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(57) ABSTRACT

A surgical system includes a first instrument defining a first
channel and a second instrument receivable by the first chan-
nel. The second instrument defines a second channel. A valve
coupled to the first instrument controls fluid flow through the
first channel, such that impedance of fluid flow through the
first channel is substantially the same without the second
instrument received in the first channel and with the first
channel partially blocked by the second instrument. In
another aspect, a surgical apparatus includes an outer member
and an inner member received within the outer member to
define a first channel therebetween. The inner member houses
an optical lens and defines a second channel for receiving a
surgical instrument. The first and second channels are con-
figured such that a pump having an inflow rate of up to about
0.7 L/min connected to the second channel can maintain fluid
pressure inside an organ.
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FIG. 2A
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FIG. 6A
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TISSUE RESECTING SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation of U.S.
patent application Ser. No. 13/212,240, filed Aug. 18, 2011,
titled TISSUE RESECTING SYSTEM, now allowed, which
is a continuation U.S. patent application Ser. No. 10/927,244,
filed Aug. 27, 2004, titled TISSUE RESECTING SYSTEM,
now U.S. Pat. No. 8,062,214. The contents of the prior appli-
cations are incorporated herein by reference in their entirety.

TECHNICAL FIELD
[0002] This invention relates to a tissue resecting system.
BACKGROUND
[0003] Endoscopic surgery of a distensible organ, such as a

uterus, may be performed with an endoscope that is insertable
into the uterus and a resector that passes through the endo-
scope to cut or otherwise treat tissue in the uterus. During
surgery, it often is desirable to distend the uterus with a fluid,
such as saline, sorbitol, or glycine, in order provide a visible
working space. Fluid can be infused into the uterus and
removed from the uterus through the endoscope and/or resec-
tor.

SUMMARY

[0004] Ifthe outflow of fluid from the uterus is greater than
the inflow of fluid to the uterus, the uterus may collapse back
to its normal state, making visualization of the uterus difficult.
On the other hand, if the inflow of fluid is greater than the
outflow of fluid such that the pressure created by the fluid is
greater than the patient’s mean arterial pressure, excess fluid
can enter the patient’s vascular system (known as intravasa-
tion), which can lead to serious complications or death.
[0005] To aid in addressing these issues, in an aspect of the
invention, a surgical system includes a first instrument defin-
ing a fluid flow channel and a second instrument receivable by
the first instrument fluid flow channel. The second instrument
defines a channel. The system includes a valve coupled to the
first instrument and configured to control fluid flow through
the first instrument channel. The valve is configured such that
impedance of fluid flow through the first instrument channel
is substantially the same without the second instrument
received in the first instrument channel and with the first
instrument channel partially blocked by the second instru-
ment such that the first instrument channel is limited to a
region between the first and second instruments.

[0006] Embodiments of this aspect of the invention may
include one or more of the following features.

[0007] For example, the first instrument includes an outer
member and an inner member. The inner member defines the
first instrument channel therethrough. The inner member is
received within the outer member, and the outer member and
the inner member define a second fluid flow channel therebe-
tween. The second instrument includes a tube defining the
second instrument channel therethrough. The tube partially
blocks the first instrument fluid flow channel when received
therein. The second fluid flow channel has a cross-sectional
area of, e.g., about 0.0083 to about 0.0249 square inches,
preferably about 0.0166 square inches. The first instrument
fluid flow channel has a cross-sectional area of, e.g., about
0.0053 to about 0.0159 square inches, preferably about
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0.0106 square inches. The second instrument channel has a
cross-sectional area of, e.g., about 0.0042 to about 0.013
square inches, preferably about 0.0085 square inches.
[0008] In an illustrated embodiment, the valve includes a
housing and a body within the housing. The body defines an
opening therein and is moveable relative to the housing
between a first position in which the opening and the first
instrument channel define a first fluid flow path having a first
impedance and a second position in which the opening is
arranged to receive the second instrument therethrough such
that the opening and the first instrument channel define a
second fluid flow path that has a second impedance substan-
tially equal to the first impedance.

[0009] The system as illustrated includes a pump and the
first instrument is configured to connect to the pump such that
the pump infuses fluid through the first instrument channel.
The pump is programmed to infuse fluid through the first
instrument channel to maintain a substantially constant pres-
sure of between about 60 mm Hg and about 120 mm Hg inside
a distensible organ. A sensor coupled to the pump senses a
flow impedance at a given flow rate, and a controller coupled
to the sensor and the pump compares the flow impedance to a
predetermined flow impedance for the given flow rate to
verify the identity of the first and second instruments.
[0010] The second instrument channel is in fluid commu-
nication with a source of suction and a regulator is interposed
between the second instrument channel and the source of
suiction to regulate an amount of suction applied through the
second instrument channel.

[0011] According to another aspect of the invention, a sur-
gical system includes a first instrument defining a fluid flow
channel, and a second instrument receivable by the first
instrument fluid flow channel. The second instrument defines
a channel. The system includes a means for maintaining a
substantially constant impedance of fluid flow through the
first instrument channel with and without the second instru-
ment received in the first instrument channel.

[0012] According to another aspect of the invention, a
method includes: (a) positioning a valve coupled to a first
instrument in a first position; (b) introducing fluid to a disten-
sible organ through the valve with the valve in the first posi-
tion and through a channel in the first instrument; (c) posi-
tioning the valve in a second position; (d) introducing a
second instrument through the valve with the valve in the
second position and through the first instrument channel; and
(e) introducing fluid to the distensible organ through the valve
with the valve in the second position and through a region of
the first instrument channel located between the first and
second instruments. The impedance of fluid flow in steps (b)
and (e) is substantially the same.

