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A CLOSED LOOP SYSTEM FOR DIRECT HARVEST AND TRANSFER FOR HIGH

VOLUME FAT GRAFTING

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application is a continuation-in-part of U.S. Patent Application No. 15/139,767
entitled, “A SIMPLE CLOSED LOOP SYSTEM FOR DIRECT HARVEST AND TRANSFER
FOR HIGH VOLUME FAT GRAFTING” filed on April 27, 2016 which is herein incorporated
by reference in its entirety.
[0002] This application also claims the benefit of U.S. Provisional Patent Application No.
62/426,159, entitled “CLOSED LOOP SYSTEMS FOR DIRECT HARVEST AND TRANSFER
FOR HIGH VOLUME FAT GRAFTING,” filed November 23, 2016, which is herein

incorporated by reference in its entirety.

INCORPORATION BY REFERENCE
[0003] All publications and patent applications mentioned in this specification are herein
incorporated by reference to the same extent as if each individual publication or patent

application was specifically and individually indicated to be incorporated by reference.

FIELD
[0004] This application related to the field of fat grafting.

BACKGROUND
[0005] Fat grafting as an adjunct for contour modulation in breast reconstruction has become
fairly commonplace'” since The American Society of Plastic Surgeons lifted a ban on fat grafting
to the breast in 2009. Optimal methods and techniques of transfer and fat handling has become
an area of increased research and technological development. Many techniques involve the
transfer of fat back into the breast via a hand held 60 cc syringe powered by manual plunger.
Recently, Khouri*’ has championed ‘megavolume fat transfer’ for breast reconstruction,
designating mega as >300cc per breast using this manual technique. Extrapolating this process to
two breasts would necessitate at least ten 60 cc syringes. Transferring fat into syringes and
refitting the plungers is tedious. Small amounts of fat may be spilt or lost with the filling of each
syringe. Multiplying by ten syringes adds up to wasted viable tissue. Manually forcing the
plunger after already performing manual or assisted liposuction is tiresome on the hands. What
is needed are improved techniques to streamline this process, bypass the use of a syringe step,

decrease operating time and anesthesia time for the patient.
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SUMMARY OF THE DISCLOSURE
[0006] In general, in one embodiment, a method of performing a fat grafting process on a
patient includes: (1) harvesting an amount of fat from a donor site of the patient; and (2)
delivering a portion of the amount of fat into a grafting site of the patient at a rate of between 100
ml/min to 350 ml/min for at least 5 minutes.
[0007] This and other embodiments can include one or more of the following features. The
method can further include delivering a second portion of the amount of fat into a second
grafting site of the patient at a rate of between 10 ml/min to 150 ml/min for at least 5 minutes.
The amount of fat from the harvesting step can be retained in a storage container and the
delivering step can be performed by pumping the fat from the storage container directly to the
grafting site. The portion of the amount of fat can be 700 cc and the delivering step is less than
22 minutes. The grafting site and the second grafting site can be on a breast. The grafting site
can be on a right breast and the second grafting site can be on a left breast. The harvesting an
amount can be between about 1-5 ml, 1-50 ml, 1-100 ml, 100-200 ml, 100-500 ml, 100 — 1000
ml or 100-2000 ml of harvested fat. Fat grafting process can be performed as part of a breast
reconstruction procedure or a cosmetic breast revision procedure. Fat grafting process can be
performed as part of a cosmetic body contouring procedure. The method can further include
adapting a portion of the harvesting step or the delivering step to accommodate for a partial
defect at the grafting site. The method can further include adapting a portion of the harvesting
step or the delivering step to accommodate for a scarring from radiated tissue at the grafting site.
The method can further include adapting a portion of the harvesting step or the delivering step to
accommodate for an implant volume inadequacy at the grafting site.
[0008] In general, in one embodiment, a method of performing a fat grafting process on a
patient includes: (1) harvesting an amount of fat from a donor site of the patient into a storage
container; (2) treatment or preparation of the fat in various ways( for example centrifuging,
filtering, gravitational separation, using the Revolve® system )(3) positioning a delivery cannula
into a first portion of a grafting site of the patient; (4) pumping a portion of the amount of fat
directly from the storage container into the first portion of the grafting site of the patient at a rate
of between 100 ml/min to 350 ml/min until a first volume of fat is indicated on a pump used
during the pumping step; and (5) positioning a delivery cannula into a second portion of a
grafting site of the patient; and (6) pumping a second portion of the amount of fat directly from
the storage container into the second portion of the grafting site of the patient at a rate of between

10 ml/min to 350 ml/min until a second volume of fat is indicated on the pump used during the
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pumping step, wherein the pump used during the pumping step is in continuous communication
with the storage container during the positioning a delivery cannula steps.

[0009] In general, in one embodiment, a method of performing a fat grafting process on a
patient includes: (1) harvesting an amount of fat from a donor site of the patient into a collection
canister; (2) treatment or preparation of the fat in various ways( for example centrifuging,
filtering, gravitational separation, using the Revolve® system ),(3) positioning a delivery cannula
into a first portion of a grafting site of the patient; (4) pumping a portion of the amount of fat
directly from the collection canister into the first portion of the grafting site of the patient at a
rate of between 100 ml/min to 350 ml/min until a first volume of fat is indicated by the pump
used during the pumping step; and (5) positioning the delivery cannula into a second portion of a
grafting site of the patient; and (6) pumping a second portion of the amount of fat directly from
the collection canister into the second portion of the grafting site of the patient at a rate of
between 100 ml/min to 350 ml/min until a second volume of fat is indicated by the pump used
during the pumping step, wherein a single piece of tubing passes through the pump used in the
pumping step and connects an outlet of the collection canister to the inlet of the delivery cannula.
[0010] These and other embodiments can include one or more of the following features. The
method can further include operating the pump used in the pumping a portion steps continuously
while performing the positioning the delivery cannula steps. The method can further include
operating the pump used in the pumping a portion step at a first flow rate during the pumping a
portion step and at a second different flow rate during the pumping a second portion step.

[0011] In general, in one embodiment, a method of performing a fat grafting process on a
patient includes: (1) harvesting an amount of fat from a donor site of the patient into a storage
container; (2) treatment or preparation of the fat in various ways( for example centrifuging,
filtering, gravitational separation, using the Revolve® system )( (3) positioning a delivery
cannula into a first port of a grafting site of the patient; (4) pumping a portion of the amount of
fat directly from the storage container into the first port of the grafting site of the patient until a
first volume of fat is indicated on a pump used during the pumping step; and (5) positioning the
delivery cannula into a second port of a grafting site of the patient; and (6) pumping a second
portion of the amount of fat directly from the storage container into the second port of the
grafting site of the patient until a second volume of fat is indicated on the pump used during the
pumping step, wherein the pump used during the pumping step is in continuous communication
with the storage container during the positioning a delivery cannula steps and the total of the first
volume of fat and the second volume of fat is 150 cc or less.

[0012] In general, in one embodiment, a method of performing a fat grafting process on a

patient includes: (1) harvesting an amount of fat from a donor site of the patient into a storage
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container; (2) treatment or preparation of the fat in various ways( for example centrifuging,
filtering, gravitational separation, using the Revolve® system as shown in the views of FIGS.
9A, 9B and 9C )( (3) positioning a delivery cannula into a first port of a grafting site of the
patient; (4) pumping a portion of the amount of fat directly from the storage container into the
first port of the grafting site of the patient until a first volume of fat is indicated on a pump used
during the pumping step; and (5) positioning the delivery cannula into a second port of a grafting
site of the patient; and (6) pumping a second portion of the amount of fat directly from the
storage container into the second port of the grafting site of the patient until a second volume of
fat is indicated on the pump used during the pumping step, wherein the pump used during the
pumping step is in continuous communication with the storage container during the positioning a
delivery cannula steps and the total of the first volume of fat and the second volume of fat is
more than 120 cc.

[0013] These and other embodiments of the closed loop fat pumping method can include one
or more of the following features. The step of pumping a portion of the fat can be performed at a
rate of 10 ml/min to 350 ml/min. The grafting site of the patient can include a portion of the
patient’s face. The grafting site of the patient can include a portion of the patient’s buttocks.

The grafting site of the patient can include a portion of the patient’s breast. The steps can be
performed to accomplish a cosmetic effect at the grafting site. The steps can be performed to
accomplish a reconstructive effect at the grafting site. The steps can be performed to accomplish
a structural revision effect at the grafting site or any other part of the body with a soft tissue
defect of either reconstructive or cosmetic nature, including by way of example, a scar deformity
or other contour abnormality anywhere on the body. The steps can be performed to accomplish a
bilateral breast construction at the grafting site. The steps can be performed as part of a cosmetic
body contouring procedure.

