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MINIMALLY INVASIVE RAKE RETRACTOR
AND METHOD FOR USING SAME

[0001] This application claims the benefit of provisional
application No. 60/828,916, filed Oct. 10, 2006, and is a
continuation-in-part of U.S. application Ser. No. 11/420,927
filed May 30, 2006, both of which are incorporated herein in
their entireties.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates generally to surgical
instruments and methods of their use, and, more particularly,
to minimally invasive surgical instruments incorporating a
needle and a retractor that can be extended through and
beyond the needle and which can be retracted into the
needle. The present invention has particular application to
laparoscopic-type surgery, although it is not limited thereto.
[0004] 2. Background Information

[0005] Over the last two decades, minimally invasive
surgery has become the standard for many types of surgeries
which were previously accomplished through open surgery.
Minimally invasive surgery generally involves introducing
an optical element (e.g., laparoscope or endoscope) through
a surgical or natural port in the body, advancing one or more
surgical instruments through additional ports or through the
endoscope, conducting the surgery with the surgical instru-
ments, and withdrawing the instruments and scope from the
body. In laparoscopic surgery, a port for a scope is typically
made using a surgical trocar assembly. The trocar assembly
often includes a port, a sharp pointed element (trocar)
extending through and beyond the distal end of the port, and
at least in the case of abdominal laparoscopy, a valve on the
proximal portion of the port. Typically, a small incision is
made in the skin at a desired location in the patient. The
trocar assembly, with the trocar extending out of the port is
then forced through the incision, thereby widening the
incision and permitting the port to extend through the
incision, past any facie, and into the body (cavity). The
trocar is then withdrawn, leaving the port in place. In certain
circumstances, an insufflation element may be attached to
the trocar port in order to insufflate the surgical site. An
optical element may then be introduced through the trocar
port. Additional ports are then typically made so that addi-
tional laparoscopic instruments may be introduced into the
body.

[0006] Trocar assemblies are manufactured in different
sizes. Typical trocar port sizes include 5 mm, 10 mm and 12
mm (available from companies such as Taut and U.S.
Surgical), which are sized to permit variously sized laparo-
scopic instruments to be introduced therethrough including,
e.g., graspers, dissectors, staplers, scissors, suction/irriga-
tors, clamps, forceps, biopsy forceps, etc. While 5 mm trocar
ports are relatively small, in some circumstances where
internal working space is limited (e.g., children), it is
difficult to place multiple 5 mm ports in the limited area. In
addition, 5 mm trocar ports tend to limit movements of
instruments inside the abdominal cavity to a great extent
and, while relatively small, still leave holes that must be
stitched and still result in undesired scarring.

[0007] One type of laparoscopic instrument used by sur-
geons is the retractor, which may be used for moving or
manipulating body cavity tissue, particulate matter, and/or
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debris, where such uses may include retracting contents of
the abdominal cavity, like the small bowel, stomach, colon.
Available laparoscopic retractors include the retractable rake
retractors. As an example, U.S. Pat. No. 6,743,237 to
Dhindsa describes an endoscopic instrument having an
extendable wire and also a collapsible rake element.
[0008] There remains, however, a need for further
advancements in minimally invasive surgical instruments
and procedures, and particularly, a need for a minimally
invasive retractor instrument.

SUMMARY OF THE INVENTION

[0009] Various embodiments of the present invention pro-
vide a minimally invasive rake retractor, a surgical apparatus
comprising the rake retractor, and a surgical method using
the minimally invasive rake retractor, that do not require the
surgeon to make an initial incision for inserting the retractor,
and that do not require stitching of the hole or wound
resulting from the inserting the surgical apparatus into a
body cavity, and that result in insignificant scarring com-
pared to scarring resulting from using known laparoscopic
retractors and other instruments.

[0010] In accordance with some embodiments of the
present invention, a surgical assembly comprises (i) a hol-
low needle having a sharp distal end operative in puncturing
skin to insert and advance the surgical instrument into the
body, and having an outer diameter dimensioned such that a
wound formed from the hollow needle puncturing the skin
is capable of being closed independent of stitching; and (ii)
a surgical instrument having a shaft that extends through
said hollow needle, said surgical instrument being movable
relative to said hollow needle and including at a distal end
of said shaft a plurality of elongated members, each elon-
gated member having a first end mechanically coupled to the
distal end of the shaft and an opposite free end, each
elongated member being mechanically biased such that
when said elongated members extend externally to said
needle into an open position said elongated members auto-
matically expand relative to each other, and when said
hollow needle extends over said elongated members in a
closed position, said elongated members are forced to col-
lapse relative to each other against the mechanical bias.
[0011] The surgical assembly may also include a fixing
means coupled to said surgical instrument and said hollow
needle for fixing said surgical instrument relative to said
needle. In some implementations, the outer diameter of the
needle may be substantially 2.5 mm or smaller.

[0012] The elongated members, also referred to hereinbe-
low as tines or prongs, may have various configurations. In
some implementations, at least one of the tines is mechani-
cally biased such that when the tines are extended externally
to said needle, each of these mechanically biased tines
automatically mechanically relaxes to provide a curvature
over at least a portion of the tine. The curvature may be
continuously arcuate, independent of angular bends, or may
include one or more bends along with straight segments
and/or curved segments. The free ends of the elongated
members may be blunted. For instance, the free ends may
include ball-tips or spoon-shaped elements. In some imple-
mentations, when in the closed position, the distal ends of at
least two of said elongated members are displaced longitu-
dinally along the length of said needle.

[0013] In some embodiments of the invention, the shaft is
mechanically biased over at least a portion thereof such that
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when the portion of the shaft is extended externally to said
needle, the shaft automatically mechanically relaxes to pro-
vide a curvature over at least the portion of the shaft. The
mechanical bias may be provided by at least one bend in said
shaft.

[0014] In accordance with various embodiments of the
present invention, a rake retractor for use in a minimally
invasive surgical broadly includes a shaft coupled to a
plurality of free ends. The free ends at the end of the shaft
are biased to an open position. When the free ends extend
outside the needle, they open, and they are closed by relative
movement of the needle over them.

