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OPTICALLY AUGMENTED FINE NEEDLE ASPIRATION BIOPSY
DEVICE AND METHOD OF USING THE SAME

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims benefit under 35 U.S.C. § 119(e) of the U.S. Provisional
Application No. 61/759,748, filed February 1, 2013, the content of which is incorporated

herein by reference in its entirety.

FIELD OF THE INVENTION

[0002] The present invention relates to fine needle aspiration biopsies and, more

particularly, to identifying and aspirating desired tissue to be biopsied.

BACKGROUND OF THE INVENTION
[0003] Fine needle aspiration (“FNA”) biopsy (“FNAB”) is the standard evaluation of a

thyroid nodule of a patient. Ultrasound guidance has been used to image the target tissue and
guide the needle of a syringe to the tissue to be biopsied. Once the needle is guided to the
tissue to be biopsied, a plunger of the syringe is moved to create a vacuum that aspirates the
tissue. Diagnostic determination of the tissue requires a certain number of cells. If
insufficient cells are aspirated, the biopsy procedure must be performed again, usually 2-6

months later.

[0004] It is estimated that more than 600,000 FNAB procedures are performed each year
in the United States. The number of biopsies that yield insufficient cells to make a diagnostic
determination ranges from 7 to 17%. Even in an elite academic thyroid center using

ultrasound guidance, insufficient FNA biopsies occurred in 17% of 3,589 nodules biopsied.

[0005] Even if the needle is disposed in a position to aspirate the desired cells at the
beginning of aspiration, manual manipulation of the device is required for aspiration and
typically results in axial movement of the needle. This axial movement can result in

insufficient biopsies and/or cells being aspirated from non-desired tissue.

[0006] The American Thyroid Association, as well as most endocrinologists and
endocrine surgeons, recommend a total or near-total thyroidectomy for well-differentiated
thyroid cancer. A total thyroidectomy allows for better use of Iodine-131 ') for
postsurgical treatment because of a statistically significant improved overall survival and
decreased recurrence rate. Because patients with ‘‘indeterminate’” thyroid nodules are not

known to have the certain diagnosis of cancer preoperatively, clinical decision making
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incorporates surgical judgment. Most surgeons prefer to treat patients with indeterminate
nodules as though they did in fact have a cancer. A total or near-total thyroidectomy is
performed as the initial operation in these situations, which subjects these patients to all of
the risks of thyroidectomy. These risks include permanent bilateral recurrent laryngeal nerve
injury which requires a permanent tracheotomy and permanent hyperparathyroidism which
requires calcium supplementation, having clinical consequences, as well as the need for life-
long thyroid-hormone replacement treatments. The present invention is directed to solving

these and other problems.

SUMMARY OF THE INVENTION

[0007] In accordance with one embodiment, a device for performing fine-needle
aspiration of tissue includes a syringe and a holder. The syringe includes a fiber optic probe,
a plunger, and a needle. The fiber optic probe is configured to move within a lumen of the
needle. The fiber optic probe is guided into the needle by a fiber optic channel. The plunger
is configured to create a vacuum in the needle. The holder includes a coupling mechanism, a
first actuator, and a second actuator. The coupling mechanism coupling the syringe in a fixed
position relative to the holder. The first actuator being configured to extend the fiber optic
probe into the needle and to retract the fiber optic probe from the needle. The second

actuator is configured to extend the plunger thereby creating a vacuum within the needle.

[0008] In accordance with another embodiment, a method for performing fine-needle
aspiration of tissue includes the steps of inserting a needle having a fiber optic probe disposed
therein into tissue of a patient including tissue to be biopsied, generating an optical spectrum
of tissue disposed proximate to a distal end of the needle, determining a spectral signature of
the proximate tissue using the optical spectrum, removing the fiber optic probe from the
needle, and aspirating the proximate tissue by moving a plunger to create vacuum in the

needle.

[0009] In accordance with yet another embodiment, a device for performing fine-needle
aspiration of tissue includes a syringe and a holder. The syringe includes a fiber optic
channel, a barrel, and a needle. The fiber optic channel has a fiber optic probe disposed for
movement therein. The barrel has a plunger disposed for movement therein. The needle has
a lumen extending from a distal end to a proximal end of the needle. The proximal end of the
lumen is operatively connected to both the fiber optic channel and the barrel. The lumen is

configured to receive the fiber optic probe. The holder is configured to receive the syringe
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and includes a first actuator and a second actuator. The first actuator configured to extend the
fiber optic probe from the fiber optic channel and into the lumen, and further configured to
retract the fiber optic probe from the lumen. The second actuator is configured to slide the

plunger, thereby causing material to move from the distal end of the lumen toward the barrel.

