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(57) ABSTRACT

A system and method for holding a cutting tool at a
predetermined distance from a defined cutting surface to
prepare a tissue flap of substantially uniform thickness for
optimal viability. A tissue holder plate having a vacuum
chamber is provided to stabilize the tissue mass, and a
cutting tool holder and guide plate restrict the movement of
the cutting tool with respect to the tissue holder plate.
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SYSTEMS AND METHODS FOR PREPARING
TISSUE FLAPS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 15/023,248 filed Mar. 18, 2016, which
is the National Stage Application of PCT/US2014/056889
filed Sep. 23, 2014, which claims the benefit of U.S.
Provisional Patent Application 61/881,482 filed Sep. 24,
2013. The contents of these applications are hereby incor-
porated by reference as set forth in their entirety herein.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH

[0002] N/A

BACKGROUND OF THE INVENTION

[0003] The present invention relates to systems and meth-
ods for preparing a tissue flap from a tissue mass. More
particularly, the invention relates to a system for preparing
the tissue flap using a tissue holder plate to stabilize the
tissue mass and a guide plate for translating a cutting tool in
a predefined plane.

[0004] Tissue flaps are used and produced in many types
of surgical procedures, particularly reconstructive surgery in
a variety of indications to correct a multitude of tissue
defects. For example, flaps may be used to cover (or can be
created by incision in) a variety of wounds or resurface scars
in the head, neck, extremities, and trunk or they may be
employed to cover exposed tendons, bones, or major blood
vessels. Tissue flaps may be used about the face where color
match and contour are important or they may be used to
close wounds having a poor blood supply as where wound
circulation would not support a skin graft. A tissue flap
traditionally refers to skin and subcutaneous tissue (or
muscle, bone, or other tissue) along with the entire vascular
plexuses, thereby bringing a large supply of tissue and an
intact blood supply to the site of injury. Modern surgical
techniques have expanded the traditional definition of a
tissue flap to encompass free, microvascular flaps that may
be anastomosed to an existing blood supply at or near the
site of injury.

[0005] Tissue flaps are also produced during surgery. For
example, tissue flaps are produced during breast reconstruc-
tion surgery wherein skin, fat, and the rectus muscle from
the abdomen are removed and re-located to the chest to
make the new breast. Similarly, tissue flaps can be produced
temporarily during surgical procedures wherein surgical
incisions are made in a patient.

[0006] Preparation of tissue flaps for the above mentioned
surgeries require separation of tissue layers often across not
well-defined anatomical planes using a cutting tool, such as
a scalpel or an electrosurgical tool. Particularly when thin
tissue flaps need to be developed, frechand surgical tech-
niques commonly result in an inconsistent tissue flap thick-
ness, leading to localized damage of blood supply and
related healing complications. One non-limiting example of
tissue flap preparation is the separation of skin and thin
subcutaneous tissue from breast tissue during mastectomy,
where the goal is to preserve viable skin for proper healing
and reconstruction. When performed inaccurately, the result-
ing and often extensive skin necrosis results in prolonged
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healing and less effective reconstruction, often necessitating
additional operations, and ultimately increasing the cost of
care.

[0007] Therefore, there is a need for systems and methods
to improve the creation and use of tissue flaps, for example,
to improve the consistency of tissue flap creation.

SUMMARY OF THE INVENTION

[0008] The present invention overcomes the aforemen-
tioned drawbacks by providing a system and method to
move a cutting tool within the bounds of a predetermined
tissue plane so that the prepared tissue flap is of substantially
uniform thickness for optimal viability. In particular, the
present invention provides a tissue holder to stabilize, for
example, the outer surface of the skin, and a tool holder and
guide that restricts the movement of the cutting instrument
with respect to the tissue holder.

[0009] In accordance with one aspect of the invention, a
surgical device for preparing a tissue flap from a tissue mass
1s disclosed. The surgical device may include a guide plate
having a planar slot or a peripheral ridge that surrounds the
guide plate. The surgical device may further include a tissue
holder plate defining a vacuum chamber configured to
securely hold the tissue mass a predetermined distance from
and orientation to the guide plate. A support handle may be
coupled between the guide plate and the tissue holder plate.
Additionally, a tool holder may be configured to receive a
cutting tool for cutting the tissue flap from the tissue mass.
The tool holder includes a tool holder plate coupled to a
base. The tool holder plate may be dimensioned to engage
the guide plate and translate or rotate within the peripheral
ridge or slot to restrict movement of the cutting tool to a
predefined plane relative to the tissue mass and the tissue
holder plate. The tool holder further includes a guide arm
coupled to the base of the tool holder at a predetermined
angle relative to the tool holder plate and configured to
engage the cutting tool. The movement of the tool holder
plate within the peripheral ridge or slot of the guide plate
enables the cutting tool to cut the tissue mass in the
predefined plane at the predetermined angle, thereby pre-
paring a tissue flap with a substantially uniform predeter-
mined thickness from the tissue mass.

[0010] In accordance with another aspect of the invention
a method for preparing a tissue flap from a tissue mass is
disclosed. The method includes the steps of providing a
guide plate including a peripheral ridge or a slot and
attaching a vacuum chamber to a tissue holder plate. The
tissue mass may be suctioned to the tissue holder plate a
predetermined distance from the guide plate. A tool holder
plate may be translated and rotated within the peripheral
ridge or slot of the guide plate in a predefined plane and the
tool holder plate may include a cutting tool attached thereto
at a predetermined angle. The tissue mass may then be cut
in the predefined plane at the predetermined angle to prepare
the tissue flap with a substantially uniform thickness from
the tissue mass.

[0011] In accordance with another aspect of the invention
a surgical device for preparing a tissue flap from a tissue
mass is disclosed. The surgical device includes an electro-
mechanical actuator in communication with a computer
controller having stored thereon a control algorithm. The
surgical device further includes a tissue holder plate con-
figured to securely hold the tissue mass a predetermined
distance from and orientation to the electro-mechanical
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actuator. A support member is coupled between the electro-
mechanical actuator and the tissue holder plate, and a tool
holder is coupled to the electro-mechanical actuator and
configured to receive a cutting tool for cutting the tissue flap
from the tissue mass. The control algorithm is configured to
restrict movement of the cutting tool to a predefined range
of motion relative to the tissue mass and the electro-
mechanical actuator in order to enable the cutting tool to cut
the tissue mass in the predefined range of motion, thereby
preparing a tissue flap with a substantially uniform prede-
termined thickness from the tissue mass.

