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. . A surgical instrument comprises tWo oppositely-positioned 
Related U's' Apphcatlon Data Working numbers each having proximal and distal ends and 

(63) Continuation of application No. 11/329,445, ?led on each having a WOrking Surface- The instrument 21150 00111 
Jan. 11, 2006, noW Pat. No. 7,211,079, Which is a 
continuation of application No. 10/266,497, ?led on 
Oct. 8, 2002, noW Pat. No. 7,083,613, Which is a con 
tinuation-in-part of application No. 09/374,483, ?led 

prises at least one ring member a?ixed to a least one of the 
Working members to encompass one or more of a user’s 
?ngers. In one embodiment at least one Working surface has 
a heating element to cut or seal and cut tissue. 
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RINGED FORCEPS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of co-pending 
US. patent application Ser. No. 11/329,445, ?led Jan. 11, 
2006, Which in turn is a continuation of co-pending US. 
patent application Ser. No. 10/266,497, ?led Oct. 8, 2002, 
now US. Pat. No. 7,083,613, Which is in turn a continuation 
in-part of co-pending US. patent application Ser. No. 09/374, 
483, ?led Aug. 13, 1999, Which in turn is a continuation-in 
part of US. patent application Ser. No. 09/035,691, ?led Mar. 
5, 1998, Which is based upon US. provisional patent appli 
cation Ser. No. 60/038,589, ?led Mar. 5, 1997, all of Which 
are incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to instru 
ments and methods for sealing and joining or cutting tissue. 
The instruments of the present invention are especially 
intended for use during either conventional open surgery or 
endoscopic or laparoscopic surgery and have ?nger-con 
straining members to encompass at least one of the user’s 
?ngers. 

BACKGROUND OF THE INVENTION 

[0003] Hemostasis, or blood clotting, can be obtained by 
the activation of a naturally occurring biological pathway 
knoWn as the coagulation cascade. The pathWay can be acti 
vated by tissue injury. This injury can come from mechanical, 
chemical or thermal sources. This natural biological pathWay 
results in the conversion of freely ?oWing blood to a blood 
clot. Several biological elements are involved in the coagula 
tion cascade, including tissue proteins, mainly ?brin and 
thrombin. Cells such as platelets and red and White blood cells 
are also involved. 

[0004] During surgery, hemostasis can also be achieved by 
direct denaturiZation of the proteins found in the blood. Dena 
turiZation of a protein means that its characteristic three 
dimensional structure is altered Without actually breaking up 
the protein. This direct denaturiZation is a purely physico 
chemical process in Which the denatured proteins bond 
together, forming an amorphous mass of protein Which is 
comparable to a naturally occurring clot. HoW does denatur 
ing a protein cause it to stick together With neighboring pro 
teins? Proteins generally have a complex three-dimensional 
structure. A protein is actually a chain of smaller molecules 
called peptides, Which peptides may have side-chains Which 
contain a molecular group Which can attract a molecular 
group on another side chain. The main protein chain is looped 
and folded on itself in a complex Way Which results in the 
three-dimensional structure characteristic of the protein. This 
looping and folding occurs because of an intra-molecular 
attraction betWeen side-chains of the peptides. This attraction 
betWeen side-chains is generally of the “hydrogen bond” or 
electrostatic type. The attraction Which holds the peptides 
together along the main chain is a covalent bond. When a 
protein is denatured, it loses its normal three-dimensional 
structure. As a result of this unfolding of the protein molecule, 
the side-chains on the peptides, instead of facing “inWar ” to 
fold up the protein chain are noW able to bond to side chains 
from proteins Which are neighbors. This inter-molecular 
bonding results in the formation of a lump of denatured pro 
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tein. This process is not dependent on the activation of the 
biological cascades of the natural clotting mechanism, but it 
is a purely physico-chemical process. For hemostasis, the 
tissue proteins Which must be denatured are chie?y those in 
blood such as hemoglobin and albumin but also include struc 
tural proteins such as those found in the Wall of blood vessels 
or in other anatomical structures. 

