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(57) ABSTRACT 

A method for performing anastomosis between a graft vessel 
and a coronary artery of the heart of a patient may include 
providing a stabilizer, a Suspension attached to the stabilizer, 
and an anastomosis tool that includes an anvil and a staple 
holder movable relative to one another, where that anasto 
mosis tool is attached to the Suspension. Pressure may be 
applied to the heart with the stabilizer, after which the 
anastomosis tool may move relative to the stabilizer and 
connect the graft vessel to the coronary artery. 
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MNIMALLY-INVASIVE SURGICAL METHOD 

0001. This application is a divisional of U.S. patent 
application Ser. No. 10/439,382, filed on May 16, 2003: 
which in turn is a continuation-in-part of U.S. patent appli 
cation Ser. No. 10/420,551, filed on Apr. 21, 2003, both of 
which are hereby incorporated by reference in their entirety. 

FIELD OF THE INVENTION 

0002 The present invention relates generally to anasto 
mosis, and more particularly to minimally-invasive anasto 
mosis. 

BACKGROUND 

0003. A coronary artery bypass graft (CABG) procedure 
is a common Surgical procedure in which a graft vessel. Such 
as a saphenous vein or mammary artery, is connected 
Surgically to a target vessel, or between two target vessels. 
Typically, the patient’s chest is opened in order to perform 
this procedure, whether it is performed as a stopped-heart or 
beating-heart procedure. Opening the chest creates a major 
trauma from which it takes the patient some time to heal. 
Additionally, the patient is left with a large scar, and may 
have lasting pain. Attempts have been made to perform the 
CABG procedure in a minimally-invasive manner, using 
tools inserted through incisions in the thoracic cavity and/or 
percutaneously. However, such attempts have not met with 
significant acceptance by cardiac Surgeons, due to problems 
inherent in the previous minimally-invasive procedures. One 
problem is that Such procedures may utilize traditional rigid 
stabilizers that immobilize a portion of the heart, such as by 
pressing down on it or lifting up a portion of the Surface, 
Such that the heart cannot move freely during the anasto 
mosis procedure. Rigid stabilizers are fixed rigidly to a 
retractor or other structure that itself is substantially fixed. 
However, fibrillation often results from such attempts to 
immobilize a portion of the heart. Fibrillation complicates 
the CABG procedure at best and is potentially fatal at worst. 
Another problem is that robotic devices that may be used for 
minimally-invasive Surgery are expensive capital goods that 
some hospitals may not be able to afford. Such robotic 
devices may be capable of compensating for the motion of 
the heart by using software that measures the motion of the 
heart and adds a motion component to a robotic manipulator 
that cancels out at least Some of the motion of that manipu 
lator relative to the heart. However, such compensation is 
complex, and adds to the complexity and expense of the 
robotic device. Further, the manipulators used to perform the 
Surgery are typically complex and expensive. As a result of 
the complexity of the robotic devices, Surgeons typically 
require a significant amount of training time on them to 
become proficient, time which takes them away from their 
practices. 

SUMMARY 

0004. In one aspect of the invention, a suspension con 
nects an anastomosis tool to a stabilizer. The stabilizer may 
be rigidly connected to a retractor or other structure that is 
fixed relative to the patient. The stabilizer may be introduced 
into the thoracic cavity of a patient via an intercostal 
incision, a Sub-Xyphoid incision, or a differently-located 
incision. Where the stabilizer is placed against heart tissue, 
the heart tissue in contact with that stabilizer is substantially 
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immobilized. However, tissue in proximity to the stabilizer 
may still move a small amount. The Suspension facilitates 
anastomosis of a graft vessel to a target vessel in that tissue, 
by allowing the tool to move relative to the stabilizer so that 
it can move along with the remaining motion of the heart 
tissue. 

0005. In another aspect of the invention, the tool includes 
an anvil and a staple holder movable relative to one another. 
The anvil is movable relative to the stabilizer, where that 
motion includes at least one rotational component. By 
pivoting relative to the stabilizer, the anvil can be steered to 
an orientation in which it is Substantially aligned with a 
target vessel. 
0006. In another aspect of the invention, the tool is 
movable relative to the stabilizer, where that motion is at 
least partly in a direction toward the target vessel. Such that 
the anvil can penetrate the target vessel. After insertion of a 
portion of the anvil into the lumen of the target vessel, the 
suspension allows the anvil to float relative to the stabilizer. 
As a result, where the target vessel is a coronary artery and 
the heart is beating, the anvil does not tear or otherwise 
damage the coronary artery after insertion into the lumen 
thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0007 FIG. 1 is a schematic view of a minimally-invasive 
Surgical system. 

0008 FIG. 2 is a perspective view of a base of an effector 
used in the system of FIG. 1. 
0009 FIG. 3 is a bottom view of the base of FIG. 2. 
0010 FIG. 4 is a perspective partially-exploded view of 
a portion of an exemplary effector used in the system of FIG. 
1. 

0011 FIG. 5 is a detail view of the distal end of an anvil 
of FIG. 4. 

0012 FIG. 6 is a top view of a spring utilized in the 
effector of FIG. 4. 

0013 FIG. 7 is a detail perspective view of the connec 
tion between the base and a mount of FIG. 4. 

0014 FIG. 8 is an exploded view of the anvil of FIG. 4 
and connected structure. 

0.015 FIG. 9 is a perspective view of an anvil control 
mechanism optionally utilized in the system of FIG. 1. 
0016 FIG. 10 is a perspective view of an embodiment of 
a portion of the effector of FIG. 4. 
0017 FIG. 11 is a perspective view of a control unit of the 
system of FIG. 1. 
0018 FIG. 12 is a schematic view of a stabilizer used in 
an alternate embodiment of a minimally-invasive Surgical 
system. 

0019. The use of the same reference symbols in different 
figures indicates similar or identical items. 

DETAILED DESCRIPTION 

0020 Referring to FIG. 1, a schematic view of a mini 
mally-invasive Surgical system 2 is shown. The Surgical 



US 2008/0015638 A1 

system 2 includes an effector 4 configured to engage tissue. 
The effector 4 includes a base 12 that is configured to be 
attached to tissue, such as by Suction, while allowing Sub 
stantially unrestricted motion of that tissue. The tissue may 
be heart tissue, such that the base 12 is configured for 
attachment to the exterior of the heart while allowing the 
heart to move substantially freely during the duration of that 
attachment. As used in this document, the term “heart” may 
refer to the heart itself, as well as the heart in combination 
with one or more layers of tissue that are present on its 
exterior, Such as the epicardium, pericardium, myocardium, 
coronary arteries and/or fatty tissue. The base 12 may be at 
least partially flexible, and/or substantially conformable to 
the heart. For example, the base 12 may be composed at least 
partially of silicone. The base 12 shown in FIG. 1 is merely 
exemplary; the base 12 can be shaped in any appropriate 
manner. The base 12 may be unitary, have multiple inde 
pendent components, or have a uniform cross-section or a 
cross-section that varies over at least a part of the base 12. 
The base 12 may be symmetrical, at least in part, or 
asymmetrical. Optionally, the effector 4 may be detachable 
from the remainder of the system 2, such that effectors 4 may 
be interchanged on the system. This interchangeability 
allows the system to be used for multiple procedures on the 
same patient. 
0021. The base 12 may include one or more contact 
elements 14 that are configured to contact tissue. Such as 
heart tissue. The contact element or elements 14 may form 
the entire base 12, or may be connected to a frame and/or 
other structure (not shown) to form the base 12. Where 
multiple contact elements 14 are used, they may be spaced 
apart from one another, arranged symmetrically about a 
point or axis, arranged asymmetrically, arranged Substan 
tially linearly and/or parallel to one another, or otherwise 
oriented and/or configured. At least one contact element 14 
may be sized and/or shaped differently from at least one 
other contact element 14. 

0022 Referring also to FIG. 3, an example of the under 
side of one possible configuration of the base 12 is shown. 
This exemplary base 12 includes two contact elements 14 
spaced apart from one another. The contact elements 14 are 
spaced apart from one another by a distance at least as wide 
as the maximum width of the average coronary artery. The 
contact elements 14 are Substantially rectangular, and are 
Substantially the same size and shape as one another. How 
ever, the contact elements 14 may be shaped in a different 
manner. For example, the contact elements 14 may have one 
or more rounded ends, or may be shaped elliptically, trap 
ezoidally, or in a different way. Further, the contact elements 
14 need not be the same size and shape as one another. The 
contact elements 14 may be at least partially flexible. For 
example, the contact elements 14 may be fabricated from 
silicone or other flexible biocompatible material. Alter 
nately, the contact elements 14 may be fabricated at least in 
part from rigid biocompatible material Such as stainless 
steel. Alternately, more than two contact elements 14 may be 
used. Alternately, a single contact element 14 may be used, 
with at least two spaced-apart segments. Such a single 
contact element 14 may have a “U” shape or similar shape. 
0023 The contact elements 14 are connected to one 
another by a bridge 16. The bridge 16 may be formed 
integrally with the contact elements 14 to form a one-piece 
unitary structure, or may be connected to the contact ele 
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ments 14 via adhesive, connectors, or any other appropriate 
structure, mechanism or method. The bridge 16 allows the 
contact elements 14 to move relative to one another. For 
example, the bridge 16 may be formed from silicone or other 
flexible biocompatible material, such that it can flex and 
allow the contact elements 14 to move. This motion allows 
the contact elements 14 to be placed in Substantial contact 
with the exterior of the heart 10. Alternately, the bridge 16 
may be made from stainless steel or other rigid biocompat 
ible material, and connected to at least one contact element 
14 by a hinge or other mechanism that allows motion of at 
least one contact element 14 relative to the bridge 16 and/or 
at least one other contact element 14. 

