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[57] ABSTRACT

An electrosugrical unit for conducting a predetermined
ionizable gas in a jet stream to the tissue at a predeter-
mined flow rate sufficient to clear natural fluids from
the tissue and to substantially expose the tissue stroma
and for exposing the gas to an electrical radio frequency
energy to ionize the gas in conductive pathways in the
gas jet stream. The unit includes a nozzle which is re-
leasably connected to a handle for easy manipulation by
a surgeon with the nozzle including means for support-
ing an electrode in an optimal position for initiation of
the 1onization of the gas. Also, a connecting system is
disclosed for connecting the hose on which the handle
1s mounted to a gas delivery apparatus and supply or
electrical energy which permits the hose to rotate while
maintaining a positive hermetic seal to prevent the hose
from kinking during use by a surgeon.

40 Claims, 5 Drawing Sheets
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ELECTROSURGICAL CONDUCTIVE GAS
STREAM EQUIPMENT

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

CROSS REFERENCE TO RELATED
APPLICATION

This application is a Continuation-in-Part of copend-
ing application Ser. No. 849,950 filed Apr. 8, 1986, now
U.S. Pat. No. 4,781,175 and entitled Electrosurgical
Conductive Gas Stream Technique of Achieving Im-
proved Eschar for Coagulation which is of common
ownership with the present application, the disclosure
of which is hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This mvention relates to electrosurgery, and more
particularly to a new and improved electrosurgical
technique for achieving coagulation or a hemostatic
effect, i.e. fulguration and desiccation, by conducting
radio frequency (RF) electrical energy through a con-
ductive inert gas stream to the tissue. In addition, the
present invention relates to an electrosurgical fulgura-
tion arcing technique of creating an eschar and tissue
effects offering a substantially improved capability for
coagulation. Further still, the present invention relates
to an electrosurgical non-arcing desiccation technique
and equipment for applying electrical energy to tissue
to achieve superior thermal desiccative effects.

2. Description of the Prior Art

Electrosurgery involves the application of radio fre-
quency electrical energy to tissue. The electrical energy
originates from an electrosurgical generator (ESG) and
is applied by an active electrode to the tissue. The active
electrode typically has a small cross-sectional or limited
surface area to concentrate the electrical energy at the
surgical site. An inactive return electrode or patient
plate contacts the patient at a remote location from the
surgical site to complete the circuit through the tissue to
the ESG. The patient plate is relatively large in size to
avoid destructive energy concentrations. Alternatively,
a pair of active electrodes may be used in a “bipolar”
mode in which the electrosurgical energy flows directly
through the tissue between the two active electrodes,
and the electrosurgical effects are confined to the tissue
directly located between the two closely-spaced elec-
trodes.

A vanety of different electrosurgical effects can be
achieved, depending primarily on the characteristics of
the electrical energy delivered from the ESG. Among
the effects are a pure cutting effect, a combined cutting
and hemostasis effect, a fulguration effect and a desicca-
tion effect. Desiccation and fulguration are usually de-
scribed collectively as coagulation. Many conventional
ESG’s offer the capability to selectively change the
energy delivery characteristics and thus change the
electrosurgical effects created.

Satisfactory fulguration effects have been particu-
larly difficult to obtain. Some surgeons have preferred
to use older spark gap generators known as “Bovie”
devices for fulguration, but use other more modern
ESG’s for cutting or cutting with hemostasis. Indeed,
spark gap ESG’s have been the standard against which
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modern solid state ESG’s have been measured for
achievement of satisfactory fulguration effects. One
modern ESG which achieves substantially improved
fulguration effects, compared to both spark gap and
previous solid state ESG’s is described 1n U.S. Pat. No.
4,429,694, assigned to the assignee hereof. Despite the
improvements available in fulguration, certain disad-
vantages remain for which there have been no satisfac-
tory alternatives.

Conventional fulguration is characterized by electri-
cal arcing through the air from various locations on the
metal surface of the active electrode, with the arcs
contacting the tissue in somewhat of a random non-
predictable manner. In many cases, arcs leave the active
electrode in an initial trajectory traveling away from
the tissue before actually curving around and striking
the tissue surface. The result i1s an uneven, randomly
concentrated or distributed delivery of arcing energy.
An uneven eschar of variable characteristics is created
on the surface of the tissue.

The random delivery of the arc energy creates holes
which are significantly disparate in diameter (or cross-
sectional size) and in depth. Larger, deeper holes are
formed by repeated arcs contacting the tissue at approx-
imately the same location. Smaller arc holes are also
present in the tissue but they are unevenly distributed
about the larger arc holes. The smaller arc holes are
created by single individual arcs, or the less repetitious
arcing to the tissue at the same location. The smaller arc
holes are relatively small in diameter or cross-section
and relatively shallow in depth, compared to the larger
arc holes. Significant variations in cross-sectional size
and depth between the large and small arc holes occur.
Significant variations exist in the spacing and in the
amounts of tissue between the large and small arc holes,
causing the substantial variations in the surface distribu-
tion of the holes.

Thermal necrosis occurs in the tissue between the arc
holes. The degree of thermal necrosis varies between
total carbonization between the more closely spaced
larger holes, to necrosis without charring or carboniza-
tion between the more widely separated smaller arc
holes.

The eschar created has two distinct layers above the
unaffected viable tissue. An arc hole reticulum of the
tissue subjected to necrosis is created by the pattern of
arc holes. The arc hole reticulum extends to greater
depths in the areas of the deeper arc holes, and to sub-
stantially shallower depths in the areas of the shallower
arc holes. Due 10 the random distribution and depth of
the arc holes, the arc hole reticulum is relatively uneven
in depth. Significant variations in the depth of the arc
hole reticulum layer are typical. A layer of thermally
desiccated tissue is located below the arc hole reticulum
layer. Tissue necrosis in the thermally desiccated layer
occurs as a result of the current heating effects of the
electnical energy dissipating from the arcs. The desicca-
tion layer is also uneven in depth and location due to the
nonuniform application of the arcing energy over the
arc hole reticulum layer. Significant variations in the
depths of the desiccation layer are also typical.

Over a given area of tissue, certain locations are only
moderately affected by the arcing energy. A thin arc
hole reticulum and a thin desiccation layer result. Other
areas have a relatively thick eschar formed therein.
Very thick carbonized eschars tend to be fragile and are
prone to crack when flexed, usually resulting in re-



Re. 34,780

3

newed bleeding from the unaffected tissue below the
desiccation layer. Thin eschars are more flexible and
therefore more desirable, but it has been difficult to
obtain sufficient coagulation effects from thin eschars.

