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SURGICAL STAPLER AND METHOD OF
SURGICAL STAPLING

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of International
Application PCT/IB2010/052804, filed Jun. 21, 2010, which
claims priority from U.S. Provisional Application Ser. No.
61/269,664 filed Jun. 26, 2009, the disclosures of both which
are incorporated herein by reference.

FIELD OF THE INVENTION

[0002] This invention relates to surgical stapling, and more
particularly to tools for effecting surgical stapling, to methods
of surgical stapling and to an improved staple construction.

BACKGROUND OF THE INVENTION

[0003] Although suturing has traditionally been used to
jointissue and close wounds, in recent years, surgical stapling
has begun to supplant suturing because of the time-saving
afforded and because less skill is generally required to effect
surgical stapling as a result of the availability of tools which
are consistent in precise implantation of a surgical staple.
Surgical staples have been used not only to join portions of
tissue to close a wound or the like, but to affix a prosthesis to
tissue, as in annuloplasty operations, for example.

[0004] The patent art is replete with a plethora of U.S.
patents showing a wide variety of surgical staples made both
of shape-memory material and of non-shape memory mate-
rial which undergoes plastic, i.e. non-reversible, deformation
in order to effect joinder or constriction of tissue. It is also
replete with tools or devices for implanting such staples into
body or organ tissue which may be used to eftect such meth-
ods of tissue joinder and/or constriction using such surgical
staples. Examples of such are found in the following U.S.
patents and published applications: U.S. Pat. Nos. 4,485,816;
4,505,273, 5,413,584; 6,702,826; 6,913,608; 7,037,334,
7,473,258; 7,485,142 and U.S. Published Application Nos.
US 2003/0171776 and US 2005/0283190.

[0005] The multitude of patents in this art show that
improvements have long been sought, and the search for
improved methods of surgical stapling continues.

SUMMARY OF THE INVENTION

[0006] The invention provides methods for using a single
staple to effectively create several different amounts of con-
straint within tissue into which the staple is implanted. Sta-
pling tools are provided which manipulate a staple of a given
size and shape so as to allow a surgeon to obtain several
different degrees of constraint in tissue once the staple has
been implanted.

[0007] Inone moreparticular aspect, the invention provides
a surgical stapling tool which comprises a main body which
includes a handle portion, an effector extending from said
body which holds at least one surgical staple having two legs
with pointed ends and a crown connector interconnecting the
opposite ends of the legs, said effector including a first
mechanism for adjusting the distance between the pointed
ends of the legs so they become spaced apart a precise desired
distance that is one of several different distances, an actuator-
indicator incorporated in said body for operating said first
mechanism, a second mechanism which causes the effector to
implant the staple into body tissue or organ tissue so as to
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achieve a precise amount of constriction, which constriction
is dependent upon the one of said several different precise
spaced apart distances to which the pointed ends were
adjusted, and an actuator for causing said second mechanism
to operate.

[0008] Inanother particular aspect, the invention provides a
method of surgical stapling which comprises the steps of
providing a stapling tool which holds at least one surgical
staple having two legs with pointed ends and a crown con-
nector interconnecting the opposite ends of said legs, with the
pointed ends spaced an initial distance apart, manipulating
the tool to change the distance between the pointed ends of
said legs so they are now spaced apart a precise desired
distance which is different from said initial distance, and then
causing the tool to implant said staple into body or organ
tissue so as to achieve a precise amount of tissue constriction
dependent upon said precise spaced distance to which the
pointed ends were set by said manipulating step.

[0009] In a further particular aspect, the invention provides
a method of constricting a region of body or organ tissue by
surgical stapling which method comprises the steps of (1)
providing a stapling tool which is loaded with at least one
surgical staple having two legs with pointed ends and a crown
connector interconnecting the opposite ends of the legs, with
the pointed end spaced an initial distance apart, (2) manipu-
lating the tool to change the distance between the pointed
ends of the legs so they are spaced apart one of several precise
distances, which are different than said initial distance, and
(3) then using the tool to implant the staple into the body or
organtissue so that, as a result of such implantation, the staple
achieves a precise amount of constriction in the tissue depen-
dent upon to which of said precise spaced distances the
pointed tips of the legs were adjusted.