0024. Each contact element 14 includes at least one 
chamber 24 defined therein, and is substantially open on its 
underside. The use of the terms “under,”“underside, 
“lower,” and “upper in this document do not limit the 
orientation in which the effector 4 or other elements of the 
Surgical system 2 may be used, but rather are utilized for 
convenience and clarity in describing the structure of the 
Surgical system 2. As shown in FIG. 2A, each contact 
element 14 has an underside that is completely open. How 
ever, at least one contact element 14 may have a lower 
Surface that is partially open. For example, the lower Surface 
of at least one contact element 14 may be a Smooth plane 
having one or more apertures or holes defined therein. As 
another example, the lower Surface of at least one contact 
element 14 may be a screen or mesh. The contact element 14 
may have any other suitable configuration of underside or 
lower surface. 

0025. At least one contact element 14 may have more 
than one chamber 24 defined therein. If so, one or more 
dividers 28 may separate those chambers 24 from one 
another. Each divider 28 may extend downward from the 
upper Surface of the corresponding contact element 14, and 
may be formed integrally with that contact element 14. Each 
divider 28 is oriented substantially longitudinally along the 
corresponding contact element 14. Alternately, at least one 
divider 28 is oriented in a different manner relative to the 
corresponding contact element 14. The divider 28 has a 
Zig-Zag or sawtooth shape. However, at least one divider 28 
may be shaped differently. For example, at least one divider 
28 may be substantially linear, or substantially curved. The 
dividers 28 within different contact elements 14 and/or the 
same contact element 14 may be shaped and/or oriented 
differently from one another. 

0026. At least one connector 20 is attached to or formed 
integrally with at least one contact element 14. The connec 
tor 20 is used to connect the corresponding contact element 
14 to a vacuum source. Thus, the connector 20 may be any 
connector Suitable for this purpose. As one example, refer 
ring also to FIG. 1, the connector 20 may be a simple 
pass-through, threaded or not, Suitable for connection to a 
vacuum hose 71. Alternately, the connector 20 is not used. 
Instead, a port or aperture is provided in at least one contact 
element 14, where vacuum is applied in another manner to 
that port or aperture. Vacuum may be provided indepen 
dently to two or more different chambers 24 in the base 12, 
thereby providing redundancy in the event that one chamber 
24 does not secure to tissue or becomes unsecured from 
tissue. Further, vacuum may be provided independently to 
two or more different contact elements 14, providing redun 
dancy in the event that vacuum fails in an entire contact 
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element 14; if so, the remaining contact element or elements 
14 can still secure to tissue. An orifice (not shown) may be 
provided for each chamber 24, sized and positioned to 
restrict flow into and out of that chamber 24. In this way, any 
loss of vacuum in one chamber 24 does not substantially 
propagate back to the vacuum source and result in a loss of 
vacuum for the other chambers 24 supplied by that vacuum 
SOUC. 

0027 Optionally, at least one contact element 14 includes 
a bay (not shown) that is thicker than the remainder of the 
contact element 14, where at least one connector 20 is 
attached to or extends from the bay. The bay provides 
additional thickness at an area of the contact element 14, 
where the connector or connectors 20 that are attached to the 
bay 20 are large enough to require such additional thickness 
for adequate mounting to the contact element 14. At least 
one bay includes a chamber therein that is connected to at 
least one chamber 24 in the corresponding contact element 
14 by a port 26 defined in a surface of that chamber 24. That 
is, vacuum is applied to each chamber 24 by at least one port 
26 defined through a surface of that chamber 24. 
0028. The effector 4 may include at least one sensor 21. 
The sensor 21 is oriented such that it has a view of the area 
of tissue to be surgically treated, which may be referred to 
as the Surgical field. The sensor 21 may be any type of 
sensing device, or a component of a larger sensing device. 
The sensor 21 may be connected to the base 12 and/or to a 
different part of the effector 4, directly or indirectly. The 
sensor 21 may be connected to the base 12 and/or other part 
of the effector 4, in a detachable or a permanent way. The 
sensor 21 is substantially fixed relative to the base 12. The 
sensor 21 may be a type that is configured to detect elec 
tromagnetic radiation in the visible light portion of the 
spectrum, Such as an endoscope, a camera, or any other type 
of imaging sensor. Alternately, the sensor 21 may be a part 
or component of an imaging sensor, such as a CCD chip, a 
lens or lens assembly, fiber optic cables, or other component 
of an imaging sensor. Alternately, the sensor 21 may instead 
or additionally be of a type configured to detect electromag 
netic radiation outside the visible light portion of the spec 
trum, Such as an infrared sensor, an ultraviolet sensor or 
other sensor. An infrared sensor may be useful in detecting 
the precise location of a coronary artery and/or of a blockage 
in a coronary artery, because blood flow through the coro 
nary artery and blockage of the coronary artery typically 
have different temperatures from one another and from 
Surrounding tissue. Alternately, any other sensor that is 
useful in detecting contrast between a blocked area and an 
unblocked area of a coronary artery, or between a coronary 
artery and the remainder of the heart, may be used. Alter 
nately, the sensor 21 itself, or a separate emitter (not shown) 
emits energy that is modulated or otherwise altered by its 
interaction with tissue, and the modulated or altered energy 
is sensed by the sensor 21. For example, such a sensor 21 
may be an ultrasound array that emits ultrasonic energy and 
detects the ultrasonic energy that is reflected from tissue. 
More than one sensor 21 may be connected to the base 12, 
if desired. For example, an endoscope and an infrared sensor 
both may be connected to the base 12. 
0029 Sensor data is transmitted from each sensor 21 to a 
display or similar device that is viewable by the surgeon. 
This sensor data may be handled in any Suitable manner. A 
display 11 may be included in a control unit 8 connected to 
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the sensor 21, as described in greater detail below. The 
connection between each sensor and the display 11 may be 
made through a wire 73, or through a wireless connection. 
Standard components such as video interface cards, 
Switches, and/or other equipment may be provided between 
the sensor 21 and the display 11, as is standard in the art. 
Where multiple sensors 21 are used, each may be connected 
to the same display 11, and the sensor output may be shown 
on that display with a split screen, by Switching between 
inputs, or in any other manner. Alternately, the control unit 
8 includes output connectors (not shown) that are connect 
able to a monitor, an information handling system, or other 
device. If so, the control unit 8 need not include the display 
11; rather, sensor data can be passed through the control unit 
8 to a monitor of the user's choice; in this way, the control 
unit 8 can be made smaller and less complex. However, the 
control unit 8 may contain at least one display 11 and at least 
one set of output connectors. Alternately, the control unit 8 
includes a wireless transmitter that is configured to transmit 
sensor data from the control unit 8 to another device, such 
as a monitor or an information handling system. Alternately, 
sensor data is transmitted directly from the sensor 21 to a 
display that is unconnected to the control unit, such as by 
one or more cables or by wireless transmission. 
0030 Optionally, the effector 4 includes a sensor mount 
22 to which at least one corresponding sensor 21 is con 
nected. The sensor mount 22 is oriented in a direction that 
provides the corresponding sensor or sensors 21 with a view 
of the surgical field, as described in greater detail below. 
Advantageously, the sensor mount 22 is fixed to the base 12. 
Each sensor 21 may be connected to the corresponding 
sensor mount 22 in a detachable or a permanent way. The 
sensor mount 22 is shaped in any appropriate manner to hold 
a sensor 21 substantially fixed relative to the base 12. 
Further, the connection between the sensor mount 22 and the 
corresponding sensor 23 may be accomplished by any 
appropriate structure, mechanism or method. As an example, 
where the sensor 21 is an endoscope with a cylindrical body, 
the sensor mount 22 may be a tubular element configured to 
hold at least a portion of that cylindrical body via a friction 
fit or other fit. As another example, the sensor 21 may screw 
into threads provided on the sensor mount 22. As another 
example, the sensor 21 may be fixed to the sensor mount 22 
with adhesive. As another example, the sensor 21 may be 
welded or otherwise permanently fixed to the sensor mount 
22. 

0031. The base 12 is configured to contact tissue, such as 
by one or more contact elements 14. The contact elements 14 
and/or other components of the base 12 are substantially 
secured to the tissue that they contact, while allowing that 
tissue to move. That is, the base 12 is connected to and rides 
on the Surface of moving tissue, without Substantially 
restricting the motion of that tissue. For example, the contact 
elements 14 of the base 12 may be secured to the exterior of 
the heart, while allowing the heart to beat substantially 
normally. 