[0014] In general, in one embodiment, a system for closed loop fat harvesting and
continuous fat pumping includes an infiltration pump having operating characteristics for a
tumescent infiltration delivery mode and a fat delivery mode, a length of infusion tubing adapted
for use with the infiltration pump when operating the infiltration pump in the tumescent
infiltration delivery mode, at least one infiltration cannula sized for use with the length of
infusion tubing, a fat harvesting cannula and tubing to connect the fat harvesting cannula to a fat
collection canister, and a length of infusion tubing adapted for use with at least one fat delivery
cannula and with the infiltration pump when operating the infiltration pump in the fat delivery
mode. The fat harvesting may be performed or assisted in its performance with power assisted

liposuction (PALS®)
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[0015] This and other embodiments can include one or more of the following features. The

length of infusion tubing adapted for use with at least one fat delivery cannula can be from 4 to 6
feet. The length of infusion tubing adapted for use with at least one fat delivery cannula can have
a volume of 150 — 200 cc. The fat delivery cannula can have a length between 10 to 15 cm and is
between 12 to 16 gauge. The fat delivery cannula can be a 12 gauge microinjection cannula, a 14
gauge microinjection cannula or a 16 gauge microinjection cannula. The fat harvesting cannula
can be a 2 mm size cannula, 3 mm size cannula, 2 4 mm size cannula or a 5 mm size cannula.
The infiltration pump operating characteristics in the fat delivery mode can be adapted to

perform the methods.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016] Figure 1 is a schematic view of the arrangement of the separate components for the
system and how they are connected together with respect to the flow and direction of the fat
harvesting from the patient to the pump of delivery back to the patient.
[0017] Figure 2: Photograph of a prototype set up in the operating room, top down having a
lipo-aspirate harvesting cannula (large at bottom) and fat introduction cannula (smaller adjacent
to pump) directly attached to tubing. The collection canister is seen top center, and pump
component is on the upper left.
[0018] Figure 3A: Perspective view of prototype of a control flow clamp for hand control of
fat delivery rate.
[0019] Figure 3B: Perspective view of an alternative peristaltic pump to that of FIG. 2 that is
loaded and charged with fat in tubing for transfer.
[0020] Figure 4 is a perspective view, similar to Figure 2, of a operating room set up for
performing the closed loop fat transfer method.
[0021] Figure 5 is a flow chart of an exemplary embodiment of a closed loop high volume
fat transfer method.
[0022] Figure 6A is a perspective view of a fat transfer tube loaded into an infiltration pump
and ready to perform a fat transfer step.
[0023] Figure 6B is a front view of the control panel, display, foot pedal and cable for an
infusion pump.
[0024] Figure 6C is a perspective view of an infusion pump loaded with a length of fat
transfer tubing for fat delivery.
[0025] Figures 7A and 7B illustrate front views of infusion tubing within packaging (FIG.
7B) and prior to modification for use in the fat transfer method (FIG. 7A).
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[0026] Figure 8 is a perspective view of a fat connection canister after or during a fat

harvesting step and shown connected to an end of fat transfer tubing.

[0027] Figures 9A, 9B and 9C are side and top view of a mesh filter, internal propeller and
top connections, respectively, of an alternative fat harvesting canister.

[0028] Figures 10A and 10B are top views of the distal ends of cannulas suited to the fat
delivery method.

[0029] Figures 11A and 11B are top view of the proximal ends of cannulas suite to the fat
delivery method.

[0030] Figures 12A and 12B illustrate close up and prospective views of a fat delivery
cannulas connected to a second end of fat transfer or infusion tubing.

[0031] Figure 13 is a perspective view of a fat delivery cannula connected to a second end of
fat transfer infusion tubing having a clamp to reinforce the connection between the tubing and
the cannula fitting.

[0032] Figures 14A, 14B and 14C are left oblique, frontal and right oblique views
respectively of Patient 1°s preoperative condition.

[0033] Figures 14D, 14E and 14F are left oblique, frontal and right oblique views
respectively of Patient 1°s condition observed at a ---- month post-surgical follow up.

[0034] Figures 15A and 15B are pre-operative frontal and left oblique views, respectively, of
Patient 2.

[0035] Figures 15C and 15D are 3 weeks post-operative follow up frontal and left oblique
views, respectively, of Patient 2.

[0036] Figures 16A, 16B and 16C are views of the right breast of Patient 2 after first cycle
fat gréfting, during external suction expansion process and after external suction and expansion
process.

[0037} Figure 17A is pre-operative oblique view of Patient 2.

[0038] Figure 17B is a left oblique view of Patient 2 after grafting 400 cc fat.

[0039] Figure 17C is a close up view of a portion of the left breast of Patient 2 after
performing external vacuum expansion.

[0040] Figure 18A is a frontal view of Patient 3’s preoperative condition.

[0041] Figure 18B is a frontal view of Patient 3’s condition observed at a 1 month post-
surgical follow up.

[0042] Figures 19A, 19B and 19C are left oblique, frontal and right oblique views
respectively of Patient 4’°s preoperative condition.

[0043] Figures 19D, 19E and 19F are left oblique, frontal and right oblique views

respectively of Patient 4’s condition observed at a 11.5 month post-surgical follow up.
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[0044] Figures 20A, 20B and 20C are left side, frontal and right side views respectively of
Patient 5’s preoperative condition.

[0045] Figures 20D, 20E and 20F are left side, frontal and right side views respectively of
Patient 5°s condition observed at a 12 month post-surgical follow up.

[0046] Figure 21 is a table summarizing patient demographics of patients receiving treatment
according to an embodiment of the closed circuit fat transfer method of FIG. 5.

[0047} Figure 22 is a table summarizing outcomes of the patients discussed in FIG. X1.
[0048] Figures 14A, 14B and 14C (discussed above) are left oblique, frontal and right
oblique views respectively of Patient 1’s preoperative condition (i.e., upper row image panel).
Figures 23A, 23B and 23C are left oblique, frontal and right oblique views respectively of
Patient 1°s condition observed at 8 months post-surgical follow up.

[0049] Figures 19A, 19B and 19C (discussed above) are left oblique, frontal and right
oblique views respectively of Patient 4’s preoperative condition (i.e., upper row image panel).
Figures 24A, 24B and 24C are left oblique, frontal and right oblique views respectively of
Patient 4’s condition observed at 12 months post-surgical follow up.

[0050] Figures 20A, 20B and 20C (discussed above) are left side, frontal and right side
views respectively of Patient 5°s preoperative condition (i.e., upper row image panel). Figures
25A, 25B and 25C are left side, frontal and right side views respectively of Patient 5’s condition

observed at 16 months post-surgical follow up.

DETAILED DESCRIPTION
[0051] In one aspect, there is provided method of harvesting and transferring large volumes
of fat for grafting in a sterile closed circuit system. Embodiments of the inventive method
provide a number of benefits, including:
[0052] a) Saves operating and anesthesia times
[0053] b) Limits spillage and waste of graft tissue
[0054] ¢) Decreases manual force needed
[0055] d) Decreases strain and fatigue on the surgeon’s hands, and
[0056] ¢) Limits air exposure of graft material.
[0057] f) Maintains fat in sterile field throughout entire process.
[0058] Moreover, the system can be built using multiple interchangeable components already
in use in various aspects of fat grafting and fluid transfer, but their cooperative utilization
together as a system operated within particular parameters to increase viability of fat grafts

provides a time and facility benefit greater than the sum of the parts alone.
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[0059] In one specific aspect, the same size, gauge and type of tubing and infusion pump

used during a tumescent infusion step is used to deliver harvested fat. More specifically, an
infusion cannula and infusion tubing is coupled to an infusion pump and used for infiltration of
fluids at the fat harvest site. The fat is harvested into a fat collection container. The fat may be
processed according to a surgeon’s individual preference, as in for example centrifuging,
filtering, gravitational separation, using the Revolve® system. The Revolve® system may be
used in the circuit as the collection canister. Thereafter, a new sterile 4 to 6 foot section of
infusion tubing is connected in reverse orientation to the collection container, threaded through
the same pump used during the infusion step. Thereafter, the infusion pump is operated to
provide continuous, controllable, fat delivery to the fat grafting site via a suitable delivery
cannula.

[0060] In various alternative aspects of this invention elaborates on the construction of a
simple closed loop system for continuous flow harvesting, collection, syphoning, and grafting of
large volumes of fat. As a result, this inventive system of methods uniquely bypass standard
cumbersome and time-consuming process, mainly the need to first transfer fat into individual
syringes prior to grafting into the patient. This method is traditionally done with unmeasured,
manual pressures as generated by a simple plunger syringe. It can be messy and sloppy, with loss
of fat. In contrast, this innovative methods and system presented here simplifies the whole
process into a closed loop, from the patient donor harvest site, and then back to the patient. The
concept is modular, drawing on commonly used, interchangeable parts and pumps present and
available in most basic community hospital operating rooms. The major benefit is a significant
reduction in time to transfer fat from patient donor or site to patient graft site. Additional
advantages include a simplification of the process with less harvested fat air exposure time,
consistent controlled limit on flow pressures, and a simple on off control that can be held in one
hand, or controlled by foot pedal. Still further, the system is adaptable to standard liposuction
and introduction cannulas through standard liposuction tubing and a luer lock connection.
Moreover, the collection canisters are also interchangeable.