[0013] Embodiments of this aspect may include one or
more of the following features. The method includes main-
taining substantially constant fluid pressure within the disten-
sible organ with and without the second instrument received
in the first instrument channel. Maintaining includes suction-
ing fluid from the distensible organ through the second instru-
ment. The method includes regulating a pump coupled to the
valve for introducing fluid through the valve.

[0014] According to another aspect of the invention, a valve
includes a housing and a body within the housing. The body
defines an opening therein. The body is moveable relative to
the housing between a first position in which the opening and
the housing define a first fluid flow path having a first imped-
ance and a second position in which the opening is arranged
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to receive a surgical instrument therein. The opening is con-
figured such that with the surgical instrument received
therein, the opening and the housing define a second fluid
flow path that has a second impedance substantially equal to
the first impedance.

[0015] Embodiments of this aspect may include one or
more of the following features. The opening includes a
throughbore through the body for receiving the surgical
instrument. The opening includes a second bore having a first
open end and a second closed end in the body. The second
bore is arranged substantially orthogonal to the throughbore
and intersects the throughbore. The housing defines an inlet
and an outlet. When the body is in the first position, the
throughbore is partially aligned with the inlet and the first
fluid flow path is from the inlet, through the throughbore, and
then through the second bore to the outlet. When the body is
in the second position, the second bore is aligned with the
inlet and the second fluid flow path is from the inlet, through
the second bore, and then through the throughbore to the
outlet.

[0016] According to another aspect of the invention, a
method of regulating inflow through a valve includes posi-
tioning the valve in a first position wherein the valve has a first
impedance; positioning the valve in a second position; and
introducing a surgical instrument through the valve in the
second position. A combination of the surgical instrument
and the valve has a second impedance substantially equal to
the first impedance.

[0017] According to another aspect of the invention, an
apparatus for surgery includes an outer member and an inner
member received within the outer member. The outer member
and the inner member define a first channel therebetween.
The inner member houses an optical lens and defines a second
channel for receiving a surgical instrument. The first and
second channels are configured such that a pump having an
inflow rate of up to about 0.7 L/min connected to the second
channel can maintain fluid pressure inside an organ.

[0018] Embodiments of this aspect may include one or
more of the following features. A pump is coupled to the
second channel to introduce fluid through the second channel
at an inflow rate up to about 0.7 L/min. The outer member
defines a plurality of holes in fluid communication with the
first channel. The plurality of holes is positioned in a distal
portion of the outer member. The second channel has a
D-shaped cross-section. The first channel has a cross-sec-
tional area, e.g., of about 0.0083 to about 0.0249 square
inches, preferably about 0.0166 square inches. The second
channel has a cross-sectional area of, e.g., about 0.0053 to
about 0.0159 square inches, preferably about 0.0106 square
inches. The second channel receives the surgical instrument.
The surgical instrument has a suction channel with a cross-
sectional area of, e.g., about 0.0042 to about 0.013 square
inches, preferably about 0.0085 square inches. A valve is
coupled to the inner member for regulating inflow through the
second channel such that the valve and the second channel
have a first impedance equal to a second impedance when the
surgical instrument is received in the second channel.

[0019] According to another aspect of the invention, a fluid
management system includes a pump configured for coupling
to an endoscope to infuse fluid through the endoscope at a
given flow rate. A sensor is coupled to the pump that senses a
flow impedance through the endoscope at the given flow rate.
A controller is coupled to the sensor and programmed to
compare the flow impedance to a predetermined flow imped-
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ance for the given flow rate to verify the identity of the
endoscope and a surgical instrument received therein.
[0020] Embodiments of this aspect may include one or
more of the following features. The sensor includes a pressure
transducer. A circuit is coupled to the controller and the pump
for disabling the pump if the identity of the surgical instru-
ment and endoscope is not verified. The controller is pro-
grammed to compare flow impedances to predetermined flow
impedances at multiple flow rates.

[0021] According to another aspect of the invention, a fluid
management system includes means for infusing fluid
through an endoscope at a flow rate, means for measuring a
flow impedance through the endoscope at the flow rate, and
means for comparing the flow impedance to a predetermined
flow impedance to verify the identity of the endoscope and a
surgical instrument received therein.

[0022] According to another aspect of the invention, a
method includes programming a pump with data on a prede-
termined flow impedance for an endoscope and surgical
instrument assembly for a given flow rate, activating the
pump to infuse fluid through the endoscope and surgical
instrument assembly at the given flow rate, sensing a flow
impedance through the assembly, and comparing the sensed
flow impedance to the predetermined flow impedance. The
method may further include disabling the pump if the flow
impedance is not within a threshold value of the predeter-
mined flow impedance.

[0023] According to another aspect of the invention, a
method includes infusing fluid into a distensible organ, and
maintaining a substantially constant fluid pressure inside the
distensible organ between about 60 mm Hg and about 120
mm Hg.

[0024] According to another aspect of the invention, a sys-
tem includes an endoscope defining a channel therethrough
and a surgical instrument received within the endoscope
channel. The surgical instrument defines a channel therein for
connection with a source of suction. A regulator is coupled to
the surgical instrument channel between the instrument chan-
nel and the source of suction to regulate an amount of suction
applied through the instrument channel.

[0025] The details of one or more embodiments of the
invention are set forth in the accompanying drawings and the
description below. Other features, objects, and advantages of
the invention will be apparent from the description and draw-
ings, and from the claims.

DESCRIPTION OF DRAWINGS

[0026] FIG. 1isa schematic diagram of a resection system.
[0027] FIG. 2A is an exploded, perspective view of a hys-
teroscope of the system of FIG. 1.

[0028] FIG. 2B is a perspective view of the assembled
hysteroscope of FIG. 2A.