0032. The effector 4 includes a tool 36 that is connected 
to the base 12. The tool 36 may be connected to the base 12 
directly, or indirectly via a mount 30. The mount 30 may be 
any structure or mechanism that is appropriate for holding 
and/or moving the tool 36 relative to a remainder of the 
effector 4. The tool 36 is a surgical structure or mechanism 
that is configured to interact with the tissue to which the base 
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12 may be connected, or other tissue. Advantageously, the 
tool 36 is movable relative to the base 12 in at least one 
degree of freedom. However, the tool 36 may be rigidly 
connected to the base 12, or may be formed along with the 
base 12 as a single, integral unit. The tool 36 may be 
connected to the control unit 8. Such as by one or more 
cables 70. However, the tool 36 may be connected to the 
control unit 8 indirectly, such as through a cable extending 
between the base 12 and the control unit 8. Alternately, the 
tool 36 is operationally connected to the control unit 8 via 
standard wireless communication hardware and protocols. 
Optionally, at least one sensor 21 may be connected to the 
tool 36, instead of or in addition to being connected to the 
base 21. 

0033. The effector 4 as a whole is connected to the 
control unit 8 non-rigidly. That is, the mechanism or mecha 
nisms, or structure or structures, between the effector 4 and 
the control unit 8 are non-rigid. Such mechanisms and 
structures may include cables, hoses, flexible tubes and/or 
other flexible entities. Thus, the effector 4 is not rigidly 
connected to any portion of the body of the patient. Because 
the effector 4 is connected to the control unit 8 non-rigidly, 
the connection between the effector 4 and the control unit 8 
Substantially does not restrict any moving tissue to which the 
effector 4 may be attached. As a result, the effector 4 does 
not immobilize moving tissue to which it is attached. 

0034. The control unit 8 may be used to position and 
operate the effector 4. The control unit may include a 
joystick, handle, dial, lever, Switch, trigger, console, infor 
mation handling system such as a computer, a combination 
of one or more of those mechanisms, or any other appro 
priate structure, mechanism or combination thereof. The 
control unit 8 may control the effector 4 mechanically, such 
as via cables or other force transmission members; electri 
cally and/or via Software commands, such as via analog 
signals or digital commands transmitted to stepper motors or 
other actuators; by a combination of mechanical and/or 
electrical devices, and/or software commands, or by another 
or additional type of mechanism and/or structure. 

0035) The tool 36 may be steerable relative to the base 
12. That is, the orientation of the tool 36 relative to the base 
12 may be controlled, such as via the control unit 8. Further, 
the position of the tool 36 on the base 12 may be controllable 
as well, such as via the control unit 8. Thus, the tool 36 may 
be steered remotely via the control unit 8. A surgeon may 
utilize the image data or other data transmitted from the 
sensor 21 to the display 11 to steer the tool 36 within the 
Surgical field Such that it engages tissue more effectively for 
Surgical intervention. 

0036) The tool 36 may be an anastomosis tool. That is, 
the tool 36 may be configured to connect a graft vessel to a 
target vessel. Such as by deploying a plurality of Staples, 
clips or other independent connectors, or a unitary anasto 
mosis device. The connector or connectors deployed by the 
tool 36 may be plastically deformable, superelastic, elastic, 
or a combination thereof. The anastomosis tool may include 
an anvil, a delivery mechanism for a unitary connector, a 
delivery mechanism for a number of separate and indepen 
dent connectors, and/or any other appropriate mechanism. 
Further, the anastomosis tool may be configured to perform 
an arteriotomy on the target vessel before or after deploy 
ment of an anastomosis connector or connectors. 
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0037 Referring also to FIG. 4, an exemplary embodi 
ment of the effector 4 is shown. The effector 4 of FIG. 4 is 
configured to perform anastomosis, Such as a CABG pro 
cedure, on moving tissue Such as a beating heart 10. As used 
in this document, the term “heart” may refer to the heart 
itself, as well as the heart in combination with one or more 
layers of tissue that are present on its exterior, such as the 
epicardium, pericardium, and/or fatty tissue. The control 
unit 8 is located outside of the body of the patient, and the 
interface extends through a port (not shown) in the chest of 
the patient. The control unit 8 is connected to the effector 4 
via one or more force and/or information transmission 
mechanisms, which are described in greater detail below. 
0038. The base 12 is substantially as described above. A 
tool 36 is connected to the base 12, where the tool 36 is an 
anastomosis tool 36. The anastomosis tool 36 may be any 
appropriate mechanism for deploying one or more anasto 
mosis devices. The anastomosis tool 36 may deploy a 
unitary anastomosis device, one or more clips, one or more 
Staples, a combination thereof, or a different type of anas 
tomosis device. Alternately, the anastomosis tool 36 is a 
Suturing mechanism or an assisted Suturing mechanism. The 
anastomosis tool 36 may be as described in U.S. patent 
application Ser. No. 10/151,441 filed on May 20, 2002, 
“System for Performing Anastomosis' and/or U.S. patent 
application Ser. No. 10/392,336 filed on Mar. 19, 2003, 
“System for Performing Anastomosis', both of which are 
hereby incorporated by reference in their entirety. However, 
a different anastomosis tool 36 may be utilized, if desired. 
The anastomosis tool 36 may be configured to hold and 
deploy at least one staple to connect a graft vessel to a target 
vessel. The staple or staples may be as described in U.S. 
patent application Ser. No. 10/309,519 filed on Dec. 4, 2002, 
“Anastomosis Staple,” which is hereby incorporated by 
reference in its entirety. Alternately, the anastomosis tool 36 
may be configured to deploy one or more clips to connect a 
graft vessel to a target vessel. As one example, such clips 
may be as described in U.S. Pat. No. 6,193,734 to Bolduc et. 
al. As another example. Such clips may be as described in 
U.S. Pat. No. 6,503.260 to Schaller et. al. Alternately, the 
anastomosis tool may be configured to deploy a unitary 
anastomosis device to connect a graft vessel to a target 
vessel. As one example, such a unitary anastomosis device 
may be as described in U.S. patent application Ser. No. 
10/057,795, “Integrated Anastomosis System, filed on Jan. 
7, 2002, which is hereby incorporated by reference in its 
entirety. As another example, Such a unitary anastomosis 
device may be as described in U.S. Pat. No. 5,695,504 to 
Gifford III et al. As another example, such a unitary 
anastomosis device may be as described in U.S. Pat. No. 
6,152.937 to Peterson et. al. As another example, such a 
unitary anastomosis device may be as described in U.S. Pat. 
No. 6,113,612 to Swanson et. al. As another example, such 
a unitary anastomosis device may be as described in U.S. 
Pat. No. 6.511,491 to Grudem et. al. As another example, 
Such a unitary anastomosis device may be as described in 
International Publication No. 00/56228 of Loshakoveet. al. 
As another example, Such a unitary anastomosis device may 
be as described in U.S. Pat. No. 6,251,116 to Shennib et. al. 
As another example, Such a unitary anastomosis device may 
be the Symmetry device of St. Jude Medical or the CorLink 
device of Johnson & Johnson. Alternately, the anastomosis 
tool may be configured to deploy a multi-piece anastomosis 
device to connect a graft vessel to a target vessel. As one 
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example, such a multi-piece anastomosis device may be as 
described in U.S. Pat. No. 6,352,543 to Cole. As another 
example, such a multi-piece anastomosis device may be as 
described in U.S. Patent Application Publication No. 2003/ 
0023252 of Whayne. As another example, such a multi 
piece anastomosis device may be as described in Interna 
tional Publication No. 02/30172 of Loshakoveet. al. 

0.039 For the purpose of illustrating the effector 4 and its 
operation, the anastomosis tool 36 described below is sub 
stantially as disclosed in U.S. patent application Ser. No. 
10/392,336, "System for Performing Anastomosis.” Such an 
anastomosis tool 36 includes an anvil 38 configured to 
penetrate the wall of a target vessel. Such as a coronary 
artery. 

0040. Referring also to FIG. 5, a cutter 40 is movable 
relative to the anvil 38. The cutter 40 translates along a 
channel 64 in the anvil 38. The cutter 40 includes a first 
incising element 66 at its distal end, and a second incising 
element 68 on its upper surface. For convenience, the 
direction Substantially perpendicular to the longitudinal cen 
terline of the anvil 38 toward the wall of the target vessel 
may be referred to as “upward, and the direction substan 
tially perpendicular to the longitudinal centerline of the anvil 
38 away from the wall of the target vessel may be referred 
to as “downward. However, the positioning of the anvil 38 
in use is not limited to an orientation in which these 
directions correspond to absolute directions measured rela 
tive to the ground. Similarly, for convenience, motion 
upward or downward may be referred to as “vertical 
motion, and motion Substantially parallel to the longitudinal 
centerline of the anvil arm 14 may be referred to as “hori 
Zontal' motion. The second incising element 68 may be 
spaced apart from and proximal to the first incising element 
66. Optionally, the second incising element 68 includes a 
proximally-facing cutting edge (not shown) to facilitate the 
creation of an arteriotomy in the wall of the target vessel. 
The anvil 38 may include an opening 48 at its distal end 
through which the first incising element 66 extends initially, 
in order to penetrate the wall of the target vessel. In addition, 
the anvil 38 includes an upper opening 76 in its upper 
surface 78 through which the second incising element 68 can 
be moved to create an arteriotomy in the wall of the target 
vessel. The arteriotomy is spaced apart from the location at 
which the anvil 38 penetrates the wall of the target vessel. 