[0012] The foregoing and other aspects and advantages of
the invention will appear from the following description. In
the description, reference is made to the accompanying
drawings which form a part hereof, and in which there is
shown by way of illustration a preferred embodiment of the
invention. Such embodiment does not necessarily represent
the full scope of the invention, however, and reference is
made therefore to the claims and herein for interpreting the
scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG.1is a plan view of an example surgical device
including a tool holder holding a cutting tool, a guide plate,
and a tissue holder plate according to one embodiment of the
present invention.

[0014] FIG. 2 is a perspective view of the example sur-
gical device of FIG. 1 including a vacuum chamber and a
vacuum hose attachment for providing suction to a tissue
mass according to one embodiment of the present invention.
[0015] FIG. 3 is a perspective view of the tissue holder
plate including suction cups for providing suction to a tissue
mass according to one embodiment of the present invention.
[0016] FIG. 4 is a perspective view of the tissue holder
plate including one or more sub-plates according to one
embodiment of the invention.

[0017] FIG. 5 is a perspective view of the tool holder of
FIG. 1 including a base, a tool holder plate, and a guide arm
according to one embodiment of the present invention.
[0018] FIGS. 6A-6D are perspective views of the tool
holder of FIG. 1 being translated within a predefined plane
of the guide plate according to one embodiment of the
present invention.

[0019] FIG. 7 is a flow chart setting forth the steps of
processes for creating a tissue flap from a tissue mass in
accordance with the present invention.

[0020] FIG. 8 is a plan view of another example surgical
device including a tool holder holding a cutting tool, a guide
plate, and a tissue holder plate according to one embodiment
of the present invention.

[0021] FIG. 9 is a perspective view of the example sur-
gical device of FIG. 8 including a vacuum chamber, a
vacuum hose attachment for providing suction to a tissue
mass, and a support arm according to one embodiment of the
present invention.

[0022] FIG. 10 is a perspective view of the tool holder of
FIG. 8 including a base, a tool holder plate, and a guide arm
according to one embodiment of the present invention.
[0023] FIGS. 11A-11D are perspective views of the tool
holder of FIG. 8 being translated within a predefined plane
of the guide plate according to one embodiment of the
present invention.
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[0024] FIG. 12 is a perspective view of the example
surgical device of FIG. 8 according to one embodiment of
the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0025] Referring particularly now to FIGS. 1 and 2, a
surgical device 10 is shown that is configured to prepare a
tissue flap (not shown), having a substantially uniform
thickness 12, from a tissue mass (not shown) using a cutting
tool 14 during surgery. The surgery may be, for example, a
mastectomy, a reconstructive surgery, a facelift, a thin flap
evaluation in mastectomy, a general flap elevation, or any
other surgical procedure where a tissue flap of generally
uniform thickness may be advantageous. The surgical device
10 may be disposable or non-disposable, and may include,
for example, a tissue holder plate 16 and a guide plate 18
spaced a predetermined distance 20 apart. The predeter-
mined distance 20 may be determined by the length of a
support member 22 having a proximal end 24 and a distal
end 26. A support handle 28 may extend proximate to the
proximal end 24 and extend toward the distal end 26 of the
support member 22 and may be coupled thereto.

[0026] The tissue holder plate 16 may be coupled to the
distal end 26 of the support member 22 and include a
perforated plate 30 and a vacuum chamber 32 for suctioning
the tissue mass. The vacuum chamber 32 may extend from
a vacuum hose attachment 34 through the support member
22, and into the tissue holder plate 16 and through the
perforated plate 30. The guide plate 18 may be coupled to
the proximal end 24 of the support member 22 and include
aperipheral ridge 36 surrounding the edges, thereby creating
a predefine plane 38.

[0027] The predefined plane 38 of the guide plate 18 may
be configured, for example, to receive a tool holder 40
capable of translating and rotating within the predefined
plane 38. The tool holder 40 may include a base 42 config-
ured to receive the cutting tool 14. A guide arm 44 may be
coupled to the base 42 and configured to restrict lateral
movement of the cutting tool 14. Attached to a top portion
48 of the base 42 may be a tool holder plate 46. The tool
holder plate 46 may be configured, for example to translate
or rotate within the predefined plane 38 defined by the
peripheral ridge 36 of the guide plate 18 so that a tip 50 of
the cutting tool 14 moves in a defined planar region to cut
the tissue flap with the substantially uniform thickness 12.

[0028] Referring particularly to FIG. 2, the surgical device
10, in absence of the tool holder 40, which will be described
in further detail below, is shown. The tissue mass may be
held, for example, by the perforated plate 30 attached to the
vacuum chamber 32 so that the tissue mass is held at the
predetermined distance 20 and in geometric relationship to
the guide plate 18. Suction may be provided through the
vacuum hose attachment 34, and the amount of suction may
be controlled via a valve system 76 to adjust the amount of
suction, and to release the suction, when the cutting opera-
tion is complete. The perforated plate 30 may include
circular perforations 52 of various diameters and positioned
in various distributions depending on the particular surgical
procedure, the anatomy of the patient or the needs of the
tissue mass fixation. In an alternative embodiment, the
perforations 52 may be of any suitable geometric shape or
size required for suction of the tissue mass, or the perfora-
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tions 52 may be replaced, or used in conjunction, with any
suitable interface to enhance the suction capability.

[0029] For example, in the embodiment shown in FIG. 3,
the tissue holder plate 16 includes a plurality of suction cups
53 extending from each one of the perforations 52. Thus,
each suction cup 53 includes an opening to create a pas-
sageway from the suction cup 53 to the vacuum chamber 32
to hold the tissue mass in geometric relationship to the guide
plate 18. The suction cups 53 may be constructed from a
soft, rubber material, however any suitable material may be
used. Suction may be provided through the vacuum hose
attachment 34 such that each suction cup 53 coupled to the
perforations 52 could minimize loss of negative pressure due
to an imperfect seal between the tissue holder plate 16
material and the surface of the tissue mass.