[0015] The prongs of the rake retractor may be affixed to
the rake shaft by a simple weld or mechanical fixing
mechanism. Alternatively, the prongs may be extensions of
the shaft itself. The prongs themselves may be straight or
have a variety of free end configurations. For example, the
prongs may have one or more bends to assist the surgeon on
reaching obstructed areas or the prong may be fitted with
ball tips or tool-like structural configurations. Similarly, the
prongs may have an arcuate shape whereby they form a
curvature.

[0016] The rake retractor according to embodiments of the
invention may be used through a laparoscopic surgical
instrument in a variety of configurations. In particular, the
rake retractor may have ball-shaped or spoon-like configu-
rations to assist the surgeon in moving material found below
the skin surface. These blunted configurations guard against
the possibility of the surgeon pressing the instrument too
hard against an internal body organ and the risk of puncture.
[0017] Furthermore, the rake retractor according to
embodiments of the invention is designed so that it can be
easily positioned through a laparoscopic needle. The rake
retractor prongs remain bunched inside the needle in a
collapsed position until the surgeon moves the retractor and
needle relative to each other such that the retractor extends
outside the distal end of the needle. When this extension
occurs, the rake prongs are biased to an open position so that
they automatically spread relative to each other into an
expanded position as the prongs leave the interior of the
needle. Similarly, when the surgeon moves the needle and
retractor relative to each other such that the retractor is
withdrawn back into the needle, the prongs progressively
return to a collapsed position against their opening bias.
[0018] In various embodiments, the free ends of the rake
prongs are positionally offset relative to one another so that
when engaged to return to the collapsed position, the free
ends do not simultaneously occupy the same lateral space.
This offset feature allows the free ends of the rake prongs to
be provided with end configurations of a size which would
otherwise be unable to fit within the narrow confines of a
laparoscopic needle or other passage when the prongs are in
the collapsed position. Preferably, this offset feature is
achieved by terminating the prongs (with or without
attached free end configurations) at different positions rela-
tive to the longitudinal axis of the retractor shaft. It is not
necessary that every rake prong is offset from the others;
rather, it is important that enough rake prongs are offset so
that the collapsed position inside the needle can be realized.
[0019] According to various embodiments of the present
invention, a locking mechanism is provided allowing the
surgeon to have the ability to affix the rake retractor in a
position relative to the needle. According to some such
embodiments, the locking means selectively affixes the shaft
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of the retractor to a position along the interior of the needle.
This locking means may include a large number of mechani-
cal embodiments such as screwing mechanisms, detent
mechanisms, and peg-notch junctions, to name a few.
[0020] It will be appreciated by those skilled in the art that
the foregoing brief description and the following detailed
description are exemplary and explanatory of this invention,
but are not intended to be restrictive thereof or limiting of
the advantages which can be achieved by this invention.
Additionally, it is understood that the foregoing summary of
the invention is representative of some embodiments of the
invention, and is neither representative nor inclusive of all
subject matter and embodiments within the scope of the
present invention. Thus, the accompanying drawings,
referred to herein and constituting a part hereof, illustrate
embodiments of this invention, and, together with the
detailed description, serve to explain principles of this
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] Aspects, features, and advantages of embodiments
of the invention, both as to structure and operation, will be
understood and will become more readily apparent when the
invention is considered in the light of the following descrip-
tion made in conjunction with the accompanying drawings,
in which like reference numerals designate the same or
similar parts throughout the various figures, and wherein:
[0022] FIG. 1A is a schematic cross-sectional view of
proximal and distal portions of a surgical assembly com-
prising a rake retractor, in accordance with an embodiment
of the present invention;

[0023] FIGS. 1B and 1C are side views of the surgical
assembly of FIG. 1A, with the retractor in the retracted and
extended positions, respectively, in accordance with an
embodiment of the present invention;

[0024] FIG. 2A depicts a schematic side sectional view of
the distal portion of a needle with a rake retractor in a closed
position such that the tines of the rake retractor or fully
enclosed within the needle, in accordance with an embodi-
ment of the present invention;

[0025] FIG. 2B depicts a plan view from above, according
to the orientation of the side views of FIGS. 1A-1C and 2A,
of the distal portion of the needle with the rake retractor in
an opened position such that the tines of the rake retractor
are expanded, in accordance with an embodiment of the
present invention;

[0026] FIG. 2C illustrates a perspective view correspond-
ing to FIG. 2B, in accordance with an embodiment of the
present invention;

[0027] FIG. 2D depicts a schematic partial sectional view
from underneath, according to the orientation of the side
views of FIGS. 1A-1C and 2A, the distal portion of the
needle with the rake retractor in a closed position such that
the tines of the rake retractor or fully enclosed within the
needle, in accordance with an embodiment of the present
invention;

[0028] FIG. 2E is a schematic cross-sectional view of the
distal end of the surgical apparatus with the rake retractor in
the fully retracted position, viewed along the longitudinal
axis as indicated by reference lines III-III' in FIG. 2A, in
accordance with some embodiments of the present inven-
tion;

[0029] FIGS. 3A-3D are schematic cross-sectional views
of'the distal end of the surgical apparatus in accordance with



US 2007/0213595 Al

various alternative tine configurations, viewed from a per-
spective corresponding to that of FIG. 2E, in accordance
with various embodiments of the present invention;

[0030] FIGS. 4A-4F schematically depict the distal por-
tion of the surgical instrument for various configurations of
the tines, in accordance with some embodiments of the
present invention;

[0031] FIGS. 5A and 5B schematically depict the distal
portion of the surgical instrument for various configurations
of the shaft, in accordance with some embodiments of the
present invention; and

[0032] FIGS. 6A-6D schematically depict illustrative
cross sectional views of various locking mechanisms that
may be employed in accordance with some embodiments of
the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

