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A minimally-invasive surgery apparatus (10) for causing the lumen of a vein to collapse to prevent
blood flow through the vein, e.g., a varicose vein or a side branch of the saphenous vein, includes

13

an electrode (20) which is electrically connected to a power source (14), and the electrode (20) is . 20

| percutaneously advanced into the vein. Then, the power source (14) is activated to energize the electrode

(20) and thus the blood vein until the blood vein sufficiently collapses to block the lumen of the vein. I
A feedback loop including a microprocessor (44) is also provided for sensing electrical impedance of the

tissue within the vein being energized and for deenergizing the electrode (20) when the impedance reaches

a predetermined value. The apparatus (10) can also be used to block a fallopian tube.
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APPARATUS AND METHOD FOR VENOUS LIGATION
The present application claims priority from U.S. Patent application serial number
08/183,994, filed January, 18, 1994, for an invention entitled "Apparatus and Method For |
Venous Ligation", assigned to the same assignee as the present invention, and from U.S. ;
Patent application serial number 08/215,932, filed March 22, 1994, for an invention entitled '
"Method For Tubal Electro-Ligation"; assigned to the same assignee as the present
- invention. _ | |
FIELD OF THE INVENTION
The present invention relates generally to surgical tools. More particularly, the
present invention relates to apparatus and methods for closing body vessels. The present ‘
invention particularly, though not exclusively, relates to electroligation of Fallopian tubes.
| - BACKGROUND
Certain surgical treatments require the modification or removal of blood veins from
the body. For example, the treatment of varicose veins sometimes requires the varicose
veins to be removed from the body in an invasive, painful, slow-healing, and time-
consuming procedure. Also, the saphenous vein is surgically modified during a procedure,
known as in situ saphenous vein bypass for alleviating conditions caused by reduced bloodk
flow through an occluded femoral artery ' , |
In situ saphenous vein bypass is a procedure in which the saphenous vein in a
human leg, which normally returns venous blood from the ankle upwardly through the leg,
is anastomosed to the femoral artery at an upstream (proximal) location on the artery and
a downstream (distal) location on the artery to assume the function of the femoral artery,
i.e., to deliver arterial blood to the leg. Such a bypass procedure may be required when
the fernoral artery has become too occluded or otherwise impaired between the upstream and
R b‘downstream locatlons to transport the flow of blood required of it.”
- Whenthe saphenous vein is to assume the function of the femoral artery, it becomes
necessary to close off, i.e., to ligate, so-called "side branch" blood veins. These side
- branch veins are generally smaller than the saphenous vein and are colloquially known as |
"tr_ibutaries" when they.lead to the saphenous vein and "perforators” when they lead’ to -
deeper venous circulation. Side branches ordinarily establish pathways for venous blood
; into the saphenous vein for returning the blood to the heart and lungs Accordingly, to
prevent the unwanted flow of arterial blood dlrectly mto the venous system via the ;
| saphenous vein, the side branches and perforators must be llgated Stated drfferently, by
ligating the side branches, arterial blood which is perrmtted to flow through the saphenous v’ :
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vein and thereby bypass the occluded segment of the artery is prevented from invading the
venous system through the side branches.

Typically, side branches are ligated by constricting the side branches with sutures.
Unfortunately, ligating side branches with sutures can be time-consuming and labor-
intensive, because all the side branches must be located either hy making a large number
of small incisions in the leg or by making one very large incision. Also, it is difﬁcult to
ligate side branches with sutures in less-invasive procedures, i.e., endoscopically.

As recognized by the present invention, side branches of the saphenous vein may
be ligated in less invasive procedures. More particularly, the present invention recognizes
that blood flow through side branches of the saphenous vein can be quickly and easily
stopped by advancing an electrode into the side branch and energizing the electrode to cause
the tissue to coagulate and thereby block fluid flow through the side branch. As further
recognized by the present invention, varicose veins can be quickly and easily treated by

~ ligating them in less invasive procedures. Thereby, unsightly discolorations in the leg
attributable to varicose veins can be eliminated in an' out-patient procedure

Although coagulating devices have been 1ntroduced for other surgical applications,
these devices typically have bulky components which are designed for use within a relatively
large body cavrty that has been exposed by surgery. Consequently, existing coagulating
devices cannot easily be used to stop blood flow from "hard-to-reach" sources, such as
saphenous vein side branches. Furthermore, existing coagulating devices cannot easily be
used in less-invasive surgery for the treatment of varicose veins.

Movreover, many coagulating devices function simply by applying electricity to
tissue. The length of time the tissue is exposed to the electricity is controlled by the
surgeon, usually by depressing a foot pedal linked to a source of electricity, e.g., a Bovie

___model generator made by Valley Labs of Colorado. Consequently, tissue can easily be
‘ umntentlonally overheated thereby causmg unwanted scabbmg, charrmg, and other
unnecessary tissue damage. Such damage can be particularly onerous in certam
‘ circumstances, e.g., saphenous vein side branch ligation and varicose vein treatment.
Indeed, excessive electro-ligation of varicose veins in an attempt to reduce discoloration
caused by the ‘veins may be a cure that is worse than the disease Stated differently,
applying rf energy to a blood vein over excessive time perrods or at excessively high power
~ can result in arcing and perforation of vein. ’ | '

It is therefore an objectof the present invention to provide a device that can less-

invasively ligate side branches of a saphenous vein. Another object of the present invention

is to provide an apparatus and method for less invasive treatment of varicose veins. Still
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another object of the present invention is to provide an apparatus and method for less
invasive surgical ligation which is easy to use and cost-effective to manufacture.
‘ SUMMARY OF THE INVENTION

A device for use in endoscopic surgery to inhibit blood ﬂoW through a blood vessel
includes an elongated electrical conductor which has a distal end. Preferably, the conductor
includes a segment that is bendable into a predetermined shape, and a direction indicator
may be provided for indicating the direction in which the conductor is bent.