[0005] One of the best Ways to denature a protein is to heat 
it up to a temperature high enough to cause the intra-molecu 
lar hydrogen bonds to break, but Which is not high enough to 
break the much stronger peptide-peptide covalent bonds 
along the main chain. A prime example of this process is the 
heating up of the clear part of an egg until it turns White. This 
White color means that the original clear protein has been 
denatured. 
[0006] Heat Which is delivered to tissue proteins may start 
out as electrical energy, light energy, radioWave energy, or 
mechanical (vibrational or frictional) energy. As far as the 
tissue is concerned, it does not matter What the original source 
of the original energy is, as long as it gets converted in some 
fashion to heat. 

[0007] For example, if the source of the energy is a laser, 
then the light energy is absorbed by molecules in the tissue 
Whose absorption spectrum matches the Wavelength of the 
laser light being used. Once the light energy is absorbed, heat 
is produced, and the physico-chemical process of protein 
denaturation is achieved. Any sort of light energy Will have 
this effect, if its Wavelength is such that it can be absorbed by 
the tissue. This general process is called photocoagulation. 
The advantage of using a laser is that since its output is 
monochromatic, one can selectively heat certain tissue ele 
ments Which have the right absorption spectrum, While spar 
ing other tissue elements for Which the laser light is not 
absorbed. This principle is used commonly in opthalmology. 
Another advantage of using a laser is that its coherent and 
collimated beam can be very tightly focused on very small 
targets. If one does not care about spatial precision or selec 
tive photocoagulation of only certain tissue elements, then it 
is perfectly possible to coagulate tissue by using a very bright 
but otherWise ordinary light. 
[0008] If the source of energy is electrical currents ?oWing 
through the tissue, the process is called “electrosurgery”. 
What happens here is that the current ?oWing through the 
tissue heats up the tissue because the tissue has resistance to 
the How of electricity (“Ohmic heating”). In the case of ultra 
sonic coagulation, the rapid vibration of the ultrasonic ele 
ment induces heating in essentially the same fashion as the 
production of ?re by rubbing sticks together (although the 
rate of vibration is much, much higher and the process is more 
controllable). 
[0009] Since it is heat that denatures and coagulates pro 
teins, Why go to all the trouble of starting With a laser or an 
electrosurgery unit? Why not just use a very simple source of 
heat, such as a resistance Wire or, even simpler, a hot piece of 
metal? In antiquity, “cautery” via a hot piece of iron Was used 
to staunch bleeding Wounds. The problem With this approach 
is not e?icacy, it is control and containment of the amount and 
extent of tissue Which is cauteriZed or injured. 
[0010] In fact, the development of “electrocautery” in the 
late 1920’s by Professor of Physics William T. Bovie Was 
spurred by the desire (of the pioneering neurosurgeon Dr. 
Harvey Cushing) to have a more controllable and re?ned 
means of producing heat in tissues than possible by using a 
large piece of heated metal. Electrocautery uses very high 
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frequency alternating electrical current, since it Was found 
that these high frequencies did not cause tetanic (“Galvanic”) 
stimulation of muscle tissue Which occurs When direct current 
or loW frequency current is used. To avoid muscular stimula 
tion, it is necessary to use alternating currents With very high 
frequencies, about several hundred thousand cycles-per-sec 
ond. This high frequency falls in the range of the AM radio 
band, Which is the reason Why many electrical instruments 
such as monitors used in the OR Will register interference 
When electrocautery is activated. There are many potential 
problems stemming from the use of such high frequencies, 
including dif?culty in controlling stray currents Which can 
injure patients and interfere With pacemakers and computer 
equipment. Electrocautery has been re?ned over the past ?fty 
years, but it still represents a rather round-about Way of get 
ting tissue to heat up. 
[0011] Numerous instruments are knoWn Which coagulate, 
seal, join, or cut tissue. For example, there are electrosurgical 
