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(57) ABSTRACT 

An improved vascular incisor and method for allowing a 
user to Safely create an incision in a body lumen. The present 
invention provides an apparatus which can create an incision 
in a front wall of the ascending aorta while preventing the 
blade from creating an incision in Surrounding body Struc 
tures, Such as the back wall of the ascending aorta. The 
incisor includes a Surgical element Such as a blade which is 
activated by an actuator. AS the actuator is depressed, the 
blade is moved from a protected, retracted position to an 
exposed, deployed position. The exposed blade is pushed 
into a front wall of the ascending aorta to create an incision. 
AS the actuator is depressed further, the blade is automati 
cally moved to the retracted position to prevent the blade 
from incising the back wall of the aorta. 
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WASCULAR INCISOR AND METHOD 

BACKGROUND OF THE INVENTION 

0001. The present invention is directed to methods and 
devices for Safely creating an incision through a wall of a 
patient’s blood vessel. Such devices and methods are useful 
for performing various procedures on a patient's vascular 
System and heart Such as the procedures described in U.S. 
Pat. Nos. 5,584.803 and 5,682,906 which describe coronary 
arty bypass grafting (CABG) and valve procedures, respec 
tively. 
0002 Prior to occluding the ascending aorta and main 
taining circulation of oxygenated blood, an incision must be 
made in the ascending aorta and a cannula inserted for return 
of blood to the patient. However, conventional methods 
Suffer from potentially Serious drawbackS. Conventional 
Surgical techniques use a Scalpel or knife to create an 
incision in the front wall of the ascending aorta prior to the 
insertion of the cannula into the aorta. Such Scalpels have the 
potential to injure Surrounding body Structures. Additionally, 
in closed chest procedures, it is difficult and time consuming 
for the Surgeon to Separately manipulate both the Scalpel and 
cannula. 

0003. Accordingly, there is a need for an incision method 
and device which can quickly and easily create an incision 
within the front wall of the ascending aorta through a Small 
incision in the chest rather than a full Sternotomy. 

SUMMARY OF THE INVENTION 

0004. The present invention provides an improved vas 
cular incisor, and cannula assembly and method for allowing 
a user to Safely create an incision and insert a cannula in a 
body lumen. More Specifically, the present invention pro 
vides an apparatus which can create an incision in a wall of 
the ascending aorta and insert a cannula in a fast and 
convenient Single Step process. The present invention 
includes a cannula and an incisor positionable within the 
cannula. The incisor has a blade which is moved by an 
actuator Such as a trigger or a plunger. AS the actuator is 
depressed, the blade is moved from a protected, retracted 
position to an exposed, deployed position. The exposed 
blade is pushed into a front wall of the ascending aorta to 
create an incision. AS the plunger is depressed further, the 
blade is automatically moved to the retracted position to 
prevent the blade from contacting other body Structures Such 
as the back wall of the aorta. AS the incisor is pushed through 
the incision, the cannula can be Simultaneously inserted 
through the incision in a single Step process. 
0005. In a first aspect, the present invention provides an 
incisor for creating a vascular incision. In one embodiment, 
the incisor has a rod which is movable relative to a body. A 
Surgical element, Such as a blade, is disposed at a distal end 
of the rod. A plunger having at least one finger engages a 
proximal end of the rod. When the plunger is moved from an 
undepressed position to a depressed position the rod and 
Surgical element are advanced from the retracted position to 
the deployed position. The finger engages a ramp So that the 
fingers disengages from the proximal end of the rod, and the 
Surgical element is moves back to the retracted position. In 
a Specific configuration the incisor has a return Spring to bias 
the plunger to the undepressed position. AS the plunger is 
biased. back to the undepressed position, the plunger fingers 
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pass by the proximal Surface of the push rod and the resilient 
Spring force contained in the flexed plunger fingers biases 
the finger radially inward into the initial position and into 
engagement (or near engagement) with the proximal end of 
the push rod. At this position, the plunger and push rod are 
positioned for repeat actuation of the blade. 

0006. In another embodiment, the incisor includes a 
housing and a movable push rod. The push rod is biased 
toward a retracted position. Actuation of a trigger pin over 
a ramp moves the push rod and a Surgical element from the 
retracted position towards a deployed position. When the 
trigger pin reaches a top of the ramp, the trigger pin 
disengages from the push rod and allows the Surgical ele 
ment and the push rod to return to the retracted position. In 
Some embodiments, the trigger pin is coupled to an actuator, 
Such as a trigger or a plunger. The actuator is actuated in the 
distal direction to move the trigger pin distally over the 
ramp. In one configuration, the actuator is biased towards an 
initial position So that after the Surgical element has been 
deployed and retracted, the actuator is biased back to the 
initial position and the apparatus is ready for repeat actua 
tion. In another Specific configuration, the actuator is moved 
along a longitudinal axis of motion which is parallel to the 
longitudinal axis of the push rod. In yet another specific 
configuration, the actuator is two pivotal handles. The 
handles are movable between an initial outwardly Separated 
position and a closed position in which the handles are 
adjacent to the body. A user Squeezes the handles to the 
closed position to move the Surgical element to the deployed 
position. In most configurations, the handles are biased to 
the initial position, Such that when the handles are released, 
the handles return to the initial position and the incisor is 
ready for repeat actuation. 

0007. In yet another embodiment, the incisor has an 
elongate rod with a Surgical element disposed at the far end 
of the rod. A rod Spring biases the rod and Surgical element 
in the retracted position. Ahammer is positioned in the body, 
typically along an axis parallel with the push rod. Actuation 
of an actuator engages an angled cam Surface against the 
hammer to move the hammer to compress a hammer Spring. 
Once the trigger and cam Surface move past the hammer, the 
cam Surface disengages from the hammer So that the ham 
mer Spring can expand and push the hammer distally against 
the rod to move the Surgical element to the deployed 
position. Because the rod and Surgical element are biased in 
the retracted position by the rod Spring, the Surgical element 
is instantaneously pulled back to the retracted position. 