Causes of the uneven eschar created by prior fulgura-
tion techniques are not known with certainty, but nu-
merous factors are theorized to play a role. One of the
more significant contributory factors 1s probably
changes in impedance in the arc pathway between the
active electrode and the tissue. Impedance changes may
result from variations in the distance which the arcs
travel through the air, due to the changes in iomzation
potential between the active electrode and the tissue. It
is virtually impossible for the surgeon to maintain the
active electrode at a consistent distance from the tissue,
particularly if the tissue is moving due to pulsation, or
due to puckering and swelling as a result of applying the
electrical energy. The arcing from random locations on
the active electrode also creates different arc length
pathways and hence impedances. The combined impe-
dance of the tissue and the eschar changes with the
application of electrical energy. The volatilization of
the cells and vaporization of the moisture in the cells
changes the relative impedance in a localized spot-to-
spot manner on the surface of the tissue. The formation
of the charred material also influences the arc path-
ways, presenting an opportunity for subsequent arcs to
return to the tissue at the same location and thereby
enlarge the pre-existing arc hole and create even further
charrng.

Another problem with conventional electrosurgery 1S
that it is very difficult if not impossible to achieve effec-
tive fulguration on spongy or vascular tissue such as the
liver or the spleen, or on other tissues from which there
is a tendency for blood to continually ooze over the
surface from the highly developed vascular network
within the tissue. Often, only the surface of the oozing
blood is coagulated, with no penetration to the surface
of the tissue below the layer of blood. A superficial
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coagulum results on the surface of the blood, but this 40

coagulum quickly sloughs away resulting in only tem-
porary hemostasis. Of course, once the temporary coag-
ulum sloughs away, bleeding continues. Even if a coag-
ulation effect on the tissue surface can be established, it
is easily destroyed or perforated by the arcs returning to
the same locations causing the longer, deeper arc hoies.
The deeper arc holes perforate the eschar and extend
into the viable tissue below the eschar to provide a
pathway for continued bleeding. The heat created by
the arcs causes boiling of moisture below the eschar,
and the pressure of resulting vapor can also rupture the
eschar to reinitiate bleeding.

Apart from the tissue disadvantages of conventional
electrosurgical fulguration, certain other practical prob-
lems exist. Arcing from the active electrode rapidly
increases the temperature of the active electrode. Elec-
trode heating is responsible for a number of problems. If
the heated active electrode contacts the tissue, as 1t
inevitably will, or if the active electrode 1s immersed 1In
fluid such as blood, proteins from the tissue or the blood
are denatured and stick to the active surface of the
electrode. The buildup of charred material on the elec-
trode eventually creates a sufficiently high impedance
so that adequate power can no longer be delivered. The
surgeon must continually clean the electrode by wiping
or scraping the charred material, which disrupts, dis-
tracts, and prolongs the surgical operation. Freshly
created eschars can be detached in an effort to free a
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sticking electrode from the tissue surface. The random
accumulation of charred material on the active elec-
trode creates more random delivery of the arcing en-
ergy, even further increasing the random delivery pat-
tern. Because of the variable nature of the impedance of
the charred material, consistent power application 1s
difficult or impossible. The accumulation of the charred
material can obscure the surgeons view of the surgical
site. The temperature of the active electrode may reach
sufficiently elevated levels to transfer molten metal
from the electrode to the patient, creating questionable
effects. Because the electrode contacts the tissue, there
is a potential for cross-contamination between viable
tissues and diseased tissues. Although the clinical prob-
lems associated with cross contamination are not fully
understood at the present time, the advantages of elimi-
nating the possibility are evident. A significant smoke
plume also results from the burning tissue because of the
air environment in which the electrosurgery occurs.
Not only does the plume produce a noxious odor, but
there may be some evidence that particulates in the
smoke plume from burning tissue may contain hazard-
ous chemicals, virus, bacteria, neoplastic cells and other
hazards. Of course, the oxygen environment in which
the electrosurgery is conventionally conducted exhibits
a potential for igniting paper drapes, surgical sponges
and the like.

Some of the typical problems associated with creat-
ing and applying the arcs in conventional electrosur-
gery can be improved by optimizing the operating and
other characteristics of the electrosurgical generator.
U.S. Pat. No. 4,429,694 discloses an improved ESG
which reduces some of the described disadvantages
during fulguration. However, many of the disadvan-
tages cannot be avoided and many of the characteristics
cannot be improved by conventional electrosurgical
techniques and equipment, due to the limitations previ-
ously inherent in electrosurgery.

The conventional technique of obtaining thermal
desiccation by use of a conventional ESG 1is to apply
electrical energy from a flat surface of the active elec-
trode placed in contact with the tissue. An electrical
resistance heating effect is created by the current flow-
ing into the tissue from the active electrode. Because
the active electrode contacts the tissue surface over a
relatively large area, no arcing is intended to occur. To
spread the thermal desiccation effect over a substan-
tially large area, the active electrode is moved from
location to location. It is very difficult to apply a level
of energy which will obtain thermal desiccation but
which will not cause the tissue to stick on the flat sur-
face of the active electrode or arcing from the active
electrode to non-contacted surface areas. The thermal
desiccation effects are unevenly distributed because the
active electrode is moved from spot to spot. Overlap-
ping the spots of energy application can enhance the
probability for tissue sticking and exaggerate the vari-
able depth effects. Of course, moving the active elec-
trode from spot to spot is very time consuming in an
operation where time is very important or critical.

The prior art desiccation technique can only be ap-
plied to create surface desiccation effects. Furthermore,
the inability to accurately control the amount of power,
tissue sticking effects, and the like have prevented the
prior use of electrosurgery on very thin fragile tissue
such as the mesentary, and in other surgical techniques.

It is against this abbreviated background of previ-
ously existing disadvantages and problems in electrosur-
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gery that the advantages and improvements of the pres-
ent invention can be better appreciated.

SUMMARY OF THE INVENTION

In general, the electrosurgical technique and equip-
ment for achieving coagulation in accordance with the
present invention involves conducting a predetermined
ionizable gas in a directed or generally laminar jet
stream to the tissue at a predetermined flow rate suffi-
cient to clear natural fluids from the tissue and to sub-
stantially expose the underlying tissue, while simulta-
neously conducting electrical energy at a predeter-
mined primary radio frequency range in the gas jet
stream through ionized conductive pathways. To
achieve fulguration, the electrical energy is conducted
as arcs in the ionized pathways. To achieve desiccation,
the electrical energy is conducted in the ionized path-
ways as a non-arcing diffuse current.

The electrosurgical equipment of the present inven-
tion includes a nozzle which is removably mounted on
a handle in a unique manner so as to be reliably sealed
thereto to prevent the leakage of gas. The nozzle also
supports an electrode along a small portion of its length
so that a substantial portion of the electrode is exposed
to the gas in a mixing chamber portion of the nozzle to
improve initiation of the ionization of the gas.