0041 Referring also to FIG. 8, the distal portion of the 
anvil 38 includes an anvil arm 39 for insertion into the lumen 
of the target vessel. The cross-sectional area of the anvil arm 
39 is small enough such that withdrawal of the anvil arm 39 
from the wall of the target vessel substantially does not 
result in leakage through that wall. The distal tip of the anvil 
arm 39 may be sharp in order to facilitate penetration of the 
wall of the target vessel. Also, or instead, the cutter 40 has 
a sharp distal end 46, and the distal end of the anvil 39 has 
an aperture 41 therein that allows the distal end 46 of the 
cutter 40 to protrude outward through the aperture 41 and 
penetrate the wall of the target vessel. 

0.042 A stop 92 is located on the anvil 38, at the proximal 
end of the anvil arm 39. The stop 92 extends upward from 
the anvil 38 to increase its cross-sectional area, such that the 
anvil arm 39 substantially cannot penetrate the wall of the 
target vessel any further than the position defined by the stop 
92. The stop 92 is substantially blunt, such that its contact 
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with the wall of the target vessel is substantially atraumatic 
and Substantially does not increase the size of the incision 
made in the wall of the target vessel by the anvil arm 39. 

0043. The anvil 38 includes a widened segment 56 at its 
proximal end, which is wider than the anvil arm 39. Alter 
nately, the widened segment 56 is no wider than the anvil 
arm 39. The widened segment 56 may be open along at least 
a portion of its length. A driver 48 is configured to be 
positioned at least partly within the widened segment 56. 
Optionally, the driver 48 is held at least partly within a guide 
50 that also is located at least partly within the widened 
segment 56. The driver 48 is a threaded rod or screw; where 
the guide 50 is used, that guide 50 is threaded to match. 
Alternately, the driver 48 is unthreaded, and is configured to 
be urged relative to the anvil 38 under the influence of 
compressed gas or vacuum, or by a different force. The 
driver 48 may be made of any appropriate material. 

0044) A drive shaft 52 is connected to the proximal end 
of the driver 48. As one example, the drive shaft 52 may be 
a thin-walled tube formed of polyetheretherketone (PEEK) 
plastic or other Suitable material, which is connected at one 
end to a portion of the proximal end of the driver 48 and at 
the other end to the control unit 8. When the drive shaft 52 
rotates, it causes the threaded driver 48 to rotate as well. This 
rotation of the threaded driver 48 advances it relative to the 
correspondingly-threaded guide 50. Alternately, the drive 
shaft 52 is a tube that transmits compressed gas or vacuum 
to the driver 48. Alternately, the drive shaft 52 transmits 
force to the driver 48 in a different way. 

0045 An interface 47 is connected to or formed into the 
cutter 40 at its proximal end. Alternately, the interface 47 is 
positioned at a different location on the cutter 40. The 
interface 47 is shown connected to the upper portion of the 
proximal end of the cutter 40, but could be located to the 
lower portion or on either side of the proximal end of the 
cutter 40 instead. The interface 47 is configured to engage 
the driver 48. As one example, the driver 48 may be a 
threaded rod or screw, and the interface 47 includes a 
correspondingly-threaded opening therein. The opening may 
extend completely through the interface 47. As another 
example, both the driver 48 and the interface 47 are 
unthreaded, and the driver 48 is urged relative to the 
interface 47 under the influence of compressed gas or 
vacuum, or by a different force. Both the interface 47 and the 
driver 48 may be made of any appropriate material. 

0046) The cutter 40 may be biased downward, such as by 
a spring 58 held in place by a bracket 62. The spring 58 may 
be connected to the bracket 62. The spring 58 is configured 
to exert a downward force on the cutter 40. That is, the 
spring 58 is in compression, such that it biases the cutter 40 
downward. This biasing is performed during Substantially 
all of the travel of the cutter 40. Alternately, the cutter 40 is 
only biased downward during a portion of the travel of the 
cutter 40. Alternately, the cutter 40 may be biased upward. 

0047 The anastomosis tool 36 also includes a staple 
holder 18. The staple holder 18 is moveable relative to the 
anvil 38, between an open position and a closed position. 
The staple holder 18 is configured to hold staples (not 
shown). For the purpose of describing the operation of the 
effector 4, the staples are substantially as disclosed in U.S. 
patent application Ser. No. 10/309,519 filed on Dec. 4, 2002, 
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“Anastomosis Staple.” The staple holder 18 is operationally 
connected to the control unit 8 non-rigidly, Such as by a 
cable 70. 

0.048. The anastomosis tool 36 is connected to a mount 30 
to form an assembly 28. The mount 30 may include two 
spaced-apart members 31 connected at their proximal ends 
to a cross member 33, forming an open-ended configuration. 
The cross member 33 may be at a substantially right angle 
to at least one of the members 31, or may be oriented at a 
different angle to at least one of the members 31. The mount 
30 may be a unitary structure, wherein the members 31 and 
cross member 33 form an integral unit. The members 31 and 
the cross member 33 all lie in substantially the same plane. 
Alternately, the members 31 and the cross member 33 do not 
all lie in substantially the same plane. The mount 30 may be 
constructed from stainless steel or other suitable biocom 
patible material or materials. 

0049. The tool 36 may be connected to the mount 30 via 
an interface mechanism 32. The interface mechanism 32 is 
compliant, and may be a spring, such as a leaf spring, or 
other mechanism that is at least partially elastic or flexible. 
Alternately, the interface mechanism 32 may be substan 
tially rigid. Alternately, the interface mechanism 32 may 
include additional parts, structures or mechanisms to con 
nect the tool 36 to the mount 30 in an appropriate manner. 
The interface mechanism 32 structure may be movable 
relative to the mount 30. Where the interface mechanism 32 
is moveable substantially linearly relative to the mount 30, 
the compliance of the interface mechanism 32 may be lower 
in the linear direction of motion and higher in a direction 
perpendicular to or otherwise angled away from the linear 
direction of motion. 

0050 Referring also to FIG. 6, an exemplary embodi 
ment of an interface structure 32 utilized with an anasto 
mosis tool 36 is shown. The interface structure 32 is a leaf 
spring, advantageously is composed of nickel-titanium alloy 
or other Superelastic alloy, at least in part. Alternately, the 
interface structure 32 is constructed from stainless steel or 
other Suitable biocompatible material having an appropriate 
spring constant. The interface structure 32 includes two arms 
96. Alternately, the interface structure 32 includes one arm 
96, or more than two arms 96. A proximal segment 102 of 
the leaf spring 32 connects the arms 96 to one another. 
Advantageously, the leaf spring 32 is unitary, with the arms 
96 and the proximal segment 102 being components thereof. 
A tab 98 extends proximally from the proximal segment 102. 
at approximately the center of the proximal segment 102. 
The tab 98 may be positioned differently relative to the 
proximal segment 102, if desired. In addition, at least one 
tongue 100 may extend distally from the proximal segment 
102 of the interface structure 32. Referring also to FIG. 10, 
the tongue or tongues 100 may engage the Staple holder 18 
(not shown) and bias it to an open position relative to the 
anvil 38. The tongue or tongues 100 of the leaf spring 32 
may be connected in any appropriate manner to the anasto 
mosis tool 36, such as by welding, adhesive, connectors, or 
any other or additional structure, mechanism or method. 
Alternately, the anastomosis tool 36 is connected also, or 
instead, to a different part of the leaf spring 32. 

