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(54) REMOVABLE FLUID RESERVOIR AND ULTRASONIC SURGICAL INSTRUMENT INCLUDING 
THE SAME

(57) A fluid reservoir (320) includes a housing having
a body, a leading end, and a trailing end enclosing a fluid
chamber storing fluid therein, sealed inflow and outflow
ports disposed at the leading end of the housing, and a
heat exchanger (300) disposed at the trailing end of the
housing. An ultrasonic surgical instrument (10) includes
a housing (20) defining a barrel portion and a fixed handle
portion (26) extending from the barrel portion, an ultra-
sonic transducer received at least partially within the bar-

rel portion of the housing, a waveguide operably coupled
to the ultrasonic transducer and extending distally from
the housing to a blade (124) configured to treat tissue
with ultrasonic energy produced by the ultrasonic trans-
ducer and transmitted along the waveguide, and a fluid
management system disposed within the housing. The
fluid reservoir (320) is configured for releasable engage-
ment with the fixed handle portion to facilitate cooling of
the blade with fluid.
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Description

BACKGROUND

Technical Field

[0001] The present disclosure relates to surgical in-
struments and, in particular, to a removable fluid reservoir
and ultrasonic surgical instrument including the same to
facilitate cooling of the surgical instrument.

Background of Related Art

[0002] Energy-based tissue treatment is well known in
the art. Various types of energy (e.g., electrical, ultrason-
ic, microwave, cryogenic, thermal, laser, etc.) are applied
to tissue to achieve a desired result. Ultrasonic energy,
for example, may be delivered to tissue to treat, e.g.,
coagulate and/or cut, tissue.
[0003] Ultrasonic surgical instruments, for example,
typically include a waveguide having a transducer cou-
pled thereto at a proximal end of the waveguide and an
end effector disposed at a distal end of the waveguide.
The waveguide transmits ultrasonic energy produced by
the transducer to the end effector for treating tissue at
the end effector. The end effector may include a blade,
hook, ball, shears, etc., and/or other features such as
one or more jaws for grasping or manipulating tissue.
During use, the waveguide and/or end effector of an ul-
trasonic surgical instrument can reach temperatures
greater than 200° C.

SUMMARY

[0004] As used herein, the term "distal" refers to the
portion that is being described which is further from a
user, while the term "proximal" refers to the portion that
is being described which is closer to a user. Further, to
the extent consistent, any of the aspects described herein
may be used in conjunction with any or all of the other
aspects described herein.
[0005] Provided in accordance with aspects of the
present disclosure is a fluid reservoir configured for re-
leasable engagement with an ultrasonic surgical instru-
ment. The fluid reservoir includes a housing including a
body, a leading end, and a trailing end enclosing a fluid
chamber configured for storing fluid therein. The fluid res-
ervoir further includes sealed inflow and outflow ports
disposed at the leading end of the housing and a heat
exchanger disposed at the trailing end of the housing.
[0006] In an aspect of the present disclosure, the fluid
reservoir further includes inflow and outflow shafts oper-
ably coupled to the sealed inflow and outflow ports, re-
spectively, and extending into the fluid chamber.
[0007] In another aspect of the present disclosure, the
inflow and outflow shafts define different lengths such
that open ends of the inflow and outflow shafts are
spaced-apart from one another along a length of the fluid

