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FLUID MANAGEMENT SYSTEM 

RELATED APPLICATIONS 

0001. This application is a continuation of U.S. applica 
tion Ser. No. 13/798,414, filed Mar. 13, 2013, which is a 
continuation-in-part (CIP) of U.S. application Ser. No. 
12/720.475, filed Mar. 9, 2010 (now U.S. Pat. No. 8,444, 
592, issued May 21, 2013), which claims the benefit of U.S. 
Provisional Application No. 61/158,574, filed Mar. 9, 2009, 
said patent applications herein fully incorporated by refer 
CCC. 

0002 This application is related to U.S. application Ser. 
No. 12/720,488, filed Mar. 9, 2010 (now U.S. Pat. No. 
8,790,303, issued Jul. 29, 2014), Ser. No. 12/720,496, filed 
Mar. 9, 2010 (now U.S. Pat. No. 8,597,228, issued Dec. 3, 
2013, and Ser. No. 13/887,583, filed May 6, 2013 (now U.S. 
Pat. No. 9.272,086, issued Mar. 1, 2016), and U.S. Design 
Pat. application No. 29/357,184, filed Mar. 8, 2010 (now 
U.S. Design Pat. No. D657,865). 

BACKGROUND OF THE INVENTION 

0003. The present invention is directed to fluid manage 
ment systems and, more particularly, to fluid management 
systems providing one or more functions associated with 
Suction, irrigation, distention, deficit monitoring, infusion, 
fluid warming, and the like. 

SUMMARY OF THE INVENTION 

0004 Exemplary embodiments may include surgical 
fluid management systems and methods of operating Surgi 
cal fluid management systems, which may provide one or 
more functions associated with Suction, irrigation, disten 
tion, deficit monitoring, infusion, fluid warming, and the 
like. Some example embodiments may include infrared 
lamps arranged to warm fluid flowing through a disposable 
cartridge. Some example embodiments may provide a three 
dimensional fluid path through the cartridge and/or multi 
stage heating capabilities. Some example fluid management 
systems may be selectable between pressure control and 
flow control modes. 
0005. In an aspect, a Surgical fluid management system 
may include a pump configured to deliver a fluid to a 
Surgical site; and a control system, the control system being 
user-selectable between a pressure control mode and a flow 
control mode. The pressure control mode may include 
controlling the pump to deliver the fluid to the surgical site 
at approximately a target pressure, and the flow control 
mode may include controlling the pump to deliver the fluid 
to the Surgical site at approximately a target flow rate. 
0006. In a detailed embodiment, a surgical fluid manage 
ment system may include at least one pressure sensor 
configured to generate a pressure signal associated with a 
pressure of the fluid and/or the control system may be 
configured to control the pump in the pressure control mode 
based at least in part upon the pressure signal. In a detailed 
embodiment, the at least one pressure sensor may include at 
least a first pressure sensor and a second pressure sensor, the 
first pressure sensor and the second pressure being config 
ured to generate respective pressure signals associated with 
the pressure of the fluid. In a detailed embodiment, the 
control system may be configured to compare the first 
pressure signal and the second pressure signal and/or may be 
configured such that if the first pressure signal and the 
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second pressure signal differ by an amount in excess of an 
acceptable tolerance band, the control system may automati 
cally stop the pump. 
0007. In a detailed embodiment, the pump may include a 
positive displacement pump, a fluid flow rate through the 
pump may be substantially directly related to a speed of 
operation of the pump, and/or the control system may be 
configured to control the pump in the flow control mode 
based at least in part upon a flow rate calculated based upon 
the speed of the pump. 
0008. In a detailed embodiment, a surgical fluid manage 
ment system may include a heater assembly configured to 
heat the fluid between a fluid supply container and the 
Surgical site. In a detailed embodiment, a Surgical fluid 
management system may include a touch screen interface 
configured to display at least one operating parameter and to 
receive at least one command, and the control system may 
be selectable between the pressure control mode and the 
flow control mode using the touch screen. In a detailed 
embodiment, the touch screen may be configurable with 
respect to at least one of content and layout. 
0009. In an aspect, a surgical fluid management device 
may include a pump configured to propel fluid from a fluid 
Supply container to a Surgical site; a heater assembly con 
figured to heat the fluid as it is propelled from the fluid 
Source to the Surgical site; and a control system operatively 
connected to the pump and the heater assembly. The control 
system may be configured to control the pump and the heater 
assembly in at least a distention mode and an irrigation 
mode, the distention mode may include operation of the 
pump to maintain a fluid pressure within a predetermined 
pressure band, the irrigation mode may include operation of 
the pump to provide a fluid flow rate within a predetermined 
flow rate band, and/or the control system may be configured 
to control the heater to maintain a temperature of the fluid 
delivered to the surgical site within a predetermined tem 
perature band in at least the distention mode and/or the 
irrigation mode. 
0010. In a detailed embodiment, the distention mode may 
include calculation of a fluid deficit associated with a 
difference between a volume of fluid delivered to the Sur 
gical site and a Volume of fluid returned from the Surgical 
site. In a detailed embodiment, a Surgical fluid management 
device may include at least one load cell configured to 
generate an electrical signal associated with a weight of a 
fluid Supply container and/or at least one load cell config 
ured to generate an electrical signal associated with a weight 
of a fluid collection container. The control system may be 
operative to calculate a difference between an initial total 
system weight including an initial weight of the fluid Supply 
container and an initial weight of the fluid collection con 
tainer and current total system weight including the current 
weight of the fluid Supply container and the current weight 
of the fluid collection container. 
0011. In a detailed embodiment, the control system may 
be operative to control the pump and the heater in an 
infusion mode. The infusion mode may include operating 
the pump to infuse the fluid at a desired flow rate while 
monitoring at least one bubble detector, the bubble detector 
being operatively connected to the control system Such that 
detection of a bubble results in stopping the pump. 
0012. In a detailed embodiment, a surgical fluid manage 
ment device may include a tubing and cartridge set including 
a cartridge configured to be received within the heater 
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assembly, the cartridge including an internal fluid path, a 
first section of tubing extending at least partway from the 
Source of fluid to the cartridge, and a second section of 
tubing extending from the cartridge at least partway to the 
Surgical site. 
0013. In a detailed embodiment, the pump may include a 
positive displacement pump. In a detailed embodiment, the 
positive displacement pump may include a peristaltic pump 
configured to receive at least a portion of the first section of 
tubing. 
0014. In an aspect, a Surgical fluid management system 
may include a pump configured to deliver fluid to a Surgical 
site; a heater configured to heat the fluid prior to delivery to 
the Surgical site; and a control system operatively connected 
to the pump and the heater, the control system being 
configurable to control the pump to deliver the fluid to the 
Surgical site at at least one of a desired flow rate and a 
desired pressure, and to control the heater to warm the fluid 
to a desired temperature. 
0015. In a detailed embodiment, the control system may 
be configured to control the pump by adjusting a speed of the 
pump to maintain the desired flow rate. In a detailed 
embodiment, the control system is configured to control the 
heater by adjusting the heater to maintain the desired fluid 
temperature based on an inlet fluid temperature, an outlet 
fluid temperature, and the flow rate. 
0016. In an aspect, a disposable tubing and cartridge set 
for a Surgical fluid management may include a connector 
adapted to couple with a fluid supply container, a heating 
cartridge configured to be received within a heater assembly 
of a Surgical fluid management system; a trumpet valve; an 
upstream irrigation tubing section fluidicly coupling the 
connector and the heating cartridge; a downstream irrigation 
tubing section fluidicly coupling the heating cartridge and 
the trumpet valve; and a Suction tubing section fluidicly 
coupled to the trumpet valve and including an end config 
ured for coupling to a fluid collection container. 
0017. In a detailed embodiment, the trumpet valve may 
include a tip configured for Suction and irrigation. In a 
detailed embodiment, the probe may include an electrosur 
gical tip. 
0.018. In an aspect, a Surgical fluid management system 
may include a pump configured to deliver fluid to a body 
cavity for distention of the body cavity; a remote pressure 
sensor configured for placement in the body cavity; and a 
control system operatively connected to the pump and the 
remote pressure sensor, the control system being configured 
to receive, from the remote pressure sensor, a signal asso 
ciated with a pressure of the fluid within the body. The 
control system may be configured to adjust a speed of the 
pump to maintain a desired fluid pressure based at least in 
part upon the signal from the remote pressure sensor. 
0019. In a detailed embodiment, the control system may 
be configured to receive at least one of a pneumatic signal 
or an electrical signal from the remote pressure sensor. 
0020. In an aspect, a method for operating surgical fluid 
management system may include delivering fluid from a 
fluid Supply container to a Surgical site via a tubing set; 
sensing a system fluid pressure in the tubing set between the 
fluid Supply container and the Surgical site; sensing a Sur 
gical site fluid pressure using a remote pressure sensor 
disposed approximate the Surgical site; and controlling a 
pressure of the fluid delivered to the surgical site based at 
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least in part upon at least one of the sensed system fluid 
pressure and the sensed Surgical site fluid pressure. 
0021. In a detailed embodiment, controlling the pressure 
of the fluid delivered to the surgical site may be based at 
least in part upon both the sensed system fluid pressure and 
the sensed Surgical site fluid pressure. In a detailed embodi 
ment, the tubing set may include a disposable tubing set 
including a pressure relief valve. 
0022. In an aspect, a Suction container Support assembly 
may include a Suction container Support including a plurality 
of openings, each of the plurality of openings being config 
ured to receive an individual Suction container therein; and 
a base comprising at least three spaced-apart load cells, the 
Suction container Support being Substantially Supported by 
the at least three spaced-apart load cells. The plurality of 
openings may be arranged such that individual centers of 
mass of the Suction containers received within the openings 
may be disposed inwardly with respect to the spaced-apart 
load cells. 
0023. In a detailed embodiment, the base may include 
four Substantially symmetrically spaced-apart load cells 
and/or the Suction container Support may include four Sub 
stantially symmetrically arranged openings. 
0024. In a detailed embodiment, individual ones of the 
plurality of openings may be independently adjustable to 
receive Suction containers of a plurality of sizes. In a 
detailed embodiment, a Suction container Support assembly 
may include, for each of the plurality of openings, a gener 
ally radially slidable adjuster, the adjusting being selectively 
securable in a desired position by a respective knob. 
0025. In an aspect, a method of operating a surgical fluid 
management system may include delivering fluid to a Sur 
gical site using a pump; and controlling operation of the 
pump based at least in part upon a pressure trend, the 
pressure trend including a current measured pressure as 
compared to a set point pressure and a previous measured 
pressure as compared to the set point pressure. 
0026. In a detailed embodiment, controlling operation of 
the pump may include classifying the previous measured 
pressure as compared to the set point pressure as corre 
sponding to one of a plurality of Zones and/or classifying the 
current measured pressure as compared to the set point 
pressure as corresponding to one of the plurality of Zones. 
0027. In a detailed embodiment, the plurality of Zones 
may include a first Zone less than a lowest value of a set 
point tolerance band, a second Zone between the lowest 
value of the set point tolerance band and the set point, a third 
Zone between the set point and the highest value of the set 
point tolerance band, a fourth Zone between the highest 
value of the set point tolerance band and a high pressure 
alarm level, and/or a fifth Zone above the high pressure 
alarm level. In a detailed embodiment, controlling operation 
of the pump may include selecting one of a plurality of 
control modes based at least in part upon the Zone corre 
sponding to the current measured pressure and the Zone 
corresponding to the previous measured pressure. 
0028. In a detailed embodiment, the plurality of control 
modes may include at least one of a slope mode, the slope 
mode including calculating a desired rate of pressure 
change, and adjusting operation of the pump to achieve the 
desired rate of pressure change; an integral control mode, the 
integral control mode including calculating an integral of a 
pressure error over time, the pressure error being determined 
by Subtracting a respective measured pressure from the set 
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point pressure, and adjusting operation of the pump to 
incrementally adjust a fluid flow rate based at least in part 
upon the integral of the pressure error, a coast mode, the 
coast mode including Substantially maintaining a speed of 
the pump; a reduction mode, the reduction mode including, 
if the current measured pressure is less than the previous 
measure pressure, Substantially maintaining the speed of the 
pump, and, if the current measured pressure is not less than 
the previous measured pressure, reducing the speed of the 
pump; and/or a reverse mode, the reverse mode including 
reversing operation of the pump until a Subsequent measured 
pressure is below a desired pressure level. 
0029. In a detailed embodiment, in the integral control 
mode, adjusting operation of the pump to incrementally 
adjust the fluid flow rate may include adjusting operation of 
the pump to change the fluid flow rate in increments of about 
+1 ml/min. In a detailed embodiment, in the reduction mode, 
if the current measured pressure is not less than the previous 
measured pressure, reducing the speed of the pump based at 
least in part upon a difference between the current measured 
pressure and the set point pressure. 
0030. In a detailed embodiment, selecting one of the 
plurality of control modes based at least in part upon the 
Zone corresponding to the current measured pressure and the 
Zone corresponding to the previous measured pressure may 
include, if the current measured pressure corresponds to the 
second Zone and the previous measured pressure corre 
sponds to the first Zone, selecting the slope control mode; if 
the current measured pressure corresponds to the third Zone 
and the previous measured pressure corresponds to the 
second Zone, selecting the integral control mode; if the 
current measured pressure corresponds to the fourth Zone 
and the previous measured pressure corresponds to the third 
Zone and if the fluid flow rate is greater than 0, selecting the 
reduction mode; if the current measured pressure corre 
sponds to the fourth Zone and the previous measured pres 
sure corresponds to the third Zone and if the fluid flow rate 
is not greater than 0, selecting the reverse mode; if the 
current measured pressure corresponds to the fifth Zone and 
the previous measured pressure corresponds to the fourth 
Zone and if the fluid flow rate is not greater than 0, selecting 
the reduction mode; if the current measured pressure corre 
sponds to the fifth Zone and the previous measured pressure 
corresponds to the fourth Zone and if the fluid flow rate is not 
greater than 0, selecting the reverse mode; if the current 
measured pressure corresponds to the fourth Zone and the 
previous measured pressure corresponds to the fifth Zone 
and if the fluid flow rate is not greater than 0, selecting the 
reduction mode; if the current measured pressure corre 
sponds to the fourth Zone and the previous measured pres 
sure corresponds to the fifth Zone and if the fluid flow rate 
is not greater than 0, selecting the reverse mode; if the 
current measured pressure corresponds to the third Zone and 
the previous measured pressure corresponds to the fourth 
Zone or the fifth Zone, selecting the coast mode; if the current 
measured pressure corresponds to the second Zone and the 
previous measured pressure corresponds to the third Zone, 
selecting the integral control mode; and/or if the current 
measured pressure corresponds to the second Zone and the 
previous measured pressure corresponds to the fourth Zone 
or the fifth Zone, selecting the slope mode. 
0031. In an aspect, a method of operating a surgical fluid 
management system may include delivering fluid to a Sur 
gical site using a pump; and controlling operation of the 
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pump including selecting one of a plurality of pressure 
control modes based at least in part upon measured condi 
tions, and adjusting operation of the pump using the selected 
control mode. 
0032. In a detailed embodiment, the plurality of pressure 
control modes may include at least one of a slope mode, the 
slope mode including calculating a desired rate of pressure 
change, and adjusting operation of the pump to achieve the 
desired rate of pressure change; an integral control mode, the 
integral control mode including calculating an integral of a 
pressure error over time, the pressure error being determined 
by Subtracting a respective measured pressure from the set 
point pressure, and adjusting operation of the pump to 
incrementally adjust a fluid flow rate based at least in part 
upon the integral of the pressure error, a coast mode, the 
coast mode including Substantially maintaining a speed of 
the pump; a reduction mode, the reduction mode including, 
if the current measured pressure is less than the previous 
measure pressure. Substantially maintaining the speed of the 
pump, and, if the current measured pressure is not less than 
the previous measured pressure, reducing the speed of the 
pump; and/or a reverse mode, the reverse mode including 
reversing operation of the pump until a Subsequent measured 
pressure is below a desired pressure level. 
0033. In a detailed embodiment, in the integral control 
mode, adjusting operation of the pump to incrementally 
adjust the fluid flow rate may include adjusting operation of 
the pump to change the fluid flow rate in increments of about 
+1 ml/min. In a detailed embodiment, in the reduction mode, 
if the current measured pressure is not less than the previous 
measured pressure, reducing the speed of the pump based at 
least in part upon a difference between the current measured 
pressure and the set point pressure. 
0034. In a detailed embodiment, selecting the one of the 
plurality of pressure control modes based at least in part 
upon measured conditions may include classifying a previ 
ous measured pressure as compared to a set point pressure 
as corresponding to one of a plurality of Zones; classifying 
a current measured pressure as compared to the set point 
pressure as corresponding to one of the plurality of Zones; 
and/or selecting the one of the plurality of pressure control 
modes based at least in part upon the Zone corresponding to 
the current measured pressure and the Zone corresponding to 
the previous measured pressure. 
0035. In a detailed embodiment, the plurality of Zones 
may include a first Zone less than a lowest value of a set 
point tolerance band, a second Zone between the lowest 
value of the set point tolerance band and the set point, a third 
Zone between the set point and the highest value of the set 
point tolerance band, a fourth Zone between the highest 
value of the set point tolerance band and a high pressure 
alarm level, and a fifth Zone above the high pressure alarm 
level. 

