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ABSTRACT
A surgical instrument comprising a handle portion, an elongated body portion

extending distally from the handle portion, and a tool adjacent the distal portion of the
elongated body portion and having at least one jaw movable to a clamping position to
clamp tissue. A tactile feedback system includes an expandable member extending from
the handle portion, the expandable member providing a tactile indicator of a tissue

parameter of tissue clamped by the least one jaw.
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SURGICAL STAPLER WITH TACTILE FEEDBACK SYSTEM

BACKGROUND

Technical Field

The present disclosure relates to a surgical stapler, and more particularly, to a
surgical stapler having a tactile feedback system.

Background of Related Art

A variety of different types of surgical instruments have been developed for
manipulating, identifying, treating, repairing and/or excising tissue including organs or
portions thereof located within body cavities for performing minimally invasive
procedures. In such procedures, a surgical stapler 1s inserted through an incision, cannula,
or natural orifice to a surgical site where a surgical procedure 1s to take place.

One type of surgical stapler often utilized in laparoscopic procedures i1s an
endoscopic stapling instrument having a pair of jaws, one of which is pivotable with
respect to the other to clamp tissue therebetween. After clamping of the tissue, the firing
trigger 1s actuated to apply rows of staples to the tissue. Examples of such instruments
are disclosed for example in U.S. Patent Nos. 5,762,256 and 5,865,361. Optionally, a
knife 1s actuated with the staple firing to sever tissue between the rows of staples. During
open surgical procedures, the surgeon cannot only visualize the tissue but can feel the
tissue with his or her fingers and assess the pressure/clamping of the tissue. With

endoscopic staplers, the jaws are positioned in the body cavity and the handle gripped by
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the user is outside the body. Although the surgeon can view the tissue on the video

monitor, the surgeon does not have access with his or her fingers to the clamped tissue
within the body cavity.
Therefore, in the absence of direct manual access, it would be advantageous to

provide an endoscopic/laparoscopic stapling instrument that enhances the surgeon’s

ability to “sense’ the tissue

SUMMARY

The present application advantageously provides an electronically actuated tactile
feedback indicator system. In accordance with one aspect of the present disclosure, a
surgical instrument is provided comprising a handle portion, an elongated body portion
adjacent the handle portion, and a tool assembly adjacent a distal portion of the elongated
body portion and having at least one jaw movable to a clamping position to clamp tissue.
A tactile feedback system includes an expandable member extending from the handle
portion, the expandable member providing a tactile indicator of a tissue parameter of
tissue clamped by the least one jaw.

In preterred embodiments the tissue parameter can be a force or a pressure
applied by the at least one jaw to the tissue.

In a preferred embodiment, the tactile feedback system includes an air chamber
having a heating element therein to change the temperature within the chamber, and the

expandable member is in fluid communication with the air chamber such that an increase
In temperature of the heating element increases the air pressure in the chamber to cause

expansion of the expandable member. The system preferably further includes a

controller and a sensor positioned adjacent the tool assembly to provide an electrical
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signal to the controller of a measured tissue parameter, the controller providing an

electrical signal to the heating element in response to the measured tissue parameter. A
thermistor may also be provided. Alternatively, other sensors can be provided to measure
for example air pressure within the chamber or to measure balloon parameters such as
strain, force and/or displacement.

In a preferred embodiment, the expandable member is positioned on a rear surface
of the handle assembly.

The present disclosure provides in another aspect a surgical fastener applying
instrument comprising a handle portion including a firing lever, an elongated body
portion extending distally from the handle portion, a tool assembly adjacent a distal
portion of the elongated body portion having at least one jaw movable to a clamping
position to clamp tissue and a plurality of surgical fasteners. A sensor is positioned
adjacent the tool assembly. A firing mechanism fires the fasteners from the tool
assembly 1nto body tissue upon actuation of a firing lever. A tactile feedback system
responsive to the sensor includes an expandable member extending from the handle
portion, the expandable member providing a tactile indication of one of a pressure or
force on tissue clamped by the least one jaw.

