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DEVICES AND METHODS FOR TISSUE TRANSFER
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of priority to U.S. Prov. App.
Nos. 61/442,060 filed February 11, 2011; 61/489,811 filed May 25, 2011; and
61/510,967 filed July 22, 2011, each of which is incorporated herein by reference

in its entirety.

FIELD OF THE INVENTION

[0002] The present invention relates generally to medical devices and
methods used for transferring tissue into a region of the body. More particularly,
the present invention relates to apparatus and methods for transferring fat tissue

into a region of the body, such as a breast, in a selectively controlled manner.

BACKGROUND OF THE INVENTION

[0003] Lipomodeling is a procedure which is typically performed under
general anesthesia. Adipose tissue or fat is usually harvested from one part of the
body such as the abdomen, buttocks, thighs, etc., and purified to obtain the
adipocytes. The purified adipocytes or fat is then injected directly into a targeted
region of the subject’s body, for example, to treat the face or breasts for
augmentation or treatment of abnormalities. In treating the breasts, the fat is
typically injected, ¢.g., a volume of 100-250 mL per breast, via 10-mL syringes
directly into the breast and deposited along multiple microtunnels to build up or
remodel the breast.

[0004] Examples of such procedures are described in Fat Injection to the
Breast: Technique, Results, and Indications Based on 880 Procedures Over 10
Years, Delay, Emmanuel et al., Aesthetic Surgery Journal, vol. 29, no. 5, 360-
376, Sept./Oct. 2009; Cell-Assisted Lipotransfer for Cosmetic Breast
Augmentation: Supportive Use of Adipose-Derived Stem/Stromal Cells,
Yoshimura, Kotaro et al., Aesth. Plast. Surg., vol. 32, 48-55, Sept. 2007; and Fat
Grafting to the Breast Revisited: Safety and Efficacy, Coleman, Sydney et al.,
Plastic and Reconstructive Surgery, vol. 119, no. 3: 775-785, March 2007, each of
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which is incorporated herein by reference in its entirety.

[0005] During injection of the adipocyte material, the physician will
typically inject small, discrete quantities into the patient body using a Byron-
Coleman type re-usable injection cannula. However, this technique is subject to
variability in physician technique potentially resulting in inconsistent results and
is also subject to improper placement of the adipose tissue into undesirable
regions within the breast.

[0006] The regions within the breast which are ideally avoided by the
physician, such as the muscles or ducts of the breast, may be difficult to discern
while the desirable locations for injecting the fat (located between the pectoral
muscles and breast ducts) are also difficult to detect. Prior attempts to accurately
position the cannula for injection into the ideal locations within the breasts have
been made but they have faced difficulties in use and adoption. Examples are
described in, e.g., 4 New Technique to Assist Epidural Needle Placement, Ting,
Chien-Kun et al., Anesthesiology, vol. 112, no. 5: 1128-35, May 2010, which is
incorporated herein by reference in its entirety.

[0007] There remains a need for the application of greater volumes
implanted into the breast as well as improved instruments and methods to better
enable fat harvesting, purification, and/or implantation of the fat. Additionally,
there remains a need for instruments having improved guidance for the precision
placement of viable adipocyte grafts in the breast relative to the surrounding

breast tissue.

SUMMARY OF THE INVENTION

[0008] A cannula may be inserted into the breast of a subject at one of
several points of entry. After insertion of the cannula into the breast, the cannula
may be withdrawn from the breast while injecting the fat in multiple deposits of
adipose tissue or fat such that the deposited fat remains within the tract formed by
the withdrawn cannula. Multiple tracts of the deposited fat may be injected within
the breast until the breast has been desirably remodeled and/or augmented.

[0009] To properly position the cannula within the breast for injection of
the fat, an instrument assembly utilizing diffuse reflectance may be incorporated

and may generally comprise a cannula optically coupled to a light source, e.g.,
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laser, etc. via an optical transmission fiber which is positioned through or adjacent
to the cannula. A distal end of the transmission fiber may emit a light from the
distal end of the cannula such that any light reflected by tissue in proximity to the
distal end may be detected by the distal end of an optical receiving fiber The
receiving fiber may be optically coupled to a photo detector which may in turn by
electrically coupled to a processor and a display for use by the physician.

[0010] By transmitting a light (such as laser light having a wavelength of
between 600 to 1550 um) via the transmission fiber onto the tissue, the
backscattered reflected light may be detected by photo detector at a detection
range matching that of the transmitted laser output. By having the processor
differentiate between the different light scattering properties of the tissue, the
physician can determine whether the cannula is located within or away from a
particular anatomical structure for injecting or refraining from injecting the
adipose tissue

[0011] With the detection of tissue types utilizing diffuse reflectance, the
assembly may be programmed by processor to automatically inject and/or cease
injection of the fat from the cannula into the breast depending upon the type of
tissue detected. By utilizing a closed-loop system, as the cannula is advanced or
withdrawn from the breast, the different tissue types may be automatically
detected by processor. When the present of fat is detected, cannula may
automatically inject the fat from cannula in a controlled volume and injection rate.
[0012] Aside from tissue identification, the cannula assembly may also be
used for harvesting of the fat as well as injection into the body. An optionally
detachable harvesting cannula may be introduced into a region of the body
containing fat to be harvested. The fat may be aspirated or otherwise drawn into
the harvesting cannula and collected into a harvesting reservoir assembly having
one or more individual cartridges. The collected fat may be processed
individually or collectively and this processed fat may be fluidly coupled directly
to the handle with yet another detachable injection cannula.

[0013] In addition to the detection of tissue types for facilitating the
accurate injection of the fat, various instruments may be utilized within or in
conjunction with the cannula for delivering precise volumes of the fat in a
controlled manner, One example is a screw-type injection mechanism having a

fluted shaft. The screw mechanism may be rotatably positioned within the
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cannula and it may have a distal opening for injecting the fat delivered through the
cannula. As the screw mechanism rotates, any fat contained within a connected
reservoir or within the cannula itself may be meted out through the distal opening.
Starting or stopping the injection of the fat may be accurately controlled by
starting or stopping rotation of the mechanism. An optional retractable cover
located along the distal end of the cannula may be used as well.

[0014] An entry port may be positioned along the handle in proximity to
the proximal end of screw mechanism such that fat for injection introduced into
the handle may be taken up by the mechanism. The entry port may open into a
chamber which is in fluid communication with the cannula and screw mechanism
to minimize any clogging or obstruction which may occur due to the fat.
Additionally and/or optionally, bristle stop members may be incorporated within
the cannula lumen to further minimize or inhibit any clogging of the fat during
injection into the patient.

[0015] In yet another variation, the injection assembly may optionally
incorporate an impeller-stator assembly within the housing of the handle to help
accelerate the fat to a speed sufficient for injection as well as to uniformly
dispense the fat through the cannula for uniform injection into the breast. In use,
as the impeller rotates via a drive shaft, the fat contained within the housing or
reservoir may be propelled distally through the assembly past the blades of the
stator which remains static. As the fat is urged through the assembly, the flow
may be uniform as it is urged through the cannula for injection into the breast
tissue.

[0016] Another variation may include a fat introduction chamber having a
first diameter D1 from which the cannula extends having a second diameter D2
where the diameter of D1 is about twice the diameter of D2. In this variation, the
chamber may optionally incorporate a plunger to pressurize the fat for injection
through the cannula while the mechanism rotates to eject the fat.

[0017] In yet another variation, a plunger may be positioned within the
housing to extend into a proximal portion of the cannula. With the cannula filled
with a quantity of fat, the cannula may be advanced percutaneously into the breast
while under guidance. Once a suitable location has been located within the breast,
the housing and plunger may both be maintained in a static position relative to the

breast while the cannula may be retracted into the housing through the opening in
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the housing relative to the breast proximally. Because the plunger remains static
relative to the cannula, the fat contained within the cannula lumen may be forced
out through the distal opening such that the ejected fat is deposited along the tract
previously formed by the cannula within the tissue.

[0018] Other mechanisms may incorporate a pressure actuated system in
which a piston is slidable through the housing by introducing a gas or fluid into a
proximal or distal inlet to urge the piston proximally within the housing thereby
retracting cannula or distally out of the housing.

[0019] Instead of utilizing a pressure driven assembly, another injection
assembly variation may use a linear threaded member which is rotatably coupled
to a motor positioned within a housing. Here, the motor may rotate the threaded
member in either direction to urge a carriage which is threaded in a corresponding
manner to move distally or proximally along the threaded member depending
upon the direction of rotation by the threaded member. The carriage may be
attached to a proximal end of the cannula such that as the carriage travels along

the threaded member the cannula may be retracted or extended as desired.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] Fig. 1A shows a cross-sectional side view of a cannula inserted into
a breast of a subject and depositing adipose tissue.

[0021] Fig. 1B shows an anterior view of a representative breast and
possible percutaneous entry points and pathways for depositing adipose tissue.
[0022] Figs. 1C and 1D show examples of how the cannula may be
inserted through a single entry point beneath a breast for remodeling the breast
with deposited fat.

[0023] Fig. 1E shows a cross-sectional side view of a breast with arcas of
breast tissue which are typically to be avoided when depositing adipose tissue.
[0024] Figs. 1F to 1H illustrate cross-sectional areas of a breast where an
injection cannula has been advanced at varying angles and at different locations
for potential fat deposition.