[0030] In one non-limiting example, the suction provided
through the vacuum hose attachment 34 to hold the tissue
mass in place may be used in conjunction with, or replaced
by, a surgical glue or gel to secure the tissue mass to the
tissue holder plate 16. The surgical glue and/or gel may be
advantageous to secure the tissue mass, as during some
surgical procedures, the cutting tool 14 (e.g., a bovie) can
reach high temperatures and cause damage to the tissue. In
one non-limiting example, the glue and/or gel may be
provided in the form of a liquid that is directly applied to the
tissue holder plate 16 and/or the patient’s skin. Alternatively,
the glue may be provided in the form of a double-sided
adhesive patch (not shown) that may be applied to the tissue
holder plate 16. The properties of the double-sided adhesive
patch could securely hold the tissue mass during the cutting
operations, but may be peeled away easily from the tissue
mass and the tissue holder plate 16 when cutting is complete.
In one embodiment, the double-sided adhesive patch may be
disposable so that a fresh patch can be used for each cutting
procedure or the patch may be used for two or more tissue
areas prior to being replaced. In a further embodiment, the
adhesive patch may also include areas that operate like
suction cups, similar to the suction cups 53 previously
described, that interface with the vacuum chamber 32 so that
the suction and adhesive are complementary. Further, the
double-sided adhesive patches may be provided in sterile
packages in suitable quantities for the target procedures and
may be sized to match the geometry of the tissue holder plate
16.

[0031] In addition, a surgical gel or other compound may
help maintain thermal stability of the tissue. Depending on
the procedure, it may be advantageous for the glue to contain
pharmaceutical compounds or other ingredients that help
promote tissue viability. Alternatively, hook-like devices
(not shown) may be coupled to the tissue holder plate 16 to
grasp the tissue securely. The hook-like devices could be
used with the surgical glue or gel and/or with the vacuum
hose attachment 34, or all together.

[0032] The dimensions of the perforated plate 30, as well
as the tissue holder plate 16, the guide plate 18, the support
member 22, and the support handle 28, for example, may
also be varied according to the needs of the particular
surgical procedures and/or the anatomy of the patient. The
anatomy of the patient, for example, may not be flat, but
rather curved or shaped based on the application. In one
non-limiting example, the perforated plate 30, the tissue
holder plate 16 and the guide plate 18 may be rectangular in
shape and have dimensions of, for example, 2 inches by 3
inches. The support handle 28 may be approximately 6
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inches in length and the support member 22 may be approxi-
mately 10 inches in length for preparation of tissue flaps
during mastectomy. Alternatively, the perforated plate 30,
the tissue holder plate 16 and the guide plate 18 may have
proportionately smaller dimensions, and the support mem-
ber 22 and the support handle 28 may be proportionately
shorter in length for procedures, such as reconstructive
surgery of facial features. The length of the support member
22, therefore, may determine the predetermined distance 20
between the guide plate 18 and the tissue holder plate 16.

[0033] The perforated plate 30, the tissue holder plate 16
and the guide plate 18 are not limited to the rectangular
dimensions provided above. In an alternative embodiment,
the perforated plate 30, the tissue holder plate 16 and the
guide plate 18 may be of any suitable geometric shape, for
example square, circular, ring shaped, curved in three-
dimensions or any combination thereof. Further, the perfo-
rated plate 30, the tissue holder plate 16 and the guide plate
18 can be constructed of any suitable medical grade material
such as stainless steel, plastic, titanium or rubber polymers.
FIG. 2 shows planar surfaces 54 for the perforated plate 30,
the tissue holder plate 16 and the guide plate 18. However,
in an alternative embodiment the perforated plate 30, the
tissue holder plate 16 and the guide plate 18 may have
non-linear surfaces (not shown) to better conform to
anatomy and to customize the resulting tissue flap shape to
meet clinical targets, for example. In a particular non-
limiting example, the surfaces of the perforated plate 30, the
tissue holder plate 16, and the guide plate 18 may be parallel
to the support member 22 along any cross section along the
axis parallel to the support member 22, but have a semi-
circular cross section along the axis perpendicular to support
member 22.

[0034] In another example, it may be advantageous for the
shape of the cutting plane 54 to closely conform to the
anatomical contours of a particular patient’s anatomy. There
exist in the art techniques to determine this anatomical
surface information, for example through the use of medical
imaging techniques such as CT or MR scanning and sub-
sequent post-processing. Well known techniques exist for
creating physical objects based on this geometry, for
example through computer controlled milling or 3D print-
ing. Thus, the exact shape and size of the guide plates 16, 18
may be determined based on patient-specific measurement
information.

[0035] In another example, it may be advantageous to
select the shape of the guide plates 16, 18 based on the
particular surgical procedure to be performed. For example,
a surgeon may determine that a nipple-sparing mastectomy
procedure is appropriate for the patient and, through the use
of medical imaging and custom manufacturing, a patient-
specific and procedure-specific surface geometry may be
defined. Such patient-specific and/or procedure-specific cus-
tom instrumentation may include, for example, a tissue
holder 16 that encompasses the entire target anatomical
structure, such as a tissue holder that holds the entire breast.
Alternatively, the tissue holder 16 may include multiple
sections that are used sequentially or in parallel to carry out
the required steps of the surgical procedure.

[0036] Inyetanother non-limiting example, the perforated
plate 30 and the tissue holder plate 16 may be composed of
two or more sub-plates 31, 33, as shown in FIG. 4. Each
sub-plate 31, 33 may be a perforated plate, similar to the
perforated plate 30, and include independent vacuum cham-
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bers 32 for suctioning the tissue mass. The sub-plates may
include a hinge 35, for example, that allows the sub-plates
to fold back from the patient when not needed. In addition,
when folded into place, the sub-plates 31, 33 may be
configured to lock, such that the combination of the sub-
plates 31, 33 are rigid and form a solid base for holding the
tissue and supporting exact tissue dissection. The sub-plates
31, 33 may further include one or more support posts 37 that
extend between the perforations 52 in the vacuum chamber
32.

