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INTRAVASCULAR STAPLING TOOL 

[0001] This application is a divisional of US. patent appli 
cation Ser. No. 11/022,551, ?led on Dec. 23, 2004, Which is 
hereby incorporated by reference in its entirety. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to medical 
devices, and more particularly to an intravascular stapler. 

BACKGROUND 

[0003] Abdominal aortic aneurysm (AAA) is an abnormal 
ballooning of the abdominal portion of the aorta, Which is the 
major artery routing blood from the heart to all organs. 
Abdominal aortic aneurysm involves a dilation, stretching, or 
ballooning of the abdominal aorta, Which is the section of the 
aorta residing in the abdominal cavity. Causes of abdominal 
aortic aneurysm include infection, tissue disease (such as 
atherosclerosis) resulting in Weakening of the connective tis 
sue component of the arterial Wall, trauma, and Marfan’s 
syndrome. Abdominal aortic aneurysm can affect anyone, but 
it is most often seen in men aged 40 to 70. Most commonly, 
abdominal aortic aneurysms occur in the portion of the vessel 
beloW the renal artery origins, and may extend into the vessels 
supplying the hips and pelvis. 
[0004] A common complication of AAA is rupture. This is 
a medical emergency Where the aneurysm breaks open, 
resulting in profuse bleeding. Aortic rupture is life-threaten 
ing; the likelihood of death after rupture is generally consid 
ered to be 80-90%. Once an aneurysm reaches 5 cm in diam 
eter, it is usually considered necessary to treat it to prevent 
rupture. 
[0005] Surgical repair or replacement of the section of aorta 
that includes the aneurysm is recommended for patients With 
symptoms and for patients With aneurysms greater than 5 cm 
in diameter, as they are at high risk of fatal rupture. Because 
surgery for abdominal aortic aneurysm is risky, the surgeon 
may Wait for the aneurysm to expand to a siZe at Which the risk 
of complications exceeds the risk of surgery. BeloW 5 cm, the 
risk of the aneurysm rupturing is loWer than the risk of con 
ventional surgery in patients With normal surgical risks. HoW 
ever, it is undesirable to Wait for a knoWn AAA to get Worse 
in order to treat it. 
[0006] Placement of an AAA graft is also a treatment 
option. An AAA graft is a tube or tubelike structure placed 
inside the aorta. Its placement can be performed Without an 
abdominal incision, With specialiZed catheters that are intro 
duced through arteries at the groin. HoWever, not all patients 
With abdominal aortic aneurysms are candidates for grafts, 
hoWever. Further, some AAA grafts in the past have had 
dif?culties that have resulted in their removal from the mar 
ketplace, such as breakage of the hooks that hold the AAA 
graft in place in the aorta, and di?iculties With the tools for 
deploying the AAA grafts. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] FIG. 1 is a perspective vieW of an intravascular 
stapling tool having a stapler head connected to a handle by a 
catheter. 
[0008] FIG. 2 is a perspective cutaWay vieW of the stapler 
head of FIG. 1. 
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[0009] FIG. 3 is a side vieW ofa slider ofthe stapler head in 
a ?rst position. 
[0010] FIG. 4 is a perspective cutaWay vieW of the stapler 
head of FIG. 1, With the slider omitted for clarity. 
[0011] FIG. 5 is a detail perspective cutaWay vieW of the 
stapler head of FIG. 1, With the slider and the distal end of the 
stapler head omitted for clarity. 
[0012] FIG. 6 is a schematic vieW of an exemplary stapler 
head. 
[0013] FIG. 7 is a side vieW ofa slider ofthe stapler head in 
a second position. 
[0014] FIG. 8 is a schematic vieW of the placement of an 
AAA graft in the abdominal aorta utiliZing the intravascular 
stapling tool. 
[0015] The use of the same reference symbols in different 
?gures indicates similar or identical items. 

