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Title: SURGICAL DEVICE FOR TISSUE TREATMENT

FIG. 1

(57) Abstract: Various embodiments are directed to systems and methods for providing a drive signal to a surgical device for treat -
ing tissue. A surgical generator may deliver the drive signal according to a first composite load curve. The surgical generator may re-
ceive a first tissue measurement indicating a property of the tissue at a first time during the delivery of the drive signal, receive a
second tissue measurement indicating the property of the tissue at a second time during the delivery of the drive signal atter the first
time, and based on the first and second tissue measurements, determine a difference in the property of the tissue between the first
time and the second time. When the ditference in the property of the tissue exceeds a difference threshold, the generator may deliver
the drive signal according to a second composite load curve that is more aggressive than the first composite load curve.
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SURGICAL DEVICE FOR TISSUE TREATMENT

BACKGROUND

[0001]  Various embodiments are directed to surgical systems that may be utilized in
clectrosurgical and/or ultrasonic devices to manage the delivery of encrgy to tissue to optimize
tissue treatment,

{0002  Electrosurgical devices for applying electrical energy to tissue in order to treat
and/or destroy the tissue are commonly used in surgical procedures. An electrosurgical device
may comprise a hand picce and an instrument having a distally-mounted end cffector {¢.g., one
or more clectrodes). The end effector can be positioned against the tissuc such that eicctrical
current is introduced into the tissue. Electrosurgical devices can be configured for bipolar or
monopolar operation. During bipolar operation, current is introducced into and returned from the
tissue by active and return electrodes, respectively, of the end effector. During monopolar
operation, current is introduced into the tissue by an active electrode of the end effector and
returned through a return electrode {e.g., a grounding pad) separately located on a patient’s body,
Heat generated by the current flow through the tissue may form hemostatic seals within the
tissue and/or between tissues and thus may be particularly useful for sealing blood vessels, for
example. The end effector of an clectrosurgical device may also comprise a cutting member that
is movable relative to the tissue and the electrodes to transect the tissue.

[0003] Electrical energy applied by an electrosurgical device can be transmutted to the
instrument by a gengrator in communication with the hand piece. The electrical energy may be
in the form of radio frequency ("RF"} energy. RF energy is a form of electrical energy that may
be in the frequency range of 300 kHz to 1 MHz. During its operation, an clectrosurgical device
can transmit low frequency RF energy through tissue, which causes ionic agitation, or friction, in
cffect resistive heating, thereby increasing the temperature of the tissue. Because a sharp
boundary may be created between the affected tissue and the surrounding tissue, surgeons can
operate with a high level of precision and control, without sacrificing un-targeted adjacent tissue.
The low operating temperatures of RF energy may be uscful for removing, shrinking, or

sculpting soft tissuc while simultancously scaling blood vessels. RF energy may work
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particularly well on connective tissue, which is primarily comprised of collagen and shrinks
when contacted by heat,

[0004]  Ultrasonic surgical devices, such as ultrasonic scalpels, are another type of
powered surgical devices used in surgical procedures. Depending upon speeific device
configurations and operational parameters, ultrasonic surgical deviees can provide sabstantially
simultancous transcction of tissuc and homeostasis by coagulation, desirably minimizing patient
trauma. An ultrasonic surgical device may comprise a hand picce containing an ultrasonic
transducer, and an instrument coupled to the ultrasonic transducer having a distally-mounted end
cffector {¢.g., a blade tip) to cut and scal tissue. In some cases, the instrument may be
permanently affixed to the hand picce. In other cases, the instrument may be detachable from the
hand picce, as in the case of a disposable instrument or an instrument that is interchangeable
between different hand picces. The ond cffector transmits ultrasonic energy to tissue brought
into contact with the end effector to realize cutting and scaling action. Ultrasonic surgical
devices of this natare can be configured for open surgical use, laparoscopic, or endoscopic
surgical procedures inchuding robotic-assisted procedures.

[0005]  Ultrasonic encrgy cuts and coagulates tissue using frictional heating and can be
transmitted to the end effector by an ulirasonic generator in comumunication with the hand piece.
Vibrating at high frequencies {(e.g., 55,500 times per second), the ultrasonic blade denatures
protein in the tissue to form a sticky coagulom. Pressure exerted on tissue by the blade surface
collapses blood vessels and allows the coagulnm to form a hemostatic seal. A clinician can
control the cutting speed and coagulation by the force applied to the tissue by the end effector,
the time over which the force 18 applied and the selected excursion level of the end effector.

[0006] Electrosurgical and ultrasonic devices that operate in conjunction with an
external generator typically do not carry an on-board power supply. This limits the functionality
that can be provided by the devices themselves, For example, in gencrator-connected surgical
devices it is not currently feasible to include components that consume high levels of power such

as, for example, motors, powercd sensors, MICTOProcessors, ¢c.

SUMBMARY
[0007] Various embodiments are directed to systems and methods for providing a drive

signal to a surgical device for treating tissuc. A surgical generator may deliver the drive signal
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according to a first composite load curve. The surgical generator may receive a first tissue
measurement indicating a property of the tissue at a first time during the delivery of the drive
signal, receive a second tissue measurement indicating the property of the tissue at a second time
during the delivery of the drive signal after the first time, and based on the first and second tissue
measurements, determine a difference in the property of the tissue between the first time and the
sccond time. When the difference in the property of the tissue exceeds a difference threshold,
the generator may deliver the drive signal according to a second composite load curve that is
more aggressive than the first compaosite foad curve.

{0008 Also, various embodiments are directed to systems and methods for providing a
drive signal to a surgical device for treating tissue. A surgical generator may receive a first
tissue measurcment indicating a property of the tissuc. Based on the first tissuc measurement,
the surgical gencrator may sclect a first power curve that defines a first level of power to be

delivered to the tissue as a function of at least one measured property of the tissue.

FIGURES

[0009] The novel features of the various embodiments are set forth with particularity in
the appended claims. The described embodiments, however, both as to organization and methods
of operation, may be best understood by reference to the following description, taken in
conjunction with the accompanying drawings in which:

[0010]  FIG. 1 tllustrates one embodiment of a surgical system comprising a generator
and various surgical devices usable therewith,

{0011} FIG. 2 tllustrates one embodiment of an example nltrasonic device that may be
used for transection and/or sealing.

{0G12]  FIG. 3 illustrates one embodiment of the end effector of the example ultrasonic
device of FIG. Z.

{0013] FIG. 3A illustrates onc embodiment of a clamp arm assembly that may be
employed with the ultrasonic device of FIG. 2.

{0014]  FIG. 3B is a schematic diagram of a tissue impedance module of the generator
of FI1G. | coupled to the blade and the clamp arm assembly of FIGS. 3 and 3A with tissuc

focated therebetween.
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[0015]  FIG. 4 tllustrates one embodiment of an example electrosurgical device that
may also be used for transection and sealing.

{0316]  FIGS. 5, 6 and 7 illustrate one embodiment of the end effector shown in FIG. 4.

[0017] FIG. 8 illustrates one embodiment of the surgical system of FIG. 1.

[0018] FIG. 9 shows a perspective view of one example ewbodiment of a surgical
system comprising a cordless clectrical energy surgical instrument with an integral generator.

{0019] FIG. 10 shows a side view of a handle of one embodiment of the surgical
instrument of FIG. 7 with half of the handle body removed to illustrate varicus components
therein.

[00206] FIG. 11 shows one embodiment of an RF drive and control circuit.

[0021] FIG. 12 shows one embodiment of the main components of a control circuit.

(00221 FIG. 13 illustrates onc embodiment of a chart showing cxample power curves.

[0023] FIG. 14 illustrates one ecmbodiment of a process flow for applying one or more
pOWer curves to a tissue bite.

[0024] TIG. 15 sllustrates one embodiroent of a chart showing example power curves
that roay be used in conjunction with the process flow of FIG. 14,

[0025] TIG. 16 1llustrates one embodimnent of a chart showing example common shape
power curves that may be used in conjunction with the process flow of FIG. 14,

[0026] TFIGS. 17A-17C illustrate process flows describing routines that may be
executed by a digital device of the generator to generally implement the process flow of FIG. 14
described above.

{00271 FIG. 18 ilhustrates one embodiment of a process flow for applying one or more
power curves to a tissue bite.

[0028] FIG. 19 illustrates one embodiment of a block diagram describing the selection
and application of compuosite load curves by the generator.

{00291  FIG. 20 illustrates shows a process flow illustrating onc embodiment of the
algorithm of FIG. 19.

[0030]  FIG. 21 illustrates one embodiment of a process flow for generating a first
composite load curve pulse.

[0031] FIG. 22 illustrates one cmbodiment of g process flow that may be executed by

the generator to switch between power curves during tissuc freatment.
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{0032]  Figure 23A illustrates a plot showing various properties of one embodiment of a
drive signal showing a pulse.

[0033]  FIG. 23B ilhustrates a plot showing various propertics of one embodiment of a
drive signal showing another pulse,

[0034]  FIG. 24 ilhustrates another embodiment of a process flow that may be executed
by the generator to switch between composite foad curves during tissue treatment.

[0035]  FIG. 25A illustrates a plot showing various propertics of one embodiment of a
drive signal showing two pulses.

{0036]  FIG. 25B illastrates a plot showing various propertics of one embodiment of a
drive signal showing two pulses.

(00371 FIG. 26 illustrates a process flow that may be exccuted by the generator to
decrement composite load curves during tissue treatment,

[0038] FIG. 27 illustrates a process flow that may be exccuted by the generator to
sclect an inttial power curve.

[0039] FIG. 28 illustrates a plot showing various properties of one embodiment of an
imapedance sensing signal.

[0040] FIG. 29 illustrates a process flow that may be executed by the generator to
select an jnitial power curve and increment and/or decrement a power curve based on a tissue

property difference.

DESCRIPTION

[0041] Before explaining varions embodiments of sargical devices and generators in
detail, it should be noted that the illustrative embodiments are not limited in application or use to
the details of construction and arvangement of parts illustrated in the accompanying drawings
and description. The illustrative embodiments may be implemented or incorporated in other
embodiments, variations and modifications, and may be practiced or carried out in various ways,
Further, unless otherwise indicated, the terms and expressions employed hercin have been
chosen for the purpose of describing the ilhustrative embodiments for the convenience of the
reader and are not for the purpose of limitation thercof. Also, it will be appreciated that one or

more of the following-described embodiments, cxpressions of embodiments and/or examples,
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can be combined with any one or more of the other following-described embodiments,
expressions of embodiments and/or examples.

[0042]  Various embodiments are directed to surgical devices and/or associated surgical
generators {e.g., surgical systems) for treating tissue. For example, generators described herein
may be programmed to increment and/or decrement a power curve applied to tissue via a drive
signal based on changes in tissuc properties. For example, if tissue impedance changes by more
than an impedance change threshold indicating that the drive signal is not having a sufficient
effect on tissue, the gencrator may increment to apply a more aggressive power curve. If tissue
impedance changes by more than a second impedance change threshold indicating that the drive
signal is having too much of an effect on tissue, the gencrator may decrement the power curve o
apply a less aggressive power curve. Changes in various other tissuc propertios, Or proxics
therefor, may be used to determine whether to increment or decrement an apphied power curve
including, for example, a power difference. Incrementing or decrementing power curves based
on changes in tissue property may be implemented in parallel with other process flows for
managing the application of power curves, including algorithms that increment power curves
based on, for example, total energy apphied, tissue impedance, the application of a defined set of
puises, ete. Also, in some embodiments, the generator 102, 220 may be prograromed to
determine an initial power curve, for example, based on a measared tissue property sach as
impedance, etc.

[0043] It will be appreciated that the terms “proximal” and “distal” are used herein
with reference to a clinician gripping a hand piece. Thus, an end effector is distal with respect to
the more proximal hand piece. It will be further appreciated that, for convenience and clarnity,
spatial terms such as “top” and “bottom” may also be used herein with respect to the clinician
gripping the hand piece. However, surgical devices are used in many orientations and positions,
and these terms are not intended to be limiting and absolute.

{0044]  FIG. 1 illustrates one embodiment of a surgical system 100 comprising a
generator 102 configurable for use with surgical devices. According to various embodiments,
the generator 102 may be configurable for use with surgical devices of different types, inchuding,
for example, the ulirasonic surgical device 104 and electrosurgical or RF surgical device 106,

Although in the embodiment of FIG. | the gencrator 102 is shown separate from the surgical
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devices 104, 106, in certain embodiments the generator 102 may be formed integrally with either
of the surgical devices 104, 106 to form a unitary surgical system.

{0045]  FIG. 2 illustrates one embodiment of an example ultrasonic device 104 that may
be used for transection and/or sealing. The device 104 may comprise a hand piece 116 which
may, in turn, comprise an ultrasonic transducer 114, The transducer 114 may be in electrical
communication with the generator 102, for example, via a cable 112 {¢.g., a multi-conductor
cable}. The transducer 114 may comprise piczoceramic elements, or other clements or
compongents suitable for converting the clectrical energy of a drive signal into mechanical
vibrations. When activated by the generator 102, the ultrasonic transducer |14 may cause
longitudinal vibration. The vibration may be transmitted through an instrument portion 124 of
the device 104 {c.g., via a waveguide embedded in an outer sheath) to an end cffector 126 of the
instrument portion 124.