[0061] A method of providing high volume fat grafting may be appreciated by reference to
Figures 1,2 and 5. Figure 1 shows a schematic view of an exemplary closed circuit fat transfer
system. FIG. 2 is a perspective view of an actual surgical set up used to practice an embodiment
of the methods described herein. FIG. 2 shows how the harvesting cannula, collection canister,
pump of delivery cannula are connected as one system — harvesting, processing and transfer with
minimal air exposure and short time out side of the patient.

[0062] Figure 5 is a flow chart of an exemplary closed circuit fat harvesting and transfer

method 500. First, at step 505, there is a step of infusing a fat harvesting site of a patient with a
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tumescence fluid using a peristaltic pump. Next, at step 510, there is a step of harvesting an

amount of fat from the fat harvesting site into a fat collection canister. Next, at step 520 there is
a step of connecting a first end of a tube to an outlet of the fat collection canister and a second
end of the tube to a fat delivery cannula. Next, at step 530, there is a step of engaging a portion
of the fat delivery tube between the first end and the second end with the peristaltic pump. Next,
at step 540, there is a step of operating the peristaltic pump to draw fat from the collection
canister through the fate delivery tubing to the fat delivery cannula into a fat delivery site on the
patient. In one alternative embodiment, harvesting step 510 is performed using a cannula
coupled to a handle that induces movement such as variable and controllable vibration or
oscillation in the cannula. In another or the same embodiment, such handle may be used with the
cannula used for fat delivery as in step 540.

[0063] Turning to Figure 1 and step 510, there is a step of Fat Harvesting: This may be done
through a variety of techniques but basically any standard or preferred liposuction cannulas,
connecting the liposuction tubing to a canister reservoir with an outflow luer lock, such as the
JAC cell®, Revolve® by PALS Microaire®, or other sterile collection system.

[0064] In one specific embodiment, a method of harvesting and grafting fat included a super wet
tumescence step whereby 2-3 cc of tumescence fluid was injected into the patient harvesting site
for every planned 1 cc harvested fat. This embodiment is a further specific example of the
performance of steps 505 and 510 of the exemplary closed circuit fat transfer method 500.
[0065] The next step is processing.

[0066] This step may be done through the surgeons preferred technique, depending on the
canister system used. If the JAC cell is used then the aqueous layer is allowed to decant and is
first syphoned off through the luer lock connection. A warmer or heating element may be
provided to maintain the harvested, separated fat at or near body temperature or to overcome
cooling because of ambient conditions in the operating room. These and other variations are
performed as part of harvesting step 510 which, like other steps of the exemplary method 500,
are modified according to a number of practical factors, such as for example, the surgical skill
and preferences of an individual surgeon performing the method as well as the clinical needs and
circumstances of an individual patient receiving the benefits of the inventive method.

[0067] The next step is fat transfer.

[0068] In this step, a length of fat transfer tubing is appropriately threaded through a
peristaltic pump before or after connecting a first end of the tubing to the outflow valve of the fat
collection canister. (see steps 520 and 530) The tubing is shown in Figures 7A and 7B. For
example the Arthrex® Pump with slightly wider bore tubing works well without clogging, but
other tubing as well can be adapted (see, for example, Figures 3B, 4, 6A and 6B). Optionally, the

-9.



10

15

20

25

30

35

WO 2017/189918 PCT/US2017/029952
Byron ‘EZ pump’® tumescent infiltration pump may also be used. The two ends of the fat

delivery tubing remain on the operative field with sterility preserved. The tubing can be directly
connected to the harvesting canister and to most standard fat transfer cannulas. (See FIG. 5 steps
520, 530, and Figures 1, 4, 8, 12A, 12B and 13). Optionally, a flow control clamp (see Figure 3)
on the fat delivery tubing allows the operator manual flow control of the fat and introduction all
with one hand, while the other hand is free to palpate tissue turgor, contour and position of the
recipient bed or breast. Optionally, a babcock clamp or other simple clamp may be used to close
the fat transfer tubing without damage.

[0069] In another embodiment, the foot pedal of the peristaltic pump is used to provide flow
control of the fat thereby leaving both hands free to address fat introduction pattern, palpate
tissue turgor, contour and position of the recipient bed or breast. FIG. 6B is a perspective view
of an exemplary peristaltic pump, foot pedal and control cable.

[0070] Once the delivery tubing is loaded, the pump and tubing appear as shown in the
exemplary set ups of Figures 2 and 4. Figures 3B, 6A and 6C are examples of fat loaded and
flowing through pump. (See FIG. 5 step 540).

[0071] Exemplary cases, indications and techniques for fat grafting using embodiments of
the closed loop pump system are provided below.

[0072] 1) Reconstructive Breast:

[0073] a) Partial defects

[0074] b) Radiated tissue

[0075] ¢) Implant Volume Inadequacy in higher BMI patients

[0076] 2) Cosmetic:

[0077] a) Large volume —eg. Buttock augmentation

[0078] b) Small volume — Facial Rejuvenation

[0079] Exemplary Technique:

[0080] Harvest:

[0081] Tumescent Fluid (ringers lactate with 1 amp bicarb and one 30 ml bottle on lidocaine
with epinephrine 1:100,000 dilution) is infused with Byron EZ pump® with expected ratio to
harvested fat of 2-3 :1. PALS Microaire® hand piece is used for assisted liposuction harvesting.
Harvest cannulas of 3, 4 or 5 mm are used to harvest the fat. Suction is provided using a
Neptune® system with pressures kept below 300 mmHg.

[0082] Collection:

[0083] Fat is collected in either JAC cell® or Revolve® collection systems. A JAC cell®
system is shown connected to an end of fat delivery tubing in Figure 8. With the former

gravitation separates fat from supernatant, with some supernatant left in canister ( 5-10%) to ease
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fluidity of transfer. With the Revolve the fat may be washed with ringer’s lactate solution in the

standard fashion.

[0084] Grafting:

[0085] A second pack of infiltration tubing (i.e., Mentor CG tubing; see for example Figures
7A and 7B) that is used for the tumescent pump is then opened on the field in sterile fashion. The
luer lock end is then attached to the collection system fat effluent gasket or port. The length of
tubing is optimized to minimize pumping length (i.e., distance fat must travel within tubing) and
provide enough maneuvering to reach the patient, which may vary with operating room set up
dimensions, and user preferences. Tubing length from fat collection system outlet to grafting
cannula is, for example, between 4-6 feet. The other tubing end is then fit onto the preferred
injection cannula. Exemplary injection cannulas are 12, 14 or 16 gauge microcannulas. Various
views of exemplary cannulas are provided in Figures 10A, 10B, 11A, 11B, 12A, 12B and 13. In
some instances, a clamp may be attached over the tubing end to microcannula joint to prevent
accidental blow off of the tubing from the cannula and possible loss of fat. In some aspects, the
midpoint or a point spaced from about 1-2 feet from the collection canister, the tubing is then
threaded in reverse fashion into the pump rollers. In some pump embodiments, a foot pedal is
provided to control flow. Flow rates may be adjusted using pump controls or via foot pedal. In
one aspect, fat delivery is initiated at 100ml/min. The pumping rate may be adjusted depending
on fluidity of fat which may change according to the bore of the harvest cannula, the amount of
supernatant left with the fat, room temperature or other factors. In some aspects, one or more
additive components may be incorporated into the harvest site or harvested fat in order to
improve flow characteristics, graft viability, or other factors to improve closed loop fat transfer.
[0086] Sitting the patient upright, with all standard and proper protections is critical to assess
contour changes prior to and during fat transfer. In these exemplary cases patients have both
arms completely wrapped in foam and arm boards held out at 40 degree angles to the bed, and
are also secured with a standard belt to the bed.

[0087] [llustrative Details for Individual Cases:

[0088] a) Reconstructive Breast- Partial Defects

[0089] For smaller volume partial defects or contour deformities: a finer cannula is used for
harvesting fat, ranging in diameter of 3-4 mm. In some instances or for a portion of the
harvesting a larger cannula up to Smm if the overall volume will be larger than 300 ml to 400 ml.
In these cases the standard technique described above is used. If defects at the graft site are not
due to specific scarring or issues of retraction as in radiation, then standard continuous pumping
grafting introduction can be done while adjusting pumping speed or slowing or stopping the

pump for grafting site assessment or manipulation. If the graft site defects are small, finer
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grafting cannulas sized between 14-16 gauge provide smoother transition contour. Additionally,

flow rates can be commenced at lower rates such as 25 or 50 ml/min, and increased as needed,
because smaller increments are needed to achieve a visibly noticeable change in small defect
sites.

