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(57) Abrege/Abstract:
A surgical fluid manager includes a pump (70) releasably engageable to tubing (26) and a user interface (60). The user interface

(60) Is configured to enable finger-touch selection of a fluid flow rate through the tubing (26) and configured to operate In at least
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one of a first mode or a second mode. |In the first mode, the flow rate Is controlled via direct selection of one of a plurality of
selectable digital numeric values, while in the second mode the flow rate i1s controlled via user selection of one alphanumeric

identifler within a scale of alphanumeric identifiers.
Instrument size within a scale of instrument sizes.

—ach respective alphanumeric identifier directly corresponds to just one
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(87) Abstract: A surgical fluid manag-
er includes a pump (70) releasably en-
gageable to tubing (26) and a user In-
terface (60). The user mtertace (60) 1s
configured to enable finger-touch se-
lection of a fluid tlow rate through the
tubing (26) and configured to operate
in at least one of a first mode or a sec-
ond mode. In the first mode, the flow
rate 1s controlled via direct selection of
one of a plurality of selectable digital
numeric values, while in the second
mode the flow rate is controlled via
user selection of one alphanumeric
identifier within a scale of alphanu-
meric 1dentifiers. Each respective al-
phanumeric 1dentifier directly corre-
sponds to just one instrument size
within a scale of mstrument sizes.
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SURGICAL FLUID MANAGEMENT SYSTEM

Background

The present disclosure relates to fluid management systems. In particular, it relates
to fluid management systems for medical appliances, such as a surgical instrument.
Certain surgical appliances use a supply of fluid to 1rrigate a treatment site on a patient
and/or to cool the surgical appliance. Some non-limiting examples of these types of
surgical appliances include micro-debriders, otologic drills, suction-irrigator instruments
and the like. One common method of providing consistent fluid delivery to a surgical
appliance includes pumping fluid from a fluid source, such as a bag, through medical
tubing via a positive displacement pump, such as a peristaltic pump. Peristaltic pumps are
desirable for many reasons, such as their ability to maintain sterility of the fluid and
cleanliness of the pump because the fluid flows through the medical tubing and does not
come 1nto contact with components of the pump. In use, tubing 1s placed within the
peristaltic pump to allow 1ts rollers to cyclically engage the tubing to provide the desired
pumping action.

Another more traditional method of controlling the flow rate through the irrigation
pathway includes a gravity-feed arrangement and the use of the ubiquitous, finger-
operated, roller-pinch valve. By causing varying degrees of a pinching action on the
tubing, this roller valve effectively controls the fluid flow rate. While simple to
implement, this method suffers from a lack of consistency and a lack of predictability of
the flow rate. In particular, a surgeon can waste much valuable time during surgery
adjusting (or directing a nurses/technician to adjust) the flow rate via the roller valve to
achieve a desired flow rate among different instruments within a single surgery.
Morecover, from one surgery to another, the surgeon (or assisting nurse/technician) cannot
readily predict which position of the roller valve will achieve the desired flow rate.
Besides the time-consuming nature of this adjustment method, this variability 1n
controlling the flow rate can be distracting for the surgeon or nurse/technician, which 1s

typically monitoring a host of other instruments and physiologic parameters of the patient.
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Accordingly, conventional fluid delivery systems can hamper surgical procedures
by failing to provide consistent and predictable control of a fluid flow rate from surgery-
to-surgery or from instrument-to-instrument within a single surgery.

Brief Description of the Drawings

Figure 1 18 perspective view of a system for delivering fluid to a surgical
instrument, 1n accordance with principles of the present disclosure;

Figure 2 18 a schematic 1llustration including a block diagram of a fluild manager,
in accordance with principles of the present disclosure;

Figure 3A 1s a graph schematically 1llustrating a scaled relationship of preset flow
rates and a progression of successively smaller sizes of instruments, 1n accordance with
principles of the present disclosure

Figure 3B 1s a graph schematically 1llustrating a scaled relationship of preset tflow
rates and a progression of successively larger sizes of instruments, 1n accordance with
principles of the present disclosure

Figure 4 1s a side plan view of a cutting-irrigator instrument, 1n accordance with
principles of the present disclosure;

Figure 5 1s a side plan view of a suction-irrigator instrument, in accordance with
principles of the present disclosure; and

Figure 6 1s a flow diagram schematically illustrating a method of managing an
irrigation fluid during a medical procedure, 1n accordance with principles of the present
disclosure.

Detailed Description

Embodiments of the present disclosure are directed to controlling fluid flow
through tubing to a medical appliance, such as a surgical instrument. In general terms,
embodiments of the present disclosure can be used to provide controlled fluid delivery to
any medical appliance recerving fluids via medical tubing. Accordingly, embodiments of
the invention are not limited solely to use with surgical appliances, but can be employed
with a wide variety of medical appliances.

Among other features and configurations, some embodiments of the present
disclosure provide for a method of performing surgery that includes locating both a first
surgical instrument and a fluid manager within or adjacent to a sterile field. In some

embodiments, the fluid manager includes a console external to the sterile field and a
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remote control (1n electrical communication with the console) within the sterile field. In
some embodiments, one or both of the console and remote control comprise an electronic
touchpad while 1n other embodiments, one or both of the console and remote control
compris¢ an array of buttons, wheels, or other electromechanical tools for implementing
and adjusting fluid flow control features of the fluid manager.

A flow rate 1s selected as an independent variable via the fluid manager. A
surgical procedure 1s performed using the first surgical instrument, including directing an
irrigation fluid (from a pump located external to the sterile field) at the flow rate into the
tubing and through the 1rrigation conduit of the first surgical instrument. The 1rrigation
conduit 1s arranged to direct a fluid onto the treatment site and/or to cool a cutting tool of
the first surgical instrument. It 1s understood that in some instances, the treatment site 1s a
diagnostic site in which no procedure 1s performed, while in other instances, a procedure
or surgery 18 performed at the treatment site.

As noted above, in some embodiments, the remote control of the fluid manager 1s
located within the sterile field during the procedure. This feature allows the surgeon to
retain direct control over the flow rate of the 1rrigation fluid at the treatment site without
necessarily requiring the assistance of a nurse or other technician.

In some embodiments, the flow rate 1s selected and displayed at the fluid manager
via digital numeric values. However, 1n other embodiments, the flow rate 1s selected via
an alphanumeric 1identifier which 1s displayed at the console and which corresponds to a
preset flow rate. In still other embodiments, the flow rate 1s selected via one or more icons
(which corresponds to a preset flow rate) and then displayed via alphanumeric identifiers
at the console.

