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(57) Abregeé/Abstract:

A method for medical treatment Includes beginning coagulating patient tissue using an energy-based clamp coagulator,
determining the clamping force, and measuring the acoustic impedance of the patient tissue. The method also Includes
compensating the measured acoustic impedance for clamp pressure and monitoring the coagulation using at least the
compensated measured acoustic impedance. A first medical treatment system includes an energy-based clamp coagulator, an
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(57) Abrege(suite)/Abstract(continued):

acoustic-impedance measurer, and a force measurer. A second system Includes an energy-based clamp coagulator having a
clamping member which includes, or Is adapted to function as, an electrical-impedance-measuring electrode for measuring an
electrical Impedance of the clamped patient tissue. A third system includes an energy-based clamp coagulator having a clamping
member which Includes, or Is adapted to function as, a temperature sensor for measuring a temperature of the clamped patient
tissue.
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ABSTRACT

A method for medical treatment includes beginning coagulating patient tissue
using an energy-based clamp coagulator, determining the clamping force, and
measuring the acoustic impedance of the patient tissue. The method also
includes compensating the measured acoustic impedance for clamp pressure and
monitoring the coagulation using at least the compensated measured acoustic
impedance. A first medical treatment system includes an energy-based clamp
coagulator, an acoustic-impedance measurer, and a force measurer. A second
system includes an energy-based clamp coagulator having a clamping member
which includes, or 1s adapted to function as, an electrical-impedance-measuring
electrode for measuring an electrical impedance of the clamped patient tissue.
A third system includes an energy-based clamp coagulator having a clamping
member which includes, or 1s adapted to function as, a temperature sensor for

measuring a temperature of the clamped patient tissue.
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ENERGY-BASED MEDICAL TREATMENT
SYSTEM AND METHOD

[0001] Field of the Invention

[0002] The present invention is related generally to medical treatment systems
and methods, and more particularly to an energy-based medical treatment

system and to an energy-based medical treatment method.

(0003] Background of the Invention

[0004] Energy-based medical treatment systems are known which include a
clamp coagulator in the form of an ultrasonic surgical shears having an
ultrasonic surgical blade, a clamping arm operable to open and close toward the
blade, a tissue pad attached to the clamping arm, and a device for exerting a
clamping force on the clamping arm which creates a clamping pressure on a
blood vessel which is positioned between the clamping surface area of the tissue
pad and the blade. The result of the ultrasonically-vibrating ultrasonic surgical
blade and the clamping pressure on the blood vessel is a coaptation of the blood
vessel (a bringing together of the walls of the blood vessel), a transection (a
cutting) of the coaptated blood vessel, and a coagulation (a sealing) of the
coaptated cut ends of the blood vessel. Energy-based medical treatment

systems in the form of RF (radio-frequency) clamp coagulators are also known.

[0005] Still, scientists and engineers continue to seek improved energy-based

medical treatment systems and improved energy-based medical treatment

methods.

[0006] Summary of the Invention

[0007] A method of the invention is for medical treatment and includes steps
a) through g). Step a) includes obtaining an energy-based clamp coagulator.
Step b) includes applying a clamping force to patient tissue using the energy-

based clamp coagulator. Step c) includes beginning coagulating the patient
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tissue using the energy-based clamp coagulator. Step d) includes determining
the clamping force. Step ) includes measuring the acoustic impedance of the
patient tissue. Step f) includes compensating the measured acoustic impedance
of the patient tissue for clamp pressure using at least the determined clamping
force. Step g) includes monitoring the coagulation of the patient tissue using at

least the compensated measured acoustic impedance.

[0008] A first embodiment of the invention is for an energy-based medical
treatment system including an energy-based clamp coagulator, an acoustic-
impedance measurer, and a force measurer. The energy-based clamp coagulator
1s adapted to clamp patient tissue. The acoustic-impedance measurer is
operatively connected to the energy-based clamp coagulator to measure an
acoustic impedance of the clamped patient tissue. The force measurer is
operatively connected to the energy-based clamp coagulator to measure a clamp

force on the clamped patient tissue.

[0009] A second embodiment of the invention is for an energy-based medical
treatment system including an energy-based clamp coagulator having two
clamping members adapted to coagulate patient tissue clamped between the two
clamping members, wherein the two clamping members include, or are adapted
to function as, electrical-impedance-measuring electrodes for measuring an

electrical impedance of the clamped patient tissue.