[0010] In accordance with still yet another embodiment, a device for performing fine-
needle aspiration of tissue includes a biopsy needle, a fiber optic probe, and an actuator. The
biopsy needle has a hollow core and is mounted to a handle. The biopsy needle includes a
distal end adapted for insertion into tissue and a proximal end adapted for coupling to the
handle. The biopsy needle is coupled to a vacuum source whereby vacuum can be selectively
applied to the biopsy needle. The fiber optic is probe coupled to the biopsy needle and
adapted to translate through the hollow core of the biopsy needle to the distal end and to be
retracted from the biopsy needle. The actuator is coupled to the fiber optic probe to move the
fiber optic probe through the hollow core of the biopsy needle and retract the fiber optic

probe from the hollow core of the biopsy needle.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The invention may best be understood by reference to the following description

taken in conjunction with the accompanying drawings, in which:

[0012] FIG. 1 illustrates a side view of a fine needle aspiration biopsy device with a fiber
optic probe in a deployed position and a plunger in a first position according to an

embodiment;

[0013] FIG. 2 illustrates a cross-sectional view of the fine needle aspiration biopsy device
of FIG. 1 with the fiber optic probe in the deployed position and the plunger in the first

position according to an embodiment;

[0014] FIG. 3 illustrates a side view of the fine needle aspiration biopsy device of FIG. 1
with the fiber optic probe in a retracted position and the plunger in a second position

according to an embodiment;

[0015] FIG. 4 illustrates a flow diagram of a method for aspirating desired tissue

according to an embodiment;

[0016] FIG. 5A illustrates a fine needle aspiration biopsy syringe with a fiber optic probe

according to an embodiment;
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[0017] FIG. 5B illustrates a holder configured to receive configured to receive the syringe
of FIG. 4A;

[0018] FIG. 6A illustrates the holder of FIG. 5B in an open position, showing the interior;

[0019] FIG. 6B illustrates a perspective view of the syringe of FIG. SA from a second
view;
[0020] FIG. 7A illustrates an end-view of a fiber optic probe according to an

embodiment;

[0021] FIG. 7B illustrates an end-view of a fiber optic probe according to another

embodiment.

DETAILED DESCRIPTION OF ILLUSTRATED EMBODIMENTS

[0022] Although the invention will be described in connection with certain preferred
embodiments, it will be understood that the invention is not limited to those particular
embodiments. On the contrary, the invention is intended to cover all alternatives,
modifications, and equivalent arrangements as may be included within the spirit and scope of

the invention as defined by the appended claims.

[0023] It has been determined that one common reason for cellular insufficiency during
an FNA thyroid biopsy is cystic degeneration of the nodule. Cystic degeneration results in a
fibrous nodule with small pockets that have degenerated into fluid. This fluid volume may be
in pockets that are sub-millimeter in size. At this size, the resolution of the ultrasound
machine is too coarse to distinguish the difference between the tissue and the fluid pockets.
Thus, even when the FNAB device is guided by real-time ultrasound imaging, the FNAB

device may be sampling fluid rather than tissue.

[0024] Optical tissue diagnosis mediated by fiber-optic probes can be used to perform
noninvasive or minimally invasive real time assessment of tissue pathology in sifu. One
method of performing this assessment can include the use of elastic scattering spectroscopy
(“ESS”). ESS provides a point spectroscopic measurement of subcellular micromorphology
and cellular composition of a tissue, using electromagnetic radiation in a broad wavelength
range (e.g., 320-900 nm in one example system). Markers include size and
hyperchromaticity of cell nuclei, chromatin granularity, nuclear crowding, and changes in the
size and/or density of mitochondria and other cellular organelles. ESS spectra derive from