[0037] Additionally, or alternatively, the perforated plate
30 and the tissue holder plate 16 may be composed of
multiple strips of sub-plates, such that an exact length of the
tissue holder plate 16 and the perforated plate 30 could be
controlled. Thus, a range of standard tissue holder plate 16
sizes may be used during different parts of a surgical
procedure depending on the portion of the tissue, such as
breast tissue, being prepared.

[0038] Similarly, the support handle 28 may be of any
suitable geometric shape. For example, the support handle
28 is shown in FIG. 2 with a cylindrical handle so that the
surgeon may easily manipulate the surgical device 10 and
tissue mass during the procedure. The precise shape of the
support handle 28 may be readily adapted for better ergo-
nomics, for example, depending on the overall size of the
tissue mass to be manipulated. Further, the support handle
28 may be constructed of any suitable medical grade mate-
rial such as plastic, titanium or rubber polymers.

[0039] Turning now to FIG. 5, the tool holder 40 is shown.
As previously described, the tool holder plate 46 of the tool
holder 40 is configured to translate and rotate within the
predefined plane 38 defined by the peripheral ridge 36 of the
guide plate 18 so that the tip 50 of the cutting tool 14, as
shown in FIG. 1, moves in a defined planar region to cut the
tissue flap with the substantially uniform thickness 12.
Alternatively, the tool holder plate 46, the tissue holder plate
16, and the guide plate 18 may be in the shape of a half
cylinder, for example, so that the tissue holder plate 16 better
fits the anatomical form of the target tissue. As the tool
holder 40 translates within the predefined half cylinder
surface (not shown), the tissue flap being cut follows the
three-dimensional body contour while preserving the uni-
form tissue thickness. The tool holder plate 46 may be any
suitable size (e.g.. 1 inch by 1 inch, or 2 inches by 1 inch)
and geometric shape (e.g., square, rectangular or circular) to
allow movement within the area defined by the peripheral
ridge 36 around the guide plate 18. Further, the tool holder
40 can be constructed of any suitable medical grade material
such as plastic, titanium or rubber polymers. The size and
shape of the tool holder 40 may be adjusted according to the
particular surgical procedure, the anatomy of the patient or
the needs of the tissue mass fixation.

[0040] The base 42 of the tool holder 40 may include an
aperture 56, for example a circular aperture, and a cord slot
58 configured to receive a base 60 of the cutting tool 14 and
a cord 62 of the cutting tool 14, as shown in FIG. 1,
respectively. The guide arm 44 may be fixed to the base 42
or attached to the base 42 with a sliding linkage 80, as shown
in FIG. 5, that is configured to slide vertically, and therefore
the cutting tool 14 is slid vertically as well, to select the
substantially uniform thickness 12 of the tissue flap. Alter-
natively, the tool holder 40 may be custom fabricated based
on the cutting tool 14. The guide arm 44 may be, for
example, a cylindrical cut out 74 as shown in FIG. 5. The

Jul. 11,2019

shape of the aperture 56, the cord slot 58, and the guide arm
44 may vary depending on the type of cutting tool 14 being
used (i.e., a scalpel, an electrosurgical tool, a pencil, scis-
sors, or a Bovie knife). Alternatively, the guide arm may be
a clamp or other mechanical attachment. The guide arm 44
may be coupled to the base 42 of the tool holder 40 to form
a predetermined angle 64 at which the cutting tool 14 is held,
as shown in FIG. 1, with respect to the tissue mass. The
predetermined angle 64 can be adjusted, for example, by the
geometric design of the guide arm 44 and how the guide arm
44 is attached to the base 42.

[0041] In one example, the predetermined angle 64 may
be adjustable at the time of the procedure by including a
hinge-like mechanism (not shown) that allows the angle 64
to be set and locked in place as needed. The hinge-like
mechanism may be configured to be releasable during the
procedure to facilitate a more free-hand movement of the
tool holder 40, while allowing the tool holder 40 to be
re-locked to the original predefine angle 64, for example by
including markings on the hinge so that the correct angle can
be easily set.

[0042] In some embodiments, the cutting tool 14, similar
to the tool holder 40, may also be custom fabricated. For
example, the cutting tool 14 may be a custom tool with
multiple functions, such as a forward facing scalpel blade
that has integrated cautery functionality. Thus, when a bleed
occurs, the cautery could be applied without removing the
cutting tool 14. Alternatively, suction may be integrated into
the cutting tool 14, such that the tissue mass could be cut,
and then blood may be suctioned away prior to applying
cautery, again without removing the cutting tool 14. In yet
another embodiment, a wedge (not shown) may be used hold
the tissue mass, such as breast gland tissue, away from the
cutting surface. The wedge may provide some tension at the
site of the dissection, and could use one or more of the tissue
fixation techniques (e.g., vacuum, hooks, surgical glue, etc.),
as previously described, to firmly hold the tissue mass. In
addition, the cutting tool 14 may be custom fabricated to
include a video camera or endoscope, for example, to
provide visualization when operating deep within the tissue
mass, for example near the chest wall in mastectomy of a
large breast.

[0043] Turning now to FIGS. 6A-6D illustrations of the
relative motion of the tool holder 40, and more specifically,
the tool holder plate 46, in the predefined plane 38 with
respect to the guide plate 18 and the tissue holder plate 16
is shown. As the tool holder 40 is moved from a first position
66, as shown in FIG. 6A, in the predefined plane 38, to a
second position 68, as shown in FIG. 6B, for example, the
tool holder plate 46 slides relative to the guide plate 18 while
maintaining the substantially uniform thickness 12 of the
tissue flap. The tool holder 40 may be moved from the
second position 68, as shown in FIG. 6B to a third position
70, as shown in FIG. 6C, for example while still maintaining
the substantially uniform thickness 12 of the tissue flap
being cut by the cutting tool 14. As the tool holder 40 is
moved among the exemplary positions, the tool holder 40
may also be rotated, as shown in FIG. 6D, within the
predefined plane 38 while maintaining the substantially
uniform thickness 12 of the tissue flap. Also shown in FIG.
6D is the tissue holder plate 16 having a non-rectangular
shape which may be advantageous for certain procedures.