[0090] b) Radiated Tissue

[0091] First, the condition of the graft bed is assessed. Often radiated patients have more
significant scarring, with adherence between the dermis and underlying structures that will
impede grafting. Next, regions of adherence or scarring are released as needed to allow space for
grafted fat. In one aspect, a V type dissector is advanced into the graft site and used to both make
space and release skin for expansion to accommodate grafted fat. In these cases one does well to
keep fat finer with harvest and with introduction, by the use of 3mm for harvest and 12 gauge for
introduction. In some embodiments, a patient receiving a continuous fat grafting procedure as
described herein is followed using one or more auxiliary techniques such as external expansion
both pre-op and post op to optimize graft success. Also fat is uniformly spread out through
multiple trajectories, and if needed into muscle as well as subcutaneous planes (see R. Khouri
and BRAVA pump or other similar devices).

[0092] ¢) Implant Volume Inadequacy/Higher BMI patients

[0093] In the case of patient with higher BMIs whose native breast size and proportional
goals may far exceed available implant volumes, fat grafting can be a much lower risk solution
than autogenous tissue and more complex flap surgery with concomitant increase surgical risk
and recovery times. For these larger volume grafts in otherwise healthy and not radiated tissue,
larger cannulas may be used for harvest at 4 or S mm. Also larger introduction cannulas as well
up as is in 10 to 12 gauge. More often seen in large patients with either overzealous or aggressive
mastectomies are upper pole defects, or ‘infraclavicular stepoff” as described by Kanchwala et al.
with sharp transition contours between the ‘breast versus subcutaneous adipose layers’ due to the
significantly larger layer of subcutaneous adipose tissue in the higher BMI patient. In these cases
the pectoralis muscle can be utilized as a well vascularized bed for optimum grafting success and
one or more steps of the continuous pumping grafting method is performed to graft fat into this
region.

[0094] 2) Cosmetic:

[0095] a) Large volume — Buttock Augmentation

[0096] One additional benefit of the inventive methods is efficiency of transferring large
volumes of fat cleanly, with the least amount of waste of both fat and time. Larger cannulas 5

mm for harvesting and introduction with large gauge microcannula selected in the range of 10-12
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gauge. One or more steps of the grafting method are adapted to provide a supra-gluteal approach

while avoiding deep muscular layers so as to prevent accidental intra-vascular fat injection.
[0097] b) Small Volume — Facial Rejuvenation

[0098] Much smaller volumes, in the range of 20-60 cc or in some embodiments in a range
as small as 2-50cc, harvest with smaller 2 mm cannula, inject with fat injection using 14-16
gauge blunt tipped microcannulas. With very low flow rates (10-25 ml/min), in these more finely
detailed cases, the pump allows much more precision. Use of embodiments of the closed loop
continuously pumping graft system provides consistent and controlled flow rates which prevent
accidental over filling of the target graft site.

[0099] Results

[0100] In one exemplary surgical procedure using the harvesting, collection and pumping
system described above, over 700 cc of harvested fat was delivered in 22 minutes as part ofa
graft to complete a bilateral breast reconstruction. The procedure was timed from the completion
of harvesting fat from a patient, the connection of the delivery tubing to the collection canister
and delivery cannula.

[0101] Exemplary procedures were performed with 5 patients using the techniques described
herein including follow up in a range of 2 to 12 months with results described in Appendix A
entitled “A Novel Closed Loop Fat Grafting System for Breast Reconstruction,” and Appendix B
titled “A Novel Closed Loop Fat Grafting System for Breast Reconstruction.”

[0102] Patient 1

[0103] 58 year old female post bilateral mastectomy for left breast DCIS with severe upper
pole hollowing from overly aggressive mastectomy, as well as rippling on leaning forward due to
thin mastectomy flaps. Figures 14A, 14B and 14C (upper row) show pre-op right oblique, frontal
and left oblique views with markings for planned fat grafting and contour defects as described
above. She had no radiation, BMI 28 , and a total of 435 left, 360 cc fat to left breast over 20
minutes. Harvest fat was done from the abdomen with a 4 mm trochar and PALS microaire®
system, infusion was done through combination of 12 and 14 gauge colemann® microcannulas
with a single distal side opening, with an average rate of 150 ml/min, using the Byron EZ®
pump. The lower row of pictures in Figures 14D, 14E and 14F are similar views of Patient 1 at
2.5 months post grafting with good improvement of upper pole hollowing, natural tear drop
shape of breast and smooth slope of upper pole in lateral views compared to irregular divots seen
in the upper preop views.

[0104] Patient 2

[0105] 68 year old female with more complex history. She was referred from another

institution, with a long history of metachronous (two separate) breast cancers. The right had been
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radiated and reconstructed with a large TRAM flap, the left with a latissimus dorsi flap and an

implant. The implant had failed and was removed. She then underwent radiation to complete the
cancer treatment over the LD flap. She was left with a huge discrepancy in volume, and no
available pedicle flaps for transfer. Furthermore she did not wish any more flap surgery or any
more implants. Therefore she underwent a combination of serial fat grafting along with pre and
postoperative external expansion, along the method of Khouri, with both a BRAVA® device and
later a Noogleberry® device. Furthermore, a wound VAC®( KCI) was used to power the pump
aspect of the device because standard pump apparatus was inadequate.

[0106] Initially we tried to expand the left side before fat grafting but her chest wall skin was
too thin and tight and a good seal could not be maintained with the BRAVA device. Therefore
the first grafting was not just to the breast but also to the chest wall. To improve the quality of
the radiated tissue.

[0107] The upper row pictures in Figures 15A and 15B show preoperative frontal and left
oblique preop views and the lower row (Figures 15C, 15D) showing the same views 3 weeks
after 400 cc fat to left breast and chest wall. Note on the lower views of Figures 15C and 15D
show the chest wall is filled out to a flatter wider base. The upper views in Figures 15A and 15B
had firmer thinner, fibrotic tissue which is hard to appreciate visually, but this improved tissue
quality allowed for better application of the external suction device over the breast mound. It can
also be appreciated after just one fat grafting session that the lower pole and upper pole have
greater volume, with the lower pole now showing a more pendulous lower breast.

[0108] In the lower set of views for the same patient, the left side picture (Figure 16A)
shows a frontal view after fat grafting, but before expansion. The central larger picture of Figure
16B shows the amount of expansion from the device over top of the grafted fat in a left oblique
view. Note in the pre-op upper views in Figures 15A and 15B there is a severe scar constriction
horizontally over the breast. During the first surgery, prior to grafting a V dissector was used to
aggressively release as much of this scar and tethering to allow expansion of the envelope and
accommodation of the fat graft. In the lowermost pictures (see Figures 16C, 17C) close up, you
can see how now the skin is now free to expand out almost to the point that the stricture is not
visible. You can see also how the expansion persists after removal of the device.

[0109] Intra-operatively she had fat harvested abdominally, using similar super wet
tumescence protocol, a 4mm harvesting cannula, AJC cell collection and re infiltration at 125
ml/min with a 12 gauge cannula and a Byron EZ pump.

[0110] Patient 3

[0111] 49 year old female with lobular breast cancer T1c who had bilateral mastectomy and

TE/implant based reconstruction. She has some thin flaps in the lower pole, and needed a
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revision to her NAC( nipple areola complex) . She had only 200 cc fat total, 75 cc to her right

breast and 125 to the left, mainly in the lower pole. This was done with a 4mm harvesting
cannula, Byron pump and 12 and 14 gauge injection micro-cannulas, over 15 minutes at an
average of 100 ml/min. The main grafting was done to the bilateral lower poles. Figure 18A is
the pre-op frontal view on the left. Figure 18B, as can be seen in the right picture, is the
postoperative shot at one month, a subtle improved fullness, or rounding out of the lower poles
on both sides. With the best results seen in her right breast lower pole. Her left breast still has
some scar tissue laterally which prevented better graft expansion. She may benefit from an
external expansion device over that aspect to pull out the skin, and more fat after that.

[0112] Patient 4

[0113] 39 yo female with DCIS left who underwent biopsies and ultimately bilateral
mastectomies and reconstruction. Her left breast envelope was asymmetrical to the right. Figures
19A, 19B and 19C are the upper views pre grafting and show a flat, tight slope on the left breast,
especially medially (seen in the left lateral oblique view of Figure 19A), as well as a drooping
lower pole on that side. The lower views of Figures 19D, 19E and 19F are post grafting and
almost 1 year. She also had revision of the left breast skin envelope, revising the skin in the
lower pole to improve the shape. In the views of Figures 19D, 19E and 19F, you can see a more
natural breast appearance with improved volume overall, more projection and fullness to the
lower pole especially on the left breast in the lateral views, and a more pleasing and natural
overall appearance. She has had some gravitational descent of the implants on both sides, but
because of the fat grafting to the upper poles, she has not developed any hollowing or rippling,
and maintains a natural upper pole slope. Her procedure had 325 cc to the left breast and 25 to
the right, a 4mm harvesting cannula, and an Arthrex pump was used with 12 and 14 gauge
cannulas over 20 minutes, with infusion rates up to 200 ml /min.