the wavelength-dependent optical scattering efficiency and the effects of changes in the
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scattering phase function (e.g., the angular probability distribution for scattering), caused by
the optical index gradients (e.g., due to cellular and subcellular structures). Normal and
abnormal tissues generate different scattering spectral signatures as a result of changes in
nuclear size, density, granularity of the chromatin, mitochondrial swelling, and other
subcellular structural changes. These different scattering spectral signatures represent the
optical-spectroscopy equivalent of histological appearances. The ESS method senses those
morphology differences in a semi-quantitative manner, without actually imaging the
microscopic structure. An important advantage of ESS is that it may provide a real-time
objective and semi-quantitative assessment of tissue pathology that may not require on-site
special expertise and/or subjective image interpretation as in conventional histopathology.
ESS is also convenient: the unit used is lightweight and mobile, and the ESS probe can fit
through a conventional 21-23 gauge needle for a minimally invasive diagnosis. A
measurement is rendered in less than 250ms and can be triggered by, for example, a simple
foot pedal. Examples of ESS systems capable of performing this assessment are described in
papers and publications listed in the ESS References section below, which are hereby

incorporated by reference in their entirety.

[0025] Advantageously, an FNAB device incorporating an ESS probe disposed near the
tip of the needle is able to report whether the needle tip is sensing fluid or solid tissue. For
example, the probe can be guided to a nodule using ultrasound imaging, record optical
spectra, and be repositioned within the nodule until the returned optical spectrum indicates

solid tissue disposed proximate to the needle tip.

[0026] FIG. 1 illustrates a side view of a fine needle aspiration biopsy (FNAB)
device 100 including a barrel 102, a needle 104, a fiber optic probe 106, a plunger 108, a
locking mechanism 110, and a slide mechanism 112. The needle 104 is coupled to the
barrel 102 and is configured to pierce tissue. The needle 104 includes a tip 114 distal to the
barrel 102 and a lumen extending from the tip 114 to the barrel 102, allowing for passage of

material along the length of the needle 104.

[0027] The fiber optic probe 106 can move within the lumen of the needle 104. The slide
mechanism 112 is coupled to the fiber optic probe 106 and is configured to slide the distal
end of the fiber optic probe between a deployed position and a retracted position. Fine needle
aspiration (FNA) needles typically range from 23 gauge to 27 gauge. More preferably, the
needle 104 is 25 gauge. The fiber optic probe 106 is flexible and includes fiber optic cable.

In order for the fiber optic probe 106 to move within the lumen of the needle, the outer
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diameter of the fiber optic probe 106 must be less than the inner diameter of the needle, but
should not be so small that binding occurs when the fiber optic probe 106 is pushed from the
proximate end. For example, a fiber optic probe 106 with an outer diameter of 346um can be

used with a 23 gauge needle having an inner diameter of 370um.

[0028] As used herein, “distal end” refers generally to a portion of the object nearer to a
patient while in use and “proximal end” refers generally to a portion of the object nearer to a
practitioner, unless otherwise specified. For example, a distal end of a needle is the end that
pierces a patient’s skin and a proximal end of the needle is the end that connects to the barrel

of a syringe.

[0029] When in the deployed position, the distal end of the fiber optic probe 106 is
disposed near the tip 114. When in the retracted position, the fiber optic probe 106 is
disposed such that material near the tip 114 may be aspirated through the needle 104. In the
illustrated embodiment, the fiber optic probe 106 is disposed in the deployed position.

[0030] The plunger 108 slides within a plunger chamber (FIG.2) and forms a
substantially airtight seal with an inner wall. The locking mechanism 110 selectively engages

the plunger 108 to prevent movement of the plunger 108 in at least one direction.

[0031] FIG. 2 illustrates a cross-sectional view of the FNAB device 100. As shown, the
needle 104 lumen is coupled to both a fiber optic channel 202 and an aspiration channel 204.
The fiber optic channel 202 guides the fiber optic probe 106 into the needle 104 as the fiber
optic probe 106 is slid toward the deployed position. Sealing mechanism 206 forms a
substantially airtight seal between the fiber optic probe 106 and the fiber optic channel 202 so
that aspiration is not hindered by the incorporation of the fiber optic probe 106.