instruments, both monopolar and bipolar, Which use high 
frequency electrical current that passes through the tissue to 
be coagulated. The current passing through the tissue causes 
the tissue to be heated, resulting in coagulation of tissue 
proteins. In the monopolar variety of these instruments, the 
current leaves the electrode and after passing through the 
tissue, returns to the generator by means of a “ground plate” 
Which is attached or connected to a distant part of the patient’ s 
body. In a bipolar version of such an electro-surgical instru 
ment, the electric current passes betWeen tWo electrodes With 
the tissue being placed or held betWeen the tWo electrodes as 
in the “Kleppinger bipolar forceps” used for occlusion of 
Fallopian tubes. 
[0012] There are many examples of such monopolar and 
bipolar instruments commercially available today from com 
panies including Valley Lab, Cabot, Meditron, Wolf, StorZ 
and others WorldWide. A neW development in this area is the 
“Tripolar” instrument marketed by Cabot and Circon-ACMI 
Which incorporates a mechanical cutting element in addition 
to monopolar coagulating electrodes. 
[0013] With regard to knoWn ultrasonic instruments, a very 
high frequency (ultrasonic) vibrating element or rod is held in 
contact With the tissue. The rapid vibrations cause the pro 
teins in the tissue to become coagulated. The ultrasonic 
instrument also employs a means for grasping the tissue While 
the proteins are being coagulated. 
[0014] Olympus markets a heater probe instrument Which 
uses an electrical heating Wire contained in a catheter type 
?exible probe meant to be passed through a ?exible endo 
scope. It is used to coagulate small bleeding vessels found on 
the inside of the gastrointestinal tract or the bleeding vessels 
found in peptic or other sorts of gastrointestinal ulcerations. 
In this instrument, no electrical current passes through the 
tissues, as is the case for monopolar or bipolar cautery. This 
instrument Would certainly not be suitable for use in laparo 
scopic or open surgery in Which large amounts tissue must be 
not only coagulated but also divided. 
[0015] There are a number of relevant patents: 
[0016] Pignolet, U.S. Pat. No. 702,472, discloses a tissue 
clamping forceps With jaWs Wherein one has a resistance for 
heating the jaW, and a battery to poWer the heater. The coagu 
lated tissue caused by the heat and pressure is subsequently 
severed along the edges of the jaWs before they are opened; 
[0017] DoWnes, U.S. Pat. No. 728,883, teaches an electro 
thermic instrument having opposing j aW members and handle 
means for actuating the j aWs. A resistance member is installed 
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in the j aW member, Which is closed to direct contact by a plate. 
This instrument coagulates tissue by heat, not electrical cur 
rent, applied to the tissue; 
[0018] Naylor, U.S. Pat. No. 3,613,682, discloses a dispos 
able battery-poWered cautery instrument; 
[0019] Hiltebrandt et al., U.S. Pat. No. 4,031,898, concerns 
a coagulator With jaW members, one of Which contains a 
resistance coil. This instrument has a timer mechanism for 
controlling the heating element. The heating element is used 
directly as a temperature sensor; 
[0020] Harris, U.S. Pat. No. 4,196,734, teaches a instru 
ment that can effect both electrosurgery and cautery. A ther 
mistor temperature-sensing element monitors a heating loop 
and regulates the current and thereby the temperature; 
[0021] Staub, U.S. Pat. No. 4,359,052, relates to a cautery 
instrument With removable, battery-poWered cautery heating 
t1P; 
[0022] Huffman, U.S. Pat. No. 5,276,306, discloses a pis 
tol-grip, hand-held heating instrument having a trigger 
mechanism for the battery; 
[0023] Anderson, U.S. Pat. No. 5,336,221, teaches an opti 
cal thermal clamping instrument for Welding or fusing tissue, 
and employing a cutting blade for separating the fused tissue; 
[0024] Stem et al., U.S. Pat. No. 5,443,463, discloses 
clamping jaW members that are bifurcated by a cutting blade, 
having plural electrodes and temperature sensors, and can 
function as monopolar or bipolar; and 
[0025] Rydell, et al., U.S. Pat. No. 5,445,638, relates to a 
bipolar coagulation and cutting instrument. 
[0026] While each of the above mentioned references is 
relevant to the invention herein, none teaches or suggests the 
totality of the invention taught and claimed here. 