[0046]  FIG. 3 illustrates one embodiment of the end effector 126 of the example
ultrasonic device 104, The end effector 126 may comprise a blade 151 that may be coupled to
the ultrasonic transducer 114 via the wave guide (not shown). When driven by the transducer
114, the blade 151 may vibrate and, when brought into contact with tissue, may cut and/or
coagulate the tissug, as described herein, According to various embodiments, and as illustrated
in FIG. 3, the end cffector 126 may also comprise a clamp arm 155 that may be configured for
cooperative action with the blade 151 of the end effector 126, With the blade 151, the clamp arm
155 may comprise a set of jaws 140, The clamp arm 155 may be pivotally connected at a distal
end of a shaft 133 of the instrament portion 124, The clamp arm 155 may include a clamp arm
tissue pad 163, which may be formed from TEFLON® or other suitable low-friction material.
The pad 163 may be mounted for cooperation with the blade 151, with pivotal movement of the
clamp arm 155 positioning the clamp pad 163 in substantiaily paraliel relationship to, and in
contact with, the blade 151, By this construction, a tissue bite to be clamped may be grasped
between the tissuc pad 163 and the blade 151, In some embodiments, a strain gauge 156 or other

pressure sensor may be positioned on the clamp arm 155, for example, between the clamp pad
163 and clamp arm 155, to measure the pressure exerted on tissue held between the clamp arm
155 and the blade 151, Also, in some cmbodiments, the clamp arm 155 may comprisc a

temperature sensor 158 for sensing a temaperature of tissuc between the clamp arm 155 and the
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blade 151, The temperature sensor 158 may be, for example, a thermocouple, a resistive
temperature device, an infrared sensor, a bimetallic device, eic.

{0347]  The tissue pad 163 may be provided with a sawtooth-like configuration
including a plurality of axially spaced, proximally extending gripping tecth 161 to enhance the
gripping of tissue in cooperation with the blade 151, The clamp arm 155 may transition from the
open position shown in FIG. 3 to a closed position {(with the clamp arm 155 in contact with or
proximity to the blade 151} in any suitable manner. For example, the hand picce 116 may
comprisc a jaw closure trigger 138, When actuated by a clinician, the jaw closure trigger 138
may pivot the clamp arm 155 in any suitable manner. For example, the jaw closure trigger 138
may be coupled to a jaw closure member 141 extending through the shaft 124 to the clamp arm
155, Proximal motion of the jaw closure trigger 138 may cause corresponding proximal motion
of the jaw closure member 141, which may pull the clamp arm 155 towards the blade.

[0048] The generator 102 may be activated to provide the drive signal to the transduce
114 in any suitable manner. For cxample, the generator 102 may comprise a foot switch 120
coupled to the generator 102 via a footswitch cable 122 (FIGS. 1, 8). A clinician may activate
the transducer 114, and thereby the blade 151, by depressing the foot switch 120, In addition, or
instead of the foot switch 120 sore emboditents of the device 104 may utilize one or more
switches or buttons positioned on the hand picce 116 that, when activated, may cause the
generator 102 to activate the transducer 114, To some embodiments, the hand picce 116 may
comprise a pair of buttons 136a, 136b positioned relative to the closure trigger 138 to allow the
clinician to operate the buttons 136a, 136b with an index finger, for example, while gripping the
closure trigger 13K, In other embodiments, the buttons 136a, 136b may be replaced with a single
simiarly located button. Also, for example, one or more additional buttons, such as 136¢, may
be positioned on an upper portion of the hand piece 116, For example, the button 136¢ may be
configured to, when depressed, cause the generator 102 to provide a puised output. The pulses
may be provided at any suitable frequency and grouping, for example. In certain embodiments,
the power level of the pulses may be the power levels set utilizing buttons 136a, 136b, as
described above. Also, in some embodiments, the generator 102 may be activated based on the
position of the jaw closure trigger 138, (e.g., as the chinician depresses the jaw closure trigger

138 to close the jaws 140, ultrasonic encrgy may be applied).
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[0049] The various buttons 136a, 136b, 136¢ may be hardwired and/or programmable
to, when depressed, bring about various effects on the drive signal provided to the transduce
114, For example, in some embodiments, the state of the bottons 136a, 136b may be
communicated 1o the generator 102, In response to the state of the buttons, the generator 102
may determing an operating mode of the device 104, expressed as the form of the drive signal
provided by the gencrator 102, When the button 136a is depressed, for cxample, the ultrasonic
generator 102 may provide a maximum drive signal to the transducer 114, causing it to produce
maximum ultrasonic encrgy output. Depressing button 136h may causce the generator 102 to
provide a uscr-selectable drive signal to the transducer 114, causing it to produce less than the
maximiim ultrasonic encrgy output,

[0050] It will be appreciated that the ultrasonic device 104 may comprise any
combination of the buttons 136a, 136b, 136¢. For example, the device 104 could be configured
to have only two buttons: a button 136a for producing maximum ultrasonic energy output and a
button 136¢ for producing a pulsed cutput at cither the maximum or less than maximum power
ievel per. In this way, the drive signal output configuration of the generator 102 couldbe 5
continuous signals and 5 or 4 or 3 or 2 or | pulsed signals. In certain embodiments, the specific
drive signal configuration may be controlled based upon, for example, EEPROM settings in the
generator 102 and/or user power level sclection{s).

[0051]  In certain embodiments, a two-position switch may be provided as an
alternative to a button 136¢. For example, a device 104 may include a button 136a for producing
a continuous oufput at a maximum power level and a two-position button 136b. Ina first
detented position, button 136b may produce a continuous output at a less than maximum power
level, and in a second detented position the button 136b may produce a pulsed output {c.g., at
cither a maximum or less than maximam power level, depending upon the EEPROM settings}.

[0052] In some embodiments, the end effector 126 may also comprise a pair of
clectrodes 159, 157, The clectrodes 159, 157 may be in communication with the generator 102,
for example, via the cable 128, The electrodes 159, 157 may be used, for example, to measure
an impedance of a tissuc bite present between the clamp arm 155 and the blade 151, The
generator 102 may provide a signal {c.g., a non-therapeutic signal) to the clectrodes 159, 157,

The impedance of the tissue bite may be found, for example, by monitoring the current, voltage,

.
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ete. of the signal. In some embodiments, the non-therapeutic signal provided to the electrodes
159, 157 may be provided by the surgical device 106 itself,

[0053] FIG. 3A illustrates one embodiment of the clamp arm assembly 451 that may be
employed with the ultrasonic deviee 104, In the illustrated embodiment, the clamp arm assembly
451 comprises a conductive jacket 472 mounted to a base 449, The conductive jacket 472 is the
electrically conductive portion of the clamp arm assembly 451 that forms the second, ¢.g., roturn,
clectrode. In one implementation, the clamp arm 155 (FIG. 3} may form the base 449 on which
the conductive jacket 472 is mounted. In various embodiments, the conductive jacket 472 may
comprise a center portion 473 and at east one downwardly-extending sidewall 474 which can
extend below the bottom surface 475 of the base 449, In the illustrated embodiment, the
conductive jacket 472 has two sidewalls 474 extending downwardly on opposite sides of the base
449, In other embodiments, the center portion 473 may comprise at lcast one aperture 476 which
can be configured to receive a projection 477 extending from the hase 449, In such
embodiments, the projections 477 can be press-fit within the apertures 476 in order to secure the
conductive jacket 472 to the base 449, In other embodiments, the projections 477 can be
deformed after they are inserted into the apertures 476, In various embodiments, fasteners can
be used to secure the conductive jacket 472 to the base 449,

[00534] In vanous embodiments, the clamp arm assembly 451 coroprises a non-
clectrically conductive or insulating material, such as plastic and/or rabber, for example,
positioned intermediate the conductive jacket 472 and the base 449, The clectrically insulating
material can prevent current from flowing, or shorting, between the conductive jacket 472 and
the base 449, In various crmbodiments, the base 449 may comprise at least one apertire 478,
which can be configured to receive a pivot pin (not illustrated). The pivot pin can be configured
to pivotably mount the base 449 to the shaft 153 (FIG. 3}, for example, such that the clamp arm
assembly 451 can be rotated between open and closed positions relative to the shaft 153, In the
ilhastrated embodiment, the base 449 includes two aperturcs 478 posttioned on opposite sides of
the base 449, In one embodiment, a pivot pin may be formed of or may comprise a non-
clectrically conductive or insulating matcrial, such as plastic and/or rubber, for cxample, which
can be configured to prevent current from Hlowing into the shaft 153 cven if the base 449 is in
clectrical contact with the conductive jacket 472, for example. Additional clamp arm assemblies

comprising various embodiments of electrodes may be employed. Examples of such clamp arm

-10-
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assemblies are described in commonly-owned and contemporancously-filed U.S. Patent
Application Ser. Nos. 12/5303,769, 12/503,770, and 12/503,766, cach of which is incorporated
herein by reference in its entirety.

[0055] FIG. 3B is a schematic diagram of the tissue impedance module 402 coupled to
the blade 151 and the ¢lamp arm assembly 451 with tissue 414 located therebetween, With
reference now to FIGS. 1-3, the generator 102 may comprise a tissue impedance module 402
configured for monitoring the impedance of the tissue 414 (Z) located between the blade 151
and the clamp arm assembly 451 during the tissue transection process. The tissue impedance
module 402 is coupled to the ultrasonic device 104 by way of the cable 112, The cable 112
includes a first “energizing” conductor 112a connected to the blade 151 {c.g., positive {+]
clectrode) and a second “return” conductor 112b connected to the conductive jacket 472 {(e.g.,
negative |- clectrode) of the clamp arm assembly 451, In some embodiments, the gencrator 102
may provide a drive signal to the transducer on the conductors 112a, 112b and/or over additional
conductors included in the cable 112, In one embodiment, RF voltage v,ris applied to the blade
151 to cause RF current iy to flow through the tissue 414, The second conductor 112b provides
the return path for the current iy back to the tissue mmpedance module 402, The distal end of the
return conductor F12b is connected fo the conductive jacket 472 such that the current ir can flow
from the blade 151, through the tissue 414 positioned intermediate the conductive jacket 472 and
the blade 151 and the conductive jacket 472 1o the return conductor 112b. The impedance
module 402 connects in circuit, by way of the first and second conductors 112a, b, Inone
embodiment, the RF energy may be applied to the blade 151 through the ultrasonic transducer
114 and the waveguide (not shown}. In some embodiments, the RF energy applied to the tissue
414 for purposes of measuring the tssue impedance Z; is a low level subtherapeutic signal that
does not contribute in a significant manner, or at all, to the treatment of the tissue 414,

[0056] FIG. 4 illustrates one embodiment of an cxample electrosurgical device 106 that
may also be used for transection and sealing. According to various cmbodiments, the transection
and sealing device 106 may comprise a hand piece assembly 130, an clongated shaft 165 and an
end effector 132, The shaft 165 may be rigid, as shown, {e.g., for laparoscopic and/or open
surgical application) or flexible, {¢.g., for endoscopic application). In various emboditacnts, the
shaft 165 may comprise onc or more articulation points. The end effector 132 may comprise

jaws 144 having a first jaw moember 167 and a second jaw member 169, A wranslating merber

Sl -
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173 may extend within the shaft 165 from the end effector 132 to the hand piece 130, At the
hand picce 130, the shaft 165 may be directly or indirectly coupled to a jaw closure trigger 142
(FIG. 4).

[00571 The jaw members 167, 169 of the end effector 132 may comprise respective
electrodes 177, 179, The clectrodes 177, 179 may be connected to the generator 102 via
clectrical feads 187a, 1870 (FIG. 5} extending from the ond effector 132 through the shaft 165
and hand picce 130 and ultimately to the gencrator 102 (¢.2., by a multi-conductor cable 128).

~"r
I
P

The generator 102 may provide a drive signal to the clectrodes 177, 179 to bring about a
therapeutic effect to tissue present within the jaw members 167, 169, The electrodes 177, 179
may comprise an active cloctrode and a return electrode, wherein the active electrode and the
return clectrode can be positioned against, or adjacent to, the tissue to be treated such that current
can flow from the active electrode to the return electrode through the tissue. As iHustrated in
FIG. 4, the end effector 132 is shown with the jaw mermbers 167, 169 in an open position.
[0058] FIGS. 5, 6 and 7 illustrate onc embodiment of the end cffector 132 shown in
FI1G. 4. To close the jaws 144 of the end effector 132, a chinician may cause the jaw closure
irigger 142 to pivot along arvow 183 (FIG. 4) from a first position to a second position. This
may cause the jaws 144 o open and close according to any suitable method. For example,
motion of the jaw closure trigger 142 may, 1n turn, cause the translating member 173 fo translate
within a bore 185 of the shaft 165, A distal portion of the translating oember 173 may be
coupled to a reciprocating member 197 such that distal and proximal motion of the translating
member 173 causes corresponding distal and proximal motion of the reciprocating member. The
reciprocating member 197 may have shoulder portions 191a, 191b, while the jaw members 167,
169 may have corresponding cam swurfaces 189%a, 189b. As the reciprocating member 197 is
translated distally from the position shown in FIG. 6 to the position shown in FIG. 7, the
shoulder portions 191a, 191b may contact the cam surfaces 18%a, 189b, causing the jaw
members 167, 169 to transition to the closed position. Also, in various embodiments, the blade
175 may be positioned at a distal end of the reciprocating member 197, As the reciprocating
member 197 extends to the fully distal position shown in FIG. 7, the blade 175 may be pushed
through any tissue present between the jaw merabers 167, 169, in the process, severing it. In
some embodiments, a strain gauge 166 or any other suitable pressure sensor may be placed on

the jaw member 167 and/or the jaw member 169 to measure the pressure placed on tissuc by the
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respective jaw members 167, 169 during tissue treatment (FIG. 6). Also, in some embodiments,
one or both of the jaw members 167, 169 may comprise a temperature sensor 168 for sensing a
temperature of tissue between the jaw members 167, 169 (FIG. 6). The temperature sensor 168
may be, for example, a thermocouple, a resistive temperature device, an infrared sensor, a
bimetailic device, etc.

