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RF ENERGY ENABLED TISSUE DEBRIDEMENT DEVICE

Background

[01] This disclosure is generally directed to devices, systems and methods for
cutting and sealing tissue such as bone and soft tissue. The concepts presented
herein may be particularly suitable for sinus applications and
nasopharyngeal/laryngeal procedures and may combine or provide

Transcollation® technology with a microdebrider device.

[02] Devices, systems and methods according to the present disclosure may be
suitable for a variety of procedures including ear, nose and throat (ENT)
procedures, head and neck procedures, otology procedures, including
otoneurologic procedures. The present disclosure may be suitable for a varient of
other surgical procedures including mastoidectomies and mastoidotomies;
nasopharyngeal and laryngeal procedures such as tonsillectomies, trachael
procedures, adenoidectomies, laryngeal lesion removal, and polypectomies; for
sinus procedures such as polypectomies, septoplasties, removals of septal spurs,
anstrostomies, frontal sinus trephination and irrigation, frontal sinus opening,
endoscopic DCR, correction of deviated septums and trans-sphenoidal
procedures; rhinoplasty and removal of fatty tissue in the maxillary and

mandibular regions of the face.

[03] Sinus surgery is challenging due to its location to sensitive organs such as
the eyes and brain, the relatively small size of the anatomy of interest to the
surgeon, and the complexity of the typical procedures. Examples of debriders
with mechanical cutting components are described in U.S. Pat. Nos. 5,685,838;
5,957,881 and 6,293,957. These devices are particularly successful for powered
tissue cutting and removal during sinus surgery, but do not include any
mechanism for sealing tissue to reduce the amount of bleeding from the
procedure. Sealing tissue is especially desirable during sinus surgery which tends

to be a complex and precision oriented practice.
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[04] Current approaches to sealing tissue include utilizing Transcollation®
technology, where sealing energy is supplied by the Aquamantys® System
(available from Medtronic Advanced Energy of Portsmouth, NH), which stops
bleeding and reduces blood loss during and after surgery. The technology uses a
combination of radiofrequency (RF) energy and saline to provide hemostatic
sealing of soft tissue and bone, which may lower transfusion rates and reduce the
need for other blood management products during or after surgery.
Transcollation® technology integrates RF energy and saline to deliver controlled
thermal energy to tissue. Coupling of saline and RF energy allows a device
temperature to stay in a range which produces a tissue effect without the

associated charring found in other ablation methods.

[05] Other ablation devices include mechanical cutting as well as cauterization
or electrocautherization energy. For example, the PK diego® powered dissector is
commercially available from Gyrus ENT of Bartlett, TN. This device utilizes two
mechanical cutting blade components that are moveable relative to each other,
one of which acts as an electrode in a bipolar cauterization system. While
providing cauterization and cutting, this device limits effectiveness in delivery of

fluid during electrical energy delivery.

Summary

[06] A bipolar electrosurgical device including an outer shaft, an inner shaft,
first and second electrode surfaces, and an irrigation channel. The outer shaft
defines a lumen extending along a central axis, a proximal end and a distal end
opposite the proximal end. The distal end forms a cutting window open to the
lumen. The inner shaft is rotatably disposed within the lumen of the outer shaft
about the central axis. The inner shaft defines a distal portion forming a cutting
tip. The cutting tip and the cutting window combine to define a cutting
implement. The first and second electrode surfaces are electrically isolated from
one another, and are formed at the cutting implement. The irrigation channel
extends parallel to the outer shaft, and terminates in at least one outlet port. The

outlet port is proximally spaced from the cutting window and is located radially
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outside of the outer shaft. With this construction, fluid (e.g., saline) is emitted at
the exterior surface of the device near the cutting window and is readily present
for interacting with the electrode surfaces, for example promoting bipolar
energization at the electrode surfaces. In contrast to conventional electrocautery
debrider constructions in which the fluid (e.g., saline) is emitted between the
inner and outer shaft, with the devices of the present disclosure, the delivered

fluid is not immediately aspirated.

Brief Description of the Drawings

[07] Fig. 1 is a schematic view of a system including a bipolar electrical

device.

[08] Fig. 2A is an isometric view of a bipolar electrical device of the system of

Fig. 1 with a housing portion removed.

[09] Fig. 2B is a cross-sectional view of the bipolar electrical device of the

system of Fig. 1.

[10] Fig. 3 is a cross-sectional view of an inner shaft assembly portion of the

device of Fig. 2A.

[11] Fig. 4 is a cross-sectional view of an outer shaft assembly portion of the

device of Fig. 2A.

[12] Fig. 5is an isometric view of first and second electrode assembly portions

of the device of Fig. 2A.

[13] Fig. 6A is an enlarged perspective view of a portion of a second tubular

member of the device of Fig. 2A.

[14] Fig. 6B is an enlarged perspective view of the second tubular member of

Fig. 6A coated with an electrical insulator.

[15] Fig. 7 is an exploded perspective view of the first and second electrode

assemblies of Fig. 5.
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[16] Fig. 8 is a cross-sectional view of a portion of the device of Fig. 2A,

including an irrigation hub and associated irrigation pathways.

[17] Fig. 9 is an enlarged, cross-sectional view of portions of the device of Fig.

2A.

[18] Fig. 10 is a cross section of the bipolar electrical device taken along line
10—10 of Fig. 2A.

[19] Figs. 11A and 11B are isometric views of a distal end region of the
bipolar electrical device of Fig. 2A in first and second special orientations,

respectively.

[20] Figs. 12A and 12B are plan views of first and second rotary electrical

connection assemblies, respectively, useful with the device of Fig. 2A.

[21] Fig. 13A is a perspective view of a portion of another bipolar electrical

surgical device in accordance with principles of the present disclosure.
[22] Fig. 13B is an exploded view of the device of Fig. 13A.

[23] Fig. 14A is an enlarged, longitudinal cross-sectional view of a portion of

the device of Fig. 13A.

[24] Fig. 14B is an enlarged, transverse cross-sectional view of the device of
Fig. 13A.
[25] Fig. 15 is an enlarged, perspective view of the device of Fig. 13A, and

illustrating delivery of fluid.

[26] Fig. 16 is a perspective view of a portion of another bipolar electrical

surgical device in accordance with principles of the present disclosure.

[27] Fig. 17 is an enlarged, longitudinal cross-sectional view of a portion of

the device of Fig. 16.
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[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

Fig. 18 is an enlarged, perspective view of a portion of the device of Fig.

16, and illustrating delivery of fluid.

Fig. 19A is a perspective view of a portion of another bipolar electrical

surgical device in accordance with principles of the present disclosure.

Fig. 19B is an enlarged, perspective view of a portion of the device of Fig.

19A.

Fig. 20A is an enlarged, longitudinal cross-sectional view of a portion of

the device of Fig. 19A.

Fig. 20B is an enlarged, transverse cross-sectional view of the device of

Fig. 19A.

Fig. 21 is an enlarged, perspective view of a portion of the device of Fig.

19A, and illustrating delivery of fluid.

Fig. 22 is an enlarged, perspective view of a portion of another bipolar

electrical surgical device in accordance with principles of the present disclosure.

Fig. 23A is a perspective view of a portion of another bipolar electrical

surgical device in accordance with principles of the present disclosure.

Fig. 23B is an enlarged, perspective view of a portion of the device of Fig.

23A.

Fig. 24A is an enlarged, longitudinal cross-sectional view of a portion of

the device of Fig. 23A.

Fig. 24B is an enlarged, transverse cross-sectional view of the device of

Fig. 23A.

Fig. 25 is an enlarged, perspective view of a portion of the device of Fig.

23A, and illustrating delivery of fluid.

PCT/US2016/018486
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[40] Fig. 26A is a perspective view of a portion of another bipolar electrical

surgical device in accordance with principles of the present disclosure.

[41] Fig. 26B is an enlarged, perspective view of a portion of the device of Fig.
26A.

[42] Fig. 26C is an exploded, perspective view of the device of Fig. 26A.

[43] Fig. 27A is an enlarged, longitudinal cross-sectional view of a portion of

the device of Fig. 26A.

[44] Fig. 27B is an enlarged, transverse cross-sectional view of the device of
Fig. 26A.
[45] Fig. 28 is an exploded, perspective view of an electrode body component

of the device of Fig. 26A.

[46] Fig. 29 is an enlarged, longitudinal cross-sectional view of the electrode
body of Fig. 28 assembled to an electrical isolator component of the device of

Fig. 26A.

[47] Fig. 30 is an enlarged, perspective view of a portion of the device of Fig.

26A, and illustrating delivery of fluid.

[48] Fig. 31A is a perspective view of a portion of another bipolar electrical

surgical device in accordance with principles of the present disclosure.

[49] Fig. 31B is an enlarged, perspective view of a portion of the device of Fig.
31A.

[50] Fig. 32A is an enlarged, longitudinal cross-sectional view of a portion of

the device of Fig. 31A.

[51] Fig. 32B is an enlarged, transverse cross-sectional view of the device of

Fig. 31A.
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[52] Fig. 33 is an enlarged, perspective view of a portion of the device of Fig.

31A, and illustrating delivery of fluid.

[53] Fig. 34 is an enlarged, perspective view of a portion of another bipolar

electrical surgical device in accordance with principles of the present disclosure.

[54] Fig. 35 is an enlarged, perspective view of a portion of another bipolar

electrical surgical device in accordance with principles of the present disclosure.

[55] Fig. 36A is a perspective view of an electrical insulator component useful

with the device of Fig. 35.

[56] Fig. 36B is an enlarged, transverse cross-sectional view of the electrical

insulator of Fig. 36A.

[57] Fig. 37A is an enlarged, longitudinal cross-sectional view of a portion of

the device of Fig. 35.

[58] Fig. 37B is an enlarged, transverse cross-sectional view of the device of

Fig. 35.

[59] Fig. 38 is an enlarged, perspective view of a portion of the device of Fig.

35, and illustrating delivery of fluid.

[60] Fig. 39A is an exploded, perspective view of a portion of another bipolar

electrical surgical device in accordance with principles of the present disclosure.

[61] Fig. 39B is an enlarged, perspective view of a portion of the device of Fig.
39A upon final assembly.

[62] Fig. 40A is an enlarged, longitudinal cross-sectional view of a portion of

the device of Fig. 39A.

[63] Fig. 40B is an enlarged, transverse cross-sectional view of the device of

Fig. 39A.
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[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[73]

[76]

[77]

Fig. 41 is an enlarged, perspective view of a portion of the device of Fig.

39A, and illustrating delivery of fluid.

Fig. 42A is an exploded, perspective view of a portion of another bipolar

electrical surgical device in accordance with principles of the present disclosure.

Fig. 42B is an enlarged, perspective view of a portion of the device of Fig.

42 A upon final assembly.

Fig. 43A is an enlarged, longitudinal cross-sectional view of a portion of

the device of Fig. 42A.

Fig. 43B is an enlarged, transverse cross-sectional view of the device of

Fig. 42A.

Fig. 44 is an enlarged, perspective view of a portion of the device of Fig.

42A, and illustrating delivery of fluid.

Fig. 45A is an enlarged, top perspective view of a portion of another
bipolar electrical surgical device in accordance with principles of the present

disclosure.
Fig. 45B is a bottom perspective view of the device of Fig. 45A.
Fig. 45C is an enlarged side view of a portion of the device of Fig. 45A.
Fig. 45D is an enlarged front view of the device of Fig. 45A.

Fig. 46A is an enlarged, top perspective view of a portion of another
bipolar electrical surgical device in accordance with principles of the present

disclosure.
Fig. 46B is a bottom perspective view of the device of Fig. 46A.
Fig. 46C is an enlarged side view of a portion of the device of Fig. 46A.

Fig. 46D is an enlarged front view of the device of Fig. 46A.
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[78]

[791]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

Fig. 47A is an enlarged, top perspective view of a portion of another
bipolar electrical surgical device in accordance with principles of the present

disclosure.
Fig. 47B is a bottom perspective view of the device of Fig. 47A.
Fig. 47C is an enlarged side view of a portion of the device of Fig. 47A.
Fig. 47D is an enlarged front view of the device of Fig. 47A.

Fig. 48A is an enlarged, top perspective view of a portion of another
bipolar electrical surgical device in accordance with principles of the present

disclosure.
Fig. 48B is an enlarged side view of a portion of the device of Fig. 48A.
Fig. 48C is an enlarged front view of the device of Fig. 48A.

Fig. 49A is an enlarged, top perspective view of a portion of another
bipolar electrical surgical device in accordance with principles of the present

disclosure.
Fig. 49B is an enlarged side view of a portion of the device of Fig. 49A.
Fig. 49C is an enlarged front view of the device of Fig. 49A.

Fig. 50A is an enlarged, top perspective view of a portion of another
bipolar electrical surgical device in accordance with principles of the present

disclosure.
Fig. 50B is a bottom perspective view of the device of Fig. 50A.
Fig. 50C is an enlarged side view of a portion of the device of Fig. 50A.

Fig. 50D is an enlarged front view of the device of Fig. 50A.

PCT/US2016/018486
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Detailed Description

[92] Fig. 1 illustrates a system 100 that includes a bipolar electrical device 110
having a proximal end region indicated generally at 112 and a distal end region
indicated generally at 114. The proximal end region 112 includes a housing 120
maintaining a button 122. A blade assembly 124 extends from the housing 120 to
the distal end region 114. As discussed in more detail below, the blade assembly
124 maintains a cutting implement and an electrode assembly to mechanically cut

and cauterize or electrocauterize tissue, respectively.

[93] The system 100 further includes a handpiece 130, a power source 132, a
fluid source 134 and a suction source 136. It will be appreciated that the power
source 132, the fluid source 134 and the suction source 136 can be formed of one
or more separate sources as desired and not limited to a single source. The device
110 is configured to couple to the handpiece 130, which can be manipulated by a
user (e.g., a surgeon) during operation of the system 100 to cut and cauterize or
electrocauterize tissue. In one embodiment, in order to cut tissue, the handpiece
130 includes a motor (not shown) internal to the handpiece 130 that is coupled
with the power source 132. The motor is rotationally coupled with the blade
assembly 124 to provide mechanical cutting. The handpiece 130 further includes
an actuator 138 external to the handpiece 130 that can be used for manual
rotation of one or more components of the device 110 relative to the housing 120

and the handpiece 130.

[94] The power source 132 can further be coupled with the device 110 to
deliver electrical energy through the blade assembly 124 to the distal region 114.
For example, the power source 132 can include a generator and optionally may
be designed for use with bipolar energy or a bipolar energy supply. For example,
the Transcollation® sealing energy supplied by the Aquamantys® System

(available from Medtronic Advanced Energy of Portsmouth, NH) may be used.