[0010] Inastill further particular aspect, the invention pro-
vides a surgical staple which comprises two legs having
pointed free ends and a crown connector interconnecting the
upper ends of said legs, said staple being essentially planar
and formed completely of wireform material having an
I-beam cross-section where two parallel flanges flank a cen-
tral web, which flanges are oriented perpendicular to the
plane of the staple.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG.1isa perspective view of a staple that might be
used with this stapling method.

[0012] FIG. 2 is a perspective view of a surgical stapling
tool illustrated schematically, with portions broken away,
with the staple of FIG. 1 mounted therein and showing the
pointed tips of the staple spaced apart at an initial minimal
distance of, for example, 6 millimeters (mm).

[0013] FIG. 2A is an enlarged, fragmentary, side perspec-
tive view showing the actuator-indicator portion of the tool of
FIG. 2.

[0014] FIG. 3 is a fragmentary top view, enlarged in size, of
the stapling tool as shown in FIG. 2.

[0015] FIG. 3A is a top view of the actuator-indicator por-
tion atop the handle of the tool of FIG. 2.

[0016] FIG. 4 is a fragmentary front view, similar to FI1G. 3,
wherein the stapling tool has been manipulated so as to adjust
the legs of the staple so the pointed tips are spaced apart at a
greater predetermined distance, e.g. about 7.5 mm.

[0017] FIG. 4A is an enlarged fragmentary view similar to
FIG. 3A showing the actuator-indicator portion of the tool as
adjusted for FIG. 4.
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[0018] FIG. 5 is a fragmentary front view similar to FIG. 4
wherein the stapling tool has been manipulated so as to adjust
the legs of the staple so the pointed tips are spaced apart at a
still greater predetermined distance, e.g. 9 mm.

[0019] FIG. 5A is an enlarged fragmentary view similar to
FIG. 3A showing the actuator-indicator portion of the tool as
adjusted for FIG. 5.

[0020] FIG. 6 is a schematic view showing the stapling tool
of FIG. 3 as the pointed tips of the staple have been caused to
initially enter the tissue, the surface of which is momentarily
deformed downward by the entry of the pointed tips.

[0021] FIG. 7 is a view similar to FIG. 6 where the staple
has its legs implanted further into the tissue and where the
arms of the tool that were used to spread the legs to the desired
spaced apart distance have been withdrawn to a central loca-
tion.

[0022] FIG. 8is a schematic view similar to FIG. 6 wherein
the staple has been inserted into the tissue so that the crown
connector of the staple is now juxtaposed with the tissue
surface and with the staple tool effector still in contact with
the crown connector while the legs of the staple have closed.
[0023] FIG. 9 is a view similar to FIG. 8 showing the
stapling tool disengaged from the implanted staple and being
withdrawn.

[0024] FIG. 10 is a view of the tool and staple of FIG. 4,
showing the pointed tips of the staple just piercing the tissue.
[0025] FIG.11isaview similarto FIG. 10, showing deeper
implantation of the staple and some bending movement of the
staple legs to constrict the tissue below the surface thereof.
[0026] FIG.12isa front view of an alternative embodiment
of a staple.

[0027] FIG. 13 is a perspective view of the staple shown in
FIG. 12.

[0028] FIG. 14 is an enlarged fragmentary cross sectional
view taken generally along line 14-14 of FIG. 13.

[0029] FIG.15is afragmentary view enlarged in size of the
pointed end of one leg of the staple shown in FIG. 13.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0030] Illustrated in FIG. 1 is a staple 11 that might be
loaded in a surgical stapling tool and employed in a surgical
stapling method which embody various features of the inven-
tion. The staple 11 includes a pair of legs 13,15 which depend
from a crown connector 19. The legs have pointed lower ends
17 and are respectively connected to the crown connector at
the bottom of a pair of ears 27,29, each of which is a loop of
about 270 degrees that is integral with a central linear bar
section 25 of the crown connector. The ears 27,29 are prefer-
ably integral with both the bar connector and the legs, as the
staple 11 is preferably formed from an integral piece. Each leg
of' the staple embodiment illustrated in FIG. 1 is formed with
a shallow curvature, with the concave surfaces facing each
other.