[0033] Referring now to FIGS. 1A-1C, shown is a mini-
mally invasive surgical assembly 10 comprising a rake
retractor 14 according to an illustrative embodiment of the
present invention. More specifically, as will be further
understood from the ensuing description, FIG. 1A is a
schematic cross-sectional view of proximal and distal por-
tions of surgical assembly 10 with rake retractor 14 in an
extended position, and FIGS. 1B and 1C are side views of
surgical assembly 10 with the retractor 14 in the retracted
and extended positions, respectively. As depicted, surgical
assembly 10 includes outer hollow needle 12; a grip 11
attached to a proximal portion of outer needle 12 and having
a locking mechanism 13; rake retractor 14 comprising a
shaft 16 that extends coaxially through the outer hollow
needle 12 and retractor tines 17 at the distal end of the shaft;
a handle 15 mechanically coupled to a proximal shaft 19 that
is mechanically coupled to the proximal end of shaft 16. As
will be further understood hereinbelow, retractor 14 may be
moved longitudinally (i.e., in the direction of the coaxial
axis) relative to outer hollow needle 12 such that retractor
tines 17 may be fully retracted within outer hollow needle 12
(e.g., as shown in FIG. 1B) or partially or fully extended out
of the outer hollow needle 12 (e.g., as shown in FIG. 1C).
Additionally, locking mechanism 13 may be used to selec-
tively fix or secure retractor 14 relative to needle 12.
[0034] In accordance with various embodiments of the
present invention, outer hollow needle 12 is typically
between 10 and 30 cm long, and more typically between 13
and 18 cm long (although other sizes could be used, depend-
ing upon the surgery involved, and typically larger for obese
patients and smaller for infants and small children), and is
made from stainless steel, although other materials could be
used. In this embodiment, needle 12 has a sharpened distal
end 18 which is angled at about 35° relative to a longitudinal
axis of the needle, and has an outer diameter of about 2 mm
(about 0.079 inches or 79 mils), an inner diameter of about
1.5 mm (about 0.060 inches or 60 mils), and a wall thickness
of about 0.25 mm (about 0.010 inches or 10 mils).

[0035] As will be appreciated by those skilled in the art,
the outer diameter of 2 mm is sufficiently narrow such that
a wound (e.g., puncture wound) formed by the needle does
not require suturing or stitching, and upon healing will not
result in a scar (or will not result in substantial or noticeable
scarring). Those skilled in the art will further understand,
however, that needle 12 may be implemented with an outer
diameter larger than 2 mm (e.g., 2.5 mm or 3.0 mm or larger)
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while still being sufficiently narrow such that a wound
formed by the needle does not require suturing or stitching
and/or upon healing will not result in scarring.

[0036] Implementing needle 12 with a sufficiently narrow
outer diameter and a sharpened tip also allows for inserting
surgical apparatus 10 into a patient (e.g., into the abdominal
cavity) by using the needle to pierce or puncture the skin and
fascia without first making an incision (e.g., a cutaneous
incision), though the surgeon may still choose to make an
initial incision through which the needle 12 will be inserted.
As will be understood and more fully appreciated from the
ensuing description, while various embodiments of the
present invention are configured using an outer needle
having a diameter that is sufficiently narrow such that a
wound (e.g., puncture wound) formed by the needle does not
require suturing or stitching, alternative embodiments of the
present invention may employ an outer needle or outer
sleeve (e.g., which, in some embodiments, may not be
configured as a needle, nor otherwise have a sharp or pointed
tip) having a diameter that is greater than such a sufficiently
narrow diameter (e.g., and thus, the incision or wound
through which the outer needle or sleeve is inserted may
require stitches or sutures). Further, in alternative embodi-
ments of the present invention, needle 12 may be alterna-
tively implemented as an outer sleeve that does not have a
sharp or pointed tip, regardless of the outer diameter of the
outer sleeve.

[0037] The embodiment of the rake retractor 14 shown in
FIG. 1A, and further depicted in FIGS. 2A-2D, is a retractor
type instrument having an elongated shaft 16 that is gener-
ally coaxial with the with outer needle 12 when inserted
therein. As shown, in this embodiment, the proximal end of
shaft 16 is mechanically coupled to a larger diameter proxi-
mal shaft 19 that is in turn mechanically coupled to a handle
15. Each such mechanical coupling may be provided in any
of various common or different ways, such as by integral
formation (e.g., by machining from a unitary component) or
by fastening (e.g., by welding, epoxying, threading, etc.) the
components directly to each other or to an intermediary
coupling member. While retractor 14 includes a shaft 16 and
tines 17, in some embodiments proximal shaft 19 as well as
handle 15 may be considered as being part of the retractor.
[0038] As will be further understood below, in some
embodiments the surgical assembly 10 may be adapted such
that the retractor 14 along with mechanically coupled shaft
19 and handle 15 may be entirely disengaged from, and
selectively inserted by a surgeon into, needle 12 and grip 11.
Accordingly, the surgeon may insert the retractor 14 into
grip 11 and needle 12 after inserting needle 12 into the
patient. Additionally, the surgeon may, if desired, remove the
retractor 14 and insert a different instrument into the same
needle 12 that is already positioned in the patient.