[95] Fluid can be provided to the distal region 114 through the fluid source 134
connected directly to the device 110 and/or to the device 110 through the
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handpiece 130. One fluid useful with the present disclosure is saline, however,
other fluids are contemplated. The suction source 136 can be coupled to the
handpiece 130. Use of fluid in conjunction with energy delivery aids in providing
optimal tissue effect, thus embodiments of the present disclosure include specific
arrangement of the device 110 for coupling of energy with a fluid. In use, a fluid
(e.g., saline) may be emitted from one or more opening(s) at or adjacent the distal
end region 114 of the device 110. Tissue fragments and fluids can be removed
from a surgical site through an opening in the distal end region 114 via the
suction source 136, as will be further explained below. Both the fluid source 134

and suction source 136 are optional components of the system 100.

[96] With further reference to Figs. 2A and 2B, an isometric view of the device
110 with the housing 120 removed (Fig. 2A) and a cross section (Fig. 2B) of the
device 110 are provided. Details for operation of the device 110 are provided
below. In general, the device 110, and in particular the blade assembly 124,
includes an inner shaft assembly 150 rotatably disposed within an outer shaft
assembly 152 (referenced generally in Fig. 2B) about a central rotational axis A.
Upon final assembly, the device 110 is operable with the handpiece 130 (Fig. 1)
to provide mechanical cutting due to rotation between the inner shaft assembly
150 and the outer shaft assembly 152. Further details of the inner shaft assembly
150 and the outer shaft assembly 152 are provided below in relation to Figs. 3
and 4, respectively. In addition to mechanical cutting, the device 110 is operable
to provide energy to tissue through a first electrode assembly 160 and a second
electrode assembly 162 due to, or in response to, operation of the button 122,
further described below with respect to Fig. 5. Also during operation, the device
110 can provide irrigation to the distal end region 114, for example interior to the
outer shaft assembly 152 and/or exterior to the outer shaft assembly 152, as
discussed below with respect to the non-limiting embodiments of Figs. 6 and 7.
Moreover, a user, through operation of the actuator 138 (Fig. 1), can rotate the
outer shaft assembly 152 with respect to the housing 120 and/or the inner shaft
assembly 150 so as to alter an orientation of the outer shaft assembly 152 with

respect to tissue of interest, as further discussed with respect to Figs. 8A and 8B.
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[97] With further reference to the cross section of Fig. 3, the inner shaft
assembly 150 includes a first tubular member (also can be referred to as an inner
shaft or inner blade) 170 defining a lumen 172 and a cutting tip 174. In one
embodiment, the cutting tip 174 defines a serrated edge 176 including teeth
surrounding an opening 178 (referenced generally in Fig. 3) that is fluidly
connected to the lumen 172. Alternatively, the cutting tip 174 can assume a
variety of other forms. In one embodiment, the first tubular member 170 is
formed of a rigid material, such as 304 stainless steel, and is linear in longitudinal
extension. Alternatively, the first tubular member 170 can be configured to
effectuate bending thereof, such as by a flexible coupling (not shown). A hub 180
coupled to the first tubular member 170 is adapted for connection to the motor of
the handpiece 130 (Fig. 1). The motor provides rotational power to the inner shaft
assembly 150. The inner shaft assembly 150 further includes a biasing member
182 disposed within the hub 180. Upon final assembly, the biasing member 182
biases the cutting tip 174 into contact with the outer shaft assembly 152. A cap
184 retains the biasing member 182 within the hub 180 and also creates a fluid
seal to the suction source 136 (Fig. 1). In one embodiment, the lumen 172 is
fluidly coupled with the suction source 136 to provide aspiration of tissue that is
cut by the cutting tip 174. The first tubular member 170 is optionally secured to
the hub 180 by an adhesive, as indicated generally in Fig. 3 at 186.

[98] As illustrated in the cross section of Fig. 4, the outer shaft assembly 152
includes a second tubular member (also can be referred to as an outer shaft or
outer blade) 190 defining a lumen 192 and a cutting window 194. The cutting
window 194, in one embodiment, is defined by a serrated edge 196. In one
embodiment, the second tubular member 190 is rigid and longitudinally straight
or linear and formed by 304 stainless steel. In alternative embodiments, the
second tubular member 190 can incorporate, or be forced to assume, one or more
bends. Regardless, the second tubular member 190, and in particular the lumen
192, is sized to co-axially receive the first tubular member 170 in a manner that
allows rotation and/or oscillation of the first tubular member 170 relative to

second tubular member 220 about rotational axis A (Fig. 2B), and optionally to



WO 2016/134156 PCT/US2016/018486
13

provide a path for internal irrigation. To this end, the lumen 192 of the second
tubular member 190 has a diameter slightly greater than an outer diameter of a
corresponding portion of the first tubular member 170, and defines an irrigation

inlet 198 fluidly connected to the lumen 192 in some embodiments.

[99] A hub assembly 200 is provided with the outer shaft assembly 152 and
includes a first, proximal hub member 202 and a second, distal hub member 204.
The hub assembly 200, including the first hub member 202 and the second hub
member 204, is connected to the second tubular member 190 in a fixed manner so
as to rotate together. As such, rotation of the hub assembly 200 causes rotation of
the cutting window 194. The hub assembly 200 is adapted for connection to the
actuator 138 (Fig. 1) in order to rotate the outer shaft assembly 152, and thus the
cutting window 194, relative to the housing 120 (Fig. 1) and the inner shaft
assembly 150. In particular, the first hub member 202 can include an engagement
member 206 (e.g., gear teeth) that directly couples with a complementary drive
member (e.g., a gear) of the actuator 138 to effectuate rotation of the first hub
member 202 and, due to the fixed coupling with between the hub assembly 200
and the second tubular member 190, the cutting window 194. A plurality of o-
rings 208 are coupled to the first hub member 202 to provide seals for the first
hub member 202, as discussed below. In addition, a cap 210 is provided at a

proximal end of the outer shaft assembly 152.

[100] Returning to Figs. 2A and 2B, the device 110 further includes wiring 220
electrically connected with the power source 132 (Fig. 1). The wiring 220
extends to a button activation assembly 222 that controls flow of electrical energy
between the wiring 220 and a printed circuit board (PCB) 224 upon operation of
the button 122. The PCB 224 is coupled with the first and second electrode
assemblies 160 and 162. The electrode assemblies 160 and 162 are electrically
isolated from one another so as to provide bipolar electrical energy delivery to

tissue positioned proximate the distal region 114.

[101] As illustrated in Fig. 5, the first electrode assembly 160 includes a first

rotary electrical connection assembly 230 maintained by the second hub member
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204, the second tubular member 190 (forming or serving as a first elongate
electrode body) and a first electrode 232 positioned at the distal end region 114.
In some embodiments, the first electrode 232 is defined as an exposed region or
surface area of the second tubular member 190. For example, it will be recalled
that the second tubular member 190 can be formed of stainless steel (or other
electrically conductive metal or material). Portions of an exterior surface of the
second tubular member 190 can be coated or covered with an electrical insulator
material 234; as generally reflected by Fig. 5, a proximal region of the second
tubular member 190 is not covered by the electrical insulator 234 and is thus
electrically coupled with the first rotary electrical connection assembly 230. Fig.
6A illustrates a distal region of the second tubular member 190 prior to
application of the electrical insulator 234. This same region is shown in the view
of Fig. 6B following application of the electrical insulator 234. As best seen in
Fig. 6B, a portion of an exterior surface of the second tubular member 190 is
exposed or not otherwise covered by the electrical insulator, and thus serves as

the first electrode or electrode surface 232.

[102] Returning to Fig. 5, in a similar manner, the second electrode assembly
162 includes a second rotary electrical connection assembly 240 maintained by
the second hub member 204, a second elongate electrode body (or cap) 242 and a
second electrode 244 positioned at the distal end region 114. As a point of
reference, Fig. 7 illustrates the second electrode body 242 apart from the second
tubular member 190 (that is otherwise coated with the electrical insulator 234 as
described above). The second electrode body 242 is formed of an electrically
conductive metal, and forms a trough 246 generally sized and shaped to receive
the coated second tubular member 190. A cup section 248 is formed by the
trough 246 at a distal end of the second electrode body 242. Upon final assembly,
the second electrode body 242 is electrically connected to the second rotary
electrical connection assembly 240 (it being recalled that the second tubular
member 190 serves as the first electrode body and is electrically connected to the
first rotary electrical connection assembly 230), and is electrically isolated from

the second tubular member/first electrode body 190 by the electrical insulator
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234, Returning to Fig. 5, an insulating layer 250 is applied about and covers
portions of an exterior surface of the second electrode body 242 (e.g., the
insulating layer 250 can be a heat shrink type material that couples the second
electrode body 242 to the coated second tubular member 190). A portion of an
exterior surface of the second electrode body 242 is exposed or not otherwise
covered by the insulating layer 250, and thus serves as the second electrode or

electrode surface 244.

[103] The first and second electrodes or electrode surfaces 232, 244 are
electrically isolated from one another (e.g., by the electrical insulator 234) and
can comprise bipolar electrodes. The electrodes 232, 244 may comprise or
operate as wet or dry electrodes. The electrodes 232, 244 may be used to deliver
any suitable energy for purposes of coagulation, hemostasis or sealing of tissue.
As described above, the electrodes 232, 244 can be spaced apart to provide
energy delivery to tissue. The electrical insulator 234 is applied to the second
tubular member 190 to electrically isolate the second tubular member 190 from
the second electrode body 242. In addition, the insulating layer 250 (e.g., formed
from or through a heat shrinking process) can be applied around the second

electrode body 242.

[104] With reference to Figs. 2A, 2B and 8, the electrodes 232, 244 are
particularly useful with fluid such as saline provided by the fluid source 134 (Fig.
1) which may be emitted at or adjacent the distal end region 114. In order to
provide fluid delivery to the distal end region 114, in some optional embodiments
the device 110 includes an irrigation hub or collar 260. As best seen in Fig. 2A,
the irrigation collar 260 includes a first fluid connector 262 and a second fluid

connector 264.

[105] The first fluid connector 262 is fluidly coupled with a first annular
channel 266 formed in the first hub member 202 as most clearly seen in Fig. 8.
The first annular channel 266 is fluidly coupled with the irrigation inlet 198 of
the second tubular member 190, and is thus fluidly open to the lumen 192 and the

cutting window 194 of the second tubular member 190. Fluid entering the
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irrigation inlet 198 is carried within the lumen 192 between the first tubular
member 170 and the second tubular member 190 (it being recalled that in some
embodiments, an outer diameter of the first tubular member 170 is slightly less
than a diameter of the lumen 192 of the second tubular member 190, generating a
gap or spacing between the first and second tubular members 170, 190 along
which fluid entering the irrigation inlet 198 can flow). Fluid carried within the

lumen 192 is dispensed at the cutting window 194.

[106] The second fluid connector 264 is fluidly coupled with a second annular
channel 268 formed in the first hub member 202. The second annular channel
268 includes or forms a passageway 270 that is fluidly coupled with an irrigation
channel 272. The irrigation channel 272 extends from the first hub member 202
within the second hub member 204 and then distally in an orientation
substantially parallel to the central axis A. The irrigation channel 272 can be
generated in various fashions, as can the fluid coupling between the irrigation
channel 272 and the second annular channel 268 in the first hub member 202. For
example, Fig. 9 illustrates a portion of the device 110, including the second
tubular member 190 (coated with the electrical insulator 234) mounted to the first
hub member 202 (i.e., for ease of understanding, the second hub member 204
(Fig. 2B), the first tubular member 170 (Fig. 2B) and the second electrode body
242 (Fig. 8) are omitted from the view of Fig. 9). The irrigation channel 272 can,
in some embodiments, include or be defined by an irrigation tube 274 that is
fluidly coupled to the passageway 270 by a tubular fitting 276. The tubular fitting
276 can be press-fit into the passageway 270 or otherwise coupled thereto. The
irrigation tube 274 is assembled to the fitting 276 and extends distally at an
exterior of the second tubular member 190 (e.g., the irrigation tube 274 can be
located between the second tubular member 190 and the second electrode body
242 as described below). The irrigation tube 274 may be formed of a variety of
materials including a variety of metals and/or polymers. As examples, the tube
274 may be formed of stainless steel, polyimide, polyether block amide or
polyamide. The irrigation channel 272 can be formed in a number of other

manners that may or may not include the irrigation tube 274 as described below.
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Returning to Fig. 8, the irrigation channel 272 extends from the first hub member
202 to an outlet end 278 proximal the electrodes 232, 244. The irrigation channel
272 is positioned between the second tubular member 190 and the second
electrode body 242, and extends to the outlet end 278 fluidly separate from the
second tubular member 190 and the second electrode body 242. The irrigation
channel 272 (e.g., the irrigation tube 274 (Fig. 9) is coupled to the second hub
member 204 such that rotation of the second hub member 204 about the central

axis A causes rotation of the irrigation channel 272 about the central axis A.

[107] O-rings 206 provide fluid seals within the first hub member 202 such that
fluid entering the first annular channel 266 from the first fluid connector 262
(Fig. 2A) is sealed on either side of the first annular channel 266. Likewise, fluid
entering the second annular channel 268 from the second fluid connector 264

(Fig. 2A) is sealed on either side of the second annular channel 268.

[108] Fig. 10 illustrates a cross section of device 110 along line 10—10 in Fig.
2A. As illustrated, the optional irrigation tube 274 is elliptical in cross section in
defining the irrigation channel 272, but can be formed of other cross sectional
shapes as well (e.g., a circle). The second electrode body 242 is U-shaped in
cross section with respect to a plane that is perpendicular to the central axis A,
adjoining with the electrical insulator 234 on either side of the irrigation tube
274. In particular, the second electrode body 242 has an arcuate shape defining
the trough 246. The trough 246 is sized to co-axially receive the second tubular
member 190 (coated with or covered by the electrical insulator 234) therein such
that the second electrode body 242 partially surrounds an outer circumference of
the second tubular member 190. To this end, a first radius R1 of the trough 246 is
sized to accommodate the outer circumference of the second tubular member 190
having the electrical insulator 234 thereon. The trough 246 may define a second
radius R2, greater than the first radius R1, to allow for the irrigation tube 274 to
be positioned between the second tubular member 190 and the second electrode
body 242. The first tubular member 170 is coaxially disposed within the second
tubular member 190, with Fig. 10 reflecting that an outer diameter of the first

tubular member 170 can be slightly less than an inner diameter of the second
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tubular member 190. Finally, the insulating layer 250 electrically insulates the
second electrode body 242 and serves to retain the second electrode body 242
relative to the second tubular member 190 (as covered by the electrical insulator

234), such as by a heat shrink application.

[109] As illustrated in Figs. 11A and 11B, the orientation of the second tubular
member 190, when maintained in the trough 246 (Fig. 10), is such that the cutting
window 194 of the second tubular member 190 faces in a direction opposite (or
away from) the second electrode body 242. In this way, the serrated edge 196 of
the cutting window 194 is fully exposed, as shown, upon final assembly of the

second tubular member 190 within the trough 246.