[0025] Fig. 2A shows a representative assembly in one variation of an
implantation instrument which may be guided within the body by diffuse

reflectance.
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[0026] Fig. 2B shows another variation of a guidance assembly having an
optical fiber probe.
[0027] Fig. 2C shows an example of an optoelectronic module which may

be integrated with the guidance assembly.

[0028] Fig. 2D shows a perspective view of an example of an injection
cannula having the light transmission and light receiving fibers within the distal
end for tissue characterization.

[0029] Fig. 2E shows a cross-sectional side view of another example of
the cannula having the injection lumen passing through with one or more optical
fibers positioned through the cannula.

[0030] Figs. 2F to 21 show end views of exemplary embodiments for
positioning of the optical fibers for excitation as well as detection.

[0031] Figs. 2J to 2N show various configurations for the excitation
source and detection assembly which may be used with the guidance assembly.
[0032] Fig. 3A shows an example of the variance in signal intensity upon
encountering different tissue types for facilitating the selective deposition of
adipose tissue.

[0033] Fig. 3B shows a cross-sectional side view of an instrument which
may be guided via the signal variance for selectively depositing the adipose tissue.
[0034] Fig. 4A shows a perspective assembly view of a cannula assembly
which may be used for harvesting and collecting fat from within a body.

[0035] Figs. 4B and 4C show perspective and cross-sectional side views of
another variation of a cannula assembly used for harvesting and/or injection.
[0036] Fig. 4D show side views of various harvesting cannulas.

[0037] Fig. 4E shows an assembly view of a harvesting reservoir assembly
having one or more individual reservoirs or cartridges.

[0038] Fig. 4F shows a perspective view of one variation of an instrument
having an internal screw-type mechanism for controlling the delivery of the tissue
into the body.

[0039] Fig. 5 shows a cross-sectional side view of another variation of an
instrument having an internal screw-type mechanism coupled to a pressurizable
reservoir.

[0040] Fig. 6 shows a cross-sectional side view of an instrument shaft

having a retractable distal tip.
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[0041] Figs. 7A to 7C show perspective views of the instrument shaft,
handle, and tip, respectively, having a screw-type mechanism.

[0042] Figs. 8A to 8C show side views and detailed perspective views of
an instrument having a screw-type mechanism.

5 10043] Figs. 9A to 9C show perspective detailed views of an instrument
shaft incorporating projections, such as bristles, within the cannula shaft for
functioning as a stop mechanism to the adipose material and to facilitate the linear
movement of the material through the shaft lumen.

[0044] Fig. 10 shows a side view of one variation of an impeller and stator
10 mechanism for facilitating adipose tissue movement within the instrument as well
as uniformly dispensing the tissue material from the cannula.
[0045] Fig. 11 shows a side view of another variation of an impeller and
stator mechanism.
[0046] Figs. 12A to 12F show examples of various impeller configurations
15  which may be used with the injection instrument.
[0047] Fig. 13 shows a representative example of another variation of an
instrument having an introduction chamber for receiving the adipose tissue for
injection.
[0048] Fig. 14 shows one variation of a reservoir which may be used to
20  introduce the adipose material into an injection instrument.
[0049] Fig. 15 shows a detailed cross-sectional side view of an inlet port
for receiving the adipose material into the cannula for injection.
[0050] Fig. 16A shows a cross-sectional side view of another variation of
an injection instrument having at least two sections with differing diameters as
25  well as a pressurizing mechanism, such as a piston, to inhibit clogging of the

adipose material during injection.

[0051] Fig. 16B shows a perspective view of a dual-diameter injection
instrument.
[0052] Fig. 16C shows a cross-sectional side view of another variation of a

30  dual diameter injection instrument.
[0053] Figs. 17A and 17B show side views of another variation of an
injection instrument having a retractable cannula.
[0054] Fig. 18A shows a cross-sectional side view of another variation of

an injection instrument having a collapsible inner sheath within a cannula.
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[0055] Figs. 18B and 18C show side views of a retraction mechanism
reconfigurable within the cannula.

[0056] Fig. 19A shows a side view of another example of a needle cannula
having a piston assembly.

[0057] Figs. 19B to 19D show side views of the needle cannula retracting
relative to a breast to deposit a tract of adipose tissue within the breast.

[0058] Figs. 20A and 20B show side views of another variation of an
injection instrument which may be pressure actuated.

[0059] Figs. 21A and 21B show side views of another variation where the
injection instrument may be driven by a lead screw-type mechanism.

[0060] Fig. 22 shows another variation of an injection instrument using a
pressurized mechanism.

[0061] Figs. 23 A to 23C show perspective and side views of another
variation using a lead screw-type mechanism with a retractable needle cannula.
[0062] Figs. 24A and 24B show perspective views of the instrument
having a retractable needle cannula.

[0063] Figs. 25A and 25B show detail side views of the retractable needle
cannula mechanism.

[0064] Figs. 26A to 26C show perspective views of another variation
where the retractable needle may be refilled once retracted.

[0065] Fig. 27 shows a cross-sectional side view of an in-line filtration
system which may be integrated with an injection instrument.

[0066] Figs. 28 A to 28C show perspective views of alternative variations
injection instruments configured to have multiple cannulas and/or interchangeable
cannulas.

[0067] Figs. 29A and 29B show perspective views of yet another variation
having multiple cannulas where each successive cannula may have a length which
is shorter to facilitate injection within a contoured body region such as a breast.
[0068] Figs. 30A and 30B show perspective views of yet another variation
where the fiber optic connection may be detachable from the system and
reconnected in an axial arrangement.

[0069] Fig. 31 shows a schematic illustration of an example of a complete
harvesting, processing, and injection system which is coupled to one another such

that a consistent and relatively low pressure may be maintained throughout the
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entire process and system.

[0070] Fig. 32 shows an assembly view of a combined fat harvesting and
injection assembly utilizing a single handle and controller.

[0071] Fig. 33 shows an assembly view of another example illustrating
how the handle with a detachable harvesting cannula may be used for harvesting
the fat for processing and then used also for injection into the patient body with a
detachable injection cannula.

[0072] Fig. 34 shows an assembly view of another example of how an
individual cartridge having processed fat may be coupled directly into the handle
for injection into the body.

[0073] Figs. 35A and 35B show perspective views of another variation of
a handle assembly attached to an injection cannula and further having an angled
receiving section for receiving an individual cartridge having processed fat for
injection.

[0074] Figs. 36A and 36B show perspective views of another variation of
the handle assembly illustrating how the handle may be separated into at least two
components.

[0075] Figs. 37A and 37B illustrate perspective views of another variation
of a handle assembly which may also comprise a resusable component as well as a
disposable component having an angled section.

[0076] Fig. 38A schematically illustrates one example of how the
individual cartridges may be filled with the harvested fat collected from the
harvesting cannula.

[0077] Fig. 38B schematically illustrates an example of how the individual
cartridges may be purged of air or other material and incorporated into the
injection assembly.

[0078] Fig. 39 shows a perspective view of one configuration of cartridges
coupled to a base dock.

[0079] Fig. 40 shows a cross-sectional side view illustrating one
configuration for a valve and plunger assembly incorporated into a cartridge.
[0080] Figs. 41 A and 41B show cross-sectional side and perspective views
of one variation of a plunger defining one or more openings therethrough.

[0081] Fig. 42 shows a side view of a cartridge having a plunger and valve

assembly incorporated.

PCT/US2012/024744
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[0082] Figs. 43A and 43B show cross-sectional side views of a plunger
and valve assembly illustrating an open and closed configuration.

[0083] Fig. 44 shows a partial cross-sectional side view of a plunger and
valve assembly coupled to a port adapter.

[0084] Fig. 45 shows a perspective view of another variation of a plunger

and valve assembly integrated with a key for maintaining a position of the

plunger.
[0085] Fig. 46 shows a perspective view of an example of a port adapter.
[0086] Figs. 47A and 47B show respective side and schematic views of an

example of a reversible pump assembly which may be integrated into any of the
handle variations described herein.

[0087] Fig. 48 shows a side view of another variation of the reversible
pump assembly.

[0088] Fig. 49 shows a graph of the travel distance of the piston relative to

the current drawn by the motor.

DETAILED DESCRIPTION OF THE INVENTION

[0089] As shown in the cross-sectional side view and anterior view of
Figs. 1A and 1B, a cannula 10 may be inserted into the breast BR of a subject at
one of several points of entry 14 in proximity to the nipple and circumference of
the breast BR. After insertion of the cannula 10 into the breast, the cannula 10
may be withdrawn from the breast BR while injecting the fat in multiple deposits
of adipose tissue or fat 12 such that the deposited fat 12 remains within the tract
16 formed by the withdrawn cannula 10. Multiple tracts 16 of the deposited fat 12
may be injected within the breast utilizing the common entry points 14 until the
breast has been desirably remodeled and/or augmented.

[0090] Figs. 1C and 1D illustrate an example of how the cannula 10 may
be inserted into a single entry point 14 beneath the breast BR and how the fat 12
may be deposited along a tract defined by the cannula 10. With the cannula 10
positioned through the entry point 14 within the breast BR, the cannula 10 may be

repeatedly advanced and withdrawn along multiple tracts 16 through the common

10



WO 2012/109603 PCT/US2012/024744

10

15

20

25

30

entry point 14 while depositing fat to remodel the breast BR accordingly.