(00591  In use, a clinician may place the end effector 132 and close the jaws 144 around
a tissue bite to be acted upon, for example, by pivoting the jaw closure frigger 142 along arrow
183 as described. Once the tissuc bite is secure between the jaws 144, the clinician may initiate
the provision of RF or other electro-surgical energy by the generator 102 and through the
electrodes 177, 179, The provision of RF energy may be accomplished in any suitable way. For
example, the clinician may activate the foot switch 120 (FIG. 8} of the generator 102 to inttiate
the provision of RF energy. Also, for cxample, the hand piece 130 may comprise one or more
switches 181 that may be actuated by the clinician to cause the generator 102 to begin providing
RF energy. Additionally, in some embodiments, RF cnergy may be provided based on the
position of the jaw closure trigger 142, For example, when the trigger 142 1s fully depressed
{indicating that the jaws 144 are closed), RF encrgy may be provided. Also, according to various
embodiments, the blade 175 may be advanced during closure of the jaws 144 or may be
sgparately advanced by the clinician after closure of the jaws 144 (e.g., after a RF encrgy has
been applied to the tissue).

[0060] FIG. 815 a diagram of the surgical system 100 of FIG. 1. In various
embodiments, the generator 102 may comprise several separate functional elements, such as
modules and/or blocks. Different functional elements or modules may be configured for driving
the different kinds of surgical devices 104, 106, For example an ultrasonic generator module
108 may drive an ultrasonic device, such as the ultrasonic device 104, An electrosurgery/RF
generator module 110 may drive the electrosurgical device 106. For example, the respective
modules 108, 110 may generate respective drive signals for driving the surgical devices 104,
106. In various embodiments, the ultrasonic generator module 108 and/or the clectrosurgery/RF
generator module 110 cach may be formed integrally with the generator 102, Alternatively, one
or more of the modules 108, 110 may be provided as a separate circuit module clectrically

coupled to the gencrator 102, (The modules 108 and 110 are shown in phantom to illustrate this
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option.) Also, in some embodiments, the electrosurgery/RF generator module 113 may be
formed integrally with the ultrasonic gencrator module 108, or vice versa.

{0361] In accordance with the described embodiments, the ultrasonic generator module
108 may produce a drive signal or signals of particular voltages, carrents, and frequencies, ¢.g.
55,500 cycles per second (Hz}. The drive signal or signals may be provided to the ultrasonic
device 104, and specifically to the transducer 114, which may operate, for example, as described
above. Insome embodiments, the generator 102 may be configured to produce a drive signal of
a particular voltage, current, and/or frequency output signal that can be stepped with high
resolution, accuracy, and repeatability. Optionally, the tissue impedance module 402 may be
included separately or formed integrally with the ultrasonic gencrator module 108 to measure
tissue impedance when utilizing an ultrasonic device 104, for example, as described herein
above.

[0062]  In accordance with the described embodiments, the clectrosurgery/RFE generator
module 110 may generate a drive signal or signals with output power sufficient to perform
bipolar clectrosurgery using radio frequency (RF) energy. In bipolar electrosurgery applications,
the drive signal may be provided, for example, to the electrodes 177, 179 of the electrosurgical
device 106, for example, as described above. Accordingly, the gencrator 102 may be configure
for therapeutic purposes by applying clectrical energy to the tissue sufficient for treating the
tissue {¢.g., coagulation, cauterization, tissue welding, ete.).

{0363] The generator 102 may comprise an input device 145 located, for example, on a
front pancl of the generator 102 console. The input device 145 may comprise any suitable
device that generates signals suttable for programming the operation of the generator 102, In
operation, the user can program or otherwise control operation of the generator 102 using the
input device 145, The input device 145 may comprise any suitable device that generates signals
that can be used by the generator {c.g., by one or more processors contained in the generator} to
control the operation of the generator 102 (c.g., operation of the ultrasonic generator module 108
and/or clectrosurgery/RE gencrator module 118}, In various embodiments, the input device 145
includes one or more of buttons, switches, thumbwheels, kevboard, keypad, touch screen
monitor, pointing device, remote connection to a general purpose or dedicated computer. In
other embodiments, the input deviee 145 may compwise a suitable user interface, such as one or

more user interface screens displayed on a touch screen monttor, for cxample. Accordingly, by
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way of the input device 145, the user can set or program various operating parameters of the
generator, such as, for example, current (1), voltage (V), frequency {f), and/or period (T) of a
drive signal or signals generated by the ultrasonic generator module 108 and/or
glectrosurgery/RF generator module 116,

{0364] The generator 102 may also comprise an output device 147 (FIG. 1) located, for
example, on a front pancl of the generator 102 console. The output device 147 includes one or
more devices for providing a sensory foedback to a user. Such devices may comprise, for
example, visual feedback devices (e.g., an LCD display screen, LED indicators), audio feedback
devices {e.g., a speaker, a buzzer} or tactile feedback devices {e.g., haptic actuators). Although
certain modules and/or blocks of the generator 102 may be described by way of example, it can
be appreciated that a greater or lesser number of modules and/or blocks may be used and still fall
within the scope of the embodiments. Further, although various embaodiments may be described
in terms of modules and/or blocks to facilitate description, such modules and/or blocks may be
implemented by one or more hardware components, ¢.g., processors, Digital Signal Processors
{DSPs), Programmabile Logic Devices (PLDs), Application Specific Integrated Circutts (ASICs),
circuits, registers and/or software components, e.g., programs, subroutines, logic and/or
combinations of hardware and software components,

[0065]  In some embodiments, the ulirasonic generator drive modale 108 and
clectrosurgery/RF drive module 110 may comprise one or more ernbedded applications
implemented as firmware, software, hardware, or any combination thereof. The modules 108,
110 may comprise various executable modules such as software, programs, data, drivers,
application program interfaces (APIs}, and so forth. The firmware may be stored in nonvolatile
memory {NVM), such as in bit-masked read-only memory (ROM) or flash memory. In various
implementations, storing the firmware in ROM may preserve flash memory. The NVM may
comprise other types of memory including, for example, programmable ROM (PROM]}, crasable
programmable ROM (EPROM), electrically crasable programmable ROM (EEPROM), or
battery backed random-access momory (RAM) such as dynamic RAM {DRAM}, Double-Data-
Rate DRAM (DDRAM), and/or synchronous DRAM (SDRAM}.

[0066] In some cmbodiments, the modules 108, 110 comprise a hardwarc componcent
implemented as a processor for executing program instructions for monitoring various

measurable characteristics of the devices 104, 106 and generating a corresponding output drive
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signal or signals for operating the devices 104, 106, In embodiments in which the generator 102
is used in conjunction with the ultrasonic device 104, the drive signal may drive the ultrasonic
transducer 14 in cutting and/or coagulation operating modes. Electrical characteristics of the
device 104 and/or tissue may be measured and used to control operational aspects of the
generator 102 and/or provided as feedback to the user. In embodiments in which the generator
102 is used in conjunction with the clectrosurgical device 106, the drive signal may supply
clectrical energy {c.g., RF ¢nergy) to the ond effector 132 in cutting, coagulation and/or
desiccation modes. Electrical characteristics of the device 106 and/or tissue may be measured
and used to control operational aspects of the generator 102 and/or provided as feedback to the
uscr. In various embodiments, as previously discussed, the hardware components may be
implemented as DSP, PLD, ASIC, circuits, and/or registers. In some embodiments, the
processor may be configured to store and exccute computer software program instructions to
generate the step function output signals for driving various components of the devices 104, 106,
such ag the ultrasonic transducer 114 and the end effectors 126, 132,

[0067]  As described herein above, the surgical devices 104, 106 deseribed herein may
be incorporated into unitary surgical svstems comprising both a surgical device, such as 104 and
106, and an integral generator. FIGS, 9-12 show various embodiments of a sargical system 200
comprising an example unttary electrosurgical system 200, FIG. 9 shows a perspective view of
one example embodiment of a sorgical system 200 comprising a cordless electrical energy
surgical instrument 210 with an integral generator {not shown in FIG. 8}, The electrosurgical
systemn 200 1s similar to the surgical system 100 (e.g., utilized with the electrosurgical deviee
106). The electrosurgical system 200 can be configured to supply energy, such as electrical
energy, ultrasonic energy, heat energy, or any combination thereof, to the tissue of a patient
cither independently or stimultancously as described in connection with FIGS. 1-8, for example.
The electrosurgical instrument 210 may utilize the end effector 132 and elongated shaft 165
deseribed herein with respect to FIGS. 4-7 in conjunction with a cordiess proximal handle 212.
in one example embodiment, the handle 212 includes the mtegral generator circnit 228 (see FIG.
1(). The generator circuit 220, sometimes referred to herein as a generator 220, performs a
function substantially similar to that of generator 102, In one example embodiment, the

generator circuit 220 is coupled to a controller or control circuit {e.g., 281 in FIG. 11). Inthe
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ihustrated emwvbodiment, the control circuit is integrated into the generator circuit 220, In other
embodiments, the control circuit may be separate from the generator circuit 224,

{0368]  In one cxample embodiment, various electrodes in the end effector 126 (¢.2.,
177, 1793 may be coupled to the generator civeuit 228, The control circuit 281 may be used to
activate the generator 220, which may serve as an electrical source. In various embodiments, the
generator 220 may comprise an RF source, an ultrasonic source, a direct current source, a
microwave source, and/or any other suitable type of thermogenic energy source, for example,
For example, a direct current source may be utilized to power a heating element that could treat
tissue. In onc example embodiment, a button 228 may be provided to activate the generator
circuit 220 to provide energy to the end effector 126,

[0069]  FIG. 10 shows a side view of one example embodiment of the handle 212 of the
cordless surgical instrument 210 with half of a first handle body removed to illustrate various
components within the second handle body 234, The handle 212 may comprise a lever arm 22
{c.g., a trigger) which may be pulled along a path (similar to 183} around a pivot point. The
fever arm 221 may be coupled to an axially moveable member 278 disposed within the shaft 165
by a shuttle operably engaged to an extension of lever arm 221, In one exarsple embodivent,
the lever arm 221 defines a shepherd’s hook shape comprising a distal trigger hook 22{a and a
proximal trigger portion 221b. As tlustrated, the distal trigger hook 221a may have a first length
while the proximal trigger portion 221h may have a second length with the second length greater
than the first length.

[0070] In one example embodiment, the cordless electrosurgical instrument comprises
a battery 237. The battery 237 provides electrical energy to the generator civcumt 220, The
battery 237 may be any battery suitable for driving the generator circuit 220 at the desired energy
levels. In one example embodiment, the battery 237 15 a 1030 mAhr, triple-cell Lithinm lon
Polymer battery. The battery may be fully charged prior to use in a surgical procedure, and may
hold a voltage of about 12.6V. The battery 237 may have two fuses fitted to the cordless

electrosurgical instrument 210, arranged in line with each battery terminal. In one example
embodiment, a charging port 239 is provided to connect the battery 237 to a DC current source
{not shown}.
[0071] The generator circuit 220 may be configured in any suitable manner. In some

crabodiments, the gencrator circuit comprises an RE drive and control circuit 240 and a
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controller eircuit 282, FIG. [T shows one embodiment of an RF drive and control cireuit 240,
FIG. 11 1s a part schematic part block diagram showing the RF drive and control circuitry 240
used in this embodiment to generate and control the RF electrical encrgy supplied to the end
effector 126. In this embodiment, the drive circuitry 240 is a resonant mode RF amplifier
comprising a paralle] resonant network on the RF amplifier output and the control circuitry
operates to control the operating frequency of the clectrosurgical drive signal so that it is
maintained at the resonant frequency of the drive circuit, which in turn controls the amount of
power supplied to the end effector 126, The way that this is achicved will become apparent from
the following description.

{00721 Asshownin FIG. 11, the RF drive and control circuit 240 comprises the above
described battery 237 are arranged to supply, in this cxample, about 0V and about 12V rails. An
input capacitor {C, ) 242 is connected between the 8V and the 12V for providing a low source
wupedance. A pair of FET swiiches 243-1 and 243-2 (buth ot which are N-channel in this
embodiment to reduce power losses) is connected in series between the OV rail and the 12V rail
FET gate drive circuitry 245 is provided that generates two drive signals - one for driving cach of
the two FET s 243, The FET gate drive circuitry 245 generates drive signals that causes the
upper FET (243-1} to be on when the lower FET (243-2) is off and vice versa. This causes the
node 247 to be alternately connected to the 12V rail {(when the FET 243-1 is switched on) and
the OV rail (when the FET 243-2 s switched on}). FIG. 8B also shows the internal parasitic
diodes 248-~1 and 248-2 of the corresponding FET s 243, which conduct during any periods that
the FET s 243 are open.