[0039] Insome embodiments, a guide mechanism, such as
a combination of one or more longitudinal slots and one or
more complementary tabs or ridges or rails provided on
shaft 19 and the inner bore of grip 11, may be implemented
such that retractor 14 has a fixed rotational (e.g., azimuthal)
orientation about the longitudinal axis and relative to needle
12 as retractor 14 is moved along the longitudinal direction
(e.g., between the fully retracted and fully extended posi-
tions). Various guide configurations may be provided such
that for a given apparatus 10, the rotational (azimuthal)
orientation of the retractor relative to longitudinal axis of
needle 12 may be any one of two or more possible orien-
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tations that may be selected upon insertion of the retractor
into the grip 11 and needle 12 (e.g., by aligning the comple-
mentary components of the guide mechanism in a desired
orientation upon insertion). By way of example, shaft 19
may have two longitudinal slots displaced by 180° about the
longitudinal axis, and either two rails (or two tabs) displaced
by 180° about the longitudinal axis or one longitudinal rail
(or a single tab) may be provided on the inner bore of grip
11, thus allowing retractor 14 to be selectively oriented in
one of two azimuthal orientations (displaced by 180°) rela-
tive to the longitudinal axis of the needle 12. As may be
appreciated, rather than providing guides (e.g., slots/grooves
and complementary rails/tabs) to prevent free rotation of a
generally cylindrically shaped shaft 16 and proximal shaft
19, inner bore of grip 11 and proximal shaft 19 may have a
non-circular cross-sectional shape that permits orientation in
only one or more discrete rotational orientations. For
instance, a square cross section for shaft 19 and the inner
bore of grip 11 would permit retractor 14 to be orientated in
any one of four rotational positions about the longitudinal
axis associated with needle 12. In various alternative
embodiments, such guides may provide for some limited
range of rotation about the longitudinal axis (e.g., the
circumferential width of the slot compared to the width of
the tab or rail may allow for 30° or 45° rotation about the
longitudinal axis). In yet other embodiments, such guide
mechanisms may not be provided, or may be disengaged,
such that the retractor 14 may be freely rotated by the
surgeon about the longitudinal axis to manipulate and posi-
tion the retractor at any desired azimuthal angle.

[0040] According to various embodiments of the inven-
tion, the retractor 14 and needle 12 are sized so that at least
a portion of the shaft 16 of the retractor 14 interferingly
slides against the inner surface of the needle 12, thereby
forming a seal which is effective against desufflation. Thus,
in the illustrative embodiment, the outer diameter of the
shaft 16 is approximately 1.49 mm (0.059 inches or 59 mils),
or about 0.01 mm smaller than the inner diameter of the
needle. This small difference in diameters results in a sliding
interference fit which can be felt as a drag and which
effectively acts as a seal against desufflation. Alternatively or
additionally, the needle may include an internal gasket or
seal (e.g., an O-ring) that seals against the outer diameter of
the shaft. In various embodiments, a seal against desufflation
may additionally or alternatively be provided between at
least a portion of shaft 19 and the inner bore of grip 11.

[0041] As depicted in FIGS. 1A and 1C, and in more detail
in FIGS. 2A-2D, the distal end of retractor 14 includes tines
17, which, in this embodiment, have a curved, continuous
arcuate shape. Tines 17 (i.e., comprising individual tines
17a-e) are formed so that they are mechanically biased to an
open position (as seen in FIGS. 1A and 1C, and FIGS. 2B
and 2C) such that they automatically open when the end
effectors 22 of the surgical instrument 14 extend out of the
needle 12, and they close when the needle extends over them
(as seen in FIG. 1B, and FIGS. 2A and 2D). More specifi-
cally, the tines 17 are mechanically/elastically strained in the
closed position (e.g., when disposed within the needle) and
are under monotonically decreasing elastic strain as the tines
17 are increasingly extended out of the needle 12 (i.e., the
mechanical strain decreases as the tines extend to their
biased, relaxed position). The tines 17 may be formed from
the end of the shaft 16, such as by machining or etching, or
may be formed in any other desired manner, such as by
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separately forming individual tines 17 and connecting them
(e.g., by welding) to the shaft. The combined length of shaft
16 and shaft 19 compared to the combined length of needle
12 and grip 11 must be long enough to permit the tines 17
to extend out of the needle. The retractor 14 is preferably
made from stainless steel, although other materials could be
used for all or part of the instrument 14.

[0042] As shown in FIGS. 2B and 2C, in this embodiment,
when extended into the open position, tines 17 fan out
relative to one another, with the proximal portions of the
tines being disposed approximately in a plane that is
approximately parallel with the longitudinal axis, and with
the distal end portion of each tine curving along a direction
that is in a plane that intersects, and in this embodiment is
approximately perpendicular to, the plane in which the
proximal portions of the tines fan out. As schematically
depicted in FIGS. 2A and 2D, when in the closed position,
tines 17 are substantially straight and parallel, packed along
and within the distal portion of needle 12. In accordance
with various embodiments of the present invention, the end
portions are blunt or rounded (to prevent or reduce the
likelihood that the tines will inadvertently puncture tissue).
Additionally, as depicted in FIG. 2D, in various embodi-
ments, the ends of two or more tines in the closed position
do not occupy a common plane that is substantially perpen-
dicular to the longitudinal axis of needle 12, although in
various embodiments two or more tines may substantially
occupy such a plane.

[0043] This design feature of the end portions of the tines
may be provided to achieve various design objectives; for
example, the end portions not occupying a common plane
substantially perpendicular to the longitudinal axis may
result from the tines design being provided to ensure that
when the tines open they each extend approximately the
same distance in the longitudinal direction before curving,
and the hooked or curved portion of each tine is substantially
the same shape and length. As such, under these design
parameters, tines that fan out to a greater extent will be
longer (assuming all tines emanate from the shaft 16 at a
common plane substantially perpendicular to the longitudi-
nal axis). It is appreciated, however, that the tines need not
extend the same distance longitudinally, nor need to have the
same curvature or length of their distal portions. As will be
further understood below, having at least two of the end
portions not occupying a common plane substantially per-
pendicular to the longitudinal axis may also be well suited
for allowing the tips or end portions of the tines to be wider
than the width or diameter of the remainder of the tines (e.g.,
ball tips), while allowing the tines to fit within the needle 12
(i.e., by preventing the tips, e.g., ball-tips, from physically
interfering with each other, viz., attempting to occupy the
same space within the needs, when closed).

