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(57) ABSTRACT

A bipolar electrosurgical instrument when connected to an
electrosurgical generator is particularly suited for performing
laparoscopic procedures such as LASH. The instrument has a
hollow shaft sized to fit through a laparoscopic port and a
proximal end and a distal end, a loop electrode constituted by
an electrically conductive resilient looped wire provided with
a first component for reciprocating the loop electrode
between a retracted position inside the hollow shaft to a
second position in which at least a part of the loop electrode
is emerged from the distal end of the hollow shaft, and at least
two return electrodes provided with a second component for
reciprocating the at least two return electrodes between a
retracted position inside the hollow shaft to a second position
in which at least a part of the return electrodes are emerged
from the distal end of the hollow shaft, a third component for
measuring the impedance, resistance or capacity in an object
between the at least two return electrodes, and a fourth com-
ponent for applying power to the loop electrode when the
value of the impedance, resistance or capacity is below a
predetermined value and/or in a predetermined period of
time. Use of the instrument reduces surgical time and is safer
than known bipolar and monopolar electrosurgical instru-
ments.
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Fig. 1a

Fig. 1b
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BIPOLAR ELECTROSURGICAL
INSTRUMENT AND METHOD OF USING IT

BACKGROUND

[0001] The present invention relates to a bipolar electrosur-
gical instrument being connectable to an electrosurgical gen-
erator, the bipolar electrosurgical instrument comprises a hol-
low shaft sized to fit through a laparascopic port and having a
proximal end and a distal end, a loop electrode constituted by
an electrically conductive resilient looped wire provided with
a first means or component for reciprocating the loop elec-
trode between a retracted position inside the hollow shaftto a
second position in which at least a part of the loop electrode
is emerged from the distal end of the hollow shaft, and at least
two return electrodes provided with second means or compo-
nent for reciprocating the at least two return electrodes
between a retracted position inside the hollow shaft to a
second position in which at least a part of the return electrodes
are emerged from the distal end of the hollow shaft.

[0002] More particularly the invention relates to a bipolar
electrosurgical instrument for laparoscopic hysterectomy.
[0003] Performing a laparoscopic hysterectomy requires
the use of electrosurgical instruments, a.o. to cut, coagulate,
desiccate or fulgurate tissue. A particular need is to make
precise cuts with limited blood loss. To that aspect the con-
ventional electrosurgical instruments are either monopolar or
bipolar. Both kinds of electrodes involve high frequency alter-
nating current and a pair of electrodes, in the following
referred to as an active electrode and a return electrode. The
difference in the two principles lies in the placement of these
electrodes.

[0004] Monopolar techniques rely on external grounding of
the patient, where the surgical device defines only a single
electrode pole. Bipolar devices have two electrodes for the
application of current between their surfaces.

[0005] In monopolar electrosurgery, the patient lies on top
of the return electrode, e.g., a large metal plate, or a smaller
return electrode plate is attached to the tight of the patient.
The return electrode is maintained at ground potential. The
surgeon uses an active electrode to contact the tissue in order
to cut and coagulate the tissue. The electrical current flows
from the tip of the active electrode through the body and then
to the return electrode, from which it flows back to the elec-
trosurgical generator. Heating is confined to the tissue that is
near the tip of the active electrode because the current rapidly
spreads out laterally as it enters the body, causing a dramatic
decrease in the current density. Monopolar electrosurgery
relies on a good electrical contact between a large area of the
patient’s body and careful application of the return electrode
is necessary. The current may inadvertently flow along body
paths having less impedance than the defined electrical path,
which will substantially increase the current flowing through
these paths, possibly causing damage to the patient. Thus if
the monopolar electrosurgery is not correctly performed
extensive third degree burns can occur in unintended areas on
the patients skin and beneath the skin in vital organs and there
the risk of capacitive coupling is higher than for bipolar
electrosurgery. Monopolar electrosurgery is therefore
unsuited for several internal electrosurgical cutting actions.
[0006] A bipolar electrosurgical instrument as the one dis-
closed in the applicant’s own international patent application
no. PCT/IB2007/052735 is, in contrast to monopolar electro-
surgical instruments, suitable for performing repeated inter-
nal cutting actions.
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[0007] In bipolar electrosurgery the active electrode and
return electrode are both placed at the surgical site. For
example the two opposing jaws of a forceps or the two legs of
a tweezer serve as the two opposing electrodes. Voltage is
applied to the patient with the active electrode connected to
the positive side of the voltage source and the return electrode
connected to the negative side of the voltage source. When a
piece of tissue is located between the electrodes an electrical
current flows from the positive electrode to the negative elec-
trode through the tissue and the tissue is heated and cutting
effectuated paying attention not to unintentionally cause
damage to healthy tissue in close proximity to the object.
Thus, in bipolar electrosurgical devices, both the active elec-
trode and return electrode are typically exposed so that both
electrodes are able to contact tissue, thereby providing a
controlled return current path from the active to the return
electrode through the tissue.