[110] In some embodiments, and likewise as shown, the distal cup 248
(referenced generally, best shown in Fig. 8) of the second electrode body 242 is
fluidly coupled with the irrigation channel 272 (hidden in Figs. 11A and 11B, but
shown, for example, in Fig. 10) that is otherwise positioned between the second
tubular member 190 and the second electrode body 242. The distal cup 248 is
configured to direct fluid F from the outlet end 278 (identified generally in Fig.
11A, and shown in greater detail in Fig. 8) of the irrigation channel 272 out a
fluid outlet 280 located between the distal cup 248 and the distal end of the
second tubular member 190 such as depicted in Fig. 11A. In this configuration,
the fluid outlet 280 is advantageously situated between and immediately adjacent
bipolar electrode surfaces 232, 244 to provide coupling of the electrical energy
and fluid F delivered to tissue T. Further, the outlet end 278 of the irrigation
channel 272 is proximally spaced from the electrode surfaces 232, 244 and is

radially outside of the second tubular member 190.

[111] During operation, and with additional reference to Figs. 1, 2A and 2B, the
device 110 is coupled to the handpiece 130 by inserting the proximal end region
112 into an opening (not shown) in the handpiece 130. In particular, the hub 180
of the inner shaft assembly 150 is inserted into the opening and can include a
proximal engagement member 290 (e.g., including tabs illustrated in Fig. 2A) for

coupling with the motor (not shown) of the handpiece 130. Upon insertion of the
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device 110 into the handpiece 130, the actuator 138 is linked to or engages with
the engagement member 206 of the first hub member 202. In one embodiment,
the irrigation hub or collar 260 (or other component of the device 110) can
include one or more alignment tabs 292 that orient the housing 120 with respect
to the handpiece 130. In one particular embodiment, the tabs 282 are arranged
such that coupling between the device 110 and the handpiece 130 orients the
button 122 perpendicular to a rotational axis of the actuator 138. In the
embodiment illustrated in Fig. 1, a right-handed user will have access to the
button 122 and the actuator 138 through their right index finger. In similar
manner, the device 110 can be rotated 180 degrees prior to insertion into the
handpiece 130 such that button 122 faces an opposite direction to that illustrated
in Fig. 1. In this orientation, a left-handed user will have access to the button 122
and the actuator 138 through their left index finger. Upon final connection with
the handpiece 130, the device 110 may comprise two modes: a cutting or
debridement mode and a sealing or hemostasis mode. These two modes may
further be mutually exclusive. In an alternative embodiment, the two modes can

be performed simultaneously.

[112] As illustrated in Figs. 11A and 11B, the cutting tip 174 provided by the
first tubular member 170 is selectively exposed at the cutting window 194
relative to tissue site T. Upon final assembly, the cutting tip 174 is positioned at
the cutting window 194 with the two components being rotatable relative to one
another in oscillation or rotation (or both) in order to mechanically cut tissue
(e.g., as driven by a motor contained within the handpiece 130 coupled with the
power source 132 of Fig. 1). The cutting tip 174 and the cutting window 194
combine to define a cutting implement 300. Hemostasis is achieved via energy
delivery to the tissue T through energy delivered to the electrodes 232, 244. In
one embodiment, hemostasis is delivered while the cutting implement 300 is not
active or cutting. In one embodiment, energy may be advantageously delivered
simultaneously with a fluid such as saline to achieve an optimal tissue effect by

delivering controlled thermal energy to tissue.
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[113] By way of explanation, Fig. 11A illustrates the first tubular member 170
rotated to a position whereby the cutting tip 174 is exposed via the cutting
window 194 and away from the tissue site T. Upon partial rotation of the second
tubular member 190 relative to the first tubular member 170 as illustrated in Fig.
11B, or vice-versa, less of the cutting tip 174 is exposed at the cutting window
194 and the orientation of the cutting window 194 approaches the tissue site T. In
some positions, the second tubular member 190 and the second electrode body
242 are rotated such that the central lumen 172 (best seen in Fig. 3) of the first
tubular member 170 is closed relative to the cutting window 194. Regardless, the
second tubular member 190 and the second electrode body 242 are rotatable in
tandem with respect to the first tubular member 170 in either direction a full 360
degrees through operation of the actuator 138 (Fig. 1). As such, operation of the
actuator 138 can rotate the second tubular member 190 and the second electrode
body 242 from Fig. 11B to the position of Fig. 11A in either direction as desired

so as to face the tissue site T of interest.

[114] Specific surgical techniques facilitated by the surgical cutting instruments
described herein can be conducted in connection with features discussed above.
During use, a hand (not shown) of a user (not shown) is employed to grasp the
handpiece 130 (Fig. 1). In this regard, and in one embodiment, the handpiece 130
forms an exterior contour adapted to ergonomically fit within a user’s hand, such
as by grasping the handpiece 130. Regardless, the user then deploys the cutting
implement 300, manipulating the handpiece 130 to deploy the cutting implement
300 to the target site T. Following initial deployment to the target site T, the
cutting window 194 has a first spatial orientation relative to the target site T as
indicated by the orientation of the cutting window 194 relative to target site T.
More particularly, with the orientation of Fig. 11A, the cutting window 194
exposes the cutting tip 174. Further, the handpiece 130, can be generally
described as defining an upright orientation as illustrated in Fig. 1 when naturally
grasped by the user’s hand, with the handpiece 130 positioned within the user’s
palm, such that the actuator 138 is proximate the user’s thumb or index finger

(not shown). In addition, the button 122 can be in close proximity to the actuator
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138 such that the user can easily switch back and forth by controlling spatial
orientation of the cutting window 194 and delivering RF energy through

operation of the button 122.

[115] An example surgical procedure may then require removal of tissue and/or
hemostasis of the tissue T in a direction not directly facing or adjacent the cutting
window 194. In the orientation of Fig. 11A, the cutting window 194 is away from
the tissue site T, requiring movement of the cutting window 194 to allow either
the cutting tip 174 or the electrodes 232, 244 to interact with the tissue T. To
accomplish alteration of the spatial orientation of the cutting window 224, and
with additional reference to Figs. 1 and 2B, the user (not shown) rotates the
actuator 138 in a desired direction. In particular, the user’s thumb (not shown)
and/or index finger (not shown) of the hand that is otherwise grasping the
handpiece 130 is used to rotate the actuator 138. Rotation of the actuator 138 is
translated to the first hub member 202. Rotation of the first hub member 202, in
turn, causes the second tubular member 190, and thus the cutting window 224, to
rotate relative to the tissue site T, the housing 120, the cutting tip 208 and the
handpiece 130. Rotation of the actuator 138 continues until the cutting window
194 assumes the second spatial orientation shown in Fig. 11B. Notably, a
rotational orientation of the handpiece 130 need not change when translating the
cutting window 194 from the spatial orientation of Fig. 11A to the spatial
orientation of Fig. 11B or any other orientation relative to the central axis A to
face the tissue site T. That is to say, the cutting window 194 can be rotated to face

any direction about the axis A.

[116] Transition of the cutting window 194 from the spatial orientation of Fig.
11A to the spatial orientation of Fig. 11 (or other orientation as desired
throughout a full 360 degree rotation about the central axis A) is accomplished, in
one embodiment, with only a single hand of the user. The device 110 is
configured such that the cutting window 194 can be spatially rotated relative to
the handpiece 130 without requiring both hands of the user to otherwise grasp the
handpiece 130 at two discrete locations and apply a twisting or torque-generating

motion. In one embodiment, the single-handed cutting window rotation is
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accomplished by configuring the actuator 138 such that a movement axis of the
actuator 138 is off-set from the central axis A, which is coaxial with a major axis
of the first hub member 202. That is to say, the actuator 138 moves (e.g. rotates)
about an axis or plane that is not co-axial with the central axis A of the first hub
member 202; instead, movement of the actuator 138 is translated into rotation of
the first hub member 202 about the central axis A. In one embodiment, the
rotational axis of the actuator 138 is perpendicular to the central axis A. With this
approach, then, the actuator 138 can be located at any desired position relative to

the handpiece 130 so as to promote single-handed operation.

[117] During delivery of electrical energy in hemostasis mode, in some
embodiments fluid can be provided to the distal end region 114 through the
cutting window 194, the fluid outlet 280, or both. Fluid delivered to the distal end
region 114 interacts with the electrodes 232, 244. In this manner, the electrodes
232, 244 can advantageously provide Transcollation® sealing of tissue when used
with the Transcollation® sealing energy supplied by the Aquamantys System,
available from the Advanced Energy Division of Medtronic, Inc. With respect to
“wet” RF coagulation technology, the technology for sealing tissue described in
U.S. Pat. Nos. 6,558,385 6,702,810, 6,953,461: 7,115,139, 7,311,708 7,537,595:
7,645.277: 7,811,282; 7,998,140; 8,048,070; 8,083,736: and 8,361,068 (the entire
contents of each of which is incorporated by reference) describe bipolar
coagulation systems believed suitable for use with the device 110. Other systems

for providing a source of energy are also contemplated.

[118] Figs. 12A and 12B illustrate example rotary electrical connection
assemblies 310 and 312, respectively, which allow the device 110 (Fig. 1) to
provide 360 degree rotation of the cutting window 194 (Fig. 11A) with respect to
the housing 130 (Fig. 1) while still providing electrical energy to the distal region
114 (Fig. 1). Either of the assemblies 310, 312 can be used as the rotary electrical
connection assemblies 160, 162 discussed above with respect to Fig. 5. With
reference to the first assembly 310 illustrated in Fig. 12A, the assembly 310
includes an outer, stationary connector 320 and an inner, rotating connector 322.

The inner connector 322 is connected to the second hub member 204 (Fig. 4) to
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rotate therewith (e.g., a press-fit attachment), while the outer connector 320 is
held stationary upon rotation of the second hub member 204 about the central
axis A. The outer connector 320 and the inner connector 322 can be formed of
material exhibiting suitable electrical conductive properties, such as brass. The
outer stationary connector 320, in one embodiment, is a unitary body that
includes an extension 324, a bridge 326 coupled with the extension 324 and
opposed arcuate arms 328 extending from opposite sides of the bridge 326. The
extension 324 is configured to connect to the PCB 224 (Fig. 2B). Electrical
energy provided to the extension 324 is carried by the bridge 326 to each of the

arms 328.

[119] The arms 328 define an inner engagement surface 330 that is in contact
with the inner connector 322, in particular an outer, first surface 332 of the inner
connector 322. An inner, second surface 334 of the inner connector 322 is
opposite first surface 332. An inner extension member 336 (referenced generally)
extends inwardly toward axis A to connect with an arcuate connecting surface
338 (drawn in phantom) associated with or provide by a separate component of
the device 110 (Fig. 1). In one example, the arcuate surface 338 is provided by
the second tubular member 190 (Fig. 2B) or the second electrode body 242 (Fig.
2B). The extension member 336 exhibits resilient properties and defines a natural
position and a deflected position in order to engage and capture the arcuate
surface 338. In the illustrated embodiment, the extension member 336 includes a
pair of opposed tabs 340 extending from the second surface 334. Each of the tabs
340 includes a first end 340a connected with the second surface 334 and a second
end 340b opposite the first end 340a. Upon coupling of the extension member
336 with the arcuate surface 338, the second ends 340b of each of the tabs 340
deflect away from the rotational axis A. The resilient properties of the extension

member 336 maintain contact with the arcuate surface 338 upon final assembly.

[120] The assembly 312 illustrated in Fig. 12B is similar to the assembly 310,
with similar elements similarly numbered. In contrast to the assembly 310 of Fig.
12A, the assembly 312 includes an extension member 350 that extends from a

first end 350a connected to inner surface 334 to a second end 350b that is
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connected to inner surface 334 at a different position. An intermediate portion
350c of the extension member 350 transitions from a natural position to a
deflected position when coupled with the arcuate surface 338. Due to resilient
properties of the extension member 350, the intermediate portion 250¢ maintains

electrical contact with the arcuate surface 338 upon final assembly.

[121] The bipolar electrical surgical devices of the present disclosure can
incorporate other irrigation delivery constructions differing from the
embodiments above. For example, Figs. 13A and 13B illustrate portions of
another electrical surgical device 400 in accordance with principles of the present
disclosure. In particular, blade and electrode assembly components of the device
400 are shown and described below. For ease of explanation, various other
components of the device 400 are omitted from the views; for example, the
device 400 can include one or more of the various housings, hubs and electrical
connections components described above with respect to the device 110 (Fig.
2A), or equivalent components or mechanisms. With this in mind, the device 400
includes an inner shaft or tubular member 402, an outer shaft or tubular member
404, an electrical insulator 406, a second electrode body or cap 408 and an
insulating layer 410. In general terms, and akin to the embodiments above, the
inner shaft 402 is rotatably disposed within the outer shaft 404 and forms a
cutting tip 412. The cutting tip 412 is selectively exposed at a cutting window
414 of the outer shaft 404. The cutting tip 412 and the cutting window 414
combine to define a cutting implement 416. The electrical insulator 406 covers a
majority of an exterior of the outer shaft 404. The outer shaft 404 is formed of an
electrically conductive material and thus can serve as a first electrode body of the
device 400. A distal portion of the outer shaft 404 is free of the electrical
insulator 406, defining a first electrode surface 418. The second electrode body
408 receives the outer shaft 404 (coated with the electrical insulator 406). The
insulating layer 410 covers a majority of an exterior of the second electrode body
408, optionally securing the second electrode body 408 to the outer shaft 404
(e.g., via heat shrink process). A distal region of the second electrode body 408 is

free of the insulating layer 410, defining a second electrode surface 420.
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[122] The device 400 operates in a manner highly akin to the device 110 (Fig.
2A) as described above, with the inner shaft 402 powered to rotate or oscillate
relative to the outer shaft 404 to perform tissue cutting, dissection, etc., at the
cutting implement 416. Further, the electrode surfaces 418, 420 can be operated
as bipolar electrodes as described above. In addition, the device 400 is
configured to provide irrigation in a region of the electrode surfaces 418, 420 as

described below.

[123] In particular, and with additional reference to Figs. 14A and 14B, an outer
diameter of the inner shaft 402 is less than an inner diameter of the outer shaft
404 along a substantial portion of the length of the inner and outer shafts 402,
404. The difference in diameter generates an irrigation channel 422 between the
inner and outer shafts 402, 404 as identified in Figs. 14A and 14B. The irrigation
channel 422 extends in a direction generally parallel with a central axis A of the
inner shaft 402, and can be viewed as being ring shaped, circumscribing an
exterior of the inner shaft 402. The irrigation channel 422 terminates at or is
fluidly open to at least one fluid outlet or irrigation outlet port 424 (referenced
generally in Figs. 14A and 14B). The outlet port 424 is located or spaced
proximal the cutting tip 412 and the first and second electrode surfaces 418, 420,
and at least a portion of the irrigation outlet port 424 is radially outside of or
beyond the outer shaft 404. In some embodiments, the irrigation outlet port 424 is

located opposite the second electrode body 408.