[0091] However, the physician may encounter difficulties discerning when
and where the fat can be deposited within the breast BR. Fig. 1E shows a cross-
sectional side view of breast BR illustrating areas of breast tissue to be avoided
18, such as within the underlying muscles or ducts, and the targeted deposit area
DA which is typically within the subcutaneous fat layer within the breast BR
located between the pectoral muscles and the ducts.

[0092] Figs. 1F to 1H illustrate cross-sectional areas of a breast BR when
the cannula 10 has been advanced at varying angles and at different locations
where fat may or may not be deposited. For instance, Figs. 1F and 1G illustrate
how the cannula has been advanced into tissue regions to be avoided 18, the
cannula 10 may detect the tissue type (as discussed further herein) and give an
indication as to the desirability of the location for fat deposition. Fig. 1H
illustrates an example of when the cannula 10 may be advanced into a desirable
arca within the breast BR for fat deposition.

[0093] Thus, in properly positioning the cannula within the breast for
injection of the fat, one example of an instrument assembly 20 utilizing diffuse
reflectance is shown in the cross-sectional assembly view of Fig. 2A. As
illustrated, assembly 20 may generally comprise a cannula 22 which may be
optically coupled to a light source 24, e.g., laser, etc. via an optical transmission
fiber 26 which is positioned through or adjacent to cannula 22. A distal end of the
transmission fiber 26 may emit a light from the distal end 30 of the cannula such
that any light reflected by tissue in proximity to the distal end 30 may be detected
by the distal end of an optical receiving fiber 28. The receiving fiber 28 may be
optically coupled to a photo detector 32 which may in turn by electrically coupled
to a processor 34 and a display 36 for use by the physician.

[0094] By transmitting a light (such as laser light having a wavelength of
between 600 to 1550 um) via transmission fiber 26 onto the tissue, the
backscattered reflected light may be detected by photo detector 32 at a detection
range matching that of the transmitted laser output, e.g., ranging up to 50 mW or
more. Other suitable wavelengths for the laser light may range, e.g., between 630
to 1450 nm, as many biological tissues have a low absorption window which is
away from hemoglobin absorption. Also, such a range may avoid water

absorption in the NIR range. Moreover, Rayleigh scattering and Mie scattering

11
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may allow for a diffuse reflectance of deep penetrating and back-scattered
photons. Another suitable range may include, e.g., 920+ 10 nm or 1210+ 10 nm.
Laser light wavelengths in such a range may help to differentiate against non-lipid
containing tissues when combined with other wavelengths.

[0095] Various types of lasers may be used (e.g., superluminescent
emitting diode (SLED) lasers, etc.) at multiple wavelengths to highlight the
differences in tissue structures. The photo detector 32 may convert the input
signal to an output voltage which is then transmitted to processor 34 which may
be programmed to differentiate the physiologic structures based on the light
scattering properties and light reflectance intensity at various wavelengths. The
diffuse reflectance may be optionally utilized in combination with other detection
modalities such as ultrasound, optical coherence reflectometry, ctc.

[0096] Fig. 2B shows another variation of a guidance assembly 21 which
may have a cannula 22 (for tissue harvesting or injection) through which the
injection lumen 29, in this example, may be defined and an optical fiber probe 23,
as described above. The assembly 21 may also include a flow sensor 25 as well as
an actuator assembly 27 integrated into the assembly 21. An optical cable 31 may
couple the optical fiber probe 23 to an optoelectronic (OE) module 33 containing
the excitation source, e.g., laser source, as well as the detection electronics. A
cable 35 may couple the OE module 33 with a display 36.

[0097] An example of an OE module 33 is shown schematically in Fig. 2C
which illustrates the optical cable 31 connected to an optical system assembly 39
comprising the excitation source, optical circuitry, detector(s), source driver, etc.
An clectronics assembly 41 (¢.g., interface bus, digital signal processor,
buffer/memory, A/D converter, DAQ (digital acquisition) module, etc.) may
communicate with the optical system assembly 39 and a power supply 37 may
also be included. The cable 35 may be electrically coupled to the electronics
assembly 41 leading to the display or another module. Additionally, the flow
sensor 25 may also be seen in electrical communication with the electronics
assembly 41 as well.

[0098] Fig. 2D illustrates a perspective view of an example of a cannula
where the transmission fiber 26 may emit the light 27 onto the adjacent tissue
region. The optical receiving fiber 28 is also shown within the cannula distal end

30 receiving the reflected light 29 with information indicative of the tissue type.

12
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[0099] Fig. 2E shows a cross-sectional side view of another example of
the cannula 22 having the injection lumen passing through with one or more
optical fibers positioned through the cannula 22. Figs. 2F to 2I show end views of
exemplary embodiments for positioning of the optical fibers for excitation as well
as detection. Fig. 2F shows one example where the excitation source fiber 43 may
be positioned adjacent to the fluorescence emission sense fiber 45. A diffuse
reflectance sense fiber 47 may be positioned in proximity to the excitation source
fiber 43 for detecting the reflected diffused light 49 as well as any fluorescence 51
which may be excited from the illuminated tissue.

[0100] Fig. 2G shows another variation where the excitation source fiber
43 and fluorescence emission sense fiber 45 may be combined into a single optical
fiber or fiber bundle. Fig. 2H shows yet another variation where the excitation
source fiber 43 and fluorescence emission sense fiber 45 may be combined again
but the reflectance sense fiber 47 may be positioned adjacent to the combined
fiber or fiber bundle. Fig. 2I shows a similar variation where the excitation source
fiber 43, fluorescence emission sense fiber 45, and reflectance sense fiber 47 may
all be combined into a single fiber or fiber bundle.

[0101] Turning now to the optical system assembly 39, the excitation
source and detection assembly may be positioned into various configurations.

Fig. 2] shows one variation in optical system assembly 39A where the excitation
source may be combined into a single signal including Aseurce (€.g., from a first
laser source LD1) and k¢, (e.g., from a second laser source LD2). The diffuse
reflectance Agq as well as the fluorescence emission A, may be received back into
the optical system assembly 39 where the signal may be split, e.g., via dichroic
mirrors, for detection of the fluorescence emission Aem by a first detector DET1
and of the diffuse reflectance Agrq by a second detector DET2 for processing by
the electronics assembly 41.

[0102] Fig. 2K shows another variation where the fluorescence emission
Aem may be filtered and detected, e.g., by a line detector DET1. Fig. 2L shows
another variation where the excitation source Asource, Aex may be combined into a
single signal and where the same fiber or fiber bundle may be used to detect the
diffuse reflectance Agg which may be filtered for detection by DET1 while the
fluorescence emission Aem may be detected in a separate fiber or fiber bundle by

second detector DET2. Fig. 2M shows yet another variation where the excitation
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SOUrce Asource, hex and diffuse reflectance Arg may be detected via a single fiber or
fiber bundle, as above, but where the fluorescence emission Ay may be detected
in a manner similar to the configuration shown in Fig. 2K above. Fig. 2N shows
yet another variation where the excitation source source Aspurce, Aex and detected
diffuse reflectance Arq and fluorescence emission Am may be combined into a
single fiber or fiber bundle. The detected signal may be filtered for detection by
DET1 and DET2 as shown.

[0103] The tissue guidance assemblies described may be integrated into
any of the harvesting and/or injection cannulas described herein to help
distinguish between different tissue types when harvesting tissue and/or injecting
processed tissue into the body.

[0104] By having the processor 34 differentiate between the different light
scattering properties of the tissue, the physician can determine whether the
cannula 20 is located within or away from a particular anatomical structure for
injecting or refraining from injecting the adipose tissue. An example is illustrated
in the graphical interface of Fig. 3A which shows the reflectance intensity 40 of
the tissue encountered by the cannula 22. Such a graph 40 may be displayed to
the physician to provide a real time indication of cannula position during a
procedure. In this example, as the cannula 22 approaches the skin surface, an
initial noise floor 42 indicative of the presence of the cannula in air may be
initially shown, as illustrated in Fig. 3B.

[0105] As the cannula 22 approaches and is inserted into the skin 1, the
signal intensity may rise indicating to the physician that the cannula 22 has
entered the skin 1. As the cannula 22 is advanced into the breast BR, the different
layers of tissue may be detected and charted. For instance, as the cannula 22
enters adipose tissue or fat 2 within the breast, the signal intensity may drop to a
level between the initial signal 42 and the signal sensed from the skin 1. This
detected level may indicate to the physician that they are within a region of the
breast BR where fat may be injected. Other tissue structures such as ligament 3 or
muscle 4 may be reflected and charted accordingly where each different tissue
type may generate its own level of signal intensity. In the event the cannula 22
detects tissue types other than fat 2, the processor 34 may be programmed to
signal some visual or auditory alarm indicating that the cannula 22 may need

repositioning. In the event that the signal drops to the noise floor 44, this may
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indicate that the cannula 22 has advanced between or has been withdrawn from
the breast BR.

[0106] With the detection of tissue types utilizing diffuse reflectance, the
assembly may be programmed by processor 34 to automatically inject and/or
cease injection of the fat from the cannula 22 into the breast depending upon the
type of tissue detected. By utilizing a closed-loop system, as the cannula 22 is
advanced or withdrawn from the breast, the different tissue types may be
automatically detected by processor 34. When the present of fat is detected,
cannula 22 may automatically inject the fat from cannula 22 in a controlled
volume and injection rate. In the event that the system detects a position of the
cannula 22 in tissue types other than fat, such as muscle, the processor 34 may
automatically cease the injection into the breast until the presence of fat is again
detected within the breast in which case the processor 34 may automatically
resume the injection of the fat. Alternatively, rather than utilizing an automated
system, an alarm or indication may be indicated to the physician who may
manually inject and/or cease the injection of the fat from the cannula into the
breast.