[0044] FIG. 2E is a schematic cross-sectional view of the
distal end of surgical apparatus 10 with instrument 14 in the
fully retracted position, viewed along the longitudinal axis
associated with outer needle 12 and coaxial shaft 16 at a
longitudinal position adjacent to and distal from the longi-
tudinal position where retractor tines 17a-e emanate from
shaft 16 of retractor 14, as indicated by reference lines
III-IIT" in FIG. 2A, in accordance with some embodiments of
the present invention. As shown, in this embodiment retrac-
tor tines 17a-e have a generally equally sized circular
cross-section (though they need not have equal sizes, nor
must they have a uniform cross section along their length),
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and their respective center axes are disposed in an approxi-
mately pentagonal relationship, this pentagonal configura-
tion providing essentially the most efficient circular cross-
section tine packing within the circular inner cross-section
of the needle, allowing each of the five equal-diameter tines
to have essentially the largest equal diameter while fitting
within the needle.

[0045] As may be appreciated, however, in various alter-
native embodiments, different numbers, shapes, and/or spa-
tial configurations of tines may be employed. By way of
illustrative, non-limiting examples, FIGS. 3A-3D depict
cross-sectional views of various illustrative alternative tine
implementations having different numbers of tines and/or
spatial configurations, though the tines in each of these
configurations have a generally circular cross section. More
specifically, FIG. 3A depicts five tines 31 spatially config-
ured according to a generally hexagonal close-packed
arrangement, which is the arrangement also implemented to
provide six tines 33 and seven tines 35 in the configurations
of FIGS. 3B and 3C, respectively. FIG. 3D depicts four tines
37 spatially configured according to a generally square
arrangement.

[0046] As may be appreciated from the foregoing, and as
will be further understood below, the tines 17 of retractor 14
may be implemented in any of myriad configurations; for
example, the number, shape, length, mechanical strength
and elasticity or resiliency of the tines may be selected and
designed to satisfy various uses or objectives (e.g., depend-
ing on type of surgery, type and size of tissue to be retracted,
etc.). In such myriad configurations and variations, however,
the tines are mechanically biased to an expanded position
such that they automatically spread relative to each other
when they are extended out of the needle.

[0047] For example, referring to FIG. 4A, depicted is an
embodiment of the present invention in which tines 47
include ball-tips 49. As noted above, the ball tips may be
provided to help prevent tissue damage. Additionally, the
ball ends may also facilitate using the rake retractor to rake,
scrape, or otherwise manipulate tissue or other particulates
or materials. As shown, in accordance with some embodi-
ments, one of the tines emanating from shaft 16 may be
formed into a Y-shaped distal portion, which, in this embodi-
ment, also includes a ball tip 49 on each end. As may be
appreciated, other embodiments not employing ball-ends
may also be implemented with Y-shaped tines. FIG. 4B
schematically depicts the tines of FIG. 4A in the closed
position, with the ball tips 49 displaced longitudinally such
that the tines may fit within a smaller diameter needle than
otherwise would be required if the ball tips were not
displaced as such and would interfere with each other. As
noted above, it is not necessary for all the ball-tips to be
displaced longitudinally relative to each other; a sufficient
number of them should be longitudinally displaced to permit
the needle diameter to be a small as desired.

[0048] As depicted in FIG. 4C, in accordance with some
embodiments, a rake retractor may have tines 57 having
spoon-like shaped ends 59. Such a spoon-like shape may
assist scooping or scraping various types of tissue or par-
ticulates that may be encountered during various types of
surgeries. Alternatively, these elements may be used by the
surgeon to assist in the placement of desired surgical tools
or pharmaceutical agents. As described for the embodiment
of FIGS. 4A and 4B, the tines 57 in this embodiment may be
configured such that they are longitudinally displaced when
in the closed position. Additionally, or alternatively, two or
more of the spoon-like ends may be configured to spoon
against each other when in the closed position.
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[0049] FIG. 4D schematically illustrates a rake retractor
according to another embodiment of the present invention,
wherein tines 77 include angular bends 79 to provide a
hooked configuration. In this embodiment, tines 77 are
nevertheless substantially straight and substantially aligned
along the longitudinal axis when the tines 77 are entirely
within needle 12 in the closed position. As depicted in FIG.
4E, each of one or more tines 87 may include two or more
angular bends 89 and 89' to provide increased curvature or
hooking, e.g., for greater scooping effect, which may be
desired in various implementations.

[0050] While in the embodiments discussed above, the
tines have a curved, hooked, or bent shape, which may
facilitate using retractor 14 to pull tissue structures, in some
embodiments the tines may be substantially straight, sub-
stantially without curvature or bends, such as depicted in
FIG. 4F.

[0051] Invarious embodiments, shaft 16 may alternatively
or additionally be adapted to provide a hooking or scooping
effect. For instance, as illustrated in FIG. 5A, shaft 16 of the
rake retractor (with tines 97) may include an angular bend
101 to provide a mechanical bias. Similarly, FIG. 5B illus-
trates a further illustrative embodiment of a rake retractor
(with tines 107) with angular bends 102 and 103 along shaft
16. As may be appreciated additional bends may be pro-
vided, and the distance between bends determined according
to the implementation. As may be appreciated, using such
embodiments of a rake retractor, the surgeon may adjust the
scooping effect by moving the shaft 16 relative to needle 12
longitudinally to selectively extend or retract one or more
angular bends relative to the end of the needle. In the fully
retracted position, the shaft 16 is substantially straight and
substantially parallel to the longitudinal axis of the needle
12, and the shaft is in a mechanically strained condition,
which is relaxed as each of the one or more angular bends
are extended external to the needle. As may be appreciated,
while the embodiments of FIGS. 5A and 5B illustrate using
angular bends to bias shaft 16, in various implementations
shaft 16 may alternatively or additionally be mechanically
biased such that it has a continuous arcuate curvature along
at least a portion thereof when in a mechanically relaxed
state (e.g., when extended outside the needle).