[0073]  Asshownin FIG. 11, the node 247 15 connected to an inductor-inductor

~

resonant circuit 230 formed by tnductor L 252 and inductor L 254, The FET gate driving
circuitry 243 s arranged to generate drive signals at a drive frequency (£} that opens and crosses
the FET switches 243 at the resonant frequency of the parallel resonant cirenit 250, As a result
of the resonant characteristic of the resonant circunit 250, the square wave voliage at node 247
will cause a substantially sinnsoidal current at the drive frequency (£)) to flow within the

resonant circuit 250, As illustrated in F1G. 11, the inductor L 254 is the primary of a

(o
N

transformer 255, the secondary of which is formed by inductor L 256. The inductor L 2

of the transformer 255 secondary is connected to an inductor-capacitor-capacitor parallel
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resopant eircuit 257 formed by mductor L) 258, capacitor C, 260, and capacitor C, 262, The

transformer 255 up-converts the drive voltage (V) across the inductor L 254 to the voltage that

~
i
/

is applied to the output paralie] resonant circuit 257, The load voltage (V) is output by the

paratlel resonant circuit 257 and is applied to the load (represented by the load resistance Ry
259 in FIG. 8B} corresponding to the mmpedance of the forceps” jaws and any tissue or vessel
gripped by the end effector 126, As shown in FIG. 8B, a pair of DC blocking capacitors €,

280-1 and C_, 280-2 1s provided to prevent any DC signal being applied to the load 259.

“pi2 =

[0074] In one embodiment, the transformer 255 may be implemented with a Core
Diameter (mm), Wire Dhameter (mm}, and Gap between secondary windings in accordance with
the following specifications:

{00751  Core Diamcter, I (imm)

(60761 D=199x10-3

{00771 Wire diamcter, W {mm} for 22 AWG wire

(60781 W =7366x10-4

[0079]  Gap between secondary windings, in gap = 0.125

[0080] G=gap/254

[0081] In this cmbodiment, the amount of electrical power supplied to the end cffector
126 is controlled by varying the frequency of the switching signals used to switch the FET s 243,
This wortks because the resonant circuit 250 acts as a frequency dependent (loss less) attenuator.
The closer the drive signal 15 to the resonant frequency of the resonant circuit 250, the less the
drive signal is attenuated. Simtlarly, as the frequency of the drive signal s moved away from the
resonant frequency of the circuit 250, the more the drive signal s attenuated and so the power
sapplied to the load reduces. In this emwbodiment, the frequency of the switching signals
generated by the FET gate drive circuitry 245 1s controlled by a controller 281 based on a desired
power to be delivered to the load 259 and measurements of the load voltage (V| ) and of the lead
current (£ } obtained by conventional voltage sensing circuitry 283 and current sensing cireuitry
28S. The way that the controlier 281 operates will be described tn more detail below.

[0082]  In one embodiment, the voltage sensing eircuitry 283 and the current sensing
circuitry 285 may be implemented with high bandwidth, high speed ratl-to-rail amplifiers (e.g.,

LMH6643 by National Semiconductor). Such amplifiers, however, consume a relatively high
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current when they are operational. Accordingly, a power save circait may be provided to reduce
the supply voltage of the amplifiers when they are not being used in the voltage sensing circuitry
283 and the current sensing circuitry 285, In onc-embodiment, a step-down regulator (e.g.,
LT1502 by Linear Technologies) may be employved by the power save circuit to reduce the
supply voltage of the rati-to-rail amplifiers and thus extend the hife of the battery 237.

[0083] FIG. 12 shows the main components of the controller 281, according to one
embodiment. In the embodiment illustrated in FIG. 12, the controlier 281 is a microprocessor
based controller and so most of the components illustrated in figure €c are software based
components. Nevertheless, a hardware based controller 281 may be used instead. As shown, the
controller 281 inchades synchronous L Q sampling circuitry 291 that receives the sensed voltage
and current signals from the sensing circuitry 283 and 285 and obtains corresponding samples
which are passed to a power, YV o.andl calculation module 293, The calculation module 283
uses the received samples to calculate the RMS voltage and RMS current applied to the load 259
(F1G. 8B; end effector 126 and tissuc/vesscel gripped thereby) and from them the power that i
presently being supplied to the load 259, The determined values are then passed to a frequency
control module 295 and a medical device control module 297, The medical device control
module 297 uses the values to determine the present impedance of the load 259 and based on this
determined impedance and a pre-defined algorithm, determunes what set point power (P}
should be applied to the frequency control module 295, The medical device control module 297
is in turn conirolled by signals received from a user input module 299 that receives inputs from
the user {for example pressing buttons 228 or activating the control fevers 221 on the handie 212)
and also controls output devices (lights, a display, speaker or the hike} on the handie 212 viaa
user output module 261,

{0384]  The frequency control module 295 uses the values obtained from the calculation
module 293 and the power set point (P} obtained from the medical device control module 297
and predefined system limits {to be explained below), to determine whether or not to increase or
decrease the applied frequency. The result of this decision is then passed to a square wave
generation moduie 263 which, in this embodiment, increments or decrements the frequency of a
square wave signal that it gencrates by 1 kHz, depending on the reccived decision. As those

skilled in the art will appreciate, in an alternative embodiment, the frequency control module 295
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may determing not only whether to increase or decrease the frequency, but also the amount of
frequency change required. In this case, the square wave generation module 263 would generate
the corresponding square wave signal with the desired frequency shift. In this embodiment, the
square wave signal generated by the square wave generation module 263 18 output to the FET
gate drive circuitry 245, which amplifies the signal and then applics it to the FET 243-1. The
FET gate drive circnitry 245 also inverts the signal applied to the FET 243-1 and applies the
inverted signal to the FET 243-2.

[0085]  According to various cmbodiments, the generator 102, 220 may provide power
to a tissue bite according to one or more power curves. A power curve may define a relationship
between power delivered to the tissue and the impedance of the tissue. For example as the
impedance of the tissue changes {(c.g., increases) during coagulation, the power provided by the
generator 102, 220 may also change {(c.g., decrease) according to the applied power curve.

[0086] Different power curves may be particularly suited, or dl-suited, to different
types and/or sizes of tissuc bites. Aggressive power curves {¢.g., power curves calling for high
power levels) may be suited for large tissue bites, When applied to smaller tissue bites, such as
small vessels, more aggressive power curves may lead to exterior searing. Exterior searing may
reduce the coagulation/weld quality at the exterior and can also prevent complete coagulation of
interior portions of the tissue. Similarly, less aggressive power curves may fail to achieve
hemostasis when applied fo larger tissue bites {e.g., larger bundles).

{00871  FIG. 13 illustrates one embodiment of a chart 1300 showing example power
curves 1306, 1308, 1310, The chart 1300 comprises an impedance axis 1302 illustrating
increasing potential tissue impedances from left to right. A power axis 1304 illustrates
inereasing power from down to up. Each of the power curves 1306, 1308, 1310 may define a set
of power levels, on the power axis 1304, corresponding fo a plurality of potential sensed tissue
impedances, in the impedance axis 1302, In general, power curves may take different shapes,
and this is illustrated in FIG. 13, Power curve 1306 is shown with a step-wise shape, while
power curves 1308, 1310 are shown with curved shapes. It will be appreciated that power curves
utitized by various cmbodiments may take any usable continuous or non-continuous shape. The
ratc of power delivery or aggressiveness of a power curve may be indicated by its position on the
chart 1300. For example, power curves that deliver higher power for a given tissuc impedance

may be considered more aggressive. Accordingly, between two power curves, the curve
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positioned highest on the power axis 1304 may be the more aggressive. It will be appreciated
that some power curves may overlap,

[0088] The aggressiveness of two power curves may be compared according to any
suitable method. For example, a first power curve may be considered more aggressive than a
second power enrve over a given range of potential tissue impedances if the first power curve has
a higher delivered power over the range. Delivered power over the range of potential tissuc
impedances may be measured in any suitable manner. For example, the delivered power over
the range may be represented by an arca under the power curve over the range or, when a power
curve is expressed discretely, a sum of the power values for the power curve over the sct of
potential tissue impedances.

[0089] According to various embodiments, the power curve shifting algorithms
described herein may be used with any kind of surgical device {(e.g., ultrasonic device 104,
clectrosurgical device 106}, In cmbodiments utilizing a ultrasonic device 104, tissue impedance

-
{
i

readings may be taken utilizing clectrodes 157, 159 and/or utilizing the clamp arm assembly 451
described herein with respect to FIGS. 3A and 3B. With an electrosurgical device, such as 106,
tissue impedance readings may be taken utilizing first and second electrodes 177, 179,

[0090] In some embodiments, an clectrosurgical device 104 may comprise a positive
temperature coefficient (PTC) material positioned between one or both of the electrodes 177, 179
and the tissue bite. The PTC material may have an impedance profile that remains relatively low
and relatively constant until it reaches a threshold or trigger temperature, at which point the
impedance of the PTC material may increase. In use, the PTC matertal may be placed in contact
with the tissue while power is applied. The trigger temperature of the PTC material may be
selected such that it corresponds to a tissue temperature indicating the completion of welding or
coaguiation. Accordingly, as a welding or coagulation process is completed, the impedance of
the PTC material may increase, bringing about a corresponding decrease in power actually
provided to the tissue.

{00911 It will be appreciated that during the coagulation or welding process, tissue
impedance may generally increase. In some embodiments, tissue impedance may display a
sudden impedance increase indicating successtul coagulation. The increase may be due to
physiological changes in the tissue, a PTC material reaching its trigger threshold, cte., and may

oceur at any point in the coagulation process. The amount of cnergy that may be reguired to
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bring about the sudden impedance increase may be related to the thermal mass of the tissue being
acted upon. The thermal mass of any given tissue bite, in turn, may be related to the type and
amount of tissue in the bite.

[0092]  Various embodiments may utilize this sudden tncrease in tissue impedance to
select an appropriate power curve for a given tissue bite. For example, the generator 102 may
sclect and apply successively more aggressive power curves until the tissuc impedance reaches
an impedance threshold indicating that the sudden increase has occurred. For example, reaching
the impedance threshold may indicate that coagulation is progressing appropriately with the
currently applied power curve. The impedance threshold may be a tissue impedance value, a rate
of change of tissue impedance, and/or a combination of impedance and rate of change. For
example, the impedance threshold may be met when a certain tmpedance value and/or rate of
change arc observed. According to various embodiments, different power curves may have
different impedance thresholds, as described herein,

[0093] FIG. 14 illustrates onc embodiment of a process flow 1330 for applying one or
OTe power curves to a tissue bite. Any suitable muraber of power curves may be used. The
power curves may be successively applied 1o order of aggressivencss until one of the power
curves drives the tissue to the impedance threshold, At 1332, the generator 102, 220 may apply a
first power curve. According to various erobodiments, the first power curve may be selected to
deliver power at a relatively low rate. For example, the first power curve may be selected to
avoid tissue scaring with the smallest and most valnerable expected tissue bites.

[0094] The first power curve may be applied to the tissue in any suitable manner. For
example, the generator 102, 220 may generate a drive signal implementing the first power curve.
The power curve may be implemented by modulating the power of the drive signal. The power
of the drive signal may be modulated in any suitable manner. For example, the voltage and/or
current of the signal may be modulated. Also, in varicus embodiments, the drive signal may be
puised. For example, the generator 102, 228 may modulate the average power by changing the
puise width, duty cycle, cte. of the drive signal. The drive signal may be provided to the first and

.
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second electrodes 177, 179 of the clectrosurgical device 106, In some embodiments the drive
signal implementing the first power curve may be provided to an ultrasonic gencrator 114 of the

ultrasonic device 104 described above,
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{00951 While applying the first power curve, the generator 102, 220 may monitor the
total energy provided to the tissue. The impedance of the tissue may be compared to the
impedance threshold at one or more energy thresholds. There may be any suitable number of
energy thresholds, which may be selected according to any suitable methodology. For example,
the energy thresholds may be selected to correspond to known points where different tissue types
achieve the impedance threshold. At 1334, the generator 102, 220 may determine whether the
total encrgy delivered to the tissuc has met or exceeded a first energy threshoid. I the total
energy has not vet reached the first encrgy threshold, the generator 102, 220 may continue to
apply the first power curve at 1332,

[0096] Ifthe total cnergy has reached the first energy threshold, the generator 102, 220
may determing whether the impedance threshold has been reached (1336). As described above,
the impedance threshold may be a predetermined rate of impedance change (e.g., increase) a
predetermined impedance, or combination of the two. I the impedance threshold is reached, the
generator 102, 220 may continuc to apply the first power curve at 1332, For cxample, reaching
the impedance threshold in the first power curve may indicate that the aggressiveness of the first
power curve 1s sufficient to bring about suitable coagulation or welding.

[0097]  In the event that the impedance threshold is not reached at 1336, the generator
102, 220 may mcrement to the next most aggressive power curve at 1338 and apply the power
curve as the current power curve at 1332, When the next energy threshold s reached at 1334,
the generator 102, 220 again may determine whether the impedance threshold is reached at 1336,
i it is not reached, the generator 102, 220 may again increment to the next most aggressive
power curve at 1338 and deliver that power curve at 1332,

[009K]  The process flow 1330 may continge until terminated. For example, the process
flow 1330 may be terminated when the impedance threshold is reached at 1336, Upon reaching
the impedance threshold, the generator 102, 220 may apply the then-current power curve until
coaguiation or welding is complete. Also, for example, the process flow 1330 may terminate
upon the exhaustion of all available power curves. Any suitable number of power curves may be
used. H the most aggressive power curve fails to drive the tissue to the impedance threshold, the
generator 102, 220 may continuc to apply the most aggressive power curve until the process is

otherwise terminated {¢.g., by a clinician or upon reaching a final energy threshold).
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{0399]  According to various embodiments, the process flow 1330 may continue until
the occurrence of a termination threshold. The termination threshold may indicate that
coaguiation and/or welding is complete. For example, the termination threshold may be based
on one or more of tissue impedance, tissue temperature, tissue capacitance, tissue inductance,
clapsed time, ¢tc. These may be a single termination threshold or, in various embodiments,
different power curves may have different termination thresholds, According to various
embodiments, different power curves may utilize different impedance thresholds., For example,
the process flow 1330 may transition from a first to a second power curve if the first power curve
has fatled to drive the tissue to a first tissue impedance threshold and may, subsequently, shift
from the second to a third power curve if the second power curve has failed to drive the tissuc to
a seeond impedance threshold.