chamber.
[0008] In still another aspect of the present disclosure,
the heat exchanger includes a plurality of fins configured
to facilitate heat exchange between an exterior and an
interior of the housing.
[0009] In yet another aspect of the present disclosure,
the body defines a guide slot along a substantial portion
of a length thereof that is configured to facilitate aligned
insertion of the housing into an ultrasonic surgical instru-
ment.
[0010] In still yet another aspect of the present disclo-
sure, the sealed inflow and outflow ports are each con-
figured to be punctured by a needle.
[0011] An ultrasonic surgical instrument provided in
accordance with aspects of the present disclosure in-
cludes a housing defining a barrel portion and a fixed
handle portion extending from the barrel portion. The
fixed handle portion defines an internal cavity. The ultra-
sonic surgical instrument further includes an ultrasonic
transducer received at least partially within the barrel por-
tion of the housing, a waveguide operably coupled to the
ultrasonic transducer and extending distally from the
housing to a blade configured to treat tissue with ultra-
sonic energy produced by the ultrasonic transducer and
transmitted along the waveguide, a fluid management
system disposed within the housing, and a fluid reservoir
releasably engageable within the internal cavity of the
fixed handle portion of the housing. The fluid reservoir
includes a body, a leading end, and a trailing end enclos-
ing a fluid chamber storing fluid therein. The fluid reser-
voir further includes inflow and outflow ports disposed at
the leading end and a heat exchanger disposed at the
trailing end. Upon engagement of the fluid reservoir with-
in the internal cavity, the inflow and outflow ports are
operably coupled with the fluid management system to
enable fluid from the fluid reservoir to be circulated to
cool the blade.
[0012] In an aspect of the present disclosure, the inflow
and outflow ports of the fluid reservoir are sealed and the
fluid management system includes inflow and outflow
needles configured to puncture the sealed inflow and out-
flow ports, respectively, to fluidly couple the fluid man-
agement system with the fluid reservoir.
[0013] In another aspect of the present disclosure, the
fluid reservoir further includes inflow and outflow shafts
operably coupled to the inflow and outflow ports, respec-
tively, and extending into the fluid chamber. The inflow
and outflow shafts may define different lengths such that
open ends of the inflow and outflow shafts are spaced-
apart from one another along a length of the fluid cham-
ber.
[0014] In still another aspect of the present disclosure,
the heat exchanger includes a plurality of fins configured
to facilitate heat exchange between an exterior and an
interior of the fluid reservoir. The heat exchanger may
remain external of the housing when the fluid reservoir
is engaged within the internal cavity.
[0015] In yet another aspect of the present disclosure,
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the fixed handle portion includes a guide rail disposed
within the internal cavity and the body of the fluid reservoir
defines a guide slot configured to receive the guide rail
to guide insertion of the fluid reservoir into the internal
cavity.
[0016] In still yet another aspect of the present disclo-
sure, the fluid management system includes an inflow
conduit communicating with a lumen disposed within the
waveguide for circulating fluid from the fluid reservoir
through the waveguide.
[0017] In another aspect of the present disclosure, the
fluid management system includes a fluid pump config-
ured to pump fluid at least one of to or from the fluid
reservoir.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Various aspects and features of the present dis-
closure are described hereinbelow with reference to the
drawings wherein like numerals designate identical or
corresponding elements in each of the several views:

FIG. 1 is a perspective view of an ultrasonic surgical
instrument provided in accordance with the present
disclosure, wherein the distal end thereof is enlarged
to better illustrate the components and features
thereof;
FIG. 2 is a side view of the ultrasonic surgical instru-
ment of FIG. 1 with components removed, wherein
the distal end thereof is enlarged and shown in cross-
section to better illustrate features thereof;
FIG. 3 is a perspective view of a fluid reservoir pro-
vided in accordance with the present disclosure and
configured for use with the ultrasonic surgical instru-
ment of FIG. 1;
FIG. 4 is a side view of a fixed handle portion of the
ultrasonic surgical instrument of FIG. 1 and the fluid
reservoir of FIG. 3 disengaged therefrom; and
FIG. 5 is a longitudinal, cross-sectional view of the
distal end of another ultrasonic surgical instrument
provided in accordance with the present disclosure.

DETAILED DESCRIPTION

[0019] Referring to FIGS. 1 and 2, an ultrasonic surgi-
cal instrument provided in accordance with the aspects
and features of the present disclosure is shown generally
identified by reference numeral 10. Ultrasonic surgical
instrument 10 includes a housing 20, a movable handle
40 operably coupled to housing 20, a shaft 50 extending
distally from housing 20, a rotation knob 60 supported
on housing 20 and configured for rotating shaft 50 relative
to housing 20, and an ultrasonic transducer 80 removably
engageable with housing 20. Ultrasonic surgical instru-
ment 10 further includes an end effector assembly 100
disposed at a distal end of shaft 50, a waveguide 120
extending through housing 20 and shaft 50 and operably
coupling ultrasonic transducer 80 to end effector assem-