[0052] A surgical apparatus 10 comprising a rake retractor
14 in accordance with embodiments of the present invention
may be used by a surgeon in accordance with the following
illustrative method. With the rake retractor 14 inserted in the
needle 12 (e.g., with the tines withdrawn within the needle
12), the surgeon uses the needle 12 to puncture the skin and
advance the needle portion of the surgical apparatus into the
body (e.g., the abdomen). Alternatively, as described above,
the rake retractor 14 may be inserted into the needle 12 after
the needle 12 is inserted into the patient. It may also be
understood that although needle 12 may be adapted to
puncture the skin and penetrate the facia, the surgeon may,
if desired, nevertheless make an initial incision (e.g., cuta-
neous incision) into which the needle is inserted. At a
desired location (typically under guidance of an already
inserted scope), the movement of the needle is stopped. The
rake retractor 14 is then unlocked (if previously locked, e.g.,
by locking mechanism 13 and/or other locking mechanisms,
such as a thumbscrew) and advanced relative to the needle
12 to extent the tines 17 beyond the distal end of needle 12
such that they automatically expand into the open position.
[0053] The surgeon may then lock the retractor 14 relative
to needle 12 (e.g., using locking mechanism 13F), and may
further move the retractor and needle together to maneuver
the tines of the rake retractor 14 to manipulate tissue or other
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objects within the patient (e.g., within the abdominal cavity).
During surgery, the surgeon may selectively unlock locking
mechanism 13 and adjust the relative position of shaft 16
relative to needle 12 as desired, and then relock locking
mechanism 13.

[0054] If during surgery the rake retractor is not needed,
the locking mechanism 13 may be unlocked and the rake
retractor 14 pulled proximally relative to the needle 12 such
that the tines 17 are fully retracted into needle 12. The
locking mechanism 13 may then be engaged (locked). The
surgical apparatus 10 may be withdrawn from the body
typically, but not necessarily, with the rake retractor first
withdrawn relative to the needle such that the tines are in the
closed position within the needle.

[0055] In accordance with various embodiments of the
present invention, removal of the surgical instrument 10
leaves a small puncture mark that will often heal without a
scar. It is also noted that because of the small diameter of the
surgical assembly according to various embodiments of the
present invention, withdrawal of the needle assembly from
the abdomen will not cause desufflation, and should not
require stitching to close the wound.

[0056] As previously mentioned, the surgical apparatus 10
in accordance with various embodiments of the present
invention includes a locking means that is used to fix the
relative location of the rake retractor 14 relative to needle
12. In the embodiment illustrated in FIGS. 1A-C, locking
mechanism 13 is provided as a cam element that is rotatingly
coupled to the grip 11 by a pin 73. When in a first
orientation, the cam element permits proximal shaft 19, and
thus shaft 16 of retractor instrument 14 to which proximal
shaft 19 is mechanically coupled (e.g., fastened to or inte-
grally formed with) r fastened to) to move in an uninhibited
manner. When in a second orientation, the cam element
engages shaft 19 and holds shaft 19, and hence retractor 14,
fixed relative to the grip 11 and needle 12.

[0057] Those skilled in the art will understand that any of
a variety of alternative or additional locking mechanisms
may be implemented, and further, that different grip and
handle designs may also be implemented.

[0058] FIGS. 6A-6D schematically depict various illustra-
tive locking mechanisms that may be additionally or alter-
natively implemented in accordance with some embodi-
ments of the present invention. More specifically, in FIG.
6A, a fixing system 50 is shown to include notches 52 on at
least a portion of the shaft 16 of the rake retractor instrument
14, and a screw 54 which extends through a threaded radial
hole 55 in the needle 12 or its grip 11. When it is desired to
fix the rake retractor 14 relative to the needle 12, the screw
54 is screwed (typically clockwise) into the needle and into
engagement with a notch 52. When it is desired to release the
rake retractor 14, the screw 54 is unscrewed so that it is no
longer engaged in the notch. It will be appreciated that
instead of a screw 54 and a threaded radial hole 55, a spring
loaded pin which extends through a radial hole in the needle
(or needle handle) could be utilized to lock the surgical
instrument 14 relative to the needle 12. Those skilled in the
art will also understand that any of a variety of detent
mechanisms may be similarly employed.

[0059] In FIG. 6B, another fixing system 50' is shown to
include radial grooves 60 on the shaft 16 of the rake retractor
and a clip 61 having spring arms 62 (one shown), and a shaft
63. The shaft 63 of the clip 61 extends through a wall of the
needle or, more preferably, its grip 11, and the spring arms
62 engage a radial groove 64 on the shaft 16 (or shaft 19).
When the shaft 16 of the rake retractor is pushed or pulled
relative to the needle 12, the spring arms 62 spread to permit
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movement of the shaft 16 past the clip 61. It will be
appreciated that if the spring arms 62 are sufficiently
springy, grooves are not required on the shaft 15 of the
needle as the spring arms 62 will firmly hold the shaft in
position.

[0060] Another illustrative fixing system 50" schemati-
cally depicted in FIG. 6C includes a plastic screw 65 which
extends around the shaft 16 of the rake retractor 14, and an
inner thread 66 located on the grip 20 of the needle 12. When
it is desired to fix the rake retractor 14 relative to the needle
12, the screw 65 is screwed into the threaded grip 20 of the
needle 12. The plastic screw 65 and the inner thread 66 of
the grip 20 of the needle 12 are sized to cause the plastic
screw 65 to deform and tighten around the shaft 16 when the
screw 65 is screwed into the thread 66, thereby fixing the
locations of the needle 12 and surgical instrument 14 relative
to each other. When it is desired to release the rake retractor
14, the screw 65 is unscrewed sufficiently to permit move-
ment of the surgical instrument relative to the needle. As will
be appreciated by those skilled in the art, the screw 65 may
have a gripping member such as a head (not shown) to help
the practitioner apply torque.