0008. In another aspect, the present invention provides 
methods of forming an incision in a tissue structure of a 
patient. In one method, a plunger is depressed Substantially 
along a longitudinal axis of the device to move a Surgical 
element from a retracted position to a deployed position. The 
Surgical element is moved from the deployed position to the 
retracted position independently of further movement of the 
plunger. In most embodiments, the plunger is biased back to 
an undepressed position Such that the plunger is ready for 
repeat actuation. 

0009. In yet another method, the present invention pro 
vides a method for inserting a cannula into a blood vessel. 
The method comprises positioning a tip of a device adjacent 
the blood vessel. An actuator is activated to move a Surgical 
element from a retracted position to a deployed position. The 
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Surgical element is automatically moved from the deployed 
position to the retracted position while Simultaneously 
inserting the cannula into the blood vessel. In most embodi 
ments, the plunger is automatically returned to the unde 
pressed position So that the plunger is ready for repeat 
actuation. 

0010. In yet another method, the present invention pro 
vides a method of creating an incision. The method com 
prises placing a distal tip of a device adjacent a vessel wall. 
An actuator is activated to compress a Spring. The Spring is 
expanded to deploy a Surgical element to create an incision 
in a vessel. Thereafter, the Surgical element is automatically 
retracted. 

0011. In yet another method, the present invention pro 
vides a method for occluding an aorta. A Surgical element is 
deployed to create an opening in the aorta. The Surgical 
element is automatically retracted and the cannula is inserted 
through the opening and into the aorta. The Surgical element 
is withdrawn from the cannula and an aortic occlusion 
device is positioned in at least a portion of the aorta. In Some 
methods, the aortic occlusion device includes an inflatable 
balloon which is expanded to occlude the aorta. 
0012. In still another aspect, the present invention pro 
vides an assembly for creating an incision in a blood vessel. 
The assembly includes a cannula having a lumen. An incisor 
having an automatically retracting Surgical element is 
removably receivable within the lumen of the cannula. The 
cannula has a body and a push rod with a Surgical element. 
An actuator is coupled to the push rod to move the Surgical 
element between a retracted position and a deployed posi 
tion. A fixed release mechanism is positioned within the 
body to disengage the push rod from the actuator to allow 
the push rod and Surgical element to be biased from the 
deployed position to the retracted position. 

0013 In another embodiment, the assembly includes a 
cannula and an incisor having a hammer type assembly for 
retracting the Surgical element. A hammer and hammer 
Spring are positioned within the body and adjacent the push 
rod. A cam Surface, typically coupled to an actuator, moves 
to compress the hammer and hammer Spring. The cam 
Surface is moved beyond the hammer and allows the ham 
mer Spring to expand So as to push the hammer distally 
against a push rod. The impulse from the hammer moves the 
Surgical element from a retracted position to a deployed 
position. In most assemblies, the Surgical element (and rod) 
are biased to the retracted position, Such that the Surgical 
element is immediately biased back to the retracted position. 
0.014. In another embodiment, the present invention pro 
vides an assembly for treating the ascending aorta. The 
assembly includes a cannula having a lumen and an incisor 
having an automatically retracting Surgical element. The 
incisor is removably received in the lumen of the catheter 
Such that a Surgical element is positioned near a distal end 
of the cannula to create an incision in the ascending aorta. 
An aortic occlusion device can be inserted through the 
lumen of the cannula and into the incision in the ascending 
aorta after the incisor has been removed from the cannula. 

0.015. Other aspects, features, and advantages of the 
present invention will become apparent upon consideration 
of the following detailed description and the accompanying 
drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

0016 FIG. 1 is a perspective view of an incisor within a 
cannula, 

0017 FIG. 2 shows the cannula; 
0018 FIG.3 shows an enlarged view of the distal end of 
the cannula of FIG. 2; 

0019) 
0020 
0021) 
0022 FIG. 7 shows the incisor disposed within the 
cannula and the incising element in a retracted position; 

0023 FIG. 8 shows the incisor disposed within the 
cannula and the incising element in a deployed position; 

0024 FIG. 9 shows the introduction of the cannula into 
the ascending aorta; 

0025 FIG. 10 shows the aortic occlusion device and 
cannula passing through an incision in the ascending aorta; 

0026 
Sor, 

FIG. 4 is a plan view of a ring; 

FIG. 5 is a side view of the ring of FIG. 4; 
FIG. 6 show an aortic occluding device; 

FIG. 11 is an exemplary embodiment of the inci 

0027 FIG. 12 is a cross-sectional view of the structure of 
the incisor of FIG. 11 with the plunger in an undepressed 
position and the incising element in a retracted position; 

0028 FIG. 13 is a cross-sectional view of the structure of 
the incisor of FIG. 11 with the plunger in a partially 
depressed position and the incising element in a deployed 
position; 

0029 FIG. 14 is a cross-sectional view of the structure of 
the incisor of FIG. 11 with the plunger in a fully depressed 
position and the incising element in the retracted position; 

0030 FIG. 15 is a cross-sectional view of another exem 
plary embodiment of an incisor with handles in an extended 
position and the incising element in a retracted position; 

0031 FIG. 16 is a cross-sectional view of the incisor of 
FIG. 15 with the handles in a closed position and the 
incising element in a deployed position; 

0032 FIG. 17A shows yet another embodiment of the 
incisor; 

0033 FIG. 17B shows the embodiment of 17B with the 
thumb Switch in a proximal position and the Surgical element 
in a retracted position; 

0034 FIG. 17C shows the thumb switch moving distally 
and the Surgical element in a deployed position; 

0035 FIG. 17D shows the thumb switch in a distal 
position and the Surgical element in the retracted position; 

0036 FIG. 18 shows a cross-sectional view of still 
another embodiment of the incisor of the present invention 
with the plunger in an undepressed position and the Surgical 
element in a retracted position; 

0037 FIG. 19 shows a cross-sectional view of the incisor 
of FIG. 18 with the plunger in a partially depressed position 
and the Surgical element in a retracted position; 
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0038 FIG.20 shows a cross-sectional view of the incisor 
of FIG. 18 with the plunger in a fully depressed position and 
the Surgical element in a deployed position; and 
0039 FIGS. 21A-21D illustrate a method of creating an 
incision in a vessel. 