[0100] FIG. 15 llustrates onc embodiment of a chart 380 showing cxample power
curves 1382, 1384, 1386, 1388 that may be used in conjunction with the process tlow 1330,
Although four power curves 1382, 1384, 1386, 1388 arc shown, 1t will be appreciated that any
suitable nomber of power curves may be utilized. Power curve 1382 may represent the least
aggressive power curve and may be applied fivst. I the impedance threshold is not reached at
the first energy threshold, then the gencrator 102, 220 may provide the second power curve 1384,
The other power curves 1386, 1388 may be utilized, as needed, for example in the manner
described above.

[0101]  As tlustrated in FIG. 15, the power curves 1382, 1384, 1386, 138K are of
different shapes. It will be appreciated, however, that some or all of a set of power curves
implemented by the process flow 1330 may be of the same shape. FIG. 16 illustrates one
embodiment of a chart showing example common shape power curves 1392, 1384, 1396, 139€
that may be used in conjunction with the process flow 1330, According to various embodiments,
common shape power curves, such as 1392, 1394, 1396, 1398 may be constant muftipies of one
another. Accordingly, the gencrator 102, 220 may implement the common shape power curves
1392, 1394, 1396, 1398 by applying different multiples to a single power curve. For cxample,
the curve 1394 may be implemented by multiplving the curve 1392 by a first constant multiplier.
The curve 1396 may be generated by multiplying the curve 1392 by a sccond constant multiplier.

Likewise, the curve 1398 may be gencrated by multiplying the curve 1392 by a third constant
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multiphier. Accordingly, in various embodiments, the generator 102, 220 may increment to a
next most aggressive power curve at 1338 by changing the constant multiplier.

[0102]  According to various embodiments, the process flow 1330 may be implemented
by a digital device {¢.g., a processor, digital signal processor, field programmable gate array
{(FPGA), cte.) of the generator 102, 220, FIGS. 17A-17C iitustrate process flows describing
routines that may be executed by a digital device of the generator 102, 220 to generally
implement the process flow 1330 described above, FIG. 17A illustrates one embodiment of a
routine 1340 for preparing the generator 102, 220 to act upon a new tissuc bite. The activation or
start of the new tissue bite may be initiated at 1342, At 1344, the digital device may pointto a
first power curve. The first power curve, as described above, may be the least aggressive power
curve to be implemented as a part of the process flow 1330, Pointing to the first power curve
may comprisc pointing to a deterministic formula indicating the first power curve, pointing to a
iook-up table representing the first power curve, pointing to a first power curve multiplicr, cte.

[0103] At 1346, the digital device may resct an impedance threshold flag. As described
below, setting the impedance threshold flag may indicate that the impedance threshold has been
met. Accordingly, resetting the flag way indicate that the impedance threshold has not been et
as may be appropriate at the outset of the process flow 1330, At 1348, the digital device may
continue to the next routine 1350,

[0104] TIG. 178 illustrates one embodirent of a routine 1350 that may be performed
by the digital device to monitor tissue impedance. At 1352, load or tissue impedance may be
measured. Tissue immpedance may be measured according to any suitable method and utilizing
any suitable hardware. For example, according to various embodiments, tissue impedance may
be calculated according to Ohm's law utilizing the current and voltage provided to the tissue. At
1354, the digital device may calculate a rate of change of the impedance. The impedance rate of
change may likewise be calculated according to any suitable manner. For ¢xample, the digital
device may maintain prior values of tissue impedance and calculate a rate of change by
comparing a current tissue impedance vahie or valucs with the prior values, Also, it will be
appreciated that the routine 1350 assumes that the impedance threshold is a rate of change. In
erabodiments where the impedance threshold is not a rate of change, 1354 may be omitted. If the

tissue impedance rate of change (or impedance itsclf) is greater than the threshold (1356}, then

- 26 -



WO 2016/032724 PCT/US2015/044206

the impedance threshold flag may be set. The digital device may continue to the next routing at
1368.

[0105]  FIG. 17C ilhustrates one embodiment of a routine 1362 that may be performed
by the digital device to provide one or more power curves to a tissue bite. At 1364, power may
be delivered to the tissue, for example, as described above with respect to 1334 of FIG. 78, The
digital device may divect the delivery of the power curve, for example, by applying the power
curve to find a corresponding power for gach sensed tissuc impedance, modulating the
corresponding power onto a drive signal provided to the first and second electrodes 177, 179, the
transducer 114, ctc.

[0106] At 1366, the digital device may calenlate the total accumulated energy delivered
to the tissue. For exarmple, the digital device may monitor the total time of power curve delivery
and the power delivered at each time. Total cnergy may be calculated from these values. At
1368, the digital device may determine whether the total energy is greater than or equal to a next
encrgy threshold, for example, similar to the manner described above with respect to 1334 of
FIG. 14, I the next energy threshold is not met, the current power curve may continug to be
apphed at 1378 and 1364,

[0107]  Ifthe next energy threshold is met at 1368, then at 1370, the digital device may
determine whether the impedance threshold flag is set. The state of the impedance threshold flag
may indicate whether the impedance threshold has been met, For example, the tmpedance
threshold flag may have been set by the routing 1350 if the impedance threshold has been met. If
the impedance flag is not set {¢.g., the impedance threshold is not met), then the digital device
may determine, at 1372, whether any more aggressive power curves remain to be implemented.
if so, the digital device may point the routine 1362 to the next, more aggressive power curve at
1374, The rontine 1362 may continue (1378} to deliver power according to the new power curve
at 1364, If all available power curves have been applied, then the digital deviee may disable
calculating and checking of accumulated energy for the remainder of the tissue operation at
1376.

{0108]  If the impedance flag is set at 1378 (¢.g., the impedance threshold has been
met), then the digital device may disable calculating and checking of accumulated energy for the
remainder of the tissuc operation at 1376, It will be appreciated that, in some cmbodiments,

accumulated cnergy calculation may be continued, while 1370, 1372, 1374, and 1376 may be
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discontinued. For example, the generator 102, 220 and/or digital device may implement an
automated shut-off when accumulated encrgy reaches a predetermined value.

[0109]  FIG. 18 illustrates one embodiment of a process flow 1400 for applying one or
more power curves to a tissue bite. For example, the process flow 1400 may be implemented by
the generator 102, 220 {e.g., the digital device of the gencrator 102, 2203, At 1402, the gencrator
102, 220 may deliver a power curve to the tissuc. The power curve may be derived by applying
a multiplier to a first power curve. At 1404, the generator 102, 220 may determine if the
impedance threshold has been met. I the impedance threshold has not been met, the generator
102, 220 may increase the multiplier as a function of the total applied energy. This may have the
effect of increasing the aggressiveness of the applied power curve. It will be appreciated that the
multiplier may be increased periodically or continuously, For example, the generator 102, 220
may check the impedance threshold (14043 and increase the multiplier (1406) at a predetermined
periodic interval. In various embodiments, the gencrator 102, 220 may continuously check the
wnpedance threshold (1404) and incrcasc the multiplicr (1406). Incrcasing the multiplicr as a
function of total applied encrgy may be accomplished in any suitable manner. For example, the
generator 102, 220 may apply a deterministic equation that receives total received energy as
input and provides a corresponding multiplier value as output, Also, for example, the generator
102, 220 may store a look-up table that comprises a list of potential values for total applied
energy and corresponding multiplier values., According to various embodiments, the generator
102, 220 may provide a pulsed drive signal to tissue {e.g., via one of the surgical devices 104,
106}, According to vartous embodiments, when the impedance threshold is met, the multiplier
may be held constant. The generator 102, 220 may continue to apply power, for example, unti a
termination threshold is reached. The termination threshold may be constant, or may depend on
the final valae of the multiplier.

[0110] Insome embodiments utilizing a pulsed drive signal, the generator 102, 220
may apply onc or more composite load curves to the drive signal, and ultimately to the tissue.
Composite load curves, like other power curves described herein, may define a level of power to
be delivered to the tissuc as a function of a measured tissue property or properties {¢.g.,
mapedance). Composite load curves may, additionally, define a serics of pulses that may be

delivered to the tissue. In some embodiments, the number, pulse width and/or other
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characteristics of the pulses may be predetermined and/or determined based on measured tissue
properties.

{0111} FIG. 19 illustrates one erabodiment of a block diagram 1450 describing the
selection and application of composite load curves by the generator 102, 220, It will be
appreciated that the block diagram 1450 may be implemented with any suitable type of gencrator
or surgical device. According to various embodiments, the block diagram 1450 may be
implemented utilizing an electrosurgical device, such as the device 106 described above with
respect to FIGS. 4-7 and 9-12. Also, in various embodiments, the block diagram 1450 may be
implemented with an ultrasonic surgical device, such as the surgical device 104 described above
with respect to FIGS. 2-3, 3A and 3B. In some embodiments, the block diagram 1450 may be
utitized with a surgical device having cutting as wel as coagulating capabilitics. For cxample,
an RF surgical device, such as the device 106, may comprise a cutting edge, such as the blade
175 for severing tissue either before or during coagulation.

[0112] Referring back to FIG. 19, an algorithm 1452 may be executed, for example by
a digital device of the generator 102, 220 to select and apply cormposite load curves 1456, 1458,
1460, 1462, The algorithm 1452 may receive a time input from a clock 1454 and may also
receive loop input 1472 frorm sensors 1468, The loop input 1472 may represent properties or
characteristics of the tissue that may be atilized in the algorithm 1452 to select and/or apply a
compostie load curve. Examples of such characteristics may comprise, for example, current,
voltage, temperature, reflectivity, force applied to the tissue, resonant frequency, rate of change
of resonant frequency, etc. The sensors 1468 may be dedicated sensors {(e.g., thermometers,
pressure sensors, €tc.) or may be software implemented sensors for deriving tissue characteristics
based on other system values {¢.g., for observing and/or calculating voltage, current, tissue
temperature, etc., based on the drive signal). The algorithm 1452 may select onc of the
compostte load curves 1456, 1458, 1460, 1462 to apply, for cxample based on the loop input
1472 and/or the time input from the clock 1454, Although four composite load curves are
shown, it will be appreciated that any suitable number of composite load curves may be used.

{0113] The algorithm 1452 may apply a selected composite load curve in any suitable
manner, For example, the algorithm 1452 may usc the selected composite load curve to
calculate a power level and one or more pulse characteristics based on tissue impedance {e.g.,

currently measured tissue impedance may be a part of, or may be derived from, the loop inputior
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resonant frequency characteristics of a ultrasonic device 104, Examples of pulse characteristics
that may be determined based on tissue impedance according to a composite load curve may
include pulse width, ramp time, and off time.

[0114] At set point 1464, the derived power and pulse characteristics may be applied to
the drive signal. In various embodiments, a feedback loop 1474 may be implemented to allow
for more accurate modulation of the drive signal. At the output of the set point 1464, the drive
signal may be provided to an amplifier 1466, which may provide suitable amplification. The
amplified drive signal may be provided to a load 1470 {c.g., via sensors 146&). The load 1470
may comprise the tissug, the surgical device 104, 106, and/or any cable electrically coupling the
generator 102, 220 with the surgical device 104, 106 {c.g., cables 112, 12K}

[0115] FIG. 20 illustrates shows a process flow tllustrating onc embodiment of the
algorithm 1452, as imoplemented by the generator 102, 220 (e.g., by a digital device of the
generator 102, 220}, The algorithm 1452 may be activated at 1476, It will be appreciated that
the algorithm 1452 may be activated in any suitable manner. For example, the algorithm 1452
may be activated by a clinician upon actuation of the surgical device 104, 106 {¢.g., by pulling or
otherwise actuating a jaw closure trigger 138, 142, switch, handle, ete.).

[0116]  According to various embodiments, the algorithm 1452 may coraprise a
plurality of regions 1478, 1480, 1482, 1484, Each region may represent a differcuot stage of the
cutting and coagulation of a tissue bite. For example, in the first region 147§, the generator 102,
220 may perform an analysis of inttial tissue conditions (e.g., impedance}. In the second region
1480, the generator 102, 220 may apply energy to the tissue in order to prepare the tissue for
cutting. In the third or cut region 1482, the generator 102, 220 may continue to apply energy
while the surgical device 104, 106 cuts the tissue {¢.g., with the electrosurgical device 106,
cutting may be performed by advancing the blade AR} In the fourth or completion region
1484, the generator 102, 220 may apply cnergy post-cut to complete coagulation.