0036. In a detailed embodiment, selecting the one of the 
plurality of pressure control modes may include, if the 
current measured pressure corresponds to the second Zone 
and the previous measured pressure corresponds to the first 
Zone, selecting the slope control mode; if the current mea 
Sured pressure corresponds to the third Zone and the previ 
ous measured pressure corresponds to the second Zone, 
selecting the integral control mode; if the current measured 
pressure corresponds to the fourth Zone and the previous 
measured pressure corresponds to the third Zone and if the 
fluid flow rate is greater than 0, selecting the reduction 
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mode; if the current measured pressure corresponds to the 
fourth Zone and the previous measured pressure corresponds 
to the third Zone and if the fluid flow rate is not greater than 
0, selecting the reverse mode; if the current measured 
pressure corresponds to the fifth Zone and the previous 
measured pressure corresponds to the fourth Zone and if the 
fluid flow rate is not greater than 0, selecting the reduction 
mode; if the current measured pressure corresponds to the 
fifth Zone and the previous measured pressure corresponds 
to the fourth Zone and if the fluid flow rate is not greater than 
0, selecting the reverse mode; if the current measured 
pressure corresponds to the fourth Zone and the previous 
measured pressure corresponds to the fifth Zone and if the 
fluid flow rate is not greater than 0, selecting the reduction 
mode; if the current measured pressure corresponds to the 
fourth Zone and the previous measured pressure corresponds 
to the fifth Zone and if the fluid flow rate is not greater than 
0, selecting the reverse mode; if the current measured 
pressure corresponds to the third Zone and the previous 
measured pressure corresponds to the fourth Zone or the fifth 
Zone, selecting the coast mode; if the current measured 
pressure corresponds to the second Zone and the previous 
measured pressure corresponds to the third Zone, selecting 
the integral control mode; and/or if the current measured 
pressure corresponds to the second Zone and the previous 
measured pressure corresponds to the fourth Zone or the fifth 
Zone, selecting the slope mode. 
0037. In an aspect, a tubing and cartridge set for a 
Surgical fluid management system configured to receive 
fluid from a fluid supply container and to deliver the fluid to 
a Surgical instrument may include a heating cartridge con 
figured to be releasably received in a heater assembly, the 
heating cartridge including a three-dimensional fluid path 
therethrough; an upstream tubing section fluidicly interpos 
ing a fluid Supply container and the heating cartridge; and a 
downstream tubing section fluidicly interposing the heating 
cartridge and a Surgical instrument. 
0038. In a detailed embodiment, the three-dimensional 
fluid path may include a first fluid channel oriented in a first 
direction, a second fluid channel oriented in a second 
direction, the second direction being Substantially opposite 
the first direction, and a port fluidicly connecting the first 
fluid channel to the second fluid channel. The first fluid 
channel may be disposed on a first side of a main body of the 
heating cartridge, the second fluid channel may be disposed 
on a second side of the main body of the heating cartridge, 
the first fluid channel may face outwardly from the first side 
of the heating cartridge, and/or the second fluid channel may 
face outwardly from the second side of the heating cartridge. 
0039. In a detailed embodiment, the three-dimensional 
fluid path may include a third fluid channel on the second 
side of the main body and generally adjacent to the second 
fluid channel, the third fluid channel being oriented gener 
ally in the first direction. The three-dimensional fluid path 
may include a fourth fluid channel on the first side of the 
main body and generally adjacent to the first fluid channel, 
the fourth fluid channel being oriented generally in the 
second direction. The third fluid channel may face outwardly 
from the second side of the heating cartridge and/or the 
fourth fluid channel may face outwardly from the first side 
of the heating cartridge. 
0040. In a detailed embodiment, the heating cartridge 
may include a first side sheet affixed to the first side of the 
main body and a second side sheet affixed to the second side 
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of the main body. The first side sheet may at least partially 
define outwardly facing aspects of the first fluid channel and 
the fourth fluid channel and/or the first fluid channel and the 
fourth fluid channel may be disposed substantially against 
the first side sheet. The second side sheet may at least 
partially define outwardly facing aspects of the second fluid 
channel and the third fluid channel and/or the second fluid 
channel and the third fluid channel may be disposed sub 
stantially against the second side sheet. 
0041. In a detailed embodiment, a tubing and cartridge 
set may include a fitting configured to releasably couple with 
a corresponding fitting associated with the heater assembly 
upon insertion of the heating cartridge into the heater 
assembly and/or the fitting may be fluidicly connected to the 
fluid path. In a detailed embodiment, a tubing and cartridge 
set may include a hydrophobic filter fluidicly interposing the 
fitting and the fluid path, the hydrophobic filter being 
operative to prevent fluid from flowing from the fluid path 
through the fitting. 
0042. In a detailed embodiment, the heating cartridge 
may include at least one bubble trap configured to vent gas 
from the fluid path. In a detailed embodiment, the bubble 
trap may include an umbrella Valve arranged to allow the gas 
to escape the fluid path without allowing air to enter the fluid 
path. 
0043. In an aspect, a cartridge for a Surgical fluid man 
agement system may include an internal fluid path including 
a first channel extending along a first side of the cartridge, 
0044) a first through-port to a second side of the cartridge, 
a second channel extending along the second side of the 
cartridge, a turn section, a third channel extending along the 
second side of the cartridge, a second through-port to the 
first side of the cartridge, and a fourth channel extending 
along the first side of the cartridge. 
0045. In a detailed embodiment, the first channel, the 
second channel, the third channel, and the fourth channel 
have generally flattened shapes. In a detailed embodiment, 
the first channel, the second channel, the third channel, and 
the fourth channel have lengths and heights which are 
Substantially greater than their thicknesses. 
0046. In a detailed embodiment, a cartridge may include 
an inlet fitting fluidicly connected to the first channel, and an 
outlet fitting fluidicly connected to the fourth channel. In a 
detailed embodiment, a cartridge may include a first bubble 
trap between the inlet fitting and the first channel. In a 
detailed embodiment, a cartridge may include a second 
bubble trap between the fourth channel and the outlet fitting. 
In a detailed embodiment, at least one of the first bubble trap 
and the second bubble trap may include a hydrophobic 
membrane. The hydrophobic membrane may be disposed 
within the cartridge such that the hydrophobic membrane is 
canted with respect to Vertical when the cartridge is in use, 
the hydrophobic membrane being canted towards a fluid 
contacting side. 
0047. In a detailed embodiment, a cartridge may include 
a substantially rigid main body and two relatively flexible 
side sheets, the main body and the side sheets defining the 
first channel, the second channel, the third channel, and the 
fourth channel. In a detailed embodiment, the main body 
may include molded polycarbonate; the side sheets may be 
constructed from polycarbonate and welded to the main 
body. 
0048. In a detailed embodiment, a cartridge may include 
a pressure sensor fitting configured to couple with a corre 



US 2017/0000957 A1 

sponding fitting in a heater assembly upon insertion of the 
cartridge into the heater assembly. The pressure sensor 
fitting may be fluidicly connected to the internal fluid path. 
In a detailed embodiment, a cartridge may include a hydro 
phobic filter fluidicly interposing the pressure sensor fitting 
and the internal fluid path, the hydrophobic filter being 
operative to prevent fluid from flowing through the pressure 
sensor fitting. In a detailed embodiment, a cartridge may 
include a pressure sensor fluid path fluidicly connecting the 
internal fluid path and the hydrophobic filter. The pressure 
sensor fluid path may be configured to retain a volume of gas 
adjacent to the hydrophobic filter. 
0049. In an aspect, a heater assembly for a surgical fluid 
management device may include a slot configured to receive 
a cartridge slidably therein; a first infrared lamp mounted 
adjacent a first side of the slot; a second infrared lamp 
mounted adjacent the first side of the slot; a third infrared 
lamp mounted adjacent a second side of the slot; and a fourth 
infrared lamp mounted adjacent the second side of the slot. 
The first infrared lamp may be substantially elongated 
and/or may be configured to heat fluid within a first flow 
channel of the cartridge, the second infrared lamp may be 
Substantially elongated and/or may be configured to heat 
fluid within a second flow channel of the cartridge, the third 
infrared lamp may be substantially elongated and/or may be 
configured to heat fluid within a third flow channel of the 
cartridge, and/or the fourth infrared lamp may be substan 
tially elongated and/or may be configured to heat fluid 
within a fourth flow channel of the cartridge. At least one of 
the first infrared lamp, the second infrared lamp, the third 
infrared lamp, and/or the fourth infrared lamp may be 
mounted generally parallel with a respective one of the first 
flow channel, the second flow channel, the third flow chan 
nel, and/or the fourth flow channel. 
0050. In a detailed embodiment, the first infrared lamp 
and the second infrared lamp may be operatively connected 
to be controlled as a pair; the third infrared lamp and the 
fourth infrared lamp may be operatively connected to be 
controlled as a pair, and fluid may flow through the cartridge 
from the first flow channel to the second flow channel, from 
the second flow channel to the third flow channel, and from 
the third flow channel to the fourth flow channel. 