DETAILED DESCRIPTION 

[0016] Intravascular Stapling Tool 
[0017] Referring to FIG. 1, an exemplary intravascular sta 
pling tool 2 is shoWn. The intravascular stapling tool 2 
includes a handle 4, a catheter 6 connected to the handle 4, 
and a stapler head 8 connected to both the handle 4 and the 
catheter 6. The intravascular stapling tool 2 may be con?g 
ured differently, if desired. The handle 4 and the stapler head 
8 are both ?xed to the catheter 6. Alternately, the handle 4 
and/ or the stapler head 8 may be detachable from the catheter 
6 to alloW for interchangeability of these components. At least 
part of the handle 4 and/or the stapler head 8 may be con 
structed from materials that can be steriliZed, such as by an 
autoclave, and reused. The handle 4 may assume any appro 
priate con?guration; the shape and con?guration of the 
handle 4 described herein is exemplary and not limiting. The 
handle 4 may include a trigger 10 that provides for actuation 
of the intravascular stapling tool 2 based solely on a single 
input from the user to that trigger 10, as described in greater 
detail beloW. Alternately, one or more other or additional 
inputs may be utiliZed to actuate the intravascular stapling 
tool 2. For example, actuation of the intravascular stapling 
tool 2 may be based on an input to one or more buttons in 
addition to the trigger 10. 
[0018] The catheter 6 is a standard catheter such as used in 
coronary orperipheral vascular procedures. As such, the cath 
eter 6 is stiff enough to push the stapler head 8 to the desired 
position in the vasculature through an opening in the femoral 
artery or other arty, and ?exible enough to move through the 
vasculature Without damaging the tissue thereof. The catheter 
6 is non-rigid. The catheter 6 is a tubular structure having one 
or more lumens therethrough. Alternately, the catheter 6 may 
be con?gured in any other suitable manner. Referring also to 
FIG. 2, one or more force transmission members 12 extend 
through at least one lumen of the catheter 6. Advantageously, 
a single force transmission member 12 is utiliZed. Where 
multiple force transmission member 12 are utiliZed, each 
force transmission member 12 may extend through a separate 
lumen of the catheter 6, or multiple force transmission mem 
bers 12 may extend through one lumen of the catheter 6. At 
least one force transmission member 12 may be a cable 12, 
such as a braided stainless steel Wire cable. The catheter 6 
may be con?gured to accommodate a standard guideWire that 
may be used to guide the catheter 6 and stapler head 8 to a 
treatment site. As one example, the catheter 6 may include a 
lumen therein that is con?gured to receive and travel along the 
guideWire. As another example, a tube or tubes may be 



US 2009/0090766 A1 

attached to the outer surface of the catheter 6, Where such a 
tube or tubes receive the guideWire. 