[0031] Although the embodiment of the staple illustrated in
FIG. 1 is planar, the method is not restricted to using such
staples. For example, illustrated in pending International
Publication No. WO 2009/130631 are a variety of staples
which are designed to interlock with one another. These other
embodiments of surgical staples include rings extending from
one or both sides of the staple through which a leg of an
adjacent staple would be passed. Also included are surgical
staples which instead of having a straight planar center sec-
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tion in the crown connector are formed with an undulating
section designed to provide some resiliency.

[0032] It can be seen that the legs 13,15 are spaced apart a
fixed distance at their upper ends where they are integral with
the crown connector 19; this distance does not change upon
implantation. However, as a part of the stapling method, the
distance at which the pointed ends 17 are spaced apart is
adjusted while the staple 11 remains loaded in the stapling
tool. The tool is designed so that the surgeon can manipulate
it so as to space the pointed staple ends 17 apart at several
different predetermined distances. By varying the spacing of
the pointed ends 17 of the legs of the staple being delivered to
the tissue, the pointed ends will pierce the tissue at different
distances, whereas the upper ends of the two legs will be
spaced apart a predetermined distance. Once below the sur-
face of the tissue, the legs 13,15 are caused to bend or curve
toward each other, and in this manner, they gather the tissue in
the region below the surface and effect a constriction of the
tissue in a direction defined by the linear connector bar 25.

[0033] The movement of the two legs 13,15 toward each
other can be the result of a shape-memory attribute of the
metal from which the surgical staple is fabricated as illus-
trated in FIGS. 5-8. Alternatively, it can be the result of the
action of the delivery tool effecting plastic deformation of the
staple itself after the tips have pierced the tissue and while the
implantation of the staple is progressing. The staple construc-
tion is such that the illustrated linear connector bar 25 (or a
non-linear equivalent such as mentioned above) will usually
lie in juxtaposition with the tissue surface, with major por-
tions of the ears 27,29 also lying above the surface. Accord-
ingly, all of the change in shape of the staple 11 occurs in the
legs 13,15, after they are implanted or embedded in the tissue;
the movement of the two legs toward each other very effec-
tively constricts the region of the tissue below the crown
connector 19 and results in tightening the crown connector to
the tissue. The extent of the constriction is determined by the
extent to which the pointed ends 17 of the staple were spread
apart by the stapling tool; thus, the greater distance the
pointed ends 17 are spread apart, the greater will be the
constriction of the tissue in this region. Reference to the
following description and the accompanying Figures will
render this concept quite clear.

[0034] The surgical staples 11 may be made from a suitable
biocompatible, likely metal alloy, material; standard surgical
staple materials include biocompatible metals, such as tita-
nium alloys, nickel-chromium alloys and clad stainless steels.
Alternatively, the staples may be made of a material having
shape-memory characteristics, such as nitinol or other similar
biocompatible nickel-titanium alloys. They may also be made
of layered metals where one metal is sandwiched between
two others to provide a composite material, and such may
include memory and non-memory superelastic alloys and
metals. Temperature-dependent nitinol, a Ni—Ti alloy con-
taining about 50.6 to 51.0 atomic % nickel that will return to
a preset shape once the surgical staple warms to body tem-
perature, is a commonly chosen shape-memory material.
Alternatively, one of the so-called superelastic materials
might be used, e.g. another nickel-titanium alloy, a cold
drawn stainless steel or some other biocompatible, spring-
like metal alloy that has been appropriately treated. For
example, the staple may be formed and treated to give it a
predetermined final set shape to which it will return; then it is
deformed without harm to a delivery shape for implantation
where the two legs are spaced apart from each other as seen in
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FIGS. 3-5. The elasticity or springback of nitinol is many
times greater than other shape-memory materials.

[0035] When not made from such shape-memory materi-
als, the surgical staples may be made from such biocompat-
ible metals well known in this art that have been used for
decades for surgical staple manufacture and which have been
found to have a long lifetime in the human body without
corrosion/absorption/degradation or cause of undesirable
side effects. When such non-memory materials are used for
fabrication of the surgical staples, a delivery device is
employed that applies forces to the legs at locations below
their upper ends to cause the two legs (which have been just
spread apart to a desired predetermined distance) to now bend
or preferably curve toward each other at locations below the
tissue surface and thereby securely gather tissue between the
two approaching legs and create a constriction of a predeter-
mined amount, e.g. 2 to 4 mm in the tissue below its upper
surface, in the direction defined by the crown connector, e.g.
in the plane of the rigid, linear connecting bar 19 and the legs
13 and 15.

