA BOULAROT, NICOLAS
GENET, MAGALIE
SCHWARZ, FRANCE

IPCH %S A61B5/00

CPCH¥%E A61B5/415 A61B5/0068 A61B5/0071 A61B5/0084 A61B5/416 A61B5/418 A61B5/6848
£ 5 61/243425 2009-09-17 US

H N FF 3Tk EP2477530A1

SAEREE$E Espacenet

HE(R)

RENRPWEARZEN S EEE  FHASIARECEENTEXE+;

F AR BT £ SK B9 R B LA R A A R T E KSR o 1.

—MATRENRPIZMAERE R AZRE , FIRXZ R §EBT
EMEFRKARET , RRXZREBIEALL R , RIPFFBRILT R
EMRFOFE , PRRFESR SIEREPALE | AR SRR 4 RHAPR
WERPE | HRPmR IR LA EEE T AT K F Rk B PR SR 4K
2R B B RATR P EREFEMRE N KE, 7= a 23 - 74



https://share-analytics.zhihuiya.com/view/e9ea268b-9ec0-4b7f-a16e-154723786e14
https://worldwide.espacenet.com/patent/search/family/043543774/publication/EP2477530B1?q=EP2477530B1