In one aspect, the alphanumeric 1dentifier represents a size of the surgical
instrument removably connected to the fluid manager. Accordingly, a surgeon can
achieve the proper flow rate for a particular sized instrument by merely selecting, at the
fluid manager (via the console or the remote control), an alphanumeric identifier that
corresponds to the size of the surgical instrument. In this way, the surgeon need not
memorize each of the separate flow rates that corresponds to a particular size of the
surgical instrument nor must the surgeon rely on the expertise of the nurse to operate a

conventional finger-operated pinch valve.
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Moreover, the fluid manager stores data expressing a scaled relationship between

a range of preset flow rates and a range of successively-larger sized or successively
smaller-sized surgical -instruments. In another aspect, the respective flow rates within the
range are separated by a discrete interval. ‘

Accordingly, during a procedure involving a suction-irrigator tool, when the
surgeon chooses to replace the first sized tool with a second, differently sized tool, the
sﬁrgeon can conveniently use the fluid manager to select the alphanumeric 1dentifier
corresponding to the size of the second tool to select the proper flow rate for the
procedure. Alternatively, during a procedure mvolving a cutting-irrigator tool, when the
surgeon chooses a tool or replaces a tool, the surgeon can conveniently use the tluid
manager to precisely set a flow rate according to a digital numerical value. In either case,
the selections can be made via the console (of the fluid manager) external to the sterile
field or can be made via the remote control (of the fluid manager) positionable within the
sterile field (to allow the surgeon to make the selections directly themselves). It also
understood that references herein to a first tool do not necessarily correspond to a tool

initially used in a procedure but that the terms first tool and second tool merely refer to the

relative order of two tools used at some point during a procedure.
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In one aspect, there 1s provided a surgical fluid manager comprising: a positive
displacement pump configured to releasably engage an exterior of tubing to pump fluid through the
tubing; and a graphical user interface configured to enable electronic finger-touch selection of a fluid
tlow rate through the tubing and through a surgical instrument connectable to the tubing, wherein
the flmd flow rate is an independent variable and the graphical user interface includes a mode
selector to provide convertible operation between: a first mode configured to directly control the
flow rate via user selection of one of a plurality of displayable, selectable digital numeric values; and
a second mode configured to directly control the flow rate via user selection of one alphanumeric
size 1dentitier within a scale of displayable alphanumeric size identifiers wherein each respective
alphanumeric size identifier directly corresponds to just one surgical instrument size within a scale
of different surgical instrument sizes, and wherein the different surgical instrument sizes relate to

substantially the same type of surgical instrument, including the first surgical instrument.

In another aspect, there is provided use of the surgical fluid manager as described in

the paragraph above for controlling the fluid flow rate of irrigation fluid.

In this way, embodiments of the present disclosure enable a surgeon to achieve and
maintain a consistent, predictable fluid flow rate during a surgical procedure. These embodiments,

and other embodiments, are described more fully in association with Figures 1-6.

A surgical system 10 is shown in Figure 1, in accordance with principles of the
present disclosure, and includes a mechanism for irrigating a treatment site or cooling a cutting tool
of a surgical instrument. Among other features, the system 10 includes a fluid source (¢.g.,
containers 20, 22), tubing set 26, loading cassette 30, console 50, pump assemblies 70, and surgical
mstruments such as cutting-irrigator tool 90 and suction-irrigator tool 40 (schematically represented
in Figure 1). Fluid stored in containers 20, 22 is supplied via the tubing portions 21, 23 for pumping
via one of pump assemblies 70 through tubing set 26 to surgical instrument 40 or 90, as controlled
by console 50. Each tubing portion 21, 23 includes a roller-pinch valve 24 adapted to initiate or

terminate a gravity-fed transport of fluid out of containers 20, 22. In one aspect, each tubing portion

21, 23 1s removably, fluidly connected to proximal portion 28 of tubing set 26 while distal
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portion 29 of tubing set 26 extends to and is fluidly connected to a fluid port 81 of cutting-

irrigator tool 90 or to a fluid port of suction-irriQator tool 40 (via adapter 35). It is

understood that embodiments of the present disclosure are not limited to the particular set
instruments described but extend to a wider range of surgical instruments.
In general terms, with this arrangement, an irrigation pathway is established from

containers 20, 22 through tubing portions 21, 23, thiough proximal portion 28 and distal

portion 29 of tubing set 26, and into an imlgatioh conduit of one of the respective tools 40,
90.

In another aspect, the pump assemblies 70 are mounted onto the frame 52 of
conso’le 50 and in some embodiments, are releasably secured relative to the console 50 to
allow convenient replacement of one or more of the pump assemblies 70. In one
embodiment, each pump assembly 70 comprises a positive displacement pump having
substantially the same features as, or similar features to, a Séries 313 or 314 Penistaltic
Pump available from Watson-Marlow Bredel Pumps Limited of Cornwall, United
Kingdom. In other embodiments, the pump comprises a pressurized canister pump, a
diaphragm pump, or other suitable pump for controlled fluid flow.

In one embodiment, each tubing set 26 includes a loading cassette 30 adapted to
facilitate convenient and proper loading of the proximal portion 28 of tubing set 26 into
releasable engagement relative to the pernistaltic pumping mechanism of one of the pump ‘
assemblies?O.‘ Once proximal portion 28 of tubing set 26 is installed via cassette 30, the
rollers of the peristaltic mechanism of pump assembly 76 releasably engage the exterior of
the tubing to squeeze or pump the fluid through the tubing. Among other features, proper
loading via cassette 30 insures longewvity of the tubing and enables predictable, consistent

fluid flow through the tubing. This arrangement, and interaction of, the cassette 30, tubing

set 26, pump assembly 70, and console 50 is further disclosed in U.S. patent publication
number 2009/0214365, entitled METHOD AND SYSTEM OF LOADING OF TUBING ‘
INTO A PUMPING DEVICE, filed February 22, 2008. However, it is further understood that
proximal portidn 28 of tubing set 26 can be loaded onto one of the pump assemblies 70 using

techniques for loading tools other than cassette 30,
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In some embodiments, tubing set 26 additionally comprises a dampening
mechanism 32 located 1n the distal portion 29 of tubing set 26 (1.¢. distal of the loading
cassette 30) so that dampening mechanism 32 1s located distally of the peristaltic pumping
action of pump assemblies 70. In one aspect, the dampening mechanism 32 acts to
minimize pulsations in the fluid flow that results from the peristaltic pumping action. This
arrangement smoothes the flow of the fluid as 1t moves through the 1rrigation pathway
without substantially affecting the fluid flow rate. Nevertheless, in other embodiments,
tubing set 26 omits a dampening mechanism 32 where pulsations 1n the fluid flow are not
of concern.