0051. In a detailed embodiment, a heater assembly may 
include an inlet temperature sensor, an intermediate tem 
perature sensor, and/or a outlet temperature sensor. The first 
flow channel and the second flow channel may be fluidicly 
between the inlet temperature sensor and the intermediate 
temperature sensor, and the third flow channel and the fourth 
flow channel may be fluidicly between the intermediate 
temperature sensor and the outlet temperature sensor. A level 
of power applied to the first infrared lamp and the second 
infrared lamp may be determined at least in part by a signal 
from the inlet temperature sensor and/or a level of power 
applied to the third infrared lamp and the fourth infrared 
lamp may be determined at least in part by a signal from the 
outlet temperature sensor. 
0052. In a detailed embodiment, a heater assembly may 
include a first reflector associated with the first infrared lamp 
and arranged to direct infrared energy emitted by the first 
infrared lamp onto the first flow channel, a second reflector 
associated with the second infrared lamp and arranged to 
direct infrared energy emitted by the second infrared lamp 
onto the second flow channel, a third reflector associated 
with the third infrared lamp and arranged to direct infrared 

Jan. 5, 2017 

energy emitted by the third infrared lamp onto the third flow 
channel, and/or a fourth reflector associated with the fourth 
infrared lamp and arranged to direct infrared energy emitted 
by the fourth infrared lamp onto the fourth flow channel. In 
a detailed embodiment, at least a portion of at least one of 
the first reflector, the second reflector, the third reflector, 
and/or the fourth reflector may be shaped, in cross-section, 
generally as at least a portion of an ellipse. In a detailed 
embodiment, one of the first infrared lamp, second infrared 
lamp, third infrared lamp, and/or fourth infrared lamp may 
be located proximate a first foci of the ellipse and/or at least 
a portion of at least one of the first flow channel, the second 
flow channel, the third flow channel, and/or the fourth flow 
channel may be located proximate a second foci of the 
ellipse. 
0053. In an aspect, a Surgical fluid management system 
may include a heater assembly including elongated infrared 
lamps located adjacent to a slot; a heating cartridge incor 
porating a three-dimensional fluid path including a plurality 
of fluid channels, the heating cartridge being receivable 
within the slot such that the elongated infrared lamps are 
disposed generally adjacent to the fluid channels; and a 
control system operatively connected to the elongated infra 
red lamps, the control system being configured to adjust 
power to the elongated infrared lamps based on fluid tem 
perature and flow rate to heat the fluid to a desired tempera 
ture. 

0054. In a detailed embodiment, the control system may 
be operative to adjust power to the elongated infrared lamps 
using pulse width modulation. In a detailed embodiment, the 
heater assembly may include an individual elongated infra 
red lamp located generally adjacent to each of the fluid 
channels. In a detailed embodiment, each individual elon 
gated infrared lamp may be mounted generally parallel to its 
respective fluid channel. In a detailed embodiment, the 
control system may be configured to supply different levels 
of power to different lamps, thereby applying different levels 
of power to different fluid channels in response to fluid 
temperature and flow rate conditions. 
0055. In a detailed embodiment, a surgical fluid manage 
ment system may include at least one reflector arranged to 
direct infrared energy emitted by at least one of the elon 
gated infrared lamps towards at least one of the fluid 
channels. In a detailed embodiment, the at least one reflector 
may be arranged to minimize exposure of portions of the 
heating cartridge other than the fluid channels. In a detailed 
embodiment, the at least one reflector may be integrated 
with the elongated lamp. In a detailed embodiment, the at 
least one reflector may include a reflector shroud mounted 
generally adjacent to the elongated infrared lamp. 
0056. In an aspect, a Surgical fluid management system 
may include a heater assembly including a slot including a 
first side and a second side, a first elongated infrared lamp 
mounted generally adjacent to the first side of the slot, a 
second elongated infrared lamp mounted generally adjacent 
to the second side of the slot, a third elongated infrared lamp 
mounted generally adjacent to the second side of the slot, a 
fourth elongated infrared lamp mounted generally adjacent 
to the first side of the slot; a heating cartridge receivable 
within the slot and including a first fluid channel and a 
second fluid channel arranged such that when the heating 
cartridge is received within the slot, the first fluid channel 
may be disposed between the first elongated infrared lamp 
and the second elongated infrared lamp and/or the second 
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fluid channel may be disposed between the third elongated 
infrared lamp and the fourth elongated infrared lamp; and a 
control system configured to independently control at least 
a first group including the first elongated infrared lamp and 
the second elongated infrared lamp and a second group 
including the third infrared lamp and the fourth infrared 
lamp, so as to selectively apply different levels of power to 
the first fluid channel and the second fluid channel. 

0057. In a detailed embodiment, the control system may 
be operative to selectively apply different levels of power to 
the first fluid channel and the second fluid channel based at 
least in part upon fluid temperature and/or flow rate. 
0058. In an aspect, a heating cartridge for a surgical fluid 
management system may include a three-dimensional fluid 
path including a plurality of fluid channels, each of the 
plurality of fluid channels being exposed to an exterior of the 
heating cartridge to receive infrared energy therein. A first 
one of the fluid channels may be disposed adjacent to a 
second one of the fluid channels to permit heat transfer from 
the first fluid channel to the second channel through an 
interposing wall. 
0059. In an aspect, a heating cartridge for a surgical fluid 
management system may include a Substantially rigid main 
body at least partially defining at least one fluid channel; and 
a substantially flexible side sheet affixed to the main body, 
the side sheet at least partially defining the at least one fluid 
channel. Such that the main body and side sheet together 
define the at least one fluid channel. 

0060. In a detailed embodiment, the side sheet may be 
sufficiently flexible to substantially dampen pulsatile fluid 
flow through the fluid channel. In a detailed embodiment, 
the side sheet may be sufficiently flexible to substantially 
dampen pulsatile fluid flow produced by at least one of a 
peristaltic pump or a piston pump. 
0061. In an aspect, a Surgical fluid management system 
may include a heater assembly including a slot and a heater 
assembly pressure sensor fitting; a heater cartridge receiv 
able within the slot, the heater cartridge including a heater 
cartridge pressure sensor fitting configured to couple with 
the heater assembly pressure sensor fitting upon insertion of 
the heater cartridge into the heater assembly, the heater 
cartridge pressure sensor fitting being fluidicly connected to 
at least one fluid channel within the heater cartridge; and at 
least one fluid pressure sensor fluidicly connected to the 
heater assembly pressure sensor fitting, the pressure sensor 
being operative to measure a pressure of a column of air 
trapped between fluid in the at least one fluid channel and the 
pressure sensor. 

0062. In an aspect, a method of operating a Surgical fluid 
management system may include delivering fluid to a Sur 
gical site via a heater assembly, the heater assembly includ 
ing at least a first heater and a second heater, the fluid 
flowing past the first heater and then flowing past the second 
heater, Supplying power to the first heater based at least in 
part upon an estimated power requirement, the estimated 
power requirement being Substantially proportional to a flow 
rate of the fluid and a total desired temperature change of the 
fluid; and Supplying power to the second heater, including, 
if a current outlet temperature is less than a set point outlet 
temperature by greater than a predetermined threshold, 
Supplying power to the second heater based upon a first 
heater control algorithm, and, if the current outlet tempera 
ture is less than the set point outlet temperature by less than 
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a predetermined threshold, Supplying power to the second 
heater based upon a second heater control algorithm. 
0063. In a detailed embodiment, supplying power to the 

first heater may include Supplying power to the first heater 
based at least in part upon a load factor multiplied by the 
estimated power requirement. In a detailed embodiment, 
Supplying power to the second heater may include cutting off 
power to the second heater if a predetermined threshold rate 
of pressure increase is reached. 
0064. In a detailed embodiment, the first heater control 
algorithm may include a proportional control algorithm, the 
proportional control algorithm including multiplying the 
estimated power requirement by a proportional control fac 
tor, the proportional control factor varying with the tem 
perature error, the temperature error being a difference 
between a set point outlet temperature and a current outlet 
temperature. In a detailed embodiment, the proportional 
control factor may be given by 

temperature error 

where k and k are constants. 
0065. In a detailed embodiment, the second heater con 
trol algorithm may include an integral control algorithm, the 
integral control algorithm including calculating an integral 
of the temperature error over time, the temperature error 
being a difference between a set point outlet temperature and 
a current outlet temperature; if the integral of the tempera 
ture error over time is less than a predetermined negative 
value, incrementally reducing the power Supplied to the 
second heater; if the integral of the temperature error over 
time is greater than a predetermined positive value, incre 
mentally increasing the power Supplied to the second heater; 
and if the integral of the temperature error over time is 
between the predetermined negative value and the predeter 
mined positive value, maintaining the power Supplied to the 
second heater. 
0066. In a detailed embodiment, incrementally reducing 
the power Supplied to the second heater and incrementally 
increasing the power Supplied to the second heater may 
include adjusting the power Supplied to the second heater in 
increments of about 1% of a maximum power of the second 
heater. In a detailed embodiment, Supplying power to the 
second heater based upon the integral control algorithm may 
include applying a reduction factor to the power Supplied to 
the second heater, the reduction factor decreasing from 
about 1.0 to about 0 as the current outlet temperature 
increases to reach and exceed the set point outlet tempera 
ture. 