[0036] FIG.2illustrates a surgical stapling tool 31 having a
main body 32 that includes a handle portion 33, a central
rotatable barrel portion 34 that includes a knurled knob to
facilitate rotation to the desired orientation and an effector 35
portion which extends distally from the main body and holds
at least one staple 11 as illustrated. A transparent sheath (not
shown) may cover a portion or all of the front face of the
effector portion. In accordance with principles well-known in
the stapling art, the tool 31 can be designed to be loaded with
aremovable cartridge 36 of staples so that, after implanting a
single staple, the effector 35 is reloaded with the next staple at
the end of the cartridge 36 after the effector has been with-
drawn from implanting a staple. The staple 11 is received in a
holder 37 that forms a part of the effector and has a groove 38
(see FIG. 9) which receives the central region of the crown
connector (e.g. a linear groove which accepts the linear bar
section 25 of the crown connector 19). Alternatively, a new
staple 11 may be manually loaded after each implantation
instead of employing such a cartridge. Such an alternative
would simplify the tool and the operation. Two such tools
might be employed with the scrub nurse reloading one with a
new staple as the surgeon is implanting each staple.

[0037] The effector 35 has a pair of arms 39 that are juxta-
posed with the rear surface of the holder 37 and extend dis-
tally therefrom. Each arm has a finger 41 which is formed on
the front face of the distal end of the arm, and which extends
laterally outward at about a right angle to the arm. This finger
41 creates a shallow pocket between the finger 17 and the
front flat surface of the arm 39 wherein the slightly concave
interior surface of one of the legs 13,15 of the staple is seated
in its initial loaded shape wherein the pointed ends 17 are
separated by a predetermined distance of, for example, 6 mm
(see FIGS. 2 and 3). The tool 31 includes an actuator-indica-
tor 43 which is incorporated in the handle portion 33 of the
main body on the upper surface thereof and which, upon
turning a knurled thumbwheel 45 or the like, effects separat-
ing movement of the arms 39 to which the thumbwheel is
mechanically linked; the amount of deformation is indicated
on a micrometer-like readout or scale 47. Lateral separation
of'the arms 39 causes the protruding finger 41 pockets to press
against the interior surfaces and spread the legs 13,15 of the
loaded staple further apart from each other. Once the desired
spacing has been set for that staple, actuation by pulling a
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trigger 49 a first amount initiates the staple implantation
action of the spring-loaded effector.

[0038] FIGS. 3 and 3A areenlarged views of portions of the
tool with the staple loaded with its legs separated by the
predetermined initial distance, e.g. 6 mm. FIGS. 4 and 4A
show the addition of a first additional increment of spacing by
spreading the legs a greater predetermined distance apart, i.e.
where the pointed ends 17 of the legs are now spaced apart
about 7.5 mm. FIGS. 5 and 5A show further adjustment to add
a second still greater increment of spacing, where the pointed
ends 17 are now spread apart to a predetermined distance of
about 9 mm.

[0039] To illustrate the method implantation of a staple 11
by the surgical stapling tool 31, reference is made first to FI1G.
6, wherein there is depicted the loaded stapling tool of FIG. 3
with the pointed ends 17 of a shape-memory staple spread
apart to a distance of about 6 mm. the stapling action may be
initiated by pulling the trigger 49 an initial amount to release
the spring-loaded effector. The staple is shown being inserted
into tissue 51 for the purpose of creating a constriction of such
tissue, as might be desired in an annuloplasty operation like
that described and claimed in U.S. Pat. No. 7,485,142. From
FIG. 6, it can be seen that pointed ends 17 of the legs of the
staple enter the tissue 51 at the spaced-apart distance as set by
the finger 41 pockets at the distal ends of the two arms 39
wherein the slightly concave facing interior surfaces of the
legs are seated. The fingers 41 provide such shallow pockets
that are used to spread the legs a precise distance apart from
each other so that the pointed tips are spaced apart to one of
several different predetermined distances to meet the desire
of the surgeon for this particular staple in order to achieve a
localized greater or lesser amount of constriction. The tissue
51 is momentarily locally deformed downward by the entry of
the tips 17 as depicted in FIG. 6.