DESCRIPTION OF THE SPECIFIC 
EMBODIMENTS 

0040. Apparatus and methods according to the present 
invention will generally be adapted for creating an incision 
within a target area of a body lumen, usually in the ascend 
ing artery or other coronary arteries. 
0041. In preferred embodiments, systems according to 
the present invention will comprise incisors, cannulas, and 
aortic occluding devices having elongate bodies adapted for 
introduction into the body. The dimensions and other physi 
cal characteristics of the catheter bodies will vary signifi 
cantly depending on the procedure performed. In an exem 
plary case, the cannula, incisor, and aortic occluding device 
bodies are flexible to allow introduction from the outside the 
patient's cavity to the target Site in the aorta or the heart. In 
other embodiments, any or all of the devices may be 
partially or entirely rigid. 

0.042 Cannula bodies will typically be composed of a 
bicompatible organic polymer which is fabricated by con 
ventional extrusion techniques. Suitable polymers can be 
found in commonly owned U.S. Pat. No. 5,863,366, the full 
disclosure of which is incorporated herein by reference. 
Optionally, at least a portion of the cannula housing may be 
reinforced with braid, helical wires, axial filaments, or the 
like, in order to increase rotational Strength, column 
Strength, toughness, pushability, and the like. However, in 
Some embodiments at least a portion of the lumen is not 
reinforced So that a clamp can be placed over the lumen to 
prevent the flow of body fluid (i.e. blood) up the lumen. A 
first arm of the cannula often has a keying feature, Such as 
a colored marking, line, molded feature, or the like, which 
can promote proper alignment of the incisor with the can 
nula and with the aorta. In most embodiments, the combined 
weight of the cannula and incisor will be very light to 
facilitate easy manipulation and placement of the apparatus 
using one hand. 
0.043 A Surgical element, such as a cutting blade will be 
positioned at the distal end of the incisor. The cutting blades 
usually have at least two outwardly facing cutting edges and 
usually are formed from a metal Such as StainleSS Steel, but 
can also be formed from hard plastics, ceramics, or com 
posites of two or more materials, which can be honed or 
otherwise formed into the desired cutting edge. In the 
exemplary embodiments, the cutting blades have a width 
which is approximately equal to the inner diameter of the 
cannula. For example, when incising the ascending aorta, 
the blades will typically have a width between approxi 
mately 4 mm and 6 mm. The larger blades have been found 
create a clean incision while minimizing tearing in the artery 
wall. In most embodiments, the blade will extend approxi 
mately 2 mm-6 mm past the distal tip of the incisor. 
Optionally, the cutting edges of the blades may be hardened, 
e.g. by chrome plating. 

0044) The incisor uses an actuator, plunger, trigger, or the 
like to actuate the deployment and retraction of the Surgical 
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element. In Some embodiments, the trigger is movable along 
a parallel axis with the longitudinal axis of the cannula and 
incisor. Users can better control the deployment and retrac 
tion of the incising element when the trigger actuation 
direction is in the same direction as the deployment of the 
blade and insertion of the cannula. However, the present 
invention is not limited to Such a configuration and in other 
embodiments alternative trigger configurations can be used. 

0045 While the remaining discussion will be directed 
toward creating an incision in the ascending aorta, it will be 
appreciated that the concepts of the present invention can be 
used to create an incision or perforation in a variety of other 
organs, vessels, and tissue Structures. 
0046 Referring to FIG. 1, a system 10 of the present 
invention comprises a cannula 12 and an incisor 14. AS 
illustrated in FIGS. 1 and 2, the cannula 12 is typically used 
to return oxygenated blood to the patient when the patient's 
heart is arrested. The cannula comprises a lumen 16 having 
a proximal end 18 and a distal end 20. The lumen 16 has a 
reinforced section 21. The reinforced section 21 is prefer 
ably formed in the manner described in U.S. Pat. No. 
5,863,366, which was previously incorporated by reference. 
AY-arm connector 22 having a first arm 24 and a Second arm 
26 is fluidly coupled to the proximal end of the elongate 
lumen 16. The first arm 24 has an opening which can receive 
the shaft of the incisor 14. The second arm 26 has a 
hemostasis valve 27. The hemostasis valve 27 can be any of 
a variety of known hemostasis valves, but is preferably a 
Thouy-Borst valve. Referring now to FIG. 3, the distal end 
20 of the cannula is angled and has a distal opening 28 and 
two side ports 30 for infusing oxygenated blood into the 
vasculature of the patient. Optionally, radiopaque markers 
32 are provided at the distal end for Visualization using 
fluoroscopy. As shown most clearly in FIGS. 4 and 5, a ring 
34 is attached to the distal end 20 of the cannula 12. The ring 
34 limits the depth of insertion of the cannula 12 into the 
vessel, Stabilizes the cannula 12, and receives purse-String 
sutures within slots 36 to provide hemostasis around the 
cannula 12 when the cannula 12 is positioned in the vessel. 

0047 The system of the present invention includes, in a 
preferred embodiment, an aortic occlusion device for inter 
nal occlusion of the aorta. Referring to FIG. 6, one embodi 
ment of an aortic occlusion device 13 is shown. The aortic 
occlusion device 13 has an occluding member 15 configured 
to occlude a patient's ascending aorta. The occluding mem 
ber is preferably a balloon but may also be a mechanically 
actuated member. The aortic occlusion device 13 has an 
inflation lumen 17 for inflating the occluding member 15, a 
preSSure lumen 19 for measuring pressure in the ascending 
aorta, and alumen 21 for delivering cardioplegic fluid and/or 
venting the ascending aorta. The aortic occlusion device 13 
can be manufactured in a manner Such as extrusion, but is 
preferably manufactured and used as described in U.S. 
patent application Ser. No. 08/782,113, filed Jan. 13, 1997, 
the full disclosure which is incorporated herein by reference. 