[0032] The aspiration channel 204 is between the needle 104 and a plunger chamber 208.
Movement of the plunger 108 creates negative or positive pressure in the plunger
chamber 208 because of the airtight seal between the plunger 108 and plunger chamber 208.
The aspiration channel 204 communicates these pressures to the needle 104. Thus, outward
movement of the plunger 108 creates negative pressure in the plunger chamber 208, which
creates negative pressure at the tip 114. The negative pressure at the tip 114 results in a
vacuum that aspirates material disposed proximate to the tip 114. The plunger 108 includes a
spring 210 that biases the plunger 108 outward. The plunger 108 also includes a locking
channel 212 that is selectively engaged by locking mechanism 110. When engaged, locking

channel 212 prevents both inward and outward movement of the plunger 108.
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[0033] FIG. 3 illustrates a side view of the FNAB device 100 with the fiber optic
probe 106 in the retracted position and the plunger 108 in the second position. The slide
mechanism 112 is disposed at a proximate end of the barrel. When the slide mechanism 112
is disposed in this position, the fiber optic probe 106 is in the retracted position and does not
interfere with aspiration of material through the needle 104. The locking mechanism 110 is
disposed in a disengaged position where the locking channel 212 is not engaged by the
locking mechanism 110. The plunger 108 may move inwardly or outwardly when the
locking mechanism 110 is in the disengaged position. As shown, the plunger is disposed at

the second position because the spring 210 outwardly biases the plunger 108.

[0034] The FNAB device 100 is configured to be held and operated substantially with a
single hand. The device 100 can be gripped with a “pencil grip” where the barrel 102 is
grasped generally between the practitioner’s thumb, index finger, and middle finger.
Advantageously, the pencil grip and single-handed operation minimizes accidental movement
of the tip 114. In the illustrated embodiment, the device 100 is designed to be grasped in the
practitioner’s right hand. The locking mechanism 110 is disposed in a location where it can
be easily actuated from the engaged position to the disengaged position by the thumb of the
practitioner.  Additionally, accidental axial movement of the tip 114 occurs when the
practitioner has to manually move the plunger 108. This is typically accomplished by the
practitioner grasping the barrel 102 with one hand and the plunger 108 with the other, then
moving the hands in opposite directions. The forces exerted by each hand fluctuate, leading
to accidental axial movement of the tip 114. Use of the spring 210 to move the plunger 108
decreases the accidental axial movement of the tip 114 during aspiration because the force

exerted is internal to the device 100 and evenly placed.

[0035] FIG. 4 illustrates a flow diagram of a method 400 for aspirating desired tissue.
The method 400 begins at step 402 where the tip 114 is placed at a point of interest such as a
thyroid nodule. Placement of the tip 114 can be assisted by real-time ultrasound guidance.
When the tip 114 is disposed at the point of interest, the fiber optic probe 106 is extended
from within the lumen of the needle 104, proximate the tip 114, to the deployed position at
step 404. An optical spectrum is then taken at step 406. The taking may be initiated by a
number of different methods including in response to a foot pedal or button actuated by the
practitioner, in response to the optical probe 106 reaching the deployed position, or in
response to a predetermined amount of time elapsing. The obtained optical spectrum is

compared to a desired spectrum or to a plurality of desired spectra at decision box 408. If the
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obtained optical spectrum does not match the desired spectrum, the fiber optic probe 106 is
retracted into the lumen of the needle 104 at step 410. The tip 114 is moved to a new point of
interest at step 412 and steps 404, 406, and 408 are repeated until a desired spectrum is
obtained. Step 410 is optional as indicated by the broken-line box. Thus, the tip 114 can be
moved to a new point of interest at step 412 and then steps 406 and 408 are repeated without
retracting the fiber optic probe 106. It is contemplated that the fiber optic probe 106 may be
shaped so as to not inhibit movement of the tip 114 though the flesh. In one nonlimiting
example, this is accomplished by shaping the fiber optic probe 106 to be flush across an
opening of the lumen when the fiber optic probe 106 is in the deployed position.

[0036] When a desired spectrum is obtained, the fiber optic probe 106 is fully retracted to
the retracted position at step 414. The desired tissue is then aspirated at step 416. The
plunger 108 is moved outwardly, creating negative pressure in the plunger chamber 208. The
negative pressure aspirates tissue disposed proximate the tip 114 into the plunger chamber
through the needle 104 and aspiration channel 204. After the sample is taken, the device is

removed from the tissue and the sample of aspirated tissue is subjected to diagnostic tests.