In another aspect, by providing dampening mechanism 32 as part of tubing set 26,
the dampening mechanism 32 1s separate and independent from pump assembly 70. This
arrangement, 1n turn, allows the operator to determine whether or not they would like to
employ the smoothing action of the dampening mechanism 32 at the time they select a
tubing set. Morecover, by providing dampening mechanism 32 as part of tubing set 26,
pumping assemblics 70 and/or console 50 are unencumbered by a more complex
conventional accumulator or dampening mechanism.

As further 1llustrated in Figure 1, distal end 33 of tubing set 26 1s removably
connectable (as represented by directional arrow B) to fluid port 81 of handpiece 80 for
fluidic connection to a surgical instrument, such as a cutting-irrigator tool 90.
Alternatively, distal end 33 of tubing set 26 1s removably connectable (as represented by
directional arrow C) to a fluid port of another surgical instrument, such as a suction-
irrigator tool 40, via adapter 35. In other embodiments, the tubing set 26 could be
connected to the surgical instrument without using an adapter.

During a surgical procedure, an operator typically uses a cutting-irrigator tool 90 1n
on¢ hand with the other hand manipulating a suction tool. Alternatively, during a
procedure the operator uses a drill in one hand and a suction-irrigator tool 40 1n the other
hand. In either case, the connection of the distal end 33 of tubing set 26 to one of the tools
40, 90 provides an 1rrigation pathway to deliver the fluid for 1irrigation of the treatment site
and/or to cool a cutting tool.

As further 1llustrated 1n Figure 1, cutting-irrigator tool 90 is supported by
handpiece 80 that 1s removably connectable to port station 54 of console 50. Via port

station 54, console 50 supplies handpiece 80 with power and with control signals to
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operate a blade or bur of cutting-irrigator tool 90, as well as providing control signals for
controlling the pump assemblics 70 to control the flow rate through the 1rrigation pathway.

Finally, console 50 includes a user interface 60 configured to provide control over
a fluid flow rate via directing control signals to pump assemblies 70 and configured to
control a cutting action or suction action at the respective surgical instruments 40, 90. In
one aspect, user interface 60 1s a graphical user interface including electronic touchpad
capabilities which provide for simultancous display of and/or activation of a particular
function or feature via the touch of a finger, as further described 1n association with Figure
2.

As further illustrated in Figure 1, in some embodiments system 10 additionally
comprises a remote control 75 removably connected (via line 78) to port station 54 of
console 50. In other embodiments, remote control 75 wirelessly communicates with
console 50 using RF or mfrared communication protocols. As further described later in
association with Figure 2, in cooperation with console 50, remote control 75 1s configured
to control the fluid flow through tubing set 26 and to suction-irrigator tool 40 or to cutting-
irrigator tool 90. In one embodiment, remote control 75 includes an electronic control
touchpad configured to allow activation of a particular function or feature via the touch of
a finger, and which may or may not include a graphical display associated with the
particular function or feature.

In some embodiments, a kit of adapters 1s provided to quickly connect or link distal
end 33 of tubing set 26 to suction-1rrigator tool 40. In one embodiment, adapter 35
provides the link from tubing set 26 to suction-irrigator tool 40.

In another aspect, system 10 includes a negative pressure source 95 configured to be
removably connectable to a suction-irrigator tool 40 to provide a suction or vacuum at the
treatment site. Because a wide variety of tools can be used to employ suction, system 10
1s not limited strictly to use of the suction-irrigator tool 40 to provide a suction function
during a surgical procedure.

With the above general construction of system 10 1n mind, a fluid manager 100 1S
illustrated 1n Figure 2. It 1s understood that the features and components of the fluid
manager 100 can be arranged 1n many different forms and groupings. However, 1n the
illustrated embodiment, fluid manager 100 includes a least a console 150 and a remote

control 175 that communicates (wired or wirelessly) with console 150. In one aspect, the
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wireless communication 18 performed via RF, infrared communication protocols, or other
known short range wireless communication protocols.

In one embodiment, fluid manager 100 comprises substantially the same features
and attributes as console 50 and remote control 75 of Figure 1 and further comprises the
additional features and attributes described and 1llustrated in association with Figure 2. In
on¢ embodiment, the features and components of console 150 are provided via a graphical
user interface 60 (Figure 1) providing electronic control touchpad features, and as such,
console 150 provides for sitmultancous display and/or activation of the functions and
features presented in Figure 2. In other embodiments, console 150 includes one or more
thumbwheels, buttons, or other clectromechanical control mechanisms for implementing
the functions of the fluid manager 100.

In one embodiment, as shown in Figure 2, console 150 includes a suction-1rrigator
module 160, a cutting-1rrigator module 162, memory 163, controller 165, a pump selector
166, a mode selector 168, an auxiliary control module 170, and/or a secondary fluid
control module 350.

In one embodiment, controller 165 comprises one or more processing units and
associlated memories configured to generate control signals directing the operation of fluid
manager 100 of system 10, including control of at least console 150 and pump assemblies
70. In particular, 1n response to or based upon commands received via user interface 60
(as graphically represented by console 150 of Figure 2) and/or instructions contained in
the memory 163 associated with controller 165, controller 165 generates control signals
directing operation of pump assembly 70 to selectively control the flow rate through the
irrigation pathway provided by tubing set 26 and the 1rrigation conduat.

In some embodiments, remote control 175 1s a passive device and 18 not controlled
by controller 1635. Instead, remote control 175 provides signals from within the sterile ficld
to command the controller 165 of console 150 which 1s outside the sterile field. In some
embodiments, remote control 175 comprises a switched resistor array while 1n other
embodiments, the remote control 175 comprises capacitive switching, inductive switching,
or a combination of capacitive, inductive, and/or resistive switching.

For purposes of this application, 1n reference to the controller 165 the term
“processing unit” shall mean a presently developed or future developed processing unit

that executes sequences of mstructions contained in a memory. Execution of the
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sequences of mstructions causes the processing unit to perform steps such as generating
control signals. The 1nstructions may be loaded 1n a random access memory (RAM) for
execution by the processing unit from a read only memory (ROM), a mass storage device,
or some other persistent storage, as represented by memory 163. In other embodiments,
hard wired circuitry may be used 1n place of or in combination with software instructions
to implement the functions described. For example, controller 165 may be embodied as
part of one or more application-specific integrated circuits (ASICs). Unless otherwise
specifically noted, the controller 1s not limited to any specific combination of hardware
circultry and software, nor limited to any particular source for the instructions executed by
the processing unit.