bly 100, a drive assembly (not shown) operably coupled
between movable handle 40 and end effector assembly
100, and an activation assembly (not shown) operably
coupled to housing 20 or remotely disposed relative to
housing 20 for enabling the selective supply of energy to
ultrasonic transducer 80 to drive ultrasonic transducer
80. Ultrasonic surgical instrument 10 additionally in-
cludes a fluid management assembly 200 disposed with-
in housing 20, a fluid reservoir 300 configured for releas-
able engagement with housing 20 and fluid management
assembly 200, and a cable 400 configured to connect to
a generator (not shown) or other power source for driving
ultrasonic transducer 80.
[0020] Housing 20 defines a longitudinally-extending
barrel portion 22 and a fixed handle portion 26 extending
obliquely from barrel portion 22 to define a pistol-grip
style configuration of housing 20. Barrel portion 22 of
housing 20 is configured to removably receive at least a
portion of ultrasonic transducer 80 therein to enable ul-
trasonic transducer 80 to operably couple with
waveguide 120. Barrel portion 22 further defines a distal
opening through which shaft 50, the drive sleeve of the
drive assembly (not shown), and waveguide 120 extend
in substantially coaxial arrangement.
[0021] Fixed handle portion 26 of housing 20 is posi-
tioned adjacent movable handle 40 to enable a user to
grasp fixed handle portion 26 of housing 20 and manip-
ulate movable handle 40 with a single hand. Fixed handle
portion 26, more specifically, defines an interior cavity 27
having an open lower end 28 to enable receipt of fluid
reservoir 300 therein, as detailed below. Fixed handle
portion 26 further defines a pair of opposed cut-outs 29
adjacent open lower end 28 thereof, on opposing sides
of fixed handle portion 26. Fixed handle portion 26 also
includes a guide rail 30 disposed on an interior surface
of fixed handle portion 26 and extending into interior cav-
ity 27. Guide rail 30 extends a substantial portion of the
length of fixed handle portion 26, e.g., at least 50% of
the length of fixed handle portion 26 or, in embodiments,
at least 75% of the length of fixed handle portion 26.
[0022] Movable handle 40 includes a grasping portion
42 configured to facilitate grasping and manipulation by
a user. Movable handle 40 further includes a flange por-
tion 44 extending into barrel portion 22 of housing 20.
Flange portion 44 is pivotably coupled to housing 20 with-
in housing 20 and is operably coupled to the drive as-
sembly (not shown) of ultrasonic surgical instrument 10
such that pivoting of movable handle 40 relative to fixed
handle portion 26 of housing 20 from a spaced-apart po-
sition towards an approximated position pivots clamp arm
102 of end effector assembly 100 relative to blade 124
of end effector assembly 100 from an open position to a
clamping position for clamping tissue therebetween.
[0023] With continued reference to FIGS. 1 and 2, shaft
50 is rotatably supported by housing 20 and extends dis-
tally through distal opening 25 of barrel portion 22 of
housing 20. Shaft 50 includes end effector assembly 100
disposed at a distal end thereof. Shaft 50 is disposed
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about the drive sleeve of the drive assembly (not shown),
although it is also contemplated that this configuration
be reversed, e.g., wherein the drive sleeve is disposed
about shaft 50. Shaft 50 is longitudinally fixed relative to
housing 20 but is rotatable relative thereto in response
to rotation of rotation knob 60 relative to housing 20 via
coupling therebetween. Rotation knob 60 is also coupled
to the drive sleeve and waveguide 120 such that rotation
of rotation knob 60 likewise rotates the drive sleeve,
waveguide 120, and ultrasonic transducer 80 relative to
housing 20 in response to rotation of rotation knob 60
relative to housing 20.
[0024] End effector assembly 100 includes clamp arm
102, blade 124 of waveguide 120, a pair of clevis mem-
bers 112 (only one clevis member 112 is illustrated in
FIG. 1 with the other being obstructed), and a drive link
116. Clamp arm 102 includes a frame 104 and a tissue
pad 108 engaged with frame 104. Frame 104 of clamp
arm 102 is pivotably coupled to a distal end portion of
shaft 50 by way of clevis members 112. Drive link 116 is
coupled between frame 104 of clamp arm 102 and a distal
end portion of the drive sleeve such that translation of
the drive sleeve translates drive link 116 to thereby pivot
clamp arm 102 between the open and clamping posi-
tions.
[0025] Waveguide 120 defines a body 122, a blade
124 extending from the distal end of body 122, and a
proximal connector 126 extending from the proximal end
of body 122. Waveguide 120 defines an internal lumen
128 extending from a proximal portion thereof into blade
124. Internal lumen 128 is disposed in communication
with a proximal port 129 defined through body 122 of
waveguide 120 towards the proximal end thereof to en-
able the inflow and outflow of fluid into and out of internal
lumen 128, as detailed below. In embodiments, a rotary
manifold (not shown) is provided to enable the inflow and
outflow of fluid into and out of internal lumen 128 while
allowing waveguide 120 to rotate through 360 degrees
relative to housing 20.
[0026] Internal lumen 128 of waveguide 120 defines a
closed distal end within blade 124. Blade 124, as noted
above, forms part of end effector assembly 100 in that
blade 124 is positioned to oppose clamp arm 102 such
that pivoting of clamp arm 102 from the open position to
the clamping position enables clamping of tissue be-
tween clamp arm 102 and blade 124. Blade 124 may
define a linear configuration as shown, or may define a
curved configuration.
[0027] Proximal connector 126 of waveguide 120 is
configured to enable engagement of waveguide 120 with
ultrasonic transducer 80, e.g., via a threaded engage-
ment or other suitable engagement, such that mechani-
cal motion produced by ultrasonic transducer 80 is ca-
pable of being transmitted along waveguide 120 to blade
124 for treating tissue clamped between blade 124 and
clamp arm 102 or positioned adjacent blade 124.
[0028] The drive assembly (not shown) operably cou-
ples movable handle 40 with clamp arm 102 such that