[0114] Patient 5

[0115] 44 year old female with left breast cancer with nodal mets. She had bilateral
immediate reconstruction with TE and then had radiation over the left breast with the TE in
place. 3 months later she had bilateral implant exchange and fat grafting. The pictures in Figures
20A, 20B and 20C (the upper row) show her post TE and left sided radiation, prior to grafting
and implant exchange. Figures 20D, 20E and 20F (the lower row) show her 1 year post implant
exchange and fat grafting. It is clear that she has still got great improvement in lower pole
contour roundness and overall softening of the shape. The left breast still has some irregular due
to irradiation, with a slight wide V shape to the lower pole, but the patient is very happy with her
reconstructed breasts. You can see also in the upper row pre-op photos of Figures 20A, 20B and

20C, an obvious shadow and scar on her right breast upper medial pole where she had a port-o—
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cath placement for chemotherapy that had been recently removed. In Figures 20D, 20E and 20F,

even one year out, she has persistence of the improved contour under the port scar which was
obtained through grafting fat in that area at the time of exchange.

[0116] Further, in a recent review by Sinno et al’, notes that during fat harvesting procedures
there is now 'good evidence that pumping fat versus syringe action has no difference in fat
survival'. While desiring not to be bound by theory, the methods of high volume fat transfer
described herein are believed to produce similar positive results for survival of pumped fat
techniques for introducing the fat back into the graft site. Moreover, the closed loop system and
methods described herein also enable the unmet need articulated in literature namely that 'fat
should be injected soon after harvesting, as properties of fat begin to change after processing'. As
a result, embodiments of the present high volume closed loop continuous fat pumping system
provide the two-fold utility of more rapid fat delivery without harming the grafted fat and
decreasing the transfer time delay between donor site harvesting to graft site delivery.

[0117] Given success of first five patients we obtained an IRB to analyze outcomes with a
group of successive patients, with a single surgeon, consistent harvesting technique, and consent
for use of a modification of a surgical technique. Explanation was given to patient regarding the
nature of the modification, mechanizing an otherwise manual technique, in order to shorten
operating time. Patients were given option to decline novel variation of technique, but otherwise
it was applied to all patients presenting for grafting. No patient declined. Component times for
infiltration of tumescent, harvesting and fat grafting were recorded, as well as volumes and pump
rates. Patients were followed in usual manner for clinical outcomes, and complications, with
photos taken as per standard protocol. Patients were also followed up by their oncologist and
general surgeon.

[0118] For the remainder of the patients we used more of the Byron EZ pump, and varied use
of the harvest cannulas down to smaller diameters for better fat quality. This was experimented
with because sometimes the fat would get stuck or block in the smaller 14 or 16 gauge
microcannulas, when a 4 mm harvest cannula was used. Thus we experimented with 2, 3 and 4
mm harvest cannulas and 12 and 14 and 16 gauge microcannulas.

[0119] Patient Demographics are provided in Figure 21 and summarized as follows:

[0120] Average age 53(36-69) BMI 28.5 kg/m2 (28-39). There were no smokers. 6 of 15
patients had radiation prior to grafting, and 7 of 27 breasts. 1 patient was diabetic and 5 were
hypertensive.

[0121] Outcomes are provided in Figure 22. The outcomes may be summarized as follows:
[0122] Total mean volume of fat grafted was 407 cc range (200-795) with mean 271 (125-
435¢c) to the left breast and 125(0-360) cc to the right breast. There was a disproportionately
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great number of patients with breast cancer on the left side. 9 patients had left sided disease, two

had bilateral, one prophylactic for BRCA 1 carrier status and only 3 had right sided disease.
Average time to transfer fat was 18.5 minutes (range 15-25), with an average infusion rate of 146
cc/min range (100-250 ml/min). Mean follow up was 6 months, range 1-18 months. Two patients
had minor complication of red breast treated with oral antibiotics only with resolution. One of
these patients later developed a pinhole opening over the exchange scar and underwent washout
and exchange for a new sterile implant with good outcome. One patient developed 2
subcutaneous small granulomas (sub-centimeter) confirmed on ultrasound.

[0123] Additional evidence of clinical and aesthetic long term outcomes has been demonstrated
in 3 separate patients at 8, 12, and 16 months follow up. These three patients are part of the
original five patients discussed above.

[0124] Figures 14A, 14B and 14C (discussed above) are left oblique, frontal and right
oblique views respectively of Patient 1°s preoperative condition (i.e., upper row image panel).
Figures 23A, 23B and 23C are left oblique, frontal and right oblique views respectively of
Patient 1°s condition observed at 8 months post-surgical follow up.

[0125] Figures 19A, 19BV and 19C (discussed above) are left oblique, frontal and right
oblique views respectively of Patient 4’s preoperative condition (i.e., upper row image panel).
Figures 24A, 24B and 24C are left oblique, frontal and right oblique views respectively of
Patient 4’s condition observed at 12 months post-surgical follow up.

[0126] Figures 20A, 20B and 20C (discussed above) are left side, frontal and right side views
respectively of Patient 5°s preoperative condition (i.e., upper row image panel). Figures 25A,
25B and 25C are left side, frontal and right side views respectively of Patient 5’s condition

observed at 16 months post-surgical follow up.

[0127] As seen in the comparison of the pre-operative and follow up images discussed above, all
three patients show significant persistence of grafted fat in lower row follow up photos with

significant maintained improvement over preoperative photos (upper row in each patient view).

[0128] Additional details are provided in U.S. Patent Application Publication No.
US2015/0209565, U.S. Patent Application Publication No. US2005/0084961, U.S. Patent No.
8,632,498, U.S. Patent Application Publication No. US2009/0287190, U.S. Patent Publication
No. 2013/0324966 and U.S. Patent Application Publication No. 2012/0253317, as well as in
these references:

[0129] 1. Spear SL, Wilson HB, Lockwood MD. Fat injection to correct contour deformities in the
reconstructed breast. Plast Reconstr Surg. 2005; 116:1300-1305.

[0130] 2. Coleman SR, Saboeiro AP. Fat grafting to the breast revisited: Safety and efficacy. Plast
Reconstr Surg. 2007; 119:775-785;
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[0131] 3. Delay E, Garson S, Tousson G, Sinna R. Fat injection to the breast: Technique, results, and

indications based on 880 procedures over 10 years. Aesthet Surg J. 2009; 29:360--376.

[0132] 4. Khouri RK, Rigotti G, Cardoso E, Khouri RK Jr, Biggs TM. Megavolume autologous fat
transfer: Part I: Theory and Principles. Plast Reconstr Surg. 2014;133:550-557.

[0133] 5. Khouri, Roger K. M.D.; Rigotti, Gino M.D.; Cardoso, Eufemiano M.D.; Khouri, Roger K.
Jr. B.S.; Biggs, Thomas M. M.D. Megavolume Autologous Fat Transfer: Part II. Practice and Techniques.
Plast Reconstr Surg. 2014; 133:1369-1377.

[0134] 6. Khouri, Roger K., Jr., BS, Khouri, Raoul-Emil R., Lujan-Hernandez, Jorge R., et al,
“Diffusion and Perfusion: The Keys to Fat Grafting,” Plast Reconstr Surg Glob Open. 2014 Sep;
2(9):¢220, published online 2014 Oct 7.

[0135] 7. Sinno S, Wilson S, Brownstone N, Levine SM. Current Thoughts on Fat Grafting: Using
the Evidence to Determine Fact or Fiction. PRS 2016 Mar;137(3):818-24.

[0136] 8. Kanchwala SK, Glatt BS, Conant EF, Bucky LP. Autologous fat grafting to the
reconstructed breast: The management of acquired contour deformities. Plast Reconstr Surg.
2009;124:409418.

[0137] As will be appreciated by considering the details of the various embodiments
described herein, the inventive closed loop, continuous pumping fat grafting system provides a
number of advantages over conventional syringe based or small volume transfer systems.
Conventional manual systems require additional handling steps to load syringes or other
equipment while the inventive system pumps directly from the harvested fat storage container to
the grafting site using a single tube. The inventive pumping system provides for single hand
operation without tiresome mechanical actuation required by syringe delivery. Advantageously,
the inventive closed loop continuous pumping system provides real time response via foot pedal
or flow control valve or clip in order to increase, decrease, pause or resume pumping action in
response to real time user assessment including visual observations, measurements, tactile
responses or manipulations of the grafting site, depending upon procedure. Advantageously, the
inventive system reduces the need for equipment by employing the same size tubing and infusion
pump for the initial tumescent infiltration step as for the later fat deliver step. In one aspect, the
operating parameters of the pump have preset limits or ranges of operation for use during
infusion and another set of preset limits or ranges of operation for use during fat delivery. It is to
be appreciated that selection of roller and tubing materials, adjustments to roller speed, tubing
properties and roller-tubing hardness may be optimized to minimize or reduce shear or other
forces imparted to pumped fat while still providing sufficient or desired tumescent infusion
properties or pumping characteristics. As a result, aspects of the inventive closed loop fat

transfer system may use the same pump with different operating characteristics for both the
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infusion step as well as for the fat delivery step thereby further increasing the efficiency of fat

harvesting and transfer operations.