OBJECTS OF THE INVENTION 

[0027] It is an object of the present invention to provide an 
instrument for sealing, cutting, or sealing and cutting tissue. 
[0028] It is also an object of the present invention to provide 
an instrument for sealing and joining tissue. 
[0029] It is another object of the present invention to pro 
vide an portable instrument Which does not require an exter 
nal poWer source. 

[0030] It is a further object of the present invention to 
provide an instrument Which can be constructed to conform to 
the requirements of laparoscopic and endoscopic surgery, i.e., 
to be long and very narroW, in the range of a feW millimeters 
in diameter or even narroWer. 

[0031] It is still another object of the present invention to 
provide for a method for carrying out surgical procedures 
using the instrument of the present invention. 
[0032] It is a still further object of the invention to provide 
a method and apparatus for optimal heating and optimal pres 
sure to optimiZe tissue seal strength and to minimize collat 
eral damage to tissue. 
[0033] These and other objects of the invention Will 
become apparent to one skilled in the art from the folloWing 
more detailed disclosure of the invention. 

SUMMARY OF THE INVENTION 

[0034] According to the invention, there are three param 
eters that are independently controlledithe temperature to 
Which tissue is heated, the pressure Which is applied, and the 
time over Which the temperature and pres sure are maintained. 
The total heat applied to the tissue is a function of the tem 
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perature and the time. A key feature is the combined (simul 
taneous, partially simultaneous, or sequential) application of 
pressure and heat to the tissue being coagulated for a speci?ed 
amount of time, Which induces the denatured proteins to bond 
together, Which in turn assists in attaining hemostasis With 
less heat energy than Would be required Without the pressure. 
Also, the total energy applied is minimized by means of the 
con?guration and materials of the parts of the instrument that 
hold the tissue in opposition during the application of the heat 
and pressure. Using less heat energy means less collateral 
damage. In addition, results can be achieved that are at least as 
good as can be achieved With knoWn electrosurgical and 
ultrasonic tissue coagulation units, but With a much smaller, 
lighter poWer source, such as a battery. Also, a very simple 
and direct method of heating the tissue is used. Since the basic 
heating element is so simple, the improved results can be 
achieved at a fraction of the cost of the more round-about 
means of heating tissue. 

[0035] According to one aspect of the present invention 
instruments and methods for sealing, or coagulating, and 
cutting tissue during surgery are provided. The instruments 
incorporate means for controllably heating tissue While 
simultaneously applying a de?nite and controllable amount 
of pressure to the tissue being heated. Because of the com 
bined application of heat and pressure, tissue proteins Will 
become coagulated and blood vessels Within the tissue Will be 
sealed shut, achieving hemostasis. Optimal sealing or coagu 
lating tissue means producing a strong and durable seal or 
coagulation or anastomosis With a minimal amount of collat 
eral tissue damage. In the instruments of the invention opti 
miZation is achieved by a combination of the physical con 
?guration of the part of the instrument that holds the tissue 
during the coagulation process and regulation of the time, 
temperature, and pressure. 
[0036] As part of the temperature control, heat can be 
applied in pulses rather than in a continuous manner. Pulsed 
heat application alloWs tissue that is adjacent to the area being 
coagulated time to recover from the heating process and to 
remain viable. Also, the application of the pressure may be 
variable in intensity and may also be applied in a pulsed or 
discontinuous manner. 

[0037] It is an aspect of the present invention to provide a 
method and instrument for the surgical treatment of biologi 
cal tissue, Wherein thermal energy and pressure are applied 
simultaneously, substantially simultaneously, consecutively, 
or alternatively, over a time such that tissue proteins are 
denatured and the tissue Will adhere or join to itself or to other 
tissues, for the purpose coagulating bleeding, sealing tissue, 
joining tissue and cutting tissue. The minimum amount of 
heat or thermal energy needed to accomplish these goals is 
expended, so as to minimiZe thermal damage to tissue adja 
cent to the treated site. 