[124] The at least one irrigation outlet port 424 can be considered or viewed as
a weep hole, and can be formed in various manners. In some embodiments, the
irrigation outlet port 424 is collectively defined by aligned holes formed in the
outer shaft 404, the electrical insulator 406 and the insulating layer 410. For
example, Fig. 13B generally identifies a hole 426 through a wall thickness of the
outer shaft 404, a hole 428 through a wall thickness of the electrical insulator
406, and a hole 430 through a wall thickness of the insulating layer 410. Upon
final assembly and as shown in Fig. 14B, the holes 426-430 are aligned,
establishing a fluidly open connection between the irrigation channel 422 and an

exterior of the device 400 (e.g., liquid from irrigation channel 422 can progress
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through the irrigation outlet port 424 to an exterior of the insulating layer 410)
and thus toward the electrode surfaces 418, 420. Fig. 14A further reflects that in
some embodiments, an outer diameter of the inner shaft 402 increases distal the
irrigation outlet port 424 and approaches the inner diameter of the outer shaft
404; with these optional embodiments, while a fluid seal between the inner and
outer shafts 402, 404 may or may not be established, the close dimensional
relationship between the inner and outer shafts 402, 404 distal (or downstream of)
the irrigation outlet port 424 dictates that at least a majority of the liquid within
the irrigation channel 422 will exit or emit via the irrigation outlet port 424. As
shown in Fig. 15, then, fluid (e.g., saline) F delivered through the irrigation
channel 422 (Fig. 14B) is dispensed to an exterior of the device 400 via the
irrigation outlet port 424 and can progress into contact with the electrode surfaces
418, 420 to promote operation thereof in a bipolar mode as described above. With
embodiments in which the device 400 provides suction or aspiration at the cutting
tip 412 (e.g., as described above, a lumen of the inner shaft 402 can be connected
to a suction source), the saline or other fluid F expressed through the irrigation
outlet port 424 will not be immediately or primarily aspirated from the treatment

site.

[125] The irrigation delivery construction of the device 400, and in particular
the irrigation channel 422 and irrigation outlet port(s) 424, can be implemented
into the device 400 in a relatively low cost manner. In some embodiments, it has
surprisingly been found that by emitting saline (or other fluid) at a location
proximally spaced from the cutting tip 412 (or other location of suction),
electrical performance of the electrode surfaces 418, 420 (e.g., cautery
performance) is greatly improved as compared to arrangements in which the
saline (or other fluid) is emitted from between the inner and outer shaft 402, 404
at or immediately adjacent the cutting tip 412. While the device 400 has been
shown as providing one of the irrigation outlet ports 424, in other embodiments,
two or more of the irrigation outlet ports 424 can be formed, each fluidly
connecting the irrigation channel to an exterior of the device 400. The plurality of

irrigation outlet ports 424 can be identical or dissimilar in terms of size and
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shape, and may or may not be aligned relative to a circumference of the outer
shaft 404. Further, while the irrigation outlet port 424 has been described as being
collectively formed by various holes formed in the outer shaft 404, electrical
insulator 406 and the insulating layer 410, other constructions are also acceptable.
For example, the insulating layer 410 can be formed of a porous material such
that the distinct hole 430 need not necessarily be formed through the insulating

layer.

[126] Portions of another electrical surgical device 450 in accordance with
principles of the present disclosure are shown in Fig. 16. In particular, blade and
electrode assembly components of the device 450 are shown and described
below. For ease of explanation, various other components of the device 450 are
omitted from the views; for example, the device 450 can include one or more of
the various housings, hubs and electrical connections components described
above with respect to the device 110 (Fig. 2A), or equivalent components or
mechanisms. With this in mind, the device 450 can be highly akin to the device
400 (Fig. 13A) described above and includes an inner shaft or tubular member
452, an outer shaft or tubular member 454, an electrical insulator 456, a second
electrode body or cap 458 and an insulating layer 460. In general terms, the inner
shaft 452 is rotatably disposed within the outer shaft 454 and forms a cutting tip
462. The cutting tip 462 is selectively exposed at a cutting window 464 of the
outer shaft 454. The cutting tip 462 and the cutting window 464 combine to
define a cutting implement 466. The electrical insulator 456 covers a majority of
an exterior of the outer shaft 454. The outer shaft 454 is formed of an electrically
conductive material and thus can serve as a first electrode body of the device 450.
A distal portion of the outer shaft 454 is free of the electrical insulator 456,
defining a first electrode surface 468. The second electrode body 458 receives the
outer shaft 454 (coated with the electrical insulator 456). The insulating layer 460
covers a majority of an exterior of the second electrode body 458, optionally
securing the second electrode body 458 to the outer shaft 454 (e.g., via heat
shrink process). A distal region of the second electrode body 458 is free of the

insulating layer 460, defining a second electrode surface 470.
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[127] The device 450 operates in a manner highly akin to the device 110 (Fig.
2A) as described above, with the inner shaft 452 powered to rotate or oscillate
relative to the outer shaft 454 to perform tissue cutting, dissection, etc., at the
cutting implement 466. Further, the electrode surfaces 468, 470 can be operated
as bipolar electrodes as described above. In addition, the device 450 is
configured to provide irrigation in a region of the electrode surfaces 468, 470 as

described below.

[128] In particular, and with additional reference to Fig. 17, an outer diameter of
the inner shaft 452 is less than an inner diameter of the outer shaft 454 along a
substantial portion of the length of the inner and outer shafts 452, 454. The
difference in diameter generates an irrigation channel 472 between the inner and
outer shafts 452, 454. The irrigation channel 472 extends in a direction generally
parallel with a central axis A of the inner shaft 452, and can be viewed as being
ring shaped, circumscribing an exterior of the inner shaft 452. The irrigation
channel 472 terminates at or is fluidly open to at least one fluid outlet or
irrigation outlet port 474 (referenced generally in Figs. 16 and 17). The irrigation
outlet port 474 is located or spaced proximal the cutting tip 462 and the first and
second electrode surfaces 468, 470, and at least a portion of the irrigation outlet
port 474 is radially outside of or beyond the outer shaft 454. In some
embodiments, the irrigation outlet port 474 is located opposite the second

electrode body 468.

[129] The at least one irrigation outlet port 474 can be considered or viewed as
a weep hole, and can be formed in various manners. In some embodiments, the
irrigation outlet port 474 is collectively defined by aligned holes formed in the
outer shaft 454, the electrical insulator 456 and the insulating layer 460. For
example, Fig. 17 generally identifies a hole 476 through a wall thickness of the
outer shaft 454, a hole 478 through a wall thickness of the electrical insulator
456, and a hole 480 through a wall thickness of the insulating layer 460. Upon
final assembly, the holes 476-480 are aligned, establishing a fluidly open
connection between the irrigation channel 472 and an exterior of the device 450

(e.g., liquid from irrigation channel 472 can progress through the irrigation outlet
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port 474 to an exterior of the insulating layer 460) and thus toward the electrode
surfaces 468, 470. With the embodiment of Fig. 16 and 17, the holes 476-480,
and thus the irrigation outlet port 474 as a whole, are formed a non-perpendicular
angle relative to the central axis A. With this construction, the irrigation outlet
port 474 establishes a generally distal flow direction to fluid from the irrigation
channel 472. Stated otherwise a centerline C of the irrigation outlet port 474 in
non-perpendicular with respect to the central axis A, with a center of the hole 480
in the insulating layer 460 being distal a center of the hole 476 in the outer shaft
454. This directional component encourages fluid exiting the irrigation outlet port
474 to flow in a direction of the electrode surfaces 468, 470. Fig. 17 further
reflects that in some embodiments, an outer diameter of the inner shaft 452
increases distal the irrigation outlet port 474 and approaches the inner diameter of
the outer shaft 454; with these optional embodiments, while a fluid seal between
the inner and outer shafts 452, 454 may or may not be established, the close
dimensional relationship between the inner and outer shafts 452, 454 distal (or
downstream of) the irrigation outlet port 474 dictates that at least a majority of
the liquid within the irrigation channel 472 will exit or emit via the irrigation
outlet port 474. As shown in Fig. 18, then, fluid (e.g., saline) F delivered through
the irrigation channel 472 (Fig. 16) is dispensed to an exterior of the device 450
via the irrigation outlet port 474 and can progress into contact with the electrode
surfaces 468, 470 to promote operation thereof in a bipolar mode as described
above. With embodiments in which the device 450 provides suction or aspiration
at the cutting tip 462 (e.g., as described above, a lumen of the inner shaft 452 can
be connected to a suction source), the saline or other fluid F expressed through
the irrigation outlet port 474 will not be immediately or primarily aspirated from

the treatment site.

[130] The irrigation delivery construction of the device 450, and in particular
the irrigation channel 472 and irrigation outlet port(s) 474, can be implemented
into the device 450 in a relatively low cost manner. In some embodiments, it has
surprisingly been found that by emitting saline (or other fluid) at a location

proximally spaced from the cutting tip 462 (or other location of suction),
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electrical performance of the electrode surfaces 468, 470 (e.g., cautery
performance) is greatly improved as compared to arrangements in which the
saline (or other fluid) is emitted from between the inner and outer shaft 452, 454
at or immediately adjacent the cutting tip 462. Directionality or control over the
fluid F exiting the irrigation outlet port 474 is providing without requiring an
additional channel or tube. While the device 450 has been shown as providing
one of the irrigation outlet ports 474, in other embodiments, two or more of the
irrigation outlet ports 474 can be formed, each fluidly connecting the irrigation
channel to an exterior of the device 450. The irrigation outlet port(s) 474 can be
configured to establish low pressure flow or a jet to overcome gravity in an

upright orientation of the device 450.

[131] Portions of another electrical surgical device 500 in accordance with
principles of the present disclosure are shown in Figs. 19A and 19B. In particular,
blade and electrode assembly components of the device 500 are shown and
described below. For ease of explanation, various other components of the device
500 are omitted from the views; for example, the device 500 can include one or
more of the various housings, hubs and electrical connections components
described above with respect to the device 110 (Fig. 2A), or equivalent
components or mechanisms. With this in mind, the device 500 can be highly
similar to the device 400 (Fig. 13A) described above and includes the inner shaft
or tubular member 402, the outer shaft or tubular member 404, the electrical
insulator 406, the second electrode body or cap 408 and the insulating layer 410.
The cutting tip 412 and the cutting window 414 combine to define the cutting
implement 416. The first and second electrode surfaces 418, 420 are formed as
described above. In addition, the device 500 includes a dispensing conduit 502 as

described below.

[132] The conduit 502 is assembled to one or more of the outer shaft 404, the
electrical insulator 406 and/or the insulating layer 410, and forms part of an
irrigation outlet port 504 (identified generally in Figs. 19A and 19B). In
particular, and with additional reference to Figs. 20A and 20B, the irrigation
channel 422 is defined between the inner and outer shafts 402, 404 as described



WO 2016/134156 PCT/US2016/018486
31

above. The conduit 502 includes or defines a base section 506 and a head section
508. A lumen 510 extends continuously through the conduit 502. The base
section 506 is disposed within or fluid open to the holes 426-430 formed in the
outer shaft 404, the electrical insulator 406, and the insulating layer 410,
respectively. The head section 508 is maintained external the insulating layer
410, with a bend in the conduit 502 arranging the head section 508 to extend in a
generally distal direction. Thus, the conduit 502 is configured to direct fluid flow
from the irrigation channel 422 (via the lumen 510) in a distal direction, generally
toward the electrode surfaces 418, 420. As shown in Fig. 21, the so-directed fluid
(e.g., saline) flow F exits the irrigation outlet port 504 and is caused to flow in a
direction of the electrode surfaces 418, 420 to promote operation thereof in a
bipolar mode as described above. As with other embodiments, then, the irrigation
outlet port 504 is proximally spaced from the electrode surfaces 418, 420 and the
cutting tip 412, and is radially outside of the outer shaft 404 (Fig. 20A). With
embodiments in which the device 500 provides suction or aspiration at the cutting
tip 412, the saline or other fluid F expressed from the irrigation outlet port 504

will not be immediately or primarily aspirated from the treatment site.

[133] The irrigation delivery construction of the device 500, and in particular
the irrigation channel 422 (Fig. 20A) and irrigation outlet port(s) 504, can be
implemented into the device 500 in a relatively low cost manner. In some
embodiments, it has surprisingly been found that by emitting saline (or other
fluid) at a location proximally spaced from the cutting tip 412 (or other location
of suction), electrical performance of the electrode surfaces 418, 420 (e.g.,
cautery performance) is greatly improved as compared to arrangements in which
the saline (or other fluid) is emitted from between the inner and outer shaft 402,
404 at or immediately adjacent the cutting tip 412. Distinct directionality or
control over the fluid F exiting the irrigation outlet port 504 is provided. While
the device 500 has been shown as providing one of the irrigation outlet ports 504,
in other embodiments, two or more of the irrigation outlet ports 504 can be
formed, each fluidly connecting the irrigation channel 422 to an exterior of the

device 500. The irrigation outlet port(s) 504 can be configured to establish low
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pressure flow or a jet to overcome gravity in an upright orientation of the device

500.

[134] Portions of another electrical surgical device 500" in accordance with
principles of the present disclosure are shown in Fig. 22. The device 500° can be
highly akin to the device 500 (Fig. 19A) described above, and includes the inner
shaft or tubular member 402, the outer shaft or tubular member 404, the electrical
insulator 406, the second electrode body or cap 408 and the insulating layer 410.
The device 500° further includes the conduit 502 as previously described, fluidly
connected to the irrigation channel 422 (hidden in Fig. 22, but shown, for
example, in Fig. 20A). With the embodiment of Fig. 22, an irrigation outlet port
512 1s provided, and includes the conduit 502 and a nozzle 514. The nozzle 514 is
coupled to the conduit 502 and is fluidly open to the lumen 510 (hidden in Fig.
22, but shown, for example, in Fig. 20A). The nozzle 514 can assume various
forms, and in some embodiments is configured to generate a mist-like pattern into
fluid (not shown) emitted from the irrigation outlet port 512 in a direction of the

electrode surfaces 418, 420.