The hose which supports the nozzle and the handle at
a leading or free end thereof has its opposite end con-
nected to a gas delivery apparatus by a connector ele-
ment which also establishes a positive seal through a
removable connection technique. The connector ele-
ment 1s rotatably connected to the gas delivery appara-
tus In a manner so as to prevent the leakage of gas while
permitting rotation of the hose to prevent kinks from
forming in the hose as the surgeon is manipulating the
handle and nozzle.

Many other significant features are inherent in the
present invention, as well as many improvements over
prior art coagulation techniques and equipment. These
various features and improvements are discussed more
completely in the following detailed description of the
preferred embodiment taken in conjunction with the
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective representation of a nozzle,
Lhand piece] handle, cord and connector of the pres-
ent ivention.

FIG. 2 is an enlarged exploded perspective view of

the nozzle and the mating end of the [hand piece]}
handle illustrated in FIG. 1.

FIG. 3 is a fragmentary enlarged perspective view of
the connector end of the cord illustrated in FIG. 1.

FIG. 4 15 an enlarged section view of the cord taken
along line 4—4 of FIG. 1.

FIG. 5 is an enlarged section view of the nozzle and
front end of the [hand piece} Aandle taken along line
53— of FIG. 1 with parts removed to condense the size.

FIG. 6 is an enlarged section view taken along line
6—6 of FIG. §S.

FIG. 7 1s an enlarged section view taken along line
7—7 of FIG. 5.

FIG. 8 15 an enlarged section view taken along line
8—8 of FIG. 5.

FIG. 9 1s an enlarged section view of the connector
taken along line 9—9 of FIG. 1.

FIG. 10 1s a section view taken along line 10—10 of

FIG. 9.
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FIG. 11 is a section view taken along line 11—11 of

FIG. 9.
FIG. 12 is a section view taken along line 12—12 of

FIG. 9.

FI1G. 13 1s a generalized schematic view of an elec-
trosugrical unit (ESU) embodying the present inven-
tion, illustrating an electrosurgical generator (ESG), a
gas delivery apparatus, a segment of tissue shown illus-
tratively in cross-section, and the elements of the inven-
tion shown in FIG. 1.

FIG. 14 is an enlarged section view similar to FIG. 9,
illustrating another configuration of the sealing elements of
the connector.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

An electrosurgical unit (ESU) which embodies the
present invention is shown generally in FIG. 13 and is
referenced 40. The ESU 40 includes three major com-
ponents, a pencil 42 which is seld and manipulated by
the surgeon, gas delivery apparatus 44 and an electro-
surgical generator (ESG) 46. A flexible cord 48 con-
nects the gas delivery apparatus 44 and the ESG 46 to
the pencil 42. The gas delivery apparatus 44 delivers a
preselected gas through a plurality of individual pas-
sageways or lumens 50 in the cord 48 to the pencil 42.
The gas issues from a nozzle 52 of the pencil 42 in a
directed or substantially laminar flow stream or jet 54.

The ESG 46 supplies electrical energy over a supply
conductor 56 of the cord 48 to the pencil 42. The con-
ductor §6 is electrically connected in the pencil to a
needle-like electrode 58 which forms a part of the noz-
zle 52. The electrical energy supplied by the ESG 46 is
of predetermined characteristic sufficient to ionize the
gas flowing through the nozzle 52 and to create ionized
pathways in the jet 54. The electrical energy travels in
the ionized pathways in the jet 54 to a body tissue 62
where it creates a predetermined electrosurgical effect
on the tissue 62.

In the fulguration mode of operation of the ESU,
electrical energy is transferred in the ionized pathways
in the form of arcs 60. The arcs 60 travel within the jet
54 until they reach the tissue 62 at the electrical surgical
site. The jet 54 expands slightly above the surface of the
tissue 62 and the arcs 60 disburse over a slightly en-
larged area of the tissue surface compared to the cross-
section of the jet 54. Electrical energy of the arcs is
transferred into the tissue 62 and creates the upper arc
hole reticulum or layer 30 and a desiccated layer 32
therebelow. The arc hole reticulum 30 and the desic-
cated layer are schematically illustrated in FIG. 13.

In the desiccation mode of operation of the ESU, the
ionized pathways in the jet 54 transfer electrical energy
from the electrode 58 as a non-arcing, conductive cur-
rent. A gentle coupling effect is created at the tissue
which does not cause holes in the tissue, because arcs
are not present. As is described more completely in the
parent application, Ser. No. 849,950, a desiccative elec-
trosurgical effect is created, and only a desiccation layer
similar to that schematically shown at 32 in FIG. 13 is
formed on the surface of the tissue. The normal unaf-
fected tissue structure such as that at 34 exists below the
surface desiccated layer 32. The jet expands slightly at
the surface of the tissue to couple the non-arcing electri-
cal current over a slightly enlarged area of the tissue
surface compared to the cross-sectional size of the jet.
This type of desiccative coagulation electrosurgical
effect has heretofore not been obtainable in the field of
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electrosurgery except through the apparatus disclosed
in the parent application hereto. The desiccative effects
on the tissue offer the possibility of accomplishing sub-
stantially new and different types of electrosurgical
procedures by the use of an ESU.

The electrical energy delivered through the jet 54
travels through the tissue 62 to a return electrode or
patient plate 70 which contacts the tissue 62. The pa-
tient plate 70 is connected by a return electrical conduc-
tor 72 to the ESG 46. A complete electrical circuit is
thus established for conducting the energy from the
ESG 46, to the pencil 42, through the jet 54, to and
through the tissue 62, to patient plate 70, through the
return conductor 72 to the ESG 46.

The pencil 42 includes a handle portion 76 and the
nozzle 52 with the nozzle being threadedly connected
to the handle for easy removal therefrom. As 1s best
illustrated in FIGS. 2 and 5-8, the handle portion 76 of
the pencil includes a generally cylindrical dielectric
body 78 which may be ceramic. The cylindrical body
78 has a central axial passageway 80 therethrough
which is relatively narrower at a leading end than at a
trailing end as created by a relatively thick wall 82 at its
leading end. The open landing end of the handle has
internal threads 84 which form exemplary means for
releasably [and connecting] receiving and connecting
the nozzle 52 as will be described in more detail herein-
after.

A socket insert 86 is disposed internally of the handle
portion 76 at the forwardmost extent of the large diame-
ter portion 80L of the passageway through the handle.
The socket insert 86, as is best illustrated in FIGS. 3 and
8, is also of cylindrical configuration having an outer
diameter substantially the same as the inner diameter of
the handle 76 at the location where the insert is posi-
tioned within the handle. At the trailing end of the
socket insert 86, a disc-like wall 88 is formed having a
plurality of circumferentially spaced openings 90 there-
through adapted to align with the passageways or lu-
mens 50 through the hose 48. The wall 88 also has a
central opening 92 therethrough adapted to accommo-
date the conductor 56 which passes through the hose
and takes the form of a braided metal wire. A forwardly
projecting internal cylindrical sleeve 94 projects for-
wardly from the disc-like wall 88 and confines and
supports an electrical connector means such as a metal-
lic socket 96 adapted to receive the electrode 58 of the
nozzle as will be discussed later. The metallic socket 96
also includes a receptacle for receiving and retaining
the leading end of the braided metal wire 56 which
projects thereinto from the leading end of the hose 48.