[0010] A third embodiment of the invention is for an energy-based medical
treatment system 1ncluding an energy-based clamp coagulator having two
clamping members adapted to coagulate patient tissue clamped between the two
clamping members, wherein at least one of the two clamping members includes,
or 1s adapted to function as, a temperature sensor for measuring a temperature of

the clamped patient tissue.
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[0010a] According to a further aspect, there is provided an energy-based medical
treatment system comprising:

a) an energy-based clamp coagulator adapted to clamp patient tissue;

b) an acoustic-impedance measurer operatively connected to the energy-based
clamp coagulator to measure an acoustic impedance of the clamped patient tissue;

c) a force measurer operatively connected to the energy-based clamp coagulator to
measure a clamp force on the clamped patient tissue; and

d) a controller which compensates the measured acoustic impedance of the patient

tissue for clamp pressure using at least the measured clamp force.

[0010b] According to a further aspect, there 1s provided an energy-based medical
treatment system comprising:

a) an energy-based clamp coagulator adapted to clamp patient tissue;

b) an acoustic-impedance measurer operatively connected to the energy-based
clamp coagulator, the acoustic-impedance measurer determining a value of acoustic
impedance based on a generator output power;

c) a force measurer operatively connected to the energy-based clamp coagulator,
the force measurer determining a value of clamping force based on a force transducer
output; and

d) a controller generating a value of compensated acoustic impedance from the
value of acoustic impedance based on at least the value of clamping force, wherein the
value of compensated acoustic impedance is corrected to a value less than the value of

acoustic impedance with increasing values of clamping force.

[0011] According to a further aspect of the invention, there is provided use of the energy-

based medical system for medical treatment.
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[0012] Several benefits and advantages are obtained from one or more of the
method and the embodiments of the invention. In one example, monitoring the
coagulation of patient tissue allows a controller to turn off, or to activate an
indicator which indicates to a user to turn off, the energy-based clamp
coagulator when tissue coagulation is completed without the coagulation
progressing to non-target tissue and without the energy further desiccating or

damaging the target tissue.

[0013] The present invention has, without limitation, application with straight
or curved ultrasonic surgical blades (when the energy used is ultrasound) and

further in hand-activated instruments as well as in robotic-assisted instruments.

[0014] Brief Description of the Figures

[0015] FIGURE 1 is a block diagram of a method of the invention;

[0016] FIGURE 2 is a schematic block diagram of a first embodiment of an
energy-based medical treatment system of the invention including an energy-

based clamp coagulator, an acoustic-impedance measurer, and a force measurer;

[0017] FIGURE 3 1s a schematic side elevational view of the energy-based

clamp coagulator of Figure 2;

[0018] FIGURE 4 is a schematic block diagram of a second embodiment of an
energy-based medical treatment system of the invention including an energy-
based clamp coagulator having two clamping members which include, or are

adapted to function as, electrical-impedance-measuring electrodes;

[0019] FIGURE 5 is a schematic side elevational view of the energy-based

clamp coagulator of Figure 4;

[0020] FIGURE 6 1s a schematic block diagram of a third embodiment of an
energy-based medical treatment system of the invention including an energy-

based clamp coagulator having two clamping members at least one of which

includes, or is adapted to function as, a temperature sensor; and
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[0021] FIGURE 7 is a schematic side elevational view of the energy-based

clamp coagulator of Figure 6.

[0022] Detailed Description of the Invention

[0023] Before explaining the present invention in detail, it should be noted
that the invention is not limited in its application or use to the details of
construction and arrangement of parts illustrated in the accompanying drawings
and description. The illustrative embodiments of the invention may be
implemented or incorporated in other embodiments, variations and
modifications, and may be practiced or carried out in various ways.
Furthermore, unless otherwise indicated, the terms and expressions employed
herein have been chosen for the purpose of describing the illustrative
embodiments of the present invention for the convenience of the reader and are

not for the purpose of limiting the invention.

[0024] It is understood that any one or more of the following-described

embodiments, examples, etc. can be combined with any one or more of the

other following-described embodiments, examples, etc.