0048. The aortic occlusion device 13 is preferably Sub 
Stantially Straight in an unbiased position, however, the 
aortic occlusion device may also have a shaped end. For 
example. the aortic occlusion device can have a curved or an 
L-shaped end which facilitates positioning the occluding 
member 15 in the ascending aorta depending upon the 
Surgical approach. The aortic occlusion device is preferably 
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flexible So that it can be bent as necessary without kinking. 
A more complete discussion of the aortic occlusion device 
can be found in U.S. patent application Ser. No. 09/235,043, 
filed Jan. 21, 1999, the full disclosure of which is incorpo 
rated herein by reference. In use, the aortic occlusion device 
13 can be introduced into the patient through the cannula 12. 
The cannula is positioned in a patient's ascending aorta with 
the aortic occlusion device 13 passing through the hemo 
stasis valve 27 (FIG. 10). 
0049 Referring now to FIGS. 7-8, an introducing incisor 
14 is positioned in the cannula 12 to create an incision So that 
the cannula 12 and aortic occlusion device 13 can be 
introduced into the vessel. The incisor has a connector hub 
38 which is received by the first arm 24 of the cannula 12 to 
provide a Sealed connection between the incisor 14 and the 
cannula 12. The incisor 14 has an incising element 40 to 
create an incision in the wall of the vessel. The incising 
element 40 is attached to a push rod (not shown) which is 
coupled to a plunger 42 for moving the incising element 40 
between the retracted position (FIG. 7) and the exposed 
position (FIG. 8). The incising element 40 is preferably 
biased in the retracted position and is only exposed when the 
plunger 42 is depressed by the user. 
0050 Generally, purse string sutures 39 can be sewn in 
the ascending aorta prior to advancing the cannula and 
incisor. The purse Strings can provide hemostasis around the 
cannula (after it has been advanced into the aorta). The 
cannula and incisor are then moved adjacent an Outer wall of 
the aorta. In some embodiments, the distal tip 56 of the 
incisor 14 can include traction features 57, Such as a 
roughened Surface, protrusions, or the like, which help 
maintain the distal tip within the purse string sutures (FIG. 
11). Light pressure is applied to the incisor to create a dimple 
or indentation in the aorta So that the distal tip remains in a 
centered position within the purse Strings when the incising 
element is advanced into aorta wall. After the incision is 
created, the cannula and incisor are advanced through the 
incision and into the aorta. The incising element is retracted 
as the trigger is advanced and the purse String Sutures are 
tensioned around the cannula. The radiopaque marker at the 
cannula tip may be viewed under fluoroscopy and the 
cannula manipulated until the angled tip is directed toward 
the aortic valve (FIG. 9). The aortic occlusion device is then 
passed through the hemostasis valve and advanced until the 
occluding member is positioned in the ascending aorta. 
Delivery of oxygenated blood, occlusion of the ascending 
aorta, and delivery of cardioplegic fluid is then performed in 
the manner described in U.S. Pat. No. 5,584.803, the full 
disclosure of which is incorporated herein by reference. 
0051. As shown in FIG. 10, the lumen 21 of the occlu 
Sion device is coupled to a Source of cardioplegic fluid 43, 
the inflation lumen 15 is coupled to a source of inflation fluid 
47, and the pressure lumen 19 is coupled to the pressure 
monitor 51 for measuring pressure in the ascending aorta. 
The lumen can also be coupled to a vacuum source 53 for 
venting the ascending aorta. 
0.052 The first arm 24 of the cannula is coupled to a 
Source of oxygenated blood 55 so that blood is delivered 
through the lumen of the cannula with the blood passing 
through the annular region between the cannula 12 and the 
aortic occlusion device. 

0053 FIGS. 11 and 12 illustrate an exemplary embodi 
ment of an incisor of the present invention. The incisor 14 
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includes a push rod 48 having a proximal end 50 and a distal 
end 52. The push rod is rigid enough to transmit a com 
pressive force between the proximal and distal ends, but 
preferably is still flexible enough to advance through a 
curved cannula. A Surgical element 40 Such as a blade or 
incising element is attached to the distal end of the push rod 
48, while the proximal end of the push rod has a surface or 
enlarged push cap which can be engaged by at least one 
plunger finger (described in more detail herein below). An 
elongate housing 54 having a tapered or angled distal tip 
Surrounds the push rod and incising element. An opening or 
slot within the angled distal tip 56 allows the Surgical 
element to move from a retracted position to a deployed 
position. A body 58 having an opening which receives the 
proximal end of the push rod 50 is attached to the proximal 
end of the elongate housing 54. A retraction Spring 60 
positioned within the body 58 is coupled to the proximal end 
of the push rod 50 to bias the push rod 48 and Surgical 
element 40 in the retracted position. A movable actuator 42, 
Such as a plunger or trigger, releasably engages the proximal 
surface of the push rod. As will be described in more detail 
below. a ramp or cam surface 70 is disposed within a distal 
end of the body 58 to disengage the fingers 64 from the push 
rod as the plunger 42 moves toward the fully depressed 
position. Optionally, a set screw 68 can be attached to the 
plunger 42 to prevent the plunger 42 from rotating. Addi 
tionally, the Set Screw 68 can act as an indicator to inform the 
user how far the incising element has been deployed. 
0054 As illustrated in FIG. 11. in some configurations 
the body has two finger grips 72 which extend radially from 
the body 58 and a plunger 42 that extends proximally 
through an opening in the body 58. The incisor is grasped 
with the user's fingers like a hypodermic needle and is 
actuated with either the thumb or the palm of the hand. Such 
a configuration allows the user to manipulate the incisor 
with only one hand, while providing the user with enhanced 
control of the incisor. 