0067. In an aspect, a method of monitoring a fluid deficit 
in a Surgical fluid management system may include mea 
Suring an initial weight held by a fluid Supply container 
Support, the fluid Supply container Support Supporting a first 
fluid Supply container, measuring an initial weight held by 
a fluid collection container support, the fluid collection 
container Support Supporting a first fluid collection con 
tainer, calculating an initial reference total weight, the initial 
reference total weight including a sum of the initial fluid 
Supply container Support weight and the initial fluid collec 
tion container Support weight: Supplying fluid from the first 
fluid Supply container to a Surgical site; collecting at least 
some of the fluid from the surgical site into the first fluid 
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collection container, measuring a first current weight held by 
the fluid Supply container Support; measuring a first current 
weight held by the fluid collection container support; cal 
culating a first current total weight, the first current total 
weight including a sum of the first current weight held by the 
fluid Supply container Support and the first current weight 
held by the fluid collection container support; and calculat 
ing a first fluid deficit by subtracting the first current total 
weight from the initial reference total weight. 
0068. In a detailed embodiment, a method may include, 
prior to measuring the initial weight held by the fluid supply 
container Support and prior to measuring the initial weight 
held by the fluid collection container Support, priming a 
tubing set. 
0069. In a detailed embodiment, a method may include, 
after calculating the first fluid deficit, supplying fluid from 
the first fluid Supply container to the Surgical site and 
collecting at least some of the fluid from the Surgical site into 
the first collection container, measuring a second current 
weight held by the fluid Supply container Support; measuring 
a second current weight held by the fluid collection con 
tainer Support, calculating a second current total weight, the 
second current total weight including a sum of the second 
current weight held by the fluid Supply container Support and 
the second current weight held by the fluid collection 
container Support; and calculating a second fluid deficit by 
Subtracting the second current total weight from the initial 
reference total weight. 
0070. In a detailed embodiment, a method may include, 
after calculating the second fluid deficit, accounting for 
replacement of the first fluid supply container with a second 
fluid supply container by prior to replacement of the first 
fluid Supply container with the second fluid Supply con 
tainer, measuring a pre-replacement weight held by the fluid 
Supply container Support; after replacement of the first fluid 
Supply container by the second fluid Supply container, 
measuring a post-replacement weight held by the fluid 
Supply container Support; calculating a fluid Supply con 
tainer weight difference by Subtracting the pre-replacement 
weight from the post-replacement weight; and calculating an 
updated reference total weight, the updated reference total 
weight including the Sum of the initial reference total weight 
and the fluid supply container weight difference. 
0071. In a detailed embodiment, a method may include, 
after calculating the updated total reference weight, Supply 
ing fluid from the second fluid supply container to the 
Surgical site and collecting at least some of the fluid from the 
Surgical site into the first collection container, measuring a 
third current weight held by the fluid supply container 
Support; measuring a third current weight held by the fluid 
collection container Support; calculating a third current total 
weight, the third current total weight including a sum of the 
third current weight held by the fluid supply container 
support and the third current weight held by the fluid 
collection container Support; and calculating a third fluid 
deficit by subtracting the third current total weight from the 
updated reference total weight. 
0072. In a detailed embodiment, a method may include 
detecting replacement of the first fluid Supply container by 
the second fluid Supply container by ascertaining a Substan 
tial weight difference between the pre-replacement weight 
and the post-replacement weight. In a detailed embodiment, 
the Substantial weight difference may correspond approxi 
mately to a predetermined expected fluid Supply container 
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replacement weight difference. In a detailed embodiment, 
ascertaining the Substantial difference may include waiting 
for a period of time to allow dissipation of transient weight 
signals present due to inadvertent motion of the Surgical 
fluid management system. In a detailed embodiment, detect 
ing replacement of the first fluid supply container by the 
second fluid Supply container may include detecting replace 
ment of a partially depleted first fluid supply container by a 
Substantially full second fluid Supply container. 
0073. In a detailed embodiment, a method a method may 
include, after calculating the second fluid deficit, accounting 
for replacement of the first fluid collection container with a 
second fluid collection container by prior to replacement of 
the first fluid collection container with the second fluid 
collection container, measuring a pre-replacement weight 
held by the fluid collection container support; after replace 
ment of the first fluid collection container by the second fluid 
collection container, measuring a post-replacement weight 
held by the fluid collection container Support, calculating a 
fluid collection container weight difference by subtracting 
the pre-replacement weight from the post-replacement 
weight; and calculating an updated reference total weight, 
the updated reference total weight including the sum of the 
initial reference total weight and the fluid collection con 
tainer weight difference. 
0074. In a detailed embodiment, a method may include, 
after calculating the updated total reference weight, Supply 
ing fluid from the first fluid Supply container to the Surgical 
site and collecting at least some of the fluid from the surgical 
site into the second collection container; measuring a third 
current weight held by the fluid Supply container Support; 
measuring a third current weight held by the fluid collection 
container Support; calculating a third current total weight, 
the third current total weight including a sum of the third 
current weight held by the fluid Supply container Support and 
the third current weight held by the fluid collection container 
Support; and calculating a third fluid deficit by Subtracting 
the third current total weight from the updated reference 
total weight. 
0075. In a detailed embodiment, a method may include 
detecting replacement of the first fluid collection container 
by the second fluid collection container by ascertaining a 
substantial weight difference between the pre-replacement 
weight and the post-replacement weight. In a detailed 
embodiment, the substantial weight difference may corre 
spond approximately to a predetermined expected fluid 
collection container replacement weight difference. 
0076. In an aspect, a method of monitoring a fluid deficit 
in a Surgical fluid management system may include mea 
Suring an initial weight held by a fluid Supply container 
Support, the fluid Supply container Support Supporting at 
least one fluid Supply container; measuring an initial weight 
held by a fluid collection container support, the fluid col 
lection container Support Supporting at least one fluid col 
lection container, calculating an initial reference total 
weight, the initial reference total weight including a sum of 
the initial fluid Supply container Support weight and the 
initial fluid collection container Support weight; Supplying 
fluid from the at least one fluid Supply container to a Surgical 
site; collecting at least some of the fluid from the Surgical 
site into the at least one fluid collection container, monitor 
ing a current weight held by the fluid Supply container 
Support; monitoring a current weight held by the fluid 
collection container Support, calculating a current total 
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weight, the current total weight including a sum of the 
current weight held by the fluid Supply container Support and 
the current weight held by the fluid collection container 
Support; and calculating a current fluid deficit by Subtracting 
the current total weight from the initial reference total 
weight. 
0077. In a detailed embodiment, a method may include 
accounting for replacement of the at least one fluid Supply 
container with a new fluid Supply container including sens 
ing a significant difference between a pre-replacement fluid 
Supply container Support weight and a post-replacement 
fluid Supply container Support weight; calculating a fluid 
Supply container weight difference by Subtracting the pre 
replacement fluid Supply container Support weight from the 
post-replacement fluid Supply container Support weight; 
calculating an updated reference total weight, the updated 
reference total weight including the sum of the initial 
reference total weight and the fluid Supply container weight 
difference; and using the updated reference total weight in 
Subsequent deficit calculations. 
0078. In a detailed embodiment, a method may include 
accounting for replacement of the at least one fluid collec 
tion container with a new fluid collection container includ 
ing sensing a significant difference between a pre-replace 
ment fluid collection container Support weight and a post 
replacement fluid collection container Support weight; 
calculating a fluid collection container weight difference by 
Subtracting the pre-replacement fluid collection container 
Support weight from the post-replacement fluid collection 
container Support weight, calculating an updated reference 
total weight, the updated reference total weight including the 
sum of the initial reference total weight and the fluid 
collection container weight difference; and using the 
updated reference total weight in Subsequent deficit calcu 
lations. 

0079. In a detailed embodiment, a method may include 
repeating the monitoring the current weight held by the fluid 
Supply container Support, monitoring the current weight held 
by the fluid collection container Support, calculating the 
current total weight, and calculating the current fluid deficit 
operations to provide a Substantially continuously updated 
fluid deficit calculation. 
0080. In an aspect, a method of operating a surgical fluid 
management device may include calculating an initial ref 
erence total weight, the initial reference total weight includ 
ing a sum of an initial weight of a fluid Supply container and 
an initial weight of a fluid collection container, Supplying 
fluid from the fluid Supply container to a Surgical site; 
collecting at least some of the fluid from the Surgical site into 
the fluid collection container, calculating a current total 
weight, the current total weight including a sum of a current 
weight of the fluid Supply container and a current weight of 
the fluid collection container; and calculating a deficit by 
subtracting the current total weight from the initial reference 
total weight. 
0081. In a detailed embodiment, a method may include 
detecting replacement of the fluid Supply container by a 
replacement fluid Supply container by ascertaining a Sub 
stantial weight difference between a pre-replacement weight 
of the fluid Supply container and a post-replacement weight 
of the replacement fluid Supply container, calculating an 
updated reference total weight, the updated reference total 
weight including the Sum of the initial reference total weight 
and a difference between the post-replacement weight of the 
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replacement fluid Supply container and the pre-replacement 
weight of the fluid Supply container. 
I0082 In a detailed embodiment, a method may include 
Supplying fluid from the replacement fluid Supply container 
to the Surgical site; collecting at least Some of the fluid from 
the Surgical site into the fluid collection container, calculat 
ing an updated current total weight, the updated current total 
weight including a sum of an updated current weight of the 
replacement fluid Supply container and an updated current 
weight of the fluid collection container; and calculating an 
updated deficit by subtracting the updated current total 
weight from the updated reference total weight. 
I0083. In a detailed embodiment, a method may include 
detecting replacement of the fluid collection container by a 
replacement fluid collection container by ascertaining a 