actuation of movable handle 40 pivots clamp arm 102
between the open and clamping positions. The activation
assembly (not shown) may include a button or other suit-
able actuator enabling enable manual manipulation by a
user. In some embodiments, the activation assembly in-
cludes a two-mode button wherein actuation to a first
actuated position supplies energy to ultrasonic transduc-
er 80 corresponding to a "LOW" power mode, and where-
in actuation to a second actuated position supplies en-
ergy to ultrasonic transducer 80 corresponding to a
"HIGH" power mode.
[0029] Continuing with reference to FIGS. 1 and 2, fluid
management assembly 200 is disposed within housing
20 and includes a fluid pump 210, an inflow fluid assembly
220, and an outflow fluid assembly 230. Inflow fluid as-
sembly 220 includes a hollow needle 222 extending into
interior cavity 27 of fixed handle portion 26 of housing 20
and defining a sharp tip 223 therein, a first conduit seg-
ment 224 configured to couple hollow needle 222 with
fluid pump 210, and a second conduit segment 226 ex-
tending from fluid pump 210 through proximal port 129
of waveguide 120 and distally through internal lumen 128
of waveguide to a position adjacent but distally-spaced
from the closed distal end of internal lumen 128. Outflow
fluid assembly 230 includes a hollow needle 232 extend-
ing into interior cavity 27 of fixed handle portion 26 of
housing 20 and defining a sharp tip 233 therein, a first
conduit segment 234 configured to couple hollow needle
232 with fluid pump 210, and a second conduit segment
236 extending from fluid pump 210 into proximal port 129
of waveguide 120. Unlike second conduit segment 226
of inflow fluid assembly 220, second conduit segment
236 of outflow fluid assembly 230 does not extend distally
through waveguide 120 into blade 124. Rather, second
conduit segment 234 terminates within internal lumen
128 adjacent to proximal port 129 of waveguide or ex-
tends partially through internal lumen 128 of waveguide
120 without extending into blade 124. However, other
configurations of the inflow and outflow paths through
waveguide 120 are also contemplated.
[0030] Fluid pump 210 may be a piezoelectric micro-
fluidic pump or other microfluidic pumps such as micro-
peristaltic pumps, syringe pumps, etc. and may be con-
nected to the generator (or other power source) through
cable 400 for powering fluid pump 210 or may include a
battery that powers fluid pump 210. Fluid pump 210 is
configured to draw fluid into hollow needle 222 and first
conduit segment 224 and pump the fluid through second
conduit segment 226 into internal lumen 128 within blade
124 of waveguide 120. Additionally or alternatively, fluid
pump 210 is configured to draw fluid proximally from
blade 124 within the annular space defined between sec-
ond conduit segment 226 of inflow fluid assembly 220
and the interior wall of waveguide 120 that defines inter-
nal lumen 128, into second conduit segment 236 of out-
flow fluid assembly 230 and to pump the fluid through
first conduit segment 234 and needle 232 of outflow fluid
assembly 230. In either configuration, fluid management
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assembly 200 enables the circulation of fluid through