[0008] However, still there remains a need within the art to
improve electrosurgical techniques towards eliminating unin-
tended effects and disadvantages related to their use.

[0009] For further discussion of the monopolar and bipolar
electrosurgical techniques and medical conditions reference
is e.g., made to the applicant’s international patent application
PCT/2007/052735, also relating to an electrosurgical instru-
ment useable for performing laparoscopic hysterectomies,
the entire content of which is expressly incorporated herein
by reference to the extent necessary to understand such instru-
ments. There are a variety of surgical techniques for perform-
ing hysterectomies including total hysterectomy, vaginal hys-
terectomy, laparoscopy-assisted vaginal hysterectomy
(LAVH), supracervical, laparoscopic supracervical hysterec-
tomy (LASH), and radical hysterectomy. The type of hyster-
ectomy performed is dependant upon the woman and the
reason for the procedure and with a view to reduce compli-
cations and side effects. Other examples of laparoscopic pro-
cedures include removal of larger tissue in myomectomy,
oophorectomy and salpingo-oophorectomy.

[0010] One advantage of laparoscopic procedures is that
the incisions are small and much less uncomfortable than that
of open surgery, however an average uterus size is about 8 cm
long, 5 cm wide and 2.5 cm thick and even larger in a woman
who has had a child, and cannot be removed in one piece e.g.,
through a 10 mm diameter trocar. Several severing actions or
degrees of comminution are therefore needed if the object
shall be removed one piece after another or as a “soup”.
[0011] The most preferred technique is to use a morcellator,
e.g., electrosurgical morcellators especially designed to cut
the uterus free from the cervix.

[0012] U.S. Pat. No. 5,520,634 discloses an example of a
mechanical morcellator, which includes a rotatable and rela-
tively retractable cutting head. User manipulation varies the
amount the cutting head extends out of a sheath, the amount
of suction communicated to the cutting head, and the opera-
tion of a motor which rotatably drives the cutting head. Suc-
tion is communicated to the cutting head to aspirate the tissue
fragmented by the cutting head. The morcellator is adapted to
be inserted through a laparoscopic port site and directly frag-
ment and aspirate tissue from within a patient’s body. This
mechanical morcellation technique is not very popular
because the pathologist cannot use the morcellated tissue for
the majority of pathological purposes. Moreover, the tech-
nique will prolong the surgical operation with approximately
15 min. Finally, the mechanical morcellator can be dangerous
in non-skilled hands. During morcellation cells which are
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potential infectious or malign are susceptible to be spread
inside the abdominal cavity. This cannot be prevented, even
though attempts are made to confine the morcellated tissue in
a receptacle inserted through a separate trocar. Furthermore,
it is difficult if not impossible to identify the nature of the
malignancy and the location of the malignancy on the uterus
if the tissue is morcellated. As a result the surgeon, patholo-
gist and the patient are deprived many of the information’s
which could be retrieved from analysing an intact object,
information which is useful in the treatment regimen for
reducing the risk of metastasis and infections and for provid-
ing prophylactic treatment.

[0013] These adverse effects are highly undesired and there
exists a need for a safe and reliable electrosurgical instrument
for performing several bipolar electrosurgical cutting actions
inside the body, for example when performing laparoscopic
hysterectomies, in particular for performing laparoscopic
supracervical hysterectomy (LASH) where a fundusectomy
of the uterus is made, leaving the cervix in place. Thus,
improvements in these type instruments are desired, and are
now provided by the present invention.

SUMMARY OF THE INVENTION

[0014] Itisamain aspect according to the present invention
to provide a surgical instrument of the kind mentioned in the
opening paragraph that is safer to use than known electrosur-
gical instruments.

[0015] It is a second aspect of the present invention to
provide a surgical instrument of the kind mentioned in the
opening paragraph that can be used for several consecutive
electrosurgical internal bipolar electrosurgical cuttings dur-
ing the same electrosurgical procedure.

[0016] In a third aspect of the present invention is provided
an electrosurgical instrument of the kind mentioned in the
opening paragraph, which applies current to the active elec-
trode for a reduced period of time during an electrosurgical
procedure.

[0017] In a fourth aspect of the present invention is pro-
vided an electrosurgical instrument of the kind mentioned in
the opening paragraph in which an active electrically conduc-
tive loop electrode can be forwarded to and retracted from the
electrosurgical site a number of times to electrosurgically cut
an object having a cross-section larger than the cross-section
of a laparoscopic port into smaller parts with a minimum or
none damage to the surrounding body.