[0019] Referring also to FIG. 2, the stapler head 8 may be 
attached to the distal end of the catheter 6. The stapler head 8 
may be attached to the stapler head 8 in any suitable manner. 
Altemately, the stapler head 8 may be attached to the catheter 
6 at a location other than the distal end of the catheter 6. The 
stapler head 8 includes a housing 14. A portion of the housing 
14 is cut aWay to better illustrate the interior of the stapler 
head 8. The housing 14 may have any suitable shape. As one 
example, the housing 14 is shaped as the shell of a substan 
tially rectangular solid, With smoothed or curved vertices to 
protect tissue. At least one force transmission member 12 may 
extend out of the distal end of the catheter 6 into the interior 
of the housing 14. 
[0020] Referring also to FIG. 3, a slider 16 is movable 
Within the housing 14, and may be connected to at least one 
force transmission member 12. The slider 16 may be substan 
tially U-shaped as vieWed longitudinally, With an upper sur 
face 18 and tWo Walls 20 extending doWnWard from the upper 
surface 18, one from either edge of the upper surface 18. The 
terms “upper,” “loWer,” “doWnWard,” “upWard,” “vertical,” 
“horizontal” and the like are used for convenience only, in 
reference to the position of various components in the Fig 
ures. The use of these terms does not limit the orientation of 
the stapler head 8 in use. Altemately, the slider 16 may be 
shaped differently. At least one Wall 20 of the slider 16 
includes at least one slot 22 de?ned therein. A proximal Wall 
24 may extend doWnWard from the upper surface 18 at or near 
the proximal end of the slider 16. The proximal Wall 24 may 
be connected to at least one force transmission member 12 in 
any suitable manner. As one example, the force transmission 
member 12 may be a cable 12 that extends through an opening 
(not shoWn) in the proximal Wall 24 and is crimped to the 
proximal Wall 24. As another example, an end of the cable 12 
is connected to an termination element 26. The termination 
element 26 is Wider than the opening in the proximal Wall 24 
through Which the cable 12 extends. Thus, the termination 
element 26 prevents the cable 12 from slipping out of the 
opening in the proximal Wall 24. As another example, the end 
of the cable 23 may be knotted, forming a knot having a 
diameter larger than that of the opening in the proximal Wall 
24. As another example, the cable 12 is connected to the 
proximal Wall by Welding or by adhesive. The cable 12 is 
routed into the stapler head 8 in such a Way that tension 
exerted on the cable 12 causes the slider 16 to move proxi 
mally. Altemately, at least one force transmission member 12 
is connected to a different location on the slider 16, directly or 
indirectly. 
[0021] Referring also to FIG. 4, a driver 28 is movable 
Within the housing 14. The driver 28 includes at least one post 
30 extending laterally from a central body 34. Each post may 
be substantially cylindrical, or may be shaped differently. At 
least one groove 32 is de?ned in the inner surface of the 
housing 14, oriented substantially in the vertical direction. 
Each groove 32 is siZed and shaped to receive a corresponding 
post 30 of the driver 28. Advantageously, posts 30 extend 
laterally from the driver 28 in both directions, and each is 
received in the corresponding groove 32 in the housing. The 
groove 32 constrains motion of the corresponding post 30 
along the direction of the groove 32. Thus, the use of tWo 
substantially vertical grooves 32 With a driver 28 having tWo 
lateral posts 30 extending therefrom constrains the motion of 
the driver 28, alloWing the driver 28 to move up and doWn 
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along the grooves 32 but substantially restricting the motion 
of the driver 28 in the longitudinal or lateral directions. That 
is, the driver 28 is constrained to move substantially perpen 
dicular to the longitudinal axis of the stapler head 8. Alter 
nately, the grooves 32 are oriented differently, and thereby 
constrain the motion of the driver 28 differently. 
[0022] Referring also to FIG. 3, the driver 28 may be posi 
tioned Within the slider 16. That is, the driver 28 may be 
positioned beloW the upper surface 18 of the slider 16, and 
betWeen the Walls 20 of the slider 16. Each post 30 of the 
driver 28 extends through a corresponding slot 22 in the Wall 
20 of the slider 16, then into the corresponding groove 32 in 
the housing 14. In this Way, at least one Wall 20 is positioned 
betWeen the central body 34 of the driver 26 and a groove 32 
in the inner surface of the housing 14. 
[0023] Referring to FIGS. 4-5, at least one holder 36 is 
positioned Within the housing 14. Each holder 36 holds a 
staple 38. The staples 38 may be shaped in any suitable 
manner, and at least one staple 38 may be shaped differently 
than one or more other staples 38. As one example, at least one 
staple 38 has a substantially planar base 40, With a tine 42 
extending laterally from each side of the base 40. Each tine 40 
is narroWer than the Width of the base 40, as measured in the 
longitudinal direction. Alternately, at least one staple 38 is 
con?gured differently. 
[0024] Each holder 36 may be shaped in any manner that 
alloWs it to hold a staple 38, and at least one holder 36 may be 
shaped differently than one or more other holders 36. As one 
example, a holder 36 may include tWo substantially 
upWardly-extending columns 44 connected to a substantially 
laterally-extending base 46. The columns 44 may have a 
generally U-shaped pro?le looking doWnWard into them, 
Where a tine 42 of the staple 38 is held by a column 44 
betWeen the arms of the U. The open sides of the U-shaped 
columns 44 face each other, such that each column 44 of a 
holder 36 holds a tine 42 of the corresponding staple 38. 
Alternately, the columns 44 are con?gured differently to hold 
the corresponding staple 38. The inner surface of each col 
umn 44 facing the longitudinal centerline of the housing 14 
may be a ramp element 48. The ramp element 48 is smoothly 
curved inWard, moving doWnWard along the column 44. That 
is, the distance betWeen tWo opposed ramp elements 48 in a 
holder 36 is less at the bottom of the holder 36 than at the top 
of the holder 36. This curvature assists in deployment of the 
staple 38. At the bottom of the holder 36, each ramp element 
48 terminates in a foot 50. Taken together, the feet 50 of each 
holder 36, in conjunction With a portion of each ramp element 
48 in proximity to each foot 50, may be characterized as an 
internal anvil. Thus, at least one holder 3 6 includes an internal 
anvil for forming the staple 38 deployed therefrom. 
[0025] The base 46 of at least one holder 36 may be tWo 
substantially laterally-extending bars on opposite sides of 
tWo laterally-spaced columns 44. Advantageously, the holder 
36 is fabricated from a single piece of material, but the col 
umns 44 and base 46 initially may be separate pieces that are 
connected in any suitable manner. The base 46 of each holder 
36 contacts the base 46 of at least one adjacent holder 36. In 
this manner, force betWeen adjacent holders 36 is transmitted 
betWeen the bases 46 of those holders 36. Alternately, adja 
cent holders 3 6 contact one another in one or more different or 

additional locations. The holders 36 separate adjacent staples 
38 from one another such that force is transmitted betWeen 
holders 36, not betWeen staples 38. That is, Where a longitu 
dinal force is applied to one holder 36, that force is transmit 
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ted to the adjacent holder 36 Without exerting any force on the 
staple 38 Within each holder 36. In this Way, the design and 
fabrication of the staples 38 may be simpli?ed, as the staples 
38 do not transmit forces among one another. That is, each 
holder 36 substantially isolates the staple 38 that it holds from 
force transmitted from any adjacent holder 36. The staples 38 
may be spaced apart from one another Without touching, as a 
result of their being held Within the holders 3 6. Altemately, at 
least one staple 38 may contact one or more adjacent staples 
38. 