[0044] In addition, as the tool holder 40 is moved among
the exemplary positions, as shown in FIGS. 6A-6D, within
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the predefined plane 38, a cutting plane 72 is defined about
the tissue mass being held in place by the tissue holder plate
16. The cutting plane 72 is therefore defined by the relative
dimensions of the tool holder plate 46 and the guide plate 18.
Tt will be appreciated that the relative size of the cutting
plane 72 can be varied according to the selected dimensions
of guide plate 18 or the tool holder plate 46, or a combina-
tion thereof

[0045] In an alternative embodiment, the guide plate 18
and the tool holder plate 46 may be attached such that they
remain in approximation while the tool holder 40 is moved
among the first position 66, the second position 68, and the
third position 70, as shown in FIGS. 6A, 6B and 6C,
respectively. For example, a linkage 78, as shown in FIG. 1,
could be used to hold the guide plate 18 and the tool holder
plate 46 together while allowing freedom of movement
within the two-dimensional predefined plane 38. Note, how-
ever, the tool holder 40 is not restricted to the positions
shown in FIGS. 6 A-6C, but may move to any position within
the predefined plane 38. As a non-limiting example, the
linkage 78 between the tool holder plate 46 and the guide
plate 18 may be accomplished by embedding a magnet 82,
as shown in FIG. 5, of suitable strength in the tool holder
plate 46 and forming the guide plate 18 out of steel or any
other suitable material attracted to the magnet. Through
selection of appropriate magnetic strengths and controlling
for the frictional properties of the materials, the tool holder
plate 46 and the guide plate 18 can be made to slide easily
through all positions within the predefined plane 38, while
remaining stably attached to ensure that the substantially
uniform thickness 12 is maintained during the cutting and
tissue manipulation processes. As another non-limiting
example, the linkage 78 between tool holder plate 46 and
guide plate 18 may be accomplished through the use of
articulating arms constructed so as to ensure that the guide
plate 18 remains in approximation with the tissue holder
plate 16 while allowing free motion within the predefined
plane 38.

[0046] Referring now to FIG. 7, a flow chart setting forth
exemplary steps 100 for preparing the tissue flap from the
tissue mass 1s provided. To start the process, the guide plate
18 is provided at process block 102. The guide plate 18
includes a peripheral ridge or a planar slot that determines
the predefined plane 38 wherein the tissue mass may be cut.
At process block 104, external suction may be provided
through the vacuum hose attachment 34, and the amount of
suction may be controlled via the valve system 76 to adjust
the amount of suction in the vacuum chamber 32. The
vacuum chamber 32 may provide suction to suction the
tissue mass to the tissue holder plate 16 at process block 106.
As previously described, the tissue holder plate 16 may
include a perforated plate 30 for suctioning the tissue mass
to the tissue holder plate 16. At process block 108, the tool
holder 40 is translated and/or rotated within the predefined
plane 38. The tissue mass is cut in the cutting plane 72 that
is defined by the predefined plane 38, as previously
described, at process block 110. The tissue flap is prepared
with the substantially uniform thickness 12 at process block
112. Once the tissue flap is completely cut from the tissue
mass at process block 112, the suction provided by the
vacuum chamber 32 is released to end the procedure at
process block 114.

[0047] Referring particularly now to FIGS. 8 and 9,
another exemplary surgical device 200, similar to the pre-
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viously described surgical device 10, is shown. The surgical
device 200 is configured to prepare a tissue flap (not shown),
having a substantially uniform thickness 212, from a tissue
mass (not shown) using a cutting tool 214 during surgery.
The surgery may be, for example, a mastectomy, a recon-
structive surgery, a facelift, a thin flap evaluation in mas-
tectomy, a general flap elevation, or any other surgical
procedure where a tissue flap of generally uniform thickness
may be advantageous. The surgical device 200 may be
disposable or non-disposable, and may include, for example,
a tissue holder plate 216 and a guide plate 218 spaced a
predetermined distance 220 apart. The predetermined dis-
tance 220 may be determined by the length of a support
member 222 having a proximal end 224 and a distal end 226.
The support member 222 may also be used as a support
handle for a user to grasp, for example.

[0048] The tissue holder plate 216 may be coupled to the
distal end 226 of the support member 222 and include a
perforated plate 230 and a vacuum chamber 232 for suc-
tioning the tissue mass. The vacuum chamber 232 may
extend from a vacuum hose attachment 234, into the tissue
holder plate 216 and through the perforated plate 230. The
guide plate 218 may be coupled to the proximal end 224 of
the support member 222 and include a slot 236 on a bottom
surface of the guide plate 218, thereby creating a predefined
plane 238. In an alternative embodiment, the slot 236 may
be positioned on a top surface of the guide plate 218.

[0049] The predefined plane 238 of the guide plate 218
may be configured, for example, to receive a tool holder 240
capable of translating and rotating within the predefined
plane 238. The tool holder 420 may include a base 242
configured to receive the cutting tool 214. A guide arm 244,
having an aperture 245 for receiving the cutting tool 214,
may be coupled to the base 242 and configured to restrict
lateral movement of the cutting tool 214. Attached to a top
portion 248 of the base 242 may be a tool holder plate 246,
which may be in the form of a tongue, for example. The tool
holder tongue 246 may be received in the slot 236 of the
guide plate 218 and configured, for example to translate and
rotate within the predefined plane 238 defined by the slot
236 of the guide plate 218 so that a tip 250 of the cutting tool
214 moves in a defined planar region to cut the tissue flap
with the substantially uniform thickness 212. In some
embodiments, the tip 250 of the cutting tool 214 may be
curved, as shown in FIG. 8, such that the cutting plane is
substantially parallel to the tissue holder plane, which is
defined by the tissue holder plate 216.