A source of electricity is electrically connected to electrical conductor. As intended
by the presently preferred errlbodiment, the source of electricity generates an f output
sufficient to cause the blood vessel to collapse and insufficient to perforate the blood vessel.
Also, an electrically insulative smooth flexible sheath surrounds at least a segment of the
conductor. -In accordance with the present invention, the sheath has an outside diameter of
less than one millimeter (1mm) to permit easily slidably engaging the sheath with the lumen
of the blood vessel. , |

An electrode is connected to the distal end of the electrical conductor ksuch that the
source of electricity can be energized to energize the electrode to thereby cause the lumen
of the blood vessel to collapse when the electrode is positiened in the vessel. In one
presently preferred embodiment, the electrode extends beyond a distal end of the sheath, and
the length of the electrode is approximately equal to the diameter of the blood r/essel.
Adi/antageously, the electrode is formed integrally with ‘the conductor, and the electrode
includes a rounded distal tip. Further, the electrode preferably includes an anti-sticking
coating which is deposited on the electrode. | |

Preferably, a feedback device is provrded for sensing a preselected parameter of the
blood vessel. The feedback device generates a signal when the preselected parameter

__xeaches a predetermined value, and the preselected parameter is affected by the treatment
of the preselected portion of tissue. The preselected parameter can be temperature, in which
case the feedback device includes a temperature sensor secured to the apparatus for sensmg

: the temperature of the electrode. ‘ k
| Alternatively, the preselected parameter iS at least one electrical parameter selected
from the group of parameters ’cons‘isting of: source ef electricity output VOltage, time rate
of change of source of electricity output voltage, source of electricity output power, time
rate of change of source of electricity output power .serirce of electricityv output current,
- time rate of change of source of electricity output current, tissue electrrcal impedance, time :

rate of change of t1ssue electrical unpedance
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, In another aspect of the present invention, an appératus which is connectable to a
power source for electrically ligating a preselected portion of tissue includes an electrically
insulative sheath configured for 'slidably engaging a lunien"of a body vessel. Additionally,
the apparatus includes an electrode which is positioned in the sheath. As intended by the

: present invention, the electrode is electrically connectable to the power source for energizing
the preselected portion of tissue when the electrode is positioned adjacent the preselected
portion of tissue and the power source is activated to provide power to the electrode. A
feedback device is provided for sensing a preselected parameter and for generating a signal

_ representative of the magnitude of the preselécted parameter. In accordance with the
present invention, the prese]ectedparameter‘ is affected when the preselected portion of
tissue is energized by the electrode. _ v ‘

| In still another aspect of the present invention, a method is disclosed for treating a
varicose vein. The method includes the steps of providing an electrically energizable
electrode, and then percutaneously advancing the electr;ide into the varicose vein such that
the electrode is juxtaposed with the wall of the varicose vein. Next, contact is established
between the wall of the varicose vein and the eleétrode, and the electrode is energized until
the vein collapses around the electrode to thereby block blood flow through the vein. |

I yet another aspect of the present invention, a method is disclosed for electro-
ligation of a blood vessel. The method includes the steps of providing an'elcctrically
energizable electrode and an endoscopic instrument, and disposing the electrode in the
instrument. Then, the instrument is percutaneously advanced with electrode into the blood
vessel, and the electrode is energized until the vessel collapses around the electrode to
thereby block blood flow throﬁgh the vein. _ ,

" Inanother aspect of the present invention, a method is disclosed fbr electro-ligation

,w,bf a fallopian tube. The method includes the steps of providing an electrically energizable
electrode and an instrument, and disposing the electrode in the: instrument. Then, the
instrurhent is advanced with electrode into the fallopian tube, and the electrode is energized
until the tube collapses around the electrode »to-thereby block the fallopian tube.

; The details of the present invention, both as t'o’ its construction and operation, can

| best be understood in reference to the accompanying drawings, in which like numerals refer
to like parts, and which: PR s -
" BRIEF DESCRIPTION OF THE DRAWINGS

- Figure 1 is a perspective view of the apparatus for venous'ligation of the present

‘invention;
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Figure 2 is a cross-sectional view of the apparatus for venous ligation of the present
invention, as seen along the line 2-2 in Figure 1; |

Figure 3 is a block diagrarn of the electrical components of the apparatus shown in
Figure 1; n

Figure 4 is a block diagram of the microprocessor logic for generating the control
signal; and

- Figure 5 is a schematic view of the apparatus of the present invention with portions

broken away, shown in conjunction with a woman’s fallopian rube for blocking the tube.y

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT |

Referring initially to Figure 1, an endoscopic electro-cauterizer for closing off side

branches of blood veins and for blocking blood flow through varicose veins is shown,
generally designated 10. While the discussion below focusses on side branch closure and
varicose vein treatment, it is to be understood that the principles of the present invention
disclosed below‘can be applied to. a wide variety of medical treatments requiring tissue
cauterization, including perforator vein treatment, hernorrhoid treatment, and neurosurgery
applications. ' _
As shown in Figure 1, the cauterizer 10 includes a probe 11 and a connector body

12. The connector 12 is preferably a standard banana plug connector, and can be connected
to a source 14 of electrical power via an electrical line 16.. The source 14 can
ac_lvantageously be a Bovie generator made by Valley Laboratories of Colorado.

- Itistobe understood that the probe 11 can be percutaneously advanced into a blood
vessel, e.g., a varicose vein, or that it could be engaged with the lumen of an endoscopic

surgery instrument 13, and then the instrument 13 with probe 11 advanced into, e.g., the

-side branch of a saphenous vein. As intended by the present invention, the instrument 13

_can be any one of the instruments drsclosed in the following U. S patent apphcatrons all

of which are assigned to the sole owner of the assignee of the present invention: serial
number 07/867, 841, filed April 13, 1992 for an invention entitled "FLEXIBLE TIP

* CATHETER?; serial number 07/954,120, filed September 29, 1992 for an invention entitled
"FLEXIBLE ENDOSCOPE WITH HYPOTUBE ACTIVATING WIRE"; and serial number

07/970,402, filed November 2, 1992 for an invention entitled "ENDOSCOPE FOR SHUN T

‘ PLACEMENT ", all of which are incorporated herein by reference.