0055 As shown in FIG. 12 the plunger is maintained in 
the undepressed position by a plunger return Spring 66, and 
the blade 40 is maintained in the retracted position within the 
distal tip 56 by the rod retraction spring 60. In the initial 
undepressed position the plunger finger(s) 64 may or may 
not contact the proximal end of the push rod 50. As shown 
by the arrow in FIG. 13, the plunger is advanced by pushing 
on the engagement Surface 62 to overcome the resistance of 
the return spring 66 and retraction spring 60. Protrusions 63 
on the plunger finger(s) 64 contact and begin to push on the 
proximal surface 50 of the push rod. As the plunger 42 is 
advanced, the push rod 48 and Surgical element 40 are 
advanced with the plunger. In most embodiments the push 
rod 48 and blade 40 are advanced at a 1:1 rate with the 
plunger 42, however, in other embodiments, the ratio can be 
modified. AS the plunger nears the end of its path, a Surface 
of the plunger finger(s) 64 engage the ramps 70. AS the 
fingers advance over the ramps, the fingerS 64 are urged 
radially outward away from the proximal end of the push 
rod. When the push rod 48 has been advanced to a fully 
deployed position. the ramp disengages the plunger finger(s) 
64 from the proximal end of the push rod (FIG. 14). The 
retraction spring 60 then urges the push rod 48 (and Surgical 
element 40) back to its initial. retracted position. In most 
embodiments. the release of the push rod will create an 
audible click to inform the user that the Surgical element has 
been retracted. 
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0056. As the plunger is released. the return spring 66 
biases the plunger 42 back to the initial undepressed position 
(FIG. 11). As the plunger fingers 64 pass by the proximal 
Surface of the push rod 48. the resilient Spring force con 
tained in the flexed plunger fingers bias the fingerS radially 
inward to the initial position and into engagement (or near 
engagement) with the proximal end 50 of the push rod. At 
this position, the plunger and push rod are positioned for 
additional repeat actuation. Optionally, a locking mecha 
nism may be provided to lock the plunger after a single 
actuation to prevent inadvertent repeat actuation. 
0057 FIGS. 15 to 16 illustrate another exemplary 
embodiment of the incisor 14A having an automatically 
retracting Surgical element. The incisor 14A has a push rod 
74 with a proximal end 76 and a distal end 78. An incising 
element 80 is attached to the distal end of the push rod and 
a return plate 82 is coupled to the proximal end of the push 
rod. Return plate 82 is movable distally and proximally 
relative to body 87. An aperture 84 in the return plate 82 is 
sized to releasably receive a trigger pin 86. In most con 
figurations, the trigger pin 86 is biased with a compression 
spring 90 into the aperture 84 of the return plate 82. In most 
embodiments, handles 88 are pivotally coupled to body 87 
and are linked to return plate 82 through the trigger pin. A 
ramp or cam Surface 92 is disposed on the body adjacent the 
return plate 82 so that actuation of the handle 88 and trigger 
pin 86 move the return plate. push rod, and Surgical element 
from the retracted position to the deployed position. 
0.058 In use, a user actuates the handle (or actuator) 88 
to move the return plate 82. push rod 74 and incising element 
80 distally, thereby moving trigger pin 86 up the ramp 92. As 
the trigger pin 86 moves up the ramp 92, the trigger pin 86 
begins to move out of the aperture 84 in the return plate 82. 
When the trigger pin 86 reaches the top of the ramp, the 
trigger pin is urged out of the aperture and disengages from 
the return plate 82. A return spring 94 then urges the return 
plate 82, push rod 74, and surgical element 80 back to the 
retracted position. When the user releases the handle 88, a 
trigger return Spring 96 or an equivalent. urges the actuator 
and trigger pin back to its initial position. Because the 
trigger pin 86 is biased toward the return plate 82, the trigger 
pin is urged back into the aperture 84 and the device is ready 
for actuation. 

0059. In a specific configuration. the actuator comprises 
two pivotal handles 88A, 88B which are movable between 
an extended position in which the handles are outwardly 
Separated and a closed position in which the handles are 
adjacent the body. 
0060 Handle springs 96 bias the handles in the extended 
position and automatically return the handles to the extended 
position after each actuation. When the handles are Squeezed 
together. return plate 82 is advanced distally and the trigger 
pin 86 is moved up the ramp, as described above. 
0061. As illustrated in FIGS. 17A to 17D, in another 
Specific configuration of the incisor 14B, the trigger com 
prises a linearly actuated thumb trigger 88C which moves 
along an axis which is Substantially parallel to the longitu 
dinal axis of the blade rod. Actuation of the trigger in a distal 
direction moves the Surgical element distally. The distal 
motion of the trigger has been found to be more natural Since 
the distal movement of the trigger coincides with the distal 
advancement of the blade and the distal advancement of the 
cannula through the incision. 