[0050] Referring particularly to FIG. 9, the surgical device
200, in absence of the tool holder 240, which will be
described in further detail below, is shown. The tissue mass
may be held, for example, by the perforated plate 230
attached to the vacuum chamber 232 so that the tissue mass
is held at the predetermined distance 220 and in geometric
relationship to the guide plate 218. A support arm 247 may
be provided in order to attach the surgical device 200 to a
surface 249, such as an operating room table. The support
arm 247, at one end, may be coupled to the tissue holder
plate 216. A securing mechanism 251, such as a clamp, may
be coupled to an opposing end of the support arm 247 to
secure the surgical device 200 to the operating room table
249. Thus, the clinician can have the tissue mass securely
held in place along with the surgical device 200 and allow-
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ing one hand to be used to move the cutting tool 214 and the
other hand to be used to hold the tissue mass, such as breast
gland tissue.

[0051] In some embodiments, the support arm 247
includes a plurality of loose parts 253 that are hingeable with
respect to one another. The plurality of loose parts 253
maybe connected, for example, by a flexible tension rod (not
shown) extending through a central bore of the support arm
247. Thus, the support arm 247 can be adjusted and locked
in any desired position with respect to the tissue mass. It is
also possible to place the tissue holder plate 216 in a precise
location relative to the tissue mass. Once the support arm
247 and surgical device 200 are adjusted to the desired
position, the position can be fixed by locking the flexible
tension rod. In one non-limiting example, the support arm
247 can be detachable from the tissue holder plate 216 of the
surgical device 200, or alternatively, the support arm 247
may be permanently attached to the surgical device 200.
[0052] Once the support arm 247 and surgical device 200
are in the desired position, suction may be provided through
the vacuum hose attachment 234, and the amount of suction
may be controlled via a valve system 276 to adjust the
amount of suction, and to release the suction, when the
cutting operation is complete. The perforated plate 230 may
include circular perforations 252 of various diameters and
positioned in various distributions depending on the particu-
lar surgical procedure, the anatomy of the patient or the
needs of the tissue mass fixation. In an alternative embodi-
ment, the perforations 252 may be of any suitable geometric
shape or size required for suction of the tissue mass, or the
perforations 252 may be replaced, or used in conjunction,
with any suitable interface to enhance the suction capability.
[0053] For example, as previously described with respect
to FIG. 3. the tissue holder plate 216 may include the
plurality of suction cups 53 extending from each one of the
perforations 52. Thus, each suction cup 53 includes an
opening to create a passageway from the suction cup 53 to
the vacuum chamber 32 to hold the tissue mass in geometric
relationship to the guide plate 18. The suction cups 53 may
be constructed from a soft, rubber material, however any
suitable material may be used. Suction may be provided
through the vacuum hose attachment 34 such that each
suction cup 53 coupled to the perforations 52 could mini-
mize loss of negative pressure due to an imperfect seal
between the tissue holder plate 216 material and the surface
of the tissue mass.

[0054] In one non-limiting example, the suction provided
through the vacuum hose attachment 234 to hold the tissue
mass in place may be used in conjunction with, or replaced
by, a surgical glue or gel to secure the tissue mass to the
tissue holder plate 216. The surgical glue and/or gel may be
advantageous to secure the tissue mass, as during some
surgical procedures, the cutting tool 214 (e.g., a bovie) can
reach high temperatures and cause damage to the tissue. In
one non-limiting example, the glue and/or gel may be
provided in the form of a liquid that is directly applied to the
tissue holder plate 216 and/or the patient’s skin. Alterna-
tively, the glue may be provided in the form of a double-
sided adhesive patch (not shown) that may be applied to the
tissue holder plate 216. The properties of the double-sided
adhesive patch could securely hold the tissue mass during
the cutting operations, but may be peeled away easily from
the tissue mass and the tissue holder plate 216 when cutting
is complete. In one embodiment, the double-sided adhesive
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patch may be disposable so that a fresh patch can be used for
each cutting procedure or the patch may be used for two or
more tissue areas prior to being replaced. In a further
embodiment, the adhesive patch may also include areas that
operate like suction cups, similar to the suction cups 53
previously described, that interface with the vacuum cham-
ber 232 so that the suction and adhesive are complementary.
Further, the double-sided adhesive patches may be provided
in sterile packages in suitable quantities for the target
procedures and may be sized to match the geometry of the
tissue holder plate 216.

[0055] In addition, a surgical gel or other compound may
help maintain thermal stability of the tissue. Depending on
the procedure, it may be advantageous for the glue to contain
pharmaceutical compounds or other ingredients that help
promote tissue viability. Alternatively, hook-like devices
(not shown) may be coupled to the tissue holder plate 216 to
grasp the tissue securely. The hook-like devices could be
used with the surgical glue or gel and/or with the vacuum
hose attachment 234, or all together.

[0056] The dimensions of the perforated plate 230, as well
as the tissue holder plate 216, the guide plate 218, and the
support member 222, for example, may also be varied
according to the needs of the particular surgical procedures
and/or the anatomy of the patient. The anatomy of the
patient, for example, may not be flat, but rather curved or
shaped based on the application. In one non-limiting
example, the perforated plate 230, the tissue holder plate 216
and the guide plate 218 may be rectangular in shape and
have dimensions of, for example, 2 inches by 3 inches. The
support member 222 may be approximately 10 inches in
length for preparation of tissue flaps during mastectomy.
Alternatively, the perforated plate 230, the tissue holder
plate 216 and the guide plate 218 may have proportionately
smaller dimensions, and the support member 222 may be
proportionately shorter in length for procedures, such as
reconstructive surgery of facial features. The length of the
support member 222, therefore, may determine the prede-
termined distance 220 between the guide plate 218 and the
tissue holder plate 216.