The leading end of the hose 48 is also received in the
enlarged diameter trailing portion 80L of the passage-
way 80 through the handle portion 76 and abuts the
trailing end of the socket insert 86. The hose is aligned
with the socket insert so that the passageways 50
through the hose are in alignment with the openings 90
through the disc-like wall 88 of the insert whereby gas
can pass freely from the hose through the insert 86,
through the passageway 80 defined by the handle portion
76, and subsequently through the nozzle. The hose is
retained in its fixed relationship with the handle portion
by an outer covering 98 which encompasses the handle
portion 76 and overlaps a portion of the hose where the
hose enters the trailing end of the handle portion. The
covering 98 is of a soft pliable material such as silicone
and also overlaps the leading end of the handle portion
leaving the opening through the leading end of the
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handle portion unobstructed. It is important to note,
however, that the covering does overlap the leading
end of the handle forming a boot 100 which facilitates
the establishment of a hermetic seal between the nozzle
and the handle.

The nozzle 52 includes inner and outer dielectric
component parts 51 and 53 with the electrode 58 being
supported axially within the inner part. As mentioned
previously, the nozzle is adapted to be releasably con-
nected to the handle 76 to define the pencil 42. The
inner part 51 of the nozzle has a forwardly projecting
cylindrical-body 102, an integral intermediate enlarged
cylindrical body 104 at the trailing end of the forwardly
projecting cylindrical body 102, and an integral trailing
cylindrical body 106 protruding rearwardly from the
intermediate body. The intermediate body 104 at its
trailing end has a plurality of inwardly directed ribs 108
which support the trailing body 106. The ribs 108 define
passageways 110 therebetween through which gas is
enabled to pass from the hose 48 through the socket
insert [86 in] 86, intc the handle portion and subse-
quently through the passageways 110 for exposure to
the electrode 58 within a nozzle passageway Or mixing
chamber 112 defined by the cylindrical inner spaces of
the forward and intermediate bodys 102 and 104 respec-
tively of the inner part 51. The trailing body 106 of the
inner part has a cylindrical passage 114 therethrough
adapted to mate with and receive the electrode 38
which is made of a conductive metal material and se-
cured in the trailing body 106 in any suitable manner.
The electrode 58 protrudes rearwardly from the trailing
body of the inner part 51 so as to be receivable in the
metal socket provided in the socket insert 86 of the
handle portion. It is important to note that the trailing
body of the inner part supports the electrode 58 along a
small or minority portion of its length, and as such and
in conjunction with the ribs are one example of support
means for supporting the electrode. In a preferred em-
bodiment, the support for the electrode extends only
along a relatively short length of the electrode, for
example, less than 20% of its length, exposing a signifi-
cant portion of the electrode to the mixing chamber 112
and thus the gases flowing therethrough to improve
initiation of the ionization of the gas. It has been deter-
mined that the initiation of the ionization process is
facilitated by a greater exposure of the electrode to the
gas jet stream 54 and for this reason, this feature of the
invention is of significant value.

The outer part 53 of the nozzle 52 includes an en-
larged frusto-conical head 116 and a trailing reduced
diameter cylindrical portion 118 having external
threads 120 adapted to mate with and be received in the
internal threads 84 at the leading end of the handle
portion. The outer part of the nozzle is affixed to and 1s
unitary with the inner part 51 of the nozzle so that as the
outer part is threaded into the leading end of the handle
portion, the trailing end of the electrode 58 is inserted
into the metallic socket in the handle portion in a posi-
tive manner. Also, it is important to note that the frusto-
conical head 116 has a trailing circular radially disposed
surface 122 which abuts with the boot 100 or overlap-
ping portion of the handle cover to positively establish
a hermetic seal between the nozzle and the handle por-
tion. This seal is of critical importance in preventing the
escape of gas and the possible transmittal of electrical
energy to the surgeon’s hand.

The opposite or trailing end of the hose 48 1s con-
nected to the gas delivery apparatus 44 and the ESG 46
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through a connector 124. The connector is best illus-
trated in FIGS. 3, [and] 9-12 and 14 as including a
female mating portion of member 126 which is directly
fastenable to the gas delivery apparatus and ESG to
receive gas and electrical energy therefrom and a male
portion of member 128 secured in a unitary fashion to
the trailing end of the hose. An intermediate sleeve
member 130 15 also provided which permits the hose to
be positively secured to the female member 126 in a
rotative relationship so that the hose will not form kinks
as the pencil 42 is manipulated by a surgeon.

‘The female member 126 of the connector is probably
best seen in [FIG. 9 and]} FIGS. 9 and 14 and is formed
from a block of dielectric material such as plastic which
1s secured to the gas delivery apparatus 44 and ESG 46
such that a hollow interior passageway 132 through the
female member can be aligned with a gas delivery open-
ing 134 in the gas delivery apparatus and an electrical
connector or contact means such as a metallic socket
136 which is in electrical communication with the ESG
through a conductor 138. The female member is
screwed or otherwise operatively secured to the gas
delivery apparatus and ESG in a positive manner {not
shown).

The female member 126 includes an outer cylindrical
opening 140 adapted to receive the trailing end of the
hose 48 with the opening 140 having internal threads
142 formed therein. A rear wall 144 of the female mem-
ber supports a forwardly projecting central cylindrical
hub 146 which extends into the cylindrical opening 140
in the female member for approximately a third of its
length. The cylindrical hub 146 has a cylindrical wall
148 and a plurality of radial inwardly directed ribs 150
defining therebetween a central axial passage 152 for
recelving an a connecting electrode 154 on the trailing
end of the hose. The metallic socket 136 in the gas
delivery apparatus and ESG protrudes forwardly into
the central axis passage 152 in a position to receive the
electrode 154 in a manner to be described hereinafter.
‘The forward end of the cylindrical hub has a tapered
surface 156 which is frusto-conical and rearwardly con-
vergent and 1s continuous with the forward edges of the
ribs at the locations where the ribs 150 are contiguous
with the tapered surface 156. This frusto-conically ta-
pered surface is adapted to cooperate with the trailing
end of the hose in establishing a rotating hermetic seal
as will become more clear later.