[0029] FIG. 3A is alongitudinal cross-sectional view of the
hysteroscope of FIG. 2B.

[0030] FIG. 3B is a cross-sectional view of the hystero-
scope of FIG. 2B taken along line 3B-3B.

[0031] FIG. 4 is a perspective view of the hysteroscope of
FIG. 2B with a resector received therethrough.

[0032] FIG. 5is a cross-sectional view of the hysteroscope
and resector of FIG. 4 taken along line 5-5.

[0033] FIG. 6A is a perspective cut-away view of primary
and secondary valves of the hysteroscope of FIG. 2B, with the
primary valve in an open position and the secondary valve in
a first position.
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[0034] FIG. 6B is a cross-sectional view of the primary and
secondary valves as shown in FIG. 6A taken along line
6B-6B.

[0035] FIG. 7A is a perspective cut-away view of the pri-
mary and secondary valves of the hysteroscope of FIG. 2B,
with the primary valve in an open position and the secondary
valve in a second position for receiving the resector.

[0036] FIG. 7B isa cross-sectional view ofthe primary and
secondary valves as shown in FIG. 7A taken along line
7B-7B.

[0037] FIG. 8A is a perspective cut-away view of the pri-
mary and secondary valves of the hysteroscope of FIG. 2B,
with the primary valve closed and the secondary valve in the
second position.

[0038] FIG. 8B is a cross-sectional view ofthe primary and
secondary valves as shown in FIG. 8A taken along line
8B-8B.

[0039] FIG.9is aschematic diagram of a fluid management
system of the resection system of FIG. 1.

[0040] FIG. 10 is a perspective view of an obturator foruse
with a sheath of the hysteroscope of FIG. 2A.

[0041] FIGS. 11-13 show the obturator, hysteroscope and
resector in use.
[0042] FIG. 14 is a graph showing the impedance through

the hysteroscope at various flow rates.

DETAILED DESCRIPTION

[0043] Referring to FIG. 1, a tissue resecting system 10
includes an endoscope, e.g., hysteroscope 100, having a distal
portion 102 insertable into a distensible organ, e.g., a uterus,
of a patient 20 to flow fluid into and remove fluid from the
organ. System 10 includes a cart carrying fluid bags 17 that
are conrected to hysteroscope 100 by an inflow line 30 to
deliver fluid to hysteroscope 100. Inflow line 30 runs through
a pump, e.g., peristaltic pump 310, of a fluid management
control unit 300 on cart 15. Pump 310 controls the pressure of
the fluid delivered along inflow line 30 1o hysteroscope 100.
System 10 also includes a gravity container 40 on cart 15
connected by an outflow line 32 to an outflow valve 105 on
hysteroscope 100 to collect the outflow of fluid from hystero-
scope 100, under the force of gravity. In addition, system 10
includes a surgical drape 22 connected by outflow line 32 to
gravity container 40 to collect fluid from patient 20.

[0044] System 10 further includes a resector 200 that is
received within hysteroscope 100 during use to resect tissue
from the organ. Resector 200 includes a handle 205 and a
distal portion 210 that extends out of distal portion 102 of
hysteroscope 100. Distal portion 210 includes a working end
220, e.g., amorcellator, that can be actuated to cut tissue from
the organ. Handle 205 includes a motor (not shown) coupled
to working end 220 to rotate working end 220 about a longi-
tudinal axis to cut tissue. Also located on cart 15 is a resector
control unit 60 of system 10 connected by a wire 201 to
resector 200 to control movement of working end 220. Sys-
tem 10 also includes a footpedal 62 connected to control unit
60 by a wire 64 to actuate control unit 60.

[0045] Also located on cart 15 are four vacuum containers
42 of system 10 connected by suction line 34 to a suction port
230 on resector 200 to collect fluid and tissue suctioned
through resector 200. At least one of vacuum containers 42
includes a tissue trap 43 that collects tissue suctioned through
suction lines 34 for later examination, e.g., by a pathologist.
System 10 also includes a vacuum regulator 400 connected by
a suction line 36 to vacuum containers 42 and by vacuum line
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38 to a vacuum source (not shown) to regulate suction pro-
vided by the vacuum source through suction channel 204 of
resector 200.

[0046] Also located on cart 15 is a fluid monitoring unit 18
of system 10 that tracks the amount of fluid collected in
gravity container 40 and vacuum containers 42 and the
amount of fluid pumped by fluid management control unit
300 and sets off an audible or visual alarm if the difference
between the amounts of fluid pumped and collected is above
a threshold value, thus minimizing the possibility of excess
fluid intravasation.