waveguide 120 and, specifically, blade 124 of waveguide
120, to facilitate cooling of blade 124.
[0031] With additional reference to FIGS. 3 and 4, fluid
reservoir 300 includes a housing 310 defining a generally
tubular body 320 having an insertion end 322 and a trail-
ing end 324 enclosing therein a fluid chamber 330. Fluid
reservoir 300 is pre-filled and stores therein a fluid, e.g.,
water, saline, etc. A guide slot 340 is defined within and
extends along a substantial portion of the length of tubular
body 320, e.g., at least 50% of the length of tubular body
320 or, in embodiments, at least 75% of the length of
tubular body 320.
[0032] Insertion end 322 of fluid reservoir 300 includes
a sealed inflow port 342 and a sealed outflow port 344.
Inflow and outflow shafts 343, 345 extend from sealed
inflow and outflow ports 342, 344, respectively, into fluid
chamber 330. More specifically, inflow shaft 343 defines
a relatively greater length and thus extends further
through fluid chamber 330 such that the open end of in-
flow shaft 343 is positioned towards trailing end 324 of
fluid reservoir 300, whereas outflow shaft 345 defines a
relatively smaller length and thus does not extend as far
through fluid chamber 330 but, rather, the open end of
outflow shaft 345 is positioned towards insertion end 322
of fluid reservoir 300. By separating the open ends of
inflow and outflow shafts 343, 345 at opposing ends of
fluid chamber 330, the hotter, returned fluid from outflow
shaft 345 is inhibited from being immediately drawn back
out of fluid reservoir 300 though inflow shaft 343. As an
alternative or in addition to using different length inflow
and outflow shafts 343, 345, a dividing wall 349 (FIG. 4)
may extend between inflow and outflow shafts 343, 345
to inhibit the hotter, returned fluid from outflow shaft 345
from being immediately drawn back out of fluid reservoir
300 though inflow shaft 343. Inflow shaft 343 may further
include a filter 348 disposed at the open end thereof for
filtering any fluid drawn into inflow shaft 343.
[0033] Trailing end 324 of fluid reservoir 300 includes
a passive heat exchanger 350 disposed thereon. Passive
heat exchanger 350 may include, for example, a plurality
of spaced-apart fins 352 extending outwardly from trailing
end 324. Fins 352 are configured to increase surface
area and, thus, heat exchange between the interior and
exterior of fluid reservoir 300 adjacent trailing end 324 of
fluid reservoir 300. Further, with the open end of inflow
shaft 343 positioned towards trailing end 324 of fluid res-
ervoir 300, passive heat exchanger 350 helps cool fluid
being drawn into inflow shaft 343.
[0034] Referring to FIGS. 1-4, in order to engage fluid
reservoir 300 within ultrasonic surgical instrument 10, flu-
id reservoir 300, lead by insertion end 322 thereof is in-
serted into open lower end 28 of fixed handle portion 26
of housing 20 such that guide rail 30 is aligned with guide
slot 340. As fluid reservoir 300 is advanced further into
interior cavity 27 of fixed handle portion 26, guide rail 30
is received within guide slot 340 to guide insertion of fluid
reservoir 300. Upon full insertion of fluid reservoir 300