[0107] Moreover, with a cannula having a size ranging anywhere from 16-
10 gauge (or higher), a typical volume of fat ranging from, e.g., 10-20 cc, may be
accomplished. With such a volume injectable per cannula, the amount of fat
injected during an entire procedure within, e.g., a breast, may vary from, e.g., 100-
1000 cc per breast, or an average of, e.g., 450 cc per breast.

[0108] While the cannula 22 may be traversed through the body at various
rates, €.g., up to 10 cm/sec, the withdrawal rates for the cannula 22 may vary as
well. For example, the cannula may be retracted at rates of, e.g., 2 mm/sec up to 5
cm/sec, and the cannulas may optionally incorporate a hydrophilic coating along
its length to facilitate the advancement or withdrawal through the tissue.
Moreover, the cannulas may optionally oscillate (automatically or manually) to
facilitate injection of the fat.

[0109] The identification of tissue type may be used not only for fat
injection into the body, but it may also be used in identifying desirable tissue
regions for the harvesting of the fat from the body for processing prior to re-
injection.

[0110] One variation is illustrated in the perspective assembly view of Fig.
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4A showing cannula assembly 31 which illustrates a handle 33 for providing the
harvesting of the fat from the body as well as the injection into the body. An
optionally detachable harvesting cannula 35 is shown extending from the handle
33 and defining one or more openings or fenestrations 37A to 37C along the
5  cannula 35 near the distal end. Each of the openings 37A to 37C may be

staggered or uniform relative to one another. Moreover, although three openings
are shown, this is merely exemplary and a fewer or greater number of openings
may be defined along the cannula 35. A rotatable inner shaft 39 may be
positioned within the cannula with a number of cutting windows 41A to 41C

10 which correspond in position and size with respect to the openings 37A to 37C
along the cannula 35.
[0111] In use, the inner shaft 39 may be rotated relative to a stationary
cannula 35 such that the when the openings are aligned, adjacent fat may be
introduced within the openings and then cut or shaved into the cannula 35 as the

15  inner shaft 39 rotates and closes the openings onto the fat with respect to the
cannula 35. The cut or shaved fat may be drawn through the cannula 35 and
handle 33 and through a tubing 43 which is in fluid communication with a
harvesting reservoir assembly 45 which may contain one or more individual
reservoirs or cartridges 47. The individual cartridges 47 containing the collected

20  fat and other tissue may be further processed and directly introduced into the
patient’s body, such as the breasts, for remodeling the body.
[0112] Figs. 4B and 4C show perspective and partial cross-sectional side
views of another variation of a cannula assembly 49 which may be used for
harvesting and/or injection. The assembly 49 illustrates a harvesting cannula 35

25  with one or more openings 37 defined near the distal end of the cannula 35. The
handle 33 in this variation further illustrates an opening 51 along the side of the
handle 33 into which a reservoir or cartridge 47 or tubing may be fluidly coupled
to transfer and/or collect the aspirated fat for further processing or re-injection.
[0113] Fig. 4D illustrate side views of various harvesting cannulas 35

30 which have a variable number of openings 53 for collecting the fat. As shown, the
number of openings 53 may be varied from a few, e.g., three openings, to several
openings 55, e.g., six openings.
[0114] An example of the harvesting reservoir assembly 45 is illustrated in

the perspective view of Fig. 4E which shows assembly 45 fluidly coupled to a
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harvesting cannula. As described above, the reservoir assembly 45 may contain
one or more individual reservoirs or cartridges 47 each fluidly coupled. The
tubing 43 coupled to the harvesting cannula may draw in the collected fat 59 and
other fluids or tissue 57 directly into the one or more cartridges 47 thus increasing
the viability of the collected fat by reducing exposure to air and mechanical
trauma as well as reducing the amount of time spent outside the patient’s body.
[0115] The one or more cartridges 47 may be individually or collectively
processed and the miscellaneous fluids or tissue 57 may be removed from the
cartridge 47, e.g., via an opening 61 located along the cartridge 47. The resulting
processed cartridge 47A may retain only the desired fat tissue 59 for direct
injection into the patient body by utilizing the cartridge 47A directly with the
injection assembly.

[0116] In addition to the detection of tissue types for facilitating the
accurate harvesting or injection of the fat, various instruments may be utilized
within or in conjunction with the cannula for delivering precise volumes of the fat
in a controlled manner. One example is shown in the perspective view of Fig. 4F
which illustrates a screw-type injection mechanism 50, such as a screw
mechanism 58 having a fluted shaft. The screw mechanism 58 may be rotatably
positioned within cannula 52 which may also have a tapered piercing tip 54 and a
distal opening 56 for injecting the fat delivered through the cannula 52. As the
screw mechanism 58 rotates, any fat contained within a connected reservoir or
within the cannula 52 itself may be metered out through the distal opening 56.
Starting or stopping the injection of the fat may be accurately controlled by
starting or stopping rotation of the mechanism 58.

[0117] Another variation is illustrated in the cross-sectional side view of
injection instrument 60 shown in Fig. 5. In this variation, an outer sheath or
cannula 62, ¢.g., 20 gauge, which may range from, e.g., 6-12 inches in length, may
be operatively connected to a handle 68 and may also be in fluid communication
with a reservoir 76 containing a volume of the adipose tissue or fat 78. A fluted
mechanism 64 may be rotatably positioned within a lumen defined through the
cannula 62 and a piston 74 may also be incorporated into the reservoir 76 for
optionally pressurizing the fat 78 for facilitate injection through the cannula 62.
An air inlet port 70 and an air outlet port 72 may also be optionally included along

handle 68 for controlling the air within the device as piston 74 is actuated.
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[0118] Fig. 6 shows a detailed cross-sectional side view of the cannula 62
from Fig. 5 with an optional retractable cover 82 located along the distal end 66 of
the cannula 62. In use, once the cannula 62 has been advanced and desirably
positioned within the breast BR for fat injection using the transmission fiber 26
and receiving fiber 28 described above, the piston 74 may be optionally actuated
and the fluted mechanism 64 may be actuated to rotate such that the fat 78 is
advanced distally through the lumen 80 of cannula 62. The one or more members
of optional cover 82 (if present) may be retracted, as shown, to reveal the distal
opening 84 of lumen 80 allowing for the injection of the fat 78 into the breast
tissue.

[0119] Another example of an injection assembly is shown in the
perspective views of Figs. 7A to 7C. Cannula 62 is shown with fluted mechanism
64 rotatably positioned within. Distal end 66 is shown having optionally
retractable members 92 which form an atraumatic rounded tip when closed for
advancement through tissue. However, when fat is ¢jected from cannula 62, the
retractable members 92 may open to allow for the injection of the fat. An entry
port 90 for introducing adipose tissue into the handle 68 is also shown where the
entry port 90 may be located in proximity to a proximal end of the fluted
mechanism 64.

[0120] As illustrated in the side and perspective views of Figs. 8A to 8C,
the entry port 90 may be positioned along the handle 68 in proximity to the
proximal end of mechanism 64 such that fat for injection introduced into the
handle 68 may be taken up by the mechanism 64. The entry port 90 may open
into a chamber which is in fluid communication with the cannula 62 and
mechanism 64 to minimize any clogging or obstruction which may occur due to
the fat.

[0121] To further minimize or inhibit any clogging of the fat during
injection into the patient, Figs. 9A to 9C show perspective and side views of one
or more bristle stop members 100 which may be positioned attached along the
lumen of cannula 62. The bristle stop members 100 may generally comprise
bristles or projections 106 which are attached along an attachment length 104
along the lumen and extend into the lumen and act as a stop for fat reducing radial
travel and may function to increase the translational linear movement of the fat

through the cannula 62 without inhibiting the rotational movement of the
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mechanism 64 adjacent to the bristles 106. The bristles 106 may extend along the
lumen in discrete segments, as shown in Fig. 9A, or as a continuous bristle
member 102, as shown in Fig. 9B.
[0122] In yet another variation, the injection assembly may optionally
5 incorporate an impeller-stator assembly 110, as shown in the partial cross-

sectional side view of Fig. 10, within the housing of the handle to help accelerate
the fat to a speed sufficient for injection as well as to uniformly dispense the fat
through the cannula 62 for uniform injection into the breast. Generally, an
impeller-stator assembly 110 may have an impeller 112 which has one or more

10 blades extending radially from a hub and is rotatable relative to the cannula 62. A
stator 114 which remain static relative to the assembly may be located distal to the
impeller 112 and may also have one or more stator blades 116 which extend
radially from its hub to facilitate the uniform distribution of the fat passing
through the assembly 110.

15 [0123] In use, as shown in the example of Fig. 11, as the impeller 112
rotates via a drive shaft 120, the fat contained within the housing or reservoir may
be propelled distally through the assembly past the blades 116 of the stator 114
which remains static. As the fat is urged through the assembly, the flow may be
uniform as it is urged through the cannula 62 for injection into the breast tissue.