In cross-reference to Figures 1 and 2, the probe 11 includes an elongated electrrcal

‘ conductor 18 having a cylindrically-shaped electrode 20 formed mtegrally on the distal end

of the conductor 18 Preferably, the conductor 18 has an electrrcal resistance below ten

‘ ohms per foot (IOQ/ft) In the preferred embodrment the conductor 18 wrth electrode 20



WO 95/19148 : PCT/US9S/00674

-6-

is made of type 304 stainless steel. By manufacturing the electrode 20 integrally with the
- conductor 18, manufacturing costs of the probe 11 are minimized, and a firm connection
is established between the electrode 20 and the conductor 18.

Figure 2 shows that the conductor 18 has an outside diameter 0D, of about
eighteen thousandths of an inch (.018"). Also, the conductor 18 tapers radially inwardly
to a bendable segment 22 having an outside diameter ()‘DC2 of about ten thousandths of an
inch (.010"). As the skilled artisan will appreciate, the bendable segment 22 is malleable
and flexible. Consequently, the segment 22 can be bent into a predetermined curvilinear
shape, as shown in Figure 1, to facilitate advancing the probe 11 into a side branch and to
facilitate contact between the electrode 20 and the wall of a varicose vein into which the
probe 11 has been advanced. ;

As shown best in Figure 2, the electrode 20 is formed with a rounded distal tip 24.
An abutment surface 26 is established by the electrode 20, and the abutment surface 26
radially projects beyond the conductor 18. Preferably, the electrode 20 has an outer
‘diameter OD, of between about twenty eight thousandths of an inch and eighty four
thousandths of an inch (.028"-.084"), and more preferably the outer diameter OD, is about
seven-tenths of a millimeter (0.7mm).

The length L of the electrode 20 is between about one to ten millimeters (1-10mm).
Specifically, the length L is established to be approximately equal to the maximum diameter
of the blood vein into which the probe 11 is advanced. More specifically, for blood veins
having a diameter of about four to six millimeters (4mm-6mm), the length L of the
electrode 20 is about four millimeters (4rnm). Also, for blood veins having a diameter of

, about six to eight millimeters (6mm-8mrn), thelength L is about six millimeters (6mm).
Further, for blood veins having a diameter larger than eight millimeters (Smm), the length
© Lis about eight millimeters §mm).
In the presently preferred embodiment, a non-stlcking, non-insulative substance 28
is deposited on the surface of the electrode 20 to inhibit sticking of the electrode 20 to body
_ tlssue during energization of the electrode 20. ‘Preferably, the substance 28 is chrome which
s deposrted on the electrode 20 by vapor deposmon Altematlvely, the electrode 20 can
be coated with titanium nitrate or Teflon®. ' v
Figure 2 also shows that an insulative sheath 30 surrounds the conductor 18 and
- abuts the abutment surface. 26 of the electrode 20. As can be seen in Flgure 2, the outer
surface of the sheath 30 is flush with the outer surface of the electrode 20. In accordance
with the present invention, the sheath 30 is bonded to the conductor 18 with a high-

temperature epoxy.
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As intended by the present invention, the sheath 30 is made of an electrically
resistive, smooth, biocompatible material, such as PEBAX® made by Atochem, Inc. of New
Jersey, or TFE Teflon®, which typically has a dielectric strength of about seven huhdred
to one thousand volts per mil of material (700-1000 v/mil). - Also, the sheath 30 is made of
a material which will not easily melt or breakdown under the high temperatures that are
typically generated during electrocautery. Further, the sheath 30 should be made of a
material that has a low coefficient of friction. _ ‘ k

PeBax® is the presently preferred material of choice for the sheath 30 in light of its
above-mentioned attributes and because it is relatively .ﬂexibie, elastic, and has a low
coefficient of friction. These attributes permit the sheath 30 to be easily advanced through
a potentially curvilinear, small-diameter lumen of blood vein or an endoscopic instrument.
Further to this end, the outside diameter OD of the sheath 30 (and, hence, the outside »
diameter of the probe 11) is preferably equal to less than about one millimeter (1mm). In
one presently preferred embodiment, the outside diameter OD of the sheath 30 is between
about twenty eight thousandths of an inch and ninetyA two thousandths of an inch ( 028"-
.092"). Alternative materials which can be used for the sheath 30 include polyumde
,polyethylene, and polypropylene.

If desired, a sensor 32 (Figure 1) can be attached to the electrode 20.v The sensor
32 can be a thermocouple, thermistor, or other suitable temperature;sensing .device.
Altematlvely, the sensor 32 can be a pressure sensor for sensmg fluid pressure at the distal
end of the probe 11. ,

Figure 2 shows that a flat, generally paralellepipedjshaped bend indicator 34 is

- bonded to the sheath 30. As shown, the indicator 34 is formed with a projecting' edge 36
- that is distanced from the sheath 30. As intended by the present invention, the bend'

lndlcator 34 is orrented during manufacturmg such that the prOJectmg edge 36 extends _

outwardly in the same direction as the bend of the bendable segment 22 of the conductor ,
18. The indicator 34 remains outside the patient’s body during surgery, and the operator
of the cauterizer 10 can consequently ascertain during surgery the direction in which the
_ bendable segment 22 of the conductor 18 has been bent. ' ' k
, Figure 2 shows that the bend indicator 34 is formed integrally with a metal Jacket
37, and the jacket 37 surrounds the sheath 30 to transmit torque to the probe 11. An insert
38 made of silicone rubber is dlsposed between the jacket 37 and sheath 30. Further, the
probe 11 has a proxtmal end 39, and a high voltage line, mcludmg a hrgh voltage lead 40
and high voltage insulator 41, ‘abuts the proximal end 39 of the probe 11. A wire 42 is
soldered to the high voltage lead 40 and conductor 18 to further ensure electrical contact
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between the two components. It is to be appreciated that the high voltage lead 40 in turn
is electrically connected to the source 14 of electricity via the line 16 and plug 12 (Figure
N , ‘ , . .