[0025] Referring now to the Figures, in which like numerals indicate like
elements, Figure 1 illustrates a method of the invention with Figures 2-3
illustrating an embodiment of an energy-based medical treatment system 10 as
one example of apparatus for carrying out the method. The method is for
medical treatment and includes steps a) through g). Step a) is labeled as
“Obtain Clamp Coagulator” in block 12 of Figure 1. Step a) includes obtaining
an energy-based clamp coagulator 14. Step b) is labeled as “Apply Clamping
Force” in block 16 of Figure 1. Step b) includes applying a clamping force to
patient tissue 18 using the energy-based clamp coagulator 14. Step c) is labeled
as “Begin Coagulating Patient Tissue” in block 20 of Figure 1. Step ¢) includes
beginning coagulating the patient tissue 18 using the energy-based clamp

coagulator 14. Step d) is labeled as “Determine Clamping Force" in block 22 of
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Figure 1. Step d) includes determining the clamping force. Step e) is labeled as
"Measure Acoustic Impedance” in block 24 of Figure 1. Step e) includes
measuring the acoustic impedance of the patient tissue 18. Step f) is labeled as
"Compensate The Measured Impedance" in block 26 of Figure 1. Step f)
includes compensating the measured acoustic impedance of the patient tissue 18
for clamp pressure using at least the determined clamping force. Step g) is
labeled as "Monitor Coagulation" in block 28 of Figure 1. Step g) includes
monitoring the coagulation of the patient tissue 18 using at least the

compensated measured acoustic impedance.

[0026] In one illustration of the method of the invention, the energy-based
clamp coagulator 14 is powered by an output power of a generator 30. In this
illustration, the method also includes the step of adjusting the output power
based on the monitored coagulation of the patient tissue 18. In one variation,
the output power is adjusted lower as the monitored coagulation nears
completion, and the generator 30 is turned off when the monitored coagulation
reaches completion. In a different illustration, the method also includes the step
of notifying (such as by visual and/or audio and/or other cues) a user of the
energy-based clamp coagulator 14 of the monitored coagulation of the patient
tissue 18 (such as notifying when coagulation is completed so the user can turn

otf power to the energy-based clamp coagulator 14).

[0027] In one application of the method of the invention, the energy-based
clamp coagulator 14 is an ultrasonic surgical shears 32 having an ultrasonic
blade 34 and a clamp arm 36 (whose tissue pad has been omitted from Figure 1
for clarity). In a different application, not shown, the energy-based clamp
coagulator is an RF (radio-frequency) clamp coagulator having a monopolar
electrode or bipolar electrode. In one variation, the RF clamp coagulator has

two clamping members each supporting, or adapted to function as, a bipolar

electrode for electric current to flow between the two clamping members.

[0028] A first embodiment of the invention is for an energy-based medical

treatment system 10 and is shown in Figures 2-3. The energy-based medical
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treatment system 10 includes an energy-based clamp coagulator 14, an acoustic-
impedance measurer 38, and a force measurer 40. The energy-based clamp
coagulator 14 is adapted to clamp patient tissue 18. The acoustic-impedance
measurer 38 is operatively connected to the energy-based clamp coagulator 14
to measure an acoustic impedance of the clamped patient tissue 18. The force
measurer 40 is operatively connected to the energy-based clamp coagulator 14

to measure a clamp force on the clamped patient tissue 18.

[0029] In one implementation of the embodiment of Figures 2-3, the acoustic-
impedance measurer 38 includes circuity (not shown) which determines, during
the medical treatment, the output power of the generator 30, which determines
the current flowing from the generator 30, and which divides the determined
output power by the square of the determined current since acoustic impedance
1S seen as an electrical quantity by the generator 30. In the same or a different
implementation, the force measurer 40 includes a force transducer (not shown)
which measures a force (a manually applied force for a manually-driven clamp
arm or a motor applied force [wherein a torque is considered a rotational force]
for a motor-driven clamp arm) exerted by a user or a motor on the clamping
mechanism of the energy-based clamp coagulator 14 for the energy-based
clamp coagulator 14 to apply a clamp force on the patient tissue 18, and
includes circuitry (not shown) which converts the measured manual or motor
force to a measured clamp force. Other implementations of acoustic-impedance

measurers and force measurers are left to those skilled in the art.

[0030] In one enablement of the embodiment of Figures 2-3, the energy-based
medical treatment system 10 also includes a controller 42 which compensates
(1.e., corrects) the measurement of the acoustic impedance of the patient tissue
18 for clamp pressure using at least the measured clamp force. It is noted that
the measured acoustic impedance increases with increasing clamp force, and
such compensation of the measurement of the acoustic impedance for clamp
pressure can be experimentally and/or mathematically determined by those
skilled in the art and implemented by a mathematical table, a software

algorithm, and/or circuitry which yields a value of the compensated acoustic
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impedance measurement for a value of the measured acoustic impedance and a

value for the measured clamp force.

