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STAPLES, STAPLERS, ANASTOMOSIS 
DEVICES, AND METHODS FOR THEIR 

APPLICATIONS 

RELATED APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 1 1/883,490 filed on Aug. 1, 2007, which 
is a National Phase of PCT Patent Application No. PCT/ 
IL2006/000142 having International Filing Date of Feb. 5, 
2006, which claims the benefit of priority of U.S. Provisional 
Patent Application No. 60/649,542 filed on Feb. 4, 2005. The 
contents of the above Applications are all incorporated herein 
by reference. 

FIELD AND BACKGROUND OF THE 
INVENTION 

0002 The present invention relates generally to surgical 
Staples, staplers, anastomosis devices, and methods for their 
applications. 
0003. The surgical uniting of tissues or tendons with 
Sutures is a demanding skill, requiring dexterous ease in per 
formance. Post operation healing is best facilitated by as short 
as possible operation time, minimal blood loss, and least 
tissue manipulation and trauma. Yet, often, Sutures are to be 
placed in difficult to reach places, and their specific location, 
size, and tautness must be carefully controlled and delicately 
manipulated. In addition, fatigue and loss of patience may 
have an effect on the quality of the sutures. Furthermore, there 
is great variance in the quality of Sutures between highly 
skilled and lesser skilled Surgeons. 
0004 Generally, fine threads are used to surgically close a 
wound or join tissues. Alternatively, Surgical staples, for 
example, Auto Suture of U.S. Surgical, 150 Glover Avenue, 
Norwalk, Conn. 06856, may be employed. 
0005 FIGS. 1A-1D schematically illustrate skin closure 
by an Auto-Suture instrument 10 and shape-memory-alloy 
Staples 12, which form figure-eight staples after insertion. For 
operation, the Surgeon must maintain first and second fascia 
edges 14 and 16 taut, abut against each other, and hold instru 
ment 10 Substantially at a right angle to the fascia Surface. 
0006. There are several disadvantages to the Auto-Suture 
system: 

0007 maintaining fascia edges 14 and 16 taut and abut 
against each other requires at least two additional tools, 
such as tools 18A, 18B and 18C of FIG. 1A. It would be 
advantageous, if the Surgeon could grip first fascia edge 
14, as if by needle, and bring it to second fascia edge 16, 
so that the overall number of tools be reduced; 

0008 Staple ejection by Auto Suture device 10 may be 
crushing to the tissue, possibly leading to local necrosis: 

0009 additionally, the figure eight that is formed by 
staples 12 may further crush the tissue, as seen in FIG. 
1D, and may interfere with blood and nutrient flow, 
possibly leading to local necrosis; and 

0010 when the Auto-Suture device is held at 90° to the 
fascia, as recommended, the Surgeon’s elbow makes an 
angle C. of about 120° with the his arm; the hand is thus 
near the end of its rotational travel in that orientation, 
and its maneuverability is limited. 

0011 While the present example is based on skin staples, 
which are later removed, the principles of operation are simi 
lar for internal Auto-Sutures. 
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0012. Additionally, FIGS. 1 E-1F schematically compare 
internal body seams made by Auto-Suture staples 12 and 
those made by hand, with a Surgical thread, for example, for 
transverse anastomosis for a stomach 13. As seen in FIG.1E, 
Sutures 12, made by Auto-Suture staples and forming seams 
11, are parallel with the Surgical cut. In contrast, as seen in 
FIG.1F, sutures 15, made by hand, using a surgical thread and 
forming seams 17, are generally perpendicular to the cut. The 
situation of FIG.1F of sutures that are perpendicular to the cut 
is preferred, since in FIG. 1E, the sutures may block blood 
flow across to tissue on the far side f the seam. 
(0013 U.S. Pat. No. 6,113,611 to Allen et al., “Surgical 
fastener and delivery system, whose disclosure is incorpo 
rated herein by reference, describes a surgical fastener pref 
erably made from a shape memory alloy, which can access 
internal tissue or other synthetic material through a small 
Surgical access port or incision. After the fastener is deployed 
through layers of tissue, it assumes a shape of a plurality of 
closes, that automatically applies to the layers of tissue an 
appropriate haemostatic compression which is relatively 
independent of tissue thickness. A delivery instrument for 
deploying the fastener is also provided. In essence, the Surgi 
cal fastener, according to U.S. Pat. No. 6,113,611, is a staple 
like device, and the delivery instrument for deploying the 
fastener operates as a stapler, having a rigid bottom plate. The 
Staple pierces the tissue and then encounters the rigid bottom 
plate, which forces it to close over the tissue. 
0014. Yet, because it is designed to apply a haemostatic 
compression to the layers of tissue, the Surgical fastener of 
U.S. Pat. No. 6,113,611 may cause tissue trauma, by interfer 
ing with blood and nutrient flow. In consequence, local necro 
sis can occur. Furthermore, in Some embodiments, one or two 
sharp leading edges may be exposed, and may cause internal 
injury. 
(0015 U.S. Pat. No. 6,517.584, to Lecalve, “Flexible pros 
thesis in particular for curing hernias by colioscopy, whose 
disclosure is incorporated herein by reference, describes a 
flexible prosthesis, in particular for curing hernias by colios 
copy. The prosthesis includes at least one anchor device, 
made of a shape memory material, designed to be deformed 
merely under temperature control from a storage position into 
a fixing position, in which the anchor device interferes with 
the Surrounding tissue. The device pierces the tissue at two 
ends, and forms a loop. 
(0016 U.S. Pat. No. 5,002,563, to Pyka, et al., “Sutures 
utilizing shape memory alloys, whose disclosure is incorpo 
rated herein by reference, describes a suture and a method for 
Suturing a wound in the tissue. In the preferred embodiment, 
Pyka, et al. use a needle, of a greater stiffness then the Suture, 
to pierce the tissue. The needle is then cut off, and the suture 
may be tied, for example, by hand. In consequence, it requires 
considerable handling, and does not offer a solution to apply 
ing Sutures in hard-to-reach places, taughtness control, 
fatigue, and less-skilled Surgeons. Furthermore, it does not 
teach the simultaneous application of multiple Sutures. Addi 
tionally, the preferred embodiment utilizes a needle, which is 
generally coarser than the Suture, and in consequence, may be 
traumatic to the tissue. 

0017 EndoanchorTM., of Johnson and Johnson Co. is a 
shape memory anchor having a delivery device. However, its 
application is limited to fixing a mesh or a patch to the tissue. 
0018. A shortcoming of the entire available prior art sys 
tems are that in order to change the direction of closing, one 
must change the orientation of application device. 
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0019. There is thus a widely recognized need for, and it 
would be highly advantageous to have Staplers, staplers, anas 
tomosis devices, and methods for their applications devoid of 
the above limitations. 

SUMMARY OF THE INVENTION 

0020. According to one aspect of the present invention, 
there is provided a stapling element, comprising: 

0021 a first shape, adapted for insertion into a tissue, 
and comprising: 
0022 a tapered portion, forming a sharp, pointed 
edge, at a proximal end, with respect to the tissue, for 
piercing the tissue; 

0023 an elongated body, distal to and integral with 
the tapered portion; and 

0024 a physical feature of the elongated body, for 
preventing the stapling element from rotating, when 
in an application shaft, thus maintaining a predeter 
mined closing direction; and 

0025 a second shape, assumed when the stapling ele 
ment issues from the application shaft and is inserted 
into the tissue, the second shape being designed to close 
into a loop, for forming a staple in the tissue 

0026. According to an additional aspect of the present 
invention, the stapling element further comprises a phase of 
moreover closing the loop, after forming a staple in the tissue. 
0027. According to an additional aspect of the present 
invention, the stapling element has a blunt distal end. 
0028. According to an additional aspect of the present 
invention, the Stapling element is adapted for piercing the 
tissue with minimal tissue crushing. 
0029. According to an additional aspect of the present 
invention, the Stapling element is adapted for forming the 
staple between at least two layers of the tissue. 
0030. According to an additional aspect of the present 
invention, the stapling element is adapted for forming an edge 
SCall. 

0031. According to an additional aspect of the present 
invention, the Stapling element is adapted for joining at least 
two tissue edges, arranged end to end. 
0032. According to an additional aspect of the present 
invention, the Stapling element is adapted for joining a tissue 
and an artificial material, selected from the group consisting 
of a mesh, a patch, or another material. 
0033 According to an additional aspect of the present 
invention, the stapling element is between about 4 mm and 
about 140 mm in length. 
0034. According to an additional aspect of the present 
invention, the second shape, designed to close into the loop, 
forms Substantially a closed loop, with the tapered portion, at 
the proximal end, fitting into a cavity of the distal end. 
0035. According to an alternative aspect of the present 
invention, the second shape, designed to close into the loop, 
forms Substantially a closed loop, with the tapered portion, at 
the proximal end, arranged against the distal end. 
0036. According to an additional aspect of the present 
invention, the second shape, designed to close into the loop, 
forms Substantially a closed loop, with the tapered portion, at 
the proximal end, arranged against the distal end, while main 
taining the cross sectional diameter of the elongated body. 
0037 According to an alternative aspect of the present 
invention, the second shape, designed to close into the loop, 
forms an open loop. 
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0038 According to an alternative aspect of the present 
invention, the second shape, designed to close into the loop, 
forms a spiral. 
0039. According to an additional aspect of the present 
invention, the elongated body has a circular cross section, and 
the physical feature of the elongated body is selected from the 
group consisting of a rim and a notch, located at least along a 
distal portion of the elongated body. 
0040. According to an alternative aspect of the present 
invention, the elongated body has a cross section selected 
from the group consisting of an elliptical cross section and a 
polygonal cross section, and wherein the cross section is 
operative as the physical feature of the elongated body, for 
preventing the stapling element from rotating, when in the 
application shaft. 
0041 According to an additional aspect of the present 
invention, the tapered portion, forming the sharp, pointed 
edge is curved in the direction of closing, in the first shape, for 
piercing the tissue at the angle of closing. 
0042. According to an alternative aspect of the present 
invention, the tapered portion, forming the sharp, pointed 
edge, has a triangular cross section, adapted for piercing hard 
tissue. 
0043. According to an alternative aspect of the present 
invention, the tapered portion, forming the sharp, pointed 
edge, has a circular cross section and a screw thread. 
0044 According to an additional aspect of the present 
invention, the second shape is further designed to close 
around its longitudinal axis, for piercing the tissue, essen 
tially by self-threading into it. 
0045. According to an additional aspect of the present 
invention, the Stapling element is formed of a shape memory 
alloy. 
0046 According to an additional aspect of the present 
invention, the first shape, adapted for insertion into the tissue, 
is constrained in a stress-induced martensite phase. 
0047 According to an additional aspect of the present 
invention, the Stapling element is formed of a resilient mate 
rial, wherein the first shape, adapted for insertion into the 
tissue, is constrained in the first shape. 
0048. According to an additional aspect of the present 
invention, the resilient material is a pure metal. 
0049 According to an additional aspect of the present 
invention, the resilient material is a polymer. 
0050. According to an alternative aspect of the present 
invention, the Stapling element is formed as a composite of at 
least two materials. 
0051. According to another aspect of the present inven 
tion, there is provided a device for applying staples to a tissue, 
comprising: 

0.052 a cartridge, adapted for receiving at least one 
stapling element, the Stapling element comprising: 
0053 a first shape, adapted for insertion into a tissue, 
and comprising: 
0054 a tapered portion, forming a sharp, pointed 
edge, at a proximal end, with respect to the tissue, 
for piercing the tissue; 

0055 an elongated body, distal to and integral with 
the tapered portion; and 

0056 a physical feature of the elongated body, for 
preventing the stapling element from rotating, 
when in an application shaft, thus maintaining a 
predetermined closing direction; and 
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0057 a second shape, assumed when the stapling 
element issues from the application shaft and is 
inserted into the tissue, the second shape being 
designed to close into a loop, for forming a staple in 
the tissue, 

0.058 wherein the cartridge is adapted for maintain 
ing the at least one stapling element at a fixed orien 
tation, with respect to a direction of closing of the 
Stapling element; 

0059 a mechanism, in mechanical communication with 
the cartridge, for issuing the at least one stapling element 
from the cartridge; and 

0060 a proximal end, with respect to the tissue, having 
a rigid, proximal-end frame, which defines an opening 
from which the at least one stapling elements issues. 