In a preferred embodiment, the expandable member expands in response to
heating of a heater element positioned within an air chamber of the feedback system to
change the air pressure within the chamber. In a preferred embodiment, the feedback
system includes a controller positioned within the handle assembly and outside the air
chamber to convert input signals of pressure or force on tissue from the sensor to output

temperature signals to the heater element.
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BRIEF DESCRIPTION OF THE DRAWINGS

Various embodiments of the presently disclosed device are described herein with
reference to the drawings, wherein:

FIG. 1 is a perspective view of one type of surgical instrument having a tactile
feedback indicator system of the present disclosure;

FIG. 2 is an exploded view of a portion of the handle assembly of the instrument
of FIG. 1 and a perspective view of the jaws of the instrument of FIG. 1 having sensors in
electrical communication with the indicator;

FIG. 3 1s an enlarged view of the tactile feedback system of the present disclosure
in partial cross section;

FIG. 4 1s a rear perspective view of the handle assembly of FIG. 1 with the
expandable element of the tactile feedback system in the non-expanded condition; and

FIG. 5 1s a rear perspective view of the handle assembly of FIG. 1 with the

expandable element of the tactile feedback system in the expanded condition.

DETAILED DESCRIPTION

In the present disclosure, 1t 1s envisioned that the tactile feedback indicator system
disclosed herein may be utilized with any endoscopic or remotely actuated surgical

device having a tool assembly which is suitable for insertion into a body cavity (e.g.,

circular anastomosis staplers, linear staplers, transverse staplers, clip appliers, fastener
applying instruments and the like). It is also envisioned that the embodiments of the
present disclosure may be utilized to access various surgical sites via natural orifice

openings, or incisions created by surgeons (e.g., mouth, anus, percutaneous incisions,
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etc.). For purposes of explaining the present disclosure, by way of example, an
endoscopic linear stapler will be the exemplary surgical instrument.

In the drawings and in the description which follows, the term “proximal”, as 1s
traditional, will refer to the end of the surgical device or instrument of the present
disclosure which is closer to the operator, while the term “distal” will refer to the end of
the device or instrument which 1s further from the operator.

Referring initially to FIG. 1, a surgical instrument s provided which 1s illustrated
as a surgical stapling device 10 having a handle assembly 20, an elongated endoscopic
portion 30 and a tool assembly 40 including a cartridge assembly 44. Handle assembly
20 includes an approximation firing handle 22 for approximating the tool assembly 40
and firing the staples from cartridge assembly 44. Handle 22 moves relative to stationary
orip 23. The staples are advanced into contact with anvil pockets on anvil 46 of tool
assembly 40. In the illustrated embodiment, anvil member 46 pivots with respect to
cartridge assembly 44 to clamp tissue therebetween. Details of the operation of the
endoscopic instrument are disclosed in U.S. Patent Nos. 5,762,256 and 5,865,361.
A rotation knob 26 rotates the endoscopic portion 30 and tool assembly 40 about the
longitudinal axis of endoscopic portion 30.

Cartridge assembly 44 includes a linear array of staple pockets 54. Each staple
pocket 54 houses a staple (not shown). Several parallel rows of staples can be provided.

A knife can optionally be provided to cut the tissue between the rows of staples.

Referring to FIGS. 2 and 3, a preferred embodiment of the tactile feedback

indicator system will now be described. The indicator system, which provides tactile
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feedback to the instrument user, is designated generally by reference numeral 50, and 1s
positioned in the handle assembly 20. The system 50 preferably includes a chamber 52, a
heating element 62, a thermistor 60, an expandable member 70 and a controller 80. The
heating element 62 is positioned within the chamber 52 to raise the temperature within
the chamber 52 as discussed in more detail below. The expandable member 70, which
can be in the form of a balloon, is illustratively positioned at a first end portion 53 of the
chamber and in fluid communication with the chamber 52. Other positions are also
contemplated. As shown, the expandable member 70 extends transversely from the
chamber 52 for access to the user described below. At the second opposing end portion
55 of chamber 52, a cap 57 or other sealing member seals the end of the chamber 52 to
entrap air inside. When the temperature within the air chamber 52 increases, the air
pressure within the chamber 52 increases to cause inflation of the expandable member 70
as described 1n more detail below.