Feb. 13, 2003 

0062). As shown in FIGS. 17A and 17B, the incisor 14B 
has a push rod 74 with a proximal end 76 and a distal end 
78. An Surgical element 80 is attached to the distal end of the 
push rod and a return plate 82 is coupled to the proximal end 
of the push rod. Return plate 82 is movable distally and 
proximally relative to body 87. An aperture 84 in the return 
plate 82 is sized to releasably receive a pin 86. In most 
configurations, the pin 86 is biased with a compression 
spring 90 into the aperture 84 of the return plate 82. Thumb 
Switch 88C is slidably attached to body 87 and is coupled to 
return plate 82 through the pin 86. As shown in FIG. 17C, 
a ramp or cam Surface 92 is disposed on the body adjacent 
the return plate 82 such that actuation of the thumb Switch 
88 and trigger pin 86 move the return plate 82, push rod 74, 
and surgical element 80 from the retracted position to the 
deployed position. AS the pin 86 nears its most distal point, 
the ramp engages the pin and the pin 86 begins to move out 
of the aperture 84 (FIG. 17C). When the pin 86 reaches the 
top of the ramp, the pin is urged completely out of the 
aperture. The pin 86 disengages from the return plate 82 and 
a return spring 94 urges the return plate 82, push rod 74, and 
surgical element 80 back to the retracted position. When the 
user releases the thumb Switch 88C, a return spring 96 or an 
equivalent, urges the thumb Switch 88C and pin back to their 
initial position. Because the pin 86 is biased by spring 90 
toward the return plate 82, the pin is urged back into the 
aperture 84 and the incisor is ready for repeat actuation. 
0063 Referring now to FIGS. 18-20, yet another incisor 
14C is shown. The incisor shown comprises a mechanism 
which instantaneously advances and retracts the Surgical 
element. The incisor 14C has a distal Surgical element 98 
coupled to a push rod 100. Similar to above, the Surgical 
element 98 and the push rod 100 are biased by a push rod 
Spring 102 in a retracted position within an elongate housing 
104. A hammer 106 having a protrusion 108 is movable 
within housing 104 along Substantially the same axis as the 
push rod 100, although unconnected with the push rod. A 
hammer compression Spring 110 is disposed proximal of the 
hammer within housing 104 to provide the mechanism for 
actuating the hammer. A trigger 112 comprising a cam or 
ramp 114 is movable in a transverse direction relative to 
hammer 106 and is urged outwardly by a trigger Spring 116 
(FIG. 18). Angled surface 115 of the cam engages the 
protrusion 108 and forces the hammer 106 proximally 
against the compression spring 110 (FIG. 19). As the trigger 
112 is advanced further, the cam 114 advances past the 
protrusion 108 and allows the hammer spring 110 to expand 
and force the hammer 106 distally so as to strike the 
proximal end of push rod 100. The impulse from the hammer 
106 moves the push rod 100 and the Surgical element 98 
(i.e., a blade) instantaneously from its retracted position to 
a deployed position (FIG.20). Because the push rod 100 and 
Surgical element 98 are Spring loaded to the retracted posi 
tion, the push rod 100 and Surgical element 98 are imme 
diately urged from the deployed position back to the 
retracted position. The stiffness of springs 102 and 110 are 
Selected Such that the force of hammer 106 is Sufficient to 
overcome the resistive force of spring 102 to drive rod 100 
distally. 
0064.) Use of the cannula, incisor and aortic occlusion 
device will now be described with reference to FIGS. 
21A-21D. The description below is applicable to all the 
incisors 14, 14A, 14B, 14C described herein. Referring 
again to FIG. 9, before introduction of the cannula. a rib 
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retractor 115 or other device can be used to form an opening 
in an intercostal space Such as the fourth intercostal Space. 
The opening through the intercostal Space is used for acceSS 
to perform a Surgical procedure Such as a valve repair or 
replacement or coronary bypass graft. The opening also 
provides direct access to the ascending aorta for control of 
the ascending aorta and to place purse String Sutures in the 
aorta. The Surgeon then places two purse-String Sutures 39 
around the Site. The ends of the purse-String Sutures are 
passed through tourniquet tubing which is used to tension 
the purse-String Sutures. The purse String Sutures are then 
passed through the slots 36 in the ring 34. 
0065. An incision is also created in the first or second 
intercostal Space in which a trocar is positioned. The cannula 
121 and incisor assembly 120 are then introduced through 
the trocar and advanced to the Surface of the aorta with the 
incisor 119 positioned in the lumen 118 of the cannula 121. 
As illustrated in FIG.21A. the cannula/incisor assembly are 
then advanced into contact with the aorta at the Site now 
Surrounded by the purse-String Sutures. A light pressure can 
be applied with the traction features 123 of the distal tip 122 
against the aorta to create dimples or indentations So as to 
help center the Surgical element within the purse Strings. The 
user then depresses the plunger to move the push rod 126 
and the incising element 124 to a deployed position (FIG. 
21B). AS. shown in FIGS. 21C and 21D, the incising 
element creates an incision in the wall of the vessel, and the 
incisor and the cannula tip are pushed through the wall until 
the ring contacts the adventitial Surface of the vessel. AS the 
trigger is further depressed, the incising element is auto 
matically released and returns back to the retracted position. 
Once the cannula tip has been inserted into the blood vessel, 
the incisor can be removed and the aortic occluding device 
can be inserted through the hemostasis valve in the first am 
and down the cannula (FIG. 10). 
0.066 The systems and methods described above have 
been described in relation to the ascending aorta for clarity 
of understanding. The devices and methods of the present 
invention may have application in other parts of the aorta or 
heart and in other vessels and organs of the body. AS changes 
and modifications will be obvious to those of skill in the art, 
the scope of the invention is limited solely by the following 
claims. 

What is claimed is: 
1. An apparatus for creating a vascular incision compris 

ing: 
a body; 
a rod movable relative to the body and having a proximal 
end and a distal end: 

a Surgical element disposed at the distal end of the rod, 
wherein the rod and Surgical element are movable 
between a retracted position and a deployed position, 
wherein the rod and Surgical element are biased in the 
retracted position; 

an actuator coupled to at least one finger which engages 
the proximal end of the rod, wherein activation of the 
actuator advances the Surgical element from the 
retracted position to the deployed position; and 

a ramp on the body to engage the finger as the rod and 
Surgical element move to the deployed position, 
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wherein the ramp disengages the finger from the proxi 
mal end of the rod to allow the Surgical element to 
move to the retracted position. 

2. The apparatus of claim 1 further comprising a return 
Spring, wherein the actuator is movable between an unde 
pressed position and a depressed position, wherein the return 
Spring biases the actuator to the undepressed position. 

3. The apparatus of claim 2 wherein the actuator defines 
a longitudinal axis and the rod defines a longitudinal axis, 
wherein the longitudinal axis of the actuator is Substantially 
aligned with the longitudinal axis of the rod. 

4. The apparatus of claim 1 wherein the actuator is 
coupled to multiple fingers which engage the rod. 

5. The apparatus of claim 1 wherein the proximal end of 
the rod comprises an enlarged push rod cap. 

6. The apparatus of claim 5 wherein the finger comprises 
a protrusion which engages the push rod cap. 

7. The apparatus of claim 1 wherein the actuator is 
adapted to be engaged by a user's thumb or palm. 

8. The apparatus of claim 1 wherein the body comprises 
finger grips adapted to be held by the user's fingers. 

9. The apparatus of claim 1 wherein the finger disengages 
from the rod when the rod and Surgical element have been 
advanced to a fully deployed position. 

10. The apparatus of claim 1 wherein the finger is flexible 
and is resiliently biased radially inward towards the proxi 
mal end of the rod. 

11. The apparatus of claim 1 wherein the disengagement 
of the finger from the rod creates an audible click. 

12. The apparatus of claim 1 wherein the ramp forces the 
finger radially outward away from the proximal end of the 
rod. 

13. The apparatus of claim 1 wherein the Surgical element 
is a blade. 

14. The apparatus of claim 13 wherein the blade has a 
width between approximately 4 mm and 6 mm. 

15. The apparatus of claim 13 wherein a leading edge of 
the blade has two outwardly facing edges. 

16. The apparatus of claim 13 wherein the rod is advanced 
at a 1:1 rate with the actuator. 

17. The apparatus of claim 1 further comprising an 
elongate housing which extends distally from the body to 
encase the rod and Surgical element. 