[0018] In a fifth aspect of the present invention is provided
a surgical instrument of the kind mentioned in the opening
paragraph that can be operated solely by the hands and is
more user friendly than known devices.

[0019] The novel and unique whereby this is achieved
according to the present invention is the fact that the bipolar
electrosurgical instrument further comprises a third means or
component for measuring the impedance, resistance or
capacity in an object situated between the at least two return
electrodes, and a fourth means or component for applying
current to the loop electrode when the value of the impedance,
resistance or capacity is below a predetermined value and/or
in a predetermined period of time.

[0020] The loop electrode is the active electrode used for
bipolar electrosurgical cutting of an object such as the uterus.
The emerged loop electrode and the emerged return elec-
trodes are in close proximity but not in direct contact with
each other. In order to perform a safe bipolar electrosurgical
cutting action the loop of the loop electrode is arranged
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around the object and the loop is constricted by retracting the
loop electrode towards the proximal end of the hollow shaft.
No current is applied to the loop of the loop electrode at this
stage. As a result of retracting the loop of the loop electrode
the return electrodes obtains direct contact with the object. In
this position the third means or component is actuated to
measure or registers automatically the value of the imped-
ance, resistance or capacity or similar value between the
return electrodes, which value is indicative of the presence of
an object in the loop. If the value is below a predetermined
limit, which e.g., may be in the interval of 5-150.000€2, the
third means or component provides a signal that bipolar elec-
trosurgical cutting can be perfected. The fourth means or
component is now activated, e.g., by surgeon, thereby pro-
viding a current flow through the loop of the now active loop
electrode, applying a secure voltage between the loop elec-
trode and the return electrode. As a result heat is applied at the
bipolar electrosurgical cutting site. While current is flowing
in the loop of the loop electrode, the final bipolar electrosur-
gical cutting is perfected by further retracting the active,
electrically loop back into the hollow shaft beyond the return
electrodes. Once the tissue, e.g., the uterus is cut free, the
return electrodes is out of contact with the tissue object and
the value of the impedance, resistance or capacity again
exceeds the selected predetermined value and the return elec-
trodes are ready for new use. This increase is recorded and can
beread on e.g., a display on a electrosurgical generator or can
be directly read on a display on the electrosurgical instrument
itself. Accordingly, the value of the impedance, resistance or
capacity is used for either automatically or manually discon-
nect or connect power supply to the loop electrode. Thus
according to the present invention power is applied to the loop
electrode for a much shorter period than when using conven-
tional bipolar electrosurgical instruments.

[0021] The fourth means or component is preferably an
electrosurgical generator including one or more high fre-
quency power sources and an output stage including output
lines for connection to the electrosurgical instrument accord-
ing to the present invention and preferably various display for
monitoring applied voltage and any of the value of the imped-
ance, resistance or capacity as the case may be.

[0022] The generator may be of the kind including a con-
troller that controls the generator to deliver a suitable high
frequency waveform for use as a bipolar electrosurgical cut-
ting signal to the output lines. An exemplary suitable electro-
surgical generator delivers as an example a power of 100 W at
an output frequency of 500 kHz and applying a voltage of
6.000 V.

[0023] Whenthereturn electrodes are arranged coaxially to
the loop electrode, at least when the loop electrode is emerged
from the proximal end of the hollow shaft, the object can be
situated with substantially the same distance to the return
electrodes once the active loop electrode is arranged around
the loop, to further ensure that no unintended current flow
paths are achieved when current flows through the loop dur-
ing bipolar electrosurgical cutting.

[0024] At least a part of the loop of the loop electrode may
be arranged to be emerged between the emerged at least one
return electrodes leaving a part of the loop inside the shaft.
Thereby obtained flexibility and inherent spring-like capabil-
ity of the loop makes the loop to spring open to unfold and
maintain between the return electrodes when the loop is
emerged from the distal end of the hollow shaft and to be
retracted again without getting entangled with the return elec-
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trodes. At least the emergeable part of the loop of the loop
electrode made be shaped as a rhombus. The emergeable loop
electrode may for example be made of a stainless steel wire
having an uninsulated substantially V-shaped or U-shaped
cutting part extending into an insulated part situated between
the atleast one return electrodes. The length of the cutting part
of the loop of the loop electrode may typically be about 40
mm but this example of a length is not exhaustive and may
vary within the scope of the present invention as well as the
length of the entire emergeable loop may vary and be selected
according to specific uses. It is evident to the skilled surgeon
that if a very large object is to be removed and sectioned
inside the body a longer loop is required than if only a small
object needs to be removed and sectioned.