The male member 128 of the connector 124 includes
a body made of a moderately resilient material such as
rubber and an internal supporting insert 158 that is re-
celved within the body. The body has an enlarged head
160 defined by two axially aligned tapered frusto-coni-
cal surfaces 162 and 164 and a cylindrical extension
portion 166 protruding forwardly away therefrom and
adapted to receive the trailing end of the hose. The
extension portion 166 has an internal cylindrical pas-
sageway 168 into which the hose 48 is inserted and
retained in any suitable manner. The insert 158 is of
generally cylindrical configuration having a protruding
radial rib 170 around its trailing end which is adapted to
be received within an annular recess 172 formed inter-
nally of the head 160. The seating of the radial rib 170 in
the recess 172 retains the insert in a positive relationship
with the male member. The insert has a plurality of
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passageways or lumens 50 through the hose so0 that gas
can pass readily from the gas delivery apparatus 44 to
the hose. The insert further includes an internal cylin-
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drical sleeve 176 defining a cylindrical recess 178 in
which the electrode 154 can be inserted and retained in
any suitable manner. The electrode has a recess 180
defined in its leading end which is adapted to receive
the end of the braided metal wire 56 that passes through
the hose to establish an electrical connecting means and
relationship between the braided metal wire and the
electrode.

The enlarged head 160 includes a solid interior wall
181 having circular openings 183 therethrough in align-
ment with the openings 174 through the insert 158. The
wall 181 is integral with and supports a rearwardly
projecting cylindrical sleeve 182 through a plurality of
ribs 184 shown best in FIGS. 9 and 11. The sleeve 182
has an internal passageway 185 therethrough which
receives the electrode 154 in a manner such that the
electrode protrudes a short distance from the rearward
end of the sleeve. The male and female members 128
and 126 respectively of the connector are dimensioned
such that the rearwardmost frusto-conical surface 164
on the head 160, which defines a generally circular
tralling edge 186 of the head and a rearwardly opening
frusto-conical recess 187, engages the cylindrical hub
146 of the female member when the electrode 154 is
positively seated in the metal socket 136. The circular
opening 183 and the recess 187 form a center opening
for passing gas into the hose 48. The cylindrical hub of
the female member engages the frusto-conical surface
164 at a circular edge or annular manner as is shown in
FIG. 9, or the circular edge 186 and the cylindrical hub
146 are compressed together at the frusto-conical surface
136 as shown in FIG. 14, so as to establish a hermetic seal
therewith at these sealing edges and surfaces and to allow
the male member to rotate relative to the female mem-
ber while maintaining that seal.

The male member 128 is positively retained in the
female member 126 by the intermediate sleeve 130
which is of generally cylindrical configuration having a
larger diameter trailing end 188 and 2 smaller diameter
leading end 190. The smaller diameter leading end 190 is
rotatably disposed about the cylindrical extension por-
tion 166 of the male element and defines a radial abut-
ment shoulder 192 against which is disposed a washer
member 194 preferably made of a fluoroplasatic or
other low friction material. The washer 194 fills a space
between the radial abutment shoulder 192 on the inter-
mediate sleeve and a radial shoulder 196 at the leading
end of the enlarged head 160 of the male element so as
to provide a low friction bearing surface between the
intermediate sleeve and the male member. The large
cylindrical end 188 of the intermediate sleeve has exter-
nal threads 198 formed therein adapted to be received in
the mternal threads 142 of the female member and the
portion of the sleeve rearwardly of the threads projects
forwardly into a cylindrical socket 200 defined within
the female member. The trailing end of the sleeve is
adapted to abut the rear wall 144 of the female member
when the sleeve 130 is fully threaded thereinto and at
this same relative positioning of the intermediate sleeve
with the female member, it will be appreciated that the
male member is positively positioned relative to the
fermale member as illustrated in FIG. 9 and in FIG. 14 to
establish the rotating seal between the male member and
the female member along the frusto-conical surfaces 164
and 156. Also, the electrode 154 is positively positioned
in the socket 136 of the gas delivery and ESG apparatus
such that electricity is dependably transferred along the
rear electrode 154 and the braided metal wire to the
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electrode 58 in the nozzle 52 as desired. Further, a clear
passageway is established for the gas which emanates
from the gas delivery apparatus and passes first through
the female connector member and subsequently the
male connector member and the hose for delivery to the
nozzle.

It is important to note that the male member is easily
connected to the female member through the threaded
relationship of the female member with the intermediate
sleeve 130 and that this connection permits full rotation
of the hose relative to the female member while main-
taining a hermetic seal to prevent the leakage of gas.

The electrosurgical unit 40 wherein described 1s used
in accordance with the technique fully described in the
aforenoted parent application which has been incorpo-
rated herein by reference and accordingly a description
of that technigue is not repeated.

Although the present invention has been described
with a certain degree of particularity, it 1s understood

10

15

that the present disclosure has been made by way of 20

example, and changes in detail or structure may be
made without departing from the spirit of the invention,
as defined in the appended claims.

What is claimed 1s:

1. An electrosurgical unit for creating an eschar in the

stroma of a tissue comprising in combination:

means for conducting a preselected gas in a jet stream
to the tissue at a predetermined flow rate,

means for transferring electrical energy at a prese-
lected radio frequency range in ionized conductive
pathways at a predetermined power level within
the gas jet stream in an electrical circuit which
includes the tissue to create the eschar,

said means for conducting gas and said means for
transferring electrical energy including a flexible
hose, connector means having first and second
connectable mating portions for connecting the
hose to a source of gas and to a source of electrical
energy, and nozzle means for delivering the gas jet
stream and electrical energy to the tissue,

said hose having at least one hose passageway there-
through for conducting gas and an electrical con-
ductor means for conducting electrical energy
therealong,

a rear end of said hose comprising the first mating
portion of said connector means, the first mating
portion exposing a rear end of the electrical con-
ductor means, the first mating portion including
resilient material defining a [circular edge] seal-
ing surface, the second mating portion of said con-
nector means including a generally cylindrical ele-
ment for contacting the [circular edge] sealing
surface to establish a hermetic seal between said
[ circular edge] sealing surface and the cylindncal
element when the first and second mating portions
are connected, the second mating portion including
an electrical connector means for connecting to
said source of electrical energy and operative for
contacting the rear end of said electrical conductor
means when the first and second mating portions
are connected,

a front end of said hose comprising a handle having a
front end to which said nozzle means is releasably
connected, a nozzle electrical connector means
connected to said electrical conductor means at the
front end of said handle, a resilient boot on the
handle which has a portion that overlaps the front
end of the handle where said nozzle means con-
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nects, the operative connection of said nozzle
means and said handle compressing the overlap-
ping portion of the resilient boot to establish a
hermetic seal between the nozzle means and the
handle,

said nozzle means including a nozzle passageway

therethrough for directing gas from the hose pas-
sageway into the jet stream and also including an
elongated electrode disposed in the nozzle passage-
way and having one end contacting the nozzle
electrical connector means of the handle when the
nozzle means is connected to the handle, and sup-
port means for supporting the elongated electrode
within the nozzle passageway along a minority of
the length of the electrode.