into interior cavity 27 of fixed handle portion 26 of housing
20, sharp tips 223, 233 of hollow needles 222, 232 of
inflow and outflow assemblies 220, 20 respectively,
puncture and penetrate sealed inflow and outflow ports
342, 344, respectively, such that hollow needles 222, 232
are disposed in fluid communication with inflow and out-
flow shafts 343, 345, respectively. Fluid reservoir 300
may be maintained in engagement within fixed handle
portion 26 via friction-fitting and/or other suitable releas-
able mechanical locking engagement.
[0035] In the fully inserted position of fluid reservoir
300, passive heat exchanger 350 remains external of
fixed handle portion 26, extending therefrom so as to
facilitate heat exchange. Further, opposing portions of
body 320 of fluid reservoir 300 towards trailing end 324
thereof are exposed through cut-outs 29 of fixed handle
portion 26 to enable grasping, disengagement, and with-
drawal of fluid reservoir 300 from fixed handle portion 26.
[0036] Continuing with reference to FIGS. 1-4, ultra-
sonic surgical instrument 10 may be utilized to treat tissue
clamped between blade 124 and clamp arm 102 or po-
sitioned adjacent blade 124. During such use, blade 124
may reach temperatures greater than 200° C. Thus, in
order to facilitate cooling of blade 124 after use and/or in
between usages, pump 210 of fluid management system
200 is activated, e.g., manually via an activation button
(not shown) on housing 20 or remote therefrom or auto-
matically after de-activation of ultrasonic transducer 80,
to draw fluid from fluid reservoir 300 into inflow shaft 343,
hollow needle 222, first conduit segment 224, and
through second conduit segment 226, which extends into
internal lumen 128 within blade 124 of waveguide 120.
The fluid then returns proximally within the annular space
defined between second conduit segment 226 and the
interior wall of waveguide 120, into second conduit seg-
ment 236 of outflow fluid assembly 230, first conduit seg-
ment 234, needle 232, and outflow shaft 345, ultimately
returning to fluid reservoir 300. Heat exchange 350 and
the distance between the open ends of inflow and outflow
shafts 343, 345, respectively, help ensure that the re-
turned fluid is sufficiently cooled down before again being
drawn into inflow shaft 343.
[0037] In order to remove fluid reservoir 300 after use,
the opposing portions of body 320 of fluid reservoir 300
that are exposed through cut-outs 29 of fixed handle por-
tion 26 are grasped and pulled away from housing 20 to
thereby disengage and withdraw fluid reservoir 300 from
fixed handle portion 26. Fluid reservoir 300 may be re-
placed with a new fluid reservoir 300 and may ultimately
be discarded or reprocessed for subsequent use.
[0038] Turning now to FIG. 5, instead of a closed fluid
circulation system such as detailed above, an open sys-
tem may be provided wherein fluid is drawn from fluid
reservoir 300 and is output at end effector assembly
1100. End effector assembly 1100 is similar to and may
include any of the features of end effector assembly 100
(FIG. 1), except as specifically contradicted below.
[0039] End effector assembly 1100 is configured for
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use with ultrasonic surgical instrument 10 (FIG. 1) and
includes a clamp arm 1102 and blade 1124 of waveguide
1120. Clamp arm 1102 is pivotable relative to blade 1124
between an open position and a clamping position for
clamping tissue therebetween. Clamp arm 1102 includes
a frame 1104 and a tissue pad 1108 engaged with frame
1104. Frame 1104 and/or tissue pad 1108 define a plu-
rality of nozzles 1140 spaced-apart along a substantial
portion, e.g., at least 50% or in embodiments at least
75%, of the length thereof and extending therethrough
in communication with a longitudinally-extending lumen
1150 defined through frame 1104 and/or tissue pad 1108.
Longitudinally-extending lumen 1150, in turn, is coupled
to an inflow conduit 1152 that extends from clamp arm
1102 proximally through shaft 50 and into housing 20 of
ultrasonic surgical instrument 10 (see FIGS. 1 and 2).
Inflow conduit 1152 functions as the second conduit seg-
ment 226 of the inflow fluid assembly 220 (FIG. 2) and
is configured to couple to fluid reservoir 300 similarly as
detailed above with respect to inflow fluid assembly 220
(FIG. 2). However, as end effector assembly 1100 pro-
vides an open-loop configuration, no outflow fluid assem-
bly or outflow port in fluid reservoir 300 need be provided
(although such could be provided for use with both
closed-loop and open-loop configurations, wherein the
outflow portions are simply not used when an open-loop
configuration is provided). Rather, in use, fluid is drawn
from fluid reservoir 300 (FIG. 2) into inflow conduit 1152
and is pumped distally through inflow conduit 1152, ulti-
mately spraying out from nozzles 1140 to cool blade 1124
along a substantial portion of the length of blade 1124.
[0040] While several embodiments of the disclosure
have been shown in the drawings and described herein-
above, it is not intended that the disclosure be limited
thereto, as it is intended that the disclosure be as broad
in scope as the art will allow and that the specification be
read likewise. Therefore, the above description should
not be construed as limiting, but merely as exemplifica-
tions of particular embodiments. Those skilled in the art
will envision other modifications within the scope and
spirit of the claims appended hereto.
The invention may be described by reference to the fol-
lowing numbered paragraphs:-