[0061] FIG. 6D schematically depicts yet another illustra-
tive fixing system 50" which includes a thumb screw 70 and
a grip 20 of the needle 12 which includes a thread (not
shown), and which is flexible or plastic. In particular, the
thumb screw 70 when screwed onto the grip 20 threads
causes the grip portion to clamp down on the shaft 16 of the
rake retractor 14 and lock the rake retractor relative to the
needle. It will be appreciated that in FIGS. 6C and 6D, the
grip 20 and handle 14 are depicted as modified relative to the
grip 11 and handle 15 of FIGS. 1A-C, and further that the
shaft 16 in FIGS. 6C and 6D extends with a constant
diameter from the needle 12 to the handle 15 whereas in
FIGS. 1A-C shaft 16 is mechanically coupled to handle 15
via a proximal shaft 19 of larger diameter. Those skilled in
the art will understand that these differences are illustrative
of some of the variations within the purview of embodi-
ments of the present invention, and that various handle,
shaft, and grip designs may be implemented and may each
employ any of various fixing means to selectively fix the
rake retractor relative to the needle.

[0062] The present invention has been illustrated and
described with respect to specific embodiments thereof,
which embodiments are merely illustrative of the principles
of the invention and are not intended to be exclusive or
otherwise limiting embodiments. For instance, those skilled
in the art will understand that rake retractors and surgical
assemblies in accordance with alternative implementations
of the present invention may use any of a variety of
materials, tine designs and configurations, grips, handles,
locking mechanisms, etc. Those skilled in the art will
similarly understand that various aspects or features of
embodiments disclosed hereinabove may be combined, such
as the various tine ends (e.g., spoon-shaped, ball-tipped,
etc.), tine curvatures (e.g., angular bend(s); smooth, con-
tinuous arc; straight, etc.), and shaft designs (e.g., straight;
angular bend(s); smooth, continuous arc, etc.). Further, those
skilled in the art will understand in view of the foregoing
that all the tines of a given rake retractor within the purview
of embodiments of the present invention need not have the
same tine ends, tine curvatures, or other design features; that
is, at least one tine may have one or more design features
different from those of another tine.

[0063] Accordingly, although the above description of
illustrative embodiments of the present invention, as well as
various illustrative modifications and features thereof, pro-
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vides many specificities, these enabling details should not be
construed as limiting the scope of the invention, and it will
be readily understood by those persons skilled in the art that
the present invention is susceptible to many modifications,
adaptations, variations, omissions, additions, and equivalent
implementations without departing from this scope and
without diminishing its attendant advantages. It is further
noted that the terms and expressions have been used as terms
of description and not terms of limitation. There is no
intention to use the terms or expressions to exclude any
equivalents of features shown and described or portions
thereof. Additionally, the present invention may be practiced
without necessarily providing one or more of the advantages
described herein and/or that may be realized in some
embodiments thereof. It is therefore intended that the present
invention is not limited to the disclosed embodiments but
should be defined in accordance with the claims that follow.

What is claimed is:

1. A surgical assembly, comprising:

a hollow needle having a sharp distal end operative in
puncturing skin to insert and advance the surgical
instrument into the body, and having an outer diameter
dimensioned such that a wound formed from the hol-
low needle puncturing the skin is capable of being
closed independent of stitching; and

a surgical instrument having a shaft that extends through
said hollow needle, said surgical instrument being
movable relative to said hollow needle and including at
a distal end of said shaft a plurality of elongated
members, each elongated member having a first end
mechanically coupled to the distal end of the shaft and
an opposite free end, each elongated member being
mechanically biased such that when said elongated
members extend externally to said needle into an open
position said elongated members automatically expand
relative to each other, and when said hollow needle
extends over said elongated members in a closed posi-
tion, said elongated members are forced to collapse
relative to each other against the mechanical bias.

2. The surgical assembly according to claim 1, wherein

said outer diameter is substantially 2.5 mm or smaller.

3. The surgical assembly according to claim 1, wherein
said hollow needle has an inner surface and said shaft has an
outer surface, and said outer surface and said inner surface
are sized so that at least a portion of said shaft interferingly
slides against said inner surface of said needle, thereby
forming a seal which is effective against desufflation.

4. The surgical assembly according to claim 1, further
comprising a fixing means coupled to said surgical instru-
ment and said hollow needle for fixing said surgical instru-
ment relative to said needle.

5. The surgical assembly according to claim 1, wherein
said needle is between about 13 cm and 18 cm long.

6. The surgical assembly according to claim 1, wherein at
least one of said elongated members is mechanically biased
such that when the elongated members are extended exter-
nally to said needle, each of said at least one elongated
members automatically mechanically relaxes to provide a
curvature over at least a portion of the elongated member.

7. The surgical assembly according to claim 6, wherein
said curvature comprises at least a portion that is continu-
ously arcuate, independent of angular bends.
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8. The surgical assembly according to claim 6, wherein
said curvature comprises at least two substantially straight
segments that intersect at a bend.

9. The surgical assembly according to claim 8, wherein
said curvature comprises at least three substantially straight
segments that successively intersect at two bends.

10. The surgical assembly according to claim 1, wherein
at least one of the elongated members includes a bend.

11. The surgical assembly according to claim 1, wherein
the free ends of the elongated members are blunted.

12. The surgical assembly according to claim 11, wherein
at least one of the elongated members has a ball tip.

13. The surgical assembly according to claim 11, wherein
the distal end of at least one of the elongated members is
approximately spoon-shaped.

14. The surgical assembly according to claim 1, wherein
when in the closed position, the distal ends of at least two of
said elongated members are displaced longitudinally along
the length of said needle.

15. The surgical assembly according to claim 14, wherein
at least one of said elongated members that is displaced
longitudinally includes a ball-tip, and the longitudinal dis-
placement is sufficient to prevent the ball-tip from interfer-
ing with at least one other elongated member when in the
closed position.

16. The surgical assembly according to claim 1, wherein
said shaft is mechanically biased over at least a portion
thereof such that when the portion of the shaft is extended
externally to said needle, the shaft automatically mechani-
cally relaxes to provide a curvature over at least the portion
of the shaft.

17. The surgical assembly according to claim 16, wherein
said mechanical bias is provided by at least one bend in said
shaft.

18. The surgical assembly according to claim 1, wherein
said shaft includes at least one bend.

19. The surgical assembly according to claim 1, wherein
the first ends of said elongated members are integrally
formed at the distal end of said shaft.