In general terms, the suction-1rrigator module 160 1s configured to enable selection
of a flow rate through tubing set 26 (Figure 1) and through the 1rrigation conduit of a
surgical tool (such as the later described suction-irrigator tool 400 shown 1n Figure 5) for
release onto a treatment site. In one embodiment, the suction-1rrigator module 160
includes a device size selector 200, a micro flow adjuster 220, and a suction module 230.

In one aspect, the device size selector 200 1s configured to select a flow rate
according to a size of the device removably connected to the console 150. In a non-
[imiting example, the size of the device may be 1dentified by its cross-sectional area or 1ts
outer diameter. The device size selector 200 includes various controls, such as a decrease
function 202, an 1ncrease function 204, a display 206, and a unit function 210. In use, an
operator manipulates increase function 204 or the decrease function 202 to achieve
selection of the desired alphanumeric 1dentifier setting, which 1s displayed at display 206.
In the example shown, the device size selector 200 employs the French catheter scale, and
therefore display 206, in combination with unit function 210, displays the alphanumeric
identifier 8 Fr.

It 1s also understood that other embodiments, the alphanumeric 1dentifier may be
expressed solely as letters (e.g., A, B, C) to identify a particular size of instrument, while
in yet other embodiments, other combinations of letters and numerals (¢.g., A3, A4, ctc.)
are used to 1dentify a particular size of instrument. Accordingly, the alphanumeric
identifier may be an arbitrary representation relative to the size of the instrument or

alternatively may be an indirect expression of the size of the instrument. In either case,
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the alphanumeric identifier does not reveal the preset flow rate for any particular sized
instrument.

In still other embodiments, 1cons and/or types of graphical indicators are
displayable and activatable via device size selector 200 (instead of alphanumeric
identifiers) to select the size of the instrument from among a range of sizes and thereby
indirectly select the fluid flow rate from among a range of different fluid flow rates. Like
the previously described alphanumeric 1identifiers, the icons and/or other graphical
indicators may be an arbitrary representation relative to the size of the instrument or
alternatively may be an indirect expression of the size of the instrument. In either case,
the 1con (or other graphical indicator) does not reveal the preset flow rate for any
particular sized instrument.

It 18 further understood that device size selector 200 1s not limited to 1dentifying
instrument sizes via the French catheter scale, but extends to other units of measure
available to 1dentify relative sizing among a family of instruments. In one aspect, device
s1ze selector 200 1s configured to 1dentify one cross-sectional size within a scale of cross-
sectional sizes of a single type of instrument. In turn, this one cross-sectional size directly
corresponds to a particular flow rate within a scale of flow rates that provide the proper
amount of 1rrigation at the treatment site (or cooling of a cutting tool) for that single type
of instrument and a particular type of procedure.

Accordingly, 1t will be apparent to one skilled in the art that this alphanumeric
identifier setting (viewable via display 206) does not indicate the flow rate for the surgical
instrument (¢.g., suction-irrigator tool 40 or cutting-irrigator tool 90) that 1s connected to
console 150. Instead, console 150 includes a pre-programmed data table within 1ts
memory 163 that provides a different preset flow rate for each of the different sizes of the
surgical instrument (such as a suction-irrigator tool 40) with each different preset flow rate
being uniquely 1dentified by a different alphanumeric identifier. A graphical illustration of
a relationship between the alphanumeric 1dentifiers that identify the respective sizes of the
suction-irrigator tools 40 and their associated preset flow rates 1s later described and
illustrated further 1n association with Figures 3A-3B.

Accordingly, even though the console 150 does not display the actual flow rates
setting, the operator need only make a selection of the size of the surgical instrument

knowing that the console 150 will automatically select the proper flow rate. In this way,
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with only the touch of a single button (via device size selector 200) the operator can have
confidence that the flow rate will be consistent from procedure-to-procedure for that sized
surgical instrument. In some embodiments, console 150 1s configured to additionally or
alternatively display the preset flow rates associated with the selected device size.

In one aspect, the ability to select a flow rate for a surgical instrument by
conveniently entering an alphanumeric 1dentifier proves very useful in certain surgical
procedures 1n which a series of successively larger or successively smaller surgical
instruments are employed to gain access to a particular treatment site. In one non-limiting
example, many ENT procedures began with a larger sized surgical mstrument (¢.g. a
cutting tool) and then progress to use of successively smaller surgical instruments as
further access 18 gained to the treatment site. One such cutting tool includes a cutting-
irrigator tool including a blade or bur for providing a debriding action and an 1rrigation
conduit providing 1rrigation fluid for cooling the cutting tool and irrigating the treatment
site. As the progression occurs from the larger instruments to the smaller instruments, the
console 150 provided 1n accordance with the principles of the present disclosure
automatically selects the proper preset flow rate for each of the successively smaller
instruments, as the operator indicates the size of the instrument via the touch of a finger at
device size selector 200 of console 150.

This relationship 1s further illustrated 1n association with Figures 3A and 3B, which
schematically 1llustrates the scaled relationship between the plurality of preset flow rates
and a range of sizes of surgical instruments associated with cach of those respective tlow
rates. Figure 3A provides a graph 400 schematically depicting a scale 406 of points 408.
Each point 408 represents a particular size of a surgical instrument and a preset flow rate
associated with that particular size. In one aspect, an x-axis 404 represents the order 1n
which a series of surgical instruments are used 1n a single procedure. In some
embodiments, the size of the surgical instruments 1s measured according to a French
catheter scale, while 1n other embodiments, a different measurement unit or scale identifier
1s used. In another aspect, the y-axis 402 represents a preset flow rate of the fluid for a
particular sized instrument.

It 15 also understood that the particular scale shown 1n Figure 3A is merely
illustrative and that embodiments of the present disclosure are not limited to the particular

s1izes of instruments or to the particular flow rates depicted in Figure 3A. Nevertheless, 1n
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the example shown 1n Figure 3A, scale 406 provides a preset flow rate of 40 cc/minute for
a 10 French sized instrument, a preset flow rate of 35 cc/minute for a 9 French sized
instrument, a preset flow rate of 30 cc/minute for an 8 French sized instrument, and so on.
As further 1llustrated by Figure 2, the successive flow rates are separated by discrete
intervals (e.g., 5 cc/minute), so that the change 1n the flow rate for each differently sized
instrument occurs 1n a stepwise fashion.