0061 According to an additional aspect of the present 
invention, the stapling element further comprises a phase of 
moreover closing the loop, after forming a staple in the tissue. 
0062 According to an additional aspect of the present 
invention, the device includes a handle, with a finger lever, for 
controlling the mechanism, wherein the handle is arranged at 
an angle to the application shaft, to allow a Surgeon maximum 
maneuverability, with a full range of elbow bending. 
0063. According to an additional aspect of the present 
invention, the finger lever is connected to a gripping portion 
of the handle with a swivel pin, for optimal ease of finger 
lever maneuverability. 
0064. According to an additional aspect of the present 
invention, the mechanism for issuing the at least one stapling 
element from the device is further adapted to issue the at least 
one stapling element gradually. 
0065 According to an additional aspect of the present 
invention, the rigid, proximal-end frame, which defines the 
opening from which the at least one stapling element issues, 
is at angle, which is smaller than 90° to the at least one 
Stapling element. 
0066. According to an additional aspect of the present 
invention, the device includes a counterframe, on a proximal 
side of the rigid, proximal-end frame, for holding the tissue 
between the application and counter frames. 
0067. According to an additional aspect of the present 
invention, the counter frame further includes a casing, which 
defines an inner space, within which the at least one stapling 
element is designed to close. 
0068 According to an additional aspect of the present 
invention, the device is adapted for endoscopy. 
0069. According to an additional aspect of the present 
invention, the cartridge, adapted for receiving at least one 
Stapling element, is further adapted for receiving a plurality of 
Stapling elements, arranged in a file, and issued one by one, 
each forming a staple, so that the device is operative as a 
Self-Closing Stapling, Intermittent-Firing (SCS-IFTM) 
device. 

0070 According to an additional aspect of the present 
invention, the device is adapted for endoscopy, operative as a 
Self-Closing Stapling, Intermittent-Firing (SCS-IF 
ENDOTM) device. 
0071. According to an alternative aspect of the present 
invention, the cartridge, adapted for receiving at least one 
Stapling element, is further adapted for receiving a plurality of 
Stapling elements, arranged parallel to each other, as a row, 
and issued simultaneously, for forming a single seam of a 
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plurality of staples, so that the device is operative as a Self 
Closing Stapling-Transverse Anastomosis (SCS-TATM) 
device. 

0072 According to an additional aspect of the present 
invention, the device is adapted for endoscopy, operative as a 
Self-Closing Stapling-Transverse Anastomosis Endoscopy 
(SCS-TA-ENDOTM) device. 
0073. According to an additional aspect of the present 
invention, the device includes a knife, for cutting excess tis 
Sue along the seam. 
0074 According to an alternative aspect of the present 
invention, the cartridge, adapted for receiving at least one 
Stapling element, is further adapted for receiving a plurality of 
Stapling elements, arranged parallel to each other, as two 
rows, and issued simultaneously, for forming two parallel 
seams, each of a plurality of staples, so that the device is 
operative as a Self-Closing Stapling-Gastro-Intestinal Anas 
tomosis (SCS-GIATM) device. 
0075 According to an additional aspect of the present 
invention, the device is adapted for endoscopy, operative as a 
Self-Closing Stapling-Gastro-Intestinal Anastomosis Endos 
copy (SCS-GIA-ENDOTM) device. 
0076 According to an additional aspect of the present 
invention, the device includes a knife, arranged between the 
two parallel seams, for separating the two parallel seams. 
0077 According to an alternative aspect of the present 
invention, the device is adapted for receiving at least one 
stapling element, is round, adapted for receiving a plurality of 
Stapling elements, arranged in a circle, parallel to each other, 
and issued simultaneously, for forming a circular seam of a 
plurality of staples, so that the device is operative as a Self 
Closing Stapling-End-to-End Anastomosis (SCS-EEATM), 
adapted for endoscopy. 
0078. According to an additional aspect of the present 
invention, the device includes a circular knife, internal to the 
circular seam. 

0079 According to an alternative aspect of the present 
invention, the cartridge, adapted for receiving at least one 
Staple element, comprises a plurality of Staples, and the 
mechanism is adapted to issue the plurality of Staples in 
parallel, for applying a row of Staples simultaneously and 
gradually, so that device is operative as a Self-Closing Sta 
pling, Simultaneous-Gradual-Firing (SCS-SGFTM) device. 
0080 According to an additional aspect of the present 
invention, the device is operative as a Self-Closing Stapling, 
Simultaneous-Gradual-Firing-Endoscopy (SCS-SGF 
ENDOTM) device, for applying a row of staples simulta 
neously and gradually. 
I0081. According to an additional aspect of the present 
invention, the device is adapted for the application of a single 
Staple. 
I0082. According to an alternative aspect of the present 
invention, the device is operative as a Self-Closing Stapling, 
Single-Shot (SCS-SSTM) device. 
I0083. According to an additional aspect of the present 
invention, the device is operative as a Self-Closing Stapling, 
Single-Shot Endoscopy (SCS-SS-ENDOTM) device. 
I0084. According to an alternative aspect of the present 
invention, the device has a gripping position and is adapted 
for changing the predetermined closing direction without 
changing the gripping position. 
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0085. According to one aspect of the present invention, 
there is provided a method of staple application, comprising: 

I0086 providing at least one stapling element having: 
I0087 a first shape, adapted for insertion into a tissue, 
and comprising: 

I0088 a tapered portion, forming a sharp, pointed 
edge, at a proximal end, with respect to the tissue, for 
piercing the tissue; 

I0089 an elongated body, distal to and integral with 
the tapered portion; and 

0090 a physical feature of the elongated body, for 
preventing the stapling element from rotating, when 
in an application shaft, thus maintaining a predeter 
mined closing direction; and 

0091 a second shape, assumed when the stapling 
element issues from the application shaft and is 
inserted into the tissue, the second shape being 
designed to close into a loop, for forming a staple in 
the tissue; 

0092 inserting the stapling element into the tissue, via 
the pointed edge; and allowing the Stapling element to 
close and form the staple 

0093. According to an additional aspect of the present 
invention, the stapling element further comprises a phase of 
moreover closing the loop, after forming a staple in the tissue. 
0094. According to an additional aspect of the present 
invention, the inserting further includes inserting gradually, 
hence, with minimal tissue crushing. 
0095 According to an additional aspect of the present 
invention, the inserting further includes inserting at angle, 
which is smaller than 90° to the stapling element. 
0096. According to an additional aspect of the present 
invention, the inserting further includes inserting while main 
taining the closing direction of the at least one stapling ele 
ment. 

0097. According to another aspect of the present inven 
tion, there is provided a device for applying staples to a tissue, 
comprising: 
0098 a cartridge, adapted for storing at least one stapling 
element, in a coiled position, the Stapling element having a 
tapered portion, forming a sharp, pointed edge, at a proximal 
end, with respect to the tissue, for piercing the tissue; 
0099 a mechanism, in mechanical communication with 
the at least one Stapling element, for issuing the at least one 
Stapling element from the cartridge; and 
0100 a proximal end, with respect to the tissue, having a 
rigid, proximal-end frame, which defines an opening from 
which the at least one stapling elements issues. 
0101. According to an additional aspect of the present 
invention, the at least one staple comprises a plurality of 
Staples, and the mechanism is adapted to issue the plurality of 
Staples in parallel. 
0102) According to an alternative aspect of the present 
invention, the at least one staple comprises a plurality of 
Staples, and the mechanism is adapted to issue the plurality of 
Staples in series. 
0103) According to another aspect of the present inven 

tion, there is provided a stapling element, comprising: 
0104 a coiled shape, adapted for coiling in a tissue, so 
as to form a loop; and a tapered portion, forming a sharp, 
pointed edge, at a proximal end, with respect to the 
tissue, for piercing the tissue, 

0105 the staple being formed of a resilient material. 

Nov. 13, 2014 

0106. According to another aspect of the present inven 
tion, there is provided a method of applying a stapling ele 
ment into a tissue, comprising: 

0.107 providing a stapling element, formed of a resilient 
material and having: 
0.108 a coiled shape, adapted for coiling in a tissue, 
So as to form a loop; and 

0109 a tapered portion, forming a sharp, pointed 
edge, at a proximal end, with respect to the tissue, for 
piercing the tissue; and 

0110 applying the stapling element into the tissue, 
while the stapling element remains in a coiled shape. 

0111. The present invention successfully addresses the 
shortcomings of the presently known configurations by pro 
viding a stapling element, operative to pierce and penetrate a 
tissue by a first end, and close around the tissue. The Staple is 
adapted for joining tissue of diverse geometries, for example, 
joining edge to edge, joining two or more layers together, and 
joining a mesh, or a patch to the tissue. Three factors help 
prevent local necrosis: 1. The self-closing feature of the staple 
does not lead to tissue crushing. 2. Edge seams are applied 
generally perpendicular to the tissue edge, allowing for blood 
Supply to the tissue edge. 3. Excess tissue is cut off at the 
seam, minimizing the amount of tissue that may undergo 
local necrosis. A physical feature prevents the Staple from 
rotating, when in an application shaft, to maintain a predeter 
mined closing direction. The application devices provide 
ergonomic means for Staple application in difficult-to-reach 
places. In addition, they provide standardization, so that the 
skilled and the less so may reach results of comparable qual 
ity, and the effects of fatigue and loss of patience will be 
minimized. The wide variety of stapling elements, which 
come in different sizes and shapes, and the wide variety of 
devices that are disclosed provide solutions to many Surgical 
problems, for open and minimally invasive Surgeries. The 
Stapling element may be formed of an alloy, a pure metal, a 
polymer, or a composite of at least two materials. Addition 
ally, staples, staplers, anastomosis devices, and methods for 
their applications are described. 
0112 Unless otherwise defined, all technical and scien 