[0037] FIGS. 5A and 5B illustrate an FNAB device 500 including a syringe 500a and a
holder 500b. The syringe 500a includes a barrel 502, a needle 104, a fiber optic probe 106,
and a plunger 108. Similarly to the FNAB device 100 described above, the fiber optic
probe 106 can be moved within the lumen of the needle 104 and can be guided into the
needle using fiber optic channel 202. Also as described above, plunger 108 is configured to
create a vacuum in the needle 104 in order to aspirate tissue disposed proximate to the
needle 104. The holder 500b receives the syringe 500a and actuates components thereon.
The holder includes a bore 504 therein that receives the syringe 500a. The outer surface of
the bore includes a display 506a actuator-control buttons 508a, b and a calibration button 510.
The display 506 is used to convey information to the practitioner such as calibration
information, configuration information, placement of the fiber optic probe or plunger, error
information, and/or information related to the tissue disposed near the tip. The display 506
can include a liquid crystal display, a plurality of indicators, or any other device suitable to
convey desired information to a practitioner. The holder 500b can also include a data
transmission cable 512 for transferring information to and from the device 500. In one
nonlimiting example, the data transmission cable 512 can be coupled to a controller that
analyzes received optical spectra and the display 506 indicates to the practitioner whether the

tip 114 is disposed proximate to desired tissue to be biopsied.
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[0038] Actuator-control buttons 508a, b are used to control an actuator or actuators that
move the fiber optic probe 106 and/or the plunger 108. In the illustrated embodiment, the
forward button 508a controls motion of both the fiber optic probe 106 and the plunger 108
toward the tip 114 and the rearward button 508b controls motion of both the fiber optic
probe 106 and the plunger 108 away from the tip 114. In this embodiment, the plunger 108
and the fiber optic probe 106 are operatively coupled in order to prevent the fiber optic
probe 106 and the plunger 108 from interfering with each other. Beneficially, the sequential
process of the technique allows for automatic rejection of inadvertent actuations of the
buttons 508a,b, 510 and provides both visual and auditory feedback to the practitioner for the
mistaken button press. Alternatively, four buttons may be provided where the first and the
second control the inward and outward movement of the fiber optic probe 106 and the third

and the fourth control inward and outward movement of the plunger 108.

[0039] FIG. 6A illustrates the holder S00b in an open position. The holder S00b can
include the data transmission cable 512, circuit board 602, motor 604 and lead screw 606.
The circuit board 602 is operatively connected to the data transmission cable 512 and controls
the relay of information between the device 500 and a remote device such as a controller.
The circuit board 602 is also coupled to the display 506 and controls the information
displayed thereon. The circuit board 602 is further coupled to the buttons 508a,b, 510 and the
motor 604. When one of actuator-control buttons 508a,b is depressed, the circuit board 602
passes signals to the motor 604. The motor 604 is mechanically coupled to the lead
screw 608 via a drive mechanism (not shown). The drive mechanism translates motion of the
motor 604 to the lead screw 608. The lead screw 608 includes threading 610 thereon. It is
contemplated that other translation mechanisms may be used in place of or in addition to the
motor and lead screw such as a rack and pinion driven by a motor, a motor and worm gear,

etc.

[0040] FIG. 6B illustrates a perspective view of the syringe 500a including a plunger
guide-slot 612, plunger half-nut 614, probe guide-slot 616, and probe half-nut 618. The
plunger half-nut 614 and the probe half-nut 618 each have threading 620 thereon that engage
the threading 610 of the lead screw 608. The plunger half-nut 614 is disposed on the
plunger 108 and extends through plunger guide-slot 612. The plunger guide-slot 612 guides
movement of the plunger half-nut 614 and isolates the motion to the axial direction. The

probe half-nut 618 is disposed on the fiber optic probe 106 and extends through the probe
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guide-slot 616. The probe guide-slot 616 guides movement of the probe half-nut 618 and

isolated the motion to the axial direction.

[0041] The syringe 500b is coupled to the holder 500a by placing the syringe 500b within
the bore 504 of the holder. The syringe 500b is placed such that the threading 620 of the
plunger half-nut 614 and the probe half-nut 618 engage the threading 610 of the lead
screw 608. The plunger half-nut 614 engages the lead screw 608 and moves laterally along a
line parallel to the axis of the lead screw 608. The probe half-nut 618 engages the lead
screw 608 and moves laterally along a line parallel to the axis of the lead screw 608 that is
rotated about 90°from the line of the plunger half-nut 614. The line of the probe half-nut 618
is rotated from the line of the plunger half-nut 614 so that movement of the fiber optic
probe 106 does not interfere with movement of the plunger 108. The holder 500b is closed
by pivoting about hinges 622. When closed, a friction-fit is formed between the syringe 500a
and the holder 500b that prevents movement of the barrel 502 relative to the bore 504. It is
contemplated that other forms of actuation may be used. In some embodiments, the fiber
optic probe 106 is driven by a first actuator and the plunger 108 is driven by a second

actuator, separate from the first.