[0047] Part of system 10 is a visualizing and imaging
assembly 50 that includes a camera 51 coupled to a camera
port 106 of hysteroscope 100, and a light source 52 coupled
by a fiber optic cable 54 to a light port 109 of hysteroscope
100. Together, camera 50 and light source 52 allow a user to
remotely visualize the tissue atdistal end 102 of hysteroscope
100. Assembly 50 also includes an imaging station 70 con-
nected by a fiber optic cable 56 to camera 50. Imaging station
70 has monitors 72 for viewing images from camera 50 and a
capture system 74 for making a recording of the images.
[0048] Referring to FIGS. 2A and 2B, hysteroscope 100
includes a sheath 80 that has a tube 120 with an inner wall 122
defining a channel 121 therethrough. Distal end 102 of tube
120 includes a plurality of holes 112 in communication with
channel 121 for allowing fluid to flow out of an organ through
channel 121. Sheath 80 has a proximal portion 84 that
includes outflow port 105. Outflow port 105 is in fluid com-
munication with channel 121. Positioned between outflow
port 105 and channel 121 is an on/off valve 123 for turning on
and off fluid flow from channel 121 to outflow port 105.
[0049] Hysteroscope 100 also includes a scope housing 90
that has an elongated member 124 removably receivable in
tube 120. Member 124 has an outer wall 126 and an inner wall
125. Inner wall 125 that defines an inflow channel 130. A
proximal portion 94 of scope housing 90 includes inflow port
110, a primary valve 150, and a secondary valve 160, which
are fluidly connected to inflow channel 130, as described
below. Member 124 also defines a lens channel 140 that
houses an optical lens 142. Scope housing 90 has a proximal
portion 94 that includes camera port 106 and light port 109,
which are coupled to optical lens 142 by fiber optic lines (not
shown). Light travels from light port 109 to distal end 102 of
hysteroscope 100 to illuminate objects near distal end 102.
Images of those objects are received by optical lens 142, and
travel through camera port 106 to camera (FIG. 1), to allow
the user to view the organ through hysteroscope 100. Lens
channel 140 is positioned adjacent to inflow channel 130 to
help keep optical lens 142 clear of debris during use. Proxi-
mal portion 94 of scope housing 90 also includes a pin 92
receivable in a J-shaped slot (not shown) in sheath 80 to
releasably lock scope housing 90 to sheath 80 when member
124 is received in tube 120.

[0050] Referring also to FIGS. 3A and 3B, when member
124 is received in tube 120, inner wall 122 of tube 120 and
outer wall 126 of member 124 define a passive outflow chan-
nel 128 therebetween. Passive outflow channel 128 is divided
into a left portion 128A and a right portion 128B, which
reconnect at outflow port 105. Passive outflow channel 128 is
in fluid communication with holes 112 in distal end 102 of
tube 120 and with outflow port 105 to permit passive outflow
of fluid from the organ under the force of gravity. It will be
understood that outflow channel 128 need not be divided.
Inner wall 125 of member 124 defines inflow channel 130 that
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is in fluid communication with an aperture 108 in distal end
102 of hysteroscope 100 to permit fluid flow into the organ.
Fluid flows through passive outflow channel 128 along a path
that is completely separate from a path along which fluid
flows through inflow channel 130.

[0051] Referring to FIG. 3B, inflow channel 130 and pas-
sive outflow channel 128 are sized and configured so that fluid
management control unit 300, which has an inflow rate of up
to 0.7 L/min, is able to maintain a substantially constant fluid
pressure inside a distensible organ by pumping sufficient fluid
into the organ through inflow channel 130 to balance fluid
flow out of the organ through passive outflow channel 128, as
described below. For example, inflow channel 130 has a
D-shaped cross-section with a cross-sectional area, e.g., of
about 0.0153 to about 0.0461 square inches, preferably about
0.0307 square inches, and each portion 128A, 128B of pas-
sive outflow channel 128 has a crescent-shaped cross-section
with a combined cross-sectional area, e.g., of about 0.0083 to
about 0.0249 square inches, preferably about 0.0166 square
inches. It should be understood that other configurations and
sizes of inflow channel 130 and passive outflow channel 128
are possible, so long as outflow of fluid through outflow
channel 128 does not exceed the ability of fluid management
control unit 300 to pump fluid into the organ through inflow
channel 130 at least at the same flow rate as the outflow of
fluid.

[0052] Referring to FIGS. 4 and 5, resector 200 includes a
stationary elongated outer tube 202 and a rotatable inner tube
201 that is coupled to working end 220 (not shown). Inflow
channel 130 receives resector 200 therethrough. The cross-
section of inflow channel 130 enables inflow channel 130 to
be only partially blocked by resector 200, allowing fluid to
continue to flow into the organ through a region of inflow
channel 130 unblocked by resector 200, located between
inner wall 125 and elongated tube 202 Inner tube 201 of
resector 200 defines a suction channel 204 having an opening
206 at working end 220 of resector 200 and in fluid commu-
nication with suction port 230 of resector handle 205 (FIG. 1)
to permit suction of fluid and tissue from the organ. Fluid is
suctioned through suction channel 204 along a path that is
completely separate from the paths along which fluid flows
through outflow channel 128 and inflow channel 130.
[0053] Referring to FIG. 5, passive outflow channel 128,
inflow channel 130, and suction channel 204 are sized and
configured so that fluid management control unit 300 is able
to maintain the substantially constant fluid pressure inside the
organ by pumping sufficient fluid into the organ to balance
fluid flow out of the organ through passive outflow channel
128 and suction of fluid out of the organ through suction
channel 204, as described below. For example, the portion of
inflow channel 130 not blocked by resector 200 has a cross-
sectional area of about 0.0106 square inches, passive outflow
channel 128 has a cross-sectional area of about 0.0166 square
inches, and suction channel 204 has a cross-sectional area of
about 0.0085 square inches. It should be understood that other
configurations and sizes of inflow channel 130, passive out-
flow channel 128, and suction channel 204 are possible, so
long as outflow of fluid through outflow channel 128 and
suction of fluid through suction channel 204 do not exceed the
ability of fluid management control unit 300 to pump fluid
into the organ through inflow channel 130 at the same flow
rate as the outflow of fluid.

[0054] The ability of fluid management control unit 300 to
maintain a substantially constant fluid pressure in the organ is
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further facilitated by secondary valve 160 of scope housing
90, which maintains substantially the same fluid flow imped-
ance through inflow channel 130 regardless of whether resec-
tor 200 is positioned in scope housing 90. For example, FIG.
14 shows the impedance through hysteroscope 100 at various
flow rates, regardless of whether resector 200 is positioned in
scope housing 90. By maintaining a substantially constant
fluid flow impedance, secondary valve 160 facilitates fluid
management control unit maintaining a substantially con-
stant pressure in the organ regardless of whether resector 200
is positioned in scope housing 90. Impedance refers to the
pressure drop in fluid between two points (in this case
between inflow port 110 and the distal end of inflow channel
130) and varies proportional to the square of the flow rate.