0051. At least one arm 96 of the interface structure 32 has 
a distal end 94 that is oriented substantially laterally and 
connected to a corresponding slider 34. The connection 
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between the distal end 94 of an arm 96 and the slider 34 may 
be accomplished with any appropriate structure, mechanism 
or method. For example, the distal end 94 of an arm 96 may 
be pressure-fit into a slot (not shown) on a side of the 
corresponding slider 34; welded to the corresponding slider 
34; attached with adhesive to the corresponding slider 34, or 
otherwise connected thereto. Alternately, a different part of 
each arm 96 is connected to a corresponding slider 34, or the 
distal end 94 of at least one arm 96 is configured differently 
and attached to the corresponding slider 34. 
0052 An actuator 44 may extend into each passage 35 
within the mount 30. Each actuator 44 may be connected to 
the corresponding slider 34, directly or operatively, in any 
appropriate manner. Each actuator 44 may be any Suitable 
mechanism or structure for transmitting force. As an 
example, each actuator 44 may be a threaded drive screw. A 
portion of each slider 34 may include a threaded surface 37. 
A portion of the Surface of at least one passage 35 instead, 
or additionally, may include a threaded Surface. Each 
threaded surface 37 is shaped and threaded to match the size, 
shape and threading of the corresponding actuator 44. Rota 
tion of the actuator 44 causes the corresponding slider 34 to 
move proximally or distally, depending on the direction of 
rotation of the actuator 44. This motion may be caused by 
direct engagement between the actuator 44 and a threaded 
surface 37 of the corresponding slider 34. Alternately, where 
the passage 35 is threaded at least partially, the distal end of 
the actuator 44 may press the corresponding slider 34 
distally as the actuator 44 advances. 
0053 A flexible drive shaft 45 is connected to the proxi 
mal end of each actuator 44. As one example, at least one 
drive shaft 45 may be a thin-walled tube formed of PEEK 
plastic or other Suitable material, which is connected at one 
end to a portion of the proximal end of the corresponding 
actuator 44 and at the other end to the control unit 8. When 
the drive shaft 45 rotates, it causes the corresponding 
threaded actuator 44 to rotate as well. This rotation of the 
threaded actuator 44 advances it relative to the correspond 
ingly-threaded passage 35 in the corresponding member 31. 
Alternately, the drive shaft 45 is a tube that transmits 
compressed gas or vacuum to the actuator 44. Alternately, 
the drive shaft 45 transmits force to the actuator 44 in a 
different way. Alternately, a single drive shaft 45 engages all 
of the actuators 44. Such as by a gear assembly (not shown). 
0054 Optionally, a ledge 43 extends distally from the 
cross member 33 of the mount 30. The ledge 43 may be 
formed into the cross member 33, or connected to the cross 
member 33, such as by welding, adhesive, one or more 
fasteners, or any other appropriate structure, mechanism or 
method. For example, a bracket 42 may include the ledge 43, 
where the bracket 42 is attached to the cross member 33. 

0055. The mount 30 may be connected to the base 12 in 
any appropriate manner. Referring to FIG. 7, an exemplary 
connection between the mount 30 and the base 12 is shown. 
Three posts 102 extend downward from the mount 30. A ball 
104 is formed into or connected to the bottom of each post 
102. A receiver 106 corresponds to each post 102, and is 
configured to receive the ball 104 of the corresponding post 
102. Each receiver 106 is connected to the base, such as by 
adhesive, welding, one or more fasteners, or any other 
appropriate mechanism, structure or method. 
0056. Each ball 104 is free to rotate relative to the 
corresponding receiver 106. Thus, each post 102 is free to 



US 2008/0015638 A1 

pivot relative to the corresponding receiver 106, limited by 
contact between the post 102 and the opening 108 at the top 
of the receiver 106 through which the post 102 extends. The 
three balls 104 define a plane, relative to which the base 12 
can curve. Alternately, more or fewer than three balls 104 
and posts 102 are utilized. Alternately, the posts 102 extend 
upward from the base 12, and the receivers 106 are con 
nected to the mount 30. 

0057 Optionally, the mount 30 is instead connected to 
the base 12 via a stage (not shown) or other mechanism that 
is movable relative to the base 12. The stage may be 
configured to move with one or more degrees of freedom 
relative to the base 12 to provide more controllability of the 
orientation of the mount 30 relative to the base 12. Alter 
nately, the mount 30 is rigidly connected to the base 12. 

0.058 Optionally, the anvil 38 and/or the anastomosis tool 
36 or other tool 36 may be steerable. Referring to FIG.9, an 
anvil control 112 is shown. The anvil control 112 may be a 
part of the control unit 8, or may be separate from the control 
unit 8. The anvil control 112 includes a base 114 from which 
a pylon 116 extends substantially upward. The base 114 may 
be substantially disc-shaped, and the pylon 116 may be 
substantially cylindrical. However, the base 114 and/or 
pylon 116 may be shaped differently. The pylon 116 is 
substantially centered on the base 114, but may be posi 
tioned differently relative to the base 114. Alternately, the 
base 114 is not a separate component, but instead is a portion 
of the control unit 8. 

0059) A pedestal 118 is connected to the top of the pylon 
116 in such a manner that it can bend relative to the 
longitudinal centerline of the pylon 116. For example, the 
pedestal 118 may be connected to the pylon 116 via a 
flexible shaft 120. As another example, the pedestal 118 may 
be gimbaled relative to the pylon 116. The pedestal 118 may 
include one or more notches 122 along its perimeter. A 
joystick 124 is connected to the pedestal 118, such as 
through a joystick base 126. The joystick base 126 may be 
positioned immediately adjacent to the pedestal 118, or 
spaced apart from the pedestal 118 and connected thereto via 
a post or other intermediate structure. The joystick 124 is 
connected to the pedestal 118 in such a way that the joystick 
124 and the pylon 116 substantially share a longitudinal 
centerline. Alternately, the joystick 124 may be offset from 
the pylon 116. The joystick base 126 may include one or 
more notches 128 along its perimeter. A shell 130, shown in 
FIG. 9 with phantom lines, is cylindrical, with a cavity at its 
center. The shell 130 is connected to the base 114 such that 
the pylon 116 extends into the cavity of the shell 130. The 
shell 130 includes one or more passages 132 longitudinally 
therethrough, extending Substantially parallel to the longi 
tudinal centerline of the pylon 116. Alternately, the passages 
132 are oriented differently. Alternately, the shell 130 is 
configured differently. 

0060. At least one cable 134 extends through each pas 
sage 132 in the shell. Each cable 134 may be made of 
stainless steel or any other appropriate material. Each cable 
134 is connected to the joystick 124 directly or indirectly. 
For example, each cable 134 extends through the corre 
sponding passage 132, out of the proximal end of the 
passage 132, then radially toward the joystick base 126. At 
the joystick base 126, each cable 134 then passes through a 
notch 128 therein, which is narrow enough to hold the cable 
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134 firmly therein. Each cable 134 then extends distally 
through a notch 122 in the pedestal 118, and is anchored to 
the pedestal 118 by any appropriate structure, mechanism or 
method. For example, a bead (not shown) or similar struc 
ture may be fixed to the cable 134, where the bead is larger 
than the notch 122 in the pedestal 118, such that the bead 
cannot be pulled through the notch122. As another example, 
each cable 134 may be fixed to the pedestal, such as by 
welding, Soldering or adhesive. Any other structure, mecha 
nism or method may be used to connect each cable 134 to 
the pedestal 118. 
0061 The anvil control 112 is part of the control unit 8 or 
otherwise configured Such that it is spaced apart from the 
effector 4. Each cable 134 extends from the anvil control 112 
to the effector 4. Referring also to FIG. 10, the anvil 38 is 
connected to a bracket 136, which in turn is connected to the 
interface mechanism 32. An interface ring 138 is connected 
to the bracket 136 by a ball joint 140, and the anvil 38 is 
connected to the interface ring 138. The interface ring 138 
may be shaped differently, if desired. The interface ring 138 
includes one or more apertures 142 therein, where the 
number of apertures 142 is equal to the number of cables 
134. Each cable 134 passes through the corresponding 
aperture 142 and is then anchored to the interface ring 142 
by any appropriate structure, mechanism or method. Alter 
nately, the apertures 142 are not used, and the cables 134 are 
connected to the interface ring 138 differently. Alternately, 
the numbers of apertures 142 and cables 134 may be 
different. 