[0026] Where more than one holder 36 is utilized, they are 
arranged longitudinally, such that one holder 36 is the most 
proximal holder 36, and that one holder 36 is the most distal 
holder 36. Altemately, at least one of the holders 36 may be 
positioned differently relative to at least one of the other 
holders 36. The holder or holders 36 are positioned Within the 
housing 14 such that the upper boundary of each holder 36 is 
at a loWer height than the loWer boundary of the driver 28, 
When the driver 28 is in a ready position. In the ready position, 
the driver 28 is above the staple 38, but is not applying a 
deployment force to the staple 38. Altemately, the holder or 
holders 36 may be positioned differently Within the housing 
14. An ejection aperture 52 is de?ned through the bottom 
surface of the housing 14. The ejection aperture 52 is directly 
underneath the driver 28, such as Where the groove or grooves 
32 are substantially vertical. Altemately, the longitudinal 
position of the ejection aperture 52 may be offset from the 
longitudinal position of the driver 28. Because the driver 28 is 
constrained to move along the groove or grooves 32, the 
ejection point of each staple 38 from the corresponding 
holder 36 is alWays known, and that ejection point is the 
ejection aperture 52. 
[0027] Referring to FIG. 6, the slider 16 may be biased 
distally by a biasing element 56. As one example, the biasing 
element 56 may be a compression spring positioned betWeen 
the proximal Wall 24 of the slider 16 and the rear Wall 54 of the 
inner surface of the housing 14. The compression spring may 
be substantially concentric With the force transmission mem 
ber 12, or may be offset from the force transmission member 
12. Altemately, the biasing element 56 may be any other 
structure, mechanism or combination thereof that biases the 
slider 16 distally. Alternately, the biasing element 56 may be 
omitted, such that the slider 16 is not biased distally. 
[0028] The holders 36 may be indexed in the proximal 
direction. That is, an indexing mechanism 58 may be con?g 
ured to move the holders 36 collectively in the proximal 
direction, one holder 36 at a time. This discrete motion of the 
holders 36 may be referred to as indexing. The indexing 
mechanism 58 moves the holders 36 sequentially into posi 
tion over the ejection aperture 52, or facilitates this motion. 
The indexing mechanism 58 may be any mechanism capable 
of doing so. As one example, the indexing mechanism 58 may 
include a ratchet mechanism. A second force transmission 
member may be connected to the indexing mechanism 58, 
and may move proximally a distance substantially equal to 
the Width of one holder 36 in order to index the holders 36. 
The second force transmission member may be controlled by 
a piston, spring, stepper motor or other suitable mechanism in 
the handle 4 or elseWhere. 

[0029] The stapler head 8 may include a stabilizer 37. The 
stabilizer 37 is movable from a ?rst position to a second 
position in order to stabilize the stapler head 8 in use, as 
described in greater detail beloW. The stabilizer 37 may be 
any mechanism that is con?gured to stabilizer the stapler head 
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8. As one example, the stabilizer 37 is a paddle or similar 
device movable relative to the stapler head 8. The stabilizer 37 
may be hinged or otherWise connected to the stapler head 8, 
and may rotate about any axis or axes, or move in any suitable 
direction, betWeen the ?rst position and the second position. 
Optionally, a biasing element such as a spring may bias the 
stabilizer 37 to the ?rst, stoWed position. A force transmission 
member may connect the stabilizer 37 to the handle 4 directly 
or indirectly, such that the force transmission member con 
trols the position of the stabilizer 37. Altemately, the stabi 
lizer 37 may be a balloon or other in?atable structure that is 
connected to the stapler head 8, such as to the upper surface of 
the stapler head 8. The balloon 37 may be in?atable to stabi 
lize the stapler head 8 in a desired location, and de?atable to 
alloW movement of the stapler head 8 to a treatment site. The 
balloon 37 may be in?ated by a ?uid source in the handle 4, 
particularly Where the handle 4 includes a ?uid-driven actua 
tor for actuating the stapler head 8; ?uid such as pressurized 
gas may be transmitted to and from the balloon 37 via a lumen 
of the catheter 6. Alternately, the pressurized gas source or 
other ?uid source may be located substantially Within the 
stapler head 8. Alternately, the stabilizer 37 is not used. Alter 
nately, the intravascular stapling tool 2 includes tWo opposed 
stapler heads 8 facing in substantially opposite directions, 
Where neither stapler head 8 includes a stabilizer 37 The 
stapler heads 8 may be movable apart from and/or biased 
apart from one another, such that When both stapler heads 8 
are in contact With tissue, each stapler head 8 stabilizes the 
other. 