[0055] Referring to FIGS. 6A and 6B, secondary valve 160
has a housing 162 and a body 164 rotatable within housing
162. Housing 162 includes an inlet 167 aligned with inflow
port 110 and an outlet 169 aligned with inflow channel 130.
Body 164 defines a throughbore 166 and a smaller diameter
blind bore 168 having an open end 168A and a closed end
168B. Blind bore 168 intersects throughbore 166 substan-
tially orthogonal to throughbore 166 and has a diameter sub-
stantially equal to the diameter of intermediate channel 155.

[0056] Body 164 is attached to a handle 165 that allows
body 164 to be moveable between a first position (FIGS.
6A-6B) defining a first fluid flow path A and asecond position
(FIGS. 7TA-7B) defining a second fluid flow path B. When
secondary valve 160 is in the first position, blind bore 168 is
aligned with outlet 169 and throughbore 166 is parallel to, but
offset from, inlet 167 such that body 164 partially blocks inlet
167. Fluid flow along path A is impeded by body 164 partially
blocking inlet 167.

[0057] Referring to FIGS. 7A and 7B, when secondary
valve 160 is in the second position, blind bore 168 is aligned
with inlet 167 and throughbore 166 is aligned with outlet 169
such that fluid can flow through secondary valve 160 along
path B. In use, with secondary valve 160 in the second posi-
tion, resector 200 is received through throughbore 166 of
secondary valve 160, such that resector 200 is received within
inflow channel 130 of hysteroscope 130. Fluid flow along
path B is impeded by resector 200 partially blocking through-
bore 166 and inflow channel 130. The impedance of fluid flow
along path B due to resector 200 blocking fluid flow is sub-
stantially equal to the impedance of fluid flow along path A
due to body 164 blocking fluid flow. Thus, secondary valve
160 allows for substantially the same impedance of fluid flow
through inflow channel 130 and into the organ regardless of
whether resector 200 is received through hysteroscope 100.

[0058] Referring also to FIGS. 8A and 8B, a primary valve
150 is positioned between inflow port 110 and secondary
valve 160 to provide on/off control of fluid flow from inflow
port 110 through secondary valve 160 into inflow channel
130. Primary valve 150 includes a housing 152 and a body
154 rotatable within housing 152 and defining a throughbore
156. Body 154 is connected to a handle 153 for moving body
154 between a fully opened position (FIGS. 6A and 6B),
wherein throughbore 156 is aligned with inflow port 110 to
allow fluid to flow to inflow channel 130, and a fully closed
position (FIGS. 8A and 8B), where fluid flow to inflow chan-
nel 130 is blocked. Primary valve 150 and secondary valve
160 are removably connected to a proximal end 107 of hyst-
eroscope 100 by a threaded portion 161 having a bore 163
therethrough that is aligned with inflow channel 130.
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[0059] Fluid management control unit 300 maintains a sub-
stantially constant fluid pressure inside the organ by pumping
sufficient fluid into the organ through inflow channel 130 to
balance fluid flow out of the organ through passive outflow
channel 128 and from suction of fluid through suction chan-
nel 204 (when resector 200 is received in hysteroscope 100).
Referring to FIG. 9, fluid management control unit 300
includes peristaltic pump 310 through which runs fluid line
30 that transmits fluid from fluid bag 17 to inflow port 110 of
hysteroscope 100. Pump 310 pumps fluid along fluid line 310,
controlling the pressure and flow rate of fluid transmitted to
hysteroscope 100.

[0060] Fluid management control unit 300 includes a flow
rate sensor 315, such as a roller head, a turbine, or an ultra-
sonic sensor, that measures the flow rate of fluid outputted by
pump 310. Control unit 300 also includes a pressure sensor,
e.g., pressure transducer 320, that senses the fluid pressure in
fluid line 30 after the fluid passes through pump 310. Fluid
management control unit 300 also includes an input 345
where a user can input a desired pressure to be maintained
inside the organ, and a memory 340 that contains information
on the impedance (i.e., pressure drop) through the hystero-
scope 100 and resector 200 combination at a range of differ-
ent flow rates.

[0061] Coupled to pressure sensor 320, pump 310, flow rate
sensor 315, input 345, and memory 340, is a controller 330,
e.g., a microprocessor, that controls the pressure and the flow
rate outputted by pump 310 based on the flow rate measured
by flow rate sensor 315, the pressure measured by pressure
sensor 320, the information stored in memory 340, and the
target pressure 345. Based on a measured flow rate and a
measured pressure, controller 330 determines the actual pres-
sure in the organ according to the information stored in
memory 340 that accounts for the impedance (i.e., pressure
drop) through the hysteroscope 100 at various flow rates.
Controller 330 then compares the pressure in the organ with
the target pressure and adjusts the pressure and flow rate
outputted by pump 310 accordingly. If the target pressure is
greater than the actual pressure, then controller 330 increases
the output of pump 310. If the target pressure is less than the
actual pressure, then controller 330 decreases the output of
pump 310.