18. The apparatus of claim 17 wherein the elongate 
housing and rod are flexible. 

19. The apparatus of claim 17 wherein the elongate 
housing comprises a tapered distal tip having an opening to 
allow the Surgical element to move between the retracted 
position and the deployed position. 

20. The apparatus of claim 17 further comprising a 
cannula removably coupled to the elongate housing, the rod 
extending through the cannula. 

21. The apparatus of claim 20 wherein the cannula 
comprises a keying element to align the cannula in a 
predetermined orientation relative to the Surgical element. 

22. The apparatus of claim 21 wherein the combination of 
the body, rod, Surgical element, actuator, ramp, and rod 
Spring are lighter than the cannula. 

23. An automatically retracting incisor comprising: 
a housing: 

a push rod having a proximal end and a distal end, 
wherein the push rod is movable between a retracted 
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position and a deployed position, the push rod coupled 
to the housing and biased toward the retracted position; 

a Surgical element disposed at the distal end of the push 
rod; 

a trigger pin releasably engaging the proximal end of the 
push rod; and 

a ramp on the housing engaging the trigger pin, wherein 
movement of the trigger pin moves the push rod and the 
Surgical element from the retracted position towards the 
deployed position Such that the trigger pin Slides along 
the ramp, wherein the trigger pin reaches a top of the 
ramp and the trigger pin disengages from the push rod 
to allow the Surgical element and push rod to return to 
the retracted position. 

24. The automatically retracting incisor of claim 23 
wherein the trigger pin is coupled to an actuator, wherein the 
actuator is movable between an initial position and an 
actuated position. 

25. The automatically retracting incisor of claim 24 
wherein the actuator comprises two handles. 

26. The automatically retracting incisor of claim 25 
wherein the handles are pivotally coupled to the body. 

27. The automatically retracting incisor of claim 26 
wherein the handles in the initial position are outwardly 
Separated from the body and the handles in the actuated 
position are adjacent to the body. 

28. The automatically retracting incisor of claim 27 
wherein the handles in the actuated position move the 
Surgical element to the deployed position. 

29. The automatically retracting incisor of claim 27 
wherein the handles are biased towards the initial position. 

30. The automatically retracting incisor of claim 24 
wherein the push rod defines a longitudinal axis and the 
actuator defines a longitudinal axis of motion, wherein the 
longitudinal axis of motion of the actuator is parallel to the 
longitudinal axis of the push rod. 

31. The automatically retracting incisor of claim 24 
wherein the actuated position is distal of the initial position. 

32. The automatically retracting incisor of claim 24 
wherein the actuator comprises a thumb Switch slidably 
coupled to the body. 

33. The automatically retracting incisor of claim 24 
wherein the actuator is biased to the initial position. 

34. The automatically retracting incisor of claim 23 
wherein the trigger pin is removably received in an aperture 
in the push rod. 

35. The automatically retracting incisor of claim 34 
wherein the trigger pin is biased into the aperture and is 
urged out of the aperture by the ramp. 

36. The automatically retracting incisor of claim 23 
wherein the Surgical element is a blade. 

37. The automatically retracting incisor of claim 23 
wherein movement of the Surgical element from the 
deployed position to the retracted position makes an audible 
Sound. 

38 The automatically retracting incisor of claim 23 
wherein the push rod and Surgical element are encased by an 
elongate housing, the elongate housing being attached to the 
body. 
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39. An incisor comprising: 
a body; 
an elongate rod coupled to the body, the elongate rod 

comprising a proximal end and a distal end; 
a Surgical element positioned at the distal end of the rod, 

wherein the Surgical element and rod are movable 
between a retracted position and a deployed position, 
the rod and Surgical element being biased to the 
retracted position: 

a hammer positioned in the body; 
a hammer Spring in engagement with the hammer; 
an actuator coupled to a cam having a Surface which 

engages the hammer, wherein movement of the actua 
tor from an initial position to an actuated position 
moves the hammer to compress the hammer Spring, 
wherein the cam disengages from the hammer, to allow 
the hammer Spring to expand and push the hammer 
distally against the push rod So as to move the Surgical 
element to the deployed position. 

40. The incisor of claim 39 further comprising a actuator 
Spring which biases the actuator in the initial position. 

41. The incisor of claim 39 wherein the Surgical element 
and rod are biased to the retracted position by a rod Spring, 
the rod Spring immediately biasing the Surgical element and 
rod from the deployed position to the retracted position. 

42. The incisor of claim 39 wherein the hammer is 
decoupled from the elongate rod. 

43. A method of deploying and retracting a Surgical 
element, the method comprising: 

depressing a plunger Substantially along a longitudinal 
axis of the device to move the Surgical element from a 
retracted position to a deployed position; and 

moving the Surgical element from the deployed position 
to the retracted position independently of further move 
ment of the plunger. 

44. The method of claim 43 further comprising biasing the 
plunger to an undepressed position. 

45. The method of claim 43 comprising informing the 
user that the Surgical element has been retracted. 

46. The method of claim 45 wherein the informing step is 
carried out by making an audible click. 

47. The method of claim 43 further comprising position 
ing the Surgical element through a cannula. 

48. The method of claim 43 wherein an incision in the 
tissue Structure is created during the depressing Step. 

49. The method of claim 48 comprising advancing a 
cannula through the incision before removing the Surgical 
element from the incision. 

50. The method of claim 49 wherein the plunger is 
depressed in the same direction as the cannula is advanced. 

51. The method of claim 49 wherein the depressing step 
and the advancing Step are carried out Substantially simul 
taneously. 

52. The method of claim 43 further comprising releasing 
the plunger to move the plunger from a depressed position 
to an undepressed position. 

53. The method of claim 43 wherein the moving step is 
carried out by disengaging the plunger from a rod attached 
to the Surgical element. 
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54. The method of claim 43 wherein the surgical element 
is a blade. 