20. The surgical assembly according to claim 1, wherein
the first ends of said elongated members are fastened to the
distal end of said shaft.

21. A surgical method, comprising:

obtaining a surgical assembly having (i) a hollow needle

with a sharp distal end and an outer diameter dimen-
sioned such that a wound formed from the hollow
needle puncturing the skin is capable of being closed
independent of stitching, and (ii) a rake retractor having
a shaft that extends through said hollow needle, said
rake retractor being movable relative to said hollow
needle and including at distal end of said shaft elon-
gated members having a first end mechanically coupled
to the distal end of the shaft and an opposite free end,
each elongated member being mechanically biased
such that when said elongated members extend exter-
nally to said needle into an open position said elongated
members automatically expand relative to each other,
and when said hollow needle extends over said elon-
gated members in a closed position, said elongated
members are forced to collapse relative to each other
against the mechanical bias;

with said end effectors in the closed position, using said

sharp distal end of said hollow needle to puncture the
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skin of said patient and insert a distal portion of said
surgical assembly into a cavity of said patient;

moving said rake retractor relative to said needle to cause
said elongated members to extend out of said needle
and to automatically open relative to each other.

22. The surgical method according to claim 21, further
comprising moving said elongate members to retract an an
object in the cavity.

23. The surgical method according to claim 21, further
comprising withdrawing said surgical assembly from said
patient through the puncture formed in the skin of the patient
upon inserting the surgical assembly into the patient, and
allowing the puncture wound to heal independently of
stitching.

24. The surgical method according to claim 21, wherein
said outer diameter is substantially 2.5 mm or smaller.

25. A rake retractor for use within a hollow surgical
instrument having an inner diameter less than 2.5 mm, the
instrument having a distal end and an interior, comprising:

a) a shaft having a proximal end, a distal end, a longitu-

dinal axis, and a diameter less than 2.5 mm; and
b) a plurality of rake prongs each including a first end
coupled to said distal end of said shaft and an opposite
free end, said free end of at least two of said rake
prongs terminating at differing lengths relative to the
longitudinal axis, said rake prongs biased to spread
relative to each other into an expanded position,

wherein when said rake retractor is inserted into the
surgical instrument, the rake prongs are structured to
collapse against said bias to reside within the interior,

and when said rake retractor is extended out of the distal
end of the instrument, the prongs move into the
expanded position.

26. The rake retractor of claim 25, wherein said plurality
of rake prongs are joined to the shaft by a weld.

27. The rake retractor of claim 25, wherein said shaft has
at least one bend.

28. The rake retractor of claim 25, wherein at least one of
said plurality of rake prongs is a wire.

29. The rake retractor of claim 25, wherein said rake
prongs have respective free ends, said free ends terminating
at two or more positions along the longitudinal axis.

30. The rake retractor of claim 29, wherein at least one of
said free ends has a blunted end configuration.

31. The rake retractor of claim 30, wherein said blunted
end configuration includes one of a ball-tip shape and a
spoon-shape.

32. The rake retractor of claim 29, wherein combined
diameters of said free ends is greater than an inner diameter
of the surgical instrument.

33. The rake retractor of claim 25, wherein said shaft
comprises a proximal extension of at least one of said rake
prongs.

34. The rake retractor of claim 25, further comprising
locking means for affixing said rake retractor to the surgical
instrument.

35. A surgical system, comprising:

a) a hollow surgical instrument having a diameter less

than 2.5 mm; and

b) a rake retractor positioned within the hollow surgical

instrument, said rake retractor including:
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i) a shaft having a proximal end and a distal end; and

ii) a plurality of rake prongs including a first end
coupled to said distal end of said shaft and an
opposite free end, said free end of at least two of said
rake prongs terminating at differing lengths relative
to a longitudinal axis, said rake prongs biased to
spread relative to each other into an expanded posi-
tion, such that in a first position said rake prongs
spread into an expanded position outside of said
surgical instrument and

in a second position said rake prongs reside in a collapsed
position within an interior of said surgical instrument.

36. The surgical system of claim 35, wherein said hollow
surgical instrument is a needle.

37. The surgical system of claim 35, wherein at least one
of said plurality of rake prongs are joined to said shaft by a
weld.

38. The surgical system of claim 35, wherein said shaft
has at least one bend.

39. The surgical system of claim 35, wherein at least one
of said plurality of rake prongs is a wire.

40. The surgical system of claim 35, wherein said rake
prongs have respective free ends, said free ends terminating
at two or more positions along the longitudinal axis.

41. The surgical system of claim 40, wherein the com-
bined diameters of said free ends is greater than an inner
diameter of said surgical instrument.

42. The surgical system of claim 40, wherein at least one
free end includes one of a ball-tip configuration, a spoon-
shaped configuration, and a blunted end configuration.

43. The surgical system of claim 35, including locking
means for affixing the rake retractor to said hollow surgical
instrument.

44. A surgical method, comprising:

a) obtaining a hollow needle having an outer diameter not

greater than 2.5 millimeters and a sharp distal end, and
a rake retractor having a rake handle which extends
through the hollow needle and also having rake prongs
at a first end of the rake handle, the rake prongs biased
to an open position, the rake prongs terminating at
differing lengths relative to a longitudinal axis, and the
rake retractor being moveable relative to the hollow
needle;

b) inserting a distal portion of the hollow needle into the
skin of a patient using the sharp distal end, the insertion
made with the rake retractor in a closed position; and

¢) moving one of the surgical instrument and the needle
relative to the other such that the rake retractor extends
out of the needle and the rake prongs open relative to
each other.

45. The surgical method of claim 44, further comprising
maneuvering the rake prongs to contact an object beneath
the skin.

46. The surgical method of claim 44, further comprising
adjusting the needle to cause the rake prongs to contact an
object beneath the skin.

47. The surgical method of claim 44, further comprising
contacting an object with the rake retractor.

* * % Ed *
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