[0025] The bipolar electrosurgical instrument may in the
simple embodiment comprise two return electrodes, but in a
preferred embodiment the bipolar electrosurgical instrument
comprises at least four return electrodes, three of which is
electrically interconnected to constitute a single return elec-
trode having a larger contact surface to the object. So by
providing four return electrodes around the object good con-
tact with the object is achieved and a reliable measurement of
the object’s impedance, resistance or capacity can be ensured
to promptly inform the surgeon that safe bipolar electrosur-
gical cutting may take place. An electrosurgical instrument
provided with more than four return electrodes may be pre-
ferred, e.g., if the object to be cut is very irregular. In such
cases the return electrodes are divided in two sets of several
return electrodes which are electrically interconnected, to
provide a system of two active return electrode parts between
which the value of the impedance, resistance or capacity can
be established.

[0026] In the most preferred embodiment of the inventive
electrosurgical instrument the return electrodes can be con-
stituted by flat springy, divergingly arranged conductive
plates or blades, preferably of stainless steel, so that the return
electrodes opens as a flower bursting when the return elec-
trodes are emerged from the distal end of the hollow shaft and
so that the return electrodes easily can be retracted inside the
hollow shaft using a minimum of pulling force. The “flower
arrangement” of the return electrodes provides a good resting
surface for the object when measuring of the value of the
impedance, resistance or capacity in the object takes place.

[0027] When an object, for example the uterus, is situated
inside the active loop electrode and between the return elec-
trodes the resistance, impedance or the capacity between the
return electrodes decreases, and the third means or compo-
nent may register that the predetermined value of the resis-
tance or impedance is for example in the interval between
5-150.000€2 which is an indication that bipolar electrosurgi-
cal cutting can be made and that current can be applied to the
active loop electrode to establish a voltage consistent with a
quick bipolar electrosurgical cutting action. As soon as bipo-
lar electrosurgical cutting is performed the surgeon is able to
confirm his visual observation of finalised bipolar electrosur-
gical cutting by retrieving information of the value of the
impedance, resistance or capacity. If this value is higher than
the predetermined value this indicates perfected bipolar elec-
trosurgical cutting. The surgeon may even dispense with
visual verification of finalising the bipolar electrosurgical
cutting action. The configuration and arrangement of the
return electrodes provides a greatly demanded additional
safety mechanism ensuring that current is only floating
through the loop electrode during the actual bipolar electro-
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surgical cutting process. The risk of injury is self-evident in
that current is flowing in a much shorter interval in a surgical
procedure in which the surgeon has more control of applica-
tion of voltage than when using known devices. The arrange-
ment allows the surgeon to perform several consecutive, bipo-
lar, cuttings inside the body.

[0028] The fourth means or component for applying power
to the loop electrode and the third means or component for
measuring any of the impedance, the resistance or capacity
may preferably be integrated in an electrosurgical generator
so that only one unit besides the bipolar electrosurgical instru-
ment needs to be worked during surgery. The electrosurgical
generator may be provided with instrumentations such as
knobs, displays etc, to provide a clear indication of which part
of'the generator that must be operated and switched on and off
during surgery, and preferably the electrosurgical instrument
is configured so that most of the manipulations of the elec-
trosurgical generator which are required for the electrosur-
gery can be actuated from the bipolar electrosurgical instru-
ment, so that the surgeon can keep his eyes on the surgical site
during the laparoscopic procedure.

[0029] To improve operating the bipolar electrosurgical
instrument the hollow shaft may advantageous comprise an
outer tubular casing having a longitudinal slide groove for
reciprocating the return electrodes, and an inner tubular cas-
ing accommodating the loop electrode which inner tubular
casing is insulated from the outer tubular casing. The length
of the slide group is adjusted and adapted to allow for a
suitable but restricted pushing forward and retracting of the
system of return electrodes and should be arranged in the wall
of the outer tubular casing so that the surgeon has unob-
structed access to a grip means or component for manipulat-
ing moving of the return electrodes. If the object to be cut off
is rather small the surgeon has the option of limiting the
forward movement of the return electrode to thereby keep the
distance between each return electrode smaller than in the
fully emerged condition. Thus for small objects the surgeon
may chose not to spread the return electrodes completely
apart and keep a smaller distance between them.

[0030] The invention further relates to a novel method of

performing laparoscopic detachment of an object from its

attachment. This method generally comprises the steps of:

[0031] a. introducing the electrosurgical instrument as
described above through a laparoscopic port site,

[0032] b. emerging the at least two return electrodes from
the distal end of the hollow shaft,

[0033] c.emerging the loop electrode from the distal end of
the hollow shaft to create a loop for surrounding at least a
part of an object,

[0034] d. tightening the loop around at least a part of an
object by pulling the loop electrode towards the proximal
end of the hollow shaft to set the object in contact with the
at least two return electrodes,

[0035] e. measuring the impedance, resistance or capacity
of the object between the at least two return electrodes,
[0036] f.if the impedance, resistance or capacity is below a
predetermined value applying power to the loop electrode,

and

[0037] g. maintaining the power supply to the loop elec-
trode while performing a bipolar electrosurgical cutting
action by further retracting the loop electrode towards the
proximal end of the hollow shaft.
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[0038] Thesteps ofthe inventive method will be thoroughly
discussed during detailed description of the accompanying
drawing.