55. A method of inserting a cannula into a blood vessel 
comprising: 

positioning an incisor adjacent the blood vessel; 
activating an actuator to move a Surgical element from a 

retracted position to a deployed position to create an 
incision in the blood vessel wall; and 

automatically moving the Surgical element from the 
deployed position to the retracted position while Simul 
taneously inserting the cannula into the blood vessel. 

56. The method of claim 55 further comprising maintain 
ing the position of the incisor within the cannula during the 
moving Step. 

57. The method of claim 55 further comprising automati 
cally returning the actuator to an initial position. 

58. The method of claim 55 wherein the actuator is 
coupled to the Surgical element through a rod, wherein the 
moving Step is carried out by biasing the rod to the retracted 
position. 

59. The method of claim 55 wherein the actuator is 
advanced distally to move the Surgical element to the 
retracted position. 

60. The method of claim 55 wherein the cannula is 
inserted in the same direction as the actuator is advanced. 

61. The method of claim 55 wherein the activating step is 
carried out by Squeezing two handles together. 

62. A method of creating an incision comprising: 
placing a distal tip of a device adjacent a vessel wall; 
activating an actuator to compress a Spring, 
expanding the Spring to deploy a Surgical instrument to 

create an incision in the vessel wall; and 
automatically retracting the Surgical element. 
63. The method of claim 62 wherein the expanding step 

is performed independently of further activating of the 
actuatOr. 

64. The method of claim 62 wherein during the activating 
Step the actuator engages a protrusion on a hammer with a 
cam Surface. 

65. The method of claim 64 wherein the expanding step 
is carried out by moving the cam Surface beyond the 
protrusion on the hammer Such that the hammer is released 
and the Spring moves the hammer to deploy the Surgical 
element. 

66. The method of claim 62 further comprising biasing the 
actuator to an initial position, wherein the actuator in the 
initial position is ready for repeat actuation. 

67. An assembly for creating an incision in a blood vessel, 
the assembly comprising: 

a cannula having a lumen; 
an incisor having an automatically retracting Surgical 

element, the incisor being removably receivable within 
the lumen of the cannula, the incisor comprising: 
a body; 

a push rod coupled to the Surgical element, the push rod 
and Surgical element being movable relative to the 
body between a retracted position and a deployed 
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position, wherein the push rod and Surgical element 
are biased in the retracted position; 

an actuator coupled to the push rod, the actuator 
facilitates the movement of the push rod and Surgical 
element from the retracted position to the deployed 
position; 

a fixed release mechanism positioned on the body, 
wherein movement of the actuator to a first position 
moves the push rod and Surgical element from the 
retracted position to the deployed position So as to 
create an incision in the blood vessel, wherein acti 
Vation of the actuator to a Second position causes the 
fixed release mechanism to disengage the push rod 
from the actuator and allow the push rod and Surgical 
element to be biased back to the retracted position. 

68. The assembly of claim 67 wherein the actuator is 
biased back to an initial position. 

69. The assembly of claim 67 wherein the actuator 
comprises handles pivotally connected to the body, wherein 
the handles in the first position are outwardly Separated from 
the body and the handles in the Second position are adjacent 
to the body. 

70. The assembly of claim 67 wherein the incisor com 
prises finger grips adapted to be held by a user's fingers. 

71. The assembly of claim 67 wherein the actuator 
comprises a thumb Switch. 

72. The assembly of claim 67 wherein the actuator is 
coupled to the push rod with at least one flexible finger. 

73. The assembly of claim 67 wherein a trigger pin on the 
actuator releasably engages an aperture on the proximal end 
of the push rod 

74. An assembly for creating an incision in a blood vessel, 
the assembly comprising: 

a cannula having a lumen; 

an incisor having an automatically retracting Surgical 
element, the incisor being removably receivable within 
the lumen of the cannula, the incisor comprising: 

a body; 

a rod having the Surgical element at a distal end, 
wherein the Surgical element and rod are movable 
between a retracted position and a deployed position, 
the rod and Surgical element being biased to the 
retracted position; 

a hammer coupled to the body; 

a hammer Spring in engagement with the hammer; 

a movable cam having a Surface which engages the 
hammer, wherein movement of the cam Surface from 
an initial position to an actuated position moves the 
hammer to compress the hammer Spring, wherein 
disengagement of the cam Surface from the hammer 
causes the hammer Spring to expand and push the 
hammer distally against the rod to move the Surgical 
element to the deployed position. 
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75. A method of occluding an aorta comprising: 
deploying a Surgical element to create an opening in the 

aOrta, 

automatically retracting the Surgical element; 
inserting the cannula through the opening and into the 

aOrta, 

withdrawing the Surgical element from the cannula, and 
positioning an aortic occlusion device in at least a portion 

of the aorta. 
76. The method of claim 75 wherein the retracting step 

and inserting Step are performed Substantially simulta 
neously. 

77. The method of claim 75 wherein the surgical element 
is moved from the retracted position to the deployed position 
through activation of an actuator. 

78. The method of claim 77 wherein the retracting step is 
carried out independently of further activation of the actua 
tor. 

79. The method of claim 75 wherein the cannula is 
inserted into the aorta before removing the Surgical element 
from the incision. 

80. The method of claim 75 further comprising expanding 
an occluding member to occlude aorta. 
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81. An assembly for treating the ascending aorta com 
prising: 

a cannula having a lumen; 
an incisor having an automatically retracting Surgical 

element, the incisor being removably received in the 
lumen of the cannula, wherein the Surgical element is 
positioned near a distal end of the cannula to create an 
incision in the ascending aorta; and 

an aortic occlusion device insertable through the lumen of 
the cannula and into the incision in the ascending aorta 
after the incisor has been removed from the cannula. 

82. The assembly of claim 81 wherein the cannula and 
incisor are simultaneously inserted through the incision. 

83. The assembly of claim 82 wherein the aortic occlusion 
device comprises at least one lumen and an occluding 
member. 

84. The assembly of claim 83 wherein the occluding 
member comprises a balloon. 

85. The assembly of claim 81 wherein the Surgical ele 
ment is attached to a push rod, wherein an actuator facilitates 
movement of the push rod and Surgical element from a 
retracted position and a deployed position. 
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