[0138] When a feature or element is herein referred to as being “on” another feature or
element, it can be directly on the other feature or element or intervening features and/or elements
may also be present. In contrast, when a feature or element is referred to as being “directly on”
another feature or element, there are no intervening features or elements present. It will also be
understood that, when a feature or element is referred to as being “connected”, “attached” or
“coupled” to another feature or element, it can be directly connected, attached or coupled to the
other feature or element or intervening features or elements may be present. In contrast, when a
feature or element is referred to as being “directly connected”, “directly attached” or “directly
coupled” to another feature or element, there are no intervening features or elements present.
Although described or shown with respect to one embodiment, the features and elements so
described or shown can apply to other embodiments. It will also be appreciated by those of skill
in the art that references to a structure or feature that is disposed “adjacent” another feature may
have portions that overlap or underlie the adjacent feature.

[0139] Terminology used herein is for the purpose of describing particular embodiments
only and is not intended to be limiting of the invention. For example, as used herein, the singular
forms “a”, “an” and “the” are intended to include the plural forms as well, unless the context
clearly indicates otherwise. It will be further understood that the terms “comprises” and/or
“comprising,” when used in this specification, specify the presence of stated features, steps,
operations, elements, and/or components, but do not preclude the presence or addition of one or
more other features, steps, operations, elements, components, and/or groups thereof. As used
herein, the term “and/or” includes any and all combinations of one or more of the associated
listed items and may be abbreviated as “/”.

% ¢ VRN 11

[0140] Spatially relative terms, such as “under”, “below”, “lower”, “over”, “upper” and the
like, may be used herein for ease of description to describe one element or feature’s relationship
to another element(s) or feature(s) as illustrated in the figures. It will be understood that the
spatially relative terms are intended to encompass different orientations of the device in use or
operation in addition to the orientation depicted in the figures. For example, if a device in the
figures is inverted, elements described as “under” or “beneath” other elements or features would
then be oriented “over” the other elements or features. Thus, the exemplary term “under” can
encompass both an orientation of over and under. The device may be otherwise oriented (rotated
90 degrees or at other orientations) and the spatially relative descriptors used herein interpreted
»

accordingly. Similarly, the terms “upwardly”, “downwardly”, “vertical”, “horizontal” and the

like are used herein for the purpose of explanation only unless specifically indicated otherwise.
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[0141] Although the terms “first” and “second” may be used herein to describe various

features/elements (including steps), these features/elements should not be limited by these terms,
unless the context indicates otherwise. These terms may be used to distinguish one
feature/element from another feature/element. Thus, a first feature/element discussed below
could be termed a second feature/element, and similarly, a second feature/element discussed
below could be termed a first feature/element without departing from the teachings of the present
invention.

[0142] Throughout this specification and the claims which follow, unless the context
requires otherwise, the word “comprise”, and variations such as “comprises” and “comprising”
means various components can be co-jointly employed in the methods and articles (e.g.,
compositions and apparatuses including device and methods). For example, the term
“comprising” will be understood to imply the inclusion of any stated elements or steps but not
the exclusion of any other elements or steps.

[0143] As used herein in the specification and claims, including as used in the examples and
unless otherwise expressly specified, all numbers may be read as if prefaced by the word “about”
or “approximately,” even if the term does not expressly appear. The phrase “about” or
“approximately” may be used when describing magnitude and/or position to indicate that the
value and/or position described is within a reasonable expected range of values and/or positions.
For example, a numeric value may have a value that is +/- 0.1% of the stated value (or range of
values), +/- 1% of the stated value (or range of values), +/- 2% of the stated value (or range of
values), +/- 5% of the stated value (or range of values), +/- 10% of the stated value (or range of
values), etc. Any numerical values given herein should also be understood to include about or
approximately that value, unless the context indicates otherwise. For example, if the value “10”
is disclosed, then “about 10” is also disclosed. Any numerical range recited herein is intended to
include all sub-ranges subsumed therein. It is also understood that when a value is disclosed that
“less than or equal to” the value, “greater than or equal to the value” and possible ranges between
values are also disclosed, as appropriately understood by the skilled artisan. For example, if the
value “X” is disclosed the “less than or equal to X as well as “greater than or equal to X” (e.g.,
where X is a numerical value) is also disclosed. It is also understood that the throughout the
application, data is provided in a number of different formats, and that this data, represents
endpoints and starting points, and ranges for any combination of the data points. For example, if
a particular data point “10” and a particular data point “15” are disclosed, it is understood that
greater than, greater than or equal to, less than, less than or equal to, and equal to 10 and 15 are

considered disclosed as well as between 10 and 15. It is also understood that each unit between

=20 -



10

15

20

WO 2017/189918 PCT/US2017/029952
two particular units are also disclosed. For example, if 10 and 15 are disclosed, then 11, 12, 13,

and 14 are also disclosed.

[0144] Although various illustrative embodiments are described above, any of a number of
changes may be made to various embodiments without departing from the scope of the invention
as described by the claims. For example, the order in which various described method steps are
performed may often be changed in alternative embodiments, and in other alternative
embodiments one or more method steps may be skipped altogether. Optional features of various
device and system embodiments may be included in some embodiments and not in others.
Therefore, the foregoing description is provided primarily for exemplary purposes and should
not be interpreted to limit the scope of the invention as it is set forth in the claims.

[0145] The examples and illustrations included herein show, by way of illustration and not of
limitation, specific embodiments in which the subject matter may be practiced. As mentioned,
other embodiments may be utilized and derived there from, such that structural and logical
substitutions and changes may be made without departing from the scope of this disclosure.
Such embodiments of the inventive subject matter may be referred to herein individually or
collectively by the term “invention” merely for convenience and without intending to voluntarily
limit the scope of this application to any single invention or inventive concept, if more than one
is, in fact, disclosed. Thus, although specific embodiments have been illustrated and described
herein, any arrangement calculated to achieve the same purpose may be substituted for the
specific embodiments shown. This disclosure is intended to cover any and all adaptations or
variations of various embodiments. Combinations of the above embodiments, and other
embodiments not specifically described herein, will be apparent to those of skill in the art upon

reviewing the above description.
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CLAIMS

What is claimed is:
1. A method of performing a fat grafting process on a patient, comprising:
harvesting an amount of fat from a donor site of the patient; and
delivering a portion of the amount of fat into a grafting site of the patient at a rate of

between 100 ml/min to 150 ml/min for at least 5 minutes.

2. The method of claim 1 further comprising:
delivering a second portion of the amount of fat into a second grafting site of the patient

at a rate of between 100 ml/min to 150 ml/min for at least 5 minutes.

3. The method of claim 1 wherein the amount of fat from the harvesting step is retained in a
storage container and the delivering step is performed by pumping the fat from the storage

container directly to the grafting site.

4. The method of claim 1 wherein the portion of the amount of fat is 700 cc and the

delivering step is less than 22 minutes.

5. The method of claims 1-4 wherein the grafting site and the second grafting site are on a
breast.
6. The method of claims 1-4 wherein the grafting site is on a right breast and the second

grafting site is on a left breast.

7. The method of claims 1-6 wherein the harvesting an amount is between about 1-5 ml, 1-

50 ml, 1-100 ml, 100-200 ml, 100-500 m1, 100 — 1000 ml or 100-2000 ml of harvested fat.

8. The method of claims 1-7 wherein fat grafting process is performed as part of a breast

reconstruction procedure or a cosmetic breast revision procedure.

9. The method of claims 1-7 wherein fat grafting process is performed as part of a cosmetic

body contouring procedure.

10.  The method of claims 8 or 9 further comprising adapting a portion of the harvesting step

or the delivering step to accommodate for a partial defect at the grafting site.
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11.

The method of claims 8 or 9 further comprising adapting a portion of the harvesting step

or the delivering step to accommodate for a scarring from radiated tissue at the grafting site.

12.

The method of claims 8 or 9 further comprising adapting a portion of the harvesting step

or the delivering step to accommodate for an implant volume inadequacy at the grafting site.

13.

14.

A method of performing a fat grafting process on a patient, comprising:

harvesting an amount of fat from a donor site of the patient into a storage container;

positioning a delivery cannula into a first portion of a grafting site of the patient;

pumping a portion of the amount of fat directly from the storage container into the first
portion of the grafting site of the patient at a rate of between 10 ml/min to 350 ml/min
until a first volume of fat is indicated on a pump used during the pumping step;

positioning a delivery cannula into a second portion of a grafting site of the patient; and

pumping a second portion of the amount of fat directly from the storage container into the
second portion of the grafting site of the patient at a rate of between 10 ml/min to 350
ml/min until a second volume of fat is indicated on the pump used during the
pumping step, wherein the pump used during the pumping step is in continuous
communication with the storage container during the positioning a delivery cannula

steps.