[0030] Operation 
[0031] Referring also to FIG. 8, to introduce the stapler 
head 8 into the vasculature of a patient, an incision 65 is made 
in the patient’s femoral artery 64 in a standard manner. For the 
purpose of describing the operation of the intravascular sta 
pling tool 2, the placement of a AAA graft 60 Will be 
described. However, the intravascular stapling tool 2 may be 
utilized at a different location in the patient’s vasculature. 
Further, the intravascular stapling tool 2 may be introduced 
into the vasculature via the radial artery or other blood vessel. 
Before inserting the stapler head 8 into the femoral artery 64, 
a AAA graft 60 may be advanced through the opening in the 
femoral artery into the abdominal aorta 62 and placed in its 
desired location. Alternately, theAAA graft 60 may be moved 
into its desired position in the aorta 62 along With the stapler 
head 8. Alternately, the AAA graft 60 may be moved into its 
desired position in the aorta 62 after the stapler head 8 has 
been moved into position. 
[0032] The stapler head 8 is inserted through the opening in 
the femoral artery and advanced upWard by pushing on the 
catheter 6. The catheter 6 may be con?gured to folloW a 
guideWire that has been previously placed in the patient 
according to standard interventional cardiology practice, or 
may be con?gured to be advanced regardless of the presence 
of a guideWire. The stapler head 8 is thus advanced through 
the femoral artery into the abdominal aorta. Any suitable 
technique may be utilized to place the stapler head 8 in the 
desired position in the abdominal aorta. For example, at least 
part of the stapler head 8 may be radiopaque, such that an 
x-ray machine or the like in the operating room may be used 
to determine When the stapler head 8 has reached its ?nal 
position. 
[0033] When the stapler head 8 reaches its desired position, 
the stabilizer 37 is deployed, moving from a ?rst (stoWed) 
position to a second (stabilizing) position. Such deployment 
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may be performed in any suitable manner. As one example, 
Where the stabilizer 37 is a paddle or similar device movable 
relative to the stapler head 8, a force transmission member 
that connects the stabilizer 37 to the handle 4 directly or 
indirectly may be moved. As a result of motion of that force 
transmission member, the stabilizer 37 may rotate, expand or 
otherWise move into contact With an inner surface of the Wall 
of the aorta 62, thus moving from the ?rst position to the 
second position. This contact betWeen the stabilizer 37 and 
the Wall of the aorta 62 pushes the stapler head 8 into contact 
With a different part of the Wall of the aorta 62 and/or With the 
AAA graft 60, such that the ejection aperture 52 is substan 
tially adjacent to the Wall of the aorta and/or theAAA graft 60. 
Altemately, Where the stabilizer 37 is a balloon, the stabilizer 
is in?ated from the ?rst position to the second position. Alter 
nately, Where the stabilizer 37 is a different mechanism, the 
stabilizer 37 is actuated in any suitable manner. Alternately, 
Where the stabilizer 37 is omitted, and tWo opposed stapler 
heads 8 are provided, the stapler heads 8 are moved apart from 
one another, such that each stapler head 8 contacts the Wall of 
the aorta 62 and stabilizes the other. Optionally, the stapler 
head 8 and/or the handle 4 may include a safety mechanism 
that prevents deployment of a staple 38 until the stabilizer 37 
is deployed. 
[0034] Initially, the slider 16 is in an initial position, as 
shoWn in FIGS. 2-3. In the initial position of the slider 16, 
each post 30 of the driver 28 is positioned at the proximal end 
of the corresponding slot 22 in the Wall 20 of the slider 16. The 
slot 22 is shaped to facilitate deployment of staples 38, as 
described in greater detail beloW. When the slider 16 is in the 
initial position, a holder 36 is positioned directly beloW the 
driver 28, and may be said to be in ?ring position. When the 
holder 36 is in ?ring position, it is above the ejection aperture 
52 in the loWer surface of the housing 14. Further, the driver 
28 is initially in a ready position above the holder 36. The 
ready position may be the uppermost position that the driver 
28 can occupy, or may be a different vertical position relative 
to the housing 14. 
[0035] The user depresses the trigger 10, manipulates a 
different control, or otherWise actuates the intravascular sta 
pling tool 2 after the stapler head 8 has reached the desired 
position. In this Way, the intravascular stapling tool 2 may be 
actuated With a single input from a user. In response, the 
handle 4 moves the force transmission member 12 proxi 
mally. For example, Where the force transmission member 12 
is a cable, the handle 4 applies tension to that cable, moving 
it proximally. This proximal motion of the force transmission 
member 12 moves the slider 16 proximally. Each post 30 of 
the driver 28 is constrained against horizontal motion and 
restricted to vertical motion by the corresponding groove 32. 
Thus, as the slider 16 moves proximally, each slot 22 in the 
Wall 20 of the slider 16 acts to move the corresponding post 30 
vertically. That is, the shape of the slot 22 controls the vertical 
motion of the corresponding post 30, and thus the vertical 
motion of the driver 28. 

[0036] The exemplary slot 22 is substantially horizontal for 
a short distance extending distally from its proximal end, such 
that proximal motion of the slider 16 initially does not move 
the corresponding post 30 and thus the driver 28 vertically. 
This horizontal portion of the slot 22 provides extra safety, 
such that negligible motion of the force transmission member 
20 does not cause vertical motion of the driver 28. 

[0037] Looking distally along the slider 16, a ?rst portion 
23 of the slot 22 extends doWnWard at a ?rst angle from 
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horizontal. As the ?rst portion 23 of the slot 22 is pulled 
proximally, the ?rst portion 23 urges the corresponding post 
30 doWnWard in the corresponding groove 32, thus urging the 
driver 28 doWnWard. The driver 28 contacts the base 40 of the 
staple 38 that is located in the holder 36 in ?ring position. 
Advantageously, the shape of the driver 28 and the shape of 
the base 40 facilitate contact and force transmission therebe 
tWeen. For example, Where the base 40 of the staple is sub 
stantially rectangular, the driver 28 may include a substan 
tially rectangular surface that is similar in size to the base 40 
of the staple 40 to spread the contact force therebetWeen over 
a larger area. 