[0031] In one variation of the above-described enablement, the controller 42
also monitors the coagulation (i.e., the degree or state of coagulation) of the
patient tissue 18 using at least the compensated measured acoustic impedance.
In one employment, when the compensated measured acoustic impedance
reaches an experimentally and/or mathematically determined upper limit, or
when the shape of the impedance versus time graph reaches some
predetermined shape, the coagulation is considered to be completed. In a first
arrangement, the controller 42 controls a power output of a generator 30 based
on the monitored coagulation of the patient tissue 18, wherein the power output
powers the energy-based clamp coagulator 14. In a second arrangement, the
controller 42 controls a visual and/or audio indicator 44 (which, 1in one example,
emits a light or a beep) which indicates, to a user of the energy-based clamp

coagulator 14, the monitored coagulation of the patient tissue 18.

[0032] In one deployment of the embodiment of Figures 2-3, the energy-based
clamp coagulator 14 is an ultrasonic surgical shears 32 having an ultrasonic
blade 34 and a clamp arm 36. In one variation, the force measurer 40 is adapted
to measure the force applied to the clamp arm 36. In a different deployment,
not shown, the energy-based clamp coagulator is an RF (radio-frequency) clamp

coagulator having a monopolar electrode or bipolar electrode.

[0033] A second embodiment of the invention is for an energy-based medical
treatment system 46 and is shown in Figures 4-5. The energy-based medical
treatment system 46 includes an energy-based clamp coagulator 48. The
energy-based clamp coagulator 48 has two clamping members 50 and 52,
wherein at least one 50 of the two clamping members 50 and 52 includes, or is
adapted to function as, an electrical-impedance-measuring electrode 54 for

measuring an electrical impedance of the clamped patient tissue 56.
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[0034] In one example of the embodiment of Figures 4-5, the other 52 of the
two clamping members 50 and 52 also includes an electrical-impedance-
measuring electrode 58, wherein a small sensing current passes between the two
clectrodes 54 and 58 and is used to determine the electrical impedance of the
clamped patient tissue 56, as is within the skill of the artisan. In another
example, not shown, a clamping member has two electrodes and a small sensing

current passes between the two electrodes.

[0035] In one enablement of the embodiment of Figures 4-5, the energy-based
medical treatment system 46 includes a monitor 60 (such as a controller similar
to the controller 42 and with the added controlling functions of the controller
42) which monitors the coagulation (i.e., the degree or state of coagulation) of
the clamped patient tissue 56 using at least the measured electrical impedance of
the clamped patient tissue 56 obtained from using at least the electrical-
impedance-measuring electrode 54. In one variation, the electrical impedance
of the patient tissue 56 is used as a measure of the degree of coagulation. As the
patient tissue 54 is coagulating from being heated by the energy-based clamp
coagulator 48, the ability of the coagulating patient tissue 54 to conduct current
decreases which i1s reflected by increases in the electrical impedance of the
patient tissue 54. In a different variation, the shape of the electrical impedance

versus time curve is used to determine the coagulation state of the tissue.

[0036] In one deployment of the embodiment of Figures 4-5, the energy-based
clamp coagulator 46 is an ultrasonic surgical shears 62 having an ultrasonic
blade 64 (powered by a generator, not shown) and a clamp arm 66. It is noted
that, in this deployment, the one 50 of the two clamping members 50 and 52
mcludes the ultrasonic blade 64 and the other 52 of the two clamping member
50 and 52 includes the clamp arm 66. In a different deployment, not shown, the

energy-based clamp coagulator is an RF (radio-frequency) clamp coagulator

having a monopolar electrode or bipolar electrode.

[0037] A third embodiment of the invention is.for an energy-based medical

treatment system 68 and 1s shown in Figures 6-7. The energy-based medical
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treatment system 68 includes an energy-based clamp coagulator 70. The
energy-based clamp coagulator 70 has two clamping members 72 and 74,
wherein at least one 72 of the two clamping members 72 and 74 includes, or is
adapted to function as, a temperature sensor 76 for measuring a temperature of

the clamped patient tissue 78.

[0038] In one enablement of the embodiment of Figures 6-7, the energy-based
medical treatment system 68 includes a monitor 80 (such as a controller similar
to the controller 42 and with the added controlling functions of the controller
42) which monitors the coagulation (i.e., the degree or state of coagulation) of
the clamped patient tissue 78 using at least the measured temperature of the
clamped patient tissue 78 obtained from using at least the temperature sensor
76. It 1s noted that the temperature of the patient tissue 78 is a measure of the
degree of coagulation. As the patient tissue 78 is coagulating from being heated
by the energy-based clamp coagulator 70, the tissue is first denatured and

coagulated, after which the tissue becomes desiccated and the temperature of

the tissue increases.