[135] Portions of another electrical surgical device 520 in accordance with
principles of the present disclosure are shown in Figs. 23A and 23B. In particular,
blade and electrode assembly components of the device 520 are shown and
described below. For ease of explanation, various other components of the device
520 are omitted from the views; for example, the device 520 can include one or
more of the various housings, hubs and electrical connections components
described above with respect to the device 110 (Fig. 2A), or equivalent
components or mechanisms. With this in mind, the device 520 can be highly
similar to the device 400 (Fig. 13A) described above and includes the inner shaft
or tubular member 402, the outer shaft or tubular member 404, the electrical
insulator 406, the second electrode body or cap 408 and the insulating layer 410.
The cutting tip 412 and the cutting window 414 combine to define the cutting
implement 416. The first and second electrode surfaces 418, 420 are formed as
described above. In addition, the device 520 includes a deflector 522 as described

below.
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[136] The deflector 522 is formed by or assembled to the insulating layer 410,
and forms part of an irrigation outlet port 524 (identified generally in Figs. 23A
and 23B). In particular, and with reference to Figs. 24A and 24B, the irrigation
channel 422 is defined between the inner and outer shafts 402, 404 as described
above. Further, the aligned holes 426-430 are formed in the outer shaft 404, the
electrical insulator 406, and the insulating layer 410, respectively, as described
above and form part of the irrigation outlet port 504. As best shown in Fig. 23B,
the hole 430 in the insulating layer 430 can have an elongated or slot-like shape,
optionally extending to a distal end of the insulating layer. The deflector 522 is
located over the hole 430 in the insulating layer 410 and thus over the hole 428 in
the electrical insulator 406, and is configured to deflect or direct fluid flow
exiting the insulating layer hole 430 (or the electrical insulator hole 406) in a
distal direction, generally toward the electrode surfaces 418, 420. For example,
the deflector 522 can include or define a trailing wall 530 and an upper wall 532.
The trailing wall 530 extends from the insulating layer 410 from a location
proximal the insulating layer hole 430 (and the electrical isolator hole 428),
projecting generally over the insulating layer hole 430. The upper wall 532
extends from the trailing wall 530 and is spaced from the insulating layer 410 and
the electrical insulator 406. A major plane of the upper wall 532 can be
substantially parallel with the central axis A, and one or more side walls 534 can
also be included. Regardless, the deflector 522 defines an open side 536. Liquid
flow exiting the electrical insulator hole 428 and/or the isolation layer hole 430
impinges upon the deflector walls 530-534 and is directed toward the open side
536. As shown in Fig. 25, the so-directed fluid (e.g., saline) flow F exits the
irrigation outlet port 524 via the open side 536 and is caused to flow in a
direction of the electrode surfaces 418, 420 to promote operation thereof in a
bipolar mode as described above. As with other embodiments, then, the irrigation
outlet port 524 is proximally spaced from the electrode surfaces 418, 420 and the
cutting tip 412, and is radially outside of the outer shaft 404 (Fig. 24A). With
embodiments in which the device 520 provides suction or aspiration at the cutting
tip 412, the saline or other fluid F expressed from the irrigation outlet port 524

will not be immediately or primarily aspirated from the treatment site.
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[137] The irrigation delivery construction of the device 520, and in particular
the irrigation channel 422 and irrigation outlet port(s) 524, can be implemented
into the device 520 in a relatively low cost manner. In some embodiments, it has
surprisingly been found that by emitting saline (or other fluid) at a location
proximally spaced from the cutting tip 412 (or other location of suction),
electrical performance of the electrode surfaces 418, 420 (e.g., cautery
performance) is greatly improved as compared to arrangements in which the
saline (or other fluid) is emitted from between the inner and outer shaft 402, 404
at or immediately adjacent the cutting tip 412. Distinct directionality or control
over the fluid F exiting the irrigation outlet port 524 is provided. While the device
520 has been shown as providing one of the irrigation outlet ports 524, in other
embodiments, two or more of the irrigation outlet ports 524 can be formed, each
fluidly connecting the irrigation channel 422 to an exterior of the device 520. The
irrigation outlet port(s) 524 can be configured to establish low pressure flow or a

jet to overcome gravity in an upright orientation of the device 520.

[138] Portions of another electrical surgical device 540 in accordance with
principles of the present disclosure are shown in Figs. 26A-26C. In particular,
blade and electrode assembly components of the device 540 are shown and
described below. For ease of explanation, various other components of the device
540 are omitted from the views; for example, the device 540 can include one or
more of the various housings, hubs and electrical connections components
described above with respect to the device 110 (Fig. 2A), or equivalent
components or mechanisms. With this in mind, the device 540 includes an inner
shaft or tubular member 542, an outer shaft or tubular member 544, an electrical
insulator 546, a second electrode body or cap 548 and an insulating layer 550. In
general terms, and akin to the embodiments above, the inner shaft 542 is rotatably
disposed within the outer shaft 544 and forms a cutting tip 552. The cutting tip
552 is selectively exposed at a cutting window 554 of the outer shaft 544. The
cutting tip 542 and the cutting window 544 combine to define a cutting
implement 556. The electrical insulator 546 covers a majority of an exterior of

the outer shaft 544. The outer shaft 544 is formed of an electrically conductive
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material and thus can serve as a first electrode body of the device 540. A distal
portion of the outer shaft 544 is free of the electrical insulator 546, defining a first
electrode surface 558. The second electrode body 548 receives the outer shaft 544
(coated with the electrical insulator 546). The insulating layer 550 covers a
majority of an exterior of the second electrode body 548, optionally securing the
second electrode body 548 to the outer shaft 544 (e.g., via heat shrink process). A
distal region of the second electrode body 548 is free of the insulating layer 550,

defining a second electrode surface 560.

[139] The device 540 operates in a manner highly akin to the device 110 (Fig.
2A) as described above, with the inner shaft 542 powered to rotate or oscillate
relative to the outer shaft 544 to perform tissue cutting, dissection, etc., at the
cutting implement 556. Further, the electrode surfaces 558, 560 can be operated
as bipolar electrodes as described above. In addition, the device 540 is
configured to provide irrigation in a region of the electrode surfaces 558, 560 as

described below.

[140] In particular, and with additional reference to Figs. 27A and 27B, an outer
diameter of the inner shaft 542 is less than an inner diameter of the outer shaft
544 along a substantial portion of the length of the inner and outer shafts 542,
544. The difference in diameter generates an irrigation channel 562 between the
inner and outer shafts 542, 544. The irrigation channel 562 extends in a direction
generally parallel with a central axis A of the inner shaft 542, and can be viewed
as being ring shaped, circumscribing an exterior of the inner shaft 542. The
irrigation channel 562 terminates at or is fluidly open to at least one fluid outlet
or irrigation outlet port 564 (referenced generally in Figs. 27A and 27B). The
irrigation outlet port 564 is located or spaced proximal the cutting tip 552 and the
first and second electrode surfaces 558, 560, and at least a portion of the
irrigation outlet port 564 is radially outside of or beyond the outer shaft 544. In
some embodiments, the irrigation outlet port 564 is located proximate or “faces”

the second electrode body 548 (referenced generally in Figs. 27A and 27B).
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[141] The at least one irrigation outlet port 564 can be considered or viewed as
a weep hole, and can be formed in various manners. In some embodiments, the
irrigation outlet port 564 is collectively defined by aligned holes formed in the
outer shaft 544 and the electrical insulator 546. For example, Fig. 26C generally
identifies a hole 566 through a wall thickness of the outer shaft 544, and a hole
568 through a wall thickness of the electrical insulator 546. Upon final assembly
and as shown in Figs. 27A and 27B, the holes 566, 568 are aligned, establishing a

fluidly open connection from the irrigation channel 562.

[142] Fluid flow from the irrigation outlet port 564 toward the electrode
surfaces 558, 560 can be promoted by a gap 570 between the electrical insulator
546 and the second electrode body 548. In some embodiments, the second
electrode body 548 can have a multi-layer construction that forms the gap 570
and provides desired electrical isolation from liquid exiting the irrigation outlet
port 564. For example, liquid along the irrigation channel 562 will be in contact
with the outer shaft 542; when the outer shaft 542 is energized (to energize the
first electrode surface 558) and the second electrode body 548 is energized (to
energize the second electrode surface 560), electrical isolation at the second
electrode body 548 is desirable to prevent the liquid from causing an electrical
short between the outer shaft 542 and the second electrode body 548. With this in
mind, and with reference to Fig. 28, the second electrode body 548 can include an
outer layer 572, and intermediate layer 574 and an inner layer 576. The outer
layer 572 is formed of an electrically conductive material (e.g., metal), and serves
to provide the second electrode surface 560. The intermediate and inner layers
574, 576 are formed of electrically non-conductive or insulative materials. A size
and shape of the intermediate layer 576 corresponds with the size and shape of
the outer layer 572. While a shape of the inner layer 576 generally corresponds
that of the intermediate layer 574, a longitudinal length of the inner layer 576 is
less than a length of the intermediate layer 574. More particularly, the inner layer
576 terminates at a distal end 578. As shown in Fig. 29 (otherwise illustrate the
electrical insulator 546 and the second electrode body 548 in isolation), the distal

end 578 of the inner layer 576 is located upstream of the irrigation outlet port
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562. With this construction, a width of the gap 570 corresponds with a thickness
of the inner layer 576. In other words, the inner layer 576 serves as a spacer to
create the gap of fluid channel 570 and as a stop to prevent fluid from flowing
backward. The intermediate layer 574 provides electrical isolation for the outer
layer 572. The second electrode body 548 can be constructed in various manners,
such as by coating an entire inner surface of the outer layer 572 with a non-
conductive material to form the intermediate layer 574; the distal region of this
so-formed part is then masked and a second coat of the non-conductive material
is applied to generate the inner layer 576. Other constructions are also acceptable,
and can include providing the intermediate and inner layers 574, 576 as a single

or homogenous structure.

[143] As shown in Fig. 30, fluid (e.g., saline) F delivered through the irrigation
channel 562 (Fig. 27B) is dispensed to an exterior of the device 540 via the
irrigation outlet port 564 (Fig. 27B) and the gap 570 (Fig. 27B) and can progress
into contact with the electrode surfaces 558, 560 to promote operation thereof in
a bipolar mode as described above. With embodiments in which the device 550
provides suction or aspiration at the cutting tip 552 (e.g., as described above, a
lumen of the inner shaft 542 can be connected to a suction source), the saline or
other fluid F expressed from the irrigation outlet port 564 will not be immediately

or primarily aspirated from the treatment site.

[144] The irrigation delivery construction of the device 540, and in particular
the irrigation channel 562 (Fig. 27B) and irrigation outlet port(s) 564 (Fig. 27B),
can be implemented into the device 540 in a relatively low cost manner, utilizing
the second electrode body 548 to direct fluid flow to an optimum location. While
the device 540 has been shown as providing one of the irrigation outlet ports 564,
in other embodiments, two or more of the irrigation outlet ports 564 can be
formed, each fluidly connecting the irrigation channel 562 to an exterior of the
device 540. The plurality of irrigation outlet ports 564 can be identical or
dissimilar in terms of size and shape, and may or may not be aligned relative to a

circumference of the outer shaft 544.
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[145] Portions of another electrical surgical device 600 in accordance with
principles of the present disclosure are shown in Figs. 31 A and 31B. In particular,
blade and electrode assembly components of the device 600 are shown and
described below. For ease of explanation, various other components of the device
600 are omitted from the views; for example, the device 600 can include one or
more of the various housings, hubs and electrical connections components
described above with respect to the device 110 (Fig. 2A), or equivalent
components or mechanisms. With this in mind, the device 600 can be highly
similar to the devices described above and includes an inner shaft or tubular
member 602, an outer shaft or tubular member 604, an electrical insulator 606, a
second electrode body or cap 608 and an insulating layer 610. The inner shaft 602
is rotatably disposed within the outer shaft 604 and forms a cutting tip 612. The
cutting tip 612 is selectively exposed at a cutting window 614 of the outer shaft
604. The cutting tip 612 and the cutting window 614 combine to define a cutting
implement 616. The electrical insulator 606 covers a majority of an exterior of
the outer shaft 604. The outer shaft 604 is formed of an electrically conductive
material and thus can serve as a first electrode body of the device 600. A distal
portion of the outer shaft 604 is free of the electrical insulator 606, defining a first
electrode surface 618. The second electrode body 608 receives the outer shaft 604
(coated with the electrical insulator 606). The insulating layer 610 covers a
majority of an exterior of the second electrode body 608, optionally securing the
second electrode body 608 to the outer shaft 604 (e.g., via heat shrink process). A
distal region of the second electrode body 608 is free of the insulating layer 610,
defining a second electrode surface 620. In addition, the device 600 includes an

irrigation tube 622 as described below.

[146] The device 600 operates in a manner highly akin to the device 110 (Fig.
2A) as described above, with the inner shaft 602 powered to rotate or oscillate
relative to the outer shaft 604 to perform tissue cutting, dissection, etc., at the
cutting implement 616. Further, the electrode surfaces 618, 620 can be operated

as bipolar electrodes as described above. In addition, the device 600 is
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configured to provide irrigation in a region of the electrode surfaces 618, 620 as

described below.

[147] In particular, and with additional reference to Figs. 32A and 32B, the
irrigation tube 622 defines an irrigation channel 624, and extending from a
proximal end 626 (Fig. 31A) to a distal end 628. The proximal end 626 is
configured for fluid connection to one or more other components of the device
600 as will be apparent to one of ordinary skill (e.g., the irrigation hubs described
above) for connecting a fluid source to the irrigation channel 624. The distal end
628 1s open to the irrigation channel 624 and serves as, or as part of, an irrigation
outlet port 630 (referenced generally). The irrigation tube 622, and thus the
irrigation channel 624 extends in a direction generally parallel with a central axis
A of the inner shaft 602. In some embodiments, the irrigation tube 622 is secured
relative to the outer shaft 604 by the insulating layer 610 (e.g., heat shrink
assembly). The irrigation outlet port 630 is located or spaced proximal the cutting
tip 612 and the first and second electrode surfaces 618, 620, and is radially
outside of or beyond the outer shaft 604.

[148] As shown in Fig. 33, fluid (e.g., saline) F delivered through the irrigation
channel 624 (Fig. 32A) is dispensed to an exterior of the device 600 via the
irrigation outlet port 630 and can progress into contact with the electrode surfaces
618, 620 to promote operation thereof in a bipolar mode as described above. With
embodiments in which the device 600 provides suction or aspiration at the cutting
tip 612 (e.g., as described above, a lumen of the inner shaft 602 can be connected
to a suction source), the saline or other fluid F expressed through the irrigation
outlet port 630 will not be immediately or primarily aspirated from the treatment

site.

[149] The irrigation delivery construction of the device 600, and in particular
the irrigation channel 624 and irrigation outlet port 630, can be implemented into
the device 600 in a relatively low cost manner. In some embodiments, it has
surprisingly been found that by emitting saline (or other fluid) at a location

proximally spaced from the cutting tip 612 (or other location of suction),
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electrical performance of the electrode surfaces 618, 620 (e.g., cautery
performance) is greatly improved as compared to arrangements in which the
saline (or other fluid) is emitted from between the inner and outer shaft 602, 604
at or immediately adjacent the cutting tip 612. Distinct directionality or control
over the fluid F exiting the irrigation outlet port 630 is provided. The irrigation
outlet port 630 can be configured to establish low pressure flow or a jet to

overcome gravity in an upright orientation of the device 600.