Among other relationships, graph 400 1llustrates that the larger sized surgical
instruments correspond to a larger preset flow rate such that the instruments used earlier 1n
the procedure have higher flow rates and that as the size of the instruments used 1n
succession progressively decrease 1n size, a corresponding decrease 1n each successive
preset flow rate occurs. Because this scaled relationship of the flow rates and instrument
sizes of graph 400 1s stored 1n memory 163 of console 150 (Figure 2), the system
automatically sets the proper flow rate upon the operator indicating the size of the
instrument (via the alphanumeric 1dentifier of the device size selector 200).

It 15 also understood that the operator may alter the order in which the surgical
instruments are used or may skip several sizes any time along the scale 406. Nevertheless,
the operator will still quickly obtain the proper flow rate for the selected instrument due to
the convenient selection mechanism provided via device size selector 200, which enables
selection of the proper preset flow rate via direct selection of the size of the instrument by
use of alphanumeric 1dentifiers.

In a similar fashion, Figure 3B illustrates a graph 430 depicting a scale 436 of
discrete points 438 expressing a scaled relationship of preset flow rates (as represented by
y-axi$s 432) and instrument sizes (as represented by x-axis 434). In one aspect, graph 430
comprises substantially the same features and attributes of graph 400 of Figure 3A except
that, in this embodiment, the order 1n which the instruments are used corresponds to a
procedure 1n which successively larger instruments are used throughout the progression of
the surgical procedure (as represented by the x-axis 434). Otherwise, graph 430 1s
substantially similar to graph 400 and 1llustrates a series of points 438 that represents a
plurality of preset flow rates separated by discrete intervals with each preset flow rate
directly corresponding to a particular sized surgical instrument.

Referring again to Figure 2, in addition to saving time for the operator, as well as

ensuring a predictable, consistent flow rate for a particular size device from procedure-to-
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procedure, the automatically selectable flow rate also ensures a proper proportion between
the flow rate and the amount of suction for a particular sized instrument. Moreover as
illustrated 1in Figure 2, in some embodiments, a suction module 230 1s provided to enable
adjustments to mcrease (via an increase function 236) or decrease (via a decrease function
234) the amount of suction at treatment site via the suction-irrigator tool 40. A display
232 may be provided to track the relative increase or decrease in the level of suction.

In the case of a progression of successively smaller instruments, a relatively
smaller amount of suction will be provided for each smaller sized instrument so that the
amount of suction stays 1n proportion to the relatively smaller flow rate of 1rrigation
provided at the treatment site for each successively smaller sized instrument. In the case of
a progression of successively larger instruments, a relatively larger amount of suction will
be provided for each larger sized instrument so that the amount of suction stays in
proportion to the relatively larger flow rate of irrigation provided at treatment site for each
of successively larger sized instrument. Finally, in another aspect, even when an operator
skips around between different sizes of instruments (instead of following a size-by size
progression) the appropriate amount of suction will be provided to the particular
instrument.

In the event that the operator desires a slightly higher or slightly lower 1rrigation
flow rate, micro flow adjuster 220 enables fine-tuning of the flow rate selected by device
size selector 200. In particular, micro flow adjuster 220 includes an on/off button 222, a
decrease button 224, an increase button 226, and an adjustment display 228. The on/off
button 222 1s configured to enable control over the 1nitiation of, or termination of, the flow
of irrigation fluid via console 150. The decrease button 224 and the increase button 226
cnable small decreases and small increases, respectively, away from the macro or basic
flow rate set by the device size selector 200. Display 228 provides a graphical indication
of the relative increase or decrease 1n the macro flow rate. In one aspect, this fine tuning
adjustment of a preset flow rate for a particular instrument 18 1llustrated 1n Figure 3A via
directional arrow F, which 1llustrates a small range of increase or decrease from a pre-
selected tflow rate (e.g. 20 cc/min) for a 6 French sized surgical mstrument.

In some embodiments, each touch of the decrease button 224 or the increase
button 226 of the micro flow adjuster 220 causes a respective decrease or increase having

a value at least one order of magnitude less than an order of magnitude of the increase or
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decrease 1n the flow rate caused by each touch of the decrease button 202 or the increase
button 204 of the device size selector 200 (1.¢., a macro flow adjuster). In one non-limiting
example, buttons 224, 226 of micro flow adjuster 220 enable a respective decrease or
increase of 5% or 10% a nominal flow rate (one of the macro flow rates selected via
device size selector 200).

In other embodiments, each touch of the decrease button 224 or the increase
button 226 of the micro flow adjuster 220 causes a respective preset decrease or preset
increase that 1s some fraction or percentage (e.g. 1%, 2%, 5%, 7%, 10%, or 15%) of the
increase or decrease 1n the flow rate caused by each touch of the decrease button 202 or
the increase button 204 of the device size selector 200 (1.¢., a macro flow adjuster).

In this way, the operator can make small changes or adjustments to the preset flow
rate (selected via the alphanumeric 1identifier of device size selector 200) that corresponds
to the size of the surgical instrument 1n use. Accordingly, the operator gains the
advantages of a predictable preset flow rate matched to the size of the surgical instrument
while still retaining the flexibility of adjusting the flow rate up or down from a preset flow
rate.

In some embodiments, console 150 also comprises a cutting-irrigator module 162
as 1llustrated 1 the Figure 2. This module 162 includes a cutting speed module 240, a
directional mode selector 250, and a flow rate module 260. The cutting speed module 240
includes an increase function 244, a decrease function 242, and a display 246. The
increase function 244 and the decrease function 242 enable selection and adjustments of
the speed of a cutting tool, as typically measured in revolutions per minute (RPM). The
directional mode selector 250 enables selection of a forward mode or a reverse mode of
the cutting tool via the respective forward function 252 or the reverse function 254. In
addition, 1t 1s understood that cutting-irrigator module 162 (generally or via directional
mode selector 250) also optionally provides selection to other cutting modes, such as an
oscillation cutting mode.

In another aspect, flow rate module 260 of cutting-irrigator module 162 provides a
decrease function 262 and an increase function 264 to select a flow rate as a digital
numerical value as displayed at display 266. In the non-limiting example shown, the flow

rate 18 displayed 1in cc/minute units. By making the flow rate selectable as a digital
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numerical value, the surgeon can readily achieve a predictable flow rate which can be
reproduced from instrument-to-instrument within a procedure, or from surgery-to-surgery.
In one embodiment, the flow rate 1s selected as an independent variable. In other words,
the flow rate 1s not dependent upon another variable such as a fluid pressure within a joint
(such as an arthroscopic surgery). Accordingly, once set, the flow rate 1s not free to vary
(unless specifically adjusted to a new constant rate via console 150) below or up to a limit,
as occurs 1n various conventional arthroscopic surgery systems.