[0039] In one deployment of the embodiment of Figures 6-7, the energy-based
clamp coagulator 68 1s an ultrasonic surgical shears 82 having an ultrasonic
blade 84 (powered by a generator, not shown) and a clamp arm 86. It is noted
that, in this deployment, the one 72 of the two clamping members 72 and 74
includes the clamp arm 86 and the other 74 of the two clamping mémber 72 and
74 includes the ultrasonic blade 84. In a different deployment, not shown, the
energy-based clamp coagulator is an RF (radio-frequency) clamp coagulator

having a monopolar electrode or bipolar electrode.

[0040] Several benefits and advantages are obtained from one or more of the
method and the embodiments of the invention. In one example, monitoring the
coagulation of patient tissue allows a controller to turn off, or to activate an
indicator which indicates to a user to turn off, the energy-based clamp

coagulator when tissue coagulation is completed without the coagulation
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progressing to non-target tissue and without the energy further desiccating or

damaging the target tissue.

[0041] While the present invention has been illustrated by a description of several
embodiments and a method numerous other variations, changes, and substitutions
will occur to those skilled in the art. For instance, the energy-based medical
treatment systems of the invention have application in robotic assisted surgery taking
into account the obvious modifications of such systems, components and methods to
be compatible with such a robotic system. It will be understood that the foregoing
description is provided by way of example, and that other modifications may occur

to those skilled in the art.



CA 02577032 2015-10-21

11

CLAIMS:

1. An energy-based medical treatment system comprising:
a) an energy-based clamp coagulator adapted to clamp patient tissue;
b) an acoustic-impedance measurer operatively connected to the energy-based
clamp coagulator to measure an acoustic impedance of the clamped patient tissue;
and
¢) a force measurer operatively connected to the energy-based clamp coagulator to
measure a clamp force on the clamped patient tissue, wherein said system also
includes a controller which compensates the measured acoustic impedance of the

patient tissue for clamp pressure using at least the measured clamp force.

2. The energy-based medical treatment system of claim 1, wherein the controller also

monitors a coagulation of the patient tissue using at least the compensated measured

acoustic impedance.

3. The energy-based medical treatment system of claim 2, wherein the controller
controls a power output of a generator based on the monitored coagulation of the patient

tissue, wherein the power output powers the energy-based clamp coagulator.

4. The energy-based medical treatment system of claim 2, wherein the controller
controls a visual and/or audio indicator which indicates, to a user of the energy-based

clamp coagulator, the monitored coagulation of the patient tissue.

5. The energy-based medical treatment system of any one of claims 1-4, wherein the

energy-based clamp coagulator is an ultrasonic surgical shears having an ultrasonic blade

and a clamp arm.

6. The energy-based medical treatment system of claim 5, wherein the force measurer

1s adapted to measure a force applied to the clamp arm.
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7. The energy-based medical treatment system according to any one of claims 1-6,
wherein the clamp coagulator has two clamping members adapted to coagulate patient
tissue clamped between the two clamping members, and wherein at least one of the two
clamping members includes, or is adapted to function as, an electrical-impedance

measuring electrode for measuring an electrical impedance of the clamped patient tissue.

8. The energy-based medical treatment system of claim 7, also including a monitor
which monitors a coagulation of the clamped patient tissue using at least the measured
electrical impedance of the clamped patient tissue obtained from using at least the

electrical-impedance-measuring electrode.

9. The energy-based medical treatment system of claim 8, wherein the energy-based
clamp coagulator 1s an ultrasound surgical shears having an ultrasonic blade and a clamp
arm, wherein the one of the two clamping members includes the ultrasonic blade and the

other of the two clamping members includes the clamp arm.

10. The energy-based medical treatment system according to any one of claims 1-9,
wherein the clamp coagulator has two clamping members adapted to coagulate patient
tissue clamped between the two clamping members, and wherein at least one of the two
clamping members includes, or is adapted to function as, a temperature sensor for

measuring a temperature of the clamped patient tissue.

11.  The energy-based medical treatment system of claim 10, also including a monitor
which monitors a coagulation of the clamped patient tissue using at least the measured

temperature of the clamped patient tissue obtained from using at least the temperature

SCINSOT.

12.  The energy-based medical treatment system of claim 11, wherein the energy-based

clamp coagulator is an ultrasound surgical shears having an ultrasonic blade and a clamp
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arm, wherein the one clamping member includes the clamp arm and the other clamping

member includes the ultrasonic bade.

13.  Use of the energy-based medical treatment system of any one of claims 1-12 for

medical treatment.

14. The use of claim 13, wherein the medical treatment 1s coagulation of tissue 1n a

patient.
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