[150] Portions of another electrical surgical device 600’ in accordance with
principles of the present disclosure are shown in Fig. 34. The device 600’ can be
highly akin to the device 600 (Fig. 31A) described above, and includes the inner
shaft or tubular member 602, the outer shaft or tubular member 604, the electrical
insulator 606, the second electrode body or cap 608 and the insulating layer 610.
The device 600° further includes the irrigation tube 622 as previously described,
forming the irrigation channel 624 (hidden in Fig. 34, but shown, for example, in
Fig. 32A). With the embodiment of Fig. 30, an irrigation outlet port 640 is
provided at the distal end 628 of the irrigation tube 622, and includes a nozzle
642. The nozzle 642 is coupled to the distal end 628 and is fluidly open to the
irrigation channel 624. The nozzle 642 can assume various forms, and in some
embodiments is configured to generate a mist-like pattern into fluid (not shown)
emitted from the irrigation outlet port 640 in a direction of the electrode surfaces

618, 620.

[151] Portions of another electrical surgical device 650 in accordance with
principles of the present disclosure are shown in Fig. 35. The device 650 can be
akin to the device 600 (Fig. 31A) described above, and includes the inner shaft or
tubular member 602, the outer shaft or tubular member 604, the second electrode
body or cap 608 and the insulating layer 610 as previously described (including
provision of the second electrode surface 620). The device 650 further includes
an electrical insulator 652 that is akin to the electrical insulator 606 (Fig. 31A),
covering a majority of the outer shaft 604 in a manner defining the first electrode
surface 618. In addition, the electrical insulator 652 is configured to provide an

irrigation channel (primarily hidden in Fig. 35) and an irrigation outlet port 654
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as described below. As compared to the device 600, the electrical insulator 652

replaces the irrigation tube 622 (Fig. 31B).

[152] The electrical insulator 652 is shown in greater detail in Figs. 36A and
36B, and extends between a leading end 654 and a trailing end 656. The electrical
insulator 652 includes or is formed to define an insulating region 658 and an
irrigation region 660. The insulating region 658 is commensurate with previous
embodiments, and corresponds in size and shape with the outer shaft 604 (Fig.
35). For example, the insulating region 658 can be formed by coating a material
of the electrical insulator on to an exterior surface of the outer shaft 604.
Regardless, the irrigation region 660 is radially off-set from the insulating region
658, and has a tubular shape defining the irrigation channel 662. The irrigation
channel 662 is open at the trailing end 656, and is configured for fluid connection
to one or more other components of the device 650 (Fig. 35) as will be apparent
to one of ordinary skill (e.g., the irrigation hubs described above) for connecting
a fluid source to the irrigation channel 662. Further, the irrigation channel 662 is
open at a distal end 664 of the irrigation region 660 (with the distal end 664 being
proximally spaced from the leading end 654).

[153] With the above construction, and as shown in Figs. 37A and 37B, the
electrical insulator 652 electrically isolates the outer shaft 604 from the second
electrode body 608 except in a region of the first electrode surface 618. The distal
end 664 is open to the irrigation channel 662 and serves as, or as part of, the
irrigation outlet port 654 (referenced generally). The irrigation channel 662
extends in a direction generally parallel with a central axis A of the inner shaft
602. The irrigation outlet port 654 is located or spaced proximal the cutting tip
612 and the first and second electrode surfaces 618, 620, and is radially outside
of or beyond the outer shaft 604.

[154] As shown in Fig. 38, fluid (e.g., saline) F delivered through the irrigation
channel 662 (Fig. 37A) is dispensed to an exterior of the device 650 via the
irrigation outlet port 654 and can progress into contact with the electrode surfaces

618, 620 to promote operation thereof in a bipolar mode as described above. With



WO 2016/134156 PCT/US2016/018486
42

embodiments in which the device 650 provides suction or aspiration at the cutting
tip 612 (e.g., as described above, a lumen of the inner shaft 602 can be connected
to a suction source), the saline or other fluid F expressed through the irrigation
outlet port 654 will not be immediately or primarily aspirated from the treatment

site.

[155] The irrigation delivery construction of the device 650, and in particular
the irrigation channel 662 (Fig. 37A) and irrigation outlet port 654, can be
implemented into the device 650 in a relatively low cost manner. In some
embodiments, it has surprisingly been found that by emitting saline (or other
fluid) at a location proximally spaced from the cutting tip 612 (or other location
of suction), electrical performance of the electrode surfaces 618, 620 (e.g.,
cautery performance) is greatly improved as compared to arrangements in which
the saline (or other fluid) is emitted from between the inner and outer shaft 602,
604 at or immediately adjacent the cutting tip 612. Distinct directionality or
control over the fluid F exiting the irrigation outlet port 654 is provided. The
irrigation outlet port 654 can be configured to establish low pressure flow or a jet

to overcome gravity in an upright orientation of the device 650.

[156] Portions of another electrical surgical device 700 in accordance with
principles of the present disclosure are shown in Figs. 39A and 39B. In particular,
blade and electrode assembly components of the device 700 are shown and
described below. For ease of explanation, various other components of the device
700 are omitted from the views; for example, the device 700 can include one or
more of the various housings, hubs and electrical connections components
described above with respect to the device 110 (Fig. 2A), or equivalent
components or mechanisms. With this in mind, the device 700 includes an inner
shaft or tubular member 702, an outer shaft or tubular member 704, an electrical
insulator 706, a second electrode body or cap 708, and an insulating layer 710.
The components 702-710 can be akin to previous embodiments. Further, the

device 700 includes an outer layer 711 for reasons made clear below.
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[157] In general terms, and akin to the embodiments above, the inner shaft 702
is rotatably disposed within the outer shaft 704 and forms a cutting tip 712. The
cutting tip 712 is selectively exposed at a cutting window 714 of the outer shaft
704. The cutting tip 712 and the cutting window 714 combine to define a cutting
implement 716. The electrical insulator 706 covers a majority of an exterior of
the outer shaft 704. The outer shaft 704 is formed of an electrically conductive
material and thus can serve as a first electrode body of the device 700. A distal
portion of the outer shaft 704 is free of the electrical insulator 716, defining a first
electrode surface 718. The second electrode body 708 receives the outer shaft 704
(coated with the electrical insulator 706). The insulating layer 710 (hidden in Fig.
39B) covers a majority of an exterior of the second electrode body 708,
optionally securing the second electrode body 708 to the outer shaft 704 (e.g., via
heat shrink process). A distal region of the second electrode body 708 is free of
the insulating layer 710, defining a second electrode surface 720.

[158] The device 700 operates in a manner highly akin to the device 110 (Fig.
2A) as described above, with the inner shaft 702 powered to rotate or oscillate
relative to the outer shaft 704 to perform tissue cutting, dissection, etc., at the
cutting implement 716. Further, the electrode surfaces 718, 720 can be operated
as bipolar electrodes as described above. In addition, the device 700 is
configured to provide irrigation in a region of the electrode surfaces 718, 720 as

described below.

[159] In particular, and with additional reference to Figs. 40A and 40B, the
outer layer 711 is disposed about the insulating layer 710. An inner diameter or
shape of the inner layer 711 is greater than an outer diameter or shape of the
insulating layer 710. The difference in diameter or shape generates an irrigation
channel 722 between the insulating and outer layers 710, 711. The irrigation
channel 722 extends in a direction generally parallel with a central axis A of the
inner shaft 702. In some embodiments, the outer layer 711 is formed to maintain
the shape illustrated, dictating that the irrigation channel 722 is along a side of the
device 700 opposite the second electrode body 708. That is to say, the outer layer

711 can be secured to and flush against the insulating layer 710 in a region
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corresponding with the second electrode body 708 and is free of (and spaced
from) the insulating layer 710 in a region opposite the second electrode body 708
to generate the irrigation channel 722. The irrigation channel 722 terminates at or
is fluidly open to at least one fluid outlet or irrigation outlet port 724 (identified
in Figs. 39B and 40A). The irrigation outlet port 724 is located or spaced
proximal the cutting tip 712 and the first and second electrode surfaces 718, 720,
and is radially outside of or beyond the outer shaft 704. In some embodiments,
the irrigation outlet port 724 is opposite the second electrode body 708. Though
not visible in the views, the insulation and outer layers 710, 711 are configured to
establish an open proximal end for the irrigation channel 722 that is constructed
for fluid connection to one or more other components of the device 700 as will be
apparent to one of ordinary skill (e.g., the irrigation hubs described above) for

connecting a fluid source to the irrigation channel 722.

[160] As shown in Fig. 41, fluid (e.g., saline) F delivered through the irrigation
channel 722 (Fig. 40B) is dispensed to an exterior of the device 700 via the
irrigation outlet port 724, and can progress into contact with the electrode
surfaces 718, 720 to promote operation thereof in a bipolar mode as described
above. With embodiments in which the device 700 provides suction or aspiration
at the cutting tip 712 (e.g., as described above, a lumen of the inner shaft 702 can
be connected to a suction source), the saline or other fluid F expressed from the
irrigation outlet port 724 will not be immediately or primarily aspirated from the
treatment site. Directionality or control over the fluid F exiting the irrigation

outlet port 724 is generally provided.

[161] Portions of another electrical surgical device 750 in accordance with
principles of the present disclosure are shown in Figs. 42A and 42B. In particular,
blade and electrode assembly components of the device 750 are shown and
described below. For ease of explanation, various other components of the device
750 are omitted from the views; for example, the device 750 can include one or
more of the various housings, hubs and electrical connections components
described above with respect to the device 110 (Fig. 2A), or equivalent

components or mechanisms. With this in mind, the device 750 includes an inner
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shaft or tubular member 752, an outer shaft or tubular member 754, an electrical
insulator 756, a second electrode body or cap 758, and an insulating layer 760.
The inner shaft 752, outer shaft 754, electrical insulator 756 and the insulating
layer 760 can have any of the constructions described above. The second
electrode body 758 is configured to establish an irrigation channel as described

below.

[162] In general terms, and akin to the embodiments above, the inner shaft 752
is rotatably disposed within the outer shaft 754 and forms a cutting tip 762. The
cutting tip 762 is selectively exposed at a cutting window 764 of the outer shaft
754. The cutting tip 762 and the cutting window 764 combine to define a cutting
implement 766. The electrical insulator 756 covers a majority of an exterior of
the outer shaft 754. The outer shaft 754 is formed of an electrically conductive
material and thus can serve as a first electrode body of the device 750. A distal
portion of the outer shaft 754 is free of the electrical insulator 756, defining a first
electrode surface 768. The second electrode body 758 receives the outer shaft 754
(coated with the electrical insulator 756). The insulating layer 760 covers a
majority of an exterior of the second electrode body 758, optionally securing the
second electrode body 758 to the outer shaft 754 (e.g., via heat shrink process). A
distal region of the second electrode body 758 is free of the insulating layer 760,

defining a second electrode surface 770.

[163] The device 750 operates in a manner highly akin to the device 110 (Fig.
2A) as described above, with the inner shaft 752 powered to rotate or oscillate
relative to the outer shaft 754 to perform tissue cutting, dissection, etc., at the
cutting implement 766. Further, the electrode surfaces 768, 770 can be operated
as bipolar electrodes as described above. In addition, the device 750 is
configured to provide irrigation in a region of the electrode surfaces 768, 770 as

described below.

[164] In particular, and with additional reference to Figs. 43A and 43B, unlike
other embodiments, the second electrode body 758 is cylindrical or ring-shaped

(as best reflected in Fig. 42A). While the second electrode body 758 is disposed
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about the electrical insulator 756 (and the insulating layer 760 is disposed about
the second electrode body 758), an inner diameter of the inner layer second
electrode body 758 is greater than an outer diameter of the electrical insulator
756. The difference in diameter generates an irrigation channel 772 between the
electrical insulator 756 and the second electrode body 758. The irrigation channel
772 extends in a direction generally parallel with a central axis A of the inner
shaft 752 and can be viewed as being annular or ring shaped, circumscribing an
exterior of the electrical insulator 756. The irrigation channel 772 terminates at or
is fluidly open to at an irrigation outlet port 774 (identified in Fig. 43A). At least
a portion of the irrigation outlet port 774 is located or spaced proximal the cutting
tip 762 and the first and second electrode surfaces 768, 770, and is radially
outside of or beyond the outer shaft 754. Though not visible in the views, the
electrical insulator 756 and the second electrode body 758 are configured to
establish an open proximal end for the irrigation channel 772 that is constructed
for fluid connection to one or more other components of the device 750 as will be
apparent to one of ordinary skill (e.g., the irrigation hubs described above) for

connecting a fluid source to the irrigation channel 772.

[165] As shown in Fig. 44, fluid (e.g., saline) F delivered through the irrigation
channel 772 (Fig. 43B) is dispensed to an exterior of the device 750 via the
irrigation outlet port 774, and can progress into contact with the electrode
surfaces 768, 770 to promote operation thereof in a bipolar mode as described
above. With embodiments in which the device 750 provides suction or aspiration
at the cutting tip 762 (e.g., as described above, a lumen of the inner shaft 752 can
be connected to a suction source), the saline or other fluid F expressed from at
least a portion of the irrigation outlet port 774 will not be immediately or

primarily aspirated from the treatment site.

[166] Regardless of how irrigation is provided, other aspects of the present
disclosure relate to geometries of the first and second electrode surfaces. While
previous embodiments have illustrated certain geometries and relationships of
and between the electrode surfaces, other constructions are also envisioned. As a

point of reference, bipolar cautery added to a debrider blade gives a surgeon the
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ability to control blood loss while resecting tissue. Used in sinus surgery, for
example, that are several concems that a surgeon has while using a cauterizing
tool. First, the surgeon must have precise control over the location of cautery.
Mucosal tissue in the sinuses is covered with cilia that is required for normal
mucus flow and healthy sinus function. When mucosal tissue is thermally
damaged, the cilia is permanently lost that can lead to additional sinus problems.
Additionally, many sinus surgeries take place in close proximity to the eyes and
brain; under these circumstances, precise control over the depth and spread of
cauterization can be beneficial. In the embodiments below, various electrode
surface geometries are disclosed that are useful with any of the electrical surgical

devices of the present disclosure.