tific terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which this 
invention belongs. Although methods and materials similar or 
equivalent to those described herein can be used in the prac 
tice or testing of the present invention, Suitable methods and 
materials are described below. In case of conflict, the patent 
specification, including definitions, will control. In addition, 
the materials, methods, and examples are illustrative only and 
not intended to be limiting. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0113. The invention is herein described, by way of 
example only, with reference to the accompanying drawings. 
With specific reference now to the drawings in detail, it is 
stressed that the particulars shown are by way of example and 
for purposes of illustrative discussion of the preferred 
embodiments of the present invention only, and are presented 
in the cause of providing what is believed to be the most 
useful and readily understood description of the principles 
and conceptual aspects of the invention. In this regard, no 
attempt is made to show structural details of the invention in 
more detail than is necessary for a fundamental understand 
ing of the invention, the description taken with the drawings 
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making apparent to those skilled in the art how the several 
forms of the invention may be embodied in practice. 
0114. In the drawings: 
0115 FIGS. 1A-1F are schematic illustrations of the Auto 
Staple Instrument and staples, as known; 
0116 FIGS. 2A-2E schematically illustrate a stapling ele 
ment, in accordance with a preferred embodiment of the 
present invention; 
0117 FIGS. 3A-3H schematically illustrate stapling ele 
ments of other cross sections, in accordance with other 
embodiments of the present invention: 
0118 FIGS. 4A-4E schematically illustrate a stapling ele 
ment, of circular cross sections, whose tapered portion has a 
screw thread, in accordance with an embodiment of the 
present invention; 
0119 FIG. 5 schematically illustrates a stapling element, 
of circular cross sections, with a screw thread along most of 
its length, for self-threading into a tissue, in accordance with 
an embodiment of the present invention; 
0120 FIGS. 6A-6B schematically illustrate a stapling ele 
ment, whose tapered portion is curved in the direction of 
closing, in accordance with an embodiment of the present 
invention; 
0121 FIGS. 7A-7F schematically illustrate stapling ele 
ments, wherein cavities are not provided at the distal ends, in 
accordance with other embodiments of the present invention; 
0122 FIGS. 8A-8C schematically illustrate a stapling ele 
ment, wherein a cavity is not provided at its distal end, in 
accordance with still other embodiments of the present inven 
tion; 
0123 FIGS. 9A-9I schematically illustrate various man 
ners by which the proximal and distal ends may come 
together, for stapling elements in the second shape, in accor 
dance with the present invention; 
0.124 FIGS. 10A-10G schematically illustrate stapling 
elements, in the first shape, with various geometrical cross 
sections, in accordance with other embodiments of the 
present invention; 
0.125 FIGS. 11A-11G schematically illustrate stapling 
elements, in the first shape, with various geometrical cross 
sections, in accordance with other embodiments of the 
present invention; 
0126 FIGS. 12A-12C schematically illustrate a first shaft 
of a staple device, in accordance with an embodiment of the 
present invention; 
0127 FIGS. 13 A-13C and FIGS. 14A-14C schematically 
compare circular and rectangular cross sections, of Stapling 
elements and of application shafts, according to two embodi 
ments of the present invention; 
0128 FIGS. 15A-15H schematically illustrate stapling 
elements of various cross sections, in accordance with 
embodiments of the present invention: 
0129 FIGS. 16A-16H schematically illustrate application 
shafts of various cross sections, suitable for the embodiments 
of FIGS. 15A-15H: 
0130 FIGS. 17A-17D illustrate a first shaft having an 
opening at an angle different than 90°, to the Stapling ele 
ments, in accordance with embodiments of the present inven 
tion; 
0131 FIGS. 18A-18Kschematically illustrate the compo 
nents of an application shaft, in accordance with an embodi 
ment of the present invention; 
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(0132 FIGS. 19A-19F schematically illustrate a Self-Clos 
ing Stapling, Intermittent-Firing (SCS-IFTM) device, in accor 
dance with an embodiment of the present invention; 
(0.133 FIGS. 20A-20C schematically illustrate example 
applications of stapling elements, by the SCS-IFTM device of 
FIGS. 19A-19F, in accordance with embodiments of the 
present invention; 
0.134 FIGS. 21A-21B schematically illustrate a cartridge, 
for a parallel application of a plurality of stapling elements, in 
accordance with an embodiment of the present invention; 
I0135 FIGS. 22A-22H schematically illustrate a Self 
Coiling Staple-Transverse Anastomosis (SCS-TATM) device, 
for using stapling elements, in accordance with an embodi 
ment of the present invention; 
(0.136 FIGS. 23A-23D schematically illustrate tissues, 
connected back to back, by a line of Staples, to form an edge 
seam, during an open surgery, via an SCS-TATM device of the 
present invention; 
I0137 FIGS. 24A-24I schematically illustrate a Self-Coil 
ing Staple-Gastro-Intestinal Anastomosis (SCS-GIATM) 
device, for using stapling elements, in accordance with an 
embodiment of the present invention; 
I0138 FIGS. 25A-25F schematically illustrate a Self-Coil 
ing Staple-End to End Anastomosis (SCS-EEATM) device, for 
using stapling elements, in accordance with an embodiment 
of the present invention; 
0.139 FIG. 26 schematically illustrates a Self-Closing Sta 
pling-Transverse Anastomosis Endoscopy (SCS-TA 
ENDOTM) device, for using stapling elements, in accordance 
with an embodiment of the present invention; 
0140 FIG. 27 schematically illustrates a Self-Coiling 
Staple-Endoscopic, Gastro-Intestinal Anastomosis (SCS 
GIA-ENDOTM) device, for using stapling elements, in accor 
dance with an embodiment of the present invention; 
0141 FIGS. 28A-28J schematically illustrate a Self-Clos 
ing Stapling, Simultaneous-Firing (SCS-SFTM) device, using 
Stapling elements, in accordance with an embodiment of the 
present invention; 
0.142 FIG.29 schematically illustrates a Self-Closing Sta 
pling, Single-Shot (SCS-SSTM) device, in accordance with an 
embodiment of the present invention; 
0143 FIGS. 30A-30D schematically illustrate a stapling 
element, formed as a composite of at least two materials, in 
accordance with another embodiment of the present inven 
tion; and 
014.4 FIGS. 31A-31C schematically illustrate an applica 
tion shaft for inserting staples while in a coiled shape, in 
accordance with still another embodiment of the present 
invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0145 The present invention is a stapling element, opera 
tive to pierce and penetrate a tissue by a first end, and close 
around the tissue. The staple is adapted for joining tissue of 
diverse geometries, for example, joining edge to edge, joining 
two or more layers together, and joining a mesh, or a patch to 
the tissue. Three factors help prevent local necrosis: 1. The 
self-closing feature of the staple does not lead to tissue crush 
ing. 2. Edge seams are applied generally perpendicular to the 
tissue edge, allowing for blood Supply to the tissue edge. 3. 
Excess tissue is cut off at the seam, minimizing the amount of 
tissue that may undergo local necrosis. A physical feature 
prevents the staple from rotating, when in an application 
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shaft, to maintain a predetermined closing direction. The 
application devices provide ergonomic means for staple 
application in difficult-to-reach places. In addition, they pro 
vide standardization, so that the skilled and the less so may 
reach results of comparable quality, and the effects of fatigue 
and loss of patience will be minimized. The wide variety of 
Stapling elements, which come in different sizes and shapes, 
and the wide variety of devices that are disclosed provide 
Solutions to many Surgical problems, for open and minimally 
invasive Surgeries. The stapling element may be formed of an 
alloy, a pure metal, a polymer, or a composite of at least two 
materials. Additionally, Staples, staplers, anastomosis 
devices, and methods for their applications are described. 
0146 The principles and operation of the device and 
method according to the present invention may be better 
understood with reference to the drawings and accompanying 
descriptions. 
0147 Before explaining at least one embodiment of the 
invention in detail, it is to be understood that the invention is 
not limited in its application to the details of construction and 
the arrangement of the components set forth in the following 
description or illustrated in the drawings. The invention is 
capable of other embodiments or of being practiced or carried 
out in various ways. Also, it is to be understood that the 
phraseology and terminology employed herein is for the pur 
pose of description and should not be regarded as limiting. 
0148 Referring now to the drawings, FIGS. 2A-2E sche 
matically illustrate a stapling element 20, in accordance with 
a preferred embodiment of the present invention. Stapling 
element 20 includes an elongated body 28 and proximal and 
distal ends 22 and 24, respectively, with respect to the tissue 
(not shown). FIGS. 2A-2D illustrate proximal, side, distal, 
and pictorial views, respectively, of stapling element 20, 
when in a first shape 34, while FIG. 2E illustrates a side view, 
when in a second shape 36. Stapling element 20 is adapted to 
close, in the direction of an arrow 38 (FIG. 2E), from first 
shape 34 into second shape 36, upon release. 
0149. As seen in FIGS. 2B and 2D, stapling element 20 
includes a tapered portion 26 at proximal end 22, forming a 
sharp, pointed edge 32, operative as a needle, for piercing a 
tissue. Generally, stapling element 20 is blunt at distal end 24. 
However, in accordance with the present invention, this con 
dition is not necessary, as will be illustrated hereinbelow, for 
example, in conjunction with FIG. 7A. 
0150. As seen in FIGS. 2B and 2C, stapling element 20 
may further include a cavity 30, at distal end 24, adapted for 
receiving tapered portion 26, so as to form a closed loop. 
0151. As seen in FIG. 2E, as proximal and distal ends 22 
and 24 come together, in second shape 36, tapered portion 26 
may fit into cavity 30, forming a closed loop, with no exposed 
sharp edges. 
0152. A physical feature 27, such as a rim 27, which 
appears as a protrusion on cross sectional views 2A and 2C, 
and which may extend the length of elongated body 28, as 
seen in FIGS. 2B and 2D, or cover a portion of its distal end, 
ensures that Stapling element 20 is inserted into the tissue at a 
specific, predetermined orientation with respect to its memo 
rized closing. For example, as seen in FIG. 2E, rim 27 may 
form an outer ring over closed second shape 36. Rim 27 may 
fulfill two purposes: 

0153 i. it serves as a visible indicator of the direction of 
closing; and 
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0154) ii. it prevents stapling element 20 from rotating 
away from its predetermined orientation, within an 
application shaft. 

(O155 It will be appreciated that a notch 27 or any other 
means for ensuring a specific, orientation-dependent inser 
tion, by fulfilling purposes (i) and (ii), may similarly be used. 
It will be further appreciated that stapling element 20 may 
include two or more physical features 27, such as two rims 27 
or two notches 27 (for example, as shown in conjunction with 
FIG. 15D, hereinbelow. It will be appreciated that the appli 
cation shaft compliments the at least one physical feature 27 
of stapling element 20, as will be described hereinbelow, for 
example, in conjunction with FIG. 16D, hereinbelow. 
0156. A total length L of stapling element 20 depends on 
the required application, and may vary, for example, between 
about 4 mm and about 200 mm. A length T of tapered portion 
26 may be, for example, between about 0.5 mm and about 5 
mm. A diameter d similarly depends on the application, and 
may vary, for example, between about 0.1 and about 3 mm. 
and preferably between about 0.5 and about 2 mm. It will be 
appreciated that other values, which may be Smaller or larger, 
are similarly possible. 
0157. It will be appreciated that generally in the art, for 
blood vessels, stapling elements of 4 mm are used, and they 
are color coded white. For the gastrointestinal tract, stapling 
elements of 5 mm are used, and they are color coded blue. For 
the stomach, stapling elements of 6 mm are used, and they are 
color coded green. It will be appreciated that the stapling 
elements of the present invention may follow the color code 
that is used in the art. Additionally, stapling elements of other 
sizes may be used, and may be color coded by other colors. 
0158 Stapling element 20 may be formed of a shape 
memory alloy, wherein first shape 34 is its martensitic shape, 
either in the martensitic phase, in the fully martensitic tem 
perature range, or in a constrained State, as stress-induced 
martensite, in the fully austenitic temperature range. 
0159. In accordance with a preferred embodiment of the 
present invention, stapling element 20 is fully austenitic at 
room temperature, and is maintained at a constrained State, as 
stress-induced martensite, for insertion into the body, so that 
adjustment from first shape 34 to second shape 36 may be 
Substantially instantaneous. 
0160 Preferably, second shape 36 is in the fully austenitic 
phase and temperature range. 
0.161 Inaccordance with an alternative embodiment of the 
present invention, Stapling element 20 is designed as a resil 
ient spring, formed of a biologically compatible material, 
Such as titanium, tantalum, or stainless steel, a tough, resilient 
polymer, or another suitable material, which may be con 
strained into first shape 34, and which is adapted to close into 
second shape 36, upon release. 
0162. While the present embodiment illustrates both elon 
gated body 28 and tapered portion 26 of circular cross sec 
tions, it will be appreciated that many other cross sections are 
possible. 
(0163 Referring further to the drawings, FIGS. 3A-3H 
schematically illustrate stapling elements 20 of other cross 
sections, in accordance with other embodiments of the 
present invention. 
0164. As seen in FIGS. 3A-3D, elongated body 28 has a 
circular cross section, and tapered portion 26 has a triangular 
cross section. Cavity 30 is thus also triangular, for receiving 
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triangular tapered portion 26. The triangular cross section of 
tapered portion 26 is operative to cut into a hard tissue. Such 
as a tendon or a bone. 

(0165. As seen in FIGS. 3E-3H, elongated body 28 may 
have a rectangular cross section, and tapered portion 26 may 
have a triangular cross section. It will be appreciated that the 
geometry of the present embodiment inherently ensures that 
Stapling element 20 is inserted into the tissue at a specific, 
predetermined orientation with respect to its memorized clos 
ing, since the rectangular cross section prevents stapling ele 
ment 20 from rotating away from its predetermined orienta 
tion, within an application shaft. Additionally, triangular 
cavity 30, shaped as an arrow head (FIG.3G), may serve as a 
visible indicator of the direction of closing. Additionally or 
alternatively, a visible marking 44 may be applied to distal 
end 24, as an indicator of the direction of closing. Thus rim 27 
(FIGS. 2A-2E) need not be used. It will be appreciated that 
visible marking 44 need not be applied, since in general, 
Stapling elements 20 are loaded onto the cartridge or appli 
cation shaft at the factory. 
0166 It will be appreciated that elongated body 28 may 
have other cross sections, for example, elliptical, triangular, 
or of other polygons, and generally, these cross sections will 
prevent stapling element 20 from rotating away from its pre 
determined orientation, within an application shaft. Simi 
larly, tapered portion 26 may have other cross sections, for 
example, elliptical, triangular, or of other polygons. Further 
more, elongated body 28 and tapered portion 26 may have 
similar cross sections or different cross sections. 