0062) The apertures 142 are advantageously spaced sub 
stantially evenly about the interface ring 138. The notches 
128 are spaced substantially evenly about the joystick base 
126, in a similar manner to the spacing of the apertures 142 
about the interface ring 138. As the joystick 124 is moved 
through a range of motion that is substantially conical, the 
cables 134 connected to the joystick base 126 are selectively 
tensioned and loosened. This tensioning and loosening of 
selected cables 134 transmits force to the interface ring 138. 
This force moves the interface ring 138, and thus moves the 
anvil 38 to a position analogous to that of the joystick 124. 
In this way, the anvil 38 is steerable by the anvil control 112. 
In this embodiment, where the anvil 38 is connected to the 
mount 30, the staple holder 37 may be connected to the anvil 
38, or may be separated completely from the anvil 38. 
0063 Referring also to FIG. 11, an exemplary control 
unit 8 is shown. The control unit 8 described here is 
mechanical. However, the control unit 8 may control the 
effector 4 via electromechanical actuation, by hardware 
and/or Software control of motors and/or other components, 
by controlling the pressure and flow of a fluid such as carbon 
dioxide gas, by a combination of these methods, or by a 
different method. Further, the control unit 8 may include 
more, fewer or different controls than described below, 
where those controls may be configured to perform func 
tions other than those described below. For example, the 
knobs described below may be any other appropriate control 
mechanisms. Referring also to FIG. 1, the control unit 8 
includes a first knob 144 operationally connected to the 
effector 4 via a cable 70. The first knob 144 is configured to 
close the anastomosis tool 36 after the anvil 38 has entered 
the lumen of a target vessel. The anastomosis tool 36 may be 
closed by applying tension to a cable 70, where that cable 70 
is routed through the anastomosis tool 36 in Such a manner 
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that the tension causes the anastomosis tool 36 to close. The 
control unit 8 also includes a second knob 146 operationally 
connected to the effector 4 via the drive shaft 52, which 
extends from the effector 4 to the control unit 8. The second 
knob 146 is configured to rotate the drive shaft 52 as the 
second knob 146 is rotated, thereby causing the retraction of 
the cutter 40 after the anvil 38 has entered the lumen of the 
target vessel. The control unit 8 includes a third knob 148 
that is operationally connected to the effector 4 via a cable 
70. The third knob 148 is configured to deploy connectors 
from the staple holder 18 after the anastomosis tool 36 has 
been closed. The connectors may be deployed by applying 
tension to a cable 70, where that cable 70 is routed into the 
anastomosis tool in Such a manner that the tension causes 
connectors to deploy. The control unit 8 includes a fourth 
knob 150 that is operationally connected to the effector 4 via 
a drive shaft 52, which extends from the effector 4 to the 
control unit. The fourth knob 150 is configured to advance 
the interface mechanism 32 for insertion of the anvil 38 into 
a target vessel. The fourth knob 150 does so by rotating the 
drive shaft or shafts 45, which in turn advances the drive 
screws 44 as described above. The control unit 8 also 
includes one or more switches 152 configured to control the 
vacuum applied to the base 12. One or more vacuum hoses 
71 extend from the control unit 8 to the base 12, and the 
switches 152 are configured to apply vacuum to the base 12 
when they are in the open position. The switches 152 may 
have multiple toggle positions, or may be dials or other 
controls, such that the amount of vacuum applied can be 
controlled. The control unit 8 itself is connected to a vacuum 
Source. Such as a vacuum connector provided at a hospital 
operating room, or a vacuum tank, such that the control unit 
8 is able to provide vacuum through the one or more vacuum 
hoses 71. The control unit 8 also includes a joystick 112, 
configured Substantially as described above. 
0064. A sheath (not shown) or other structure may collect 
one or more cables, drive tubes, vacuum hoses and/or wires 
extending between the effector 4 and the control unit 8, in 
order to prevent external interference with them, ease inser 
tion through the port in the patient, facilitate the Surgical 
procedure, and improve the aesthetics of the Surgical system 
2. As an example of the sheath, it may be a flexible tube 
having one or more lumens extending therethrough, wherein 
each lumen is configured to receive one or more items 
extending between the effector 4 and the control unit 8. 
0065. An example of the operation of the surgical system 
2 will now be described. This example is given in the context 
of a CABG procedure performed on a beating heart. How 
ever, the surgical system 2 may be used to perform a CABG 
procedure on a stopped heart instead. Further, the Surgical 
system 2 can be used to perform Surgical procedures on 
other organs, and is not limited to the performance of 
anastomosis, much less a CABG procedure. The sequence of 
events in the example below is purely exemplary, and may 
be varied at the discretion of the surgeon. The use of the 
Surgical system 2 does not require delivery of any medical 
device or tool to the surgical site by a catheter-based delivery 
system or instrument. That is, no femoral access is required 
for the use of the surgical system 2. However, a catheter 
based delivery system or instrument may be used in con 
junction with the Surgical system 2 if desired. 
0.066 Initially, at least one incision is made in the chest 
of a patient between two adjacent ribs, such that an inter 
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costal approach to the heart may be taken. This incision may 
be referred to as a port. Alternately, at least one incision is 
made at a different location on the patient. For example, at 
least one incision may be made below the rib cage of the 
patient, such that a Sub-Xyphoid approach to the heart may 
be taken. Advantageously, only a single incision is made in 
the patient, because a separate incision is not needed for an 
endoscope or other sensor to be inserted into the patient; 
rather, the sensor 21 is attached to the effector 4 which will 
be inserted through the single incision. 

0067. The surgeon then makes an incision in the pericar 
dium. The tools and procedures for Such an incision are 
standard. The patient then may be oriented appropriately for 
the intended anastomosis site. Such orientation may include 
rolling the patient onto his or her side for better access to the 
heart. By doing so, the heart naturally moves partially 
through the incision in the pericardium, facilitating access. 
For example, if the anastomosis is to be performed on the 
left side of the heart, the patient may be rolled onto his or her 
right side; if the anastomosis is to be performed on the right 
side or back of the heart, the patient may be rolled onto his 
or her left side. 

0068 A measurement device is then inserted through the 
incision and utilized to measure a graft length between the 
aorta or other source vessel and the coronary artery having 
a blockage to be bypassed, while the heart is beating. The 
measurement device may be a clip that is temporarily 
attached to the aorta, with a flexible tail attached thereto that 
is moved to the coronary artery to determine the distance 
that will be traversed by a graft vessel. Such a measurement 
device may be substantially as described in U.S. patent 
application Ser. No. 10/041,542, filed on Jan. 7, 2002, which 
is hereby incorporated by reference in its entirety. Any other 
measurement device may be utilized, if desired. Optionally, 
the Surgeon need not physically measure the graft length at 
all, and instead estimates the length using X-rays, angio 
grams, visual inspection of the chest cavity, and his or her 
judgment and experience. The coronary artery that is treated 
with the surgical system 2 may be the left anterior descend 
ing (LAD) artery or any other coronary artery that can be 
reached through the approach chosen by the Surgeon. 

0069. Next, a graft vessel is harvested from the patient. 
The graft vessel may be a saphenous vein, radial artery, or 
any other appropriate graft vessel. The selection and harvest 
of a graft vessel is well-known to those skill in the art. The 
graft vessel is then cut to the graft length determined above. 
Optionally, a graft vessel is not harvested at all. Rather, a 
mammary artery is taken down, meaning that one end of a 
mammary artery is cut and clamped, and the other end of the 
mammary artery is left in place. The use of the mammary 
artery simplifies the CABG procedure, because the graft 
vessel only needs to be connected to the coronary artery, 
rather than to the coronary artery and the aorta or other 
source of blood. 

0070 The graft vessel is then prepared for anastomosis. 
This preparation may take place inside the chest cavity, 
outside the chest cavity, or both. As an example of prepa 
ration, one or more flaps are incised in an end of the graft 
vessel, and those flaps are then connected to the staple 
holder 18. The connection between the graft vessel and the 
staple holder 18 is substantially as described in U.S. patent 
application Ser. No. 10/392,336. The graft vessel may be 
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prepared for anastomosis in any other appropriate way, if 
desired. Further, where the graft vessel is not already 
attached to the patient at one end (e.g., a mammary artery), 
the other end of the graft vessel also can be prepared for 
anastomosis to the aorta or other blood source. 

0071. One of the lungs of the patient may then be 
deflated, if it has not been deflated already. By deflating one 
of the lungs, additional working space within the chest 
cavity is created. The choice of lung for deflation depends on 
the side of the heart on which the anastomosis is to be 
performed. For example, where the anastomosis is to be 
performed on the left side of the heart, the left lung is 
deflated. Where the anastomosis is to be performed on the 
right side of the heart, the right lung is deflated. 
0072 Optionally, the surface of the deflated lung may be 
used as a working Surface. That is, a portion of the graft 
vessel, or the effector 4 or one or more tools used to prepare 
the graft vessel and/or connect it to a target vessel, may be 
rested temporarily on the Surface of the lung during the 
CABG procedure. A protective element such as a plastic 
sheet may be placed between the deflated lung and any items 
rested on the lung. 
0.073 Optionally, a parameter indicative of pressure in at 
least one lung may be sensed and utilized to control inflation 
of at least one lung. For example, at least one pressure sensor 
(not shown) may be located in a portion of a bifurcated tube 
(not shown) introduced into the bronchial passages of the 
patient. Alternately, two separate tubes are utilized, one for 
each bronchial passage; if so, two separate pressure sensors 
may be used, one for each tube. The pressure sensor may be 
connected to the control unit 8 via a wire, a wireless 
connection, or other structure, mechanism or method. Alter 
nately, the pressure sensor is connected to a mechanism or 
monitoring device other than the control unit 8. If the 
pressure changes unexpectedly, the Surgeon oranesthesiolo 
gist can react to this change and change the ventilation of the 
patient to prevent over- or under-inflation. The connection 
between the pressure sensor and the control unit 8 or other 
mechanism or monitoring device may allow for an auto 
mated change of the ventilation of the patient, if desired. As 
a result, unexpected motion of the lung and/or heart can be 
reduced or eliminated. 

0074 Optionally, the epicardium is dissected at the 
intended anastomosis site, through the incision in the 
patient. Such dissection is performed in approximately 30% 
of all CABG patients, due to the amount of fatty tissue or 
other tissue present on the exterior of the heart at the 
anastomosis site. The epicardial dissection procedure is 
well-known to those skilled in the art. Such dissection may 
be performed manually, or with a dissection tool (not shown) 
that is included in the effector 4. Alternately, a second 
effector 4 is provided, where the tool 36 is a dissection tool. 
That effector 4 is placed on the heart and actuated in a 
similar manner to that described below for the actuation of 
the anastomosis tool 36. 

0075) Next, the effector 4 is inserted through the incision 
in the patient. This insertion may be performed by hand, 
with a forceps, or with any other appropriate tool or in any 
other appropriate way. The base 12 of the effector 4 is placed 
in contact with the exterior of the heart. The surgeon 
positions the effector 4 in proximity to a coronary artery, and 
in proximity to the location where the anastomosis between 
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the graft vessel and the coronary artery is to be performed. 
The coronary artery is referred to as the target vessel with 
regard to anastomosis. 