[0038] As the driver 28 continues to move doWnWard, it 
pushes the staple 38 Within the holder 36 toWard the ejection 
aperture 52. The end of each tine 42 of the staple 38 contacts 
the corresponding ramp element 48 of the holder 36. This 
contact causes each tine 42 to begin to bend as the staple 38 
moves toWard the ejection aperture 52. Referring also to FIG. 
8, as the tines 42 move out of the ejection aperture 52, they 
penetrate theAAA graft 60, and then the tissue of the aorta 62. 
The angle of each slot 22 immediately distal to the horizontal 
portion of the slot 22 assists in the penetration of the AAA 
graft 60 and the tissue of the aorta 62 by causing substantial 
vertical motion in a short period of time. That is, because the 
slider 16 may be moved horizontally by the force transmis 
sion member 12 at substantially a constant rate, the angle of 
the slot 22 relative to the horizontal at any given point controls 
the rate of vertical motion of the driver 28. The greater the 
angle from horizontal, the more rapid the vertical motion. 
[0039] Moving further distally along the slider 16, a second 
portion 25 of the slot 22 extends doWnWard at a second angle 
from horizontal. As the second portion 25 of the slot 22 is 
pulled proximally, the second portion 25 urges the corre 
sponding post 30 doWnWard in the corresponding groove 32, 
thus continuing to urge the driver 28 doWnWard. The second 
angle is less than the ?rst angle, relative to the horizontal. The 
second portion of each slot 22 immediately distal to the ?rst 
portion of that slot 22 spreads vertical motion of the driver 28 
over a longer time than the ?rst portion of that slot 22, because 
the force required for forming the staple 38 is less than the 
potential force required to urge the tines 42 of the staple 38 
through theAAA graft and the tissue of the aorta. Alternately, 
the second angle is the same as the ?rst angle, or is greater 
than the ?rst angle. As the driver 28 continues to move doWn 
Ward, it continues to push toWard the ejection aperture 52 the 
staple 38 that is Within the holder 3 6 underneath the driver 28. 
The end of each tine 42 of the staple 38 continues to contact 
the corresponding ramp element 48 of the holder 36 as the 
driver 28 continues to move doWnWard. This contact causes 
each tine 42 to continue to bend as the staple 38 moves toWard 
the ejection aperture 52. The curvature of each ramp element 
48 in proximity to the corresponding foot 50 determines the 
path along Which each tine 42 travels as it moves through the 
AAA graft and the tissue of the aorta. Advantageously, the 
curvature of each ramp element 48 in proximity to the corre 
sponding foot 50 directs the corresponding tine 42 along a 
path that does not snag tissue outside of the aorta. 

[0040] Each foot 50 controls the entry point of the corre 
sponding tine 42 into tissue, and controls the path of each tine 
42 into tissue during staple forming. In this Way, the feet 50 
prevent bunching of the tissue as the staple 38 is formed. 
Bunching refers to the undesirable effect on tissue of the tines 
of a traditional surgical staple When the staple is closed and 
the tines are brought closer together. With a traditional staple 
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and stapler, this motion pushes tissue between the tines 
together, thereby bunching the tissue, and also may create 
holes in tissue as the tines stretch tissue that is not trapped 
betWeen the tines. Each foot 50 provides a known location at 
Which the tine 42 is controlled to exit the corresponding 
holder 36. That is, each foot 50 guides the corresponding tine 
42 through tissue substantially along a path determined by 
that foot 50. As a result, during staple forming, the location of 
each tine 42 relative to its penetration of tissue is substantially 
constant. That is, the location on the tissue that is penetrated 
by the tine 42 of a staple 38, Which may be referred to as the 
tine entry point, is substantially constant throughout the pro 
cess of deploying the staple 38. The tine entry point is not 
substantially enlarged or moved during deployment. Because 
the location at Which each tine 42 penetrates the tissue of the 
aorta 62 is substantially the same throughout the staple form 
ing process, bunching is substantially prevented. 
[0041] Referring also to FIG. 7, as the staple 38 is formed, 
the tines 42 sWipe past each other. In this Way, the tines 42 do 
not substantially interfere With one another, substantially pre 
venting uncontrolled de?ections that may result from such 
interference. The tines 42 may be con?gured to sWipe past 
one another in any suitable manner. As one example, the ramp 
elements 48 are angled differently from one another and/or 
the feet 50 are slightly offset from one another, such that the 
tines 42 are controlled to sWipe past one another. As another 
example, the staple 38 is fabricated to result in the tines 42 
sWiping past one another. The staple 38 may be fabricated 
such that the tines 42 are offset from one another before 
deployment; cutouts or Weakened areas in one orboth tines 42 
of the staple 38 may provide for preferential bending of the 
tines 42 in directions that result in the tines 42 sWiping past 
each other, or the staple 38 may have other properties that 
result in its tines 42 sWiping past each other. 
[0042] Referring also to FIG. 7, the slider 16 has reached 
the end of its travel, With at least one post 30 of the driver 28 
contacting the distal end of the corresponding slot 22. At this 
point, the staple 38 is fully formed. The process of urging the 
tines of the staple 38 into tissue and forming the staple 38 may 
be referred to as deployment. The feet 50 and ramp elements 
48 may control the tines 42 such that their ends are substan 
tially tangent to the outer surface of the Wall of the aorta and 
such that the tines 42 lie against or close to the outer surface 
of the Wall of the aorta. Thus, after the staple 38 has been fully 
formed, it secures the AAA graft to the Wall of the aorta, and 
is itself secured to tissue. Nothing remains to hold the staple 
38 Within the holder 36, and the base 40 of the staple 38 moves 
out of the bottom of the holder 36 and through the ejection 
aperture 52. The staple 38 is thus released from the stapler 
head 8. 