0167. In general, the different cross sections are adapted 
for different applications. For example, a circular cross sec 
tion causes minimal trauma, but an elliptical cross section has 
greater strength, and a triangular cross section is operable for 
penetrating hard tissue. Such as tendon or bone. 
0168 Referring further to the drawings, FIGS. 4A-4E 
schematically illustrate stapling element 20, of circular cross 
sections, wherein tapered portion 26 has a screw thread 42, in 
accordance with an embodiment of the present invention. 
0169. Accordingly, the release from first shape 34 into 
second shape 36 involves both a closing motion, in the direc 
tion of arrow 38 (FIG. 4E) and a threading motion, around the 
longitudinal axis, in the direction of an arrow 40. Screw 
thread 42, when rotating in the direction of arrow 40, facili 
tates piercing the tissue with greater ease, both for hard and 
Soft tissue, essentially by self-threading into it. 
0170 Referring further to the drawings, FIG. 5 schemati 
cally illustrates Stapling element 20, of circular cross sec 
tions, with screw thread 42 along most of its length, for 
self-threading into a tissue, in accordance with an embodi 
ment of the present invention. To accommodate thread 42, rim 
27 is provided only at the distal portion of elongated body 28. 
The present embodiments may be applicable to a hard tissue, 
Such as tendon and bone. 

(0171 Referring further to the drawings, FIGS. 6A-6B 
schematically illustrate stapling element 20, wherein tapered 
portion 26, forming the sharp, pointed edge, is curved in the 
direction of closing, in first shape 34, in accordance with an 
embodiment of the present invention. The advantage of this 
design is that proximal end 22 pierces the tissue at the angle 
of closing, even when only partially, and perhaps only slightly 
issued from the application shaft. Additionally, tapered por 
tion 26, which is pointed in the direction of closing, may also 
be used as a visible indication of the direction of closing. 
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(0172 Referring further to the drawings, FIGS. 7A-7F 
schematically illustrate Stapling element 20, wherein cavity 
30 (FIGS. 6A-6B) is not provided at distal end 24. Rather, 
tapered portion 26 and distal end 24 are arranged to overlap, 
in accordance with other embodiments of the present inven 
tion. 
(0173 As seen in FIGS. 7A-7B, proximal and distal ends 
22 and 24 come together, while Substantially maintaining the 
cross sectional size of elongated body 28. It will be appreci 
ated that the line of overlap between proximal and distal ends 
22 and 24 may be perpendicular to the plane of the closed 
staple, as shown in FIG. 7B, or at any angle thereof. 
0.174 Thus, in accordance with the embodiment of FIGS. 
7A and 7B, stapling element 20 is symmetrical with respect to 
its proximal and distal ends, and may be inserted from either. 
(0175. As seen in FIGS. 7C-7D, distal end 24 may be 
somewhat blunt. 

(0176). As seen in FIGS. 7E-7F, distal end 24 may be blunt. 
(0177 Referring further to the drawings, FIGS. 8A-8C 
schematically illustrate Stapling element 20, wherein again, 
cavity 30 (FIGS. 6A-6B) is not provided at distal end 24, and 
tapered portion 26 and distal end 24 are arranged to overlap, 
in accordance with another embodiment of the present inven 
tion. As seen in FIG. 8B, tapered portion 26 is internal to the 
loop. Alternatively, it may be external to the loop. As seen in 
FIG. 8C, tapered portion 26 is alongside distal portion 24. 
Alternatively, stapling element 20 may form an open loop or 
an open spiral. 
(0178 Referring further to the drawings, FIGS. 9A-9I 
schematically illustrate various manners of closure of sta 
pling elements 20 when in second shape 36, in accordance 
with the present invention. 
(0179. As seen in FIG. 9A, tapered portion 26 fits into 
cavity 30 of distal end 24. 
0180. As seen in FIG.9B, cavity 30 is not provided, and 
tapered portion 26 touches distal end 24. 
0181. As seen in FIG.9C, proximal and distal ends 22 and 
24 are symmetric. They overlap, while Substantially main 
taining the cross section of elongated body 28. 
0182. As seen in FIG. 9D, distal end 24 is slightly blunt, 
and proximal and distal ends 22 and 24 overlap, while sub 
stantially maintaining the cross section of elongated body 28. 
0183. As seen in FIG.9E, proximal and distal ends 22 and 
24 overlap to form a closed loop, and are arranged end to end. 
This embodiment is applicable regardless of whether cavity 
30 is provided. 
0.184 As seen in FIG.9F, proximal and distal ends 22 and 
24 overlap to form a closed loop, with distal end 24 being 
internal to the loop. Again, this embodiment is applicable 
regardless of whether cavity 30 is provided. 
0185. As seen in FIG.9G, proximal and distal ends 22 and 
24 overlap to form a closed loop, with distal end 24 being 
external to the loop. As before, this embodiment is applicable 
regardless of whether cavity 30 is provided. 
0186. As seen in FIG. 9H, proximal and distal ends 22 and 
24 overlap to form an open spiral. This embodiment is appli 
cable regardless of whether cavity 30 is provided. 
0187. As seen in FIG. 9I, stapling element 20 forms an 
open loop. This embodiment is applicable regardless of 
whether cavity 30 is provided. 
0188 It will be appreciated that the embodiments of FIGS. 
9A-9I relate to any cross section, Such as circular, square, 
triangular, elliptical or any other may be used. 
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(0189 Referring further to the drawings, FIGS. 10A-10G 
schematically illustrate stapling elements 20, with elongated 
bodies 28 and tapered portions 26 of various geometrical 
cross sections, such as square, rectangular, tetrahedron, cir 
cular with a rim, elliptical, and triangular, in accordance with 
other embodiments of the present invention. In accordance 
with the present embodiments, the cross sections of elongated 
bodies 28 and tapered portions 26 are similar, for example, 
both may be triangular, or square. In accordance with other 
embodiments of the present invention, they may be different. 
0190. It will be appreciated that these geometrical cross 
sections inherently prevent stapling element 20 from rotating 
within an application shaft. In some cases, for example, with 
regard to any triangle, especially one that is not isogonic, the 
pointed edge may be further used as a visible indicator of the 
direction of closing. Additionally or alternatively, a visible 
marking 44 (FIG. 3G) may be applied to distal end 24 as an 
indicator of the direction of closing. 
(0191 Referring further to the drawings, FIGS. 11A-11G 
schematically illustrate stapling elements 20 of various geo 
metrical cross sections, as in FIGS. 10A-10G, wherein 
tapered portions 26 are as was taught hereinabove, by FIG. 
7A, in accordance with embodiments of the present inven 
tion. 
(0192 Referring further to the drawings, FIGS. 12A-12C 
schematically illustrate a first shaft 54 of a staple device, in 
accordance with embodiments of the present invention. In 
essence, first shaft 54 is operative as a cartridge for stapling 
elements 20. 
0193 As seen in FIG. 12A, illustrating a side view, in an 
x:y plane, first shaft 54 has a cladding 55, which defines a 
lumen51 and proximal and distalends 60 and 62, with respect 
to the tissue (not shown). First shaft 54 further defines an 
opening 70, encased within a first frame 74, at proximal end 
60. First frame 74 includes a preferably spring-operated gate 
72, for preventing stapling elements 20 from issuing, unin 
tentionally. 
0194 First shaft 54 is adapted to receive at least one, and 
preferably, several stapling elements 20, arranged in file, so 
that distal end 24 of a first stapling element 20A is abut against 
proximal end 22 of a second stapling element 20B. 
(0195 Furthermore, first shaft 54 is adapted to receive a 
driving component 64, distal to the file of Stapling elements 
20, and having two pegs 66, arranged 180° apart. A cap 68 
closes or locks first shaft 54, at distal end 62, to prevent an 
accidental exist of Stapling elements 20 and driving compo 
nent 64. 
0196. Pegs 66 of driving component 64 are adapted for 
transferring a motion, in the -X direction (from distal end 62 
to proximal end 60) to stapling elements 20, thus forcing them 
to issue. It will be appreciated that many alternative mechani 
cal means are known for producing Such a motion, and these 
are also within the scope of the present invention. 
0.197 As seen in FIG. 12B, illustrating a cross-sectional 
view A-A, inay:Z plane, first shaft 54 defines lumen 51 whose 
cross section Substantially complements that of elongated 
body 28 of stapling element 20. Thus, first shaft 54 maintains 
the specific, predetermined, orientation-dependent insertion 
of stapling element 20. FIG. 12B further illustrates two slits 
58, arranged 180° apart, along the length of first shaft 54, for 
pegs 66 (FIG. 12A). 
0198 As seen in FIG. 12C, illustrating a view from proxi 
mal end 60, first shaft 54 includes spring-operated gate 72 at 
proximal end 60. Preferably, spring-operated gate 72 is 

Nov. 13, 2014 

formed as an arc, that may open under pressure, as Stapling 
element 20 is forced towards proximal end 60. When closed, 
spring-operated gate 72 prevents the exit of stapling elements 
20. 

(0199. In accordance with the embodiment of FIGS. 12A 
12C, elongated body 28 of stapling element 20 has a circular 
cross section and includes feature 27, formed as rim 27, and 
first shaft 54 has a complementary circular lumen and 
includes a complementary shaft feature 56, Such as a notch 
56, adapted to receive rim 27. It will be appreciated that other 
cross sections and complementary lumens of first shaft 54 are 
possible. 
0200. It will be appreciated that feature 27 of stapling 
element 20 may be formed as notch 27, and complementary 
shaft feature 56, may be formed as protrusion 56, adapted to 
fit into notch 27. It will be appreciated that other complemen 
tary systems may similarly be used. 
0201 Referring further to the drawings, FIGS. 13A-13C 
and 14A-14C Schematically compare circular and rectangular 
cross-sections, in accordance with embodiments of the 
present invention. As seen in FIGS. 13 A-13C, elongated body 
28 is circular, and includes rim 27, while cladding 55 of first 
shaft 54 defines circular lumen 51, and includes notch 56 for 
receiving rim 27. As seen in FIGS. 14A-14C, elongated body 
28 is rectangular, and cladding 55 of first shaft 54 defines 
rectangular lumen 51, adapted to receive it. Additionally, 
distal end 24 of rectangular stapling element 20 (FIG. 14A) 
may include visible marking 44, to indicate the direction of 
closing. 
(0202 Referring further to the drawings, FIGS. 15A-15H 
schematically illustrate stapling elements 20 of various cross 
sections for elongated bodies 28, in accordance with embodi 
ments of the present invention, while FIGS. 16A-16H sche 
matically illustrate application shafts 54 of matching cross 
sections of lumens 51. 

(0203 Referring further to the drawings, FIGS. 17A and 
17D illustrate first shaft 54 with first frame 74 arranged so that 
opening 70 forms an angle f3, different than 90°, with stapling 
element 20. Angle B may be, for example, 75°, 45°, or 15°, or 
any other angle. As seen in FIGS. 17C-17D, angle B may be 
0. It will be appreciated that gate 72 (FIG. 12A) is adapted to 
the angle of frame 74. 
0204 The present embodiments are applicable to situa 
tions where the tissue is not at a right angle to the application 
shaft. 

(0205 Referring further to the drawings, FIGS. 18A-18K 
schematically illustrate the components of an application 
shaft 110, in accordance with an embodiment of the present 
invention. 