0076. The base 12 is connected to and rides on the 
exterior of the beating heart, without substantially restricting 
the motion of the beating heart. That is, the connection of the 
base 12 to the exterior of the heart is such that the motion of 
the heart is substantially unrestricted by the base 12. Further, 
the shape of the heart and the rate and volume of blood flow 
through the heart are substantially unaffected by the con 
nection of the base 12 to the exterior of the heart. The patient 
is stationary on a Substantially fixed operating table, gurney 
or similar structure or mechanism; the base 12 is free to 
move relative to that operating table or other structure. 

0077. When the base 12 is in contact with moving tissue, 
such as the surface of the beating heart, the base 12 moves 
along with that tissue. The sensor 21 is substantially fixed 
relative to the base 12, regardless of whether the sensor 21 
is connected directly to the base 12 or whether the sensor 
mount 22 is used. Because the sensor 21 is substantially 
fixed relative to the base 12, the sensor 21 also moves along 
with that tissue. Thus, as the tissue moves and the base 12 
and sensor 21 move along with it, the sensor 21 maintains 
a Substantially fixed distance from the tissue, and a substan 
tially fixed orientation relative to that tissue. As a result, the 
view of the surgical field from the sensor 21 remains 
Substantially steady and motionless. Producing a steady 
view of the Surgical field from the sensor 21 while the sensor 
21 and base 12 move with moving tissue may be referred to 
as “virtual stabilization.” Where the sensor 21 is an imaging 
sensor, the visible image of the Surgical field remains 
substantially steady. That is, by substantially fixing the 
distance between the sensor 21 and moving tissue such as 
the exterior of the heart, and by placing the base 12 on a 
specific location on the moving tissue in Such a manner as 
allows the tissue to move freely, virtual stabilization of the 
image data obtained by that sensor is obtained without the 
need to resort to expensive and complex computer-based or 
mechanical motion compensation. Further, the moving tis 
Sue need not be immobilized to obtain virtual stabilization. 

0078 Positioning the effector 4 relative to the coronary 
artery may be performed in any appropriate manner. As one 
example, the Surgeon first coarsely positions the effector 4 
relative to the coronary artery, then finely positions the 
effector 4 relative to the coronary artery. Coarse positioning 
refers to gross positioning of the effector 4 relative to the 
coronary artery, and fine positioning refers to detailed posi 
tioning of the anastomosis tool 36 relative to the coronary 
artery. At the end of the coarse positioning, the contact 
elements 14 may straddle the coronary artery to be acted 
upon by the effector. Vacuum may be applied to the exterior 
of the heart through the base 12 before coarse positioning, 
or between coarse positioning and fine positioning. 
0079. As an example of coarse positioning, the surgeon 
moves the effector 4 with forceps along the exterior of the 
heart. The surgeon then actuates one or both of the switches 
152 on the control unit 8, thereby applying vacuum to the 
exterior of the heart via the base 12. Alternately, one or both 
of the switches 152 are actuated before the effector 4 is 
placed on the exterior of the heart, and the amount of 
vacuum applied through the base 12 is controlled to a first 
level. At this first level of vacuum, the base 12 can be moved 
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or slid along the exterior of the heart, while still being held 
to the exterior of the heart. The base 12 is moved to the 
desired position, in which the contact elements 14 straddle 
the coronary artery, in proximity to the anastomosis site. 
When the base 12 reaches the desired position, the amount 
of vacuum applied through the base 12 is controlled to a 
second level, which is greater than the first level. The base 
12 is then securely affixed to the exterior of the heart. 
0080. The surgeon may use the display 11 to view the 
exterior of the heart via the sensor 21 and determine whether 
the base 12 is in the desired position relative to the coronary 
artery. By using the display, rather than a direct view of the 
anastomosis site, the incision in the patient may be made as 
Small as possible; it does not need to be large enough to 
allow visual observation of the anastomosis site. 

0081. The surgeon also uses the display 11 to perform 
fine positioning of the anastomosis tool 36. As an example 
of fine positioning, the anvil 38 is steerable relative to the 
remainder of the effector 4, as described above. The surgeon 
views the surgical field on the display 11 and moves the 
joystick 112 to steer the anvil 38 to a position in which it is 
substantially parallel to a portion of the coronary artery. The 
surgeon then releases the joystick 112, leaving the anvil 38 
in place. Optionally, a lock or clamp (not shown) is actuated 
from the control unit 8, locking the cables 134 into place and 
providing positive confirmation that the anvil 38 will not 
move relative to the mount 30 after it has been finely 
positioned. 

0082 The coarse and fine positioning described above is 
merely exemplary. Such positioning could be performed in 
a different way. For example, a coarse positioning mecha 
nism and a fine positioning mechanism may be provided, 
where those mechanisms are connected to one another in 
series or in parallel. As another example, a coarse position 
ing mechanism and a fine positioning mechanism may be 
provided independently from one another. Optionally, 
coarse and fine positioning are combined into a single step 
and/or a single mechanism for positioning the anastomosis 
tool. 

0083. After fine positioning is completed, the anvil is 
positioned close to and oriented Substantially parallel to a 
portion of the coronary artery. Further, the effector 4 is 
moving along with the motion of the heart. 
0084 With the anvil 38 properly positioned, the anasto 
mosis procedure can begin. The Surgeon actuates the fourth 
knob 150, thereby actuating the drive screws 44 and urging 
them distally. As described above, this motion of the drive 
screws 44 urges the interface mechanism 32 distally, such as 
by interacting with threads on corresponding sliders 34. The 
tab 98 of the interface mechanism 32 initially is in contact 
with the ledge 43 of the mount 30. Where the interface 
mechanism 32 is a spring, it is in compression initially; the 
contact between the tab 98 and the ledge 43 prevents the 
interface mechanism 32 from moving downward. As the 
interface mechanism 32 moves distally, the tab 98 moves out 
of contact with the ledge 43. At that time, the interface 
mechanism 32 is released from compression and moves 
downward and distally. The motion of the interface mecha 
nism 32 is controlled by selecting its shape and the amount 
of compression applied to it. Motion of the interface mecha 
nism impels the distal end of the anvil 38 through the wall 
of the coronary artery and into the lumen of the coronary 
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artery. Optionally, the cutter 40 is initially in a distally 
extended position such that the first incising element 66 
contacts the wall of the coronary artery first and facilitates 
entry of the anvil 38 into the tissue of the wall of the 
coronary artery. Alternately, the anvil38 is made to penetrate 
the wall of the coronary artery in a different way. For 
example, the anvil 38 may be rested gently on the surface of 
the coronary artery, and the interface structure 32 is gradu 
ally moved relative to the coronary artery until the force 
exerted on the anvil 38 is substantially equal to the force 
required to penetrate the coronary artery. At that point, the 
anvil 38 penetrates the wall of the coronary artery and enters 
the lumen of that coronary artery. 
0085. At this point, a portion of the anvil 38 is present in 
the lumen of the coronary artery. Optionally, the Surgeon 
may retract the cutter 40 a small amount to protect the wall 
of the target vessel by withdrawing the first incising element 
66 into the anvil 38. This retraction is performed by actu 
ating the second knob 146. The Surgeon then closes the 
anastomosis tool by actuating the first knob 144. The staple 
holder 18 thus presses the flap or flaps at the end of the graft 
vessel against the side of the coronary artery. Next, the 
Surgeon actuates the third knob 148 to deploy connectors 
from the staple holder 18 through the flap or flaps of the graft 
vessel and into the wall of the coronary artery, securing the 
graft vessel to the coronary artery. The Surgeon then actuates 
the second knob 146 to rotate the drive shaft 52 and cause 
the retraction of the cutter 40 after the anvil 38 has entered 
the lumen of the target vessel. As the cutter 40 moves 
proximally, the second incising element 68 moves upward, 
above the upper surface 50 of the anvil 38, and creates an 
arteriotomy in the wall of the coronary artery, within the 
perimeter of the end of the graft vessel. Where the second 
incising element 68 has a proximally-facing cutting edge, 
that edge facilitates the creation of the arteriotomy as the 
second incising element 28 moves proximally. As a result, 
blood can flow between the graft vessel and the coronary 
artery. Alternately, the incision in the wall of the coronary 
artery is made prior to or during the deployment of connec 
tors from the staple holder 18. The anastomosis between the 
graft vessel and the coronary artery is now complete. 