[0042] With reference to FIG. 4 above, the method of using the electronic FNAB
device 500 is similar to using the mechanical FNAB device 100. The tip 114 is place at a
point of interest at step 402. The fiber optic probe is moved to the deployed position at step
404 by depressing the forward button 508a. The optical spectrum is taken at step 406 and
analyzed at step 408. If a desired spectrum is not obtained, the rearward button 508b is
depressed and the fiber optic probe is retracted slightly before moving the tip to a new point
of interest at step 412. If a desired spectrum is obtained, the fiber optic probe 106 is fully
retracted at step 414 by continuing to depress and hold the rearward button 508b. The
desired tissue is aspirated at step 416 by continuing to depress and hold the rearward

button 508 such that the plunger 108 moves outward.

[0043] FIG. 7A 1illustrates an end-view of a fiber optic probe 106' that can be used in
accord with the present concepts. The fiber optic probe 106’ has fiber optic cables including
an illumination cable 702 and a collection cable 704. The fiber optic probe 106’ is connected
to a measurement system. The measurement system emits light through the illumination
cable 702 and receives light to be analyzed through the collection cable 704. In one
nonlimiting example, the illumination cable 702 measures about 195um in diameter and the

collection cable 704 measures about 125um in diameter. The thickness of a wall 706 of the

-10 -
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fiber optic probe 106" measures about 13pum. Thus, the fiber optic probe 106" measures about

346pum in diameter.

[0044] FIG. 7B illustrates an end-view of a fiber optic probe 106" that can be used in
accord with the present concepts. The fiber optic probe 106" has fiber optic cables including
an illumination cable 702 and two collection cables 704. In one nonlimiting example, the
illumination cable 702 measures about 195um in diameter and the collection cables 704 each
measure about 125um in diameter. The thickness of a wall 706 of the fiber optic probe 106’
measures about 13um. The most closely packed arrangement of the illumination cable 702
and the two collection cables 704 includes the illumination cable 702 contacting both
collection cables 704 and each collection cable 704 contacting the other collection cable 704
and the illumination cable 702. In this configuration, the overall diameter of the fiber optic
probe 106" is about 355um. Advantageously, the fiber optic probe 106" with two collection
cables 704 can collect twice as much light as the fiber optic probe 106' with only one

collection cable 704 while only minimally increasing the overall diameter.

[0045] In one example device, the fiber optic probe included fiber optic cables with
approximately 125um center-to-center separation. The illumination cable was approximately
150um in diameter and the collection cable was approximately 100pm in diameter. The
probe is sensitive to both scattering and absorption properties in the tissue because of the
small separation of the fiber optic cables. An example UV-visible spectroscopic system used
a pulsed broadband Xenon arc lamp as the light source. The light source resulted in a useful
system response that covered a spectral range of about 320nm to about 800nm. Five
measurements were taken on each specific site in the thyroid gland during ultrasound-guided
FNAB. The five measurements were then averaged to represent the ESS spectrum for that
site. The procedure was repeated in 3 to 6 sites in the gland; however, the cells were aspired
only from the last site, which was used to correlate ESS measurements with the cytological
assessment. Measurements were taken in the presence of ambient room illumination with
background subtraction. The spectral response of each system was calibrated by recording a
reference spectrum from a spectrally-flat diffuse reflector SPECTRALON® (Labsphere, Inc.,
North Sutton, NH). Thus, the displayed spectra were calculated according to:

I
1A

—I(A)
—I(A)

tissue tissue background

1(4)

reference reference background

-11 -
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[0046] In some embodiments, optical techniques other than ESS are employed to
distinguish whether desired tissue to be aspirated is disposed near the tip. Nonlimiting
examples of these techniques include use of optical spectroscopy such as fluorescence

spectroscopy, Raman spectroscopy, and other forms of diffuse reflectance spectroscopy.

[0047] Surprisingly, integration of an ESS probe with FNA device yielded a very low rate
of insufficient biopsies. In one example, 92 biopsies resulted in only 3 insufficient biopsies.
This equates to an insufficiency rate of 3.3%, which is lower than any insufficiency rate in

any published series.