[0040] FIG. 7 illustrates the tool 31 with the arms 39 having
now been quickly manipulated to be moved closer together so
asto remove contact between the fingers 41 and the legs 13,15
of the staple. Camming slots 53 may be used to control the
action ofthe arms 39 as generally schematically shown. Some
further movement of the tool 31 distally to implant the staple
11 more deeply in the tissue 51 is also depicted in FIG. 7. At
this time, the fingers 41 may also be withdrawn slightly rear-
ward so they no longer reside within the plane of the staple 11,
or such withdrawal movement can be delayed until the crown
connector 19 is juxtaposed with the tissue surface and has
become tightened thereagainst.

[0041] FIG. 8 schematically represents the tool 31 where
the holder 37 has reached the surface of the tissue 51, and the
staple 11 has been fully implanted. The fingers 41 may have
been withdrawn rearward by this time if desired. Further-
more, sufficient time is depicted as having elapsed such that
the legs 13,15 have become curved toward each other, gener-
ally remaining within the plane of the staple, to provide the
crimped orientation with the now arcuate, distal portions of
the two legs lying side-by-side. As a result of the movement of
the legs 13,15 approaching each other below the tissue sur-
face, the tissue 51 in which the staple 11 was implanted
becomes crimped in this location, constricting the tissue and,
if performed in an annuloplasty, shortening the valve annulus
and thus tightening the valve against leakage.

[0042] The sequence illustrated in FIGS. 6-8 is generally
representative of the implantation of a superelastic material
staple that has its shape-memory set to return to its pre-set
constricting configuration shown in FIGS. 8 and 9. Thus, it
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should be apparent that, dependent upon the greater the
amount of distance between the pointed ends (to which the
tool 31 has spread apart the pointed tips 17 of the legs), the
greater will be the amount of constriction of the tissue 51
achieved by the implanted staple once it has returned to its
preset configuration which is now shown in FIG. 8. The
strong springback properties of superelastic nitinol, stainless
steel and like metal alloys make them well suited for this
application.

[0043] FIG. 9 is a representation of the removal of the
surgical stapling tool 31 from its connection with the now
implanted staple 11. The holder portion of the tool is moved
slightly rearward to disengage the linear bar 25 from the slot
or groove 38 in the holder 37 when the trigger 49 is pulled
back to its final rear position, and the fingers 41 are withdrawn
from between the crown connector 19 and the tissue surface if
they were not earlier withdrawn. In FI1G. 9, the slot or groove
38 in the holder 37 where the central rectilinear bar section 25
was disposed can be seen. The barrel 34 of the tool is prefer-
ably made rotatable to the handle 33 so that the surgeon can
more easily orient the plane of the staple 11 about to enter the
tissue 51 to the orientation so as to attain the desired direction
of constriction and the angle of deployment. In the illustrated
tool 31, it is contemplated that the spring-load effector 35
would be manually reset for the next implantation; for
example, a button 55 that slides in an elongated slot 57 could
be pulled rearward by one’s thumb to load a compression
spring 59.

[0044] FIG. 10 is a schematic view, generally similar to
FIG. 6; it shows the pointed tips 17, of the staple 11 that was
loaded in the holder 37 of the stapling tool, after having been
extended to a greater predetermined spaced apart distance,
now beginning to pierce the surface of the tissue into which
implantation is occurring. FIG. 11 is a view of the FIG. 10
arrangement showing a further stage of the implantation
where the fingers 41 have now been moved toward each other,
so the interior surfaces of the legs 13,15, so the legs are no
longer seated in the shallow pockets. The legs are shown as
having begun to curve inward toward each other as the down-
ward implantation movement of the holder nears the end of its
stroke.