' In the operation of the cauterizer 10, reference is made to Figures 1 and 2. The
plug 12 is electrically connected to the source 14 of electricity. Thus, both the sensor 32
and electrode 20 of the probe 11 are electrically connected to the source 14 of electricity.

The source 14 can be electrically connected to a microprocessor 44 which is
advantageously a type "486" microprocessor. As disclosed more fully below, the
microprocessor 44 is electrically connected to the source 14, and the microprocessor 44
generates a control signal for controlling the source 14 in response to, inter alia, signals

- from the sensor 32. If desired, indicators 45 can be provided for displaying cauterizer 10

| voltage, current, impedance, temperature, and other parameters, in accordance with the
operation of the cauterizer 10 disclosed below.

Next, for side branch electro-ligation, the probe 11 is advanced into the working
channe] lumen of the instrument 13. Then, the instrument 13 into which the probe 11 has
been advanced is itself advanced into the blood vein of a patient. The electrode 20 of the
probe 11 can be selectively advanced out of the lumen in which it is slidably disposed, and
the source 14 of electricity activated to electro-ligate a localized portion of tissue. The
probe 11 is then retracted from the vein of the patient. = As intended by the present
invention, the power level of the source 14 is sufficient to cause the vein to collapse, but

insufficient to perforate the vein. To this end, when the source 14 is a Bovie modei
generator, the so-called "'cut" waveform (i.e., a S00KHz sinusoidal rf signal) setting is used.

Alternatively, for varicose vein treatment the probe 11 1tself 1s percutaneously

~advanced into the vein, and the wall of the vein is manually urged against the electrode 20.
_Then, the electrode 20 is energized to cause the wall of the vein to substantially collapse
1nwardly, thereby blocking blood flow through the vein. The electrode 20 is then retrieved

- from the vein. _ . :
» It is to be understood thét while the cauterizer 10 disclosed above is a monopolar
device, it may also be a bi-polar device, e.g., the cauterizer 10 can have electrodes

‘ COnﬁgured like those disclosed in co-pending U.S. patent application serial no. 08/054,123,

- filed April 26 1993, for an mventlon entitled "Bi-Polar Electrocauterizer", assrgned tothe

~ sole owner of the present invention and mcorporated herein by reference.
Now referring to Flgure 3, the electrical components of the cauterizer 10 can be
seen. As shown, the sensor 32 is connected to an analog-to-dlgltal ("A/D") converter 48,
for convemng the analog temperature s1gnal from the sensor 32 intoa drgmzed srgnal The
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A/D converter 48 can advantageously be a type AD57804P converter made by Burr Brown
or some other suitable converter known in the art.

Figure 3 further shows that the A/D converter 48 is connected to a noise filter 50.
The noise filter 50 can be a hardware or, more preferably, software filter which filters noise
from the digitized signal from the sensor 32. For example, the filter 50 can be programmed ‘
to discriminate against sixty Hertz (60 Hz) or fifty Hertz (50 Hz) noise from nearby
electrical components. The filter 50 can also be programmed to average a predetermined

- number (e.g., ten) of consecutive signals from the sensor 32 and output a signal
representative of the average, or the filter 50 can be a low-pass filter. When the norse filter
50 is a software filter, it can function by averaglng a plurality (e.g., ten) of sensor signals

in accordance with means well-known in the art. , ‘

Also, the filter 50 can be programmed to block a signal from the eensor 32 which
greatly varies from the immediately previous signal. A great variance from one signal to
the'next may indicate an erroneous or spurious signal level. In other words, if a first signal
from the sensor indicates an electrode 20 temperature of, e.g., eighty degrees centigrade
(80°C), and a second signal that is immediately temporally after .the first indicates an
electrode 20 temperature which varies by more than a predetermined amount (e‘ g, » 10°C)
from the first signal, the filter 50 blocks the second signal from further processing. The
hardware components, if any, of both the A/D converter 48 and the noise filter 50 can be
housed in the cauterizer 10 or source 14. When the filter 50 is a software filter, the
software filter 50 can be part of the microprocessor 44. |

- Figure 3 also shows that a timer 52 is provided which monitors the length of time

the source 14 energizes the electrode 20. The timer 52 generates a signal representative of

. the length of time of electrode 20 energlzatron and sends this signal to the mlcroprocessor

44. When the length of time exceeds a predetenmned time perrod €.8.,.a time period

between about ten seconds and forty seconds (10 sec- 40 sec) the rmcroprocessor 44 causes
the source 14 to stop’ energlzmg the electrode 20.

Addmonally, components are provided for measuring the output voltage and currentv
of the source 14 of electrrcrty, and for providing signals representative of the output voltage
current, power, and impedance (and, hence, the voltage, current power and tissue

o unpedance at the tip of the electrode 20) to the mrcroprocessor 44. More specrﬁcally,
component 54, ©.g., acurrent sensmg transformer or resrstor, is connected in series between
the source 14 of electrrcrty and the electrode 20, and a current rectifier ﬁlter ("R/F") 56

‘samples the voltage upstream and downstream of the component 54. Accordmgly, the
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current R/F 56 outputs a signal reprcsentative of the output current of the source 14 of
electricity.