substantial weight difference between a pre-replacement 
weight of the fluid collection container and a post-replace 
ment weight of the replacement fluid collection container; 
and calculating an updated reference total weight, the 
updated reference total weight including the Sum of the 
initial reference total weight and a difference between the 
post-replacement weight of the replacement fluid collection 
container and the pre-replacement weight of the fluid col 
lection container. 
I0084. In a detailed embodiment, a method may include 
Supplying fluid from the fluid Supply container to the Sur 
gical site; collecting at least Some of the fluid from the 
Surgical site into the replacement fluid collection container; 
calculating an updated current total weight, the updated 
current total weight including a sum of an updated current 
weight of the fluid Supply container and an updated current 
weight of the replacement fluid collection container, and 
calculating an updated deficit by Subtracting the updated 
current total weight from the updated reference total weight. 
I0085. In an aspect, a method of operating a multi-func 
tional fluid management system may include receiving, via 
a user interface, at least one of a Surgical discipline selection 
and a Surgical procedure selection; and setting at least one 
default operating limit based at least in part upon the at least 
one of the Surgical discipline selection and the Surgical 
procedure selection. 
I0086. In a detailed embodiment, a method may include 
allowing user-directed operation below the default operating 
limit; requiring additional affirmative action via the user 
interface for operation above the default operating limit at 
less than a maximum limit; and precluding operation above 
the maximum limit. 
I0087. In an aspect, a method of operating a surgical fluid 
management system may include receiving, via a user 
interface, identification of information to be gathered by a 
Surgical fluid management system during a Surgical proce 
dure; electronically storing the information during the Sur 
gical procedure; and receiving, via the user interface, an 
instruction pertaining to at least one of printing, storing, 
and/or electronically transmitting the information. 
I0088. In an aspect, a method of operating a multi-func 
tional Surgical fluid management system may include receiv 
ing, via a user interface, identification of at least one of a 
Surgical discipline and a Surgical procedure; setting default 
operating parameters based upon the at least one of the 
Surgical discipline and the Surgical procedure and receiving, 
via a user interface, input to adjust the operating parameters. 
I0089. In a detailed embodiment, a method may include 
receiving, via the user interface, input pertaining to desired 
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alarm levels and alarm types; and overriding an alarm 
received during the Surgical procedure based on input 
received via the user interface, if conditions have not 
exceeded pre-established maximum levels. 
0090. In a detailed embodiment, the alarm types may 
include at least one of visible and audible. 
0091. In an aspect, a method of operating a surgical fluid 
management system may include receiving, via a user 
interface, preferred operating settings associated with at 
least one of a Surgical discipline and a Surgical procedure, 
the preferred operating settings also being associated with an 
identity of at least one of a Surgeon and an operator, and 
setting operating parameters at the preferred operating set 
tings upon receiving an input, via a user interface, associated 
with at least one of the Surgeon and the operator and at least 
one of the Surgical discipline and the Surgical procedure. 
0092. In an aspect, a Surgical fluid management system 
may include a touch screen interface, the touch screen 
interface being configured to receive user input pertaining to 
operating parameters and to display information. 
0093. In an aspect, a method of controlling a surgical 
fluid management device may include receiving, via a user 
input, identification of information which must be entered 
prior to operation of a Surgical fluid management device; 
requesting entry of the information; if the information has 
not been entered, precluding operation of the of the Surgical 
fluid management device; and if the information has been 
entered, allowing operation of the Surgical fluid manage 
ment device. 
0094. In accordance with another aspect of the present 
invention, there is provided a fluid management system for 
Supplying fluids of at least two types, said system compris 
ing: at least one fluid Supply container; at least one fluid 
collection container, a pump configured to deliver a fluid 
from the at least one fluid Supply container to a site, said site 
being a Surgical site or a patient; a control system for 
operating the fluid management system in at least one of (1) 
a pressure control mode, wherein said control system con 
trols the pump to deliver fluid to the site at approximately a 
target pressure or (2) a flow control mode, wherein the 
control system controls the pump to deliver fluid to the site 
at approximately a target flow rate. The control system 
includes a user interface for communication between the 
control system and a user, including inputting data to the 
control system and outputting data from the control system; 
a fluid deficit monitoring function for determining a fluid 
deficit that is a difference between (i) a volume of fluid 
delivered to the site from the at least one fluid supply 
container and (ii) a volume of fluid returned from the site to 
the at least one fluid collection container; and a fluid deficit 
alarm function for activating a fluid deficit alarm when a 
fluid deficit exceeds a fluid deficit alarm limit indicative of 
a maximum fluid deficit associated with a type of fluid 
communicated to the control system. 
0095. In accordance with still another aspect of the 
present invention, there is provided a method of operating a 
fluid management system for Supplying fluids of at least two 
types, wherein said system includes at least one fluid Supply 
container, at least one fluid collection container, a pump 
configured to deliver a fluid from the at least one fluid supply 
container to a site, said site being a Surgical site or a patient; 
and a control system for controlling operation of the fluid 
management system. The method includes the steps of 
inputting data to the control system and outputting data from 
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the control system via a user interface; selecting a medical 
procedure that requires (1) a pressure control mode, wherein 
said control system controls the pump to deliver fluid to the 
site at approximately a target pressure or (2) a flow control 
mode, wherein said control system controls the pump to 
deliver fluid to the site at approximately a target flow rate; 
determining a fluid deficit that is a difference between (i) a 
volume of fluid delivered to the site from the at least one 
fluid supply container and (ii) a volume of fluid returned 
from the site to the at least one fluid collection container; 
associating a fluid deficit alarm limit with a type of fluid 
being Supplied by the at least one fluid Supply container, and 
activating a fluid deficit alarm when the fluid deficit exceeds 
the fluid deficit alarm limit associated with the type of fluid 
being Supplied by the at least one fluid Supply container. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0096. The detailed description refers to the following 
figures in which: 
0097 FIG. 1 is a perspective view of an exemplary 
Surgical fluid management system; 
0.098 FIG. 2 is a front elevation view of an exemplary 
Surgical fluid management system with the door open; 
0099 FIG. 3 is a front elevation cross-section view of an 
exemplary Surgical fluid management system; 
0100 FIG. 4 is a perspective view of an exemplary fluid 
bag hanger assembly: 
0101 FIG. 5 is a perspective view of an exemplary 
Suction container hanger assembly: 
0102 FIG. 6 is a cross-sectional view of an exemplary 
Suction container hanger assembly: 
0103 FIG. 7 is a bottom view of an exemplary suction 
container hanger assembly: 
0104 FIG. 8 is a perspective view of an exemplary load 
cell base; 
0105 FIG. 9 is a schematic illustration of an exemplary 
trumpet valve tubing set; 
0106 FIG. 10 is an exploded perspective view of an 
exemplary heating cartridge; 
0107 FIG. 11 is a perspective view of an exemplary 
heating cartridge; 
0.108 FIG. 12 is a perspective view of an exemplary 
heating cartridge; 
0109 FIG. 13 is a perspective view of a heating cartridge 
illustrating an exemplary three-dimensional fluid flow path; 
0110 FIG. 14 is a perspective view of a heating cartridge 
illustration an exemplary bubble trap; 
0111 FIG. 15 is a perspective view of an exemplary 
heater assembly: 
0112 FIG. 16 is a side view of an exemplary heater 
assembly; 
0113 FIG. 17 is a side view of an exemplary heater 
assembly; 
0114 FIG. 18 is a cross-sectional view of an exemplary 
heater assembly: 
0115 FIG. 19 is a cross-sectional view of an exemplary 
heater assembly: 
0116 FIG. 20 is a schematic illustration of an exemplary 
power and control system; 
0117 FIG. 21 is a schematic illustration of an exemplary 
equipment setup utilizing multi-stage heating: 
0118 FIG. 22 is a schematic diagram of an exemplary 
equipment setup for use with a trumpet valve; 
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0119 FIG. 23 is a schematic diagram of an exemplary 
equipment setup for use with an electroSurgical device; 
0120 FIG. 24 is a schematic diagram of an exemplary 
equipment setup for use with a tubing set including one or 
more connectors for connecting to a Surgical instrument; 
0121 FIG. 25 is a schematic diagram of an exemplary 
equipment setup for infusion; 
0122 FIG. 26 is a perspective view of an alternative 
exemplary heating cartridge; 
0123 FIG. 27 is an exploded perspective view of an 
alternative exemplary heating cartridge; 
0.124 FIG. 28 is an exploded perspective view of an 
alternative exemplary heating cartridge; 
0.125 FIG. 29 is a screen shot of an exemplary setup 
Screen; 
0126 FIG. 30 is a screen shot of an exemplary tubing set 
selection screen; 
0127 FIG. 31 is a screen shot of an exemplary surgical 
discipline selection screen; 
0128 FIG. 32 is a screen shot of an exemplary procedure 
selection screen; 
0129 FIG.33 is a screen shot of an exemplary physician 
selection screen; 
0130 FIG. 34 is a screen shot of an exemplary operator 
selection screen; 
0131 FIG. 35 is a screen shot of an exemplary control 
mode selection screen 
0132 FIG. 36 is a screen shot of an exemplary priming 
Screen; 
0.133 FIG. 37 is a screen shot of an exemplary secondary 
display and printer control screen; 
0134 FIG. 38 is a screen shot of an exemplary run 
Screen; 
0135 FIG. 39 is a screen shot of an exemplary summary 
Screen; 
0.136 FIG. 40 is a screen shot of an exemplary supervisor 
Screen; 
0.137 FIG. 41 is a flowchart illustrating an example 
method of operating a Surgical fluid management system; 
0138 FIG. 42 is a flowchart illustrating an example 
method of operating a Surgical fluid management system; 
0139 FIG. 43 is a flowchart illustrating an example 
method of operating a Surgical fluid management system; 
0140 FIG. 44 is a flowchart illustrating an example 
method of operating a Surgical fluid management system; 
0141 FIG. 45 is a flowchart illustrating an example 
method of monitoring a fluid deficit in a Surgical fluid 
management System; 
0142 FIG. 46 is a flowchart illustrating an example 
method of monitoring a fluid deficit in a Surgical fluid 
management System; 
0143 FIG. 47 is a flowchart illustrating an example 
method of operating a Surgical fluid management system; 
014.4 FIG. 48 is a flowchart illustrating an example 
method of operating a multi-functional fluid management 
system; 
0145 FIG. 49 is a flowchart illustrating an example 
method of operating a Surgical fluid management system; 
0146 FIG. 50 is a flowchart illustrating an example 
method of operating a multi-functional Surgical fluid man 
agement System; 
0147 FIG. 51 is a flowchart illustrating an example 
method of operating a Surgical fluid management system; 
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0148 FIG. 52 is a flowchart illustrating an example 
method for of controlling a Surgical fluid management 
device; 
014.9 FIG. 53A illustrates a tubing set having detachable 
proximal and distal portions, according to a first embodi 
ment; 
(O150 FIG. 53B illustrates a tubing set having detachable 
proximal and distal portions, according to a second embodi 
ment; and 
0151 FIG. 54 is a block diagram illustrating an embodi 
ment of the control system for the fluid management system 
that includes an RFID interface. 