2. The electrosurgical unit defined in claim 1 wherein
said support means supports the elongated electrode
along less than one fifth of its length.

3. The electrosurgical unit defined in claim 1 wherein
said support means includes a plurality of radially
spaced ribs which support the elongated electrode and
allow gas to pass therebetween for movement through
the nozzle passageway.

4. The invention defined in claim 1 wherein the con-
tacting relationship of the cylindrical element and the
[ circular edge] sealing surface permits relative rotation
of the hose when the mating portions of the connector

means are connected together.
5. The invention defined in claim 4 wherein the first

mating portion includes a hollow [frustro-conical}

frusto-conical member defining said [circular edge]

sealing surface and within which said gas passes.

[6. For an electrosurgical unit for creating an eschar
in the stroma of tissue, including means for conducting
a predetermined gas in a jet stream to the tissue, means
for transferring electrical energy at a predetermined
radio frequency range in ionized conductive pathways
within the gas jet stream in an electrical circuit which
includes the tissue to create the eschar, said means for
conducting gas and said means for transferring electri-
cal energy including a flexible hose and comnnector
means at one end of the hose for connecting the hose to
a source of gas and a source of electrical energy, said
hose having at least one hose passageway for conduct-
ing gas therethrough and an electrical conductor means
for conducting the electrical energy therealong, and a
handle connected at the other end of the hose; an im-
proved nozzle means releasably connected to the han-
dle and operative for delivering the gas from the hose
passageway into the jet stream and for delivering elec-
trical energy to the gas jet, said nozzle means compris-
Ing:

means defining a nozzle passageway for delivering

the conducted gas as a jet stream to the tissue,

an elongated electrode positioned in the nozzle pas-

sageway by which electrical energy is transferred
in the jet stream, and

support means for supporting the elongated electrode

in the nozzle passageway along a minority of the
length of the electrode.}

[7. The invention defined in claim 6 wherein said
support means supports the elongated electrode along
less than one fifth of its length.}

[8. The invention defined in claim 7 wherein said
support means includes a plurality of radially spaced
ribs which support the elongated electrode and allow
gas to pass therebetween for movement through the
nozzle passageway.]
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[9. The invention defined in claim 6 further compris-
ing:

a resthent boot connected to the exterior of the han-
dle, the handle having a forward end to which said
nozzle means is releasably connected, the resilient
boot having an overlapping portion at the end of
the handle which is resiliently compressed between
the nozzle means and handle to establish a hermetic
seal therebetween when the nozzle means and the
handle are operatively connected.}

[10. The invention defined in claim 6 wherein said

nozzle means further comprises:

an inner part including a forward cylindrical body
extending coaxially along the electrode, an inter-
mediate cylindrical body connected to the forward
cylindrical body and defining a plurality of pas-
sageways for directing the gas to the interior of the
forward cylindrical body, and a trailing body con-
nected to the intermediate body and including said
support means, the electrode being substantially
unsupported in the forward cylindrical body. ]}

11. For an electrosurgical unit for creating an eschar
in the stroma of tissue which includes means for con-
ducting a predetermined gas in a jet stream to the tissue,
means for transferring electrical energy at a preselected
radio frequency range in ionized conductive pathways
within the gas jet stream in an electrical circuit which
includes the tissue to create the eschar, said means for
conducting gas and said means for transferring electri-
cal energy including a flexible hose, and nozzle means
connected at one end of the hose for delivering the gas
Jet stream and electrical energy to the tissue, said hose
having at least one passageway therethrough for con-
ducting gas and an electrical conductor means for con-
ducting the electrical energy therealong; an improved
connector connected to the other end of the hose and
having first and second mating portions including first
and second electrical connector means respectively for
connecting the other end of the hose to a source of the
predetermined gas and a source of electrical energy,
said improved connector comprising:

La first] said second mating portion defining a for-
wardly-projecting generally-circular hub, the hub
also defining a forward facing [frustro-conical]
Srusto-conical surface, the hub having a hollow
interior through which the gas is conducted, and
[a first] said second electrical connector means
positioned within the hollow interior of the hub by
which to conduct the electrical energy from the
source of electrical energy, the hollow interior and
the [first} second electrical connector means
being located coaxially with respect to the [frus-
tro-conical} frusto-conical surface;

La second] said first mating portion adapted to be
connected to the [first] second mating portion, the
[second] first mating portion including a body
defining a rearwardly-projecting head having at
least one [ frustro-conical shaped] sealing surface
formed thereon and shaped to contact and seal
agamst the [frustro-conical] frusto-conical surface
of the [first] second mating portion upon connec-
tion of the mating portions, the head also having a
center opening located coaxially with respect to
the [frustro-conical] frusto-conical and sealing
surfaces, the center opening passing the gas from
the [first] second mating portion to the passage-
way 1in the hose, and [a second] said first electri-
cal connector means for contacting said [first]
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second connector means and conducting electrical
energy from said [first] second connector means
to the electrical conductor means of said hose; and

the [frustro-conical surfaces] frusto-conical surface
of the second mating portion and the sealing surface
of the first mating [portions] portion engage and
seal with one another at an annular location sur-
rounding the path through which the gas flows
from the hollow interior of the hub to the center
opening of the head when the first and second
mating portions are connected together.

12. The invention defined in claim 11 wherein the
head of the [second] first mating portion is formed of
resilient material, and the sealing of the [frustro-coni-
cal] frusto-conical and sealing surfaces is established by
compression of the head at the annular location.

13. The invention defined in claim 11 wherein the
engagement of the [ frustro-conical} frusto-conical and
sealing surfaces at the annular location permits relative
rotation of the hub and the head while maintaining the
seal.

14. The invention defined in claim 11 wherein the
body includes a forwardly-projecting extension portion
having a receiving passageway therein for receiving the
hose and into which the hose is received.

13. The invention as defined in claim 1! wherein the
sealing surface of the first mating portion is compressed
against the cylindrical element.

16. The invention as defined in claim 15 wherein the
sealing surface of the first mating portion includes a circu-
lar edge, the cylindrical element includes a sealing surface
which substantially faces the first mating portion, and the
circular edge is compressed against the sealing surface of
the cylindrical element.

17. The invention as defined in claim 16 wherein the
sealing surface of the cylindrical element includes a frusto-
conical surface tapering in a direction away from the first
mating portion, and the circular edge is compressed against
the frusto-conical sealing surface of the cylindrical ele-
ment.

18. The invention defined in claim 11 wherein:

the sealing surface of the first mating portion is formed

on the exterior of the head: and wherein:

the sealing surface of the first mating portion engages

and seals with the frusto-conical surface of the second
mating portion at an interior edge of the frusto-conical
surface of the second mating portion.