[0045] Although the schematic representations shown in
FIGS. 6-9 depict the implantation of a staple 11 made of
shape-memory material, it should be understood that the
implantation tool can be modified to avail itself of techniques
common in surgical stapling tools that will cause the legs of a
non-shape memory material staple to undergo plastic defor-
mation after the tips have pierced the tissue to a desired depth
and, as a result, achieve substantially the same implanted
staple constricting configuration as that shown in FIGS. 8 and
9. By plastic deformation is meant the deformation of a metal
alloy or other material that is caused to be permanently
deformed as a result of having been subjected to a stress that
exceeds its yield value. It can be understood that such staples,
as a prelude to the implantation, would be subjected to elastic
deformation by spreading the legs further apart; however, if
staples of non-shape memory materials are being used, sub-
sequent mechanisms of the surgical stapling tool following
the pointed ends piercing the tissue, are designed to cause the
legs to reach the orientation depicted in FIGS. 8 and 9, during
the course of which, the legs would be subjected to plastic
deformation so that they would remain in this shape once the
stress has been removed.
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[0046] As previously indicated, the staples may have a vari-
ety of different shapes so long as they include a pair of
preferably shallow concave legs that are essentially planar
and that extend distally from a crown connector. The desired
resultis that all of the constriction occurs below the surface of
the tissue that has been pierced. While the presence of the 270
degree ears is preferred and might be used to accommodate a
bar section of a fenestrated annuloplasty ring such as shown
in the > 142 patent, or to effect interlocking to create a chain of
constricting staples, as also shown in the 631 published
international application, such ears might be modified or even
eliminated if desired.

[0047] Although the staple 11 is shown as being formed
from wireform material of circular cross-section, it could
have other cross-sections. If, for example, it were desired to
provide such a staple with greater rigidity, a staple 61 might
be constructed in the form shown in FIGS. 12-15, having two
legs 62 connected at their upper ends by a crown connector
that includes a straight central connecting section 66, from
wireform material having a cross-section of the general
geometry of that of an I-beam. The wire material would be
oriented (e.g. see FIG. 14) so that the two parallel flanges 63
that flank the central web 65 in the cross-section shape are
oriented perpendicular to the plane of the staple 61. The
thickness of the web 65 preferably does not differ from that of
the flanges 63 by more than 25%. The length of the web 65 is
preferably within 50% of the length of the flanges. More
preferably the web is longer, and most preferably it is slightly
longer, e.g. 20 to 30% longer, than either of the two flanges
which are commonly equal in thickness and length. The
essentially planar staple 61 of FIG. 12 might be formed with
a straight central connecting section 66, with or without ears
67. It should be seen that such an I-beam cross-section would
provide the resultant planar staple 61 with increased rigidity
as a consequence of the shape of the two parallel flanges 63
spaced apart by centrally located web 65.

[0048] Although the invention has been described with
regard to certain preferred embodiments which constitute
what the inventor believes to be the best mode for carrying out
his invention, it should be understood that various changes
and modifications, as would be obvious to one having ordi-
nary skill in the art, may be made without departing from the
scope of the invention, which is defined by the claims
appended hereto. Particular features of the invention are
emphasized in the claims which follow.

1. A surgical stapling tool which comprises:

a main body which includes a handle portion,

an effector extending from said body which holds at least
one surgical staple having two legs with pointed ends
and a crown connector interconnecting the opposite
ends of the legs,

said effector including a first mechanism for adjusting the
distance between the pointed ends of the legs so they
become spaced apart a precise desired distance that is
one of several different distances,

an actuator-indicator incorporated in said body for operat-
ing said first mechanism,

a second mechanism which causes the effector to implant
the staple into body tissue or organ tissue so as to achieve
a precise amount of constriction, which constriction is
dependent upon the one of said several different precise
spaced apart distances to which the pointed ends were
adjusted, and

an actuator for causing said second mechanism to operate.
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2. The stapling tool of claim 1 wherein said first mecha-
nism adjusts the distance between the pointed ends while the
distance between upper ends of the legs at the crown connec-
tor remains unchanged.

3. The stapling tool of claim 1 wherein said first mecha-
nism applies force to the interior surfaces of the legs to spread
the pointed ends of the legs further apart to achieve said
precise desired distance which is greater than the distance
between upper ends of the legs at the crown connector.

4. The stapling tool of claim 1 wherein the legs and the
crown connector are planar and the legs each have a shallow
curvature with concave interior surfaces of the legs facing
each other.