(0206 FIGS. 18A and 18B are pictorial views of first shaft 
54, illustrating its components: 
0207 at proximal end 60, opening 70 is encased within 

first frame 74, which includes gate 72, preferably spring 
operated; 
0208 along the body of first shaft 54, a plurality of sta 
pling elements 20 are arranged in a single file, for issuing in 
series, one after the other, each being engaged with first shaft 
54 by feature 27 and complementary shaft feature 56; 
0209 more distal to plurality of stapling elements 20, and 
abut against them, driving component 64 is engaged with first 
shaft 54, via pegs 66, which are inserted into slits 58; and 
0210 at distal end 62, cap 68 which may include a locking 
mechanism, locks the components within. 
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0211 Note that a proximal portion 63 does not include 
slits 58, thus maintaining the integrity of first shaft 54 as a 
tube. 
0212. As seen in FIG. 18C, a second shaft 80, having a 
cladding 85 with an internal threaded groove 86, defines 
proximal and distal ends 82 and 84 and alumen. Second shaft 
80 is adapted to receive first shaft 54 within, so that pegs 66 of 
driving component 64 engage with internal threaded groove 
86. Second shaft 80 has a second frame 90, defining an open 
ing at proximal end 82. It will be appreciated that second 
frame 90 is arranged so as to accommodate the angle of first 
frame 74 in the embodiments of FIGS. 12A and 17A-17D. 
0213. Additionally, second shaft 80 includes a gear 88, at 
distal end 84. Preferably, the teeth of gear 88 are at an acute 
angle 8 to the y-axis. Gear 88 is fixed onto second shaft 80. As 
gear 88 rotates, second shaft 80 rotates with it. 
0214. As seen in FIG. 18D, a third shaft 100 has a cladding 
105 and defines proximal and distalends 102 and 104, respec 
tively, and alumen, adapted to receive second shaft 80. A third 
frame 103 defines an opening at distal end 102. It will be 
appreciated that both third frame 103 and second frame 90. 
are arranged so as to accommodate the angle of first frame 74 
in any one of the embodiments of FIGS. 12A and 17A-17D. 
0215. As seen in FIG. 18E, first shaft 54 is adapted for 
insertion into second shaft 80, which in turn is adapted for 
insertion into third shaft 100. 
0216. As seen in FIGS. 18F and 18G, third shaft 100 
includes a locking device 108, at proximal end 102, which 
locks third shaft 100 with first shaft 54, to prevent first shaft 
54 from rotation, as gear 88 (FIG. 18C) rotates second shaft 
80. It will be appreciated that any locking mechanism, as 
known, may be used. As seen in FIGS. 18I, 18J and 18D, a 
dial 106, rigidly connected to third shaft 100, has an indica 
tion, for example “UP’ which is designed to show the direc 
tion of closing of stapling element 20. As stapling element 20 
issues from third shaft 100, it will close in the direction of the 
indication, such as, “UP.” Since third shaft 100 and first shaft 
54 are rigidly connected by closure device 108, rotating dial 
106 will rotate first shaft 54 with third shaft 100, so as to 
maintain the correspondence between the direction of the 
indication, such as, “UP and the direction of closing. 
0217. As seen in FIGS. 18H-18I, gear 88 of second shaft 
80 is not engaged with dial 106 of third shaft 100, and its 
rotation does not affect the orientation of dial 106. 
0218 FIGS. 18H-18J schematically illustrate application 
shaft 110, formed of first, second and third shafts 54, 80 and 
100. Application shaft 110 defines proximal and distal ends 
112 and 114 with respect to the tissue, and a rigid, proximal 
end frame 116, which defines an opening, from which sta 
pling elements 20 issue. FIGS. 18H-18J illustrate tapered 
portion 26 of a first stapling element 20, as it issues from 
application shaft 110. It will be appreciated that rigid, proxi 
mal-end frame 116 is arranged so as to accommodate the 
angle of first frame 74 in any one of the embodiments of 
FIGS. 12A, 17A, and 17B. 
0219 FIG. 18K schematically illustrates a cross-sectional 
view of application shaft 110, formed of first, second and 
third shafts 54, 80 and 100, and driving component 64, with 
pegs 66 inserted into slits 58. Note that in the present embodi 
ment, driving component 64, like Stapling elements 20, 
includes a notch into which protrusion 56 is inserted. 
0220. In accordance with the present invention, the design 
of first, second and third shafts 54, 80 and 100 is adapted for 
transferring a motion in the X direction to pegs 66, as illus 
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trated by FIG. 18H. As gear 88 is made to rotate, as shown by 
an arrow 118, second shaft 80 rotates with it. Pegs 66 are 
engaged with internal threaded groove 86 of second shaft 80 
(FIG. 18C), but are prevented from rotating with second shaft 
80, since they are inserted into through, longitudinal slits 58 
of first shaft 54 (FIG. 18A), which is fixed by locking device 
108 (FIGS. 18F-18G). Hence, pegs 66 must travel along 
rotating threaded groove 86, sliding in longitudinal slits 58 of 
first shaft 54, and pushing stapling elements 20, in the -X 
direction, with them. 
0221. It will be appreciated that many alternative 
mechanical means are known for producing such a motion, 
and these are also within the Scope of the present invention. 
For example, a piston-cylinder arrangement, or a belt 
arrangement, which may be a time belt arrangement, or any 
other known mechanism for producing a linear motion, may 
be used. 

0222 Referring further to the drawings, FIGS. 19A-19F 
schematically illustrate a Self-Closing Stapling, Intermittent 
Firing (SCS-IFTM) device 120, formed of application shaft 
110 and a gripping handle 130, in accordance with an 
embodiment of the present invention. 
0223) As seen in FIGS. 19A and 19B, while application 
shaft 110 is parallel to the x-axis, a length axis D of handle 
130 is designed at an angle Y to the X-axis. Recalling from 
FIG. 1A that when the Auto-Staple device of the prior art is 
held at 90° to the fascia, as recommended, the surgeons 
elbow makes an angle C. of about 120° with the his arm. The 
hand is thus near the end of its rotational travel in that orien 
tation, and its maneuverability is limited. The present design 
is intended to correct this. 

0224. In accordance with a preferred embodiment of the 
present invention, an angle Y is designed between length axis 
D and application shaft 110, so that when application shaft 
110 is held at 90° to the surface of tissue 46, the surgeons 
hand is outstretched, with substantially no bending at the 
elbow. This allows the Surgeon maximum maneuverability, 
since the full range of elbow bending is available to him. 
0225. Preferably, angle Y is about 60°. Alternatively, 
another angle, for example, 30°, 45°, or 75° may be used. 
Additionally or alternatively, a ball-bearing arrangement may 
be provided, for allowing a variable angle setting, wherein the 
desired angle will be predetermined and set specifically for 
each operation. 
0226. It will be appreciated that SCS-IFTM device 120, for 
which length axis D and application shaft 110 are aligned is 
also within the scope of the present invention. 
0227. As seen in FIG. 19A, gripping handle 130 includes 
a gripping portion 129, and a spring-operated finger lever 
132, connected to gripping portion 129 by a swivel pin 127. In 
this manner optimal ease of maneuverability for of finger 
lever 132 is achieved. Preferably, finger lever 132 is adapted 
for operation by four fingers, thus being ergonomically 
designed. Alternatively, only the index finger, or only two or 
three fingers may be used. 
0228. Although only a schematic construction is provided 
in FIG. 19A, some features are worth noting. Finger lever 132 
is in communication with a spring 134, and with a gear system 
136, having gears 136A and 136B, arranged to rotate in 
opposite directions. Leafsprings 133,137 and 139 ensure that 
gears 136A and 136B rotate in their desired directions. 
0229. The pressing offinger lever 132 causes gear 136B to 
rotate in the direction of an arrow 136C, so as to rotate gear 88 
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of second housing 80 (FIG. 18C), thus rotating internal thread 
86, for issuing of stapling element 20. 
0230. Additionally, spring 134 provides for a controlled 
gradual motion of gear 136B and for a gradual insertion of 
Stapling element 20. The gradual control may be stepwise, 
correlated with the gear teeth. It will be appreciated that the 
gradual insertion prevents tissue crushing, characteristic to 
the staple ejection of the prior-art device of FIG. 1A. 
0231. A return path is made possible by a button 131. On 
the return path, finger lever 132 communicates with gear 
136A, which rotates in the direction of arrow 136D. 
0232 FIG. 19B schematically illustrates the exterior of 
handle 130 of SCS-IFTM device 120. As previously noted, 
application shaft 110 is preferably arranged on swivel dial 
106, which provides a 360° rotation. The direction of closing 
of stapling element 20, which issues from SCS-IFTM device 
120, corresponds to the indication “UP, and may be thus 
controlled by rotating dial 106. 
0233. It will be appreciated that a surgeon may apply a first 
Stapling element 20, then rotate dial 106, and apply a second 
Stapling element 20, closed in another direction. 
0234. In accordance with the present invention, SCS-IFTM 
device 120 may be adapted for Endoscopy, and may be 
referred to as SCS-IF-ENDOTM device 120. A length Ls. 
may be between about 37 and 40 cm, and a diameter Ds, 
may be between about 3 mm and 5 mm. Alternatively, the 
diameter Ds may be up to about 12 mm. It will be appre 
ciated that other dimensions, which may be larger or Smaller, 
may similarly be used and are also within the scope of the 
present invention. 
0235 Alternatively, SCS-IFTM device 120 may be adapted 
for open surgery, and the length Ls may be about 10-20 
C 

0236. In accordance with an alternate embodiment of the 
present invention, a miniature motor may be provided, within 
handle 130, activated by finger lever 132, for providing the 
rotational motion of gear 88, in place of gear system 136. 
Preferably, finger lever 132 is further adapted to control the 
motor speed, thus the rate at which stapling elements 20 issue 
from application shaft 110. 
0237 FIGS. 19C-19F schematically illustrate stages of 
insertion of stapling elements 20, via application shaft 110, in 
accordance with an embodiment of the present invention. 
0238. As stapling element 20 issues from application shaft 
110, it begins to close, and when completely out, it forms the 
closed loop of second shape 36 (FIG. 19F), enclosing on a 
tissue 46. A second stapling element 20 may then issue from 
application shaft 110. 
0239. It will be appreciated that for piercing tissue 46, a 
second tool (not shown) may be used, for pressing tissue 46 
against Stapling element 20, thus providing a counterforce to 
Stapling element 20. 
0240. It will be appreciated that unlike the staple ejection 
of prior art (FIG. 1A), which may cause tissue crushing, 
Stapling elements 20 issues gradually, and when the second 
tool is used for a counterforce, it provides a gentle counter 
force, so as to cause minimal tissue crushing. 
0241. It will be further appreciated that unlike the figure 
eight staples of the prior art, that press on the tissue (FIG.1D), 
and may cause crushing, the loop formed by Stapling element 
20 causes little damage, other than the piercing action. 
0242. While FIGS. 19C-19F illustrate stapling element 20 
of a circular cross section and rim 27, it will be appreciated 
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that any other cross section and embodiment described here 
inabove, or a combination thereof, may be used. 
0243 It will be appreciated that application shaft 110 
(FIGS. 19C-19F) may be rotated as a whole, allowing the 
Surgeon control over the direction of closing of Stapling ele 
ment 20. Thus, a Surgeon may apply a first stapling element 
20, then rotate the application shaft, and apply a second 
Stapling element 20, closed in another direction. 
0244 Referring further to the drawings, FIGS. 20A-20C 
schematically illustrate example applications of stapling ele 
ments 20, by SCS-IFTM device 120 (FIGS. 19A-19F), in 
accordance with embodiments of the present invention. For 
simplicity, only application shaft 110 is shown. 
0245 FIG. 20A illustrates an abdominal hernia repair, by 
joining an artificial mesh 48, for example, of PPP, as known, 
and tissue 46, using Stapling elements 20. The Surgery may be 
an open Surgery, or a minimally invasive Surgery, Such as 
laparoscopic repair. 
0246. It will be appreciated that patches, for example, of 
Dacron or PTFE, as known, may be used in a similar manner. 
0247. It is important that while the prior art uses staples at 
key points and Sutures elsewhere, stapling elements 20 may 
be used for the entire mesh seam. For example, stapling 
elements 20 of about 22 mm may be used at key locations, to 
form heavy-duty staples 142, and Stapling elements 20 of 
about 15 mm may be used elsewhere along the mesh seam, to 
form standard staples 144. Heavy-duty staples 142 may form 
elliptical closes, as compared to the circular closes of stan 
dard staples 144. It will be appreciated that other dimensions 
and cross sections may similarly be used. 
0248 FIG.20B illustrates a stitching of a gastric tube 150, 
using Stapling elements 20, to join two tissue edges, arranged 
end to end, and to form staples 152. As before, the surgery 
may be an open Surgery, or a minimally invasive Surgery. 
0249 FIG. 20O illustrates a Nissen Fundoplication, 
wherein a proximal stomach 160 is wrapped around the anas 
tomosis, using Stapling elements 20, to join two tissue edges, 
arranged end to end, and to form staples 162. Again, the 
Surgery may be an open Surgery, or a minimally invasive 
Surgery. 
(0250 Referring further to the drawings, FIGS. 21A-21B 
schematically illustrate a cartridge 170, for a parallel appli 
cation of a plurality of Stapling elements 20, in accordance 
with an embodiment of the present invention. As seen in FIG. 
21A, the plurality of Stapling elements 20 are arranged par 
allel to each other, as a row, and may issue simultaneously. As 
seen in FIG. 21B, when issued, they are designed to close 
together, in a same direction. Cartridge 170 includes a rigid, 
proximal-end frame 172, at its proximal most end, with 
respect to the tissue. Rigid, proximal-end frame 172 defines 
the openings from which stapling elements 20 issue. 
0251. It will be appreciated that stapling elements 20 are 
placed within cartridge 170 at a fixed orientation, with respect 
to their direction of closing. Physical features prevent sta 
pling elements 20 from rotating, in manners similar to those 
used in conjunction with first shaft 54, hereinabove (FIGS. 
13A-13C, 14A-14C). 
(0252 Referring further to the drawings, FIGS. 22A-22H 
schematically illustrate a Self-Coiling Staple-Transverse 
Anastomosis (SCS-TATM) device 180, for using stapling ele 
ments 20, in accordance with an embodiment of the present 
invention. 