Also, a voltage sampling R/F 58 is provided for generating a signal representative

- of the output voltage of the source 14 of electricity. Advantegeously, both the current and
voltage R/Fs 56, 58 can be full wave diode rectiﬁers with associated filtering capacitors
connected in a configuration well-known in the art. v '

~ Figure 3 shows that the current and voltage R/Fs 56, 58 are respectively connected
to A/D converters 60, 62, each of which is substantially similar to the temperature A/D
converter 48. In turn, both A/D converters 60, 62 are connected to themicroprocessor 44,

Still referring to Figure 3, the microprocessor 44 generates an output control signal
and sends the control sigual to an electrical buffer 64. The buffer 64 is any suitable device
which essentiaily isolates the microprocessor 44 from the source 14 of electricity, and which
provides correct driving signals to the source 14. .

The output signel from the buffer 64 is sent to the source 14 of electricity to control
the output power of the source 14 of electricity. To do this, the control signal can be used
to vary the output voltage of the source 14 of electricity, or the modulation of the sigua_l
from the source 14 of electricity, by means well-known in the art. For example, the signal
from the buffer 64 can be used as the bias signal to a power transistor (not shown) that is
part of the output circuitry of the source 14 of electrit:ity. Consequently, as the signal from
the buffer 64 changes, the bias of the transistor changes to change the output of the source
14 of electricity. o

: Now referring to Figure 4, the details of the operation of the microprocessor 44 can
be seen. The microprocessor 4 commences a sampling cycle at begin circle. 100. From
the circle 100 the microprocessor proceeds to block 102, wherem a software counter "T"

_is set equal to zero, Then at block 104, "T" is set equal to T + 1. If, at block. 104, T.

“equals a predeterrmned software counter "T, ", the rmcroprocessor 44 stops, i.e., exits the
‘routine shown in Flgure 4. o 4

Otherwise, the rmcroproccssor 44 proceeds in parallel to dec1s1on blocks 106, 108,
and 110, and to blocks 112 and 114. At decision blocks 106, 108 110, the microprocessor

v 44 retrieves from memory and then respectively compares source 14 of electncrty output
-voltage (Vy), electrode 20 temperature (T,), and source 14 of electrrcrty output current (I,)
to respectlve predetermmed voltage, temperature, and current setpoints V1, T1, I1. If

 either v, or Tb exceeds its predetenmned setpoint, or if Ib falls below its predetermmed

setpoint, the mlcroprocessor 44 generates a control signal to cause the source 14 of
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electr1c1ty to stop energizing the electrode 20. Otherwise, the mlcroprocessor 44 proceeds
to blocks 116, 118.

At block 112, on the other hand, the microprocessor 44 calculates the impedance
(Zy) of the tissue adjacent the electrode 20 by dividing V, by I,. Then, the microprocessor |
44 moves to decision block 120, vvhere the microprocessor 44 compares Z, to a
predetermined setpoint impedance Z1. If Z, exceeds Z1, poor electrical connection ot poor
placement of the electrode 20 may be indicated. In such a case, the microprocessor 44
generates a control signal to cause the source 14 of electricity to stop energizing the
electrode 20. As intended by the present invention, the source 14 of electricity ls
deenergized before Z, reaches zero (0). Else, the microprocessor 44 proceeds to blocks 122
and 124. In the presently preferred embodiment, Z1 is set equal to about ﬁfty ohms.

It is to be understood that while overall impedance is used in the presently preferred |
embodlment the phase difference between V, and I, can be measure: for detenmmng the
capacitive impedance component and resistive unpedance component, and then either
impedance component can be used in lieu of or in 'addition to V‘Zb Indeed, the phase

~ difference between V, and I, can be used as an input to the mxcroprocessor 44 in lieu of or
~ in addition to the parameters discussed above. ‘ »

Likewise, at block 114, the microprocessor 44 calculates the output power (P,) of
the source 14 of electricity by multiplying V, and I, Then, the microprocessof 44 moves
to decision block 126, where the microprocessor 44 compares P, to a predeterrnined setpoint
power P1. If P, exceeds P1, the microprocessor 44 generates a control signal to cause the
source 14 of electrlclty to stop energizing the electrode 20. Otherwise, the rmcroprocessor ‘
44 proceeds to return block 127, and thence back to block 104. ,

At blocks 116 and 118, the microprocessor 44 respectively: calculates the dlfference

| ; between Vi, I,,and V,;, I, to yxeld AV, AL, where Vy,, I, are the respective voltage and

current values calculated in the immediately preceding cycle. Alternatlvely, Viss Iy can

“be averages of the n preceding corresponding values where n= any integer, e.g., ten (10), b'
three (3), etc. e

From blocks 116, 118, the microprocessor 44 moves to respectlve decision blocks
130, 132. At block 130, the microprocessor 44 compares AV to a predetermined voltage
difference, i.e., AV,. If AV exceeds AV,, the mxcroprocessor 44 moves to block 134,

wherein the rmcroprocessor 44 ~generates a control signal to cause the source 14 of
electncxty to deactwate or to reduce its power output by a predetenmned increment AP
e.g., by two watts to four watts (2w-4w) Otherwise, the mlcroprocessor 441 moves to block
B 127 and thence back to block 104 for another cycle.
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Likewise, at block 132, the microprocessor 44 compares Al to a predetermined
current difference, i.e., Al,. If Al exceeds AL, the microprocessor 44 rnoves to block 134,
wherein the microprocessor 44 generates a cbntrdl‘ signat to cause the source 14 of
electricity to reduce its power output by AP. Otherwise, the microprocessor 44 moves to
block 127 and thence to block 104 for another cycle.