In some environments, the flow rate module 260 also includes a prime function
268 configured to ready an irrigation conduit for cooling a cutting tool or 1rrigating a
treatment site. As noted above, 1t 1s understood that the term treatment site generally
refers to a diagnostic site, a surgical site, an 1rrigation site, or combinations thereof.

In further reference to Figure 2, in some embodiments, fluid manager 100 also
includes a remote control 175 which 1s sized and adapted for location within a sterile field
during a procedure. In one aspect, remote-control includes a pause function 270, a fine
adjustment function 272, and a coarse adjustment function 280. The pause function 270
cnables the operator to 1nitiate, terminate or suspend a flow of fluid through the 1rrigation
conduit of one of the respective tools 40, 90. In one embodiment, the pause function 270
1s used to control priming or flushing of the irrigation conduit of one of the respective
tools 40, 90 (Figure 1).

The coarse adjustment function 280 1ncludes a decrease function 282 and an
increase function 284. In one aspect, when the suction-irrigator module 160 1s 1n use with
a suction-1rrigator tool 40 (Figure 1) or 400 (Figure 5), the coarse adjustment function 280
of remote-control 175 functions as a device size selector, substantially similar to the
device size selector 200 of suction-irrigator module 160 (Figure 2). Accordingly, the
decrease function 282 and the increase function 284 of remote-control 175 causes a
respective decrease or increase 1n a selection of a size of the mstrument by the
alphanumeric 1dentifiers selectable via device size selector 200 of console 150. In this
way, a surgeon can use a remote control 175 to achieve a proper preset flow rate by
merely 1dentifying the size of the instrument to be used.

On the other hand, when the cutting-irrigator module 162 1s 1n use with a cutting-
irrigator tool 90 (Figure 1) or 300 (Figure 4), the coarse adjustment function 280 of

remote-control 175 enables direct selection of a flow rate according to a digital numeric



CA 02734120 2011-02-14
WO 2010/021866 PCT/US2009/053345

16

value 1n a manner substantially the same as flow rate selector 260 of cutting-irrigator
module 162 (Figure 2). Accordingly, the decrease function 282 and the increase function
284 of remote-control 175 causes a respective decrease or increase 1n the flow rate as
selected by and represented via a digital numeric value.

In another aspect, the fine adjustment function 272 of remote-control 175 enables
small increases and decreases 1n a selected flow rate. For example, when the suction-
irrigator module 160 18 1n use, a small increase 1n a flow rate made via increase button 276
of remote-control 175 corresponds to a small increase made via increase button 226 of
micro flow adjuster 220 of console 150 (Figure 2). Likewise a small decrease in the flow
rate made a decrease button 274 of remote-control 175 corresponds to a small decrease
made via decrease button 224 of micro flow adjuster 220 of console 150 (Figure 2). On
the other hand, when the cutting-1rrigator module 162 1s 1n use, changes made via the
decrease button 274 and the increase button 276 of remote-control 175 correspond to small
decreases and increases, respectively, of the base tlow rate selected via flow rate selector
260 of console 150.

In one embodiment, the remote control 175 also can be used to control the speed
and direction of a cutting tool or drill, such as tool 90. In this arrangement, the remote
control 175 operates 1n an auxiliary mode in which the coarse adjustment function 280 1s
used to control the direction of the drill with activation of the increase function 284 of the
coarse adjustment function 280 (of remote control 175) causing a forward drill direction
and activation of the decrease function 282 of the coarse adjustment function 280 causing
a reverse drill direction. In addition, with the remote control 175 operating in this
auxiliary mode, the fine adjustment function 272 of remote control 175 1s used to control
the speed of the drill with the increase function 274 causing 1n an increase 1n the speed and
the decrease function 276 causing a decrease m the speed of the drill. In some
embodiments, 1n this auxiliary mode of remote control 175, the pause function 270 of the
remote control 175 1s used to reverse the direction (e.g., forward, reverse) of the drill.

In some embodiments, an additional set of an increase function and a decrease
function are added to the remote control 175 (in a manner substantially similar to the
coarse adjustment function 280 of Figure 2) to allow the remote control 175 to apply

controls to both the fluid flow and the drill at the same time. In this other embodiments,
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the operator can toggle between using the remote control 175 to control of the drill or to
control the fluid flow.

Console 150 also comprises a mode selector 168 including a cutting function 194
to enable the operator to select fluid management via cutting-irrigator module 162 for a
cutting-1rrigator tool 90 while suction function 196 enables the operator to select fluid
management via suction-irrigator module 160 for the suction-1rrigator tool 40. In some
embodiments, both the suction-irrigator module 160 and the cutting-irrigator module 162
will be displayed simultancously on user intertace 60 of console 150, regardless of which
function 194, 196 1s sclected. On the other hand, in other embodiments, just one of
suction-irrigator module 160 or cutting-irrigator module 162 1s displayed at a time on
console 150 with the mode selector 168 determining which of the respective modules 160,
162 1s displayed. In this latter arrangement, console 150 1s convertible between use with
suction-irrigator module 160 or with cutting-irrigator module 162.

In some embodiments, console 150 includes pump selector 166, as 1llustrated in
Figure 2. The pump selector 166 comprises buttons 190, 192 for selecting activation of
on¢ or both of the pump assemblies 70 as 1s appropriate depending upon which fluid
containers 20, 22 or other fluid sources are 1n use.

Referring again to Figure 2, 1n some embodiments, console 150 includes auxiliary
control module 170, which 1s configured to provide an alternate mechanism to sct a flow
rate for a surgical instrument. This embodiment may prove particularly useful for those
users which are more comfortable with or familiar with keypad entry of various values
and/or functions, instead of using the suction-irrigator module 160 or the cutting-irrigator
module 162. With this 1n mind, the auxiliary control module 170 includes a keypad 172
configured to allow the entry of digital numeric values as well as alphanumeric identifiers.
A size function 174 of the auxiliary control module 170 enables a user such as a surgeon
to enter a size of the mnstrument via keypad 172 using an alphanumeric identifier to
thereby cause an appropriate flow rate for irrigation fluid to travel into (and through) the
irrigation conduit of the particular instrument. In another aspect, the flow function 176 of
the ancillary control module 170 enables the surgeon to directly enter the requested flow
rate (for an 1rrigation conduit of a particular surgical instrument) as a digital numeric value
using keypad 172. In yet another aspect, the speed function 178 of auxiliary control

module 170 enables the surgeon (or their assistant) to directly enter a rotational speed of a
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cutting tool of the surgical instrument via keypad 172 1nstead of using the speed selector
240 of cutting-1rrigator module 162. Finally, values entered and/or functions selected via
auxihiary control module 170 can be displayed on the console via a display like any one or
more of the respective displays 206, 228, 246, and 266 of console 150, as well other
display mechanisms forming part of a graphical user interface such as, graphical user
interface 60 of console 50.