1. A fluid reservoir configured for releasable engage-
ment with an ultrasonic surgical instrument, the fluid
reservoir comprising:

a housing including a body, a leading end, and
a trailing end enclosing a fluid chamber config-
ured for storing fluid therein;
sealed inflow and outflow ports disposed at the
leading end of the housing; and
a heat exchanger disposed at the trailing end of
the housing.

2. The fluid reservoir according to paragraph 1, fur-
ther comprising inflow and outflow shafts operably

coupled to the sealed inflow and outflow ports, re-
spectively, and extending into the fluid chamber.

3. The fluid reservoir according to paragraph 2,
wherein the inflow and outflow shafts define different
lengths such that open ends of the inflow and outflow
shafts are spaced-apart from one another along a
length of the fluid chamber.

4. The fluid reservoir according to paragraph 1,
wherein the heat exchanger includes a plurality of
fins configured to facilitate heat exchange between
an exterior and an interior of the housing.

5. The fluid reservoir according to paragraph 1,
wherein the body defines a guide slot along a sub-
stantial portion of a length thereof, the guide slot con-
figured to facilitate aligned insertion of the housing
into an ultrasonic surgical instrument.

6. The fluid reservoir according to paragraph 1,
wherein the sealed inflow and outflow ports are each
configured to be punctured by a needle.

7. An ultrasonic surgical instrument, comprising:

a housing defining a barrel portion and a fixed
handle portion extending from the barrel portion,
the fixed handle portion defining an internal cav-
ity;
an ultrasonic transducer received at least par-
tially within the barrel portion of the housing;
a waveguide operably coupled to the ultrasonic
transducer and extending distally from the hous-
ing to a blade configured to treat tissue with ul-
trasonic energy produced by the ultrasonic
transducer and transmitted along the
waveguide;
a fluid management system disposed within the
housing; and
a fluid reservoir releasably engageable within
the internal cavity of the fixed handle portion of
the housing, the fluid reservoir including a body,
a leading end, and a trailing end enclosing a fluid
chamber configured for storing fluid therein, the
fluid reservoir further including inflow and out-
flow ports disposed at the leading end and a
heat exchanger disposed at the trailing end,
wherein, upon engagement of the fluid reservoir
within the internal cavity, the inflow and outflow
ports are operably coupled with the fluid man-
agement system to enable fluid from the fluid
reservoir to be circulated to cool the blade.

8. The ultrasonic surgical instrument according to
paragraph 7, wherein the inflow and outflow ports of
the fluid reservoir are sealed and wherein the fluid
management system includes inflow and outflow
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needles configured to puncture the sealed inflow and
outflow ports, respectively, to fluidly couple the fluid
management system with the fluid reservoir.

9. The ultrasonic surgical instrument according to
paragraph 7, wherein the fluid reservoir further in-
cludes inflow and outflow shafts operably coupled to
the inflow and outflow ports, respectively, and ex-
tending into the fluid chamber.

10. The ultrasonic surgical instrument according to
paragraph 9, wherein the inflow and outflow shafts
define different lengths such that open ends of the
inflow and outflow shafts are spaced-apart from one
another along a length of the fluid chamber.

11. The ultrasonic surgical instrument according to
paragraph 7, wherein the heat exchanger includes
a plurality of fins configured to facilitate heat ex-
change between an exterior and an interior of the
fluid reservoir.

12. The ultrasonic surgical instrument according to
paragraph 11, wherein the heat exchange remains
external of the housing when the fluid reservoir is
engaged within the internal cavity.

13. The ultrasonic surgical instrument according to
paragraph 7, wherein the fixed handle portion in-
cludes a guide rail disposed within the internal cavity
and wherein the body of the fluid reservoir defines a
guide slot configured to receive the guide rail to guide
insertion of the fluid reservoir into the internal cavity.

14. The ultrasonic surgical instrument according to
paragraph 7, wherein the fluid management system
includes an inflow conduit communicating with a lu-
men disposed within the waveguide for circulating
fluid from the fluid reservoir through the waveguide.

15. The ultrasonic surgical instrument according to
paragraph 7, wherein the fluid management system
includes a fluid pump configured to pump fluid at
least one of to or from the fluid reservoir.