19. The invention defined in claim 11 wherein:

the sealing surface of the first mating portion is formed

by a circular edge on the head: and wherein:

the circular edge engages and seals with the frusto-coni-

cal surface of the second mating portion.

20. For an electrosurgical unit for creating an eschar in
the stroma of tissue, including means for conducting a
predetermined gas in a jet stream to the tissue, and means
Jor transferring electrical energy at a predetermined radio
Jrequency range in ionized conductive pathways within the
gas jet stream in an electrical circular which includes the
tissue to create the eschar, said means for conducting gas
and said means for transferring electrical energy including
a flexible hose and connector means at one end of the hose

Jor connecting the hose to a source of gas and a source of

electrical energy, said hose having at least one hose pas-
sageway for conducting gas therethrough and an electrical
conductor means for conducting the electrical energy there-
along, and a handle connected at the other end of the hose;
an improved nozzie means releasably connected to the
handle and operative for delivering the gas from the hose
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passageway into the jet stream and for delivering electrical
energy to the gas jet, said nozzle means comprising:
means defining a nozzle passageway for delivering the
conducted gas as a jet stream to the tissue;
an elongated electrode positioned in the nozzle passage-
way by which electrical energy is transferred in the jet
stream;

support means for supporting the elongated electrode in

the nozzle passageway along a minority of the length
of the electrode; and

a resilient boot connected to the exterior of the handle,

the handle having a forward end to which said nozzle
means is releasably connected, the resilient boot hav-
ing an overlapping portion at the end of the handle
which is resiliently compressed between the nozzle
means and handle to establish a hermetic seal there-
between when the nozzle means and the handle are
operatively connected.

21. For an electrosurgical unit for creating an eschar in
the stroma of tissue, including means for conducting a
preselected gas in a jet stream to the tissue at a predeter-
mined flow rate, and means for transferring electrical
energy at a predetermined radio frequency range in ionized
conductive pathways within the gas jet stream in an electri-
cal circuit which includes the tissue to create an eschar;
said means for conducting gas and said means for transfer-
ring electrical energy including a flexible hose having at
least one hose passageway for conducting gas along the hose
and having an electrical conductor for conducting electri-
cal energy along the hose, a connector having a first mating
portion and a second mating portion adapted to be con-
nected to one another, the first mating portion connected to
a rear end of the hose and attached to the electrical con-
ductor, the second mating portion adapted to be connected
to a source of the predetermined gas to be conducted into
the hose passageway and to a source of the electrical energy
to be conducted along the electrical conductor, the first and
second mating portions each including an electrical contact
adapted to contact the electrical contact of the other mat-
ing portion upon connection of the first and second mating
portions, the electrical contacts of the connected mating
portions establishing electrical conductivity between the
electrical energy source connected to the second mating
portion and the electrical conductor connected to the first
mating portion, and a pencil connected at a front end of the
hose for receiving the gas from the hose passageway and the
electrical energy from the electrical conductor and for
establishing the gas jet and for delivering the electrical
energy in the gas jet; improvements comprising:

the first mating portion including material defining a

sealing surface adapted to connect with an element of

the second mating portion to establish an hermetic
seal between the sealing surface and the element upon
connection of the first and second mating portions;

the first and second mating portions defining an interior
gas flow opening extending between the connected
mating portions through which the gas flows from the
gas source to each hose passageway;

the mating portions position the electrical contacts sub-
stantially in the interior gas flow opening with the
interior gas flow opening substantially surrounding
the electrical contacts;

the hermetic seal surrounds and encloses the interior gas
flow opening and the electrical contacts upon connec-
tion of the mating portions;

said pencil comprising a handle formed of dielectric
material and an interior passageway formed in and
extending along the handle, the hose connected to a
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rear end of the handle and the hose passageway com-
municating with the interior passageway to flow gas
from the hose passageway into the interior passage-
way, and
said pencil further comprising a nozzle assembly con-
nected at a front end of the handle, the nozzle assem-
bly comprising an elongated solid metallic electrode
and a generally cylindrical nozzle passageway formed
of dielectric material, the nozzle passageway conduct-
ing the gas from the interior passageway within the
handle into a generally laminar flow jet stream, a
support positioning the electrode coaxially within the
nozzle passageway and extending the electrode rear-
wardly from the nozzle passageway into the interior
passageway in the handle, a forward portion of the
electrode within the nozzle passageway being fully
exposed to the flow of gas passing through the nozzle
passageway, the support located rearwardly of the
nozzle passageway within the interior passageway, a
rear end of the electrode connected to the electrical
conductor within the interior passageway, the position
of the electrode within the nozzle passageway creating
a substantially unobstructed space surrounding the
electrode within the nozzle passageway for delivering
electrical energy to pass gas within substantially all of
the nozzle passageway.
22. The invention defined in claim 21 wherein the sup-
port contacts the elongated electrode along less than one

30 fifth of the length of the electrode.

33

40

45

50

35

65

23. The invention defined in claim 21 wherein the sup-
port includes a plurality of radially positioned ribs which
extend outward from the electrode to support the electrode
and allow gas to pass therebetween for movement into the
nozzle passageway.

24. The invention defined in claim 21 wherein the sup-
port includes a cylindrical body surrounding the electrode
and extending axially along a portion of the length of the
electrode.

25. The invention defined in claim 24 wherein:

the cylindrical body extends less than one fifth of the

length of the electrode and terminates at a position
forward of the rear end of the electrode; and

the interior passageway includes a plurality of passage-

ways exterior of the cylindrical body for conducting
the gas from the interior passageway around the cylin-
drical body and into the nozzle passageway.

26. The invention defined in claim 21 wherein the her-
metic seal established by the connection of the mating
portions permits relative rotation of the mating portions.

27 The invention defined in claim 21 wherein the first
mating portion includes a frusto-conical member defining
the sealing surface on the exterior of the frusto-conical
member, the frusto-conical member also having an inter-
nal opening which defines a part of the interior gas flow
opening.

28. The invention defined in claim 21 wherein the mate-
rial defining the sealing surface is resilient.

29. The invention defined in claim 28 wherein:

the pencil further comprises a resilient material between

the front end of the handle and the connected nozzle
assembly to establish a hermetic seal between the
nozzle assembly and the front end of the handle.

30. The invention defined in claim 21 wherein the mate-
rial defining the sealing surface is compressible against the
element upon connecting the first and second mating por-
tons.
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31. The invention defined in claim 21 wherein the nozzle
assembly is releasably connected to the front end of the
handle.

32. The invention defined in claim 21 wherein:

the nozzle assembly is releasibly connected to the front 5

end of the handle; and

the pencil further comprises a resilient boot on the han-

die including a portion overlapping the front end of
the handle and which is compressed by the connection

of the nozzle assembly to establish a hermetic seal 10
between the nozzle assembly and the handle.