0086 Vacuum is released from the base 12 by actuating 
the switch or switches 152, and forceps or another tool or 
tools are used to move the effector 4 away from the heart. 
The effector 4 is moved in such a way that the anvil 38 is slid 
outward from the coronary artery. As described above, the 
cross-section of the anvil 38 is small enough that the hole in 
the coronary artery through which the anvil 38 is removed 
is self-sealing. The surgeon then removes the effector 4 from 
the patient. If the proximal anastomosis has not yet been 
performed, and one is required, the Surgeon can then per 
form that procedure. 
0087 Optionally, the effector 4 can be utilized in con 
junction with a Surgical robot, Such as the da Vinci Surgical 
robot of Intuitive Surgical, Inc. or the Zeus surgical robot of 
Computer Motion. If so, the effector 4 may be connected to 
an arm or an end effector of the Surgical robot, or may be 
placed on tissue Such as the exterior of the heart by a gripper 
or similar end effector of the Surgical robot. Advantageously, 
the effector 4 is not rigidly connected to the Surgical robot, 
such that the heart is allowed to move freely during the 
anastomosis procedure, and the data from the sensor 21 is 
virtually stabilized as described above. In this way, special 
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motion compensation for the manipulators and/or robotic 
arms is not needed, and the complexity of the manipulators 
may be reduced. Optionally, the base 12 is not utilized, and 
the Surgical robot may utilize active stabilization to position 
the anastomosis tool at the desired position relative to the 
heart. The surgical robot may be configured to perform the 
control functions that otherwise would have been performed 
by the control unit 8, such that the control unit 8 can be 
omitted as a separate mechanism. 
0088 Alternately, referring to FIG. 1, the base 14 is a 
standard stabilizer, Such as disclosed in, for example, U.S. 
Pat. No. 5,727,569 to Benetti et al., U.S. Pat. No. 5,894.843 
to Benetti et. al., and U.S. Pat. No. 6,511,416 to Green II et. 
al., all of which are hereby incorporated by reference in their 
entirety. For clarity and brevity, only the primary differences 
between the structure and method of use of this alternate 
embodiment and the embodiment described above are set 
forth here. A standard stabilizer 14 is at least partially rigid 
and is Substantially rigidly connected to a retractor or other 
structure or mechanism substantially fixed relative to the 
patient. For example, the stabilizer 14 may be formed from 
stainless steel. Vacuum may or may not be applied to tissue 
through the stabilizer 14. If not, the chambers 24 described 
above may be omitted. Referring also to FIG. 12, the 
standard configuration of the stabilizer 14 includes two 
spaced-apart arms 13 connected Substantially rigidly to a 
standard Surgical retractor (not shown) Substantially fixed 
relative to the patient, or connected rigidly to a different 
structure fixed relative to the patient. An arm 15 connects the 
stabilizer 14 to the retractor or other structure, where the arm 
15 is rigid or is selectively changeable between a non-rigid 
configuration and a rigid configuration. For clarity, the 
control unit 8, and the connections between the effector 4 
and the control unit 8, are omitted from FIG. 12. 

0089. The stabilizer 14 does not move along with the 
tissue that it contacts or allow substantially unrestricted 
motion of that tissue. Instead, the stabilizer 14 presses down 
on the tissue, or lifts up a portion of the tissue, Substantially 
immobilizing the tissue that contacts the arms 13 of the 
stabilizer 14. This immobilization occurs because the stabi 
lizer 14 is rigidly connected to a fixed object. However, the 
tissue located between the arms 13 is not immobilized; 
rather, it is still able to move, albeit to a lesser degree than 
before contact between the adjacent tissue and the stabilizer 
14. For example, where the tissue is heart tissue, and the 
heart is beating, the beating of the heart against the stabilizer 
14 causes tissue to alternately bulge into and move out of 
and move laterally within, the space between the arms 13 of 
the stabilizer 14. 

0090. A suspension 160 connects the tool 36 to the 
stabilizer 14. The suspension 160 allows the tool 36 to move 
relative to the stabilizer 14, such that it can float relative to 
the stabilizer 14. In this way, the tool 36 can engage tissue 
between the arms 13 of the stabilizer 14, or otherwise in 
proximity to the stabilizer 14, and move along with that 
tissue, as described in greater detail below. The Suspension 
160 may be any mechanism or structure configured to allow 
motion of the tool 36 relative to the stabilizer 14. The 
Suspension 160 may be passive or active. A passive Suspen 
sion 160 may include at least one spring, such as one or more 
leaf springs, one or more coil springs, a combination thereof, 
or other flexible or compliant mechanisms or structures 
alone or in combination. An active Suspension 160 may be 

Jan. 17, 2008 

connected to the control unit 8, and may include a motor, a 
drive unit, and/or any mechanism or structure for receiving 
energy, force and/or control input. At least one sensor 21 
may be connected to the stabilizer 14, the tool 36, or both. 

0091. The tool 36 may be movable relative to the stabi 
lizer 14 in at least one of three ways. First, at least a portion 
of the tool 36 is movable in the vertical direction relative to 
the stabilizer 14, due to the presence of the suspension 160. 
In this way, after the anvil 38 has entered the lumen of the 
target vessel, the anvil 38 can move vertically up and 
vertically down to track the motion of the target vessel, 
thereby preventing damage to the target vessel. Second, at 
least a portion of the tool 36 may be movable in rotation 
relative to the stabilizer 14. As described above, the anvil 38 
may be connected to an interface ring 138 that in turn is 
connected to a ball joint 140, allowing the anvil 38 to rotate 
relative to the ball joint 140. Third, at least a portion of the 
tool 36 is configured to move at least partly in a direction 
toward the target vessel. As described above, the tool 36 is 
connected to a compliant interface mechanism 32 that 
moves relative to a mount 30. When the interface mecha 
nism 32 moves to a selected point, it impels the anvil 38 at 
least partly in a direction toward the target vessel, and urges 
the distal end of the anvil 38 into the target vessel. 

0092. Where the surgical system 2 includes the stabilizer 
14, the stabilizer 14 is inserted into the patient through an 
incision, in the same manner as described above. The 
incision may be intercostal, Sub-Xyphoid, or in any other 
appropriate location relative to the tissue to be treated. 
Where the system 2 is used to perform a CABG procedure, 
a Sub-Xyphoid approach may facilitate access to certain 
areas of the heart, and an intercostal approach may facilitate 
access to other areas of the heart. 

0093. After the stabilizer 14 is inserted through the 
incision, it is placed onto tissue Such as the heart. The 
stabilizer 14 then may be rigidly connected to a retractor or 
other structure fixed relative to the patient. This rigid con 
nection causes the stabilizer 14 to apply pressure to the 
tissue, Substantially immobilizing the tissue in contact with 
it. Alternately, the stabilizer 14 utilizes vacuum or other 
means to affix to tissue, then lift upward on the tissue to 
substantially immobilize it. 

0094) The anvil 38 is steered relative to the target vessel, 
and a portion of the anvil 38 is inserted into the target vessel 
substantially as described above. After a portion of the anvil 
38 has been inserted into the lumen of the target vessel, the 
staple holder 18 is then moved to a closed position, holding 
the wall of the target vessel between it and the anvil 38. The 
tool 36 is thus registered to the anastomosis site, and the 
suspension 160 allows the tool 36 to move substantially 
freely with the target vessel. That is, the tool 36 is secured 
to the target vessel, then floats relative to the stabilizer 14. 
The anastomosis is performed, and the effector 4 is with 
drawn from the patient, in Substantially the same manner as 
described above. 

0.095 While the invention has been described in detail, it 
will be apparent to one skilled in the art that various changes 
and modifications can be made and equivalents employed, 
without departing from the present invention. It is to be 
understood that the invention is not limited to the details of 
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construction and/or the arrangements of components set 
forth in the above description or illustrated in the drawings. 
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. A method for performing anastomosis between a graft 
vessel and a coronary artery of the heart of a patient, 
comprising: 

providing 

a stabilizer, 
a suspension attached to said stabilizer, and an anasto 

mosis tool comprising an anvil and a staple holder 
movable relative to one another, said anastomosis 
tool attached to said Suspension; 

applying pressure to the heart with said stabilizer; 
moving said anastomosis tool relative to said stabilizer, 

and 

connecting the graft vessel to the coronary artery with 
said anastomosis tool. 

2. The method of claim 1, wherein said moving includes 
rotating at least a portion of said anastomosis tool. 

3. The method of claim 1, wherein said moving includes 
translating at least a portion of said anastomosis tool in a 
direction toward the coronary artery. 

4. The method of claim 1, wherein said suspension is 
active, and wherein said moving comprises actuating said 
Suspension. 

5. The method of claim 1, wherein said suspension is 
passive, and wherein said moving comprising allowing said 
Suspension to move with motion of the heart. 
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6. The method of claim 1, further comprising 
inserting said anvil into the coronary artery at a first 

location; and 
creating an opening in the coronary artery at a second 

location spaced apart from said first location. 
7. The method of claim 6, wherein a cutter is initially 

positioned within said anvil; and where said creating is 
performed by moving at least a portion of said cutter out of 
said anvil and then longitudinally along at least part of said 
anvil. 

8. The method of claim 6, wherein said inserting includes 
creating an opening in the coronary artery with an incising 
element positioned at the distal end of said anvil. 

9. A method for performing anastomosis between a graft 
vessel and a coronary artery of a patient, comprising: 

stabilizing the heart in proximity to the anastomosis site 
with a stabilizer; and 

connecting the graft vessel to the coronary artery with a 
tool that is both connected to the stabilizer and movable 
along with the coronary artery. 

10. A method for performing anastomosis between a graft 
vessel and a coronary artery of a patient, comprising: 

providing a stabilizer and an anastomosis tool that is 
attached to and movable relative to said stabilizer; 

pressing said stabilizer against the heart; 
rigidly fixing said stabilizer relative to the patient; and 
Stapling the graft vessel to the coronary artery with said 

anastomosis tool. 