20  Figs. 12A to 12F show examples of various impeller configurations 132, 134, 136,
138, 140 which may be used in the impeller-stator assembly 110.
[0124] Fig. 13 shows yet another variation of an injection assembly
incorporating a fat introduction chamber 150 within the housing of the handle.
The introduction chamber 150 may be positioned proximally of the cannula 62

25  with an entry port 152 which opens above a proximal end of the fluted mechanism
64 when the assembly is held upright. One or more introduction lumens 154 may
open into the introduction chamber 150 for receiving the fat from a reservoir 160,
as shown in the side view of Fig. 14. The reservoir 160 may be optionally
pressurized via, e.g., a plunger 162, and fluidly coupled to the introduction

30  chamber 150 via tube 158 which may optionally divide into one or more transfer
lumens 156. As the mechanism 64 is actuated by drive shaft 120 (which may be
automatically controlled by processor 34, as previously described), fat may be
urged from the pressurized reservoir 160 to transfer into the introduction chamber

150 and then into contact with the proximal end of mechanism 64 through entry
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port 152, as shown in the detail cross-sectional side view of Fig. 15, for injection
into the subject’s breast.
[0125] Another variation is shown in the partial cross-sectional side view
of Fig. 16A, which shows a fat introduction chamber 170 having a first diameter
5 DI from which cannula 62 extends having a second diameter D2 where the

diameter of D1 is about twice the diameter of D2. In this variation, chamber 170
may optionally incorporate a plunger 172 to pressurize the fat for injection
through the cannula 62 while mechanism 64 rotates to ¢ject the fat. Fig. 16B
shows a perspective view of the assembly and Fig. 16C shows another variation in

10 the partial cross-sectional side view which incorporates an optional port 174 for
allowing air to enter or exit during pressurization of the fat within chamber 170.
[0126] In yet another variation, Figs. 17 and 17B show representative
partial cross-sectional side views of an injection assembly 180 having a housing
182 with a retractable cannula 184 which may be withdrawn partially or entirely

15  into the housing 182 during fat injection. A plunger 186 may be positioned within
housing 182 to extend into a proximal portion of cannula 184. With cannula 184
filled with a quantity of fat 78, cannula 184 may be advanced percutaneously into
the breast while under guidance (as previously described). Once a suitable
location has been located within the breast, housing 182 and plunger 186 may

20  both be maintained in a static position relative to the breast while cannula 184
may be retracted into the housing 182 through opening 188 in housing 182
relative to the breast proximally. Because the plunger 186 remains static relative
to the cannula 184, the fat 78 contained within the cannula lumen 192 may be
forced out through the distal opening 190 such that the ejected fat 78 is deposited

25  along the tract previously formed by the cannula 184 within the tissue.
[0127] Fig. 18A shows another variation of the retractable cannula 184
having an actuation shaft 200 positioned within the cannula lumen. The actuation
shaft 200 may have a support shaft 202 which extends through the cannula with
one or more collapsible barbs 204 extending radially from the shaft 202. Boluses

30  of fat 78 may be positioned between each of the barbs 204 which may help to
compact the fat within the cannula 184 and prevent any buildup or introduction of
air within the fat 78. Figs. 18B and 18C show detail side views of one variation of
the barbs 204 which may project at an acute angle relative to the shaft 202 such
that the barbs 204 are angled to extend distally along the cannula 184. When shaft
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202 is retracted proximally, each of the barbs 204 may pivot via a pivoting
attachment 206 to collapse against shaft 202 to allow for the injection of the
compacted fat 78 from distal opening 190 into the breast tissue.

[0128] In yet another variation, Fig. 19A shows a representative side of a
retractable cannula 184 (e.g., a 10 gauge needle cannula) having an inner piston
shaft 210 which is translatable relative to the cannula 184. Piston shaft 210 may
define a lumen 212 therethrough within which a volume of fat 78 may be placed.
An example of use is shown in the side views of Figs. 19B to 19D which illustrate
how the needle cannula 184 may be retracted relative to the piston shaft 210 prior
to percutaneous insertion into the breast BR, as shown in Fig. 19B. Prior to,
during, or after the cannula 184 has been advanced into the breast BR and
desirably positioned for injection (e.g., using the guidance devices and methods
described herein), cannula 184 may be extended relative to the shaft 210 and a
volume of fat 78 may be introduced into the cannula 184 through the lumen 212
of shaft 210, as shown in Fig. 19C. Once the volume of fat 78 is ready for
injection into the breast BR, the cannula 184 may be retracted from the breast BR
while maintaining a position of the shaft 210 relative to the breast BR such that a
volume of fat 78 is injected into the breast BR along the tract formed by the
withdrawn cannula 184, as shown in Fig. 19D.

[0129] Figs. 20A and 20B show side views of another variation of an
injection assembly 220 which comprise a pressure actuated system. In this
variation, cannula 184 may be attached at a cannula attachment 224 to a movable
piston 226 which is slidable through the housing 182. A volume of fat may be
introduced into the cannula 184 in its extended configuration which may be
extended by introducing a gas or fluid into the proximal inlet 222, as shown in
Fig. 20B. Once the cannula 184 has been desirably positioned within the breast
BR, the cannula 184 may be retracted proximally into the housing 182 by
introducing a gas or fluid into the distal inlet 222 to urge the piston 226
proximally within the housing 182 thereby retracting cannula 184, as shown in
Fig. 20B.

[0130] Instead of utilizing a pressure driven assembly, another injection
assembly 230 variation shown in the side views of Figs. 21A and 21B may use a
linear threaded member 232 which is rotatably coupled to a motor 234 positioned

within a housing. Here, the motor 234 may rotate the threaded member 232 in
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cither direction to urge a carriage 236 which is threaded in a corresponding
manner to move distally or proximally along the threaded member 232 depending
upon the direction of rotation by the threaded member 232. Carriage 236 may be
attached to a proximal end of cannula 184 such that as the carriage 236 travels
5  along the threaded member 232 the cannula 184 may be retracted, as shown in

Fig. 21A, or extended, as shown in Fig. 21B, as desired. A reservoir 238 (which
may be pressurized) may be fluidly coupled to a proximal end of the cannula 184
so0 as to provide a volume of fat for injection through the cannula 184.
[0131] Fig. 22 shows a partial cross-sectional side view of another

10 injection assembly 240 variation which utilizes a pressurized cannula actuation
system. Handle housing 242 may comprise a pressurizable line 244 which may be
pressured at either a proximal inlet 246 or at a distal inlet 246’ to actuate a piston
attached to the cannula 184. Depending upon which inlet 246, 246’ is pressurized,
the cannula 184 may be retracted or extended for advancement into the breast and

15  injection of fat accordingly.
[0132] In yet another variation, Figs. 23A to 23C show perspective and
side views of an injection assembly 250 variation which utilizes a rotatable lead
screw 232 to advance or retract a carriage 236 attached to a proximal end of
cannula 184, similar to the variation described above in Figs. 21A and 21B. In

20  this example, handle housing 252 may contain a power supply 254 for driving the
motor 234 to rotate the lead screw 232. Figs. 24A and 24B show perspective
views of the assembly 250 and Figs. 25A and 25B show detail side views of the
extension and retraction, respectively, of the carriage 236 to extend and retract the
cannula 184 within housing 252 for injecting the fat. The retractable cannula may

25  be utilized in any number of various cannula embodiments as described herein.
[0133] Figs. 26A to 26C show perspective views of another variation of an
injection assembly 260 which may comprise a handle housing 262 into which
cannula 184 may be retracted using any of the mechanisms described herein.
Housing 262 may incorporate a valve proximal to the opening 188 which may

30 close once the cannula 184 has been retracted into housing 262, as shown in Fig.
26B, to allow the cannula 184 to be refilled with fat. Once the cannula 184 is
ready to be retracted once again, the valve may be opened and the cannula 184
extended. In this as well as any of the injection instrument embodiments

described herein, the tissue detection assemblies may be incorporated as desired.
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[0134] As previously mentioned, fat may be harvested from a first site of
the patient (e.g., periumbilical, lumbar, trochanteric, thigh, medial knee and arm,
etc.) and this harvested fat may be purified prior to injection back into the patient.
When harvesting the fat, the patient may be anesthetized and the lipoaspiration
procedure may be performed.

[0135] While extraction may be performed using an aspiration cannula
(e.g., 3-4 mm Mercedes or 14 gauge needle connected to a syringe), aspiration
may be performed alternatively using a cannula, such as cannula 184, optionally
having an alternative tip configuration depending upon the desired configuration
for harvesting. The cannula 184 may be removed and/or replaced with another
cannula for implantation, as previously described.

[0136] Additionally and/or alternatively, a cannula 184 incorporating the
tissue detection assembly described herein may be used to facilitate the harvesting
and extraction of the adipose tissue. In use, the cannula 184 may be advanced into
the patient’s body and the detection system as previously described may be used
to detect for the presence of fat for extraction.

[0137] Once the fat has been harvested, it may then be purified by
extracting viable adipocytes from the lipoaspirate material, Typically, the
lipoaspirate material may undergo centrifugation to separate the adipocytes from
the blood, serum, damaged cells, tumescent fluids, oil, etc. and the extracted
adiposc graft material may be transferred to standard syringes. Systems such as a
VIAFILL™ (Lipose Corp., Maitland, FL) countertop centrifuge may be used to
centrifuge and extract the adipocytes. A syringe, such as a short, broad 20 cc
harvest syringe may be used to manually extract the viable adipocytes where the
plunger arm may be removed for centrifugation and the extracted fat may be
transferred directly to any of the reservoirs described herein, such as reservoir
238, for direct implantation using any of the devices described herein.