[0043] Next, tension on the force transmission member 12 
is released. As a result, the force transmission member 12 
exerts no force or a reduced force in the distal direction on the 
slider 16. The biasing element 56 exerts a distal force on the 
slider 16, moving it back toWard its initial position. Alter 
nately, the force transmission member 12 is substantially 
rigid and is moved distally, and the biasing element 56 is 
omitted. As the slider 16 moves distally, each post 30 of the 
driver 28 moves along the corresponding slot 22 in a manner 
opposite to its motion during deployment of the staple 38, 
such that the driver 28 moves upWard to its initial position as 
a result. Next, the indexing mechanism 58 moves the holders 
36 collectively in the proximal direction, by a distance sub 
stantially equal to the Width of one holder 36. In this Way, 
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another holder 36 containing a staple 38 may be moved into 
the ?ring position betWeen the driver 28 and the ejection 
aperture 52. As one example of operation, a second force 
transmission member is connected to the indexing mecha 
nism, and moves proximally a distance substantially equal to 
the Width of one holder 36 in order to index the holders 36. 
The second force transmission member may be controlled by 
a piston, spring, stepper motor or other suitable mechanism in 
the handle 4 or elseWhere. As another example, a biasing 
element acts in concert With a ratchet mechanism in the sta 
pler head 8 to index the holders 36. The holders 36 may be 
indexed in any suitable manner. The stapler head 8 is thus 
ready to ?re again, utiliZing the process described above. 
[0044] Next, the stabiliZer 37 is moved from the second 
position to the ?rst position, freeing the stapler head 8 to move 
relative to the aorta 62. Such movement may be performed in 
any suitable manner, such as by performing actions that are 
substantially the opposite of those actions performed to move 
the stabiliZer 37 from the ?rst position to the second position. 
As one example, the stabiliZer 37 may be biased to the ?rst 
position, and tension may be released on the force transmis 
sion member holding the stabiliZer 37 in the second position 
such that the biasing force on the stabiliZer 37 returns it to the 
?rst position. As another example, the stabiliZer 37 may be 
de?ated. A number of staples 38 may need to be placed to 
secure theAAA graft 60 to the aorta 62. The handle 4 may be 
rotated and/or moved longitudinally along the aorta 62 to 
position the stapler head 8 in a different position for deploy 
ing another staple 38. Such motion of the handle 4 causes 
motion of the catheter 6, Which in turn causes motion of the 
stapler head 8. Altemately, a rotary mechanism (not shoWn) in 
the handle 4 is used to rotate the stapler head 8 Without having 
to rotate the entire handle 4. The stapler head 8 may be moved 
into each femoral artery 64 in proximity to the loWer portion 
of the AAA graft 60 to staple that portion of theAAA graft 60 
to the tissue of the femoral artery 64. The femoral artery 64 
other than that in Which the incision 65 is made may be 
accessed by steering the stapler head 8 via the catheter 6 using 
any standard catheter guidance method. Altemately, an inci 
sion is made in the other femoral artery 64, and the stapler 
head 8 is inserted through that incision to staple theAAA graft 
60 to that femoral artery 64 and complete the procedure. 
[0045] In the course of operation of the intravascular sta 
pling tool, the force transmission member 12 and other force 
transmission members may be manipulated as described 
above by any suitable mechanism or mechanisms. Thus, the 
particular con?guration of the handle 4 is not critical, because 
it may be con?gured in any manner that controls the force 
transmission members as described above. As one example, 
the handle 4 may include a ?uid-driven actuator that utiliZes 
a Working ?uid such as compressed gas to drive one or more 
pistons in response to the actuation of the trigger 10; the force 
transmission member 12 may be coupled to one of those 
pistons, as may one or more other force transmission mem 
bers. In this Way, motion of the pistons causes motion of the 
corresponding force transmission member 12. Such a ?uid 
driven actuator is described in US. patent application Ser. 
No. TBD, Attorney Docket No. 167, entitled “Anastomosis 
Tool Actuated With Stored Energy,” Which is hereby incorpo 
rated by reference in its entirety. Altemately, the handle 4 may 
include any other mechanism or mechanisms that manipulate 
the force transmission members 12 as described above after 
actuation of the trigger 10. 
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[0046] While the invention has been described in detail, it 
Will be apparent to one skilled in the art that various changes 
and modi?cations can be made and equivalents employed, 
Without departing from the present invention. It is to be under 
stood that the invention is not limited to the details of con 
struction, the arrangements of components and/ or the details 
of operation set forth in the above description or illustrated in 
the draWings. Headings and subheadings are for the conve 
nience of the reader only. They should not and cannot be 
construed to have any substantive signi?cance, meaning or 
interpretation, and should not and cannot be deemed to be 
limiting in any Way, or indicate that all of the information 
relating to any particular topic is to be found under or limited 
to any particular heading or subheading. The contents of each 
section of this document are merely exemplary and do not 
limit the scope of the invention or the interpretation of the 
claims. Therefore, the invention is not to be restricted or 
limited except in accordance With the folloWing claims and 
their legal equivalents. 