{0117] Referring now to the first region 1478, the generator 102, 220 may measure any
suitable tissue condition or conditions including, for example, current, voltage, temperature,
reflectivity, force applied to the tissue, etc. In various embodiments, an initial impedance of the
tissue may be measured according to any suitable manner. For example, the generator 102, 220
may modulate the drive signal to provide a known voltage or currency to the tissuc. Impedance

may be derived from the known voltage and the measured current or vice versa. 1t will be
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appreciated that tissue impedance may alternately or additionally be measured in any other
suitable manner. According to the algorithm 1452, the generator 102, 220 may proceed from the
first region 1478 to the second region 1480, In various embodiments, the clinician may ¢nd the
algorithm 1452 in the first region 1478, for example, by deactivating the generator 102, 220
and/or the surgical deviee 104, 106, If the clinician terminates the algorithm 1542, RF {and/or
uitrasonic) delivery may also be terminated at 1486,

{0118] In the sccond region 1480, the gencrator 102, 220 may begin to apply energy to
the tissuie via the drive signal to prepare the tissue for cutting. Encrgy may be applicd according
to the composite load curves 1436, 1458, 1460, 1462, as described below. Applving energy
according to the sccond region 1480 may comprise modulating pulses onto the drive signal
according to some or all of the compaosite load curves 1456, 1458, 1460, 1462, In various
embodiments, the composite load curves 1456, 1458, 1460, 1462 may be successively applied in
order of aggressiveness {¢.g., to accommodate various types of tissuc-volume clamped in the
nstrument jaws).

[0119] The first composite load curve 1436 may be applied first. The generator 102,
220 may apply the first composite load curve 1456 by modulating one or more first composite
load curve pulses onto the drive signal. Each first composite load curve pulse may have a power
and pulse characteristics determined according to the first composite load corve and considering
measured tissue impedance. Measured tissue impedance for the fivst pulse may be the
impedance measured at the first region 1478, In various embodiments, the generator 102, 220
may utilize ali or a portion of the first composite load curve pulses to take additional
measurements of tissue impedance or resonant frequency. The additional measurements may be
used to determine the power and other pulse characteristics of a subsequent pulse or pulses.

[0120] FIG. 21 ilhustrates one embodiment of a process flow 1488 for generating a first
compostte load curve pulse. The process flow 1488 may be executed by the gencrator 102, 220
{c.g., by a digital device of the generator 102, 220y, for ecxample, as a part of the algorithm 1452,
At 1490, the generator 102, 220 may calculate a pulse width (T,..). The pulse width may be
determined considering the most recent measured tissue impedance {(Z) and according to the first
composite load curve 1436,

[0121] A1 1492, the generator 102, 220 may ramp the power of the drive signal up to a

pulse power (FLinut) over a ramp time (L.}, thereby applying the pulse to the tissue. The pulse
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power may be determined, again, considering the most recent measured tissue impedance (7}
and according to the first composite load curve 1456, The ramp time may be determined
according to the composite load curve considering tissue impedance or may be constant {¢.g.,
constant for all first composite load curve pulses, constant for all pulses, ete.}. The generator
102, 220 may apply the pulse power to the drive signal in any suitable manner including, for
example, modulating a current and/or voltage provided by the drive signal. According to various
embodiments, the drive signal may be an alternating current (A/C) signal, and therefore the pulse
itself may comprise muitiple cveles of the drive signal.

{0122] The drive signal may be held at the pulse power for the pulse width at 1494, At
the conclusion of the pulse, the drive signal may be ramped down, at 1496, over a fall time (Tay).
The fall time may be determined according to the first composite load curve considering tissue
impedance, or may be constant (2.g., constant for all first composite load curve pulses, constant
for all pulses, etc.). It will be appreciated that, depending on the embodiment, the ramp time and
fall time may or may not be considered part of the pulse width. At 1498, the gencrator 102, 220
may pause for an off tirne (Tog). Like the ramp tiroe and {all time, the off time may be
determined according to the first composite load curve considering tissue impedance, or may be
constant {e.g., constant for all first composiie load curve pulses, constant for all pulses, etc. ).

[(123] At the completion of the off time, the generator 102, 220 may repeat the process
flow 1488 as long as the first composite load carve 1456 is applied. According to various
embodiments, the generator 102, 220 may apply the first composite load curve 1456 fora
predetermined amount of time. Accordingly, the process flow 1488 may be repeated until the
predetermined amount of time has elapsed (e.g., as determined based on the time input recetved
from the clock 1454). Also, in various embodiments, the first composite load curve may be
applied for a predetermined namber of pulses. Because the applied pulse width varies according
to measured tissue impedance, the total time that the first composite load curve is applied may
also vary with measured tissuc impedance. According to various embodiments, the first
composite load curve 1436 (as well as the other composite load curves 1458, 1460, 1462) may
speeity decreasing pulse widths as tissue impedance increases. Therefore, a higher initial tissue
impedance may lead to less time spent in the first composite load curve.

[0124] Upon completion of the first composite load curve 1456, the generator 102, 220

may successively apply the remaining consolidated load curves 1458, 1460, 1462 throughout the
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application of the second region 1480, Each load curve 1458, 1460, 1462 may be applied ina
manner similar to that of the load curve 1456 described above. For example, pulses according to
a current load curve may be gencrated until the completion of that load curve {c.g., the expiration
of a predetermined amount of time or a predetermined number of pulses). The predetermined
number of pulses may be the same for each composite load corve 1456, 1458, 1460, 1462 or may
be different. According to various embodiments, pulses according to the load curves 1458, 1460,
1462 may be generated in a manner similar to process flow 1488, except that pulse power, pulse
width and, in some embodiments, ramp time, fall time, and off time, may be derived according to
the current composite load curve.

{01251 The sccond region 1480 may be terminated upon the occurrence of various
cvents. For cxample, if the total RF application time has ¢xceeded a timeout time, then the
generator 102, 220 may cnd the tissuc operation by terminating RF (and/or ultrasonic) delivery at
1486, Also, various cvents may cause the generator 102, 220 to transition from the second
region 1480 to the third region 1482, For example, the generator 102, 220 may transition to the
third region 1482 when the tissue impedance (7} exceeds a threshold tissue impedance (Zierm)
and RF energy bas been delivered for at least more than a minimoum time {Taar). The threshold
tissue impedance may be an impedance and/or an impedance rate of change indicating that the
tissue bite 1s adequately prepared for cutting by the blade 175,

[0126]  According to various embodiments, if the final load curve 1462 13 completed in
the second region 1480 before completion of the second region 1480, then the final power curve
1462 may be continuously applied, for example, until the tissue impedance threshold is met, the
maximum second region time s reached and/or the timeont time 1s reached. Also, it will be
appreciated that, with some tissue cuts, the second region 1480 may be completed before all
avatlable consolidated load curves 1456, 1458, 1460, 1462 are executed.

[0127] At the third region 1482, the generator 102, 220 may continue to modulate
puises onto the drive signal. Generally, third region pulses may be modulated onto the drive
signal according to any suitable manner including, for example, that described above with
reference to the process flow 1488, The power and pulse characteristics of the third region
pulses may be determined according to any suitable method and, in various embodiments, may
be determined based on the composite load curve that was being exccuted at the completion of

the second region 1480 (the current load curve}. According to various embodiments, the current
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ioad curve may be utilized to determine the pulse power of third region pulses, while the pulse
characteristics {¢.g., pulse width, ramp time, fall time, off time, ¢tc.) may be constant regardiess
of compostte load curve. In some embodiments, the third region 1482 may utilize a third-region-
specific composite foad curve that may be one of the load carves 1456, 1458, 1460, 1462 utilized
in the second region 1480, or may be a different composite load curve (not shown).

[0128] The generator 102, 220 may continue to execute the third region 1482 until
receiving an indication that the tissuc cut is complete. In embodiments wtilizing surgical
implements having a blade, such as 175, the indication may be received when the blade 175
reaches its distal-most position, as shown in FIG. 6. This may trip a knife limit sensor (not
shown) indicating that the blade 175 has reached the end of its throw. Upon receiving the
indication that the tissue cut is complete, the generator 102, 220 may continue to the fourth
region 1484, It will also be appreciated that, in some ermbodiments, the gencrator 102, 220 may
transition from the third region 1482 directly to RF (and/or ultrasonic) termination at 1486, for
example, if the timeout time has been reached.

[0129]  In the fourth region 1484, the generator 102, 220 may provide an energy profile
designed to complete coagulation of the now-cut tissue. For example, according to various
embodiments, the generator 102, 220 wmay provide a predetermined number of pulses. The
puises may be provided in a manner similar to that described above with respect to the process
flow 1488, The power and pulse characteristics of the pulses moay be determuned according to
any suitable manner. For example, power and pulse characteristics of the fourth region pulses
may be determined based on the current composite lpad curve, the third-region-specific load
curve, or a fourth-region-specific composite load curve. In some embodiments, power may be
determined based on the current composite load curve, while pulse characteristics may be fourth
region-specific. Also, according to various embodiments, the power and pulse characteristics of
fourth region pulses may be determined independent of the current composite load curve.

{0130]  According to various embodiments, the generator 102, 220 may be programmed
to modify the application of power curves based on tissue response. In various embodiments, the
generator 102, 220 may apply a first power curve until a predetermined condition or set of
conditions is met. When the condition or set of conditions is met, the generator 102, 220 applics
a more aggressive power curve., For example, with respect to process flows 1330, 1340, 1350

and 1362, the generator 102, 220 increments from one power curve 1o a next most aggressive
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power curve when the total energy delivered during the first power curve exceeds a threshold
energy level and an impedance threshold is reached. With respect to the process flow 1400, the
generator 102, 22¢ increments from one power Curve 10 a next most aggressive power curve
when an impedance threshold is met. With respect to 1450, 1452 and 1488, the generator 102,
220 increments from one compostite load curve to a next composite load curve when the number
ot pulses called for by the first composite load curve have been delivered {c.g., provided on the
drive signal). fn some embodiments, such as those utilizing larger ond effectors to treat larger
tissue bites, applying power curves in this manner needlessly inercases the time required to treat
tissue. For exampie, when an initial applied composite load curve of process flows 1450, 1452
and 148K is not aggressive cnough to treat tissue in a timely manner, the surgical gencrator 102,
220 may, in some embodiments, continuc to apply the initial compositc load curve until the set
of conditions arc otherwise met {e.g., the total number of pulses called for by the load curve is
delivered).

(01317 FIG. 22 llustrates onc embodiment of a process flow 2200 that may be
executed by the generator 102, 220 to switch between cornposite load curves during tissue
ircatment. For example, the process flow 2200 may be executed in parallel to another process
flow for incrementing through composite load curves, such as the one or more of the process
fows 1450, 1452 and 1488, In this way, the process flow 2200 may cause the generator to
increment from one coroposite toad curve to another before the completion of the first composite
load curve. At 2202, the generator 102, 220 may activate to inttiate a tissue bite, At 2204, the
generator 102, 220 may deliver a drive signal according to parameters of a composite load curve.
The composite toad curve may be determined, for example, as described herein with respect to
the process flows 1450, 1452 and 1488, For example, the first compeosite toad curve applied
after activation may be the composite load curve 1456 described, for example, at FIG. 19, At
2206, the generator 102, 220 may calculate an impedance difference. The impedance difference
may describe a difference in the impedance of the tissue between a first time during the delivery
of the drive signal and a sccond time during the delivery of the drive signal. The impedance
difference may be measured directly by clectrosurgical electrodes 177, 179, electrodes 159, 157,
the blade 151 and conductive jacket 472, etc. In some cmbodiments utilizing an ultrasonic
device, the impedance difference may be measured indirectly by monitoring a difference in

impedance of the transducer 114,
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[(0132] 1f at 2208, the impedance difference is greater than a threshold impedance
difference, it may indicate that the first composite load curve is having a sufficient ¢ffect on the
tissue. Accordingly, the generator 102, 220 may continue to deliver the drive signal according to
the first composite foad curve, at 2204, for example, until the composite load curve is otherwise
completed, as described herein above. If the impedance difference, however, is less than the
threshold impedance difference, it may indicate that the composite load curve is not having a
sufficient effect on the tissue. Accordingly, the gencrator 102, 220 may increment to the next
compostte load curve at 2210, and then provide the drive signal, at 2204, according to the
parameters of the next power curve. The impedance threshold may be any suitable threshold. In
some embodiments, the impedance threshold is an absohute threshold {¢.g., an increase of 5 (3},
Also, in some embodiments, the impedance threshold is based on the measured impedance. For
example, the impedance threshold may be a percentage change, a percentage of the impedance as
measured at the first time, cte. In some embodiments, different thresholds are used based on the
composite load curve being applied.

[0133] In various embodiments, the impedance differconce may be taken across a single
puise of the drive signal. For example, and as described herein, properties of drive signal pulses
may be determined based on the composite load curve. FIG. 23A illustrates a plot showing
various propetties of one embodiment of a drive signal showing a pulse 2300, Tn FIG. 23A, a
horizontal axis 2301 iHustrates time and a vertical axis 2303 lustrates wagnitude. The drive
signal, including the pulse 2300, may be provided to electrosurgical electrodes 177, 179 and/or
an ultrasonic transducer 114, The pulse 2300 may be a pulse of a composite load curve, for
example, as described herein, The plot of FIG. 23A shows the power 2302, current 2304,
voltage 2306, and impedance 2308 occurring when the drive signal is provided to a load (e.g.,

g oy
I}
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electrosurgical electrodes 177, 179 and/or the ultrasonic transducer 114}, A sum of energy 2310
indicates the total energy provided to tissue since activation. As illustrated in FIG. 234, the
puise 2300 has a pulse width of approximately 5.5 scconds, though it will be appreciated that
puises of any suitable pulse width may be used.