[0138] Moreover, an optionally disposable in-line filtration device such as
LIPIVAGE™ (Genesis Biosystems, Lewisville, TX) may be used to harvest the
fat. Such a device may be incorporated into the injection assembly to extract and
purify the extracted material, e.g., 20-25 cc of fat, by automatically separating and
washing the fat during the harvesting process utilizing internal filters. An
example is shown in the side view of Fig. 27 illustrating an in-line filtration

device 270 having an extraction reservoir 272 which one or more filters 274
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integrated into the reservoir 272. The extracted material may be drawn into the
device from the patient and through cannula 184 where it may be separated and
washed. The purified fat contained within the reservoir 272 may then be removed
from the device 270 for implantation using the devices and methods above or it
may simply be injected directly into the patient using the filtration device 270
incorporated into the sensing and injection assemblies described above.

[0139] Further examples of in-line filtration devices and methods which
may be incorporated into the injection assemblies herein are further shown and
described in, e.g., US Pats. 4,753,634; 6,258,054; 7,588,732; 7,780,649; and
7,794,449, each of which is incorporated herein by reference in its entirety.

[0140] Additionally and/or optionally, any of the injection assemblies
described herein may use multiple injection needles or cannulas, ¢.g., two or
more, extending from a single housing to increase the volume and/or number of
tracts per pass to increase the injected volume-per-surface ratio. These multiple
cannulas may be arranged in various configurations (¢.g., adjacent in a planar
arrangement) and may use multiple cannulas as practicable. An example is
illustrated in the perspective view of Fig. 28 A which shows two cannulas 184,
184’ projection from handle 252 adjacent to one another. Fig. 28B shows another
example of three cannulas 184, 184°, 184°’ projecting from handle 252.
Additional cannulas may be incorporated as desired and practicable. In each of
the examples, the cannulas may be configured to be retractable within the handle
252 and/or may incorporate a movable piston within each cannula as described
herein for facilitate fat injection into the body.

[0141] Another alternative variation is shown in the perspective view of
Fig. 28C which illustrates an injection instrument having a cannula 184 which is
interchangeable with a second cannula 184°.

[0142] Figs. 29A and 29B show perspective views of yet another variation
having multiple cannulas where each successive cannula may have a length which
is shorter to facilitate injection within a contoured body region such as a breast. In
this manner, a single insertion and injection may be accomplished along curved
regions of the breast without piercing through entirely. For example, Fig. 29A
shows an instrument assembly having a first cannula 184 with a first length and an
adjacent cannula 280 having a second length which is shorter than the first length.

Fig. 29B shows another variation incorporating a third cannula 282 which has a
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third length which is yet shorter than the second length of the second cannula 280.
Each length may be varied depending upon the desired lengths and/or anatomy of
the body portion or breast to be injected. Moreover, each of these variations may
incorporate retractable cannulas and/or movable pistons within the cannulas as
described above.

[0143] Figs. 30A and 30B show perspective views of yet another variation
where the harvesting instrument assembly may incorporate a reconfigurable fiber
optic attachment. In this example, the fiber optic assembly positionable through
the instrument may have a connection which is attachable to a cable assembly 300
at a first configuration, e.g., extending from a side of the instrument. The cable
assembly 300 may be detached from the instrument and re-coupled into an axial
configuration 302. In this manner, the fiber optic assembly within the instrument
may be maintained as a modular system since cable assembly 302 may reconnect
to the fiber optic assembly within the instrument.

[0144] In yet another variation, Fig. 31 shows a schematic illustration of a
complete fat harvesting, processing, and injection system which is coupled to one
another in a manner which provides a consistent and relatively low pressure (e.g.,
a maximum pressure of 700 mmHg) throughout the entire harvesting, processing,
and injection procedure. As shown, the fat 308 may be initially harvested via the
instrument 310 described herein. The harvested fat 308 may be drawn via a gentle
vacuum 312 and introduced into a pressurized processing reservoir 314. With the
fat collected and processed within the reservoir 314, a pressure 316 and a vacuum
318 may be simultaneously imparted upon the fat 308 contained within the system
such that the net force experienced by the processed fat is low or close to zero.
The low pressure imparted on the fat helps to maintain viability of the tissue.
[0145] With the fat drawn through the system, the processed fat may then
be pressurized 320 for introduction 322 back into the selected region of the body.
Accordingly, the entire procedure for harvesting, processing, and injection may be
contained within a common closed system which imparts a relatively low pressure
to maintain tissue viability as well as providing for a complete system which
reduces or eliminates several steps. Additionally, the overall system further
prevents the exposure of the adipose tissue to ambient air and to the environment
to further reduce or minimize any additional trauma to the tissue. Morcover, the

system may measure the pressure within the cannula, handle, or any of the other
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components during harvesting and/or injection, e.g., via any of the processors or
controllers described herein, to ensure that any trauma upon the tissue is
minimized. In the event that the monitored pressure exceeds a predetermined
level, the processor or controller may be programmed to reduce the pressure,
cease activity, or alert the user with a visual and/or audio indicator.

[0146] Further examples of a combined fat harvesting and injection
assembly are shown in the assembly view of Fig. 32. In this variation, a single
handle 33 may be used with either a harvesting cannula 35 having the one or more
openings 37 and/or with a fat injection cannula 334 which may be detachably
removable via interface 332 to handle 33. The handle 33 may be fluidly coupled
via tube 43 to the harvesting reservoir 45 described above and the process may be
controlled and/or monitored via a processor 336 which may control the harvesting
rates, pressures, flow rates, etc. as well as the injection parameters such as tissue
identification, injection rates, etc.

[0147] Additionally and/or alternatively, in this and other variations the
detachable injection cannula 334 may be variously configured. For example the
injection cannula 334 may be configured to have an integrated plunger within a
lumen of the cannula 334 and a retractable cannula which may be translated
proximally relative to the handle 33 to deposit a known quantity of fat into the
body along a tract formed by the cannula itself. Examples of such a mechanism
are described above, e.g., in Figs. 23A to 23C.

[0148] Another example is shown in the assembly view of Fig. 33 which
illustrates how the handle 33 with the harvesting cannula 35 may be used to
harvest one or more cartridges 47 of fat and tissue from the patient body. This
harvested fat may be collected via the reservoir assembly 45 and controlled by the
processor 336. Once the fat has been desirably processed, the cartridge 47 may be
fluidly connected to the same handle 33 or to a different handle and introduced
into the patient body using an injection cannula 334, as described above.

[0149] An example of a variation of the handle 33 is illustrated in the
assembly view of Fig. 34, which shows handle 33 with cartridge 47 coupled
directly into the handle for introducing the fat into the patient body. Figs. 35A
and 35B show perspective views of another variation of a handle assembly 340
attached to an injection cannula 334 and further having an angled receiving

section 342 for receiving an individual cartridge 47 having processed fat for
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injection. The angled section 342 may orient the cartridge 47 at an angle relative
to the handle 340 to facilitate the manipulation of the handle 340 as well as to
facilitate the introduction and removal of the cartridge 47 from the handle 340.
[0150] Figs. 36A and 36B show perspective views of another variation of
the handle assembly 340 illustrating how the handle may be separated into at least
two components. A resusable component 350 may contain the pumping
mechanism, electronics, controller, etc. and may be detachable coupled to a
disposable portion containing the angled section 342 as well as the cartridge 47
and/or cannula 334.

[0151] Figs. 37A and 37B illustrate perspective views of another variation
of a handle assembly 360 which may also comprise a resusable component 362 as
well as a disposable component 366 having an angled section 364 which may hold
the cartridge 47 at a more acute angle relative to the handle 360.

[0152] Fig. 38A schematically illustrates one example of how the
individual cartridges 47 may be filled with the harvested fat collected from the
harvesting cannula. As previously described, the harvesting assembly may utilize
one or more individual cartridges 47 which are fluidly open to receiving the
harvested material, as shown. Each of the cartridges 47 may be detachable
coupled to a base dock 370 and each cartridge 47 may incorporate a valve 374
with a plunger 372 which remains in an open position for receiving the harvested
material introduced through the base dock 370.

[0153] The individual cartridges 47 may generally comprise conventional
syringes arranged in a consecutive fashion. The system may contain the base
dock 370 with several ports that allow each of the cartridges 47 connected to fill
with the fat. As the individual cartridges fill, they may each close their respective
plunger 372 to shut off the valve 374.

[0154] Fat may be transported into the cartridges 47 through the use of a
vacuum that is hooked into the base dock 370. The ports may be placed in series
allowing the fill of each consecutive syringe before moving on to the next.
Configuration of the cartridges 47 can be placed in line or in a circular fashion, so
long as it is in series, as shown in the perspective assembly view of Fig. 39. When
the harvesting procedure is finished, cartridges 47 may have its respective fat fill.
The user can then remove the fat filled cartridges 47 and purge the air, as shown

in Fig. 38B.
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[0155] Each cartridge 47 may integrate its own plunger 372 throughout the
life the device. The plunger 372 may allow for fat fill when the cartridge 47 is
engaged into the port adapter of the base dock 370. The fat may flow through the
plunger 372 and around the valve 374, as shown in the cross-sectional side view
of Fig. 40. Another variation is shown in the cross-sectional and perspective
views of Figs. 41 A and 41B which illustrate a plunger 372 defining one or more
openings therethrough which may provide adequate space with a cross sectional
area between, ¢.g., 0.15 to 0.20 in? for the fat to flow through, while maintaining
the integrity as a plunger.