What is claimed is: 
1. An intravascular stapling tool, comprising: 
a handle; 
a catheter attached to said handle; 
a stapler head attached to said catheter; and 
a plurality of staples held by said stapler head, Wherein said 

stapler head is con?gured to sequentially deploy a plu 
rality of said staples. 

2. The intravascular stapling tool of claim 1, Wherein said 
stapler head is attached to the distal end of said catheter. 

3. The intravascular stapling tool of claim 1, Wherein said 
stapler head includes a plurality of holders, Wherein each said 
holder holds a staple. 

4. The intravascular stapling tool of claim 3, Wherein each 
said holder is adjacent to at least one other holder. 

5. The intravascular stapling tool of claim 3, Wherein each 
said holder substantially isolates said staple associated With 
said holder from force transmitted from any adjacent said 
holder. 

6. The intravascular stapling tool of claim 3, Wherein at 
least one said holder includes an internal anvil. 

7. The intravascular stapling tool of claim 6, Wherein said 
internal anvil includes tWo spaced-apart feet. 

8. The intravascular stapling tool of claim 3, Wherein said 
stapler head includes a driver constrained to move substan 
tially perpendicular to the longitudinal axis of said stapler 
head, and an ejection aperture aligned With said driver; and 
Wherein said holders are movable along a path extending 
betWeen said driver and said ejection aperture. 

9. The intravascular stapling tool of claim 8, Wherein said 
stapler head includes a slider connected to a force transmis 
sion member extending betWeen said slider and said handle 
through said catheter; Wherein said slider is movable to con 
trol said driver. 
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10. The intravascular stapling tool of claim 1, Wherein said 
staples are spaced apart from one another Without touching 
one another. 

11. The intravascular stapling tool of claim 1, further com 
prising a stabiliZer movable relative to said stapler head. 

12. The intravascular stapling tool of claim 1, Wherein said 
handle includes a trigger, Wherein said handle and said stapler 
head are operationally connected such that a single input to 
said trigger actuates said staple head. 

13. An intravascular stapling tool, comprising: 
a handle; 
a catheter attached to said handle; 
a stapler head attached to said catheter; 
a plurality of staples held by said stapler head; and 
a reciprocating driver Within said stapler head, Wherein 

said driver reciprocates back and forth substantially 
along a ?rst axis, and Wherein said plurality of staples 
are advanceable substantially along a second axis that is 
substantially perpendicular to said ?rst axis. 

14. The intravascular stapling tool of claim 13, Wherein 
said stapler head includes an aperture de?ned therein at a 
deployment position, and Wherein said stapler head is con 
?gured to index a plurality of said of staples sequentially to 
said deployment position. 

15. The intravascular stapling tool of claim 13, Wherein 
said stapler head holds each said staple independently and 
spaced apart from the other said staples. 

16. The intravascular stapling tool of claim 13, further 
comprising a plurality of holders, Wherein each said holder 
holds a corresponding said staple. 

17. The intravascular stapling tool of claim 13, further 
comprising a slider Within said stapler head, Wherein said 
slider reciprocates substantially along said second axis, and 
Wherein said slider includes a slot de?ned therein that 
engages said driver, Wherein motion of said slider substan 
tially along said second axis controls motion of said driver 
substantially along said ?rst axis. 

18. An intravascular stapling tool, comprising: 
a handle; 
a catheter attached to said handle; 
a stapler head attached to said catheter; 
a plurality of staples held by and movable Within said 

stapler head; and 
a plurality of internal anvils held by said stapler head and 

movable Within said stapler head, each said internal 
anvil positioned in proximity to and movable in tandem 
With a corresponding said staple. 

19. The intravascular stapling tool of claim 18, further 
comprising a plurality of holders, Wherein each said holder 
holds a corresponding said staple, and Wherein each said 
internal anvil is de?ned in a corresponding said holder. 

20. The intravascular stapling tool of claim 18, Wherein 
each said holder includes tWo generally-parallel columns 
each connected to a base. 

* * * * * 