[0039] Inorder to complete the bipolar electrosurgical cut-
ting action and ensure that the object is cut loose and/or
sectioned appropriately step g may preferably include that the
loop electrode is retracted inside the hollow shaft until the
loop electrode is out of contact with the object before the
power supply is switched off.

[0040] If the object that is cut off is to be removed via a
laparoscopic port, a trocar, the object needs to be divided in
smaller parts. To this aspect the method may advantageously
comprise repeating at least steps b-g until the object is divided
into a plurality of minor pieces having a cross-section allow-
ing passage through a laparoscopic port, such as a trocar. The
smaller pieces may be collected in a receptacle to subse-
quently be removed via the incision for the trocar after the
trocar has been removed.

[0041] Test has revealed that a if the number of return
electrodes are at least four a good contact surface with the
object to be cut can be obtained and maintained during bipolar
electrosurgical cutting, however less than four may be suit-
able to some purposes.

[0042] The method according to the present invention is
particular suited for laparoscopic detachment procedures,
such as hysterectomies, in particular a laparoscopy-assisted
vaginal hysterectomy which is made through a laparoscopic
port and therefore needs several consecutive bipolar electro-
surgical cutting actions. Typical values are 6.000 V, 100 W at
500 kHz.

BRIEF DESCRIPTION OF THE DRAWING
FIGURES

[0043] The invention will be described in further detail
below with reference to the accompanying drawing illustrat-
ing an exemplary embodiment of the bipolar electrosurgical
instrument according to the invention in various steps of the
bipolar electrosurgical method according to the invention. In
the embodiment shown in the figures the bipolar electrosur-
gical instrument has four conductive return electrode blades,
however within the scope of the present invention any suitable
number equal to or more than two can be used, as desired.
[0044] The shaftof the bipolar electrosurgical instrument is
shown to be partly transparent only for illustrative purposes,
but can have any degree of transparency including none.
[0045] FIG. 1 shows a general view, seen in perspective, of
a surgical generator and a bipolar electrosurgical instrument
according to the present invention and in a situation where
both the loop of the loop electrode and the return electrodes
are emerged from the distal end of the hollow shaft corre-
sponding to having performed method steps b and c,

[0046] FIG. 1a shows, seen in perspective and in enlarged
scale, the proximal end of the bipolar electrosurgical instru-
ment shown in FIG. 1,

[0047] FIG. 15 shows, seen in perspective and in enlarged
scale, the distal end of the bipolar electrosurgical instrument
shown in FIG. 1,

[0048] FIG. 2 shows, seen in perspective and in a fragmen-
tary view, the bipolar electrosurgical instrument in a situation
ready to use where both the loop of the loop electrode and the
return electrodes are retracted inside the hollow shaft,
[0049] FIG. 3 shows, seen in perspective and in a fragmen-
tary view, the bipolar electrosurgical instrument with the
return electrodes emerged, corresponding to step b,

Jul. 29, 2010

[0050] FIG. 4 corresponds substantially to FIG. 1, butin an
enlarged fragmentary view to better improve understanding,
[0051] FIG. 4a shows, in an even more enlarged scale,
another detail of the distal end of the hollow shaft, of the
method step ¢ shown in FIG. 4,

[0052] FIG. 5 shows, seen in a perspective fragmentary
view, how the loop of the loop electrode is arranged to
encircle the object to be cut, ready to perform step d,

[0053] FIG. 6 shows in a perspective fragmentary view how
the loop of the loop electrode is tightened around the object to
be cut while performing step d, e and f, and

[0054] FIG. 7 shows, seen in perspective, step g where the
object has been cut in two pieces and the loop electrode is
fully retracted inside the hollow shaft again.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0055] FIG. 1 shows, in perspective, a general view of a
bipolar electrosurgical instrument 1 connected to an electro-
surgical generator 2. The bipolar electrosurgical instrument 1
has a hollow shaft 3 with a proximal end 4 and a distal end 5.
The hollow shaft 3 is defined at least by an outer tubular
casing 6 inside which an inner tubular casing 7 extends recip-
rocatingly. Typically, the outer tubular 6 casing has an exte-
rior diameter of about 10 mm to ensure that it can pass
smoothly through a conventional laparoscopic trocar port of
same diameter. The inner tubular casing 7 accommodates, as
indicated by dashed line, the loop electrode 8, such as an
electrically conductive resilient looped wire, which is elec-
trically connected to the electrosurgical generator 2, exem-
plified at circuit B, via electric wire B1, to enable electrosur-
gical cutting. A first handle 9 at the proximal end of the inner
tubular casing 7 has an actuation knob 10 which is connected
to circuit B via electric wire B2 to enable the surgeon to
switch cutting current on and off on demand and according to
the surgeons choice only by a simple pressure on the actuation
knob 10. The first handle is used for reciprocating the loop
electrode as indicated with arrow P in the figures.