[0156] The plunger 372 may also be used as a vacuum plunger when the
device is placed into the injection device. As the injection device draws the fat,
the plunger 372 may move according to the vacuum rate, as shown in the side
view of Fig. 42. The plunger 372 may incorporate O-rings 380 that allow a
dynamic seal, the ability to move while sealing against the mating surface. With
the vacuum pull of the injection device operating less than 20 inHg, the plunger is
able to move with less than 2.0 LbF of pull.

[0157] The plunger 372 may further contain a piston valve 382 that is
mechanically opened and automatically closed, as shown in the cross-sectional
side views of Figs. 43A and 43B. The sealing valve size may be tuned to allow
fat flow when opened during the harvesting procedure but also prevent air and
liquid leakage when closed during the injection procedure. The valve 382 outer
diameter may be greater than, e.g., 0.626 in, to provide a seal. The valve 382 may
be less than, e.g., 0.875 in, to allow flow around it. The distance to which the
valve 382 is moved away from the plunger 372 when opened is also tuned to
allow for easy fat fill. A distance of at least, e.g., 0.125 in, from gasket to plunger
372 to allow fat to flow through. The valve 382 may also include a soft gasket that
may seal against the opening plunger 372.

[0158] The plunger 372 may be activated when the cartridge 47 is engaged
into the port adapters 384 which may be integrated into the base dock 370 for
coupling to the cartridges 47. The design concept incorporates the use of a spring
that may close the valve 382 in a rest state. When actuated, the spring may
compress, opening the valve 372 for fill, as shown in the cross-sectional side view

of Fig. 44. When released, the force of the spring may provide at least, e.g., 2.0
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LbF, to overcome the vacuum draw in the injection device. Force of the vacuum
draw to move the plunger 372 may be less than the force required to hold an air
tight seal on the valve or leakage may occur.

[0159] A key 390 may be incorporated into the design to hold the plunger
372 in place while the cartridge 47 is engaged on to the adapter, as shown in the
perspective view of Fig. 45. After fill, the key 390 may be removed and discarded
to allow the plunger 372 to move.

[0160] A perspective view of a port adapter 384 is shown in Fig. 46. The
variation illustrated may incorporate flanges 392 to hold the cartridge 47 against
the base of the port 370 due to counter forces from the spring, which may pushes
the cartridge 47 off the adapter 384. A static O-ring 394 may be incorporated to
provide a vacuum seal during fat fill. The bar may push the valve open when
engaged.

[0161] An example of a reversible pump assembly 400 which may be
integrated into any of the handle variations described herein is shown in the side
and schematic side views of Figs. 47A and 47B. The pump assembly 400 shown
may be integrated into any of the handle assemblies for use with the detachable
harvesting and/or injection cannula to provide for continuous and uninterrupted
withdrawal of tissue from the body for harvesting or for continuous infusion of
tissue for injection, as described above. In either harvesting or injection, the
vacuum pressure or injection pressure may be generated directly within the handle
by the pump assembly 400 rather than relying upon a pumping mechanism
separated from the handle.

[0162] Moreover, because the pump assembly 400 both aspirates and
dispenses the tissue simultaneously, the pump 400 makes it possible to continually
deliver the tissue with no wait time and shortens the overall procedure time.
[0163] The pump assembly 400 is shown as generally comprising a motor
assembly 404 coupled to the pump 402. A detachable reservoir 406, e.g.,
cartridge 47, may be removably coupled via connection 408 to the pump 402. The
pump 402 may further define an opening 410 through which tissue may be
harvested from the body and into the pump 402 or injected from the pump 402
and into the body.

[0164] As illustrated in detail schematic of Fig. 47B, the motor assembly

404 may have a motor 412, e.g., stepper motor, with an optional time relay or
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controller 414. The motor 412 may be rotatably attached, e.g., to a rotatable lead
screw 418, via a sealed motor coupling 416 where the lead screw 418 is contained
within a common chamber. A plunger 420 translatably positioned upon the lead
screw 418 may separate the common chamber into a first chamber 422A and
second chamber 422B which may both be variably sized depending upon the
relative position of the plunger 420 relative to the motor 412. When the lead
screw 418 is rotated in a first direction, the plunger 420 may be forced to translate
in a first direction within the chamber and when the lead screw 418 is rotated in a
second opposite direction, the plunger 420 may accordingly translate in a second
direction within the chamber opposite to the first direction.

[0165] In the case of tissue injection into the body, the detachable
reservoir 406 having a volume of harvested tissue for injection may be removably
coupled to a fluid channel 424. Fluid channel 424 may be fluidly coupled to the
second chamber 422B via opening 426 and to fluid channel 434 which is in
communication with opening 410. A valve 428, ¢.g., one-way valve, located
along fluid channel 424 may allow for the uni-directional flow of tissue into
second chamber 422B and a valve 432, e.g., one-way valve, located along fluid
channel 430 coupling the reservoir 406 to fluid channel 434 may similarly allow
for the uni-directional flow of tissue into and through fluid channel 434. A valve
436, ¢.g., one-way valve, positioned along fluid channel 434 may allow for the
uni-direction flow of tissue from the first chamber 422A into and through fluid
channel 434 and out of cannula 442. A fluid channel 438 fluidly connecting
second chamber 422B to fluid channel 434 may also have a valve 440, e.g., one-
way valve, which allows for the uni-directional flow of tissue from second
chamber 422B into and through fluid channel 434.

[0166] In use, when the reservoir 406 is initially attached to the fluid
channel 424, motor 412 may be actuated to urge the plunger 420 in a first
direction, e.g., distally relative to the motor 412. As the plunger 420 moves along
the first direction, a vacuum pressure generated within second chamber 422B may
draw the tissue from reservoir 406 through channel 424 and through valve 428
and into second chamber 422B. Once the plunger 420 has been moved to a distal
position along the lead screw 418, the motor 412 may be reversed to turn the lead
screw 418 in a second opposite direction to force the plunger 420 to move in a

second opposite direction proximally towards the motor 412. The reversed
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motion of the plunger 420 may generate a vacuum pressure within first chamber
422 A to then draw the tissue from reservoir 406 through channel 430 and valve
432 and into first chamber 422A. As the tissue is drawn into first chamber 422A,
the volume of tissue contained within second chamber 422B may be forced into
channel 438 and through valve 440 and into channel 434 and out of the cannula
442 for injection into the body. The one-way valve 428 may close to prevent the
reintroduction of tissue from second chamber 422B back into reservoir 406 and
one-way valve 436 may likewise close to prevent the tissue passed through
channel 438 from being drawn back into first chamber 422A.

[0167] As the plunger 420 reaches the end of its stroke, its direction may
again be reversed to then urge the drawn volume of tissue within first chamber
422A through valve 436 and through cannula 442 and into the body while valve
432 and 440 may close to prevent the reintroduction of the tissue back into the
reservoir 406. This process may be repeated in a continuous manner such that the
tissue from reservoir 406 may be injected into the body in a continuous and
uninterrupted flow regardless of which direction the plunger 420 is moved.
Alternatively, the valves may be reversed in direction to provide for harvesting of
the tissue from the body through cannula 442 (harvesting cannula) and into pump
402 for collection in reservoir 406 also in a continuous and uninterrupted manner.
[0168] Fig. 48 shows a side view of another variation of the continuous
pump assembly 450. As shown, the fist and second chambers 422A, 422B may be
seen separated by the translatable plunger 420. In this example, the reservoir is
detached and may be coupled via a separate channel, as shown.

[0169] To ensure a predictable amount of material is dispensed with each
stroke, the total travel of the plunger 420 may be sensed. One method is to use
feedback from an encoder or controller, e.g., controller 414, attached to the drive
motor 412. Another method to assess the position of piston 420 is to monitor the
current required to drive the piston 420.

[0170] As shown in the exemplary graph of Fig. 49, the motor current may
be graphed against a travel distance of the piston 420 within the chambers. As the
piston travels between a proximal and distal end-of-travel (EOT) within the
chamber, the current to the motor 412 changes with piston position. The signal
moves up and down with changes in the power required to move the piston 420.

For example, the current signal may increase when a large sample moves through
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the system and may drop when a more fluid sample moves through the system.
However, when the piston 420 reaches the EOT, the piston 420 stops moving and
the motor 412 draws more current to try and overcome the stalled piston 420. An
internal electrical circuit may detect when that current exceeds a threshold current
466 indicating that the piston 420 has reached EOT and reverse the direction of
the motor 412. The process repeats when the current threshold 466 is exceeded
when the piston 420 reaches EOT at the opposite end of the chamber.

[0171] Further examples and variations of the harvesting instrument as
well as processing and guidance and also injection devices and methods are
further described in the following description and figures, which is incorporated
herein in its entirety.