A method of performing a fat grafting process on a patient, comprising:

harvesting an amount of fat from a donor site of the patient into a collection canister;

positioning a delivery cannula into a first portion of a grafting site of the patient;

pumping a portion of the amount of fat directly from the collection canister into the first
portion of the grafting site of the patient at a rate of between 10 ml/min to 350 ml/min
until a first volume of fat is indicated by the pump used during the pumping step; and

positioning the delivery cannula into a second portion of a grafting site of the patient; and

pumping a second portion of the amount of fat directly from the collection canister into
the second portion of the grafting site of the patient at a rate of between 10 ml/min to
350 ml/min until a second volume of fat is indicated by the pump used during the
pumping step, wherein a single piece of tubing passes through the pump used in the
pumping step and connects an outlet of the collection canister to the inlet of the

delivery cannula.
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15.

The method of claims 13 or 14 further comprising operating the pump used in the

pumping a portion steps continuously while performing the positioning the delivery cannula

steps.

16.

The method of claims 13 or 14 further comprising operating the pump used in the

pumping a portion step at a first flow rate during the pumping a portion step and at a second

different flow rate during the pumping a second portion step.

17.

18.

A method of performing a fat grafting process on a patient, comprising:

harvesting an amount of fat from a donor site of the patient into a storage container;

positioning a delivery cannula into a first port of a grafting site of the patient;

pumping a portion of the amount of fat directly from the storage container into the first

port of the grafting site of the patient until a first volume of fat is indicated on a pump

used during the pumping step;

positioning the delivery cannula into a second port of a grafting site of the patient; and

pumping a second portion of the amount of fat directly from the storage container into the
second port of the grafting site of the patient until a second volume of fat is indicated
on the pump used during the pumping step, wherein the pump used during the
pumping step is in continuous communication with the storage container during the
positioning a delivery cannula steps and the total of the first volume of fat and the

second volume of fat is 150 cc or less.

A method of performing a fat grafting process on a patient, comprising:

harvesting an amount of fat from a donor site of the patient into a storage container;

positioning a delivery cannula into a first port of a grafting site of the patient;

pumping a portion of the amount of fat directly from the storage container into the first

port of the grafting site of the patient until a first volume of fat is indicated on a pump

used during the pumping step; and

positioning the delivery cannula into a second port of a grafting site of the patient; and

pumping a second portion of the amount of fat directly from the storage container into the
second port of the grafting site of the patient until a second volume of fat is indicated
on the pump used during the pumping step, wherein the pump used during the
pumping step is in continuous communication with the storage container during the
positioning a delivery cannula steps and the total of the first volume of fat and the

second volume of fat is more than 120 cc.
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19.  The method of performing a fat grafting process on a patient of claims 17 or 18 wherein

the step of pumping a portion of the fat is performed at a rate of 100 ml/min to 350 ml/min.

20.  The method of performing a fat grafting process on a patient of claims 17 or 18 wherein

the grafting site of the patient comprises a portion of the patient’s face.

21. The method of performing a fat grafting process on a patient of claims 17 or 18 wherein

the grafting site of the patient comprises a portion of the patient’s buttocks.

22.  The method of performing a fat grafting process on a patient of claims 17 or 18 wherein

the grafting site of the patient comprises a portion of the patient’s breast.

23.  The method of performing a fat grafting process on a patient of claims 17 or 18 wherein

the steps are performed to accomplish a cosmetic effect at the grafting site.

24.  The method of performing a fat grafting process on a patient of claims 17 or 18 wherein

the steps are performed to accomplish a reconstructive effect at the grafting site.

25.  The method of performing a fat grafting process on a patient of claims 17 or 18 wherein

the steps are performed to accomplish a structural revision effect at the grafting site.

26.  The method of performing a fat grafting process on a patient of claims 17 or 18 wherein

the steps are performed to accomplish a bilateral breast construction at the grafting site.

27.  The method of performing a fat grafting process on a patient of claims 17 or 18 wherein

the steps are performed as part of a cosmetic body contouring procedure.

28.  The methods of any of claims 1-27 further comprising manipulating or treating at least a

portion of the amount of fat from a harvesting step.

29.  The method of claim 28 wherein a step of manipulating or treating comprises one or
more of a step of centrifuging harvested fat;
a step of filtering harvested fat;

a step of gravitational separation of harvested fat;
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or a step of mixing harvested fat;
or a step of incorporating one or more substances into harvested fat helpful to ensuring
viability of fat cells for the pumping process or for survival after a grafting process.
30.  The method of any of claims 1-29 further comprising the step of using a length of tubing
of similar size and characteristics as is used in a pumping fat step with the same pump used for a
pumping fat step for delivery of an amount of tumescent fluid before performing a harvesting an
amount of fat step.
31. A system for closed loop fat harvesting and continuous fat pumping, comprising:
an infiltration pump having operating characteristics for a tumescent infiltration delivery
mode and a fat delivery mode;
a length of infusion tubing adapted for use with the infiltration pump when operating the
infiltration pump in the tumescent infiltration delivery mode;
at least one infiltration cannula sized for use with the length of infusion tubing;
a fat harvesting cannula and tubing to connect the fat harvesting cannula to a fat
collection canister; and
a length of infusion tubing adapted for use with at least one fat delivery cannula and with

the infiltration pump when operating the infiltration pump in the fat delivery mode.

32.  The system of claim 31 wherein the length of infusion tubing adapted for use with at least

one fat delivery cannula is from 4 to 6 feet.

33.  The system of claim 31 wherein the length of infusion tubing adapted for use with at least

one fat delivery cannula has a volume of 150 — 200 cc.

34.  The system of claim 31 wherein the fat delivery cannula has a length between 10 to 15

cm and is between 12 to 16 gauge.

35.  The system of claim 31 wherein the fat delivery cannula is a 12 gauge microinjection

cannula, a 14 gauge microinjection cannula or a 16 gauge microinjection cannula.

36.  The system of claim 31 wherein the fat harvesting cannula is a 2 mm size cannula, a 3

mm size cannula, a 4 mm size cannula or a 5 mm size cannula.

37.  The system of claim 31 wherein the length of infusion tubing adapted for use with a least

one fat delivery cannula has a volume of less than 170cc.
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38.  The system of any of claims 31 to 37 wherein the infiltration pump operating

characteristics in the fat delivery mode are adapted to perform the methods according to any of

claims 1-30.

227 -



WO 2017/189918 PCT/US2017/029952

1/22

> VACUUM

HARVEST
CANNULA

LUER LOCK
PATIENT
INJECTION
CANNULA
PERISTALTIC PUMP

0 -350mmHg

HARVEST CANNISTER

PERISTALTIC PUMP

\
LUER LOCK/

CANNISTER OQUTLET

FAT INJECTION TUBING



PCT/US2017/029952

WO 2017/189918

2/22

FIG. 3A

PERISTALTIC

FAT DELIVERY TUBING

3B

FIG



WO 2017/189918

3/22

FAT COLLECTION CANNISTER

PCT/US2017/029952

PERISTALTIC PUMP

|
| 'W\

S22 |

[ v [ Tam U

[ oo T T | WO

S\ \ N\ ___i /
)

FAT — |
DELIVERY —
TUBING

ASSISTED FAT
HARVESTING
CANNULA

- FAT
HARVESTING
TUBING

T
FAT DELIVERY CANNULA

FIG. 4



WO 2017/189918

FIG. 5

PCT/US2017/029952

4/22

W
o

505

Infusing a fat harvesting site of a patient with a
tumescence fluid using a pulsatile pump

510

Harvesting an amount of fat from the fat harvesting |
site into a fat collection canister

520

Connecting a first end of a tube to an outlet of the fat collection
canister and a second end of the tube to a delivery cannula

530

Engaging a portion of the tube between the first
end the second end with the peristaltic pump

340

Operating the pulsatile pump to draw fat from the fat
collection canister through the through the delivery
cannula into a fat delivery site on the patient




WO 2017/189918

PCT/US2017/029952

FAT DELIVERY TUBING

_— INFILTRATION PUMP
ROLLERS ENGAGING
FAT DELIVERY
TUBING

FOOT PEDAL

__ PUMP
CONTROL CABLE 7

DISPLAY

FLOW CONTROL PANEL

N
%- INFILTRATION PUMP

PUMP WITH FAT

" TUBING -

FAT TO PATIENT

o FATFROM CANNISTER

ENGAGED WITH
PUMPIROLLERS

FIG. 6C



TUBING IN FULL
12.5' LENGTH

TUBING IN
STERILE
PACKAGING




WO 2017/189918 PCT/US2017/029952

7122
o)) |
»
\ “ JAC CELL BRAND
1\ |_— FAT COLLECTION
o g.b' CANISTER
~ HARVESTED FAT
§
g CONNECTION
I
FAT TRANSFER TUBING
FIG. 8