[0057] As previously described, the perforated plate 230,
the tissue holder plate 216 and the guide plate 218 are not
limited to the rectangular dimensions provided above. In an
alternative embodiment, the perforated plate 230, the tissue
holder plate 216 and the guide plate 218 may be of any
suitable geometric shape, for example square, circular,
curved in three-dimensions or any combination thereof.
Further, the perforated plate 230, the tissue holder plate 216
and the guide plate 218 can be constructed of any suitable
medical grade material such as stainless steel, plastic, tita-
nium or rubber polymers. FIG. 9 shows planar surfaces 254
for the perforated plate 230, the tissue holder plate 216 and
the guide plate 218. However, in an alternative embodiment
the perforated plate 230, the tissue holder plate 216 and the
guide plate 218 may have non-linear surfaces (not shown) to
better conform to anatomy and to customize the resulting
tissue flap shape to meet clinical targets, for example. In a
particular non-limiting example, the surfaces of the perfo-
rated plate 230, the tissue holder plate 216, and the guide
plate 218 may be parallel to the support member 222 along
any cross section along the axis parallel to the support
member 222, but have a semi-circular cross section along
the axis perpendicular to support member 222.
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[0058] In yet another non-limiting example, the perforated
plate 230 and the tissue holder plate 216 may be composed
of two or more sub-plates, such as the sub-plates shown in
FIG. 4. Each sub-plate 31, 33 may be a perforated plate,
similar to the perforated plate 230, and include independent
vacuum chambers 32 for suctioning the tissue mass. The
sub-plates may include a hinge 35, for example, that allows
the sub-plates to fold back from the patient when not needed.
In addition, when folded into place, the sub-plates 31, 33
may be configured to lock, such that the combination of the
sub-plates 31, 33 are rigid and form a solid base for holding
the tissue and supporting exact tissue dissection. The sub-
plates 31, 33 may further include one or more support posts
37 that extend between the perforations 52 in the vacuum
chamber 32.

[0059] Turning now to FIG. 10, the tool holder 240 is
shown. As previously described, the tool holder tongue 246
of the tool holder 240 is configured to translate and rotate
within the predefined plane 238 defined by the slot 236 of
the guide plate 218 so that the tip 250 of the cutting tool 214,
as shown in FIG. 8, moves in a defined planar region to cut
the tissue flap with the substantially uniform thickness 212.
The tool holder tongue 246 may be inserted into the slot 236
of the guide plate 218 from a direction away from a cutting
plane 272 such that the tool holder 240 and cutting tool 214
may be introduced to the desired position relative to the
tissue mass.

[0060] Alternatively, the tool holder plate 246, the tissue
holder plate 216, and the guide plate 218 may be in the shape
of a half cylinder, for example, so that as the tool holder 240
translates within the predefined half-cylinder 238, the tissue
flap being cut more closely conforms to the three-dimen-
sional shape of the tissue. The tool holder plate 246 may be
any suitable size (e.g.. 1 inch by 1 inch, or 2 inches by 1
inch) and geometric shape (e.g., square, rectangular or
circular) to allow movement within the area defined by the
slot 236 of the guide plate 218. Further, the tool holder 240
can be constructed of any suitable medical grade material
such as plastic, titanium or rubber polymers. The size and
shape of the tool holder 240 may be adjusted according to
the particular surgical procedure, the anatomy of the patient
or the needs of the tissue mass fixation.

[0061] The guide arm 244 of the tool holder 240 may
include the aperture 245, for example a circular aperture,
and a cord slot 258 configured to receive a base 260 of the
cutting tool 214 and a cord 262 of the cutting tool 214, as
shown in FIG. 8, respectively. As previously described, the
tool holder 240 may be custom fabricated based on the
cutting tool 214. The shape of the aperture 245, the cord slot
258, and the guide arm 244 may vary depending on the type
of cutting tool 214 being used (i.e., a scalpel, an electrosur-
gical tool, a pencil, or a Bovie knife). Alternatively, the
guide arm 244 may be a clamp or other mechanical attach-
ment. The guide arm 244 may be integrally coupled to the
base 242, for example, of the tool holder 240 to form a
predetermined angle 264 at which the cutting tool 214 is
held, as shown in FIG. 8, with respect to the tissue mass. The
predetermined angle 264 can be adjusted, for example, by
the geometric design of the guide arm 244 and how the guide
arm 244 is attached to the base 242.

[0062] Turning now to FIGS. 11A-11D illustrations of the
relative motion of the tool holder 240, and more specifically,
the tool holder plate 246, in the predefined plane 238 with
respect to the guide plate 218 and the tissue holder plate 216
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is shown. As the tool holder 240 is moved from a first
position 266, as shown in FIG. 11A, in the predefined plane
238, to a second position 268, as shown in FIG. 11B, for
example, the tool holder plate 246 slides relative to the slot
236 of the guide plate 218 while maintaining the substan-
tially uniform thickness 212 of the tissue flap. The tool
holder 240 may be moved from the second position 268, as
shown in FIG. 11B to a third position 270, as shown in FIG.
11C, for example while still maintaining the substantially
uniform thickness 212 of the tissue flap being cut by the
cutting tool 214. As the tool holder 240 is moved among the
exemplary positions, the tool holder 240 may also be
rotated, as shown in FIG. 11D, within the predefined plate
238 while maintaining the substantially uniform thickness
212 of the tissue flap. Also shown in FIG. 11D is the tissue
holder plate 216 having a non-rectangular shape which may
be advantageous for certain procedures.

[0063] In addition, as the tool holder 240 is moved among
the exemplary positions, as shown in FIGS. 11A-11D,
within the predefined plane 238, a cutting plane 272 is
defined about the tissue mass being held in place by the
tissue holder plate 216. The cutting plane 272 is therefore
defined by the relative dimensions of the tool holder plate
246 and the slot 236 of the guide plate 218. It will be
appreciated that the relative size of the cutting plane 272 can
be varied according to the selected dimensions of slot 236 of
the guide plate 218 or the tool holder plate 246, or a
combination thereof.

[0064] In an alternative embodiment, the guide plate 218
and the tool holder plate 246 may be attached such that they
remain in approximation while the tool holder 240 is moved
among the first position 266, the second position 268, and
the third position 270, as shown in FIGS. 11A, 11B and 11C,
respectively. Note, however, the tool holder 240 is not
restricted to the positions shown in FIGS. 11A-11C, but may
move to any position within the predefined plane 238. Thus,
the guide plate 218 remains in approximation with the tissue
holder plate 216 while allowing free motion within the
predefined plane 238.

[0065] Turning now to FIG. 12, another embodiment of a
surgical device 300 is shown. The surgical device 300 may
include one or more of the features as described with respect
to the surgical devices 10 and 200. Thus, similar reference
numerals are used to describe the components and features
of the surgical device 300 shown in FIG. 12 as were used to
describe the surgical devices 10 and 200. The surgical device
300 may additionally include a robot, for example, to
maintain the predetermined tissue thickness rather than
relying on the mechanical constraint of the tongue and slot
system.