The thermistor 60 performs a dual function. The thermistor 60 which measures
the temperature in the air chamber 52 provides for cutoff of current by the controller 80 1f

the temperature in the air chamber 52 exceeds a predetermined value. This prevents

overheating and possible damage to the system or device components. The thermistor 60

also provides a feedback function to maintain a proportional heating element temperature

In response to a tissue parameter as described in more detail below.

An electronic controller 80 is positioned outside the chamber 52 and in electrical
communication via wires 83, 84 with the heating element 62 and the thermistor 60,
respectively. Preferably, the controller 80 is positioned within the handle assembly 20

and 1n a preferred embodiment in the stationary grip 23. The controller 80 is also in
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electrical communication with the sensors 48 positioned on the tool assembly 40 via

conduits, e.g. wires, 86, 88. The sensors 48 in the preferred embodiments sense pressure

or force of the jaws on tissue and transmit this information to the controller 80 via

conduits, e.g. wires, 86, 88. The sensors 48 are shown by way of example on opposing
sides of the staple line of the cartridge assembly, it being understood that alternatively a
different number of sensors can be utilized and can be placed on other regions ot the tool
assembly 40, e.g. at the proximal region of the cartridge assembly, closer to the staple
line, etc. The sensors can also be utilized to sense other tissue parameters or sense
instrument jaw parameters such as the degree of jaw closure.

The controller 80 1s programmed to process input tissue parameters and output
temperature parameters. That is, in the embodiment sensing tissue pressure, controller 80
converts the input electrical signals of the measured tissue pressure from sensors 48 to
temperature output electrical signals transmitted to the heating element 62. More
specitically, for a given tissue pressure, a desired temperature is preset. This temperature
1s preselected to correspond to a desired increase in air pressure in chamber 52. The

amount of increase in air pressure is preselected to correspond to the amount of

expansion of the expandable element 70. Consequently, as the pressure on tissue is
increased, the temperature of the heating element 62 will increase to a preset degree,
predetermined and programmed within the controller.  For example, assume for a
pressure reading P1 the temperature objective is T1 in order to achieve a proportional
expansion of the expandable element 70 to a size E1. If the pressure increases to P2, then
the proportional preset temperature objective is at a higher temperature T2. As the

temperature increases from T1 to T2, the amount which the expandable member 70
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expands will increase to E2 due to the increased pressure within the air chamber 52.
Thus, the greater the pressure on tissue, the greater the temperature of the heating element
and the greater the expansion (i.e. size) of the member 70 due to the increased pressure in
air chamber 52. Conversely, less tissue pressure translates to a lower temperature and less

expansion due to the lower pressure in air chamber 52. To summarize:

MNissue Pressure = Nemperature ¥ MPAir chamber pressure =¥ MBalloon expansion

and conversely,

NV Tissue Pressure =¥ YTemperature =¥ NV Air chamber pressure = Vv Balloon expansion

The temperature values are preset in accordance with pressure readings, force
readings or other desired tissue parameters. In a preferred embodiment, the temperature
value would change in proportion to the change in the tissue pressure. In this manner, a
more sensitive tactile feel could be provided.  This relationship can apply to different
measured tissue parameters as well.

It 1s also contemplated that preset ranges could be provided. In this manner, a
tissue parameter range would provide an expansion of the expandable member to a
predetermined size; another range would provide expansion to another predetermined

size, etc. It is also contemplated that instead of various expanded positions, the system
can be configured so expandable element has a non-expanded (non-inflated) position and
an expanded (inflated) position once the sensed tissue parameter, e.g. tissue pressure,

exceeds a threshold value.

Thermistor 60 functions to monitor the temperature of the air in the chamber 52.
As the heating element 62 is heated to increase the air temperature, the output of the
thermistor 60 will change accordingly. The controller continuously monitors the output

value of the thermistor 60. If the temperature measurement of the thermistor 60 exceeds

.8-
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a maximum predetermined value, the controller 80 will cut off current flow to the heating
element 62, thereby ensuring the heating element 62 does not overheat and the system
remains safe. Further, if the air in chamber 52 does not reach a temperature value
corresponding to the output temperature as determined by the tissue data, the
measurement of the thermistor 60 causes the controller 80 to continue to increase the
temperature of heating element 62 until the air reaches the predetermined temperature
value.