[0062] The size and configuration of inflow channel 130,
passive outflow channel 128, and suction channel 204 facili-
tate controller 330 maintaining substantially constant pres-
sure in the organ. In addition, secondary valve 160 facilitates
maintaining a substantially constant pressure in the organ by
keeping the impedance through hysteroscope 100 the same
regardless of whether resector 200 is received in hysteroscope
100. Thus, it is not necessary for controller 330 to “know”
whether resector 200 is positioned in hysteroscope 100. Fluid
management control unit 300 is able to maintain a relatively
constant pressure of fluid within the organ, e.g., at a preset
pressure between about 60 mm Hg and about 120 mm Hg.
[0063] Fluid management control unit 300 also includes a
feature that verifies that a correct combination of hystero-
scope 100 and resector 200 is being used (i.e., to ensure that
the system is only used when a resector and a hysteroscope
having properly balanced flow channels are attached to fluid
management control unit 300). Memory 340 contains flow
rate and impedance information for each valid combination of
a hysteroscope and a resector. Controller 330 is programmed
to determine whether the pressure measured by pressure
transducer 320 is within a threshold value of a predetermined
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pressure for a given flow rate in order to verify the identity of
the combination of the hysteroscope and the resector. Con-
troller 330 is coupled to a shut-off circuit 360 to disable pump
310 when controller 330 determines that the combination of
hysteroscope and resector is invalid (e.g., when an incorrect
size resector is used with the hysteroscope). If the combina-
tion is verified, then controller 330 overrides shut-off circuit
360 and allows pump 310 to pump fluid to hysteroscope 100,
as described above. On the other hand, if controller 330
determines that the combination of the hysteroscope and the
resector is invalid (e.g., wrong size resector), the controller
330 activates shut-off circuit 360 to disable pump 310. Con-
troller 330 also is coupled to an alarm 350, e.g., a visual or
audible alarm, that is activated when pump 310 is disabled.
Controller 330 is programmed to make pressure comparisons
at several (e.g., three or four) flow rates prior to use of hyst-
eroscope 100 and resector 200.

[0064] Inuse,a userassembles the components of resection
system 10 as shown in FIG. 1. As shown in FIGS. 7A and 7B,
the user positions primary valve 150 in the open position and
secondary valve 160 in the second position. The user inserts
resector 200 through hysteroscope 100. The user verifies the
combination of hysteroscope 100 and resector 200 by acti-
vating fluid management control unit 300, as described above
with respect to FIG. 9, to infuse fluid through hysteroscope
100 and resector 200 assembly at three or four different flow
rates, to sense the flow impedance through the assembly, and
to compare each sensed flow impedance to predetermined
flow impedances. If the combination is verified, the user
removes resector 200 from hysteroscope 100, closes primary
valve 150, and moves secondary valve 160 to the first posi-
tion, as shown in FIGS. 8A and 8B.

[0065] Referring to FIG. 10, to position sheath 80 within
the uterus, system 10 includes an obturator 800 insertable
through sheath 80 when scope housing 90 is removed from
sheath 80. Obturator 800 includes a shaft 810, a sharp, distal
tip 820, and a proximal handle 840. Disposed between handle
840 and shaft 810 is a pin 830 that fits into the J-shaped slot
(not shown) in sheath 80 to removably lock obturator 800 to
sheath 80.

[0066] Referring to FIG. 11, with obturator 800 received
within sheath 80 such that tip 820 extends beyond distal
portion 102 of sheath 80, the user inserts obturator 800 and
sheath 80 into a uterus 900. Referring to FIG. 12, the user
removes obturator 800 from sheath 80, and inserts scope
housing 90 through sheath 80 and into uterus 900. The user
then opens primary valve 150 while leaving secondary valve
160 in the first position, as shown in FIGS. 6A and 6B, and
activates fluid management control system 300 to pump fluid
through channel 130 of hysteroscope 100 and into uterus 900
along flow path A, at a first impedance, to distend uterus 900,
as shown in FI1G. 12. At the same time, the user allows fiuid to
flow out of uterus 900 via holes 112 and channel 122 in
hysteroscope 100 along flow path Cto gravity container 40, in
order to keep the pressure inside uterus 900 between about 60
mm Hg and 120 mm Hg.

[0067] Once uterus 900 has been distended, with primary
valve 150 still open, the user positions secondary valve 160 in
the second position, as shown in FIGS. 7A and 7B, and inserts
resector 200 through secondary valve 160 and inflow channel
130 of hysteroscope 100, and into uterus 900, as shown in
FIG. 13. Fluid management control system 300 continues to
pump fluid so that fluid flows through inflow channel 130,
between inner wall 125 and resector 200 and into uterus 900
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at a second impedance substantially equal to the first imped-
ance. At the same time, the user allows fluid to flow out of
uterus 900 via holes 112 and channel 128 in hysteroscope
along flow path C and suctions fluid out of uterus 900 through
resector 200 along flow path D, in order to keep the pressure
inside uterus 900 between about 60 mm Hg and 120 mm Hg.
Fluid suctioned along path D is collected in vacuum contain-
ers 42. The user also can actuate vacuum regulator 400 to
control the amount of suction through resector 200 along path
D. Preferably, the user maintains the vacuum pressure above
approximately 100 mm Hg (to facilitate tissue removal) and
below approximately 200 mm Hg (to inhibit uterus collapse).
In order to inhibit uterus collapse, vacuum regulator 400 is
preset to not allow vacuum pressure greater than a threshold
value, e.g., 200 mm Hg, to be applied.

[0068] Theuservisualizes the inside of uterus 900 on moni-
tors 62 of visualizing and imaging assembly 50. The user
actuates foot pedal 62, which activates resector control unit
60. Resector control unit 60 activates resector 200, e.g., by
rotating a cutting blade 910 at working end 220 of resector
200, to cut tissue from uterus 900. Fluid and tissue cut by
blade 910 are suctioned through channel 204 of resector 200
along path D. During the procedure, resector 200 can be
removed from hysteroscope 100 while hysteroscope 100
remains inside uterus 900, e.g., to clean resector 200 or
change instruments, so long as the user moves secondary
valve 160 to the closed position, as shown in FIGS. 6A and
6B, while removing resector 200 to permit greater inflow
through channel 130 of hysteroscope 100.