[0172] The applications of the disclosed invention discussed above are not
limited to certain treatments or regions of the body, but may include any number
of other treatments and areas of the body. Modification of the above-described
methods and devices for carrying out the invention, and variations of aspects of
the invention that are obvious to those of skill in the arts are intended to be within
the scope of this disclosure. Moreover, various combinations of aspects between
examples are also contemplated and are considered to be within the scope of this

disclosure as well.
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CLAIMS
What is claimed is:
1. A tissue transfer system, comprising:
a handle having an actuation mechanism;

at least one reservoir removably attachable to a harvesting reservoir
assembly, wherein the handle is in fluid communication with the at least one

reservoir through the reservoir assembly;

a tissue harvesting cannula defining at least one opening near or at a
distal end of the harvesting cannula, wherein a proximal end of the harvesting
cannula is removably attachable to the handle such that the harvesting cannula
is in fluid communication with the reservoir assembly and is couplable to the

actuation mechanism; and,

a tissue injection cannula defining at least one opening near or at a
distal end of the injection cannula, wherein a proximal end of the injection
cannula is removably attachable to the handle and is couplable to the actuation

mechanism, and

wherein the at least one reservoir is further removably attachable to the
proximal end of the injection cannula such that the at least one reservoir and

injection cannula are in fluid communication.

2. The system of claim 1 wherein the actuation mechanism comprises

a pumping mechanism.

3. The system of claim 2 wherein the pumping mechanism is a

reversible pump configured to provide a continuous pressure with the handle.

4. The system of claim 1 wherein the at least one reservoir comprises
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a cartridge having a one-way valve.

5. The system of claim 1 wherein the harvesting reservoir assembly
comprises a plurality of removably attachable reservoirs in fluid

communication with the harvesting reservoir assembly.

6. The system of claim 1 wherein the harvesting cannula further

comprises a rotatable cutting member within the at least one opening.

7. The system of claim 1 wherein the injection cannula is extendable

from the housing and longitudinally slidable relative to the housing.

8. The system of claim 7 further comprising a piston positioned within
a lumen defined through the injection cannula such that the piston remains in a

static position relative to the housing.

9. The system of claim 8 further comprising an actuation mechanism
coupled to the injection cannula for actuating the injection cannula in a
longitudinal direction, where the piston remains in a static position when the

cannula is retracted proximally by the actuation mechanism.

10. The system of claim 1 wherein the actuation mechanism

comprises a lead screw and a plunger threadingly coupled to the lead screw.

11. The system of claim 1 further comprising a tissue detection sensor

positioned through or along the injection cannula and configured to
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distinguish a tissue type.

12. The system of claim 11 wherein the tissue detection sensor
comprises one or more optical fibers positioned near or at a distal end of the

injection cannula.

13. The system of claim 11 further comprising a photo detector in

optical communication with the one or more optical fibers.

14. The system of claim 13 further comprising a processor in
electrical communication with the photo detector, where the processor is

programmed to distinguish tissue types.

15. A method of remodeling a portion of a subject’s body,

comprising:

introducing a distal end of a tissue harvesting cannula percutancously
through a first opening into a first region of the body, wherein the harvesting
cannula defines at least one opening near or at the distal end of the harvesting
cannula and further has a proximal end of the harvesting cannula removably

attached to a handle having an actuation mechanism;

removing adipose tissue via the actuation mechanism from the first
region of the body through the harvesting cannula and into at least one
reservoir removably attachable to a harvesting reservoir assembly which is in

fluid communication with the handle;

replacing the harvesting cannula from the handle with a tissue
injection cannula such that a proximal end of injection cannula is removably
attached to the handle, the injection cannula defining at least one opening near

or at a distal end of the injection cannula;
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transferring the at least one reservoir from the harvesting reservoir
assembly, the at least one reservoir having a volume of adipose tissue

contained within, to removable attachment with the injection cannula;

introducing the distal end of the injection cannula through a second

opening into a second region of the body; and

injecting the volume of adipose tissue from the at least one reservoir

and into the second region of the body.

16. The method of claim 15 wherein the method of remodeling is

performed without exposing the adipose tissue to ambient air.

17. The method of claim 15 wherein the method of remodeling is

performed while maintaining pressure of less than 700 mmHg.

18. The method of claim 15 wherein removing adipose tissue further

comprises removing excess fluid from the at least one reservoir.

19. The method of claim 15 wherein introducing the distal end of the
injection cannula comprises percutaneously inserting the injection cannula

into a breast.

20. The method of claim 15 wherein introducing the distal end of the

injection cannula comprises introducing the distal end into a face.

21. The method of claim 15 wherein injecting the volume comprises

urging the volume into the second region of the body via the actuation
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mechanism.

22. The method of claim 21 wherein the urging the volume comprises

pumping the volume in a continuous and uninterrupted manner.

23. The method of claim 15 further comprising detecting a type of
tissue within the second region of the body prior to injecting the volume of

adipose tissue.

24. The method of claim 23 wherein detecting comprises detecting the

type of tissue via a diffuse reflectance parameter of the tissue.

25. The method of claim 15 wherein injecting the volume further

comprises:

maintaining a static position of a piston within or near a proximal end

of a lumen defined by the injection cannula; and,

retracting the injection cannula relative to the body while maintain the
static position of the piston such that a quantity of adipose tissue held within
the lumen is deposited into the second region along a tract formed by the

injection cannula.

26. The method of claim 25 wherein retracting the injection cannula
comprises automatically retracting the injection cannula upon detection of a

presence of adipose within the second region.

27. The method of claim 15 further comprising repositioning an angle
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of the injection cannula through the second opening within the second region

of the body.

28. A tissue injection system, comprising:
5 a handle having an actuation mechanism;

an injection cannula removably attachable to the handle and having a
tissue detection sensor positioned through or along the injection cannula and

configured to distinguish a tissue type;

a reservoir fluidly coupled to a proximal end of the injection cannula;

10 and

a controller in electrical communication with the tissue detection

SCNSor.

29. The system of claim 28 wherein the reservoir is removably
15  attachable to a harvesting reservoir assembly and where the handle is in fluid

communication with the reservoir through the reservoir assembly.

30. The system of claim 29 further comprising a tissue harvesting
cannula defining at least one opening near or at a distal end of the harvesting
20  cannula, wherein a proximal end of the harvesting cannula is removably
attachable to the handle such that the harvesting cannula is in fluid
communication with the reservoir assembly and is couplable to the actuation

mechanism.

25 31. The system of claim 30 wherein the harvesting cannula further

comprises a rotatable cutting member within the at least one opening.
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32. The system of claim 29 wherein the reservoir is further removably
attachable to the proximal end of the injection cannula such that the at least

one reservoir and injection cannula are in fluid communication.

33. The system of claim 28 wherein the actuation mechanism

comprises a pumping mechanism.

34. The system of claim 33 wherein the pumping mechanism is a

reversible pump configured to provide a continuous pressure with the handle.

35. The system of claim 28 wherein the reservoir comprises a

cartridge having a one-way valve.

36. The system of claim 28 wherein the injection cannula is
extendable from the housing and longitudinally slidable relative to the

housing.

37. The system of claim 36 further comprising a piston positioned
within a lumen defined through the injection cannula such that the piston

remains in a static position relative to the housing.

38. The system of claim 37 further comprising an actuation
mechanism coupled to the injection cannula for actuating the injection cannula
in a longitudinal direction, where the piston remains in a static position when

the cannula is retracted proximally by the actuation mechanism.,
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39. The system of claim 28 wherein the actuation mechanism

comprises a lead screw and a plunger threadingly coupled to the lead screw.

40. The system of claim 28 wherein the tissue detection sensor
comprises one or more optical fibers positioned near or at a distal end of the

injection cannula.

41. The system of claim 40 further comprising a photo detector in

optical communication with the one or more optical fibers.

42. The system of claim 41 further comprising a processor in
clectrical communication with the photo detector, where the processor is

programmed to distinguish tissue types.

43. A method of remodeling a portion of a subject’s body,

comprising:

introducing a distal end of an injection cannula, which is detachably
coupled to a handle having an actuation mechanism, percutaneously through

an opening into a region of the body;

positioning the distal end within the body based upon a type of tissue

detected by the injection cannula;

confirming a location of the distal end of the injection cannula within

the region of the body; and

injecting a volume of adipose tissue held within a reservoir into the
body.
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44. The method of claim 43 wherein prior to introducing a distal end

of an injection cannula, further comprising:

introducing a distal end of a tissue harvesting cannula percutaneously
through a first opening into a first region of the body, wherein the harvesting
cannula defines at least one opening near or at the distal end of the harvesting
cannula and further has a proximal end of the harvesting cannula removably

attached to a handle having an actuation mechanism;

removing adipose tissue via the actuation mechanism from the first
region of the body through the harvesting cannula and into at least one
reservoir removably attachable to a harvesting reservoir assembly which is in

fluid communication with the handle; and,

replacing the harvesting cannula from the handle with a tissue
injection cannula such that a proximal end of injection cannula is removably
attached to the handle, the injection cannula defining at least one opening near

or at a distal end of the injection cannula.

45. The method of claim 43 wherein the method of remodeling is

performed without exposing the adipose tissue to ambient air.

46. The method of claim 43 wherein the method of remodeling is

performed while maintaining pressure of less than 700 mmHg.

47. The method of claim 43 wherein introducing a distal end of the
injection cannula comprises percutaneously inserting the injection cannula

into a breast.

48. The method of claim 43 wherein introducing a distal end of the

injection cannula comprises introducing the distal end into a face.
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49. The method of claim 43 wherein injecting a volume comprises

urging the volume into the body via the actuation mechanism.

5 50. The method of claim 49 wherein the urging the volume comprises

pumping the volume in a continuous and uninterrupted manner.

51. The method of claim 43 wherein positioning comprises detecting

the type of tissue via a diffuse reflectance parameter of the tissue.
10

52. The method of claim 43 further comprising repositioning an angle
of the injection cannula through a second opening within a second region of

the body.
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