[167] Portions of another electrical surgical device 800 in accordance with
principles of the present disclosure are shown in Figs. 45A-45D. In particular,
blade and electrode assembly components of the device 800 are shown and
described below. For ease of explanation, various other components of the device
800 are omitted from the views; for example, the device 800 can include one or
more of the various housings, hubs and electrical connections components
described above with respect to the device 110 (Fig. 2A), or equivalent
components or mechanisms. Further, the device 800 can incorporate any of the
irrigation constructions of the present disclosure. With this in mind, the device
800 includes an inner shaft or tubular member 802, an outer shaft or tubular
member 804, an electrical insulator 806, a second electrode body or cap 808, and
an insulating layer 810. Akin to the embodiments above, the inner shaft 802 is
rotatably disposed within the outer shaft 804 and forms a cutting tip 812. The
cutting tip 812 is selectively exposed at a cutting window 814 of the outer shaft
804. The cutting tip 812 and the cutting window 814 combine to define a cutting
implement 816. The electrical insulator 806 covers a majority of an exterior of
the outer shaft 804. The outer shaft 804 is formed of an electrically conductive
material and thus can serve as a first electrode body of the device 800. A distal
portion of the outer shaft 804 is free of the electrical insulator 806, defining a first
electrode surface 818. The second electrode body 808 receives the outer shaft 804
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(coated with the electrical insulator 806). The insulating layer 810 covers a
majority of an exterior of the second electrode body 808, optionally securing the
second electrode body 808 to the outer shaft 804 (e.g., via heat shrink process). A
distal region of the second electrode body 808 is free of the insulating layer 810,

defining a second electrode surface 820.

[168] The device 800 operates in a manner highly akin to the device 110 (Fig.
2A) as described above, with the inner shaft 802 powered to rotate or oscillate
relative to the outer shaft 804 to perform tissue cutting, dissection, etc., at the
cutting implement 816. Further, the electrode surfaces 818, 820 can be operated

as bipolar electrodes as described above.

[169] The first electrode surface 818 includes the exposed perimeter face 822 of
the outer shaft 804 circumscribing the cutting window 814. Further, a leading
face 824 of the first electrode surface 818 is defined beyond the cutting window
perimeter face 822 (i.e., the outer shaft 804 is free of the electrical insulator 806

at the leading face 824).

[170] The second electrode surface 820 can have the frame- or rail-like
configuration shown, and projects distally from the insulating layer 810.
Projection of the second electrode surface 820 defines opposing, upper and lower
edges 826, 828. A shape and contour of the upper edge 826 generally corresponds
with a shape and contour of the first electrode surface 818 as shown. For
example, a gap 830 is defined between the upper edge 826 of the second
electrode surface 820 and the first electrode surface 818, with the gap 830 having
a shape that mimics a shape of a perimeter edge of the first electrode surface 818.

The electrical insulator 806 is exposed at the gap 830.

[171] The frame-like construction of the second electrode surface 820 can be
viewed as generating opposing, first and second side segments 832, 834 and a tip
segment 836. The side segments 832, 834 extend in a generally longitudinal
fashion along opposing sides of the device 800, respectively. The tip segment 836

follows the curved or arcuate shape of a distal end of the outer shaft 804, and
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extends between the side segments 832, 834. A width or height of the second
electrode surface 820 can be larger along the tip segment 836 as compared to a
width or height of the side segments 832, 834. The lower edge 828 is continuous
or contiguous along the segments 832-836. As best identified in Fig. 45B, the
second electrode surface 820 is incomplete or discontinuous relative to a bottom
face of the device 800. Stated otherwise, an open region 838 is generated in the
second electrode surface 820 at which the electrical insulator 806 is exposed. The
lower edge 828 along the first side segment 832 is spaced from the lower edge

828 along the second side segment 834 by the open region 838.

[172] With this construction, bipolar energization at the first and second
electrode surfaces 818, 820 is generally focused to a region of the leading face
824 of the first electrode surface 818 and the tip segment 836 of the second
electrode surface 820. Energization (e.g., cauterization, ablation, etc.) will not
occur at the open region 838 (i.e., region where the second electrode surface 8§20
is not present). Thus, by eliminating material of the second electrode surface 820
on the “back” side of the blade assembly, the device 800 provides enhanced
safety as unintentional tissue energization is prevented from occurring at the back

side.

[173] Portions of another electrical surgical device 850 in accordance with
principles of the present disclosure are shown in Figs. 46A-46D. In particular,
blade and electrode assembly components of the device 850 are shown and
described below. For ease of explanation, various other components of the device
850 are omitted from the views; for example, the device 850 can include one or
more of the various housings, hubs and electrical connections components
described above with respect to the device 110 (Fig. 2A), or equivalent
components or mechanisms. Further, the device 850 can incorporate any of the
irrigation constructions of the present disclosure. With this in mind, the device
850 includes an inner shaft or tubular member 852, an outer shaft or tubular
member 854, an electrical insulator 856, a second electrode body or cap 858, and
an insulating layer 860. Akin to the embodiments above, the inner shaft 852 is

rotatably disposed within the outer shaft 854 and forms a cutting tip 862. The



WO 2016/134156 PCT/US2016/018486
50

cutting tip 862 is selectively exposed at a cutting window 864 of the outer shaft
854. The cutting tip 862 and the cutting window 864 combine to define a cutting
implement 866. The electrical insulator 856 covers a majority of an exterior of
the outer shaft 854. The outer shaft 854 is formed of an electrically conductive
material and thus can serve as a first electrode body of the device 850. A distal
portion of the outer shaft 854 is free of the electrical insulator 856, defining a first
electrode surface 868. The second electrode body 858 receives the outer shaft 854
(coated with the electrical insulator 856). The insulating layer 860 covers a
majority of an exterior of the second electrode body 858, optionally securing the
second electrode body 858 to the outer shaft 854 (e.g., via heat shrink process). A
distal region of the second electrode body 858 is free of the insulating layer 860,

defining a second electrode surface 870.

[174] The device 850 operates in a manner highly akin to the device 110 (Fig.
2A) as described above, with the inner shaft 852 powered to rotate or oscillate
relative to the outer shaft 854 to perform tissue cutting, dissection, etc., at the
cutting implement 866. Further, the electrode surfaces 868, 870 can be operated

as bipolar electrodes as described above.

[175] The first electrode surface 868 includes the exposed perimeter face 872 of
the outer shaft 854 circumscribing the cutting window 864. Further, a leading
face 874 of the first electrode surface 868 is defined beyond the cutting window
perimeter face 872 (i.e., the outer shaft 854 is free of the electrical insulator 856
at the leading face 874).

[176] The second electrode surface 870 can have the rib-like configuration
shown, and projects distally from the insulating layer 860. Projection of the
second electrode surface 870 defines opposing side edges 876, 878 and a tip edge
880. A shape and contour of the second electrode surface 870 is such that the
opposing side edges 876, 878 can be substantially linear or straight, extending
substantially parallel with a central axis of the outer shaft 856. Further, the
opposing side edges 876, 878 are distinctly spaced from a corresponding (i.e.,

closest) edge of the first electrode surface 868. The second electrode surface 870
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mimics or follows a curvature of a distal end of the outer shaft 856, and locates
the tip edge 880 in relatively close proximity to the leading face 874 of the first
electrode surface 868. Stated otherwise, while a gap 882 exists between the
leading face 874 of the first electrode surface 868 and the tip edge 880 of the
second electrode surface 870 (at which the electrical insulator 806 is exposed), a
distance between the leading face 874 and the tip edge 880 is substantially less
than a distance between the side edges 876, 878 and corresponding (i.e., closest)
edge of the first electrode surface 868. For example, in some embodiments, a
distance between the tip edge 880 and the first electrode surface 868 is at least
25% less than the distance between at least a majority of the first or second side
edges 876, 878 and the first electrode surface 868, alternatively at least 30% less,

or at least 50% less.

[177] With this construction, bipolar energization at the first and second
electrode surfaces 868, 870 is generally focused to a region of the leading face
874 of the first electrode surface 868 and the tip edge 880 of the second electrode
surface 870. Energization (e.g., cauterization, ablation, etc.) will is much less
likely to occur at the sides of the second electrode surface 870 or “back™ of the
blade assembly, providing enhanced safety as unintentional tissue energization is
prevented from occurring at the back side. Further, a precise cautery effect is

promoted at the tip of the blade assembly.

[178] Portions of another electrical surgical device 900 in accordance with
principles of the present disclosure are shown in Figs. 47A-47D. In particular,
blade and electrode assembly components of the device 900 are shown and
described below. For ease of explanation, various other components of the device
900 are omitted from the views; for example, the device 900 can include one or
more of the various housings, hubs and electrical connections components
described above with respect to the device 110 (Fig. 2A), or equivalent
components or mechanisms. Further, the device 900 can incorporate any of the
irrigation constructions of the present disclosure. With this in mind, the device
900 includes an inner shaft or tubular member 902, an outer shaft or tubular

member 904, an electrical insulator 906, a second electrode body or cap 908, and
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an insulating layer 910. Akin to the embodiments above, the inner shaft 902 is
rotatably disposed within the outer shaft 904 and forms a cutting tip 912. The
cutting tip 912 is selectively exposed at a cutting window 914 of the outer shaft
904. The cutting tip 912 and the cutting window 914 combine to define a cutting
implement 916. The electrical insulator 906 covers a majority of an exterior of
the outer shaft 904. The outer shaft 904 is formed of an electrically conductive
material and thus can serve as a first electrode body of the device 900. A distal
portion of the outer shaft 904 is free of the electrical insulator 906, defining a first
electrode surface 918. The second electrode body 908 receives the outer shaft 904
(coated with the electrical insulator 906). The insulating layer 910 covers a
majority of an exterior of the second electrode body 908, optionally securing the
second electrode body 908 to the outer shaft 904 (e.g., via heat shrink process). A
distal region of the second electrode body 908 is free of the insulating layer 910,

defining a second electrode surface 920.

[179] The device 900 operates in a manner highly akin to the device 110 (Fig.
2A) as described above, with the inner shaft 902 powered to rotate or oscillate
relative to the outer shaft 904 to perform tissue cutting, dissection, etc., at the
cutting implement 916. Further, the electrode surfaces 918, 920 can be operated

as bipolar electrodes as described above.

[180] The first electrode surface 918 includes the exposed perimeter face 922 of
the outer shaft 904 circumscribing the cutting window 914. Further, a leading
face 924 of the first electrode surface 918 is defined beyond the cutting window
perimeter face 922 (i.e., the outer shaft 904 is free of the electrical insulator 906

at the leading face 924).

[181] The second electrode surface 920 projects distally beyond the insulating
layer 910, and forms or defines a base segment 926 and opposing, first and
second tab segments 928, 930. The base segment 926 is generally arranged
opposite the cutting window 924 and defines opposing side edges 932, 934.
Extension of the base segment 926 can be substantially parallel with a central

axis A of the outer shaft 904. Regardless, the side edges 932, 934 are
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substantively spaced from a corresponding (i.e., closest) edge of the first
electrode surface 918. The tab segments 928, 930 can be substantially identical
(e.g., mirror images), and project from the base segment 926 in a direction off-set
from the central axis A while following a shape and contour of the distal end of
the outer shaft 904. The tab segments 928, 930 each terminate in a tip edge 936,
938, respectively, that is located proximate the leading face 924 of the first
electrode surface 918. As best reflected by Fig. 47D, the tip edges 936, 938 are
radially off-set or off-axis from the central axis A, with the tip edge 936 of the
first tab segment 928 located at one side of the central axis A and the tip edge 938
of the second tab segment 930 located at an opposite side of the central axis.
While a gap 940 exists between the leading face 924 of the first electrode surface
918 and the tip edges 936, 938 of the second electrode surface 920 (at which the
electrical insulator 906 is exposed), a distance between the leading face 924 and
the tip edges 936, 938 is substantially less than a distance between any other
edges of the second electrode surface 920 and corresponding (i.e., closest) edge
of the first electrode surface 918. For example, in some embodiments, a distance
between the tip edges 936, 938 and the first electrode surface 918 is at least 25%
less than the distance between a remainder of the second electrode surface 920
and the first electrode surface 918, alternatively at least 30% less, or at least 50%

less.

[182] With this construction, bipolar energization at the first and second
electrode surfaces 918, 920 is generally focused to a region of the leading face
924 of the first electrode surface 918 and the off-set tip edges 936, 938 of the
second electrode surface 920. Energization (e.g., cauterization, ablation, etc.) is
less likely to occur at the “back™ of the blade assembly, providing enhanced
safety as unintentional tissue energization is prevented from occurring at the back
side. Further, a precise cautery control is promoted at the off-axis tips of the
blade assembly; this effect can be beneficial, for example, with procedures in

which an off-axis electrode is desired to access the target anatomy.

[183] Portions of another electrical surgical device 950 in accordance with

principles of the present disclosure are shown in Figs. 48A-48C. In particular,
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blade and electrode assembly components of the device 950 are shown and
described below. For ease of explanation, various other components of the device
950 are omitted from the views; for example, the device 950 can include one or
more of the various housings, hubs and electrical connections components
described above with respect to the device 110 (Fig. 2A), or equivalent
components or mechanisms. Further, the device 950 can incorporate any of the
irrigation constructions of the present disclosure. With this in mind, the device
950 includes an inner shaft or tubular member 952, an outer shaft or tubular
member 954, an electrical insulator 956, a second electrode body or cap 958, and
an insulating layer 960. Akin to the embodiments above, the inner shaft 952 is
rotatably disposed within the outer shaft 954 and forms a cutting tip 962. The
cutting tip 962 is selectively exposed at a cutting window 964 of the outer shaft
954. The cutting tip 962 and the cutting window 964 combine to define a cutting
implement 966. The electrical insulator 966 covers a majority of an exterior of
the outer shaft 954. The outer shaft 954 is formed of an electrically conductive
material and thus can serve as a first electrode body of the device 950. A distal
portion of the outer shaft 954 is free of the electrical insulator 956, defining a first
electrode surface 968. The second electrode body 958 receives the outer shaft 954
(coated with the electrical insulator 956). The insulating layer 960 covers a
majority of an exterior of the second electrode body 958, optionally securing the
second electrode body 958 to the outer shaft 954 (e.g., via heat shrink process). A
distal region of the second electrode body 958 is free of the insulating layer 960,

defining a second electrode surface 970.

[184] The device 950 operates in a manner highly akin to the device 110 (Fig.
2A) as described above, with the inner shaft 952 powered to rotate or oscillate
relative to the outer shaft 954 to perform tissue cutting, dissection, etc., at the
cutting implement 966. Further, the electrode surfaces 968, 970 can be operated

as bipolar electrodes as described above.

[185] The first electrode surface 968 includes the exposed perimeter face 972 of
the outer shaft 954 circumscribing the cutting window 964. Further, a leading
face 974 of the first electrode surface 968 is defined beyond the cutting window
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perimeter face 972 (i.e., the outer shaft 954 is free of the electrical insulator 956

at the leading face 974).