DETAIL DESCRIPTION OF THE INVENTION 

0152 The present disclosure includes, interalia, surgical 
fluid management systems and methods for using Surgical 
fluid management systems. 
0153. The present disclosure contemplates that various 
fluids (such as irrigation fluids) may be employed during 
Surgical procedures for many purposes, such as (and without 
limitation) to wash away blood and/or debris from a Surgical 
site to provide the Surgeon with an improved view and/or to 
distend a Surgical site (such as during some gynecological, 
urological, and orthopedic procedures, for example). In 
addition, the present disclosure contemplates that fluids may 
be infused into a patient. For example, various fluids (in 
cluding fluids comprising pharmaceuticals and/or blood 
components) may be intravenously infused into a patient. 
0154) Further, the present disclosure contemplates that a 
patient’s core body temperature may be reduced if a low 
temperature irrigation and/or infusion fluid is employed. 
Thus, the use of low-temperature fluids (which may refer to 
fluids attemperatures less than a patient’s body temperature) 
may contribute to hypothermia, which may be a reduction in 
a patient’s body temperature of about 2° C. or more. For 
example, the use of low-temperature irrigation fluid during 
a Surgical procedure may contribute to intraoperative hypo 
thermia. Similarly, the present disclosure contemplates that 
infusion of low temperature fluids may contribute to patient 
hypothermia. The present disclosure contemplates that 
hypothermia may result in adverse patient outcomes and/or 
increased medical costs. Similarly, the present disclosure 
contemplates that Some procedures may include intention 
ally lowering a patient’s body temperature, and, in Such 
circumstances, further lowering of the patient’s body tem 
perature below the desired temperature may result in adverse 
patient outcomes and/or increased medical costs. 
0.155. An exemplary fluid management system according 
to the present disclosure may provide one or more functions, 
including irrigation, distention, deficit monitoring, and/or 
infusion functions, and/or may warm the fluid. An exem 
plary embodiment may allow a user to select between fluid 
pressure or flow rate control, to enable or disable fluid 
warming, to control various operating parameters (such as 
desired fluid pressure or fluid flow rate, fluid temperature (if 
the fluid warming feature is enabled), and the like), may 
display information (such as desired and/or actual fluid 
pressure, fluid flow rate, and fluid temperature, as well as 
fluid volume, volumetric deficit, and the like), and/or may 
provide one or more alarms (such as an over pressure alarm, 
over temperature alarm, low fluid supply alarm, fluid deficit 
alarm, perforation alarm, and the like). Some exemplary 
devices may provide data logging and/or printing capabili 
ties and/or the ability to electronically transmit data to a 
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central data collection or information system. An exemplary 
embodiment may warm a fluid to a temperature selected by 
a user (Such as a temperature approximate a patient's body 
temperature) and/or may deliver the fluid to the surgical site 
at a pressure and/or flow rate selected by a user. 
0156 FIG. 1 is a perspective view of an exemplary fluid 
management system 10 including a fluid management unit 
100. An exemplary fluid management unit 100 may include 
one or more fluid container Supports, such as fluid bag 
hangers 102, 104, each of which may support one or more 
fluid bags 902, 904 (and/or other fluid supply containers). 
Fluid bag hangers 102, 104 may receive a variety of sizes of 
fluid bags 902,904, such as 1 L to 5 L bags. An exemplary 
embodiment may include fluid bag hangers 102, 104 at 
approximately shoulder height, which may minimize the 
difficulty of hanging fluid bags 902, 904, particularly when 
large volume fluid bags 902, 904 are employed. 
0157 An exemplary fluid management unit 100 may 
include one or more user interface components, such as a 
touch screen display 106. As will be described in detail 
below, the user interface provides communication between 
a control system and a user, including inputting data to the 
control system and outputting data from the control system. 
The user interface may provide information to the user in 
visual and/or audible forms. Some exemplary embodiments 
may employ switches, knobs, dials, and the like as user 
interface components in addition to or instead of one or more 
touch screen displays 106. User interface components, such 
as touch screen display 106, may enable the user to select 
fluid pressure or flow rate control, to enable or disable fluid 
warming functions, to configure operating parameters and 
alarms, to configure information to be displayed, and/or to 
configure information to be stored, printed, or transmitted 
after the procedure for record keeping purposes. 
0158 An exemplary fluid management system 10 may 
include a secondary display 106A, which may be mounted 
to a display pole 20A. Display pole 20A may be configured 
to be extendable (e.g., telescopically) to allow adjustment of 
the height of secondary display 106A. Such an embodiment 
may be useful during procedures in which the Surgeon is 
sitting and/or must look over an obstruction to view the fluid 
management system 10. Similarly, Some exemplary embodi 
ments may include one or more remote displays which may 
be located away from the fluid management unit 100 for the 
convenience of a user. 
0159. Some exemplary fluid management units 100 may 
include a door 108 or other closure which may at least 
partially cover various components. In some exemplary 
embodiments including a door 108 or other closure, the 
position (e.g., shut and/or open) of the door 108 or other 
closure may be utilized as an interlock to prevent and/or 
allow certain operations of the device. 
0160 An exemplary fluid management system 10 may 
include a Suction container hanger assembly 200. An exem 
plary Suction container hanger assembly 200 may support 
one or more suction canisters 906, 908, 910, 912 (and/or 
other fluid collection containers) from a suction canister 
hanger 202. Other exemplary embodiments may employ 
Suction container Support assemblies other than Suspension 
type assembles. For example, an assembly Supporting a 
suction container from below may be utilized instead of or 
in addition to a suspension-type assembly. In an exemplary 
embodiment, one or more suction canisters 906, 908, 910, 
912 may be coupled to a Suction or vacuum source. Such as 
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any of those commonly found in a Surgical Suite. An 
exemplary Suction container hanger assembly 200 may be 
adapted to accommodate different sizes of Suction containers 
and may be adjustable to accommodate such containers. 
0.161. An exemplary surgical fluid management unit 100 
may be mounted on a rolling stand, which may include a 
pole 20 and/or a base 22, which may include a plurality of 
castered wheels 26 mounted to a respective plurality of legs 
24. The base 22 may also include a storage basket 28 other 
similar storage component. Some exemplary embodiments 
may be mounted to other mobile devices, such as a cart. 
Some exemplary embodiments may be mounted in a fixed 
location, such as an operating room, by being affixed to a 
wall, mounted to other fixed equipment, mounted on a 
boom, etc. 
0162 An exemplary fluid management unit 100 may be 
utilized with tubing sets that fluidicly connect various com 
ponents. Tubing sets may be disposable (to comply with 
health standards associated with items contacting bodily 
fluids, for example), and may be provided sterile and ready 
for use. Different tubing sets may be utilized for performing 
different Surgical functions. For example, an exemplary 
irrigation tubing set for laparoscopic procedures may 
include generally parallel Suction and irrigation tubing, 
and/or may include a valve device (such as a trumpet valve) 
for controlling flow of irrigation fluid and/or suction. An 
exemplary tubing set for distention procedures may include 
generally parallel delivery and return tubing, which may 
couple to a surgical instrument, such as via standard Luer 
lock fittings. Such tubing sets for distention procedures may 
incorporate a pressure relief valve to guard against over 
pressurization of the body cavity being distended. 
(0163 FIG. 2 is a detailed front elevation view of an 
exemplary fluid management unit 100. In FIG. 2, door 108 
is open and slot 310 for fluid heating cartridge 410 is visible. 
An exemplary cartridge 410, described in further detail 
below, may be utilized with one or more heat transfer 
devices (e.g., heaters) to change the temperature of a fluid 
prior to delivery to a Surgical site and/or prior to infusion 
into a patient. In an exemplary embodiment, cartridge 410 
may be fully enclosed (except for the connections described 
below) and/or may be provided as part of a disposable tubing 
set. By providing a disposable cartridge 410 (and/or other 
patient or fluid-contacting components) as part of a dispos 
able tubing set, an exemplary fluid management system 10 
may provide components requiring sterilization prior to use 
and/or which may contact bodily fluids as disposable com 
ponents, and/or other components may be durable. Thus, 
only minimal cleaning of the non-disposable components of 
fluid management system 10 may be required between 
patients. 
0164. An exemplary embodiment may include a data 
recording device, such as a printer 111. An exemplary data 
recording device may create a permanent and/or temporary 
record of important information regarding the use of the 
fluid management system 10 during a Surgical procedure, 
Such as the identity of the Surgeon, identity of the operator, 
identity of the patient (usually by patient number), proce 
dure performed, and procedure duration, as well as various 
operating conditions such as total fluid volume utilized, 
average fluid temperature, minimum and/or maximum fluid 
temperatures, alarm conditions, and the like. Those of ordi 
nary skill will recognize that alternate and/or additional data 
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recording and/or storage mechanisms may be utilized. Such 
as electronic storage components. 
0.165 An exemplary fluid management unit 100 may 
include a handle 110. 
0166 An exemplary fluid management unit 100 may 
include one or more fluid pressurization or transfer devices, 
Such as a pump 112. An exemplary pump 112 may include 
an electrically driven peristaltic pump. Some exemplary 
peristaltic pumps may operate at speeds between about 4 and 
400 revolutions per minute and/or may deliver fluid up to 
approximately 1.4 L/min, for example. Some exemplary 
embodiments may include other types of positive displace 
ment and/or non-positive displacement pumps known in the 
art. Further, some exemplary embodiments may utilize alter 
native power Sources, such as compressed air, Vacuum, etc. 
to drive a pump. Exemplary electrically driven pumps may 
receive power from a line source (Such as a wall outlet) 
and/or one or more external and/or internal electrical storage 
devices (such as a disposable or rechargeable battery). Some 
exemplary electrically driven pumps may include stepper 
motors, DC brush motors, AC or DC brushless motors, 
and/or other similar devices known in the art. 
0167. In an exemplary embodiment, fluid bag hangers 
102, 104 may include one or more hooks 114, 116 from 
which one or more fluid bags 902, 904 may be suspended. 
In an exemplary embodiment, door 108 may include one or 
more hinges 117 and/or a latch component 118, which may 
have a corresponding latch component 120 on the fluid 
management unit 100. 
(0168 Various fluid paths are visible in FIG. 2. For 
example, a tubing set may include irrigation tubing, which 
may include tubing extending from one or more fluid 
containers (such as fluid bags 902, 904 shown in FIG. 1), 
through opening 122, through pump 112, into cartridge 410 
(which may be provided as part of the tubing set), out of the 
cartridge into path 124, and to a hand piece via opening 126. 
A tubing set may include Suction tubing, which may include 
tubing extending from a hand piece into opening 126, 
through path 128, out of opening 130, and to one or more 
Suction Sources and/or containers, such as Suction canisters 
906, 908, 910, 912. 
0169. Some exemplary embodiments may include one or 
more bubble detectors, such as ultrasonic bubble detector 
132, which may be provided along a fluid path. Exemplary 
embodiments may include other types of bubble detectors 
and/or liquid detectors (such as optical bubble detectors, 
infrared bubble detectors, and the like) in place of or in 
addition to ultrasonic bubble detector 132. One or more 
bubble detectors 132 may be utilized for various purposes as 
discussed below, Such as to detect liquid during priming 
and/or to detect a bubble in tubing leading to a Surgical 
and/or infusion site. In some exemplary embodiments, one 
or more bubble detectors 132 may be used to detect fluid 
within the tubing, thus indicating that cartridge 410 may be 
substantially filled with fluid and, therefore, heater assembly 
309 may be safely activated. In some exemplary embodi 
ments, two or more bubble detectors 132 may be utilized to 
detect bubbles (e.g., in distention and/or infusion applica 
tions), which may provide redundant bubble detection capa 
bility. For example, in some distention and/or infusion 
applications, if any bubble detector 132 detects a bubble, 
pump 112 may be stopped to reduce the risk of introducing 
air into the body cavity being distended (which could 
obstruct viewing) or infusing air into a patient. 
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0170 Some exemplary embodiments may include one or 
more temperature sensors, such as thermal cut off sensor(s) 
2048, which may include one or more bimetal switches, 
infrared temperature sensors, and/or other temperature sen 
sors known in the art. Bubble detector(s) 132 and thermal 
cut off sensor(s) 2048 may be mounted such that they may 
be in contact with tubing extending through path 124, for 
example. 
0171 In some exemplary embodiments, door 108 may be 
arranged such that it may not be fully shut unless the tubing 
of the tubing set is properly inserted into the appropriate 
flow paths. For example, door 108 may be arranged such that 
it will not fully shut unless cartridge 410 is fully inserted into 
slot 310 and/or tubing associated with a tubing set is 
properly installed in fluid management unit 100. Fingers 
108A on the inside of door 108 may be configured to prevent 
door 108 from fully shutting if pump 112 is not in its 
operational configuration (e.g., door 108 may be prevented 
from closing if the pump head is not closed). Similarly, 
finger 108C may be configured to press tubing into path 124 
to promote contact between the tubing and bubble detector 
132. Likewise, finger 108B may be configured to press 
tubing into path 124 to promote contact between the tubing 
and thermal cut off sensor(s) 2048. 
0172 FIG. 3 is a cross-sectional view of an exemplary 
fluid management unit 100. Some exemplary fluid bag 
hangers 102, 104 may include rods 134, 136 which may be 
pivotably joined at pivots 138, 140, respectively. In an 
exemplary embodiment, rods 134, 136 may include a journal 
139, 141 through which the respective pivot 138, 140 
extends. Rods 134, 136 may be supported by one or more 
load cells 142, 144, which may output electrical signals 
associated with the weight of the fluid containers suspended 
from the fluid bag hangers. In an exemplary embodiment, 
load cells 142, 144 may include button-type compression 
cells. Other exemplary embodiments may utilize load cells 
of other types, such as beam-type load cells and/or strain 
gauges. An exemplary embodiment may utilize a signal 
provided by one or more load cells 142, 144 to determine a 
volume of one or more bags of fluid 902,904 attached to the 
unit 100 (e.g., whether a given bag of fluid 902 is a 1 L bag, 
or a 5 L bag), to determine an amount of fluid remaining in 
one or more bags of fluid 902, 904, and/or to sense when a 
bag of fluid 902, 904 has been replaced, for example. In an 
exemplary embodiment in which a fluid bag hanger 102, 104 
is utilized to hang a single fluid bag 902,904, each load cell 
142, 144 may provide a signal associated with the weight of 
a single fluid bag 902,904. 
0173. In some exemplary embodiments, providing one or 
more integral fluid bag hangers 102, 104 may reduce the 
complexity and/or cost of the fluid management system 10 
because wiring associated with the load cells 142, 144 may 
be located within the housing of fluid management unit 100, 
as compared to embodiments including fluid bag hangers 
mounted to a Supporting structure (such a pole and crossbar 
assembly) extending upwardly from the fluid management 
unit 100. Specifically, integral fluid bag hangers 102, 104 
may obviate the need to run wiring associated with one or 
more load cells along or within an upwardly extending 
Supporting structure. 
0.174. In an exemplary embodiment, a heater assembly 
309 may include one or more heat sources, such as infrared 
(IR) lamps 312, 314, 316, 318, which may be mounted near 
slot 310. In other exemplary embodiments, other sources of 
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IR energy may be utilized. Such as halogen lamps, light 
emitting diodes (LEDs), quartz lamps, carbon lamps, and the 
like. In an exemplary embodiment, IR lamps 312, 314, 316, 
318 may draw up to about 500 W each, for a total of up to 
approximately 2 kW, which may provide approximately a 
25° C. temperature rise (or greater) at a flow rate of 
approximately 500 mL/min or greater. Reflector shrouds 
320, 322, 324, 326 may be mounted to direct IR energy 
emitted by lamps 312,314, 316, 318 towards cartridge 410. 
which may be received in slot 310. 
0175 FIG. 4 is a detailed perspective view of an exem 
plary fluid bag hanger assembly. 
0176 FIGS. 5-8 illustrate an exemplary suction container 
hanger assembly 200. Suction canister hanger 202 may 
include one or more receiving openings 201A, 201B, 201C, 
201D into which one or more suction canisters 906, 908, 
910,912 may be placed. Openings 201A, 201B, 201C, 201D 
may be adapted to receive Suction canisters of various sizes. 
0177. In some exemplary embodiments, receiving open 
ings 201A, 201B, 201C, 201D may be arranged generally 
symmetrically. In some exemplary embodiments, receiving 
openings 201A, 201B, 201C, 201D of different sizes may be 
provided and/or adjusters 216A, 216B, 216C, 216D may be 
adjusted to accommodate canisters 906,908,910,912 of one 
or more sizes and/or shapes, as best seen in FIG. 7. In an 
exemplary embodiment, each adjuster 216A, 216B, 216C, 
216D may be individually adjustable. In an exemplary 
embodiment, receiving openings 201A, 201B, 201C, 201D 
and their associated adjusters 216A, 216B, 216C, 216D may 
be capable of receiving suction canisters 906,908,910,912 
with diameters up to about 6.6 inches. 
(0178. Adjusters 216A, 216B, 216C, 216D may be slid 
able generally radially inward and/or outward with respect 
to the opening 201 (e.g., as shown by arrow A). In an 
exemplary embodiment, adjusters 216A, 216B, 216C, 216D 
may include a shaped end, such as curved end 218A, 218B, 
218C, 218D, which may be adapted to interface with a 
suction canister 906, 908, 910, 912. Knobs 220A, 220B, 
220C, 220D may be threadedly engaged with suction can 
ister hanger 202 and/or adjusters 216A, 216B, 216C, 216D 
to allow adjusters 216A, 216B, 216C, 216D to be secured in 
position relative to Suction canister hanger 202. For example 
knobs 220A, 220B, 220C, 220D may include threaded rods 
which may be received in corresponding threaded openings 
on Suction canister hanger 202. In such an exemplary 
embodiment, rotation of knobs 220A, 220B, 220C, 220D 
may tighten knobs 220A, 220B, 220C, 220D against adjust 
ers 216A, 216B, 216C, 216D and/or may loosen knobs 
220A, 220B, 220C, 220D away from adjusters 216A, 216B, 
216C, 216D, thereby allowing a user to selectively secure 
and release an adjuster 216A, 216B, 216C, 216D for adjust 
ment. In other exemplary embodiments, various types of 
retainers known in the art may be substituted for knobs 
220A, 220B, 220C, 220D, such as other arrangements of 
threaded retainers, cam-type retainers, clips, etc. 
0179. In an exemplary embodiment, adjusters 216A, 
216B, 216C, 216D may be initially positioned and secured 
using knobs 220A, 220B, 220C, 220D. Subsequent instal 
lation and removal of canisters 906, 908, 910,912 may be 
accomplished by lowering canisters 906,908,910,912 into 
pre-adjusted receiving openings 201A, 201B, 201C, 201D 
and raising canisters 906,908,910,912 out of pre-adjusted 
receiving openings 201A, 201B, 201C, 201D. Adjustment of 
knobs 220A, 220B, 220C, 220D may only be necessary 
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when a canister 906, 908, 910, 912 of a different size is 
utilized. In other exemplary embodiments, one or more 
adjusters 216A, 216B, 216C, 216D may be adjusted more 
frequently during use. Such as with each canister replace 
ment. 

0180. An exemplary suction canister hanger 202 may 
include a collar 203, which may receive pole 20 (which is 
shown in FIG. 2) therethrough. Suction canister hanger 202 
may be supported by a load cell base 204, which may 
include a housing 212 for receiving pole 20 therethrough 
and/or a pin 214 which may extend through pole 20. Some 
exemplary load cell bases 204 may be constructed of metal, 
Such as steel. 