0253 As seen in FIGS. 22G-22H, SCS-TATM device 180 
includes an gripping handle 179, a shaft 175, which may be 
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straight, as in FIG. 22G, curved, as in FIG. 22H, or flexible, 
and an applicator 177, which houses cartridge 170, for a 
parallel application of a plurality of Stapling elements 20. In 
general, SCS-TATM device 180 is applicable to open surgery. 
0254 As seen in FIG. 22A, applicator 177 defines proxi 
mal and distal ends 182 and 184 with respect to the tissue, an 
X-axis, parallel to the line of the plurality of stapling elements 
20, and a y-axis, parallel to the length axis of each stapling 
element 20. 
0255. Additionally, applicator 177 includes a housing 186, 
within which cartridge 170 is arranged, as seen in FIG. 21B. 
Cartridge 170 defines rigid, proximal-end frame 172, adapted 
to make contact with the tissue. In general, the tissue is to be 
placed between rigid, proximal-end frame 172 and a counter 
frame 192, within a space 193. 
0256 A proximal-most casing 190, defining an inner 
space within which stapling elements 20 may close, is pro 
vided. Proximal-most casing 190 includes counterframe 192 
which may further include rigid support slats 191. Preferably, 
casing 190 includes a knife track 181, for cutting excess 
tissue, as will be illustrated hereinbelow, in conjunction with 
FIGS 23A-23D. 

0257. The operation of SCS-TATM device 180 is con 
trolled by gripping handle 179, as follows: 
0258. The turning of a knob 195, for example, in the direc 
tion of an arrow 194, causes a rod 171 to press down cartridge 
170, bringing it to substantial contact with tissue 46 (not 
shown in these figures, but seen in FIGS. 23A-23D, herein 
below), in space 193. 
0259. When substantial contact with tissue 46 is made, a 
lever 196 is pressed in the direction of an arrow 197, and rod 
171 or another rod pushes a plate 198 in the -y direction, 
within a grove 187, as seen by an arrow 173A, pressing on a 
plate 199, which in turn pushes pistons 189 in the -y direc 
tion, in channels 183, as seen by anarrow 173B, so as to force 
Stapling elements 20 out. 
0260. As seen in FIGS. 22B and 22C, closing takes place 
within casing 190. 
0261 Side views of applicator 177 are provided in FIGS. 
22D-22F, illustrating the stages of ejection of Stapling ele 
ments 20 by plates 198 and 199 and pistons 189. Knife tract 
181 is designed for cutting the tissue after the Stapling ele 
ments are inserted into the tissue. 

0262 SCS-TATM device 180 is applicable to open surgery, 
for example, for gastric tube closures. 
0263. Referring further to the drawings, FIGS. 23A-23D 
schematically illustrate the joining of at least two layers of the 
tissue, 200 and 202, arranged back to back, by staples 204, to 
form a seam 205, for example, during an open Surgery, for 
example, via SCS-TATM device 180. 
0264. In some cases, it may be desired to cut off excess 

tissue, so that staple seam 205 is made into an edge seam 205. 
Preferably, a knife 207, that can be as well a part of the device, 
is used, as seen in FIGS. 23 A-23D, for cutting along the seam 
of staples 204, along knife tract 181. Preferably, the cut 
exposes edges 206 of staples 204. By eliminating excess 
tissue beyond the seam, local necrosis, which may take place 
in the excess tissue, is prevented, and healing is promoted. It 
will be appreciated that the prior art has no staple, applicable 
as an edge seam (similar, for example, to the edge of a table 
cloth or of a rug), whereas Stapling elements 20 may be used 
for forming an edge seam. 
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0265. As seen in FIGS. 23A-23C, staples 204 are substan 
tially closed. FIG. 23D illustrates another embodiment, 
wherein staples 204 are slightly open. 
0266. It will be appreciated that in some cases, the tissues 
may be left uncut. 
0267. It will be appreciated that SCS-TATM device 180 
may be used to apply more than one seam, for example, two 
or three seams, parallel to each other. 
0268. It will be further appreciated that in some cases, for 
example, in gastric fundus cases, two seams may be applied, 
parallel to each other, and the tissue, for example the stomach, 
may be cut between the parallel seams. 
0269. Referring further to the drawings, FIGS. 24A-24I 
schematically illustrate a Self-Coiling Staple-Gastro-Intesti 
nal Anastomosis (SCS-GIATM) device 210, for using stapling 
elements 20, in accordance with an embodiment of the 
present invention. SCS-GIATM device 210 contains two car 
tridges 221, for a two, parallel line application of Stapling 
elements 20. Preferably, the two parallel lines, while applied 
in tandem, close at opposite directions, 180° apart (FIG. 
24C). 
(0270. SCS-GIATM device 210 is adapted for forming two 
edge seams, similar, for example, to the edges of a tablecloth 
or of a rug, as illustrated in FIG. 24I, wherein the two edge 
seams are arranged end to end. The edge seams promote 
healing and allow the flow of flood and nutrients to the tissue 
edge. 
0271 Cartridges 221 include a rigid, proximal-end frames 
213. SCS-GIATM device 210 further includes a counterframe 
215 and a casing 224, defining a proximal inner space, which 
may be divided into compartments 225. 
0272. In accordance with the present embodiment, the 
tissue (not shown) is placed between rigid, proximal-end 
frames 213 and counterframe 215. Device 210 closes over the 
tissue by bringing counter frame 215 against proximal-end 
frame 213, in the direction of arrow 222. Preferably, closing 
takes place within casing 224, preferably, within compart 
ments 225. 
(0273. A lever 214 (FIG. 24A), adapted to move in the 
direction of anarrow 216, moves a triangular block 239, in the 
direction of an arrow 237, causing a plate 227 to force stapling 
elements 20, out, in the direction of arrow 220. Additionally, 
lever 214 moves a knife 235, along with triangular block 239, 
with a predetermined delay, so that when stapling elements 20 
are inserted, knife 235 cuts the tissue between the two rows of 
staples that are formed (FIG. 24I). 
(0274. As seen in FIGS. 24D and 24F, triangular block 239 
presses on a flexible plate 227, in the -y direction, which in 
turn applies pressure on pistons 229 and forces stapling ele 
ments 20 to issue. 
0275 Alternatively, as seen in FIG.24E and 24G, pistons 
229 include hat-like portions 231, inclined at an angle that 
complements the angle of triangular block 239. Thus, trian 
gular block 239 presses down on hat-like portions 231 of 
pistons 229, in the -y direction, which in turn applies pressure 
on pistons 229 and forces stapling elements 20 to issue. 
0276. As seen in FIGS. 24H and 24I, two seams 230 of 
staples 233 are formed on tissue 232 and 234. Knife 235 then 
slices the tissue between the parallel lines of seams 230. It will 
be appreciated that when desired, the tissue may remain 
uncut. 

(0277 Referring further to the drawings, FIGS. 25A-25F 
schematically illustrate a Self-Coiling Staple-End to End 
Anastomosis (SCS-EEATM) device 240, for using stapling 
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elements 20, in accordance with an embodiment of the 
present invention. SCS-EEATM 240 has an overall diameter of 
up to 35 mm, and may be used for endoscopy. 
(0278 SCS-EEATM 240 is formed of two portions, a body 
251 and an end-casing 259, which are connected via a central 
rod 269, of body 251. Central rod 269 has a sharp pointed 
edge and a screw thread 169, and is adapted to fit into screw 
hole 167 of end-casing 259. In general, body 251 is inserted 
from a first side of the tissue, and end-casing 259 is inserted 
from the other side. Central rod 269 is then fitted into screw 
hole 167, thus connecting the two portions. 
0279 SCS-EEATM device 240 includes a release mecha 
nism of a lever 245 and a knob 241. Additionally, SCS 
EEATM device 240 includes a round cartridge 244, wherein a 
plurality of stapling elements 20 are parallel to each other, in 
a circular arrangement. Around plate 273 and pistons 277 are 
adapted to push stapling elements 20 in the -y direction. 
0280 Round cartridge 244 includes around frame 236, on 

its proximal side with respect to the tissue. Additionally, 
SCS-EEATM 240 includes a counter frame 238 and end-cas 
ing 259, defining an inner space, which may be divided to 
compartments 271. 
0281 Rotation of knob. 241 in the direction of arrow 243 
brings round frame 236 ageist counter frame 238, with the 
tissue between them. 
0282 Pressing lever 245 in the direction of an arrow 247 
forces round plate 273 down in the -y direction, pushing 
pistons 277, in the -y direction, and forcing Stapling elements 
20 out. 
(0283. A circular knife 242 (FIG. 25C) may be used for 
cutting excess tissue within a circular seam 246 that is 
formed, when desired, as seen in FIG. 25D. Preferably, a 
diameter d (FIG. 25F) of the cut is between about 18 and 
about 25 mm. It will be appreciated that other values are 
similarly possible. 
0284. As seen in FIGS. 25D and 25E, shaft 175 of SCS 
EEATM 240 may be straight, curved, or flexible. 
0285) Referring further to the drawings, FIG. 26 schemati 
cally illustrates a Self-Closing Stapling-Transverse Anasto 
mosis Endoscopy (SCS-TA-ENDOTM) device 250, for using 
Stapling elements 20, in accordance with an embodiment of 
the present invention. SCS-TA-ENDOTM device 250 includes 
a gripping handle 265, and a shaft 267, preferably, with an 
overall diameter Ds of between about 12 and about 35 
mm, and may generally be 12 mm, or 16 mm or 35 mm, 
adapted for endoscopy. Shaft 267 has an extracorporeal por 
tion 261 and an intracorporeal portion 263. ATRUCAR endo 
scopic valve 254 may be provided, between portions 263 and 
261, for endoscopic insertion. It will be appreciated that other 
diameters may similarly be used. 
0286 At a proximal end with respect to the tissue, intrac 
orporeal portion 263 includes a cartridge 258, having a single 
row of stapling elements 20 and a rigid, proximal-end frame 
256, orthogonal to the row of stapling elements 20. Addition 
ally, it includes a counter frame 252, parallel to rigid, proxi 
mal-end frame 256. 
0287. The operation of SCS-TA-ENDOTM device 250 is 
controlled by a knob 255 a lever 257, and a slide253, arranged 
to slide within a channel 251. In essence, knob. 255 deter 
mines the width of the gap, between proximal-end frame 256 
and counter frame 252, and lever 257 brings counter frame 
252 towards proximal-end frame 256. Slide 253 then pushes 
a triangular block 282 that forces stapling elements 20 to 
issue. Preferably, a knife 288 (FIG. 26), also in mechanical 
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communication with slide 253, follows behind triangular 
block 283, for slicing the excess of tissue along the edge 
seam. It will be appreciated that knife 288 may be removed. 
(0288. It will be appreciated that TRUCAR endoscopic 
valve 254 may similarly be provided for application shaft 110 
of SCS-IF-ENDOTM device 120 (FIGS. 19A-19F), or SCS 
EEATM 240, or for any other device of the present invention, 
adapted for endoscopic insertion. 
0289 Referring further to the drawings, FIG.27 schemati 
cally illustrates a Self-Coiling Staple-Endoscopic, Gastro 
Intestinal Anastomosis (SCS-GIA-ENDOTM) device 260, for 
using stapling elements 20, in accordance with an embodi 
ment of the present invention. 
0290. SCS-GIA-ENDOTM device 260 includes gripping 
handle 265, and shaft 267, having a shaft diameter preferably 
of about 12 mm, adapted for endoscopy. Shaft 267 includes 
extracorporeal portion 261, intracorporeal portion 263, and 
preferably also TRUCAR endoscopic valve 254 between por 
tions 263 and 261, for endoscopic insertion. It will be appre 
ciated that other shaft diameters may similarly be used. 
0291. At a proximal end with respect to the tissue, intrac 
orporeal portion 263 includes a cartridge 268, having two 
parallel rows of Stapling elements 20 and a rigid, proximal 
end frame 266, orthogonal to the rows of Stapling elements 
20. Additionally, it includes a counter frame 262, parallel to 
rigid, proximal-end frame. The operation of SCS-GIA 
ENDOTM device 260 is controlled by knob. 255 lever 257, and 
Slide 253. 