Recall that at block 120 the microprocessor 44 compared Z, to a predetermined -
constant impedance setpoint Z1. As shown in Figure 4 starting at block 122, the
microprocessor 44 also compares Z, to a variable impedance setpoint Z2 which is patient-
dependent. ‘ ' ' ‘ |

~ More specifically, at block 122 the microprocessor 44 sets an entering argument
variable Z3 equal to Z, if T equals a predetermined stabilization time period T2. |
Otherwise, the entermg argument variable Z3 is set equal to itself. More specifically, when
T<T2, Z3 is set equal to a relatively low default value. When T=T2, Z3 is set equal to
. Zy, and when T>T2, Z3 remains equal to the value of AZ,, set at T=T2. Thus, the entering
© argument 73 is patient-dependent. In the preferred embodiment, T2 equals between about
two (2) seconds to ten (10) seconds, and the default value of Z3 is equal to about two
hundred ohms (200%).

Then, the microprocessor 44 moves to bblock 135, wherein the microprocessor 44
retrieves a predetermined impedance limit Z2 by accessing a data table and using Z3 as the
entering argument. A representatiVe table is provided herein as Table 1. From block 135,
the mierdprocessor 44 moves to decision block 136, wherein Z, is compared to Z2. If Z,

- exceeds Z2, the mlcroprocessor 44 moves to block 134 to reduce source 14 of electricity
output power or deenergize the electrode 20 altogether, and thence to block 128 to generate

a tone representative of Z,. Otherwise, the microprocessor 44 moves directly to block 128

7. . to generate a tone ,representa’tive of Zb‘--; It is to be understood that while block 128 in . . .

Figure 4 indicates that a tone representative of impedance is generated, the tone or other
tones could be generated which are representative nf the other parameters discussed herein.
From block 128, the microprocessor 44 moves to block 127 and then returns to block 104.
‘The skilled artisan will appreciate ‘that the operation of the microprocessor 44 at

“block 122 ensures that the entering urgument variable’ Z3 is set equal to a relatively
‘stabilized Z,. More particularly, for a brief initiél stabilization period (T2), power .
interruption is avoided when minor transients in impedance (Zb) mlght occur and otherwise
.cause the rmcroprocessor 44 to deenergize the source 14 of electr1c1ty Stated differently,

the m]croprocessor 44 reduces source 14 output power durmg the stablhzatlon tune T2 only
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in the instance when Z, is less than the initial default value of Z2, which is accordingly set
equal to a relatively low (e.g., eight hundred ohms (800Q)) value. ‘

On the other hand, after the stabilizé.tion period T2 elapses, Z, can be'expected to

reach a steady state value while the tissue surrounding the probe 11 is treated by the
electrode 36. During this treatment period, the entering argument Z3 is defined to be equal
to thev\vralue of Z, at time T=T2, and the table look-up of Z2 is thus accomplished using
. a patient-dependent entering argument Z3. - |

From block 124, the microprocessor 44 proceeds to decision block 138, wherein
the microprocessor 44 compares AZ to a predetermined impedance difference, ’i.e., AzZ4.
If AZ exceeds AZ4, the microprocessor 44 moves to block 134, wherein the microprocessor
44 generates a control signal to cause the source 14 of electricity to reduce its pbwer output
by AP, and thence to block 127. Otherwise, the microprocessor 44 moves dlrectly to block
127, and thence to block 104 for another cycle. ‘

‘Thus, at blocks 130, 132, 134 the microprocessor 44bdetermir‘1es whether the time
rate of change of V,, I, or Z, are excessive, and if sd, the microprocessor 44 reduces the

- output powef of the source 14 of electricity, or deenergizes the electrode 20 altogether. The
present invention also envisions calculating the time rate of change of temperature T,in a

| like manner and reducing the output power of the source 14 of electnclty in response to an
excess1vely rapid increase in T, or in the time rate of change of T,. »

The present invention contemplates the above-disclosed operation of the
microprocessor 44 because, as recognized by the present invention, the tissue impedance
at the tip of the electrode 20, and the temperature of the tip of the electrode 20, is affected
by the characteristics of the tissue immediately adjacent the electrode ‘20. ‘

More particularly, when the tissue has not yet been cauterized, the impedaxice atthe

~electrode 20 tip is relatively low. In contrast, when the tissue has just undergone |
‘ cauterizatioﬁ the impedance at the electrode 20 tip is relatively high. Thus, the output
‘voltage, current, and impedance of the source 14 of electncnty are all affected by the
cauterization of tissue adjacent the electrode 20 Stated differently, the magmtudes of the
| output voltage and current of the source 14 of electricity, and the magnitude of the
. impedance of the tissue adjacent the electrode 20, are dependent upon the body
characteristics of the patient. Likewise, the temperature (T,) of the electrode 20 tip also
“depends in paft upon the characteristics of the tissue adjacent the tip of the ‘electrode 20. ’
Hence, by automatically controlling the output of the source 14 of electricity based

. ‘upon any one of or a combmatlon of Z,, I,,, Vs Pps and T, (and thelr respective time

_denvatlves) the present invention ensures that tissue adjacent the venous wall is not



WO 95/19148 v PCT/US95/00674

-14-

damaged aﬁy further than necessary to effect cauterization. Also, by precisely controlling -
the output of the source 14 of electricity, the present invention ensures that tissue is

precisely cauterized as appropriaté for side branch/varicose vein closure. Alternatively, by

automatically generating a tone representative of any one of or a combination of Z, I, V,,

P;, and T, and their respective time derivatives, the present invention enables the surgeon

to precisely control the source 14. |

It is to be further understood that the present invention contemplates estabiishing
power-dependent predetermined setpoints, i.e., setpoints that vary with the manually-
‘established power setting of the source 14 of electricity. Thus, V1,11, Z1, Z2, 23, P1,
T1, and AZ4 can all vary with the power setting of the source 14 of electricity. In such an
embodiment, a data table corrélating power setting with predetermined setpoints is stored
in the electronic memory of the microprocessor 44 for look-up by the microprocessof 44
at the éppropriaté decision blocks discussed above. '

Figure 5 shows that a probe 200 which in all essential respects is identical to the
probe 11 shown in Figure 1 can be advanced into a4woman”s fallopian fube 202. More
specifically, the probe 11 can be advanced through the vaginal opening 204 of the woman’s
uterus 206 and into one of the woman’s fallopian tubes. Then, the probe 200 can be
energized as discussed above to cause a wall portion 208 of the fallopiah tube 202 which
is juxtaposed with the probe 200 to collapse around the probe 200. Thereby, the fallopian
tube 202 is substantially blocked by electro-ligation to prevent passage of human
reproductive cells through the tube 202.