0181. In some exemplary embodiments, suction canister 
hanger 202 may be supported on load cell base 204 sub 
stantially by load cells 206A, 206B, 206C, 206D, which may 
be mounted on arms 204A, 204B, 204C, 204D. Load cells 
206A, 206B, 206C, 206D may be adapted to provide elec 
trical outputs associated with the weight carried by the 
Suction canister hanger 202. In an exemplary embodiment, 
load cells 206A, 206B, 206C, 206D may include button-type 
compression cells. Other exemplary embodiments may uti 
lize load cells of other types, such as beam-type load cells 
and/or strain gauges. 
0182. In some exemplary embodiments, the total weight 
supported by load cells 206A, 206B, 206C, 206D may be 
about equal to sum of the weight of Suction canister hanger 
202, the empty weights of canisters 906,908,910,912, and 
the weight of any contents of canisters 906, 908,910, 912. 
An exemplary embodiment may utilize signals provided by 
one or more load cells 206A, 206B, 206C, 206D to deter 
mine a Volume of liquid collected in one or more Suction 
canisters 906, 908, 910, 912 and/or to determine when one 
or more suction canisters 906, 908, 910, 912 has been 
replaced. 
0183 In some exemplary embodiments, load cells 206A, 
206B, 206C, 206D may be positioned on load cell base 204 
such that suction canisters 906, 908, 910, 912 are located 
generally towards collar 203 with respect to load cells 206A, 
206B, 206C, 206D. In other words, load cells 206A, 206B, 
206C, 206D may be positioned radially farther from collar 
203 than the centers of mass of suction canisters 906, 908, 
910, 912. Put another way, the centers of mass of suction 
canisters 906,908,910,912 may be disposed inwardly with 
respect to spaced-apart load cells 206A, 206B, 206C, 206D. 
In some exemplary embodiments, load cell base 204 may 
include three or more load cells 206A, 206B, 206C, 206D. 
Such an arrangement may be useful when it is desired for the 
sum of the load cell readings to be representative of the total 
weight of the canisters 906,908,910, 912. Further, such an 
arrangement may be useful when uneven canister 906, 908, 
910, 912 loading may occur. 
0.184 FIG. 9 is a schematic diagram of an exemplary 
trumpet valve tubing set 3010, which may include cartridge 
410. In an exemplary embodiment, trumpet valve tubing set 
3010 may include irrigation tubing 3013 and suction tubing 
3027. Irrigation tubing 3013 may include one or more 
connecters, such as spikes 3014, which may be adapted to 
couple with one or more fluid containers (such as fluid bags 
902, 904). Exemplary tubing sets may be provided with 
single or multiple spikes 3014 in various exemplary embodi 
ments. Irrigation tubing 3013 may include an upstream 
section 3013A, which may be fluidicly upstream of cartridge 
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410, and/or a downstream section 3013B, which may be 
fluidicly downstream of cartridge 410. 
0185. In an exemplary embodiment, one or more clamps 
3016,3018 may be provided downstream of the spikes 3014. 
Some exemplary embodiments may include a Y-connector 
3020 and/or other similar device joining a plurality of 
sections of tubing. In an exemplary embodiment, cartridge 
410 may be provided as part of tubing set 3010. Trumpet 
valve 3022 may be fluidicly connected to cartridge 410 (e.g., 
via tubing 3013B) and may include one or more valves for 
controlling flow of irrigation fluid and/or suction. Trumpet 
valve 3022 may include a tip 3024, which may be utilized 
for Suction and/or irrigation. In some exemplary embodi 
ments, tip 3024 may include electroSurgical components, 
Such as an electrocautery tip. An exemplary Suction tubing 
3027 may include a suction connection 3026, which may be 
coupled to a source of Suction via one or more Suction 
containers (such as suction canisters 906,908,910,912), for 
example. In Such an exemplary embodiment, the one or 
more Suction containers may be connected to a hospital’s 
central Suction and/or a standalone Suction device, for 
example. 
0186. An example trumpet valve 3022 may comprise a 
single-use Suction and irrigation device intended for use in 
Surgical procedures, such as laparoscopic Surgical proce 
dures. An example trumpet valve 3022 may include two 
push-button operated valves, one for irrigation fluid and one 
for Suction, that may be connected to a probe attachment 
port. The body of the suction valve may include a manually 
adjustable false air regulator. Various probes may be 
attached to the probe attachment port, such as 5 mm single 
lumen probes and probes including monopolar or bipolar 
electroSurgical tips. Some example electroSurgical probes 
may include electrical cables that are coupleable to external 
electrosurgical generators. U.S. Pat. No. 6,234.205 describes 
an example trumpet valve and is incorporated by reference. 
0187 FIGS. 10-14 illustrate an exemplary cartridge 410 
according to the present disclosure. Some exemplary car 
tridges may include a main or center body 410X (which may 
be substantially rigid) and/or one or more side sheets 410Y. 
410Z (which may be relatively flexible). An exemplary 
cartridge may be generally L-shaped and Substantially flat 
tened, having a generally horizontally extending fluid IR 
exposure section 415 and a generally vertically extending 
elevated section 417, extending vertically up from the fluid 
heat transfer section 415. An exemplary cartridge 410 may 
include inlet and/or outlet connections, such as inlet fitting 
412 and outlet fitting 414 positioned at the side of the 
cartridge with the vertically extending elevated section 417. 
where the inlet fitting 412 extends generally downward and 
the outlet fitting 414 extends generally upward from a tab 
section 419 extending from a side of the generally vertically 
extending elevated section 417. In an exemplary embodi 
ment, inlet fitting 412 and/or outlet fitting 414 may include 
barb fittings; however, other exemplary embodiments may 
utilize other connection devices Such as compression fit 
tings, Luer-lock fittings, glue joints, and other connection 
devices known in the art. In an exemplary embodiment, 
cartridge 410 may include additional connections, such as 
fitting 430, which may connect to a pressure sensor (and/or 
a pressure transducer). 
0188 In an exemplary embodiment, cartridge 410 may 
include an internal flow path through which fluid may flow 
from inlet fitting 412 to outlet fitting 414. A front portion of 
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an exemplary flow path is visible in FIGS. 11 and 14: lower, 
front fluid channel 420, port 424, port 426, and upper front 
fluid channel 422. In an exemplary embodiment, one or 
more walls (such as wall 428) may separate various fluid 
channels 420, 422. A back portion of the exemplary flow 
path is visible in FIG. 12: lower, back fluid channel 432, 
upper, back fluid channel 434 and turn section 436. In an 
exemplary embodiment, the internal flow path may direct 
fluid through and/or past one or more bubble traps 416, 418 
(which may also be referred to as air venting chambers). In 
an exemplary embodiment, the bubble trap 416 nearer the 
inlet fitting 412 may be larger than the bubble trap 418 
nearer the outlet fitting 414. In some exemplary embodi 
ments, a larger bubble trap 416 near the inlet fitting 412 may 
remove bubbles delivered to cartridge 410 resulting from a 
replacement of a fluid bag 902,904. In some circumstances, 
such bubbles may be relatively large. In some exemplary 
embodiments, a smaller bubble trap 418 near the outlet 
fitting 414 may remove bubbles not removed by bubble trap 
416 and/or bubbles created during fluid warming within 
cartridge 410. In some exemplary embodiments, bubble 
traps 416, 418 may include hydrophobic membranes 416A, 
418A as described in detail below. 

(0189 Fluid channels 420, 422,432 and 434 may include 
generally horizontally extending fluid channels having the 
following dimensions in an example embodiment: about 
9.5" long by about 2" high by about 0.25" thick. In some 
example embodiments, the dimensions of fluid channels 
420, 422,432, 434 may be configured to provide a substan 
tial amount of outwardly facing Surface area relative to the 
internal volume to promote efficient warming of the fluid 
using IR lamps 312, 314, 316, 318. 
0190. In an exemplary embodiment, fluid may enter 
cartridge 410 at inlet fitting 412, may flow past bubble trap 
416, and into lower, front fluid channel 420. Then, the fluid 
may flow through port 424 and into lower, back fluid 
channel 432. The fluid may generally reverse direction in 
turn section 436 and may flow into upper, back fluid channel 
434. Turn section 436 may include one or more ribs 436A. 
Fluid may then flow through port 426, through upper, front 
fluid channel 422, past bubble trap 418, and out of cartridge 
410 via outlet fitting 414. Fluid channels 432, 434 may be 
separated by a horizontal wall 438. Thus, such an exemplary 
embodiment may provide a three-dimensional fluid flow 
path P (e.g., the fluid flow path causes the fluid to flow in the 
X, Y, and Z directions), as best seen in FIG. 13. 
0191 As illustrated in FIG. 13, an elongated, three 
dimensional, convoluted path P may be defined in cartridge 
410 between inlet fitting 412 and outlet fitting 414. 
0.192 Cartridge 410 may be designed such that path 
sections, defined by fluid channels 420, 432, 434, and 422 
are substantially aligned and/or Substantially in registry with 
IR lamps 312, 318, 316, 314, respectively, when cartridge 
410 is inserted into slot 310 of heater assembly 309, as 
illustrated in FIG. 19. 
0193 In some exemplary embodiments, increasing the 
length of the fluid flow path within the cartridge may 
increase the time the fluid is subjected to heating by the IR 
lamps and, thereby, enable increased fluid warming at 
increased fluid flow rates. A cartridge including a three 
dimensional flow path with multiple fluid channels exposed 
to IR lamps may enable efficient fluid warming and cost 
effective designs of both the cartridge and heater assembly. 
A two-dimensional flow path wherein the fluid is subjected 
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to heating by the IR lamps for the same amount of time may 
result in a larger, less cost effective cartridge and a larger, 
less cost effective heater assembly and/or less efficient fluid 
Warming. 
0194 In some exemplary embodiments, one or more 
fluid channels may be arranged such that they are capable of 
transferring heat to one or more other fluid channels. For 
example, heat transfer from fluid channel 432 to fluid 
channel 420 may occur. Similarly, heat transfer from fluid 
channel 422 to fluid channel 434 may occur. Heat transfer 
between channels may aid in dissipating heat from warmer 
sections, particularly during stagnant or low flow conditions 
(such as when pump 112 is not running). Such heat transfer 
may not be possible with a two-dimensional fluid path. 
0.195 A main body 410X of an exemplary cartridge 410 
may be constructed of polycarbonate, which may be Sub 
stantially rigid. In some exemplary embodiments, the main 
portion of cartridge 410 may be molded as a single piece. In 
Some exemplary embodiments, various fittings, such as inlet 
fitting 412, outlet fitting 414, and fitting 430 may be inte 
grally molded with the main portion of the cartridge 410. 
while Such fittings may be separately installed pieces in 
other exemplary embodiments. In some exemplary embodi 
ments, utilizing a single-piece molded cartridge main body 
may reduce the potential for fluid leakage because of a 
reduced number of joints. Similarly, employing integrally 
molded components. Such as fittings 412, 414, 430 may 
reduce the potential for fluid leakage. In addition, integrally 
molded fittings (and other components) may be less expen 
sive to manufacture and may require less labor (e.g., they do 
not need to be separately installed); thus, integrally molded 
construction may reduce the cost of cartridge 410. 
0196. Front and/or back sides of an exemplary cartridge 
may be covered by one or more sheets 410Y. 410Z of 
polycarbonate (such as LEXANR) polycarbonate), which 
may have a thickness in the range of approximately 0.010 
0.030 inches, for example. In an exemplary embodiment, 
both the front and back sides are covered with polycarbonate 
sheets 410Y. 410Z having a thickness of approximately 
0.020 inches. In an exemplary embodiment, one or more 
polycarbonate sheets 410Y. 410Z may be attached and/or 
sealed to the cartridge 410 using ultrasonic welding, for 
example. In some exemplary embodiments, rib 436A may 
simplify ultrasonic welding of polycarbonate sheets 410Y. 
410Z to cartridge 410 by diffusing some energy which may 
be directed generally at the projecting portion of wall 438. 
The present disclosure contemplates that such polycarbonate 
materials may be highly transparent to IR energy (e.g., 
approximately 85% transmissive). Utilizing highly IR trans 
parent materials may allow a relatively high percentage of 
the energy emitted by the IR lamps to directly warm fluid 
within the cartridge. 
0197) In an exemplary embodiment, materials from 
which various components are constructed (such as poly 
carbonate) may be substantially free of polyvinyl chloride 
(PVC) and/or bis(2-ethylhexyl)phthalate (DEHP). Such 
materials may be advantageous for environmental and/or 
patient safety reasons. 
0198 The present disclosure contemplates that positive 
displacement pumps of various types may provide advan 
tages, such as an easily calculated flow rate. The present 
disclosure also contemplates that, due to their nature, certain 
types of positive displacement pumps may provide a pulsed 
flow. In some exemplary embodiments, it may be desirable 
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to provide a non-pulsatile flow. An exemplary embodiment 
may include sheets 410Y. 410Z, which may be somewhat 
flexible and/or elastic. When utilized in connection with a 
pulsed fluid flow, such as that produced by some peristaltic 
and piston-type pumps, a cartridge 410 including one or 
more flexible sheets 410Y. 410Z may operate to at least 
partially dampen the pulses and/or to provide more continu 
ous fluid flow and/or pressure. 
0199 An exemplary embodiment may include a cartridge 
410 and a slot 310 (see, e.g., FIGS. 3 and 15) having 
complementary shapes, which may prevent insertion of the 
cartridge 410 in slot 310 in an improper orientation. For 
example, an exemplary cartridge may generally have an 
L-shape (see, e.g., the portion of cartridge 410 including 
bubble trap 418), and the slot 310 may prevent full insertion 
of the cartridge 410 in an inverted orientation by only 
accommodating the L-shape in the proper orientation. An 
exemplary embodiment may include one or more ridges, 
Such a upper ridge 440 and/or a lower ridge 442, which may 
be arranged to engage one or more corresponding grooves in 
slot 310. In some exemplary embodiments, upper ridge 440 
and lower ridge 442 may have different widths (and/or 
shapes), and their corresponding grooves in slot 310 may be 
sized such that cartridge 410 cannot be inserted into slot 310 
in an inverted orientation. Upper ridge 440 and/or lower 
ridge may extend at least part of the length of cartridge 410 
and/or may be discontinuous. In some exemplary embodi 
ments, one or both of upper ridge 440 and lower ridge 442 
may include an engagement feature, such as notch 410A, 
which may be used to releasably retain cartridge 410 within 
slot 310 of heater assembly 309. 
0200 FIG. 14 is a detailed perspective view of a portion 
of an exemplary cartridge 410. An exemplary bubble trap 
418 may be provided in the elevated section 417 of the 
cartridge and may include a plurality of vertically extending 
ridges 421 and/or one or more central openings 419A. The 
bubble trap 418 may be covered with a hydrophobic mem 
brane adapted to vent bubbles of gas from fluid. Ridges 421 
(and/or similar structures) may provide Support for the 
hydrophobic membrane against the fluid while allowing gas 
to pass through the hydrophobic membrane. Gas may exit 
through openings 419A, which may be covered by a closure, 
Such as an umbrella Valve, which may be arranged to operate 
as a one-way valve. Thus, gas may exit through openings 
419A but air may be prevented from entering through 
openings 419A. 
0201 In an exemplary embodiment, at least a portion of 
the bubble trap covered by the hydrophobic membrane may 
be canted towards the fluid side of the membrane. Such an 
arrangement may increase the contact between a bubble and 
the membrane, which may encourage the gas to pass through 
the membrane. More specifically, a bubble trap may include 
a generally vertically oriented chamber through which fluid 
may flow. At least one side of the chamber may include the 
hydrophobic membrane, which may be angled downwardly 
inward Such that a rising bubble may be pressed against the 
hydrophobic membrane. The present disclosure contem 
plates that a relatively larger chamber may provide a rela 
tively lower fluid velocity; thus, a larger chamber may 
increase the probability that a bubble may remain in the 
chamber and/or may exit through the hydrophobic mem 
brane, as opposed to being swept away by the fluid flow 
prior to exiting through the hydrophobic membrane. 
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0202 In an exemplary embodiment, fitting 430 may 
connect to the internal fluid path of the cartridge 410 via 
pressure sensor fluid path 431 provided in the vertical 
portion of the cartridge adjacent to the bubble trap 418, 
which may include a hydrophobic filter 431A. Pressure 
sensor fluid path 431 may include a narrowed opening 431B 
into a vertically disposed cavity 433, which may provide 
fluidic communication with fluid channel 422. The hydro 
phobic filter 431A may be provided in an upper portion of 
the cavity 433. In such an embodiment, fitting 430 (which 
may be connectable to a pressure sensing device) may 
convey Substantially only gas, and fluid may be substantially 
retained within cartridge 410. Because the gas may pass 
through hydrophobic filter 431A, the gas may be exposed to 
the pressure of the fluid, and the gas may transmit the 
pressure to the pressure-sensing device. Thus, the pressure 
sensing device may remain dry while sensing the fluid 
pressure. Additionally, hydrophobic filter 431A may assist in 
maintaining sterility of cartridge 410. Such as by preventing 
infiltration of foreign matter into cartridge 410 through 
fitting 430. 
0203 The present disclosure contemplates that pressure 
readings may become inaccurate if fluid comes into contact 
with hydrophobic filter 431A. Some exemplary embodi 
ments may be constructed Such that the Volume of gas 
downstream of hydrophobic filter 431A (e.g., fittings, con 
duits, and/or pressure sensors) and/or the Volume of air 
upstream of hydrophobic filter 431A (e.g., in pressure sensor 
fluid path 431) may reduce the likelihood that fluid may 
contact hydrophobic filter 431A. For example, pressure 
sensor fluid path 431 may be configured to retain a volume 
of gas (e.g., air) in the cavity 433 sufficient to prevent fluid 
from contacting hydrophobic filter 431A during expected 
pressure excursions (e.g., the level of the fluid within 
pressure sensor fluid path 431 will not rise to hydrophobic 
filter 431A). 
0204] Some exemplary embodiments may include one or 
more pressure sensors and/or transducers fluidicly coupled 
to fitting 430, via heater assembly 309, as shall be described 
in greater detail below. For example, Some exemplary 
embodiments may include two or more pressure sensors 
and/or transducers, the outputs of which may be compared. 
Comparisons of the outputs of a plurality of pressure sensors 
may aid in the identification of a faulty pressure sensor 
and/or an inaccurate pressure reading. For example, if 
pressure readings from at least two pressure sensors agree 
within an acceptable tolerance band, operation may con 
tinue. If the pressure readings from two pressure sensors 
differ by an amount in excess of the acceptable tolerance 
band, heater assembly 309 and/or pump 112 may be shut 
down and/or an alarm may be actuated. 
0205 FIGS. 15-19 are views of an exemplary heater 
assembly 309. An exemplary heater assembly 309 may 
include a slot 310 for receiving cartridge 410. In some 
exemplary embodiments, a portion of slot 310 may be 
defined by a guide 334 (see, e.g., FIG. 15), which may assist 
a user in inserting cartridge 410 into slot 310. An exemplary 
embodiment may include temperature sensors, such as IR 
temperature sensors 338, 340, which may be adapted to 
sense the temperature of fluid within cartridge 410. For 
example, IR temperature sensors 338, 340 may detect IR 
energy emitted by fluid within cartridge. By ascertaining the 
wavelength of the emitted energy, IR temperature sensor 
338, 340 may provide an output associated with the tem 
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perature of the fluid adjacent the IR temperature sensor 338, 
340. An exemplary heater assembly 309 may also include 
one or more intermediate temperature sensors as discussed 
below. 