[0048] Advantageously, systems, methods, and devices in accord with the disclosed
concepts can reduce the number of insufficient biopsies. An insufficient biopsy is estimated
to occur in more than 100,000 individuals each year. The reduced insufficiency rate would

result in an estimated savings of $50 million annually.

[0049] In some embodiments, devices in accord with the present concepts are completely
disposable. In some embodiments, the holder is reusable and the syringe is disposable,
including the fiber optic probe. Beneficially, this combination lowers cost per use because
the circuitry and components of the holder are typically too costly to be disposable while the
syringe can be produced relatively inexpensively. In this embodiment, the holder can be
easily disinfected between procedures without substantial disassembly. Additionally, the
disposable nature of the syringe eliminates the need for on-site sterilization leading to safer

procedures and increased clinical acceptability.

[0050] In some embodiments, the device does not include a plunger. In these
embodiments, negative pressure and aspiration are created by a vacuum pump. The vacuum
can be actuated by, for example, a foot pedal provided to the practitioner or a button

incorporated on the device.

[0051] While the concepts disclosed herein have been described with reference to thyroid
nodules, it is contemplated that devices and techniques can be beneficial in analyzing liver
cancer, probing pulmonary lymph nodes, identifying the parathyroid during laparoscopic

surgery, analyzing other solid organ pathologies.

[0052] It will be evident to those skilled in the art that the invention is not limited to the
details of the foregoing illustrated embodiment and that the present invention may be
embodied in other specific forms without departing from the spirit or essential attributes

thereof. The present embodiment is therefore to be considered in all respects as illustrative
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and not restrictive, the scope of the invention being indicated by the appended claims rather
than by the foregoing description, and all changes which come within the meaning and range

of equivalency of the claims are therefore intended to be embraced therein.
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CLAIMS:

Claimed is:

1. A device for performing fine-needle aspiration of tissue, the device comprising:

a syringe including a fiber optic probe, a plunger, and a needle, the fiber optic
probe being configured to move within a lumen of the needle, the fiber optic
probe being guided into the needle by a fiber optic channel, the plunger

configured to create a vacuum in the needle; and

a holder including a coupling mechanism, a first actuator, and a second actuator,
the coupling mechanism coupling the syringe in a fixed position relative to the
holder, the first actuator being configured to extend the fiber optic probe into
the needle and to retract the fiber optic probe from the needle, the second
actuator being configured to extend the plunger thereby creating a vacuum

within the needle.

2. The device of claim 1, wherein the syringe is disposable.

3. The device of claim 1, wherein the holder further includes at least one switch, the

at least one switch controlling the first and the second actuators when engaged by a user.

4.  The device of claim 1, wherein at least one of the first and the second actuators is

a translation mechanism.

5.  The device of claim 4, wherein the translation mechanism includes a motor and

lead screw.

6.  The device of claim 4, wherein the translation mechanism includes a rack and

pinion driven by a motor.

7. The device of claim 4, wherein the translation mechanism includes a motor and

worm gear.

- 16 -



WO 2014/120901 PCT/US2014/013804

8.  The device of claim 1, wherein the first and the second actuators are the same

actuator.

9. The device of claim 1, wherein the holder further includes a display configured to

relay information to a user.

10.  The device of claim 9, wherein the display indicates whether tissue disposed at a

distal end of the needle is a desired tissue to be biopsied.

11.  The device of claim 10, wherein the display is operatively coupled to a system
that performs elastic-scattering spectroscopy analysis of the tissue disposed at the distal end

of the needle

12. The device of claim 1, wherein the needle is between about 23 gauge and 27

gauge.

13.  The device of claim 1, wherein the needle is about 25 gauge.

14. A method for performing fine-needle aspiration of tissue, the method including

the steps of:

inserting a needle having a fiber optic probe disposed therein into tissue of a

patient including tissue to be biopsied;

generating an optical spectrum of tissue disposed proximate to a distal end of the

needle;

determining a spectral signature of the proximate tissue using the optical

spectrum;
removing the fiber optic probe from the needle; and

aspirating the proximate tissue by moving a plunger to create vacuum in the

needle.