While the particular method for tubal electro-ligation as herein shown and described
in detail is fully capable of attaining the above-described objects of the inventibn, it is to be
understood that it is the presentiy preferred embodiment of the present invention and is thus

_representative of the subject matter which is broadly c_ontemp]atéd by the present invention,
that the scope of the present invention fully encompasses other embodiments which may
become obvious to those skilled in the art, and that the scope of the present invention is

accordingly to be limited by nothing other than the appended claims.
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TABLE 1

Z3(Ohms) Z2(Ohms
0-49 ' 0

50-74 . 200
75-99 225
100-124 300
125-149 350
150-174 400
175-199 425
200-224 500
225-249 . 550
250-274 575
275-299 600
300-324 625
325-349 650
350-374 675
375449 700
450-474 725
475-499 750
500-524 775
525-549 800
550-574 825
575-599 850

600-638 900
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WHAT IS CLAIMED IS:
1. A device for use in endoscopic surgery to inhibit bloed flow through a
blood vessel, comprising:
an elongated electrical conductor having a distal end;_
a source of electricity electrically connected to electrical conductor;
en electrically insulative smooth flexible sheath surrounding at least a
segment of the conductor, the sheath having an outside diametef of less than
one millimeter (lmm) to permit easily slidably engaging the sheath with the
lumen of the blood vessel; and
an electrode connected to the distal end of the electrical conductor such
tﬁat the source of electricity can be energized to energize the electrode to
thereby‘ cause the lumen of the blood vessel to collapse when the electrode is
_ positioned in the vessel. | |
2. The device of Claim 1, further ‘comprising a feedback device for sensing
a preselected parameter of the blood vessel and for genereting a signal when the
- preselected ‘parameter reaches a predetermined value, wherein the preselected
parameter is affected by the preseleded portion of tissue. |
3. The device of Claim 1, wherein the electrode extends beyond a distal end
of the: sheath, and the length of the _elect_rode is apprordmately equal to the diameter
of the blood vessel. | |
4. The device of Claim 2, wherein the preselected parameter is
| -temperature, and the feedback deviee inciudes a tem'beratwe sensor secured to the
' apparatus for sensing the temperature of the electrode. |
5. The device of Claim 2, whereiﬁ_ tﬁe preselected’parametei is at least one
“electrical parameter seleded flfom the group'of parameters consisﬁng of: source of
eleetﬁciﬁ outpilt voltége,.time ;ate of change of source of electricity output voltage,

‘'source of electricity output cu:reht, time rate of cliange of source of electricity output
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current, source of electricity output power, time rate of change of source of electricify
output power, tissue electrical impedance, timel rate of change of tissue electrical
impedance.

6. The device of Claim 5, wherein the preselected parameter is lmpedance

7. The device of Claim 6, wherein the electrode is formed integrally with
the conductor, and the electrode includes a rounded distal tip. -
| 8. The device of Claim 7, further compﬁsmg an ahti-stickiﬁg coaﬁng
deposited on the electrode.
| 9, ~ The device of Claim 8, wherein the condhctor includes a segment
bendable into a predetermined silape.

10.  The device of Claim 9, further comprising a direction indicator for

" indicating the predetermined shape.

11.‘ The device of Claim 10, wherein the source of eleétricity generates an
rf output sufficient fo cause the blood vessel to collapse and insufficient to perforate the
blood vessel. | .

12. An apparatus connectable to a power source for electrically ligating a
preselected pdrtion of tissue, comprising:

an electrically insulative sheath configured fér slidably éngaging a lﬁm;n

_of abody vessel;

ah electrode positioned in the sheath, the electrode being électricélly
connectable to the power source for energizing the préeleéted portion of tissue‘
when the electrode is positioned #djacent the preselected portion of ﬁséue and
.the power source is acﬁvated to provide power to the electrode; and | |
| a fgedback device for sensing a preselectéd parametér and for
~generaﬁng a signal feprwentative of the magnitude »bf the ‘préselected |
| pafametei', Where_in the preselected parémeter lS affected when the prese_lected ‘ |

bortion of tissue is energized by the electrode.
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13.  The vapparatus of Claim 12, wherein the preselected parameter is tissue
electrical impedance. |

14, The apparatus of Claim 13, wherein the electrode is advanceable into
a blood vein, and the length of the electrode is approximately equél to the diameter of
the blood vein,

15. The apparatus of Ciaim 14, further comprising an electrical conductor
formed integrally with the electrode and connected to the power source, the electrode
inclﬁding a rounded distal tip and an anti-stiéking coating deposited oh the electrode.

16.. The apparatus of Claim 15, wherein the output of the power supply is
reduced When the signal representative of the magnitude of the preselected parameter
reaches a predetermined value.