In some embodiments, console 150 of fluid manager 100 also includes additional
fluid control modes provided via secondary fluid control module 350 to augment control
of fluid flow 1n addition to selection of the fluid flow rate. As illustrated in Figure 2,
secondary flow control module 350 comprises a pulsed flow function 352 and a reverse
flow function 354. In use, a fluid tlow rate 1s selected via one or more of the mechanisms
of the fluid manager 100 (Figure 2), as previously described. Thereafter, one of the pulsed
flow function 352 and/or reverse flow function 354 1s selected for use to better implement
the selected flow rate.

In one embodiment, the pulsed flow function 352 causes pulsed fluid flow to
cnable a single nozzle/orifice size of an 1rrigation conduit to deliver an 1rrigant stream over
a wider flow range and provides better surgical sight visibility 1n at least two ways. First,
pulsing the fluid flow via the pulsed flow function 352 interrupts a continuous fluid stream
into the treatment site that can otherwise block a surgeon’s vision. Second, pulsing the
fluid tflow provides intermittent no-flow intervals, thereby allowing the surgeon to apply
suction at the treatment site (during the no-flow interval) to remove any pooled irrigation
fluid that could otherwise obstruct the surgeon’s view of the anatomy at the treatment site.

In one non-limiting example, assuming that a flow rate of 20 cc/minute were
selected, the pulsed flow function 352 would maintain an average flow rate of 20
cc/minute via intermittent pulses of a substantially greater rate of fluid flow (e.g., 50
cc/minute) separated by intervals of no fluid flow. Accordingly, when applying the pulsed
fluid flow, the same total volume of fluid 1s directed to the treatment site for period of time
(¢.g., a minute) as a non-pulsed fluid flow rate. However, with the pulsed fluid function,
several time no-flow intervals separate successive pulses of fluid flow enabling the greater

visibility of the treatment site and the opportunity for applying suction without ongoing

fluid tlow.
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In one embodiment, upon 1ts activation at console 150 the reverse flow function
354 1s automatically applied each time that the surgeon selectively stops a tflow of
irrigation fluid. Accordingly, in addition to the standard stopping action of the pump
assembly 70, the reverse flow function 354 causes the pump assembly 70 to additionally
implement a brief reversal of the ongoing, forward fluid flow to a direction of fluid flow
away from the treatment site. This brief reversal 1s sufficient to offset the momentum of
the forward fluid flow and depressurizes the dampening mechanism 32 (Figure 1) to
cnable a faster flow response upon a user request to start and stop fluid flow. In another
aspect, the reverse flow function 354 also promptly stops any ongoing fluid flow through
the tubing (and 1rrigation conduit), thereby allowing removal (via suction) of any pooled
irrigation fluid at the treatment site while sitmultancously preventing dripping from the
distal end of the 1rrigation conduit that could otherwise obstruct a surgeon’s view of small
anatomy. In other words, the reverse flow function 354 1s tantamount to a stop-quickly
function with drip prevention. Accordingly, once activated, the reverse flow function 354
1s applied automatically each time flow 1s sclectively stopped, regardless of whether the
suction-irrigator tool 40 or the cutting-1rrigator tool 90 1s being used by the surgeon. For
example, during use of the suction-irrigator tool 40, fluid flow 1s selectively stopped by
manually pressing the pause button on the remote conrol 175 or on the console, which
thercby automatically triggers application of the reverse flow function 354. In another
example, during use of the cutting-1rrigiator tool 90, each time the drill of the cutting-
irrigator tool 90 1s stopped (via a foot pedal release or other stopping mechanism), the
fluid flow 1s also automatically stopped according to the reverse flow function 354.

While the surgical instrument used 1n conjunction with the fluid manager 100 of
Figure 2 can take many shapes and forms, one particular surgical instrument adapted for
use with the cutting-1rrigator module 162 comprises a cutting-irrigator tool such as a
micro-burring instrument 300, as illustrated 1in Figure 4. The micro-burring instrument
300 1s configured to optimally perform a sinus surgical procedure, for example a
septoplasty or turbinoplasty procedure. However 1t 1s understood that the principles of the
present disclosure extend to other types of cutting-irrigator tools and other types of
surgeries -- both smus and non-sinus.

As shown 1n Figure 4, the instrument 300 includes an outer tubular assembly 312

and an inner tubular assembly 314 (referenced generally in FIG. 1). The outer tubular
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assembly 312 includes an outer hub 316 and an outer tubular member 318, whereas the
inner tubular assembly 314 includes an inner hub 320, and an 1nner tubular member 322.
The mner tubular member 322 1s sized to be coaxially received within the outer tubular
member 318 and forms a bur 324 at 1ts distal end. The outer tubular member 318 extends
distally from the outer hub 316 while the outer hub 316 can assume a wide variety of
forms known 1n the art. With this in mind, both inner hub 320 and outer hub 316 are
configured for engagement with reciprocating components of a hand piece (¢.g. handpiece
¢.g. 1n Figure 1), which in turn, controls high-speed rotation of inner tubular member 322
relative to outer tubular member 318. This arrangement ultimately results 1n the high-
speed rotation of bur 324, which acts to de-bride or cut target tissue at a treatment site.

Additionally, and 1n one embodiment, cutting instrument 300 mcludes an 1rrigation
tube 330 that 1s exteriorly secured to the outer tubular member 318. The 1rrigation tube
330 1s configured to convey an 1rrigation fluid to a working tip of the instrument 300,
thereby cooling bur 324 and irrigating the surrounding treatment site. In this one
configuration shown in Figure 4, a connector 340 1s provided at one end of the irrigation
tube 330 and 1s adapted to fluidly connect the irrigation tube 330 with a fluid source, such
as one of the fluid sources 20, 22 in Figure 1. An opposite, distal end 342 of the 1rrigation
tube 330 1s arranged to convey fluid through a wall of the outer tubular member 318 to
irrigate bur 324 and the surrounding treatment site. Alternatively, the outer tubular
assembly 312 can be adapted to internally deliver 1irrigation fluid via the outer tubular
member 318 to cool bur 324 and to 1rrigate the surrounding treatment site.