[0066] As shown in FIG. 12, the movement of the cutting
tool 314 relative to the tissue holder plate 316 may be
accomplished by electro-mechanical (i.e.; robotic) means. In
the embodiment shown in FIG. 12, the tool 314 is moved
according to a multi-degree-of-freedom computer controlled
actuator 301 that is in communication with a controller
computer 303. In one example, the surgical device 300 may
have a six degree-of-freedom tracking of the tissue holder
plate 316 and the tool 314 motion with respect to a common
coordinate frame of reference, using techniques such as
optical tracking, magnetic tracking, or through encoders at
each joint 305 of the articulated electromechanical arm 301.
The computer controller 303 may have stored thereon a
control algorithm to impose virtual fixture constraints that
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prevent the tool 314 from moving outside of a predefined
range of motion. Additionally, or alternatively, the articu-
lated electromechanical arm 301 may include force sensors
(not shown), to allow an operator to freely move the arm 301
within the constrained geometry while inhibiting motion
outside of it. Thus, in this embodiment, it is possible to
create a tissue holder plate 316 with any patient-specific
and/or procedure specific surface suitable for the surgical
procedure. Additionally, or alternatively, the tissue holder
plate 316 may be mounted on a similar electro-mechanical
arm (not shown) so that its motion can be coordinated with
the tool 314 under the control of the controlling computer
303. Motion of the tissue holder plate 316 would allow, as
a non-limiting example, for the dissected skin tissue to be
pulled away from the underlying breast tissue during mas-
tectomy in order to better expose the cutting surface.
[0067] As described earlier, well known medical imaging
technologies such as CT and MR scans can be used to make
detailed maps of the patient anatomy, and in particular the
scans can be used to identify critical structures and to inform
clinical decision making in order to optimize surgical plans.
An aspect of the current invention is the ability to incorpo-
rate information from these scan into the algorithm running
on the controlling computer 303 such that the surgeon is
informed during the procedure based on information derived
from the images. As a non-limiting example, MR or CT
angiographic imaging could be used to determine the loca-
tion of blood vessels and the controlling computer 303 could
be programmed to activate an auditory and/or visual alert
when the cutting tool is approaching a blood vessel.
[0068] In another embodiment of the present invention,
active sensors may be incorporated into the tissue holder
plate 316 or tool 314 to provide real-time monitoring of the
procedure. As a non-limiting example, optical sensors may
be used to measure blood perfusion in the tissue as a way of
monitoring tissue flap viability. Other sensors such as ultra-
sonic, thermal, or mechanical sensors could also be incor-
porated into the tissue holder plate 316 to provide additional
channels of information to support the surgical procedure.
[0069] Thus, the above described system and method
allows for tissue flap dissection of substantially uniform
thickness in non-anatomic planes. The systems and methods
further allow for precise gaging of tissue flap dissection,
thereby reducing the surgeon’s margin of error and patient
morbidity.

[0070] The present invention has been described in terms
of one or more preferred embodiments, and it should be
appreciated that many equivalents, alternatives, variations,
and modifications, aside from those expressly stated, are
possible and within the scope of the invention.

1. A method for preparing a tissue flap from a tissue mass,

the method comprising the steps of:

a) providing a guide plate including at least one of a
peripheral ridge and a slot ;

b) attaching a vacuum chamber to a tissue holder plate;

¢) suctioning the tissue mass to the tissue holder plate a
predetermined distance from the guide plate;

d) translating a tool holder plate within the at least one
peripheral ridge and slot of the guide plate in a pre-
defined plane, the tool holder plate having a cutting tool
attached thereto at a predetermined angle; and
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e) cutting the tissue mass in the predefined plane at the
predetermined angle to prepare the tissue flap with a
substantially uniform thickness from the tissue mass.

2. A surgical device for preparing a tissue flap from a
tissue mass, the surgical device comprising:

an electro-mechanical actuator in communication with a
computer controller having stored thereon a control
algorithm;

a tissue holder plate configured to securely hold the tissue
mass a predetermined distance from and orientation to
the electro-mechanical actuator;

a support member coupled between the electro-mechani-
cal actuator and the tissue holder plate; and

a tool holder coupled to the electro-mechanical actuator
and configured to receive a cutting tool for cutting the
tissue flap from the tissue mass;

wherein the control algorithm is configured to restrict
movement of the cutting tool to a predefined range of
motion relative to the tissue mass and the electro-
mechanical actuator to enable the cutting tool to cut the
tissue mass in the predefined range of motion, thereby
preparing a tissue flap with a substantially uniform
predetermined thickness from the tissue mass.

3. The surgical device as recited in claim 2, further
including a second electro-mechanical actuator in commu-
nication with the computer controller and coupled to the
tissue holder plate;

wherein the control algorithm is configured to coordinate
movement of the tissue holder plate with movement of
the cutting tool using the second electro-mechanical
arm.

4. The surgical device as recited in claim 2, wherein the
computer controller is configured to obtain data related to
the tissue mass from at least one medical image of the tissue
mass; and

wherein the data is configured to be incorporated into the
control algorithm to inform a user during preparation of
the tissue flap.

5. The surgical device as recited in claim 4, wherein the
at least one medical image includes a CT image, a MR
image, and an angiographic image to identify a location of
at least one blood vessel of the tissue mass.

6. The surgical device as recited in claim 5, wherein the
computer controller is configured to generate at least one of
an audible alter and a visual alert when the cutting tool
approaches the location of the at least one blood vessel of the
tissue mass.

7. The surgical device as recited in claim 2, further
including a plurality of sensors in communication with the
computer controller and coupled to at least one of the tissue
holder plate and the cutting tool to provide real time moni-
toring during preparation of the tissue flap.

8. The surgical device as recited in claim 7, wherein the
plurality of sensors include optical sensors, the optical
sensors configured to measure blood perfusion in the tissue
mass to monitor viability of the tissue flap.

9. The surgical device as recited in claim 7, wherein the
plurality of sensors include at least one of ultrasonic sensors,
thermal sensors, and mechanical sensors.
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