[0056] The loop of the loop electrode 8 has an uninsulated
cutting part 8a of e.g., 40 mm and an insulated part 85 ensur-
ing that heat application to an object is confined to a limited
and controlled area still maintaining a firm grip at the object,
e.g., the uterus.

[0057] Circuit B may be implemented in a separate device
to be used together with a conventional bipolar electrosurgi-
cal generator and the electrosurgical instrument according to
the present invention, or circuit B can be integrated in a new
electrosurgical generator specifically designed for the present
invention.

[0058] Four return electrodes 11a,115,11¢,11b, of which
only two are visual in FIG. 1, extends slidingly lengthwise in
the circumferential space between the inner tubular casing 7
and the exterior tubular casing 6 in recesses in one or more
spacer plugs 15, of which only one can be seenin F1G. 1. Thus
the return electrodes 11a,115,11¢,115 are isolated from the
loop electrode 8. Each return electrode 11a,115,11¢,11d have
a distal end configured as a flat conductive plate or blade
12a,12b,12¢,12d of enlarged surface area to establish good
contact with an object (not shown) to be cut. The proximal
end of three of the return electrodes e.g., 12a,12b,12¢ are
mutually connected to obtain one common reference elec-
trode 12a,125,12¢ which, via electric wire C2, is coupled to a
circuit C arranged in the electrosurgical generator 2. The last
of the four return electrodes 124 is coupled to circuit A via
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electric wire C1, thus when an object (not shown) is situated
between the spread apart object contacting return electrodes it
is possible to establish a value of the impedance, resistance or
capacity to be used as an indication of the presence of an
object to inform the surgeon that cutting current can be
switched on, or off if no contact is established. If the value is
above a predetermined value it indicates that no object is
located inside the loop vice versa. Any combination of return
electrodes are foreseen within the scope of the present inven-
tion as long as the bipolar electrosurgical instrument has two
electrically conducting set of return electrodes.

[0059] Transmission of a signal representing the measured
impedance, resistance or capacity from circuit C to circuit B
is in the case shown integrated in the bipolar electrosurgical
generator and takes place via dashed line D.

[0060] As shown in an enlarged scale in FIG. 1a the outer
tubular 6 casing has at its proximal end 4 a number of longi-
tudinal slide grooves 13a,135,13¢,13d, of which only two can
be seen in FIGS. 1 and 1a. The number of slide grooves
134,135,13¢,13d corresponds to the number of return elec-
trodes 11a,115,11¢,11d. The proximal ends of the return elec-
trodes 11a,115,11¢,11d are passed through the corresponding
slide grooves 13a,135,13¢,13d and secured to a second
handle 14 for reciprocating, as indicated with the arrow A, the
return electrodes 12a,125,12¢,12d in and out of the distal end
5 of the hollow shaft 3 as occasion requires.

[0061] As seen better in the enlarged scale view of FIG. 15
the flat conductive blades or plates 12a,12,5,12¢,124d of the
return electrodes 11a,115,11¢,11d are curving outwards
when emerged from the distal end 5 of the hollow shaft 2 and
surrounding the loop electrode 8. The curvature should be
sufficient to provide the flat conductive blades or plates 124,
125,12¢,12d with sufficient spring force to by themselves and
instantly spread apart as a flower opens when emerged from
the distal end 5 of the hollow shaft 3 and sufficiently flexible
to yield to be retracted inside the distal end again as shown in
the fragmentary perspective view of FIG. 2. Although the
conductive blades of the return electrodes are shown as flat
rectangular plates other outlines and geometries are foreseen
within the scope of the present invention.

[0062] For clarity reasons the subsequent figures do not
indicate wiring and electrosurgical generator but serve for
better illustrating the method according. Due to the enlarged
scale these figures are fragmentary.

[0063] FIG. 3 shows, seen in perspective and in a fragmen-
tary enlarged view, the bipolar electrosurgical instrument 1
with the return electrodes 11a,115,11¢,11d emerged and the
loop electrode 8 retracted, corresponding to step b of the
method according to the invention. The second handle 14 is
manually advanced towards the distal end 5 of the hollow
shaft 3 so that the distance to the first handle 9 is increased but
still leaving the loop electrode 8 hidden inside the distal end
5.