33. For an electrosurgical unit for creating an eschar in
the stroma of tissue, including means for conducting a
preselected gas in a jet stream to the tissue at a predeter-
mined flow rate, and means for transferring electrical 13
energy at a predetermined radio frequency range in ionized
conductive pathways within the gas jet stream in an electri-
cal circuit which Includes the tissue to create the eschar;
said means for conducting gas and said means for transfer-
ring electrical energy including a flexible hose having at
least one hose passageway for conducting gas along the hose
and having an electrical conductor for conducting electri-
cal energy along the hose, a connector having a first mating
portion and a second mating portion adapted to be con-
nected to one another, the first mating portion connected to
a rear end of the hose and attached to the electrical con-
ductor, the second mating portion adapted to be connected
to a source of the predetermined gas to be conducted into
the hose passageway and to a source of the electrical energy
to be conducted along the electrical conductor, the first and
second mating portions each including an electrical contact
adapted to contact the electrical contact of the other mat-
ing portion upon connection of the first and second mating
portions, the electrical contacts of the connected mating
portions establishing electrical conductivity between the
electrical energy source connected to the second mating
portion and the electrical conductor connected to the first
mating portion, and a pencil connected at a front end of the
hose for receiving the gas from the hose passageway and the
electrical energy from the electrical conductor and for
establishing the gas jet and for delivering the electrical
energy in the gas jet; improvements in the connector com-
prising:

the first mating portion including material defining a 45

sealing surface adapted to connect with an element of
the second mating portion to establish an hermetic
seal between the sealing surface and the element upon
connection of the first and second mating portions;

the first and second mating portions defining an interior s

gas flow opening extending between the connected
mating portions through which the gas flows from the
gas source to each hose passageway;

the mating portions position the electrical contacts sub-

stantially in the interior gas flow opening with the
interior gas flow opening substantially surrounding
the electrical contacts; and

the hermetic seal surrounds and encloses the interior gas

flow opening and the electrical contacts upon connec-
tion of the mating portions.

34. The invention defined in claim 33 wherein:

the first mating portion further comprises a rearwardly-

projecting head defining the sealing surface thereon,
the head also defining an internal opening which
defines a part of the interior gas flow opening.

3J3. The invention defined in claim 34 wherein the head
has a generally frusto-conically shaped exterior and the
sealing surface is formed on the exterior of the head.
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36. The invention defined in claim 35 wherein the head
includes resilient material and the hermetic seal is estab-
lished by compression of the head at the location of the
hermetic seal,

37. The invention defined in claim 35 wherein:

the second mating portion includes a forwardly-project-

ing hub having a forward facing frusto-conically
shaped surface defining the element, the hub having
an internal opening which defines a part of the interior
gas flow opening which conducts the gas from the
source of gas to the internal opening of the first mating
portion; and

the hermetic seal is located on the forward facing surface

defining the element of the second mating portion.

38. The invention defined in claim 37 wherein:

the sealing surface is established at an edge of one of the

Jfrusto-conical surfaces of one of the first or second
mating portions and at the frusto-conical surface of
the other one of the first or second mating portions.
39. The invention defined in claim 33 wherein:
the first mating portion further comprises a head having
resilient material defining the sealing surface, the
head also defining an internal opening which defines
a part of the interior gas flow opening;

the second mating portion includes a forwardly-project-
ing hub having a forward facing sealing surface defin-
ing the element, the hub defining an internal opening
which defines a part of the interior gas flow opening
through which the gas is conducted from the source of
gas to the first mating portion, and;

the hermetic seal is established by compression of the

sealing surface of the head against the sealing surface
of the hub.

40. The invention defined in claim 39 wherein the seal-
ing surface of the head comprises a circular edge.

41. The invention defined in claim 39 wherein the seal is
established at an edge of one of the sealing surfaces of the
head and the hub.

42. For an electrosurgical unit for creating an eschar in
the stroma of tissue, including means for conducting a
preselected gas in a jet stream to the tissue at a predeter-
mined flow rate, and means for transferring electrical
energy at a predetermined radio frequency range in ionized
conductive pathways within the gas jet stream in an electri-
cal circuit which includes the tissue to create the eschar;
said means for conducting gas and said means for transfer-
ring electrical energy including a flexible hose having at
least one hose passageway for conducting gas along the hose
Jrom a source of gas, the hose further having an electrical
conductor for conducting electrical energy along the hose
Jrom a source of electrical energy, and a pencil connected
at a front end of the hose for receiving the gas from the hose
passageway and the electrical energy from the electrical
conductor, the pencil including a receptacle at a forward
end of the pencil and a nozzle assembly releasably attached
within the receptacle, the nozzle assembly comprising a
nozzie for creating the gas jet stream from the gas received
in the pencil and an elongated electrode positioned in the
nozzile for delivering the electrical energy received in the
pencil in the gas jet: an improvement to said nozzle assem-
bly comprising:

a unitary part having a forward cylindrical body, an

intermediate body connected to the forward body and
a trailing body connected to the intermediate body,
the forward and intermediate and trailing bodies all
Jormed integrally of a dielectric material, the forward
body defining a cylindrical nozzle passageway for
delivering the gas as a generally laminar jet stream,
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the intermediate body extending rearwardly from the rounding the electrode along less than one fifth of its
forward body and defining a chamber adjacent a rear length and exposing the electrode within the nozzle
end of the nozzle passageway for communicating the passageway to the flow of gas therearound.
gas into the nozzle passageway, the chamber having a 43. The invention defined in claim 42 wherein the elec-

substantially larger cross section than the nozzle pas- 5 ,.,1, is su pported in the nozzle assembly solely by the
sageway, the trailing body extending inwardly froma pport.

rear of the intermediate body and defining a support 44. The invention defined in claim 42 wherein the trail-

Jfor retaining the elongated electrode within the nozzle ing body is connected to the intermediate body by a plural-

assembly, the elongated electrode extending from a : : s . .
forwa m.y end loca z'eg substantially at a fo nmf- df end of 10 ity of radially positioned ribs which allow gas to pass there-
between for movement through the nozzle passageway.

the nozzle passageway to a rear end located rear-
wardly beyond afeanfara’mosr portion of the support, 45. The invention defined in claim 42 wherein the uni-

the support surrounding the electrode and extending tary part is an inner part of the nozzle assembly, and fur-

forwardly from the trailing body within the chamber ther comprising:

to a location short of the nozzle passageway, the sup- 15  an outer part supporting and retaining the unitary part
port positioning the elongated electrode substantially in a connected relationship with the pencil

coaxially in the nozzle passageway, the support sur- ¥ *x % % &

20

235

30

35

45

50

35

65



	Front Page
	Drawings
	Specification
	Claims