{01341 The plot of FIG. 23A illustrates an example placement of first and sccond
sample times 2312, 2314 at which the impedance 2308 may be measured to determine the
impedance difference. As illustrated, the first sample time 2312 is at a leading edge of the pulse

2300 and the sccond sample time 2314 18 prior to the trailing edge of the pulse 2300, For
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example, the generator 102, 220 may be programmed to determine the total pulse width and may
take an impedance measurement before the pulse is completed. In the example Bustrated in
FIG. 23A, the umpedance 2308 experienced by the drive signal s lower at the second time 2314
than at the first time 2312, This may indicate that the drive signal is not having a sufficient
effect on the tissue, which may cause the gencrator 102, 220 to jump to a more aggressive
compostte load curve {¢.g., a next most aggressive composite load curve), as iliustrated at 2210,
FIG. 23B illustrates a plot showing various propertics of one embodiment of a drive signal
showing another pulse 2350, For the pulse 2350, the impedance experienced by the drive signal
increased between the first sample time 2312 and the second sample time 2314, This may
indicate that the drive signal is having a sufficient effect on the treated tissue and the generator
102, 220 may continuc in the current composite load curve, for exarple, as shown at 2204, In
some embodiments, instead of being taken between sample times in a single pulse, the
impedance difference may be taken between any two points or regions in the drive signal. For
example, the impedance difference may be taken between the average impedances for two pulses
{e.g. consecutive pulses}). In a non-pulsed setting, the impedavce difference may be taken
between two points in time that are, for example, a predetermined time apart,

[0135] TFIG. 24 sllustrates another exnbodiment of a process flow 2400 that may be
executed by the generator 102, 220 to switch between composite load curves during tissue
treatment based on a difference in delivered power. For example, a drop in the power delivered
to tissue may indicate that the drive signal is having a sufficient effect on the tissue. The process
flow 2400 may be executed in parallel to another process flow for incrementing through
composite load curves, such as the one or more of the process flows 1450, 1452 and 1488, At
2402, the surgical system may be activated on a tissue bite. At 2404, the generator 102, 220 may
deliver a drive signal according to a currently applied composite load curve. At 2406, the
generator 102, 220 may calculate a power difference. The power difference may indicate
whether the power provided to the tissue by the drive signal is increasing or decreasing. The
power difference may be taken, for example, between two points and/or two regions of the drive
signal. For ecxample, the power difference may be measured between two points and/or regions
of the drive signal offset by a predetermuined amount of time. Also, for example, the power

difference may be measured between two pulses {e.g., consecutive pulses). The power at a pulse
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may be taken at points on the pulses (e.2., equivalent points on consecutive pulses) or as an
average or other aggregation over all or a portion of the pulses.

[0136] At 2408, the generator 132, 220 may determing whether the power difference
greater than a power threshold, If the power difference s greater than the power threshold, it
may indicate that the drive signal is having a sufficient effect on the tissue, so the generator 102,
220 may continue to apply the drive signal according to the current power curve at 2404, for
example, unti application of the composite load curve is otherwise complete as described hergin
above. If the power difference is less than the power threshold, it may indicate that the drive
signal is not having a sufficient effect on the tissue, the generator 102, 220 may increment, at
2416, to a more aggressive composite load curve (e.g., the next most aggressive compaosite foad
curve) and proceed to 2404 as described.

{01371 FIG. 25A illustrates a plot showing various properties of one embodiment of a
drive signal showing two pulses 2452, 2454, For example, FIG. 25A tllustrates a sample time
2456 during the first pulse 2452 and a sample time 2458 during the sccond pulse 2454, The
power 2302 of cach pulse, for purposes of determining the power difference, may be taken, for
example, at the sample times 2456, 2458, In some embodiments, however, the power 2302 of
cach pulsc may be averaged over the respective pulses 2452, 2454, In the example of FIG. 254,
the power 2302 1s consistent and sumilar over both pulses 2452, 2454 and may be less than the
power threshold, This may indicate that the drive signal 15 not having a sufficient effect on
tissue, causing the composite toad curve to be incremented at 2416, FIG. 25B illustrates a plot
showing vartous properties of one embodiment of a drive signal showing two pulses 2460, 2462,
Sample times 2464 and 2466 are also illustrated. As shown, the power delivered to the tissue
drops between the pulse 2460 and the puise 2462 measured either as a difference between the
average power of cach pulse 2460, 2462 or a difference between the instantaneous power at the
sample points 2464, 2466. As illustrated in FIG. 25B, the difference is farger than the power
difference threshold, indicating that the drive signal is having a sufficient effect on tissue.
Accordingly, the generator 182, 220 may continue with the current composite load curve.

{0138]  Although the process flows 2200, 2400 are described as incrementing
composite load curves based on an impedance difference (2200} and a power difference (2400),
any suitable tissuc property difference may be used. Suitable tissuc property differcnces may

relate to tissuc changes indicating that the drive signal is having an effect on the tissue, or
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proxies therefor. Examples of tissue property differences that may be used include, for example,
current, voltage, tissue temperature, reflectivity, force applied to the tissue (e.g., pressure
between jaw membersi67, 169 or between blade 151 and clamp arm 135}, resonant frequency,
rate of change of resonant frequency, ete. The nature of different tissue properties may lead to
differences in tissue property difference thresholds. For example, when impedance difference i3
uscd, an impedance increase may indicate increasing tissue effect. When power difference i
used, a drop in power may indicate increasing tissue effect.

{01391  In some embodiments, the generator 102, 220 may also be programmed to
decrement from a morc aggressive compostic load curve to a less aggressive composite load
curve. For example, if a load curve that is too aggressive is applied to the drive signal, tissue
may be damaged and may form a less ideal seal. FIG. 26 illustrates a process flow 2500 that may
be executed by the generator to decrement composite load curves during tissue treatment. The
process flow 2500 may be exceuted in paralle] to another process flow for incrementing through
composite load curves, such as the one or more of the process flows 1450, 1452 and 1488 and/or
may be exccuted not in paralicl with another such process flow. At 2502, the surgical system
may be activated on a tissue bite. At 2504, the generator 102, 220 may deliver a drive signal
according to a current composite load curve. At 2506, the generator 102, 220 may calculaic a
tissue property difference. Any suitable tissue property may be used. If the tissue property
difference indicates over-treatment of the tissue, at 2508 the generator 102, 220 may decrement
at 2510 to a less aggressive composite foad curve {e.g., the next less aggressive composite load
curve). Overtreatment may be determined, for example, by comparing the tissue property
difference to a difference threshold. Different tissne properties and difference thresholds may
have different relationships to one another. For example, when an impedance difference 1s used,
the generator 102, 220 may decrement the composite foad curve 2510 when the impedance
difference is too positive. When a power difference is used, the generator 102, 220 may
decrement the composite load curve when the power difference drops too much. In various
embodiments, at 2508, the generator 102, 220 may compare the tissue property to two
thresholds, an increment threshold and a decrement threshold. If the tissue property meets the
increment threshold, then generator 102, 220 may increment the composite load curve. the
tissuc property mects the decrement threshold, the generator 102, 220 may decrement the

composite load curve at 2510, I neither threshold is met, the gencrator 102, 220 may continue
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in the current composite load curve, for example, until application of the compuosite load curve s
otherwise completed, for example, as described herein above.

{01407 Although the process flows 2200, 2400, 2500 are described in the context of
compostic load curves, it will be appreciated that they may be executed with respect to other
types of power curves as well. For example, with reference to the process flows 1330, 1340,
1350 and 1362, the generator 102, 220 may increment {or decrement) the power curve when the
impedance, power or other difference threshold is exceeded, regardiess of whether the energy
threshold has been reached.  Also for example, with reference to the process flow 1400, the
generator 102, 220 may increment {or decrement) the power curve when the power, impedance
or other difference threshold is cxeeeded, regardiess of whether the instantancous impedance
exceeds the impedance threshold.

[0141] In various crobodiments, the gencrator 102, 220 may sclect an appropriate initial
compostie load curve or other power curve based on one or more tissuc properties. FIG. 27
ilustrates a process flow 2250 that may be executed by the generator 102, 220 to select an initial
power curve. The process How 2250 may be executed in conjunction with, for example, any of
the process flows 1330, 1340, 1350, 1400, 1450, 1452 and 1488 described herein. Activation on
a tissue bite may occur at 2252, At 2254, the generator 102, 220 may measure a starting tissue
iapedance or other starting tissue property. For example, the generator 102, 220 may apply a
sensing signal across electrodes in contact with the tissue. When an clectrosurgical device s
used, the sensing signal may be applied across electrodes 177, 179, When an ultrasonic device is
used, the sensing signal may be applied across electrodes 159, 157 and/or conductive jacket 472
and blade 151, In varions embodiments, the sensing signal may be non-therapeutic. For
example, the impedance sensing signal may have a voltage, current, power, and/or energy level
that is not sufficient to significantly affect the tissue. The sensing signal may have any suitable
propertics that may depend on the particular application. For example, in some embodiments,
the sensing signal may have a maximum power of between 1 and 2 Watts, resulting ina
maxinum voltage of about 5 Volts or less. In some embodiments where the drive signal is
pulsed, the sensing signal may be provided out of phase with therapeutic signal such that the
sensing signal is provided when the therapeutic signal is “off” (¢.g., cqual to zero). For example,
the pulse width of a scnsing signal provided when the therapeutic signal is off may be between

20 and 100 milliscconds. In some embodiments, the starting tissuc property may be a tissue
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mmpedance, although any suitable tissue property or derivative of tissue property may be used
including, for example, tissue impedance, power provided to tissue over the sensing time, tissue
temperature, pressure exerted on tissue over the sensing time, ¢fe.

[0142] When sensing signal is an alternating current or AC signal, the impedance
encountered by the sensing signal may depend on its frequency. In some embodiments, the
frequency of the sensing signal may be selected to be offsct from the frequency of the drive
signal. In some cmbodiments, the frequency of the sensing signal is offset from the frequency of
the drive signal by a factor of between about 10 and about 20, For cxampie, the frequency of the
sensing signal may be between ten and twenty times the frequency of the frequency of the drive
signal or between onc tenth and one twenticth of the frequency of the drive signal. Other offsets
between the freguencies of the scnsing signal and the drive signal may also be used. This may
wmprove clectrical isolation between the sensing signal and the drive signal. Also, for example,
offsetting the frequencics of the sensing signal and the drive signal may allow both signals to be
applicd to the tissue simultancously. Accordingly, for any of the embodiments described herein,
tissue impedance may be measured using a sensing signal provided at the same tume that a drive
signal is also provided. In an ultrasounic device, the sensing signal may be applied across sensing
clectrodes 159, 157 and/or the conductive jacket 472 and blade 151 while the drive signal is
provided to the transducer 114, For example, in an electrosurgical device, the drive signal and
sensing signal may be applied simultancously across electrodes 177, 179, Also, in some
embodiments, the electrosurgical device may comprise separate sensing electrodes similar to 1359
and 157, Insuch an embodiment, the sensing signal may be provided to the sensing electrodes

lyled
i
I

whitle the drive signal is provided to the clectrodes 177, 179, Also, for example, the sensing
signal may be set at a frequency where a particular tissue property is more apparent.

[0143]  Atr2256, the generator 102, 220 may compare the measured starting tissue
property with one or more standard tissue impedance valags. At 2258, based on the comparison,
the generator 102, 220 may sclect a first or initial power curve. For example, cach power curve
that may potentially be selected as the first power curve is associated with an impedance or range
of impedances. When the measured starting tissue impedance corresponds to the impedance
associated with a particular power curve, that power curve may be selected as the starting power
curve. At 2260, the generator 102, 220 may deliver the drive signal configured according to the

sclected starting power curve.
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[(0144] FIG. 28 illustrates a plot showing various propertics of one embodiment of an

~
i
/

impedance sensing signal 2272, The impedance sensing signal 2272 is illustrated as a pulse. In
various embodiments, the voltage 2306 of the impedance sensing signal may be held constant,
The impedance 2302 may then be found vtilizing ohm’s faw based on the measured current
2308. In the embodiment Hustrated in FIG. 25, the impedance sensing signal is non-therapeutic.
For example, a drive signal 2274 is illustrated next to the impedance sensing signal. The drive
signal 2274, as illustrated, brings about a higher voltage 2306, current 2308 and power 2302,

[0145] FIG. 29 illustrates a process flow 2700 that may be executed by the gonerator
102, 220 to select an inttial power curve and increment and/or decrement a power curve based on
a tissue property difference. The process flow 2700 may be executed by the gencrator 102, 220
by itself, or in conjunction with another process flow for shifting power curves, such as process
flows 1330, 1340, 1350, 1400, 1450, 1452 and 1488 described herein,. At 2702, the surgical
system may activate on a tissue bite. At 2704, the generator 102, 220 may measure a starting
tissue property such as, for example, impedance as illustrated above with reference to FIGS. 27-
28. At 2706, the generator 102, 220 may compare the starting tissue property to standard values,
for example, as described above with respect to 2256 of the process flow 2250, A starting power
curve may be determuned at 2708, A drive signal according fo the starting power curve may be
apphied to the tissue at 2710, A tissue property difference may be found at 2712 and coropared
to a threshold (or thresholds) at 2714, If the tissue property difference exceeds an increment or
decrement threshold, the drive signal may be modified according to an incremented or
decremented power curve at 2716, If no increment or decrement threshold is exceeded, the
generator 102, 220 may continue to apply the first power curve.