[0064] The further step ¢ of emerging the loop electrode 8
from the distal end of the hollow shaft is seen better in the
enlarged scale fragmentary view of FIG. 4, which corre-
sponds substantially to FIG. 1, but is presented to better
overview the many details of the instrument.

[0065] FIG. 4a shows the method step ¢ shown in FIG. 4, in
an even more enlarged scale how the two legs 85', 85" of the
loop electrode 8 extends lengthwise inside the outer tubular
casing 6 between the return electrodes 11a,1156,11¢,11d. The
return electrodes 11a,115,11¢,11d are firmly secured to the
flat conductive blades 12a,126,12¢,12d. In the exemplary
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embodiment shown in the figures the return electrodes 11a,
115,11¢,11d are long conductive rods securely hooked to flat
conductive plates 12a,125,12¢,12d, however the return elec-
trode may quite as well be a manufactured as a single unit or
the rods may be welded to the plates or any other suitable
conductive coupling together. FIG. 4a also illustrates how the
guide plug 15 at the distal terminal end of the inner tubular
casing 7 serves for holding the return electrodes 11a,115,11¢,
114 in the circumferential space 16 between the outer tubular
casing 6 and the inner tubular casing 7.

[0066] FIGS.5, 6 and 7 shows in a perspective fragmentary
view the intermediate situations showing step ¢ where the
loop of the loop electrode is arranged to encircle an exem-
plary indicated object 17 to be cut to step g where the object
has been divided in tow parts.

[0067] FIG. 5 shows the touching location of the object 17
between the return electrodes 11a,115,11¢,11d decreasing
the value of the impedance, resistance or capacity measured
by circuit C of the bipolar electrosurgical generator 2. Once
circuit C has measured the size of the value of the impedance,
resistance or capacity it compares the measured value with a
predetermined value. If the measured value is below or equal
to the predetermined value circuit C provides a signal to the
surgeon, such as e.g., by means or component of a signal lamp
on the electrosurgical generator flashing green, indicating
that step d-g can be initiated to start the bipolar electrosurgical
cutting procedure.

[0068] The tightening of the loop electrode 8 around the
object 17 according to method step d is illustrated in FIG. 6.
By actuating the knob 10 on the first handle 9 to switch on
power to the loop electrode the surgeon can now proceed with
the electrosurgical cutting assured by means or component of
the signal provided by circuit C that steps e-g can be safely
made. Continuos measuring of the impedance, resistance or
capacity value is performed during the bipolar electrosurgical
cutting either until the value is below or equal to the prede-
termined value or for a defined period of time to thereby
provide the signal to stop cutting, e.g., triggered manually by
the surgeon releasing the actuation knob 10 in response to an
alert from the bipolar electrosurgical generator 2, or auto-
matically inresponse to the same. Thus current is thus applied
to the loop electrode 8 only a very short period in which the
return electrodes acts both as a safety mechanism and a con-
ventional bipolar return electrode.

[0069] FIG. 7 shows, seen in perspective, step g, where the
object 17 has been cut in two pieces 17a,17b and the loop
electrode 8 is fully retracted inside the hollow shaft 3 again.
The pieces 17a,17b are caught and held by a forceps intro-
duced through another laparoscopic port. The forceps has a
firm grip at the object 17 or pieces 174,175 of object so that
the method can be repeated for as many bipolar electrosurgi-
cal cuttings as required, e.g., until the object is cut into 10-20
smaller pathologically intact pieces. Monitoring is made
using camera means or component introduced through yet
another laparoscopic port, and the cut object pieces 174,175,
..., 17n may be collected in a receptacle introduced through
yet another laparoscopic port, which receptacle is remove
after the laparoscopic port has been removed. The whole
surgical procedure will take about 10 min. allowing the sur-
geon to treat more patients than hitherto.

[0070] The bipolar electrosurgical instrument is, as men-
tioned above, particular suited for LASH, which is a partial
hysterectomy that preserves the cervix, and the ovaries,
removing only the diseased uterus. The ligaments and blood
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vessels are detached from the uterus and cauterized using an
electrosurgical instrument. Next the uterus corpus is
transected from the cervix at the level of the internal os.
Instead of morcellating and removing the morcellated uterus
with suction the resected uterus can according to the present
invention be further sectioned and removed as intact pieces of
a size allowed by the diameters of the laparoscopic ports. The
risk of accidental injuring surrounding tissue e.g., the rectum,
bladder, and pelvic sidewall is minimal. If a monopolar elec-
trosurgical instrument is used only one cutting action could
have been made and a resected uterus must be removed either
vaginally or by open surgery of sucked out after morcellation.
Since LASH requires more cuttings to be completed monopo-
lar electrosurgical cutting is not a safe option.