REVOLVE™ COLLECTION CANISTER

MESH FILTER PROPELLER TOP VIEW OF SYRINGE EXTRACTION

FIG. 9A FIG. 9B FIG. 9C



WO 2017/189918 PCT/US2017/029952

8/22
__BLUNTENDTIP
EXEMPLARY 12, 14 AND 15
GAUGE MICRO CANNULAS
BLUNT END TIP
|
FIG. 10A FIG. 10B

=
XRR

RSN
SRERILK

R O IRRIR K
0.0‘0’0’0

%%
S :::
sl
%8
X4

RS
55

TUBING % TUBING

FIG. 11A FIG. 11B

: N
T
>
l FAT DELIVERY l FAT DELIVERY



WO 2017/189918 PCT/US2017/029952

FAT TUBING

CANNULA
CONNECTED TO
FAT TUBING

FIG. 12B



WO 2017/189918

PCT/US2017/029952

10/22

FAT TRANSFER TUBING

CLAMP APPLIED TO
TUBING - CANNULA
CONNECTION -
EXAMPLE: BABCOCK
CLAMP

FAT DELIVERY CANNULA

FIG. 13



11722

PCT/US2017/029952

WO 2017/189918

M3IA 3NDING0 1HOIY

YT 'Ol

vT 'Ol

M3IN TVINOYS

av1 ‘o

art ‘S

4314V

M3IA 3NDING0 1437

Vv1 'Ol

340434

dN MOT104 SHINOW SZ T | N3] 1Vd



PCT/US2017/029952

12 /22

WO 2017/189918

JST 'Old
ast 'oid

4314V

M3IA 3N0IN90 L1431 M3IA TVLNOUH

4sT 'O VST ‘O

3d043d

do1sod s¥3ame 7 | N3|1Vd



13/22

PCT/US2017/029952

WO 2017/189918

30V1d NI 3D0IA3d
3DIA3A NOISNVdX3 NOISNVdX3 TVNY31X3

TVNY3LX3 40 TVAOWIY 4314V

491 Ol

V91 'Oi4

"UoISUBRdXa UOIIINS [BUISIXD 103} SUIMOYS MOU pue 22
00+ Suiljes8 1e) a|oAd 1541} Js1je ausy ‘uolielpel ‘ql “weidwi pajiey 7 | NI |1VYd



14 /22

PCT/US2017/029952

WO 2017/189918

941 'O

30IA3d NOISNVdXd
TVNH31X3 40 TVAOWIY 4314V

/(1 'Ol

18} 90 00v "3ld4v

340439

VLT 'Ol

NOISNVdX3 INNNIOVA TVNEILXd 40 194444 - ¢ LNJ|1Vvd



2
WO 2017/189918 1572 PCT/US2017/029952

o
gg Y]
— =
U] <
e
z
>
o
<
=
o
o
L
o
<
2 Q
) =
.

PATIENT 3 1 MONTH FoLLOwW uP



16 /22
PCT/US2017/029952

WO 2017/189918

161 'Ol

M3IA 3N0DIT90 LHOIY
J6T 'Ol

16T 'O

M3IA TVINOYS
g6T 'Ol

aet 'S

M3IA 3N0DIT90 1431
V6T Oid

340439

dN MOTIO4 HINOW STT ¢ | N3 | 1Wd



PCT/US2017/029952

17 122

WO 2017/189918

40C 'Sld

M3IA 30QIS LHOIY

J0¢ "Old

30Z 914

M3IIA TVINOYS

g0¢ 'Old

3dIS 1437 OL NOILVIAVHY

aoc i

L ENE LY

M3IA 34IS 1437

V0Oc¢ 'Sid

 [EE[eEEE

/ dN MOTIO4 HINOW ZT G | N T 1Vd



PCT/US2017/029952

181722

WO 2017/189918

T¢ 'Sl4
sjuaijed GT JO G uoISualadAH
siseaiq /7407 ST 40 udned T ss19qeIQ
s1seaiq /7 40 / syuaned GT Jo 9 uolleipey
| suou | suou  siows
W/3 6€-8C ZW/3 58T NG
; siedh 69-6¢ . ke 28y

S1SV3IYG /T ‘SINIILVC ST ‘SOILSIYILOVEVYHD INTILVd



PCT/US2017/029952

191722

WO 2017/189918

¢ 'Old

syjuow §1-T

Syjuow 9

dn moj|jo4

; juswaoejdal/inoysem
juejdwi JAAO JeIS Ul 3|0y Uld:

 sisealq /2 jot

. .‘_mco_umu__o_rcougo_m_\/_

SJ1301qIuUe |eJo X ewayiAig

sisealq /z 4o ¢

suolnedijdwo)) Joulip

uIw/29 05Z-00T

ulw /20 gy T

218y UOISNyU|

saINUIW GZ-ST

seInuIW G'8T

2209€-0 1Y81Y 29 GEY-SCT Y91
| 22 §6£-00C |e30L

20 GZT WB1Y 9 T/LT Y21
2 [0V |e10L

184 J9jSsuel] 031 dwi]

payess ,mE,:,_o> |e1o]

IDNVY | NVIA3IN

SANOILNO



PCT/US2017/029952

20/22

WO 2017/189918

J€C 'Old

M3IA 3N0INF0 LHOMY

YT 'Old

9¢¢ 'O

M3IN TVLNOYS

avT 'Ol

Ve 'Ol

M3IA 3NDI190 L4717

v¥1T 'O

340439

dN MOTI04 SHINOW 8 T | NJ|1Vd



PCT/US2017/029952

21/22

WO 2017/189918

v 'Ol

M3IA 3IN0DINF0 LHOIY
26T 'Ol

9z 'Ol V¥ 'Old

4314V

M3IIATVINOHYS M3IA 3NDIT90 1431
96T 'Ol V6T 'O

340449

LHOI 012D SZ14310L2000€ N MOTT104 ¥VIA T ._V |_|Z m :1/\&



22 /22

PCT/US2017/029952

WO 2017/189918

J8¢ 'O

M3IA 3NDITE0 LHOIY

J0C '9l4

45¢ 'Old

M3IIA TVINOUYS

40 'Ol

VSsc 'O

M3IA 3N0DIT90 1431

v0¢ 'Sid

d MOTIO4 HINOW ST G

4314V

340439

IN4l1vd



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US17/29952

A,

iPC
CpPC

CLASSIFICATION OF SUBJECT MATTER
- A81M 1/00, 5/00 (2017.01)

) AB1M 1/0094, 1/0005, 1/0056, 1/0058, 5/00

According to International Patent Classification (IPC) or to both national classification and IPC

B.

FIELDS SEARCHED

See Search History document

Minimum documentation searched (classification system followed by classification symbols)

See Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

See Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A US 2008/0167613 A1 (KHOURI RK et al.) July 10, 2008; abstract; paragraphs [0022]-[0023], 1-6, 31-37
[0025)

A US 2013/0158515 A1 (AUSTEN, JR., WG) June 20, 2013; paragraphs [0008]-{0009], [0158]; 1-6, 13-16
claims 1,3

A US 2011/0313345 A1 (SCHAFER, ME) December 22, 2011; paragraphs [0029]-[0030), {0037], [1-6, 13-27
[0040)-[0041]

A US 5472416 A (BLUGERMAN, GS et al.) December 5, 1995; abstract; figure 1; column 4, lines | 13-27
50-57; claim 1

A US 2013/0150825 A1 (RIMSA, J et al.) June 13, 2013; figures 1A, 1C, 1D, 36A, 36B, 54; 17-27, 31-37
paragraphs {0012), [0105), [0186])-[0108], {0122], [0167], {0183)-{0185], {0223],

A US 2004/0260232 A1 (CIMINO, WW) December 23, 2004; figure 1; paragraphs {0014}, [0017], (31-37
[0020]

D Further documents are listed in the continuation of Box C.

D See patent family annex.

*

“p”
“g»

«L”

“«Q”

«p»

Special categories of cited documents:

document defining the general state of the art which is not considered
to be of particular relevance

earlier application or patent but published on or after the international
filing date

document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

document referring to an oral disclosure, use, exhibition or other
means

document published prior to the international filing date but later than
the priority date claimed

wp

wyn

wyn

“&”

later document published after the international filing date or priority
date and not in conflict with the apﬁllcauon but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

Date of the actual completion of the international search

10 July, 2017 (10.07.2017)

Date of mailing of the international search report

O1AUG 2017

Name and mailing address of the ISA/

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Authorized officer

Shane Thomas

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT International application No.

PCT/US17/29952

Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. I:I Claims Nos.:

beeausce they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the interational application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. Claims Nos.: 7-12, 28-30 and 38
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. [:, As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. [:l As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - wo-search-report
	Page 52 - wo-search-report