15.  The method of claim 14, wherein the steps of removing the fiber optic probe and

aspirating the tissue are performed without movement of the needle in the axial direction.
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16.  The method of claim 14, wherein the steps of removing the fiber optic probe and
aspirating the tissue are performed in response to the spectral signature matching a desired

spectral signature.

17.  The method of claim 14, wherein the steps of removing the fiber optic probe and

aspirating the tissue are performed by at least one actuator.

18.  The method of claim 15, wherein the actuators are operated in response to a user

actuating at least one switch.

19.  The method of claim 14, wherein the step of generating the optical spectrum

includes use of elastic-scattering spectroscopy.

20. A device for performing fine-needle aspiration of tissue, the device comprising:
a syringe including

a fiber optic channel having a fiber optic probe disposed for movement

therein,
a barrel having a plunger disposed for movement therein, and

a needle having a lumen extending from a distal end to a proximal end of
the needle, the proximal end of the lumen being operatively connected
to both the fiber optic channel and the barrel, the lumen configured to

receive the fiber optic probe; and
a holder configured to receive the syringe, the holder including

a first actuator configured to extend the fiber optic probe from the fiber
optic channel and into the lumen, and further configured to retract the

fiber optic probe from the lumen, and

a second actuator configured to slide the plunger, thereby causing material

to move from the distal end of the lumen toward the barrel.

21.  The device of claim 20, wherein the syringe is disposable.

- 18 -



WO 2014/120901 PCT/US2014/013804

22.  The device of claim 20, wherein the holder further includes at least one switch, the

at least one switch controlling the first and the second actuators when engaged by a user.

23.  The device of claim 20, wherein at least one of the first and the second actuators is

a translation mechanism.

24.  The device of claim 23, wherein the translation mechanism includes a motor and

lead screw.

25.  The device of claim 23, wherein the translation mechanism includes a rack and

pinion driven by a motor.

26.  The device of claim 23, wherein the translation mechanism includes a motor and

worm gear.

27.  The device of claim 20, wherein at least one of the first and the second actuators is

a motor and lead screw.

28.  The device of claim 20, wherein the first and the second actuators are the same

actuator.

29.  The device of claim 20, wherein the holder further includes a display configured

to relay information to a user.

30.  The device of claim 29, wherein the display indicates whether tissue disposed at a

distal end of the needle is a desired tissue to be biopsied.

31.  The device of claim 30, wherein the display is operatively coupled to a system
that performs elastic-scattering spectroscopy analysis of the tissue disposed at the distal end

of the needle.
32. A device for performing fine-needle aspiration of tissue, the device comprising:

a biopsy needle, having a hollow core, mounted to a handle, the biopsy needle
including a distal end adapted for insertion into tissue and a proximal end

adapted for coupling to the handle;
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the biopsy needle being coupled to a vacuum source whereby vacuum can be

selectively applied to the biopsy needle;

a fiber optic probe coupled to the biopsy needle and adapted to translate through
the hollow core of the biopsy needle to the distal end and to be retracted from

the biopsy needle; and

an actuator coupled to the fiber optic probe to move the fiber optic probe through
the hollow core of the biopsy needle and retract the fiber optic probe from the

hollow core of the biopsy needle.

33.  The device of claim 32 wherein the actuator is connected to the optical fiber such
that manual movement of the actuator causes movement of the optical fiber within the core of

the biopsy needle.

34.  The device of claim 32 wherein the actuator includes a motor connected to the
optical fiber such that actuation of the motor causes movement of the optical fiber within the

core of the biopsy needle.

35.  The device of claim 32 wherein further comprising a valve connected between the
vacuum source and the biopsy needle such that actuation of the valve causes vacuum to be

applied to the biopsy needle.

36.  The device of claim 35 wherein the valve can be manually operated to control the

application of vacuum to the biopsy needle.

37.  The device of claim 35 wherein the valve can be electrically operated to control

the application of vacuum to the biopsy needle.

38.  The device of claim 32 wherein the vacuum source includes a syringe connected
the biopsy needle whereby vacuum created by movement of a plunger of the syringe is

applied to the biopsy needle.

39.  The device of claim 38 further comprising a plunger actuator coupled to the
plunger and adapted to move the plunger of the syringe creating a vacuum that is applied to

the biopsy needle.
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40.  The device of claim 39 wherein the actuator include a spring that moves the

plunger.

41. The device of claim 39 wherein the actuator includes a motor that moves the

plunger.
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