[0071] Although a preferred use of the instrument and the
method according to the present invention relates to female
surgery, it is obvious that removal of other kinds of difficult
accessible objects that are to be preserved as intact as possible
is within the scope of the present invention. Such kinds of
object could e.g., be submersed objects, plant objects, remote
objects reachable via e.g., a robot, infectious plant and ani-
mal, etc.

What is claimed is:

1. A bipolar electrosurgical instrument connectable to an
electrosurgical generator, the instrument comprising:

a hollow shaft sized to fit through a laparoscopic port and

having a proximal end and a distal end,

a loop electrode constituted by an electrically conductive
resilient looped wire provided with a first component for
reciprocating the loop electrode between a retracted
position inside the hollow shaft and a second position in
which at least a part of the loop electrode is emerged
from the distal end of the hollow shaft,

at least two return electrodes provided with a second com-
ponent for reciprocating the at least two return elec-
trodes between a retracted position inside the hollow
shaft and a second position in which at least part of the
return electrodes are emerged from the distal end of the
hollow shaft,

athird component for measuring the impedance, resistance
or capacity of an object positioned or located between
the at least two return electrodes, and

a fourth component for applying power to the loop elec-
trode when the value of the impedance, resistance or
capacity is below a predetermined value or a predeter-
mined period of time.

2. The bipolar electrosurgical instrument according to
claim 1, wherein the return electrodes are arranged coaxially
to the loop electrode, at least when the loop electrode is
emerged from the proximal end of the hollow shaft.

3. The bipolar electrosurgical instrument according to
claim 1, wherein at least a part of the loop electrode is
arranged to be emerged between the emerged return elec-
trodes.

4. The bipolar electrosurgical instrument according to
claim 1, wherein the bipolar electrosurgical instrument com-
prises at least four return electrodes.

5. The bipolar electrosurgical instrument according to
claim 1, wherein the return electrodes are constituted by flat
plates or blades.

6. The bipolar electrosurgical instrument according to
claim 5, wherein the flat plates or blades of the return elec-
trodes are made of stainless steel.
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7. The bipolar electrosurgical instrument according to
claim 1, wherein the fourth component for applying power to
the loop electrode and the third component for measuring
impedance, resistance or capacity are integrated in the elec-
trosurgical generator.

8. The bipolar electrosurgical instrument according to
claim 1, wherein the hollow shaft comprises an outer tubular
casing having a longitudinal slide groove for reciprocating
the return electrodes, and an inner tubular casing accommo-
dating the loop electrode, with the inner tubular casing insu-
lated from the outer tubular casing.

9. A method of performing laparoscopic detachment of an
object from its attachment, which comprises:

introducing an electrosurgical instrument through a laparo-
scopic port site, with the instrument comprising:
a hollow shaft sized to fit through the laparoscopic port
and having a proximal end and a distal end,

a loop electrode constituted by an electrically conduc-
tive resilient looped wire provided with a first com-
ponent for reciprocating the loop electrode between a
retracted position inside the hollow shaft and a second
position in which at least a part of the loop electrode is
emerged from the distal end of the hollow shafft,

at least two return electrodes provided with a second
component for reciprocating the at least two return
electrodes between a retracted position inside the hol-
low shaft and a second position in which at least part
of the return electrodes are emerged from the distal
end of the hollow shaft,

a third component for measuring the impedance, resis-
tance or capacity of an object positioned or located
between the at least two return electrodes, and

a fourth component for applying power to the loop elec-
trode when the value of the impedance, resistance or
capacity is below a predetermined value or a prede-
termined period of time.

emerging the at least two return electrodes from the distal
end of the hollow shatft,

emerging the loop electrode from the distal end of the
hollow shaft to create a loop for surrounding at least a
part of the object,

tightening the loop around at least a part of the object by
pulling the loop electrode towards the proximal end of
the hollow shaft to set the object in contact with the at
least two return electrodes,

measuring the impedance, resistance or capacity of the
object that is positioned or located between the at least
two return electrodes,

applying power to the loop electrode when the impedance,
resistance or capacity is below a predetermined value,
and

maintaining the power supply while performing a bipolar
electrosurgical cutting action by further retracting the
loop electrode towards the proximal end of the hollow
shaft.

10. The method according to claim 9, wherein the power
supply is maintained while the loop electrode is retracted
inside the hollow shaft until the loop electrode is out of
contact with the object.
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11. The method according to claim 9, which ids repeated
until the object is divided into a plurality of minor pieces each
having a cross-section that allows passage through the lap-
aroscopic port.

12. The method according to claim 9, wherein at least four
return electrodes are used.
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13. The method according to claim 9, wherein the laparo-
scopic detachment procedure is a hysterectomy.

14. The method according to claim 9, wherein the laparo-
scopic detachment procedure is a laparoscopy-assisted vagi-
nal hysterectomy.
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