[0069] During the procedure fluid monitor unit 18 tracks
the amount of fluid infused through resector 200 and the
amount of fluid collected in gravity container 40 and vacuum
containers 42. Fluid monitor unit 18 sets off an audible or a
visual alarm if substantially more fluid is infused than col-
lected, which indicates that the patient is absorbing too much
fluid. Once the procedure is complete, the user closes primary
valve 150, as shown in FIGS. 8 A and 8B, and removes resec-
tor 200 and hysteroscope 100 from uterus 900.

[0070] A number of embodiments of the invention have
been described. Nevertheless, it will be understood that vari-
ous modifications may be made without departing from the
spirit and scope of the invention. For example, the shape, size,
and configuration of the fluid flow channels through the hys-
teroscope and the resector could be different than that shown
and described, such as having an inflow channel with an
elliptical, square, triangular, or trapezoidal cross-section.
Instead of a blind bore, the body of the secondary valve could
include a peripheral channel formed in an outer surface of the
body. Instead of'a secondary valve, the primary valve could be
electronically controlled to maintain a constant impedance
through the hysteroscope regardless of whether the resector is
inserted through the hysteroscope. The hysteroscope can be
used with other types of resector tools having rotatable work-
ing ends, such as burrs or drills. The hysteroscope also can be
used with a resector tool having a reciprocating working end,
such as the instrument disclosed in U.S. patent application
Ser. No. 10/318,400 entitled “Reciprocating rotary arthro-
scopic surgical instrument,” the entirety of which is incorpo-
rated herein by reference. The fluid management system can
include another type of pump, such as a centrifugal, piston, or
diaphragm pump. The vacuum regulator could include a
manually or electronically operable valve, a flow sensor, and/
or a pressure gauge. The devices shown can be used for
surgery on other distensible organs, such as a shoulder or knee
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joint. Different combinations of the components of the sys-
tem could be used or components could be added or deleted.
These and other embodiments are within the scope of the
following claims.

1. (canceled)

2. A tissue resecting system comprising:

a first device configured to be inserted into a distensible
organ to flow fluid into and out of the distensible organ,
the first device having an inflow channel for flowing the
fluid into the distensible organ;

asecond device configured to be received within the inflow
channel of the first device; and

a fluid management control unit configured to supply the
fluid to the first device through an inflow line, the fluid
management control unit including:

a pump configured to pump the fluid to the first device
through the inflow line;

a flow rate sensor configured to measure a fluid flow rate
within the inflow line;

a pressure sensor configured to measure a fluid pressure
within the inflow line;

memory storing information; and

a controller configured to control the pump based on (i)
the measured fluid flow rate within the inflow line, (ii)
the measured fluid pressure within the inflow line, and
(ii1) the information, the controller being further con-
figured to verify the first device and the second device
as one of a plurality of valid device combinations
based on the measured fluid flow rate and the mea-
sured fluid pressure.

3. The system of claim 2, wherein the information includes
fluid flow rates and predetermined fluid pressures at the fluid
flow rates for the plurality of valid device combinations.

4. The system of claim 2, wherein the controller is config-
ured to verify the first device and the second device as one of
the plurality of valid device combinations based on the mea-
sured fluid pressure satisfying a threshold associated with the
measured fluid flow rate, with the second device received
within the inflow channel of the first device.

5. The system of claim 4, wherein the threshold is based on
apredetermined fluid pressure at the measured fluid flow rate.

6. The system of claim 4, wherein the controller is further
configured to verify the first device and the second device as
one of the plurality of valid device combinations based on
measured fluid pressures within the inflow channel satisfying
respective thresholds for measured fluid flow rates with the
second device received within the inflow channel of the first
device.

7. The system of claim 2, further comprising:

an interface configured to accept one or more user inputs to
set a desired fluid pressure within the distensible organ,

wherein, based on the desired fluid pressure, the controller
is configured to control the pump to achieve a fluid flow
rate corresponding to the desired fluid pressure.

8. The system of claim 2, wherein the first device is one of

a plurality of first devices, the second device is one of a
plurality of second devices, and the information includes
combinations of the first devices and the second devices as the
plurality of valid device combinations, with fluid flow rates
and corresponding fluid pressures for each of the plurality of
valid device combinations.

9. The system of claim 2, wherein the first device and the
second device being one of the plurality of valid device com-
binations is based on fluid flow into the distensible organ with
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the second device not received within the inflow channel of
the first device being substantially equal to fluid flow into the
distensible organ with the second device received within the
inflow channel of the first device.

10. The system of claim 2, wherein the controller is further
configured to disable the pump upon a determination that the
first device and the second device is an invalid combination.

11. The system if claim 10, wherein the fluid management
control unit further includes an alarm that is configured to
provide an audible indication and/or a visual indication in
response to the determination when the controller disables the
pump.

12. The system of claim 2, wherein the fluid management
control unit further includes a shut-off circuit configured to
shut-off the pump, and the controller is further configured to
override the shut-off circuit upon verifying the first device
and the second device as one of the plurality of valid device
combinations.

13. The system of claim 2, wherein the first device is a
hysteroscope.

14. The system of claim 13, wherein the second device is a
resector.

15. The system of claim 14, wherein the distensible organ
is a uterus.

16. The system of claim 2, wherein the controller is con-
figured to control the pump to maintain a pressure in the
distensible organ between about 60 mmHg and about 120
mmHg.