0292. The operation of SCS-GIA-ENDOTM device 260 is 
controlled by knob. 255 lever 257, and slide 253, arranged to 
move within channel 251, as in the case of device 250 (FIG. 
26). In essence, knob. 255 determines the width of the gap, 
between proximal-end frame 266 and counterframe 262, and 
lever 257 brings counter frame 262 towards proximal-end 
frame 266. Slide 253 then pushes a triangular 284 block that 
forces stapling elements 20 to issue. Preferably, a knife 288, 
also in mechanical communication with slide 253, follows 
behind triangular 284, for slicing the tissue, along the edge 
seam. It will be appreciated that knife 288 may be removed. 
0293 Referring further to the drawings, FIGS. 28A-28J 
schematically illustrate a Self-Closing Stapling, Simulta 
neous-Firing (SCS-SFTM) device 270, using stapling ele 
ments 20, in accordance with an embodiment of the present 
invention. 

0294 SCS-SFTM device 270 may be used for open surgery, 
and as Such it may have a straight shaft, as illustrated in FIG. 
28A, or a curved shaft, as in FIG. 28C. Additionally, it may be 
used for endoscopic Surgery, operative as a Self-Closing Sta 
pling, Simultaneous-Firing Endoscopy (SCS-SF-ENDOTM) 
device, preferably, with a straight shaft, as illustrated in FIG. 
28B. 

0295 For endoscopic surgery, SCS-SFTM device 270 
includes a gripping handle 278 and a shaft 275, preferably, 
with an overall diameter of about 12 mm, adapted for endo 
scopy. Shaft 275 includes extracorporeal portion 261, intra 
corporeal portion 263, and preferably also TRUCAR endo 
scopic valve 254 between portions 263 and 261, for 
endoscopic insertion. 
0296. At a proximal end with respect to the tissue, intrac 
orporeal portion 263 includes a cartridge 274, having a row of 
Stapling elements 20 and a rigid, proximal-end frame 276, 
orthogonal to the row of stapling elements 20. However, a 
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counterframe is not provided. Rather, in Some cases, a second 
tool (not shown) may be used to gently provide a counter 
force to stapling elements 20. 
0297. The operation of SCS-SFTM device 270 is controlled 
by a spring-operated lever 272, for issuing the row of stapling 
element 20 simultaneously. 
0298 Preferably, lever 272 provides gradual control over 
the extent of issuing of Stapling elements 20. 
0299. As seen FIGS. 28D-28E, spring-operated lever 272 
(FIGS. 28A) pushes a triangular block 275 in a -x direction, 
forcing a second, complimentary block 279 to push stapling 
elements 20 out. 
0300. As seen in FIG. 28F stapling elements may be 
arranged at an angle to shaft 175, when longer stapling ele 
ments are desired. 

0301 FIGS. 28I and 28J illustrate a handle with a gradual 
controlled release mechanism of the staples, as follows: 
0302 FIG. 28I illustrates SCS-SFTM device 270, with 
handle 130, similar to that of FIGS. 19A-19B, but aligned 
with the application shaft. 
0303 FIG. 28J illustrates SCS-SFTM device 270, with 
handle 130, similar to that of FIGS. 19A-19B, at an angley to 
the application shaft. 
0304. As seen in FIGS. 28G and 28H, SCS-SFTM device 
270 may be used in a manner similar to SCS-IFTM device 120 
of FIGS. 20B and 20G, hereinbelow, while speeding up the 
operation (over device 120), by applying several staples 
simultaneously. 
0305 FIG.28G illustrates the stitching ofgastric tube 150, 
using SCS-SFTM device 270 and stapling elements 20, for 
forming Staples 152. The Surgery may be an open Surgery, or 
a minimally invasive Surgery. 
(0306 FIG. 28H illustrates the Nissen Fundoplication, 
wherein proximal stomach 160 is wrapped around the anas 
tomosis, using SCS-SFTM device 270 and stapling elements 
20, for forming Staples 162. Again, the Surgery may be an 
open Surgery, or a minimally invasive Surgery. 
0307 Referring further to the drawings, FIG.29 schemati 
cally illustrates a Self-Closing Stapling, Single-Shot (SCS 
SSTM) device 300, arranged as a syringe 312, having a piston 
310, adapted to apply a single stapling element 20, in accor 
dance with an embodiment of the present invention. Prefer 
ably, device 300 is for a single use. 
0308. It will be appreciated that device 300 may also be a 
Self-Closing Stapling, Single-Shot Endoscopy (SCS-SS 
ENDOTM) device. 
0309 Referring further to the drawings, FIGS. 30A-30D 
schematically illustrate a stapling element, formed as a com 
posite of at least two materials, in accordance with another 
embodiment of the present invention. 
0310 FIGS. 30A-30B, show side and cross-sectional 
views of a stapling element 410, formed as a composite of 
materials 412 and 414, bonded side by side. Stapling element 
410 is shown in first shape 34, adapted for insertion, and 
further includes a tapered portion 416 for piercing the tissue. 
It will be appreciated that stapling element 410 also includes 
second shape 36 (FIG. 2E), essentially as a closed loop. 
0311 FIGS. 30C-30D, show side and cross-sectional 
views of a stapling element 420, formed as a composite of 
materials 412 and 414, bonded as a core section formed of 
material 412, and a cladding section formed of material 414. 
Stapling element 420 further includes a tapered portion 418 
for piercing the tissue. Although shown in first shape 34, it 
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will be appreciated that stapling element 420 also includes 
second shape 36 (FIG. 2E), essentially as a closed loop. 
0312. It will be appreciated that other arrangements of the 
two materials, 412 and 414, along the length of the stapling 
elements may be used. 
0313 While one of materials 412 and 414 may be a shape 
memory alloy, having a memorized shape, as a loop, for 
closing around the tissue, the other may be a metal or a 
polymer, to provide added strength to the composite, for 
greater penetration power. The optimal ratio of materials 412 
and 414 in the composite is preferably such as to ensure 
optimal penetration power and optimal memory. 
0314 Preferably, stapling elements 410 and 420 include 
physical features that prevent their rotation within an appli 
cation shaft. 

0315 Preferably, stapling elements 410 and 420 include a 
cavity at their distal end, to accommodate the tapered portion. 
0316 Referring further to the drawings, FIGS. 31A-31C 
schematically illustrate an application shaft 400 for inserting 
Staples while in a coiled shape, in accordance with still 
another embodiment of the present invention. A mechanism 
for insertion may engage, for example, with feature 27. Such 
as rim 27, for forcing stapling elements 20 to issue. Alterna 
tively, it may engage with distal portion 24. In accordance 
with the present embodiment, stapling element 20 is formed 
of a resilient material. Such as alloys, pure metals, polymers 
and (or) composites, but does not include a clearly defined 
first shape 34 (FIG. 2A). 
0317. Additionally, application shaft 400 may be adapted 
for inserting one stapling element 20 or a plurality. 
0318 For inserting a plurality of stapling elements 20 in 
series, they may be stored in the application shaft in a snail 
like, spiraling tunnel. Alternatively, For inserting a plurality 
of stapling elements 20 in parallel, they may be stored in the 
application shaft in individual circular tunnels. 
0319. Important advantages of the present invention, 
when compared to the prior art, for example, as illustrated in 
FIGS. 1A-1F, are worth noting: 

0320. As seen in FIG. 1A of the prior art, maintaining 
fascia edges 14 and 16 taut and abut against each other 
requires three tools, such as tools 18A, 18B and 18C of 
FIG. 1A. However, in accordance with the present 
invention, the Surgeon may catch the first fascia edge, by 
stapling element 20, operative as a needle, as seen in 
FIG. 19E and bring it to the second fascia edge, as seen 
in FIG.20B. Thus stapling element 20 is operative also 
as a tool, and the overall number of tools that are needed 
is reduced. 

0321. As seen in FIG. 1A of the prior art, the staple 
ejection of Auto Staple device 10 may crush tissue, and 
possibly lead to local necrosis. However, in accordance 
with the present invention, for example, as taught in 
conjunction with FIGS. 19A-19F, 28A-28J, and 29, 
hereinabove, stapling elements 20 issues gradually, pos 
sibly against a second tool that provides agentle counter 
force, so as to cause little tissue crushing and minimize 
local necrosis. 

0322. As seen in FIG.1D of the prior art, the figure eight 
that is formed by staples 12 may further crush the tissue, 
and may interfere with blood and nutrient flow, possibly 
leading to local necrosis. However, in accordance with 
the present invention, for example, as taught in conjunc 
tion with FIG. 19F, hereinabove, stapling element 20 
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closes due to its self-coiling property, to form a loop that 
does not press on the tissue, to further minimize local 
necrosis. 

0323. The prior art has no staple, which is applicable as 
an edge seam (similar, for example, to an edge seam of a 
tablecloth or of a rug.) However, in accordance with the 
present invention, for example, as taught in conjunction 
with FIGS. 23A-23D, 24I and 25F, hereinabove, sta 
pling elements 20 may be used for forming an edge 
seam. By eliminating excess tissue beyond the seam, 
local necrosis, which may take place in the excess tissue, 
is prevented, and healing is promoted. 

0324 Further with regard to the edge seam of FIGS. 
23A-23D, 24I and 25F, stapling element 20 of the 
present invention is applied perpendicular to the tissue 
edge, enabling blood and nutrients to pass between 
staples to the tissue edge, in a manner similar to a Suture 
applied manually, as illustrated in FIG. 1F, to prevent 
local necrosis. 

0325. As seen in FIG. 1A of the prior art, when the 
Auto-Staple device is held at 90° to the fascia, as rec 
ommended, the Surgeon's elbow makes an angle C. of 
about 120° with the his arm; the hand is thus near the end 
of its rotational travel in that orientation, and its maneu 
verability is limited. However, in accordance with the 
present invention, for example, as taught in conjunction 
with FIGS. 19A-19B, hereinabove, an angle Y is 
designed between length axis D of handle 130 and appli 
cation shaft 110, so that when application shaft 110 is 
held at 90° to the tissue, the surgeons hand is out 
stretched, with substantially no bending at the elbow. 
This allows the Surgeon maximum maneuverability, 
since the full range of elbow bending is available to him. 

0326. When joining an artificial mesh and a tissue, the 
prior art generally uses staples at key points such as at the 
corners and midpoints of the mesh seam, and staples else 
where along the mesh seam. However, in accordance with the 
present invention, for example, as taught in conjunction with 
FIG. 20A, hereinabove, stapling elements 20 may be used for 
the entire mesh seam. For example, Stapling elements 20 of 
about 22 mm may be used at key locations, to form heavy 
duty staples 142, and stapling elements 20 of about 15 mm 
may be used elsewhere along the mesh seam, to form standard 
staples 144. Heavy-duty staples 142 may form elliptical 
closes, as compared to the circular closes of standard Staples 
144. It will be appreciated that other dimensions and cross 
sections may similarly be used. 

0327. The prior art has no devices operable as SCS 
IFTM, SCS-IF-ENDOTM, SCS-SFTM, SCS-SF-ENDOTM, 
SCS-SSTM, SCS-SS-ENDOTM, SCS-TA-ENDTM, and 
SCS-GIA-ENDOTM. However, in accordance with the 
present invention, for example, as taught in conjunction 
with FIGS. 19A-19B, 26-29, and 28A-28J, hereinabove, 
Such devices are provided. 