Figure 5 illustrates a suction-irrigator tool 1n accordance with the principles of the
present disclosure and which can be provided for use as the suction-rrigator tool 40
shown 1n Figure 1. While a suction-1rrigator tool can take many forms, in this
embodiment, a suction-irrigator instrument 400 comprises a suction portion 402 and an
irrigation portion 420. The suction portion 402 defines a suction conduit 412 extending
between a distal end 404 and a proximal end 406. A connection portion 408 1s defined at
the proximal end 406 and 1s configured for connection to a negative pressure source 95
(Figure 1) via tubing. The amount of suction 18 controlled via conventional techniques,
such as aperture portion 410 of suction portion 402, and/or via the suction module 230 of
suction-irrigator module 160 of console 150 of Figure 2. On the other hand, the 1rrigation

portion 420 defines an 1rrigation conduit 432 extending between a distal end 422 and a
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proximal end 424. A connection portion 426 1s defined at the proximal end 424 and 1s
configured for connection to distal portion 29 of tubing set 26 via one or more adapters,
such as adapter 35 shown in Figure 1. In this way, irrigation portion 420 forms part of the
irrigation pathway extending from fluid containers 20, 22 and tubing set 26.

Figure 6 provides a flow diagram that schematically illustrates a method 500 of
surgery in accordance with the principles of the present disclosure. In one embodiment,
method 500 employs one or more of the systems or components previously described in
association with Figures 1-5 while in other embodiments method 500 is performed using
other systems or components.

As illustrated in Figure 6, the method comprises locating both a surgical instrument
and a remote control of a fluid manager within a sterile field while locating a peristaltic
pump external to the sterile field as shown at block 502. At block 504, via the remote
control, the first flow rate is selected as an independent variable expressed as a digital
numeric value. The method continues with performing a procedure using the surgical
instrument including directing fluid, via the pump at the selected first flow rate, through'
tubing and through an irrigation conduit of the surgical instrument for release onto a
cutting tip (such as bur 324 in Figure 4) and/or onto a treatment site.

' Embodiments of the present disclosure provide a system and method in which
operator can choose a preset flow rate to be assured of a consistent, predictable flow rate
of irrigation fluid at the treatment site, whether the surgical instrument is a cutting-
irrigator tool or a suction-irrigator tool. In one non-limiting example, finger-touch
selection of an instrument size via an alphanumeric identifier causes selection of a flow
rate within a scale of preset flow rates. In another example, a preset flow rate is selected
as an independent variable and represented via in a digital numeric value on a display.
Moreover, with the available remote control feature, the surgeon can readily select such a
preset flow rate (directly via a digital numeric value or via selection of an instrument size)
or make small adjustments in the flow rate remotely within the sterile field by the simple
touch of a button.

Although the present disclosure has been described with reference to preferred
embodiments, workers skilled in the art will recognize that changes can be made in form

and detail without departing from the scope of the present disclosure.
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CLAIMS:
1. A surgical fluid manager comprising:

a positive displacement pump configured to releasably engage an exterior of

tubing to pump fluid through the tubing; and

a graphical user interface configured to enable electronic finger-touch selection
of a fluid tlow rate through the tubing and through a surgical instrument connectable to the
tubing, wherein the fluid flow rate is an independent variable and the graphical user interface

includes a mode selector to provide convertible operation between:

a first mode configured to directly control the flow rate via user selection of

one of a plurality of displayable, selectable digital numeric values; and

a second mode configured to directly control the flow rate via user selection of
one alphanumeric size identifier within a scale of displayable alphanumeric size identifiers
wherein each respective alphanumeric size identifier directly corresponds to just one surgical
instrument size within a scale of different surgical instrument sizes, and wherein the different
surgical instrument sizes relate to substantially the same type of surgical instrument, including

the first surgical instrument.

2. The surgical fluid manager of claim 1 wherein the instrument size is
determined by a cross-sectional area of instrument and wherein the surgical instrument

includes an irrigation conduit through which the fluid flows.

3. The surgical fluid manager of claim 1 wherein the user interface comprises:

a console positionable external to a sterile field and supporting the positive

displacement pump; and

a remote control in communication with the console and positionable within
the sterile field, wherein the remote control is separate from and independent of the surgical

Instrument,
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wherein both the console and the remote control provide the electronic finger-

touch selection of the flow rate via one of the respective first and second modes.

4. The surgical fluid manager of claim 3 wherein the user interface,

including both the console and the remote control, comprises:

an adjustment mechanism configured to cause at least one of an increase
or a decrease in the selected flow rate by a numeric value via discrete intervals of at least one

order of magnitude less than the order of magnitude of the selected tlow rate.

5. The surgical fluid manager of claim 1 wherein in the second mode, the tlow
rate is selectable via the alphanumeric size identifiers in correspondence with performing a
surgical procedure using at least one of successively larger surgical instruments or
successively smaller surgical instruments throughout the procedure in which each successive

alphanumeric size identifier corresponds to the next instrument size for the procedure.

6. " The surgical fluid manager of claim 1 and further comprising a surgical system

comprising:
the first surgical instrument including at least one of:
a first tool comprising an irrigation conduit and a cutting tool; or

one second tool of an array of second tools, each second tool comprising an

irrigation conduit and a suction conduit that is separate and independent of the 1rrigation

conduit; and

the tubing being in fluid communication with the irrigation conduit of a

respective one of the first or second tools to define an irrigation pathway from a fluid source

through the tubing and the respective irrigation condutt; and

wherein the first mode corresponds to a cutting-irrigation mode in which the

flow rate is selectable for the first tool; and
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wherein the second mode corresponds to a suction-irrigation mode in which the
tflow rate 1s selectable for the one second tool as one of the respective alphanumeric size
1dentifiers within the scale of alphanumeric size identifiers, wherein each respective

alphanumeric size identifier directly corresponds to a different size of a respective one of the

array of second tools.

7. The system of claim 6 wherein each second tool has a differently sized cross-

sectional area of the irrigation conduit relative to the other second tools.

8. The system of claim 7 wherein each second tool has a differently sized cross-

sectional area of the suction conduit relative to the other second tools.

9. The system of claim 8 wherein within all of the respective second tools of the
array, a same fixed proportion is maintained between the cross-sectional area of the irrigation

conduit and a cross-sectional area of the suction conduit.
10. The system of claim 6 and further comprising:

a dampening mechanism interposed between the positive displacement pump

and the surgical instrument to modulate tlow pulsations within the irrigation pathway.

11. Use of the surgical fluid manager of any one of claims 1 to 10 for controlling

the tluid tlow rate of 1rrigation fluid.
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