17. A fluid management control unit configured to supply
fluid to ahysteroscopy system through an inflow line, the fluid
management control unit comprising;

a pump configured to pump the fluid to the hysteroscopy

system through the inflow line;

a flow rate sensor configured to measure a fluid flow rate

within the inflow line;

a pressure sensor configured to measure a fluid pressure

within the inflow line;

memory storing information on fluid flow rates and prede-

termined fluid pressures for the fluid flow rates for valid
combinations of hysteroscopes and resectors of the hys-
teroscopy system; and

acontroller configured to control the pump based on (i) the

measured fluid flow rate within the inflow line, (ii) the
measured fluid pressure within the inflow line, and (iii)
the information on the fluid flow rates and the predeter-
mined fluid pressures for the fluid flow rates, the con-
troller being further configured to verify a combination
of a hysteroscope and a resector of the hysteroscopy
system as one of the valid combinations based on the
measured fluid flow rate and the measured fluid pres-
sure.

18. The unit of claim 17, wherein the controller is config-
ured to verify the hysteroscope and the resector as one of the
valid combinations based on the measured fluid pressure
satisfying a threshold for the measured fluid flow rate with the
resector being received within the hysteroscope.

19. The unit of claim 18, wherein the threshold is based on
apredetermined fluid pressure at the measured fluid flow rate.

20. The unit of claim 17, wherein the controller is config-
ured to verify the hysteroscope and the resector as one of the
valid combinations based on measured fluid pressures within
the inflow line satisfying respective thresholds for measured
fluid flow rates with the resector being received within the
hysteroscope.
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21. The unit of claim 17, wherein the hysteroscope and the
resector of the hysteroscopy system is one of the valid com-
binations based on fluid flow through the hysteroscopy sys-
tem in a first state being substantially equal to fluid flow
through the hysteroscopy system in a second state.

22. The unit of claim 21, wherein the hysteroscopy system
in the first state includes the resector not received within the
hysteroscope, and the hysteroscopy system in the second state
includes the resector received within the hysteroscope.

23. A method of verifying an identity of a hysteroscope, a
resector, or a combination thereof of a hysteroscopy system,
the method comprising:

flowing fluid through an inflow line of the hysteroscopy

system at a flow rate;

measuring a fluid pressure at the flow rate; and

comparing the measured fluid pressure to a threshold asso-

ciated with the measured flow rate to verify the identity
of the hysteroscope, the resector, or a combination
thereof.

24. The method of claim 23, wherein the measured fluid
pressure is compared to the threshold associated with the
measured flow rate to verify the identity of the hysteroscope.

25. The method of claim 23, wherein the measured fluid
pressure is compared to the threshold associated with the
measured flow rate to verify the identity of the resector.

26. The method of claim 23, wherein the fluid is flowed
through the inflow line of the hysteroscopy system with the
resector received within the hysteroscope, and the comparing
is to verify the identity of the combination of the hysteroscope
received within the resector.

27. The method of claim 23, further comprising:

flowing fluid through the inflow line of the hysteroscopy

system at additional flow rates;

measuring a fluid pressure at each of the additional flow

rates; and

comparing the measured fluid pressure at each of the addi-

tional flow rates to respective thresholds to verify the
identity of the hysteroscope, the resector, or a combina-
tion thereof.

28. The method of claim 27, wherein the fluid is flowed
through the inflow line of the hysteroscopy system at the
additional flow rates with the resector received within the
hysteroscope, and the comparing is to verify the identity of
the combination of the hysteroscope received within the
resector.

29. The method of claim 27, wherein the additional flow
rates include three flow rates.

30. The method of claim 27, wherein the fluid is flowed
through the inflow line of the hysteroscopy system at the
additional flow rates, and the comparing is to verify the iden-
tity of the hysteroscope.

31. The method of claim 23, further comprising:

activating an alarm and disabling the flow of fluid through

the hysteroscopy system the if identity of the hystero-
scope, the resector, or a combination thereof is not veri-
fied.

32. The method of claim 23, further comprising:

programming the hysteroscopy system with information

on the hysteroscope, the resector, or a combination
thereof.

33. The method of claim 32, wherein the information
includes predetermined fluid pressures at predetermined flow
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rates for a plurality of hysteroscopes, a plurality of resectors,
or combinations of the plurality of hysteroscopes and the
plurality of resectors.
34. The method of claim 23, further comprising:
disabling the hysteroscopy system if the identity of the
hysteroscope, the resector, or a combination thereof is
not verified.
35. A method of operating a hysteroscopy system compris-
ing:
programming a pump of the hysteroscopy system with
information about an endoscope and a surgical instru-
ment;
activating the pump to infuse fluid through the endoscope
and around the surgical instrument, with the surgical
instrument received within the endoscope;
sensing a flow impedance of the fluid flow; and
disabling the pump based on the sensed flow impedance.
36. The method of claim 35, further comprising:

comparing the sensed flow impedance to a predetermined
flow impedance,
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wherein the disabling of the pump is based on the compari-
son of the sensed flow impedance to the predetermined
flow impedance.

37. The method of claim 35, wherein the information
includes predetermined flow impedances at given flow rates
for the endoscope received within the surgical instrument.

38. The method of claim 35, further comprising:

recelving one or more user inputs at an interface of the

hysteroscopy system for a desired fluid pressure within
a distensible organ, within which the hysteroscopy sys-
tem is inserted; and

controlling a flow rate of the fluid through the endoscope

and the surgical instrument based on the desired fluid
pressure and the sensed flow impedance.

39. The method of claim 38, wherein the desired fluid
pressure is between about 60 mmHg and about 120 mmHg.

40. The method of claim 35, further comprising:

activating an alarm upon disabling the pump.

41. The method of claim 35, wherein activating the pump to
infuse the fluid through the endoscope includes overriding a
shut-off circuit for the pump.

* ok %k
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