[0146]  Although the various embodiments of the devices have been described herein in
connection with certain disclosed embodiments, many modifications and variations to those
embodiments may be implemented. For example, different types of end effectors may be
cmployed. Also, where materials are disclosed for certain components, other materials may be
uscd. The foregoing description and following claims are intended to cover all such
modification and variations,

{01471 Any patent, publication, or other disclosure material, in whole or in part, that is
said to be incorporated by reference herein is incorporated hercin only to the extent that the

incorporated materials does not conflict with cxisting definitions, statements, or other disclosure
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material set forth in this disclosure. As such, and to the extent necessary, the disclosure as
explicitly set forth herein supersedes any conflicting material incorporated herein by reference.
Awny material, or portion thereof, that is said to be incorporated by reference herein, but which
conflicts with existing definitions, statements, or other disclosure material set forth herein will
only be incorporated to the extent that no conflict arises between that incorporated material and
the existing disclosure material.
{0148] Various aspects of the subject matter described herein are sct out in the
following numbered clanses:
I A surgical system for providing a drive signal to a surgical device for treating
tissue, the surgical system comprising:
a surgical gencrator, wherein the surgical gencrator is programmed to:
deliver the drive signal according to a first composite load curve, wherein the first
compaosite load curve defines a first level of power to be delivered to the tissue as a function of at
icast one measured property of the tissue, and wherein the first cornposite load curve defines a
plurality of pulses 1o be sequentially applied to the drive signal;
receive a first tissue measurernent indicating a property of the tissue at a first time
during the delivery of the drive signal;
receive a second tissuc measurement indicating the property of the tissuc at a
second time during the delivery of the drive signal, wherein the second time 1s after the first
time;
based on the first and sccond tissue measurements, determine a difference in the
property of the tissue between the first time and the second time;
when the difference in the property of the tissue exceeds a difference threshold,
deliver the drive signal according to a second composite load curve, wherein the second
compostte load curve is more aggressive than the first composite load curve.
2. The surgical system of clause 1, wherein the property of the tissuc is sclected
from the group consisting of an impedance of the tissue; a power provided to the tissuc; a
temperature of the tissue; and a pressure exerted on the tissue.
3 The surgical system of any of clauses 1-2, whercin the property of the tissue is an

impedance of the tissue.
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4. The surgical system of any of clauses 1-3, wherein the first time is at a first point
of a first pulse of the plurality of pulses and wherein the second time is at a secoud point of the
first pulse.

5. The surgical system of any of clauses 1-4, wherein the change threshold is at least
one property selected from the group consisting of! a predetermined impedance value; a
pereentage of the first tissue measurement; and a multiple of the first tissue measurement.

6. The surgical system of any of clauses 2, 4, wherein the property of the tissuc is a
power provided to the tissue, and wherein the first time is during a first pulsc of the plurality of
pulses and the second time is during a second pulse of the plurality of pulses.

7. The surgical system of clause 6, wherein the surgical gencrator is further
programmed to receive a plurality of tissuc measurements indicating the property of the tissue
during the first pulse, including the first tissuc measurement, and a plurality of tissuc
measurements indicating the property of the tissuc during the second pulse, including the second
tissue measurement, and wherein determining a change in the power provided to the tissue
between the first time and the second time comprises determuning a change in an average power
provided to the tissue during the first pulse and an average power provided to the tissue during
the second pulse.

8. The surgical system of any of clauses -7, further comprising:

receiving a third tissue measurement indicating the property of the tissae at a third time
during delivery of the drive signal;

receiving a fourth tissue measurement indicating the property of the tissue at a fourth
time during delivery of the drive signal; and

based on third and fourth tissue measurements, determine a second change in the property
between the third time and the fourth time;

when the second change in the property is greater than a second change threshold, deliver
the drive signal according to a third composite load curve, whercin the third composite load
curve is less aggressive than the second composite load curve.

9. The surgical system of any of clauses 1-8, further comprising:

recetving a third tissue measurement indicating the property of the tissuc at a third time

during delivery of the drive signal;
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recetving a fourth tissue measurement indicating the property of the tissue at a fourth
time during delivery of the drive signal; and

based on third and fourth tissue measurements, determine a second change in the property
between the third time and the fourth time;

when the second change in the property is not greater than a second change threshold,
continue to deliver the drive signal according to the second composite load curve.

10.  The surgical system of clause 9, further comprising, when the second change in
the property is not greater than a second change threshold, continue to deliver the drive signal
according to the sccond composite load curve until a termination of the sccond compuosite foad
curve.

I The surgical system of any of clauses 1-10, wherein relative to the first composite
ioad curve, the second composite load curve has g higher delivered power over a range of
potential tissuc impedances.

2. The surgical system of any of clauses 1-11, wherein the property of the tissue is
selected from the group consisting of a current of the drive signal, a voltage of the drive signal, a
temperature of the tissue, a reflectivity of the drive signal, and a force applied to the tissue.

3. The surgical system of any of clauses 1-12, wherein the surgical generator is
further programmoed fo:

hetfore delivering the drive signal according to the first coraposite load curve, receive a
starting tissue measurement indicating a starting property of the tissue; and

based on the pre-treatment property of the tissue, select the first composite load curve.

t4. A method of providing a drive signal to a surgical device for treating tissue, the
method comprising:

delivering the drive signal to a surgical deviee according to a first composite load curve,
wherein the first composite load curve defines a first level of power to be delivered to the tissue
as a function of at least one measured property of the tissue, and wherein the first composite foad
curve defines a plurality of pulses to be scquentially applied to the drive signal;

receiving a first tissuc measurement indicating a property of the tissue at a first time
during the delivery of the drive signal;

receiving a second tissuc measurement indicating the property of the tissue at a second

time during the delivery of the drive signal, wherein the second time is after the first time;
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based on the first and second tissue measurements, determining a difference in the
property of the tissue between the first time and the second time;
when the difference in the property of the tissue exceeds a difference threshold,
delivering the drive signal according to a second composite load curve, wherein the second
composite load curve is more aggressive than the first composite load curve.
£5. A surgical system for providing a drive signal to a surgical device for treating
tissue, the surgical system comprising:
a surgical generator, wherein the surgical generator is programmed to:
receive a first tissue measurement indicating a property of the tissue;
based on the first tissue measurement, select a first power curve, wherein the first
power carve defines a first level of power to be delivered to the tissuc as a function of at least
one measured property of the tissue,
deliver the drive signal according to the composite power curve.
16.  The surgical system of clause 15, further comprising:
a first electrode;
a second electrode; and
wherein the surgical generator 1s further programmed to:
applying an impedance sensing signal to the tissuc via the first and second
electrodes;
determine the property of the tissue based on the impedance sensing signal,
7. The surgical system of clause 16, wherein applying the impedance sensing signal
comprises applying the impedance sensing signal for an impedance sensing signal time period.
IR, The surgical system of clause 17, wherein the surgical generator is further
configured to:
hold a voltage of the sensing signal constant during the impedance sensing time
period; and
receive an indication of a current of the sensing signal during the impedance
sensing time;

based on the current, determine an impedance of the tissue.
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19.  The surgical system of any of clauses 15-18, wherein the property of the tissue is
selected from the group consisting of. an impedance of the tissue; a power provided to the tissue;

a temperature of the tissue; and a pressure exerted on the tissue.
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CLAIMS

We claim:

I A surgical system for providing a drive signal to a surgical device for treating
tissue, the surgical system comprising:
a surgical generator, wherein the surgical generator is programived to:
deliver the drive signal according to a first composite load curve, wherein the fivst
composite load curve defines a first level of power to be delivered to the tissue as a function of at
least one measured property of the tissue, and wherein the first composite load curve defines a
plurality of pulses to be sequentially applied to the drive signal;
receive a first tissue measwrement indicating a property of the tissue at a first time
during the delivery of the drive signal;
receive a second tissue measurement indicating the property of the tissue at a
second time during the delivery of the drive signal, wherein the second time is after the first
time:
based on the first and second tissue measurements, determine a difference in the
property of the tissue between the first time and the second timge;
when the difference in the property of the tissue exceeds a difference threshold,
deliver the drive signal according to a second composite load curve, wherein the second
compostie load curve is more aggressive than the first coraposite load curve.
2. The surgical system of claim 1, wherein the property of the tissue is selected from
the group consisting of: an impedance of the tissue; a power provided to the tissue; a teraperature

of the tissue; and a pressure exerted on the tissue.

3. The surgical system of claim I, wherein the property of the tissue is an impedance

of the tissue.

4. The surgical system of claim 3, wherein the first fime is at a first point of a first

puise of the phlurality of pulses and wherein the second time is at a second point of the first pulse.
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5. The surgical system of claim 3, wherein the change threshold is at least one
property selected from the group consisting of: a predetermined impedance value; a percentage

of the first tissue measurement; and a multiple of the first tissue measurement.

6. The surgical system of claim 1, wherein the property of the tissue is a power
provided to the tissue, and wherein the first time s during a first pulse of the plurality of pulses
and the second time is during a second pulse of the plurality of pulses.

7. The surgical system of claim 6, wherein the surgical gencrator is further
programmed to receive a plurality of tissue measurements indicating the property of the tissue
during the first pulse, including the first tissue measurement, and a plurality of tissue
measurements indicating the property of the tissue during the second pulse, including the sccond
tissue measurcment, and wherein determining a change in the power provided to the tissue
between the first time and the second time comprises determining a change in an average power
provided fo the tissue during the first pulse and an average power provided to the tissue during

the second pulse.

8. The surgical system of claim |, further comprising:

receiving a third tissue measurement indicating the property of the tissae at a third time
during delivery of the drive signal;

receiving a fourth tissue measurement indicating the property of the tissue at a fourth
time during delivery of the drive signal; and

based on third and fourth tissue measurements, determine a second change in the property
between the third time and the fourth time;

when the second change in the property is greater than a second change threshold, deliver
the drive signal according to a third composite load curve, whercin the third composite load

curve is less aggressive than the second composite load curve.
9. The surgical system of claim |, further comprising:
receiving a third tissuc measurement indicating the property of the tissue at a third time

during delivery of the drive signal;
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recetving a fourth tissue measurement indicating the property of the tissue at a fourth
time during delivery of the drive signal; and

based on third and fourth tissue measurements, determine a second change in the property
between the third time and the fourth time;

when the second change in the property is not greater than a second change threshold,

continue to deliver the drive signal according to the second composite load curve.

0. The surgical system of claim 9, further comprising, when the second change in
the property is not greater than a second change threshold, continue to deliver the drive signal
according to the second compostic load curve until a termination of the second composite load

CUrve.

t1.  The surgical system of claim 1, wherein relative to the first composite load curve,
the second composite load curve has a higher delivered power over a range of potential tissue

impedances.

12, The surgical system of claim 1, wherein the property of the tissue is selected from
the group counsisting of a curvent of the drive signal, a voltage of the drive signal, a termperature

of the tissue, a reflectivity of the drive signal, and a force applied to the tissue.

3. The surgical system of claim I, wherein the surgical generator is further
programmed to:

before delivering the drive signal according to the first composite load curve, receive a
starting tissue measurement indicating a starting property of the tissue; and

based on the pre-treatment property of the tissue, sclect the first composite load curve.

4. A method of providing a drive signal to a surgical device for treating tissue, the
method comprising:
delivering the drive signal to a surgical device according to a first composite load curve,

wherein the first composite load curve defines a first level of power to be delivered to the tissuc
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as a function of at least one measured property of the tissue, and wherein the first compeosite foad
curve defines a phuarality of pulses to be sequentially applied to the drive signal;

recetving a first tissue measurement indicating a property of the tissue at a first time
during the delivery of the drive signal;

recetving a second tissue measurement indicating the property of the tissue at a second
time during the delivery of the drive signal, wherein the second time is after the first time;

based on the first and second tissue measurements, determining a difference in the
property of the tissue between the first time and the second time;

when the difference in the property of the tissuc exceeds a difference threshold,
delivering the drive signal according to a sccond composite load curve, wherein the second

compostie load curve is more aggressive than the first coraposite load curve.

15. A surgical system for providing a drive signal to a surgical device for treating
tissue, the surgical system comprising:
a surgical generator, wherein the surgical generator 1s programmed to:
receive a fivst tissue measureroent indicating a property of the tissue;
based on the first tissue mweasurement, select a first power curve, wherein the first
power curve defines a first level of power to be delivered to the tissue as a function of at least
one measured property of the tissue;

deliver the drive signal according to the composite power curve,

16. The surgical system of claim 15, further comprising:
a first efectrode;

a second electrode; and

wherein the surgical generator is further programmed to:

applying an impedance sensing signal to the tissue via the first and second

electrodes;
determine the property of the tissuc based on the impedance sensing signal,
17. The surgical system of claitn 16, wherein applying the impedance sensing signal

compriscs applying the immpedance sensing signal for an impedance sensing signal time period.
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IR, The surgical system of claim 17, whergin the surgical generator is further
configured to:
hold a voltage of the sensing signal constant during the impedance sensing time
period; and
receive an indication of a current of the sensing signal during the impedance
sensing time;

based on the current, determine an impedance of the tissue.

19, The surgical system of claim 15, wherein the property of the tissue is selected
from the group consisting of: an impedance of the tissue; a power provided to the tissue; a

temperature of the tissue; and a pressure exerted on the tissue.
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