Claims

1. A fluid reservoir configured for releasable engage-
ment with an ultrasonic surgical instrument, the fluid
reservoir comprising:

a housing including a body, a leading end, and
a trailing end enclosing a fluid chamber config-
ured for storing fluid therein;
inflow and outflow ports disposed at the leading
end of the housing; and
a heat exchanger disposed at the trailing end of

the housing.

2. The fluid reservoir according to claim 1 wherein the
inflow and outflow ports are sealed.

3. The fluid reservoir according to claim 1 or 2, further
comprising inflow and outflow shafts operably cou-
pled to the sealed inflow and outflow ports, respec-
tively, and extending into the fluid chamber.

4. The fluid reservoir according to claim 3, wherein the
inflow and outflow shafts define different lengths
such that open ends of the inflow and outflow shafts
are spaced-apart from one another along a length
of the fluid chamber.

5. The fluid reservoir according to any preceding claim
wherein the heat exchanger includes a plurality of
fins configured to facilitate heat exchange between
an exterior and an interior of the housing.

6. The fluid reservoir according to any preceding claim,
wherein the body defines a guide slot along a sub-
stantial portion of a length thereof, the guide slot con-
figured to facilitate aligned insertion of the housing
into an ultrasonic surgical instrument.

7. The fluid reservoir according to any preceding claim,
wherein the sealed inflow and outflow ports are each
configured to be punctured by a needle.

8. An ultrasonic surgical instrument, comprising:

a housing defining a barrel portion and a fixed
handle portion extending from the barrel portion,
the fixed handle portion defining an internal cav-
ity;
an ultrasonic transducer received at least par-
tially within the barrel portion of the housing;
a waveguide operably coupled to the ultrasonic
transducer and extending distally from the hous-
ing to a blade configured to treat tissue with ul-
trasonic energy produced by the ultrasonic
transducer and transmitted along the
waveguide;
a fluid management system disposed within the
housing; and
a fluid reservoir as claimed in any preceding
claim releasably engageable within the internal
cavity of the fixed handle portion of the housing,
wherein, upon engagement of the fluid reservoir
within the internal cavity, the inflow and outflow
ports are operably coupled with the fluid man-
agement system to enable fluid from the fluid
reservoir to be circulated to cool the blade.

9. The ultrasonic surgical instrument according to claim
8, wherein the inflow and outflow ports of the fluid
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reservoir are sealed and wherein the fluid manage-
ment system includes inflow and outflow needles
configured to puncture the sealed inflow and outflow
ports, respectively, to fluidly couple the fluid man-
agement system with the fluid reservoir.

10. The ultrasonic surgical instrument according to claim
8 or 9, wherein the heat exchanger remains external
of the housing when the fluid reservoir is engaged
within the internal cavity.

11. The ultrasonic surgical instrument according to claim
10 wherein the fins of the heat exchanger are located
at a trailing end of the fluid reservoir to remain ex-
ternal of the housing when the fluid reservoir is en-
gaged with the internal cavity.

12. The ultrasonic surgical instrument according to any
one of claims 8 to 11, wherein the fixed handle por-
tion includes a guide rail disposed within the internal
cavity and wherein the body of the fluid reservoir
defines a guide slot configured to receive the guide
rail to guide insertion of the fluid reservoir into the
internal cavity.

13. The ultrasonic surgical instrument according to any
one of claims 8 to 12, wherein the fluid management
system includes an inflow conduit communicating
with a lumen disposed within the waveguide for cir-
culating fluid from the fluid reservoir through the
waveguide.

14. The ultrasonic surgical instrument according to any
one of claims 8 to 13, wherein the fluid management
system includes a fluid pump configured to pump
fluid at least one of to or from the fluid reservoir.

15. The ultrasonic surgical instrument according to any
one of claims 8 to 14 wherein the fixed handle portion
defines a pair of opposed cut-outs adjacent an open
lower end thereof.
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流体贮存器（320）包括壳体，壳体具有主体，前端和尾端，该尾端封闭
在其中存储流体的流体室，设置在壳体前端的密封流入和流出端口，以
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分地容纳在壳体的筒部分内的超声换能器，可操作地耦合的波导超声换
能器并且从壳体向远侧延伸到叶片（124），叶片（124）构造成利用超
声换能器产生的超声能量处理组织并沿波导传输，以及设置在壳体内的
流体管理系统。流体贮存器（320）构造成与固定手柄部分可释放地接
合，以便于用流体冷却叶片。
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