The expandable member 70 provides tactile feedback to the surgeon regarding the
tissue characteristic. In one embodiment, this tissue parameter or characteristic is the
pressure exerted by the instrument jaws on tissue. In another embodiment, the tissue
parameter or characteristic 1s the force exerted by the jaws on tissue. With greater tissue
thickness, greater pressure is exerted on the tissue, increasing the pressure reading by the
sensors which as explained above will cause larger expansion of the expandable member
70 (due to the increased temperature in the chamber 52). The expandable member 70 is
1lustratively shown on the rearmost portion 21 of the stationary grip 23 of handle

assembly 20. In this manner, whether held in the left or the right hand, the user with the
thumb can feel the inflatable member to gauge tissue thickness while still maintaining a
grip on the handle assembly 20 thus providing the user with the ability to “sense” the
tissue. Note that in alternate embodiments, the expandable member can be placed in
other regions ot the handle assembly, such as the side of the assembly 20.

It should be appreciated that as an alternative to the thermistor described above
which measures the temperature to control expansion of the expandable member, other

types of measurements can be utilized. For example, the pressure in the air chamber can
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be measured. The pressure sensor would achieve a dual function as it monitors the air
pressure in the chamber 52. As the heating element 62 is heated to increase the air
temperature and thus the pressure inside the air chamber 52, the output of the air pressure
sensor will change accordingly. The controller continuously monitors the output value of
the air pressure sensor. If the pressure measurement of the sensor exceeds a maximum
predetermined value, the controller 80 will cut off current flow to the heating element 62,
thereby ensuring the system is safe. Further, if the air in chamber 52 does not reach a
pressure value corresponding to the output pressure as determined by the tissue data, the
measurement of the sensor causes the controller 80 to continue to increase the
temperature of heating element 62 until the air in the chamber reaches the predetermined
pressure value for desired expansion of the expandable (inflatable) member.

As other alternatives, instead of measuring an air chamber parameter such as
temperature or air pressure, an expandable member measurement can be utilized. This
can include for example a strain sensor, a displacement sensor or a force sensor
(measuring force exerted by the expandable member 70). These sensors can be attached

to the expandable member (e.g. balloon). These sensors can be positioned inside or

outside the air chamber 52 to monitor the respective parameter of the expandable member

70.

The sensor would achieve a dual function as it monitors the respective

characteristic ot the expandable member 70. As the heating element 62 is heated to
increase the air temperature and thus the pressure inside the air chamber 52, the
expandable member 70 will be inflated and the output of the expandable member sensor

will change accordingly. The controller continuously monitors the output value of the

-10 -
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sensor. If the measurement of the sensor, e.g. the balloon pressure or force exerted by the

balloon, exceeds a maximum predétermined value, the controller 80 will cut oft current
flow to the heating element 62, thereby ensuring the system remains safe. Further, it the
expandable member 70 does not reach a pressure (or force) value corresponding to the
output value as determined by the tissue data, the measurement of the sensor causes the
controller 80 to continue to increase the temperature of heating element 62 until the
expandable member 70 reaches the necessary pressure (or force) value for the desired
predetermined expansion of the expandable member 70.

While several embodiments of the disclosure have been shown in the drawings
and/or discussed herein, it 1s not intended that the disclosure be limited thereto, as it 1s
intended that the disclosure be as broad in scope as the art will allow and that the
specification be read likewise. Therefore, the above description should not be construed
as limiting, but merely as exemplifications of particular embodiments. Those skilled in

the art will envision other modifications within the scope and spirit of the claims

appended hereto.

- 11 -
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The embodiments of the present invention for which an exclusive property or privilege is claimed

are defined as follows:

1. A surgical instrument, comprising:

a handle portion;

an elongated body portion extending distally from the handle portion, the elongated body
portion defining a longitudinal axis;

a tool assembly adjacent a distal portion of the elongated body portion, the tool assembly
having at least one jaw movable to a clamping position to clamp tissue; and

a tactile feedback system including an expandable member extending from the handle
portion, the expandable member providing a tactile indicator of a tissue parameter of tissue
clamped by the at least one jaw, wherein the tactile feedback system includes an air chamber

having a heating element therein to change a temperature within the chamber.