5. The stapling tool of claim 1 wherein said second mecha-
nism is designed to drive a staple formed of shape memory
material directly into body or organ tissue in which the staple
is being implanted.

6. The stapling tool of claim 1 wherein said second mecha-
nism is designed to hold the crown connector of a staple made
of non-shape memory metal alloy and drives the staple into
the tissue in a manner so as to bend the legs and effect plastic
deformation thereof into a constricting shape at the time of
implantation into body or organ tissue by applying force to
exterior surfaces of the legs.

7. The stapling tool of claim 1 wherein said effector is
designed to hold a staple made from metal alloy wire having
an [-beam cross section in the form of a web and two parallel
flanges, with said I-beam flanges in each leg being aligned
perpendicular to the plane of the staple.

8. In combination, the stapling tool of claim 6 and a plu-
rality of surgical staples each of which comprises two legs
having pointed free ends and a crown connector interconnect-
ing the upper ends of said legs, said staples being essentially
planar and formed completely of wireform material having an
I-beam cross-section where two parallel flanges flank a cen-
tral web, which flanges are oriented perpendicular to the
plane of the staple.
9. A method of surgical stapling which comprises the steps
of:
providing a stapling tool which holds at least one surgical
staple having two legs with pointed ends and a crown
connector interconnecting the opposite ends of the legs,
with the pointed ends spaced an initial distance apart,

manipulating the tool to change the distance between the
pointed ends of the legs so they are now spaced apart a
precise desired distance which distance is different from
said initial distance, and

then causing the tool to implant the staple into body or

organ tissue so as to achieve a precise amount of tissue
constriction dependent upon said precise spaced dis-
tance to which the pointed ends were set by said manipu-
lating step.

10. The method of claim 9 wherein said manipulating
causes the pointed ends of the legs to be spread further apart
to achieve said precise desired distance.
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11. The method of claim 10 wherein the pointed ends are
spread further apart to a distance that is greater than the
distance between the upper ends of the legs at the crown
connector.

12. The method of claim 9 wherein the legs and the crown
connector lie in the same plane and wherein the staple is made
from metal alloy wire having an I-beam cross section in the
form of a web and two parallel flanges, with the parallel
I-beam flanges in each leg lying in planes aligned perpendicu-
lar to the plane of the staple.

13. The method of claim 9 wherein the staple is formed of
shape memory material and wherein upon implantation into
the tissue the staple returns to a pre-set constricting configu-
ration within the tissue into which the staple is implanted.

14. The method of claim 9 wherein the staple is made of
non-shape memory metal alloy and wherein the staple is
caused to undergo plastic deformation into a tissue-constrict-
ing shape at the time the tool implants the staple in the tissue.

15. A method of constricting a region of body or organ
tissue by surgical stapling which method comprises the steps
of:

providing a stapling tool which is loaded with at least one

surgical staple having two legs with pointed ends and a
crown connector interconnecting the opposite ends of
the legs, with the pointed ends spaced an initial distance
apart,

manipulating the tool to change the distance between the

pointed ends of the legs so they are spaced apart one of
several precise distances, which distances are different
than said initial distance, and

then using the tool to implant the staple into the body or

organ tissue so that, as a result of such implantation, the
staple achieves a precise amount of constriction in the
tissue, which amount is dependent upon to which of said
precise spaced distances the pointed tips of the legs were
adjusted.

16. The method of claim 15 wherein the pointed ends ofthe
legs are spread further apart to achieve said different precise
distance by applying force to interior, facing surfaces of both
legs.

17. The method of claim 16 wherein the pointed ends are
spread further apart to a distance that is greater than the
distance between the upper ends of the legs at the crown
connector.

18. The method of claim 15 wherein the legs and the crown
connector lie in the same plane and the legs each have a
shallow curvature with concave interior surfaces of the legs
facing each other.

19. The method of claim 15 wherein the staple is formed of
shape memory material and returns to a pre-set constricting
configuration upon release from the tool and penetration into
the tissue into which the staple is implanted.

20. The method of claim 15 wherein the staple is made of
non-shape memory metal alloy and wherein the staple is
caused to bend and undergo plastic deformation into a con-
stricting shape at the time the tool implants the staple in the
tissue.