[186] The second electrode surface 970 projects distally beyond the insulating
layer 960, and forms or defines a base segment 976 and a tip segment 978. The
base segment 976 is generally arranged opposite the cutting window 964 and
defines opposing side edges 980, 982. The side edges 980, 982 can have identical
shapes. For example, a shape of the first side edge 980 is shown in Fig. 48B as
defining a proximal region 984 and a distal region 986. A shape of the proximal
region 984 can mimic a shape of the corresponding (i.e., closest) edge of the first
electrode surface 968, such that a first spacing 988 between the first side edge
980 and the first electrode surface 968 (along the proximal region 984) is
relatively uniform. The side edge 980 projects away from the first electrode
surface 968 along the distal region 986, establishing an enlarged, second spacing
990 between the first side edge 980 and the first electrode surface 968 in the
distal direction. A size of the second spacing 990 is greater than a size of the first
spacing 988. Stated otherwise, a distance between the first side edge 980 and the
corresponding (i.e., closest) edge of the first electrode surface 968 along the distal

region 986 is greater than that along the proximal region 984.

[187] The tip segment 978 follows a curvature of the distal end of the outer
shaft 954, and projects upwardly toward the first electrode surface 968. The tip
segment 978 terminates at a tip edge 992 that is proximate the leading face 974 of
the first electrode surface 968. While a gap 994 exists between the leading face
974 of the first electrode surface 968 and the tip edge 992 of the second electrode
surface 970 (at which the electrical insulator 956 is exposed), a distance between
the leading face 974 and the tip edge 992 is substantially less than a distance
between the side edges 980, 982 and corresponding (i.e., closest) edge of the first
electrode surface 968, at least along the corresponding distal region 986. Stated
otherwise a size of the gap 994 at the tip edge 992 is substantially less than a size
of the second spacing 990 at the distal region 986. For example, in some
embodiments, a distance between the tip edge 992 and the first electrode surface

968 is at least 25% less than the distance between side edges 980, 982 along the
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distal region 986 and the corresponding (i.e., closest) edge of the first electrode

surface 968, alternatively at least 30% less, or at least 50% less.

[188] With this construction, bipolar energization at the first and second
electrode surfaces 968, 970 is generally focused to a region of the leading face
974 of the first electrode surface 968 and the tip edge 992 of the second electrode
surface 970, and at opposing side regions corresponding with the proximal
regions 984 of the second electrode surface 970. The energization (e.g.,
cauterization, ablation, etc.) effect is concentrated at the tip and sides of the blade
assembly. Greater cautery precision is afforded during side and tip led cuts when

the device 950 is used in simultaneous debride/cauterize procedures.

[189] Portions of another electrical surgical device 1000 in accordance with
principles of the present disclosure are shown in Figs. 49A-49C. In particular,
blade and electrode assembly components of the device 1000 are shown and
described below. For ease of explanation, various other components of the device
1000 are omitted from the views; for example, the device 1000 can include one or
more of the various housings, hubs and electrical connections components
described above with respect to the device 110 (Fig. 2A), or equivalent
components or mechanisms. Further, the device 1000 can incorporate any of the
irrigation constructions of the present disclosure. With this in mind, the device
1000 includes an inner shaft or tubular member 1002, an outer shaft or tubular
member 1004, an electrical insulator 1006, a second electrode body or cap 1008,
and an insulating layer 1010. Akin to the embodiments above, the inner shaft
1002 is rotatably disposed within the outer shaft 1004 and forms a cutting tip
1012. The cutting tip 1012 is selectively exposed at a cutting window 1014 of the
outer shaft 1004. The cutting tip 1012 and the cutting window 1014 combine to
define a cutting implement 1016. The electrical insulator 1006 covers a majority
of an exterior of the outer shaft 1004. The outer shaft 1004 is formed of an
electrically conductive material and thus can serve as a first electrode body of the
device 1000. A distal portion of the outer shaft 1004 is free of the electrical
insulator 1006, defining a first electrode surface 1018. The second electrode body
1008 receives the outer shaft 1004 (coated with the electrical insulator 1006). The
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insulating layer 1010 covers a majority of an exterior of the second electrode
body 1008, optionally securing the second electrode body 1008 to the outer shaft
1004 (e.g., via heat shrink process). A distal region of the second electrode body
1008 is free of the insulating layer 1010, defining a second electrode surface

1020.

[190] The device 1000 operates in a manner highly akin to the device 110 (Fig.
2A) as described above, with the inner shaft 1002 powered to rotate or oscillate
relative to the outer shaft 1004 to perform tissue cutting, dissection, etc., at the
cutting implement 1016. Further, the electrode surfaces 1018, 1020 can be

operated as bipolar electrodes as described above.

[191] The first electrode surface 1018 includes the exposed perimeter face 1022
of the outer shaft 1004 circumscribing the cutting window 1014. Further, a
leading face 1024 of the first electrode surface 1018 is defined beyond the cutting
window perimeter face 1022 (i.e., the outer shaft 1004 is free of the electrical

insulator 1006 at the leading face 1024).

[192] The second electrode surface 1020 projects distally beyond the insulating
layer 1010, and forms or defines a base 1026 and opposing tabs 1028, 1030. The
base segment 1026 is generally arranged opposite the cutting window 1014 and
defines opposing side edges 1032, 1034. The side edges 1032, 1034 can have
identical shapes. For example, a shape of the first side edge 1032 is shown in Fig.
49B as mimicking or following a shape of the corresponding (i.e., closest) edge
of the first electrode surface 1018, such that a relatively uniform spacing is
established between the side edges 1032, 1034 and the first electrode surface
1018.

[193] The opposing tabs 1028, 1030 generally follow a curvature of the distal
end of the outer shaft 1004, and each terminate at a tip edge 1036, 1038,
respectively. A shape of each of the tip edges 1036, 1038 mimics or follows a
shape of the corresponding (i.e., closest) edge of the first electrode surface 1018,

such as a shape of the leading face 1024. A notch 1040 is formed in the second
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electrode surface 1020 between the opposing tabs 1028, 1030 (e.g., the tabs 1028,
1030 are defined at opposite sides of a central axis of the outer shaft 1006). The
notch 1040 defines a recessed leading edge 1042 of the second electrode surface
1020. An enlarged spacing or gap 1044 (at which the electrical insulator 1006 is
exposed) is generated between the recessed leading edge 1042 of the second
electrode surface 1020 and the leading face 1024 of the first electrode surface
1018. A size of the gap 1044 is greater than a size of the spacing between the first
electrode surface 1018 and other edges of the second electrode surface 1020.
Stated otherwise, a distance between the recessed leading edge 1042 of the
second electrode surface 1020 and the leading face 1024 of the first electrode
surface 1018 is greater than the distance between the tip edges 1036, 1038 and
the corresponding (i.e., closest) edge (e.g., the leading face 1024) of the first
electrode surface 1018, and is greater than the distance between the side edges
1032, 1034 and the corresponding (i.e., closest) edge of the first electrode surface
1018.

[194] With this construction, bipolar energization at the first and second
electrode surfaces 1018, 1020 is generally focused to a region of the leading face
1024 of the first electrode surface 1018 and the off-set tip edges 1036, 1038 of
the second electrode surface 1020. Enhanced safety is provided by concentrating
off-axis cautery (or other electrical stimulation) and reducing cautery effect at the

tip for procedures where the tip cannot be visualized.

[195] Portions of another electrical surgical device 1050 in accordance with
principles of the present disclosure are shown in Figs. SOA-50D. In particular,
blade and electrode assembly components of the device 1050 are shown and
described below. For ease of explanation, various other components of the device
1050 are omitted from the views; for example, the device 1050 can include one or
more of the various housings, hubs and electrical connections components
described above with respect to the device 110 (Fig. 2A), or equivalent
components or mechanisms. Further, the device 1050 can incorporate any of the
irrigation constructions of the present disclosure. With this in mind, the device

1050 includes an inner shaft or tubular member 1052, an outer shaft or tubular
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member 1054, an electrical insulator 1056, a second electrode body or cap 1058,
and an insulating layer 1060. Akin to the embodiments above, the inner shaft
1052 is rotatably disposed within the outer shaft 1054 and forms a cutting tip
1062. The cutting tip 1062 is selectively exposed at a cutting window 1064 of the
outer shaft 1054. The cutting tip 1062 and the cutting window 1064 combine to
define a cutting implement 1066. The electrical insulator 1056 covers a majority
of an exterior of the outer shaft 1054. The outer shaft 1054 is formed of an
electrically conductive material and thus can serve as a first electrode body of the
device 1050. A distal portion of the outer shaft 1054 is free of the electrical
insulator 1056, defining a first electrode surface 1068. The second electrode body
1058 receives the outer shaft 1054 (coated with the electrical insulator 1056). The
insulating layer 1060 covers a majority of an exterior of the second electrode
body 1058, optionally securing the second electrode body 1058 to the outer shaft
1054 (e.g., via heat shrink process). A distal region of the second electrode body
1058 is free of the insulating layer 1060, defining a second electrode surface

1070.

[196] The device 1050 operates in a manner highly akin to the device 110 (Fig.
2A) as described above, with the inner shaft 1052 powered to rotate or oscillate
relative to the outer shaft 1054 to perform tissue cutting, dissection, etc., at the
cutting implement 1066. Further, the electrode surfaces 1068, 1070 can be

operated as bipolar electrodes as described above.

[197] The first electrode surface 1068 includes the exposed perimeter face 1072
of the outer shaft 1054 circumscribing the cutting window 1064.

[198] The second electrode surface 1070 projects distally beyond the insulating
layer 1060, and forms or defines a base 1074 and opposing tabs 1076, 1078. The
base 1074 is generally arranged toward the cutting window 1064 and defines a
back edge 1080. A shape of the back edge 1080 mimics or follows a shape of the
corresponding (i.e., closest) edge of the first electrode surface 1068 (e.g., that
portion of the perimeter face 1072 immediately adjacent the back edge 1080),
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such that a relatively uniform spacing is established between the back edge 1080

and the first electrode surface 1068.

[199] The tabs 1076, 1078 can be identical in shape, projecting from the base
1074 at opposite sides of the cutting window 1064. Each tab defines an upper
edge 1082 opposite a lower edge 1084, and terminates at a tip edge 1086. A
shape of the 1082 mimics or follows a shape of the corresponding (i.e., closest)
edge of the first electrode surface 1068 (e.g., that portion of the perimeter face
1072 immediately adjacent the respective upper edge 1082). The tabs 1076, 1078
do not extend to (or about) the distal end of the outer shaft 1054; the tip edge
1086 of each of the tabs 1076, 1078 is proximal the distal end of the outer shaft
1054. As best shown in Fig. 50A, a distal insulated region 1088 is generated at
which the second electrode surface 1070 does not exist and at which the electrical
insulator 1056 is exposed. Further, and as best reflected by Fig. 50B, the
opposing lower edges 1084 of the tabs 1076, 1078 are circumferentially spaced
from one another. Thus, a substantive open region 1090 is defined between the

tabs 1076, 1078 and at which the electrical insulator 1056 is exposed.

[200] With this construction, bipolar energization at the first and second
electrode surfaces 1068, 1070 is generally focused to a proximal region of the
first electrode surface 1068. Enhanced safety is provided for procedures where

the tip cannot be visualized.

[201] Various modifications and alterations to this disclosure will become
apparent to those skilled in the art without departing from the scope and spirit of
this disclosure. It should be understood that this disclosure is not intended to be
unduly limited by the illustrative embodiments and examples set forth herein and
that such examples and embodiments are presented by way of example only with
the scope of the disclosure intended to be limited only by the claims set forth

herein as follows.
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What is claimed is:

1. A bipolar electrical device, comprising:

an outer shaft defining a lumen extending along a central axis, a proximal
end and a distal end opposite the proximal end, wherein the distal
end forms a cutting window open to the lumen;

an inner shaft rotatably disposed within the lumen of the outer shaft about
the central axis, the inner shaft defining a distal portion forming a
cutting tip;

wherein the cutting tip and the cutting window combine to define a
cutting implement; and

first and second electrically isolated electrode surfaces formed at the
cutting implement;

an irrigation channel extending parallel to the outer shaft, the irrigation
channel terminating in at least one outlet port proximally spaced

from the cutting window and located radially outside of the outer

shaft.
2. The device of claim 1, wherein the outer shaft forms the first electrode
surface.
3. The device of claim 2, further comprising a second electrode body

connected to the outer shaft and defining the second electrode surface.

4, The device of claim 3, further comprising an electrical insulator disposed
over the outer shaft to electrically isolate the outer shaft and the second electrode
body.

5. The device of claim 4, wherein at a surface of the cutting window is free
of the electrical insulator such that at least a portion of the cutting window

defines at least a portion of the first electrode surface.
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6. The device of claim 5, further comprising an insulating layer disposed

about the second electrode body and the outer shaft.

7. The device of claim 6, wherein at least a portion of the second electrode

body is free of the insulating layer to form the second electrode surface.

8. The device of claim 1, wherein the irrigation channel is defined by a

spacing between the inner and outer shafts.

9. The device of claim 8, wherein the at least one outlet port includes a weep
hole.
10. The device of claim 8, wherein the at least one outlet port is formed by a

porous material.

11. The device of claim 8, wherein the at least one outlet port includes a hole

formed in the outer shaft.

12. The device of claim 11, further comprising an electrical insulator disposed
over the outer shaft, wherein a region of the outer shaft is free of the electrical
insulator to define the first electrode surface, and further wherein the at least one

outlet port includes a hole formed through a thickness of the electrical insulator.

13.  The device of claim 12, wherein the hole in the outer shaft is aligned with

the hole in the electrical insulator.

14. The device of claim 12, further comprising a second electrode body at
least partially surrounding the outer shaft, and an insulating layer disposed about
the second electrode body and the outer shaft, and further wherein the at least one

outlet port includes a hole formed through a thickness of the insulating layer.
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15. The device of claim 14, wherein the hole in the outer shaft, the hole in the

electrical insulator and the hole in the insulating layer are aligned.

16. The device of claim 15, wherein a centerline of the at least one outlet port

as defined by the aligned holes is oblique with respect to the central axis.

17. The device of claim 8, further comprising an electrical insulator applied to
the outer shaft and a second electrode body connected to the outer shaft and
defining the second electrode surface, wherein the at least one outlet port includes
a hole formed through a thickness of the outer shaft, and further wherein the at
least one outlet port opens to a channel defined between the electrical insulator

and the second electrode body.

18. The device of claim 17, wherein the second electrode body includes an
inner layer formed of an electrically non-conductive material and an outer layer

formed of an electrically conductive material.

19. The device of claim 15, wherein the at least one outlet port further

includes a deflector for directing expelled fluid in a distal direction.

20. The device of claim 15, wherein the at least one outlet port further

includes a conduit for directing expelled fluid in a distal direction.

21. The device of claim 1, wherein the irrigation channel is defined by an

irrigation tube connected to the outer shaft.

22. The device of claim 1, further comprising an electrical insulator applied
over the outer shaft, and further wherein the irrigation channel is defined in the

electrical insulator.
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