2. The surgical instrument according to claim 1, wherein the expandable member comprises

an expandable balloon.

3. The surgical instrument according to claim 1 or 2, wherein the tissue parameter is a force

applied by the at least one jaw to the tissue.

4, The surgical instrument according to claim 1 or 2, wherein the tissue parameter is a pressure

applied by the at least one jaw to the tissue.

- 12 -
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3. The surgical instrument according to claim 1, wherein the expandable member is in fluid
communication with the air chamber, and an increase in a temperature of the heating element

Increases an air pressure in the chamber to cause expansion of the expandable member.

6. The surgical instrument according to any one of claims 1 to 4, further comprising a
controller and a sensor positioned adjacent the tool assembly to provide an electrical signal to the
controller of the tissue parameter, the controller providing an electrical signal to the heating

element in response to the tissue parameter.

7. The surgical instrument according to claim 5, further comprising a controller positioned in

the handle portion external of the air chamber.

8. The surgical instrument according to claim 6, further comprising a thermistor positioned
1n the air chamber, the controller changing a temperature of the heating element responsive to a
measurement of the thermistor to correspond to a preset value responsive to a tissue parameter

signal sent to the controller.

9. The surgical instrument according to claim 6, further comprising a thermistor positioned

in the air chamber to measure the temperature in the air chamber, the controller terminating current
flow to the heating element if the temperature in the air chamber exceeds a maximum temperature

value.

213 -
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10.  The surgical instrument according to any one of claims 1 to 9, wherein the expandable

member is positioned on a rear surface of the handle assembly.

11.  The surgical instrument according to claim 10, wherein the expandable member is

accessible by a thumb of a user while grasping a firing handle of the instrument.

12.  The surgical instrument according to claim 1, further comprising an air pressure sensor
positioned in the air chamber of the tactile feedback system and a controller, the controller
changing a temperature of the heating element in the air chamber responsive to a measurement of
the air pressure sensor to correspond to a preset value responsive to a tissue parameter signal sent

to the controller.

13.  The surgical instrument according to claim 1, further comprising an expandable member

sensor for measuring a parameter of the expandable member and a controller, the controller
changing a temperature of the heating element responsive to a measurement of the expandable

member sensor to correspond to a preset value responsive to a tissue parameter signal sent to the

controller.

14. A surgical fastener applying instrument, comprising;

a handle portion including a firing lever;
an elongated body portion extending distally from the handle portion, the elongated body

portion defining a longitudinal axis;

214 -
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a tool assembly adjacent a distal portion of the elongated body portion, the tool assembly
having at least one jaw movable to a clamping position to clamp tissue and further including a
plurality of surgical fasteners;

a sensor positioned adjacent the tool assembly;

a firing mechanism for firing the fasteners from the tool assembly into body tissue upon
actuation of the firing lever; and

a tactile feedback system responsive to the sensor and including an expandable member
extending from the handle portion, the expandable member providing a tactile indicator of one of
a pressure or force on tissue clamped by the at least one jaw, wherein the expandable member

expands in response to heating of a heating element positioned in the handle portion.

15.  The surgical fastener applying instrument according to claim 14, wherein the tactile
feedback system further comprises an air chamber, the heating element positioned within the air

chamber to change an air pressurc within the chamber.

16.  The surgical fastener applying instrument according to claim 15, further comprising a

thermistor tor measuring temperature in the air chamber.

17.  The surgical fastener applying instrument according to claim 15, further comprising a

controller positioned within the handle portion and outside the air chamber, the controller

converting input signals representative of the pressure or force on tissue to output signals of

temperature values to the heating element.

- 15 -
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18. The surgical instrument according to claim 14, further comprising an air pressure sensor

for measuring pressure in the air chamber.

19.  The surgical instrument according to claim 14, further comprising an expandable member
sensor for measuring a parameter of the expandable member and a controller, the controller

changing a temperature of the heating element responsive to a measurement of the expandable

member sensor.

216 -
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