[0038] The instruments of the invention may also incorpo 
rate means for cutting, or severing, the tissue after the tissue 
has been coagulated, “cutting” including dissecting or tissue 
division, tissue disruption or separation, plane development, 
or de?nition or mobiliZation of tissue structures in combina 
tion With a coagulation or hemostasis or sealing of blood 
vessels or other tissue structures such as lymphatics or tissue 
joining. The cutting can be achieved by means of a blade 
Which is passed through the coagulated tissue While the tissue 
is being held in the jaWs of the instrument. Cutting can also be 
achieved thermally by use of amounts of heat greater than the 
amount required to coagulate the tissues. Alternatively, cut 
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ting can be achieved by other mechanical, ultrasonic, or elec 
tronic means, including, but not limited to, shearing action, 
laser energy, and RF, or a combination of tWo or more of the 
above. In the case of using thermal energy to achieve tissue 
cutting, the instruments and methods minimiZe the amount of 
energy required to divide tissues With the least amount of 
unWanted tissue necrosis. 

[0039] The heating element may be a resistance Wire 
through Which electric current is passed, or the heating ele 
ment may be another material Which generates heat When 
electrical current is passed through it. The electrical current is 
applied through the Wire either as a continuous current or as a 
series of pulses of de?nite duration and frequency. Unlike 
conventional electrosurgical instruments, the electric current 
of the instruments of the invention does not pass through the 
tissue, Which can cause problems due to stray electric cur 
rents. The electrical elements are electrically insulated from 
the tissue While being in good thermal contact. In a simple 
embodiment of the instrument, the total amount of continuous 
current and hence the total heat energy applied to the tissue, is 
limited in duration by a simple timer circuit or even by direct 
visual or other sensory inspection of the treated tissue. In a 
more sophisticated embodiment, the pulse train con?guration 
and duration is under control of a simple microcontroller, 
such as, for example, an embedded microprocessor. With 
microprocessor control, a thermistor heat sensor is incorpo 
rated into the part of the instrument that grasps the tissue 
being coagulated. The microprocessor takes temperature 
readings from the thermistor and adjusts the pulse train con 
?guration and duration to achieve the optimum temperature 
to cauteriZe or seal the tissue While minimiZing unWanted 
collateral thermal damage. The actual value of the optimum 
temperature can be veri?ed experimentally for this particular 
instrument. 

[0040] The temperature of the sealing treatment according 
to one aspect of the invention is preferably kept in the range 
required to denaturate tissue proteins (approximately 45° C. 
to below 1000 C.) While avoiding excessive necrosis to the 
tissue. Keeping the temperature in the range required to 
achieve protein denaturiZation Without excessive tissue 
necrosis means that the total heat energy expended in the 
treatment Will be less than if the temperature Were not kept in 
this range. The amount of heat energy expended in the treat 
ment is related to the degree of the heat (the temperature) and 
the length of time for Which the heat is applied. The combined 
application of pressure With the heat reduces the amount of 
heat or the degree of temperature that Would be required to 
have the denatured proteins actually stick together. This com 
bined application of pressure also increases the strength With 
Which the denatured proteins actually stick together, for a 
given amount of heat energy at a given temperature. 
[0041] The amount of pressure applied is regulated by 
springs or other elastic elements, or mechanically functional 
equivalents, Which Will result in the tissue being held With a 
predetermined amount of force per unit area, in spite of varia 
tions in the siZe or thickness of the tissue being sealed or 
coagulated. The pressure may also be regulated by mechani 
cal elements or spacers or by the geometry of the pressure 
producing elements. As With the temperature value, the exact 
value for the pressure to be applied can be veri?ed for this 
instrument With appropriate measurement calibration. 
[0042] The controlled application of a combination of heat 
and pressure Which is suf?cient but not excessive to produce 
a durable coagulation or seal has the result that only a rela 




