0328. It will be appreciated that any stapling element 20, 
described in conjunction with FIGS. 2A-11G and 30A-30B, 
hereinbelow, may be used with any of the application shafts, 
cartridges, and devices, described in conjunction with FIGS. 
12A-31C, hereinbelow. 
0329. It will be appreciated that any seam of stapling ele 
ment 20, described in conjunction with FIGS. 2A-11G here 
inbelow, and (or) any seam provided by any of the application 
shafts, devices, and cartridges, described in conjunction with 
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FIGS. 12A-31C hereinbelow, may be made into an edge 
seam, by cutting the excess tissue with a knife. 
0330. It will be appreciated that TRUCAR endoscopic 
valve 254 may be provided for any of the devices, adapted for 
endoscopy. Additionally, entry diameters Smaller or greater 
than 12 mm may be provided with valve 254. 
0331. It will be appreciated that the devices described 
herein may be disposable. Alternatively, the cartridge con 
taining stapling elements 20 may be disposable, but the 
device may be placed in an autoclave and reused. It will be 
appreciated that during an operation, cartridges may be 
replaced in a device in use—an empty cartridge may be 
removed, and a new one inserted. 
0332. It will be appreciated that for each device, different 
cartridges may be provided, for different applications. The 
different cartridges may be of different stapling-element 
materials, cross-sections, lengths, and number. For example, 
for a given device, there may be cartridges, with Stapling 
elements of a circular cross section, for minimal trauma, or of 
an elliptical cross section, for maximum strength, or of a 
triangular cross section, for penetrating hard tissue. Addition 
ally, there may be cartridges, with Stapling elements formed 
of an alloy, for a relatively greater flexibility, or of a compos 
ite, for a relatively greater strength. Additionally, other cross 
sections may be used. Furthermore, for a given device, there 
may be cartridges of different Stapling-element lengths, for 
example, 4 mm, 7 mm, 9 mm, 15 mm, or of another length, 
which may be larger or Smaller, and may even be as large as 
200 mm. Moreover, for a given device, there may be car 
tridges, with different numbers of Stapling elements in each, 
for example, 10, 15, 30 or another number of stapling ele 
ments per cartridge. 
0333. Thus, it will be appreciated that the device may be 
fitted with a cartridge in the factory, or on the site, at the 
operation room. 
0334. It will be appreciated that for invasive surgery, the 
length of the stapling element may depend on the device. For 
example, when using device 120 of FIGS. 19A and 19B, 
device 240 of FIGS. 25A-25E, or device 300 of FIG. 29, 
hereinabove, the length of stapling element 20 is not limited 
by the device, and lengths as large as for example, 15 mm, 20 
mm, 45 mm or larger may be used. However, when using 
devices 250 or 260 of FIG. 26 or 27, the size D (FIG. 26) 
is limiting, and is limited by TRUCAR endoscopic valve 254, 
for example, to about 12 mm, and the maximum lengths of 
Stapling elements 20 may be about 6 mm. Somewhat larger 
Stapling elements 20 may be used in conjunction with device 
20 of FIGS. 28A-28J, since stapling elements 20 may be 
arranged at an angle to the tissue, as seen in FIG. 28F. 
0335. It will be appreciated that generally, for blood ves 
sels, Stapling elements of 4 mm are used, and they are color 
coded white. For the gastrointestinal tract, stapling elements 
of 5 mm are used, and they are color coded blue. For the 
stomach, Stapling elements of 6 mm are used, and they are 
color coded green. It will be appreciated that the stapling 
elements of the present invention may follow the color code 
that is used in the art. Additionally, stapling elements of other 
sizes may be used, and may be color coded by other colors. 
0336. It will be appreciated that various alternative 
mechanical means are known for producing the motions 
described in conjunction with the devices of FIGS. 19 A-29. 
The mechanical means described hereinabove, in conjunction 
with these figures were for the purpose of illustrations. In 
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accordance with the present invention, other mechanical 
means, as known, which may be manual or motorized, may 
similarly be used. 
0337. It will be further appreciated that any combination 
of the embodiments of FIGS. 2A-29, hereinabove is within 
the scope of the present invention. 
0338 A summary of the devices in accordance with the 
present invention is as follows: 
0339 i. Self-Closing Stapling, Intermittent Firing (SCS 
IFTM) device 120; 

0340 ii. Self-Closing Stapling, Intermittent Firing Endo 
scopy (SCS-IF-ENDOTM) device 120; 

0341 iii. Self-Closing Stapling, Simultaneous Firing 
(SCS-SFTM) device 270; 

0342 iv. Self-Closing Stapling, Simultaneous Firing 
Endoscopy (SCS-SF-ENDOTM) device 270: 

(0343 iii. Self-Closing Stapling, Single Shot (SCS-SSTM) 
device 300: 

0344) iv. Self-Closing Stapling, Single Shot Endoscopy 
(SCS-SS-ENDOTM) device 300; 

0345 V. Self-Closing Stapling-Transverse Anastomosis 
(SCS-TATM) device 180; 

0346 vi. Self-Closing Stapling-Transverse Anastomosis 
Endoscopy (SCS-TA-ENDO) device 250: 

0347 vii. Self-Closing Stapling-Gastro-Intestinal Anasto 
mosis (SCS-GIATM) device 210; 

0348 viii. Self-Closing Stapling-Gastro-Intestinal Anas 
tomosis Endoscopy (SCS-GIA-ENDOTM) device 260; and 

0349 ix. Self-Closing Stapling-End-to-End Anastomosis 
(SCS-EEATM) device 240. 

0350. It will be appreciated that while these device have 
predetermined gripping positions, they may be adapted for 
changing the predetermined closing direction of stapling ele 
ment 20 without changing the gripping position. For example, 
shaft 175 (FIGS. 22H, 22G), attached to gripping handle 179, 
or shaft 267 (FIGS. 26 and 27) attached to gripping handle 
265, or shaft 275 (FIGS. 28A-28C) attached to gripping 
handle 278 may be attached to their respective gripping 
handles with dial 106 (FIGS. 18D and 19A), for changing the 
predetermined closing direction of stapling element 20 with 
out changing the gripping position on the respective gripping 
handle. 
0351. It will be appreciated that shaft 175 (FIGS. 22H, 
22G), shaft 267 (FIGS. 26 and 27) and shaft 275 (FIGS. 
28A-28C) may be flexible. 
0352. It will be appreciated that the devices described 
hereinforminimally invasive procedures, such as endoscopic 
Surgery or laparoscopic repair may also be used via body 
lumens, by insertion via the rectum, the vagina, the urinary 
tract, the respiratory tract, or any other body lumen. 
0353. It will be appreciated that the staples may beformed 
of a shape memory alloy. Alternatively, they may be formed 
of a resilient material, which may be a pure metal, an alloy, or 
a polymer. Alternatively, they may be formed as a composite 
of two or more materials. It will be further appreciated that 
when formed of a resilient material, the staples may be loaded 
into the application shaft in the operation room, shortly before 
insertion. 
0354 Alternatively, the stapling elements may be formed 
of a composite of two materials. 
0355. It is expected that during the life of this patent many 
relevant devices and methods for stapling elements and their 
application will be developed and the scope of the terms 
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Stapling elements and staple devices are intended to include 
all Such new technologies a priori. 
0356. As used herein the term “about refers to +30%. 
0357. It is appreciated that certain features of the inven 
tion, which are, for clarity, described in the context of separate 
embodiments, may also be provided in combination in a 
single embodiment. Conversely, various features of the 
invention, which are, for brevity, described in the context of a 
single embodiment, may also be provided separately or in any 
suitable subcombination. 
0358 Although the invention has been described in con 
junction with specific embodiments thereof, it is evident that 
many alternatives, modifications and variations will be appar 
ent to those skilled in the art. Accordingly, it is intended to 
embrace all Such alternatives, modifications and variations 
that fall within the spirit and broad scope of the appended 
claims. All publications, patents and patent applications men 
tioned in this specification are herein incorporated in their 
entirety by reference into the specification, to the same extent 
as if each individual publication, patent or patent application 
was specifically and individually indicated to be incorporated 
herein by reference. In addition, citation or identification of 
any reference in this application shall not be construed as an 
admission that such reference is available as prior art to the 
present invention. 
What is claimed is: 
1. A system for applying staples to a tissue, comprising: 
at least one stapling element for piercing through a tissue 

and forming a closed loop through said tissue: 
a cartridge including a rigid frame defining at least one 

elongated lumen for fully receiving the at least one sta 
pling element within the lumen; and 

a driving unit, in mechanical communication with said 
cartridge, operative to issue said at least one stapling 
element from said cartridge; 

wherein the at least one stapling element forms: 
a first shape while maintained within the lumen of the 

cartridge, the first shape being an elongated shaped 
body with a tapered end; and 

a second shape when issued from the cartridge; the Sec 
ond shape being a closed loop shape, wherein the 
stapling element self-deforms from the first shape to 
the second shape as it issues from the cartridge; and 

wherein a cross section of the lumen does not match a 
cross-section of the stapling element. 

2. The system of claim 1, further comprises a mechanism 
configured for changing an orientation of said at least one 
Staple element within said cartridge before issuing. 

3. The system of claim 1, adapted for piercing the tissue 
with minimal tissue crushing. 

4. The system of claim 1, wherein said second shape forms 
a closed loop, with said tapered end fitting into a cavity of 
formed in an opposite end. 

5. The system of claim 1, wherein said elongated body has 
a physical feature selected from the group consisting of a rim 
and a notch, located at least along a distal portion of said 
elongated body. 

6. The system of claim 1, wherein said tapered end has a 
triangular cross section, adapted for piercing hard tissue. 

7. The system of claim 1, wherein said tapered end includes 
a sharp, pointed edge, having a screw thread. 

8. The system of claim 1, wherein said second shape is 
further designed to close around its longitudinal axis, for 
piercing the tissue, by self-threading into it. 
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9. A system according to claim 1, wherein said cartridge 
has an opening which forms an angle different than 90 
degrees with said stapling element. 

10. A device for applying staples to a tissue, comprising: 
a cartridge, adapted for receiving at least one stapling ele 

ment, said Stapling element comprising: 
a first shape, while maintained within a lumen of the 

cartridge, comprising an elongated body, with a 
tapered end, said elongated body having a cross sec 
tion which does not match a cross section of said 
cartridge, for preventing said Stapling element from 
rotating, when in said cartridge, thus maintaining a 
predetermined closing direction; and 

a second shape, assumed when said stapling element 
issues from said cartridge and is inserted into the 
tissue, said second shape being designed to close into 
a loop, for forming a staple in the tissue, 

wherein said cartridge is adapted for maintaining said at 
least one stapling element at a fixed orientation, with 
respect to a direction of closing of said Stapling ele 
ment, 

a mechanism, in mechanical communication with said car 
tridge, for issuing said at least one stapling element from 
said cartridge; and 

a proximal end, with respect to said tissue, having a rigid, 
proximal-end frame, which defines an opening from 
which said at least one stapling elements issues. 

11. The device of claim 10, comprising a handle, with a 
finger lever, for controlling said mechanism, wherein said 
handle is arranged at an angle to said cartridge, to allow a 
Surgeon maximum maneuverability, with a full range of 
elbow bending. 

12. The device of claim 11, wherein said finger lever is 
connected to a gripping portion of said handle with a Swivel 
pin, for optimal ease offinger-lever maneuverability. 

13. The device of claim 10, wherein said rigid, proximal 
end frame, which defines said opening from which said at 
least one stapling element issues, is at angle, which is Smaller 
than 90° to said at least one stapling element. 
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14. The device of claim 10, comprising a counterframe, on 
a side proximal to the tissue, for holding the tissue between 
said cartridge and said counter frame. 

15. The device of claim 14, wherein said counter frame 
further includes a casing, which defines an inner space, within 
which said Stapling element is designed to close. 

16. The device of claim 10, said device having a gripping 
position, and said device being adapted for changing said 
predetermined closing direction without changing said grip 
ping position. 

17. A device for applying staples to a tissue, comprising: 
a cartridge, adapted for storing at least one stapling ele 

ment, in a coiled position, each said Stapling element 
having a tapered portion, forming a sharp, pointed edge, 
at a proximal end, with respect to the tissue, for piercing 
the tissue; 

a mechanism, in mechanical communication with said at 
least one stapling element, for issuing said at least one 
stapling element from said cartridge; 

and 
a proximal end, with respect to said tissue, having a rigid, 

proximal-end frame, which defines an opening from 
which said at least one stapling element issues. 

18. The device of claim 17, wherein said at least one staple 
comprises a plurality of Staples, and said mechanism is 
adapted to issue said plurality of staples one of in parallel and 
in series. 

19. A device according to claim 17, wherein said stapling 
element comprises: 

a coiled shape, adapted for coiling in a tissue, so as to form 
a loop; and 

a tapered portion, forming a sharp, pointed edge, at a proxi 
mal end, with respect to the tissue, for piercing the 
tissue, 

said Staple being formed of a resilient material. 
20. A device according to claim 19 wherein said mecha 

nism is configured to applying the stapling element into the 
tissue, while the Stapling element remains in a coiled shape. 
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