17. A method for treating a varicose vein, comprising the steps of:

(a) providing an electrically energizable electrode; |

) percutaneously advancing the electrode into the varicose vein
~ such that the electrode is juxtaposed with the wall of the varicose veiﬂ;

(©) establishing contact between the wall of the varicose vein and the

electrode; and ,

(d) | energizing thé electrode until the vein ébﬂapses around the
o elecfrode to thereby block blood flow through the vein. .. = - _

18. - The method of Claim 17 » Wherein the electrode is énergized by a power
supply, and the method further compriseé the step of determining the electrical
impedance of the tissue adjacent the electrode. '

19.  The method of Claim 16, further comprising the step of automaticaﬂy
reducing energizatipn of the electrode Whexi the iinpedance equals a predeterminéd

value.
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20.  The method of Claim 19, wherein the energizing stepkis accomplished
- without perforating the vein. '
21. A method for electro-ligation of a blood vessel, comprising the steps of:
@) providing an electt'ically energizable electrotle and an endoscopic
_instrument; |
"~ (b) disposing the electrode in the instrument;
© percutaneously advancing the instrument with electrode into the
blood vessel; and
(d) energlzmg the electrode until the vessel collapses around the
electrode to thereby block blood flow through the vein.
22.  The method of Claim 21, wherein the energizing step is accomplished
without perforating‘the vein. |
23, A method for ligating a fallopian tube, comprising the steps of:
(a)  providing an electrically energizable electrode; :
. (b) advancing the electrode into the fallopian tube such that the
electrode is Juxtaposed with the wall of the fallopian tube;
©) establishing contact between the wall of fthe fallopian tube and tlle
electrode§ and
| L ... ... (d). ._energizing the electrode until the fallopian tnbe‘collapses around the
electrode to thereby block the fallopian tube. |
24.  The method of Claim 23, wherein the electrode is energized by a power
| supply, and the method further comprises the step of detertnining the electrical impedance
of the tissue edjacent the electrode. | | o
25.  The method of Clalm 24, further comprlsmg the step of automat1cally
reducmg energlzatlon of the electtode when the unpedance equals a predetermined value.
- 26. " The method of Clalm 25, wherein the energlzmg step is accomphshed

'w1thout perforatmg the falloplan tube



WO 95/19148 ' - PCT/US95/00674
1/3 ‘ :

ESV AT u
26
! A

AN |
I | Lo~ pJ--1
| _'QTODU |

ANANAVAN

v
i\\\\\
=3
‘ o
oS
™o

AWAN
L
ANAN
[
L0
(o

34 ol D

L AN

x T \
)

1 i o\
A W W ) A W S, VAU WA W V. WO DU W, WRA. . §

77 7 7 7 N7 7\ 77

LN NN\ AN\ NN

o |

N

“ o 7 \ S J

SUBSTITUTE SHEET (RULE26)



WO 95/19148

2/3

PCT/US95/00674

44

32 48 (90
| MICRO
| SENSOR [—> D |—>1 FILTER |——1 o orecn
5 T
CURRENT |
| VOLTAGE
51~ 60~ 61 y /%
TIMER L AD BUFFER |
A T T
56 |
Y gecr Recr. |
> FILTER FILTER |
" POWER
FLECTRODE *T._o SOURCE [~

SUBSTITUTE SHEET (RULE 26)



WO 95/19148

3/3

PCT/US95/00674 |

SETLOOP |  |INCREMENT COUNTER

COUNTER T=T+ ,

T=10 F1=TIST0P |

~102 T _
l L l L

CALCULATE CALCULATE |
IMPEDANCE POWER
Zh = Vb Ib Ph=Vb 1b

CALCULATEAL FROM
PREVIOUS READING

Y 116
| CALCULATE
AV EROM

PREVIOUS
READING

IFT = T2 THEN]
SHB =1
HSED = I3

LOOK UP
12 IN TABLE
BASED ON 73

CALCULATE
AZFROM

PREVIOUS READING

COMPARE
h 10 22

POWER

GENERATE TONE

~128

PROPORTIONALTO Zb

¢ Ve 127'

> OR STOP

DECREASE|

-

RETURN

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US95/00674

A.  CLASSIFICATION OF SUBJECT MATTER
IPC(6) :A61B 17/36
US CL  :606/41

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbois)

~Us.

128/642, 898; 606/29-34, 41, 42, 49-51; 607/100-102, 115, 116

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

NONE

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

NONE

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Relevant to claim No. ‘

Category* Citation of document, with indicat'ion', where appropriate, of th_e relevant passages

X US, A, 4,907,589, (COSMAN), 13 March 1990. See| 1,2, 4
whole document. ’ ’

X US, A, 5,057,105, (MALONE ET AL.), 15 October 1991.| 1, 2, 4

- See whole document. e

Y | 1-16, 21, 22

X US, A, 4,057,063, (GIELES ET AL.), 08 November 1977.| 23-26

See whole document e

Y ‘ 1-22

Y.

US, A, 4,682,596,
whole document.

(BALES ET AL.), 28 July 1987. See

3, 5-16, 17-20

D Further documents are listed in the continuation of Box C

D See patent family annex.

B Special categories of cited documents: T later d blished after the i i filing date or priority
i . ) . X o i date and not in conflict with the application but cited 1o undertand the
Al document defining the general state of the art which is not considered principle or theory undertying the inveation
to be part of particular relevance ) . '
ope . o . . . *X* d of particul L s the claimed i cannot be
E carlier document published on or after the international filing date considered novel o cannot be consklered 1o involve an & ivestep
'L* document which may throw doublts on priority claim(s) or which is when the documeant is takea alone L :
. to establ . .
‘ cited lzﬁwpubl;uuonduofamcmnonorom oy . of particular rel . the claimed be
. ’ ¥ . ; considered to involve an inventive step when' the document is
| "o° . doammfmiulonmﬂdincbum,ue.exhiﬁﬁonorom combined with one or more other such documents, such combination
. ' being obvious to a person skilled in the art )
P document published prior to the international filing date but later than g+ document member of the same patent family
the priority date claimed : : .

. {Date of the actual completion of the international search

09 MARCH 1995

Date of mailing of the international search report.

24 MAR 1995

Name and mailing address of the ISA/US
g;:m%?lomr of Patents and Trademarks

‘Washington, D.C. 20231
Facsimile No.  (703) 305-3230

Authoﬁz-ed.oﬁicc‘r‘m . 6 . E
MICHAEL PEFFLEY ‘ # '

Telephone No.

Form PCT/ISA/210 (second sheet)(July 1992)«

(703) 308-4305




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