0206. Some exemplary heater assemblies 309 may 
include a downwardly angled trough 309C, which may be 
mounted generally below slot 310 and/or which may be 
configured to catch fluid leakage from cartridge 410 in slot 
310. In a lower portion, the trough 309C may include a drain 
fitting 309D and/or a fluid detector 2060 (such as an optical 
liquid detector, resistance liquid detector, continuity liquid 
detector, ultrasound liquid detector, infra-red liquid detector, 
and the like), which may output an electrical signal associ 
ated with detection of leakage from the cartridge. In some 
example embodiments, fluid detector 2060 may be located 
proximate a lowest level of trough 309C. In some exemplary 
embodiments, trough and/or drain fitting 309D may be sized 
to allow drainage of fluid at a rate greater than would be 
expected in the event of a catastrophic failure of cartridge 
410 (e.g., the maximum flow rate delivered by pump 112). 
In some example embodiments, detection of fluid in trough 
309C by fluid detector 2060, which may indicate a leak from 
cartridge 410, may result in an alarm and/or automatic 
shutdown of pump 112 and/or heater assembly 309. 
0207 Some exemplary embodiments may include a sec 
ondary drain fitting 309F, which may be coupled to a source 
of vacuum to remove fluid from trough 309C. More spe 
cifically, some drain fittings 309D may extend upwards from 
the floor of trough 309C, which may prevent complete 
draining of trough 309C through drain fitting 309D. Fluid 
detector 2060 may be mounted such that it may detect even 
minimal amounts of fluid within trough 309C. Thus, sec 
ondary drain fitting 309F may be used to withdraw residual 
fluid from trough 309C which may be at a level below drain 
fitting 309D but above fluid detector 2060. 
0208. Some exemplary heater assemblies 309 may 
include a blower 309A, which may be configured to draw 
cooling air through the heater assembly 309. In some 
exemplary embodiments, such cooling air may prevent an 
over temperature condition within heater assembly 309. 
such as at low fluid flow rates. In some exemplary embodi 
ments, blower 309A may be attached to a plenum 309B, 
which may be connected to an upper portion of slot 310, 
Such that air may be drawn upwards past cartridge 410. 
More specifically, some heater assemblies 309 may be 
configured such that blower 309A may be operative to draw 
air in around trough 309C, upward through slot 310 past 
cartridge 410, through plenum 309B, and away from heater 
assembly 309 through blower 309A. Some exemplary blow 
ers 309A may be configured to run at more than one speed 
and/or the speed of the blower 309A may vary with tem 
perature (e.g., such that the airflow is increased when the 
temperature is higher). 
0209. In some exemplary embodiments, temperature sen 
sors 338, 340 may be mounted such that they detect the 
temperature of fluid flowing through cartridge 410 fluidicly 
near inlet fitting 412 and outlet fitting 414, respectively. In 
an exemplary embodiment, temperature sensors 338, 340 
may be mounted such that they detect the temperature of 
fluid flowing through cartridge 410 prior to the fluid entering 
fluid channel 420 and after the fluid exits fluid channel 422. 
Some exemplary temperature sensors may be mounted Such 
that they detect the temperature of fluid in cartridge 410 at 
positions that are unlikely to include stagnant areas, Such 
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that the detected temperatures are representative of the 
temperatures of the fluid flowing through cartridge 410. 
Some exemplary embodiments may include shields, such as 
rings 338A, 340A, which may reduce the effect of airflow 
caused by blower 309A on temperatures detected by tem 
perature sensors 338, 340. Rings 338A, 340A may include 
tapered ramps 338B, 340B, which may assist in guiding 
cartridge 410 into slot 310. In an exemplary embodiment, a 
temperature sensor, such as an IR temperature sensor 342, 
may be mounted such that it senses the temperature of fluid 
in cartridge 410. Such as fluid at an intermediate point in the 
internal flow path through cartridge 410. For example, IR 
temperature sensor 342 may be mounted within heater 
assembly 309 such that it measures the temperature of the 
fluid in cartridge 410 proximate turn section 436. 
0210. An exemplary heater assembly 309 may include a 

fitting 336 that may be fluidicly connected to fitting 430 on 
cartridge 410 when cartridge 410 is installed in the heater 
assembly. Connection of fitting 430 to fitting 336 may create 
a sensor fluid path that connects path (chamber) 431 in 
cartridge 410 to pressure sensors 2068. 2070, schematically 
illustrated in FIG. 18. In some exemplary embodiments, a 
hydrophobic filter mounted within cartridge 410 may be 
utilized to prevent liquid from flowing through fitting 430, 
while allowing gas flow through the sensor fluid path. 
0211 A first set of IR lamps 312,318 may be mounted on 
one side of slot 310, and a second set of IR lamps 314, 316 
may be mounted on the other side of slot 310. Thus, IR 
lamps 312, 318 may be directed towards one side of car 
tridge 10, and IR lamps 314, 316 may be directed towards 
the other side of cartridge 410. As shown in the figures, in 
an example embodiment, the IR lamps 312, 314, 316, 318 
may be generally cylindrical and may have axes running 
generally along the horizontal direction of the cartridge. In 
some exemplary embodiments, individual IR lamps 312, 
314, 316, 318 may include a reflective coating (e.g., gold or 
aluminum oxide), such as on about 60% of the surface area 
so as to direct IR energy toward cartridge 410. Some 
exemplary embodiments including IR lamps 312, 314, 316, 
318 having reflective coatings may or may not include 
reflector shrouds 320, 322, 324, 326 running along the 
length of a respective IR lamp 312, 314, 316 and 318. In 
some exemplary embodiments, utilizing IR lamps 312,314, 
316, 318 with reflective coatings may provide improved 
efficiency over uncoated IR lamps 312, 314, 316, 318. 
0212. In some exemplary embodiments, individual IR 
lamps 312, 314, 316, 318 may be mounted within and/or 
behind protective covers, such as quartz glass tubes 312A, 
314A, 316A, 318A. In some exemplary embodiments, 
quartz glass tubes 312A, 314A, 316A, 318A may prevent 
leakage of fluid from cartridge 410 from contacting IR 
lamps 312, 314, 316, 318. Some exemplary embodiments 
may not include quartz glass tubes 312A, 314A, 316A, 318A 
(or other covers) and/or IR lamps 312,314, 316,318 may be 
substantially directly exposed to cartridge 410, which may 
increase fluid warming efficiency. 
0213. The present disclosure contemplates that an ellipse 
includes two foci, and that rays emitted by a source at one 
of the foci are reflected to the other foci. In an exemplary 
embodiment, one or more reflector shrouds 320, 322, 324, 
326 may include at least a partial substantially elliptical 
shape (in cross section) with an IR lamp 312,314, 316, 318 
located at or near one of the foci and with a portion of 
cartridge 410 located at or near the other foci. Accordingly, 
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IR energy emitted by the IR lamp 312,314, 316, 318 may 
be reflected to the portion of the cartridge 410. For example, 
reflector 324 and cartridge 410 may be arranged in relation 
to an ellipse 3320 and its two foci 3321, 3322. In an 
exemplary embodiment, IR lamp 316 may be located at or 
near foci 3321 and/or fluid channel 434 is located at or near 
foci 3322. One or more of reflector shrouds 320, 322, 324, 
326 may have a similar arrangement. 
0214. In an exemplary embodiment, one or more reflector 
shrouds 320, 322, 324, 326 may be arranged to direct IR 
energy at particular locations on cartridge 410 and to limit 
the amount of IR energy directed at other locations on 
cartridge 410. For example, one or more reflector shrouds 
320, 322, 324, 326 may be arranged to limit the IR energy 
directed at portions of cartridge 410 where limited IR 
exposure may be desired. For example, limited IR exposure 
may be desired for portions of cartridge 410 including little 
or no fluid and/or portions that are not Substantially trans 
parent to IR energy. For example, reflector shrouds 320,322. 
324, 326 may be arranged to limit the IR energy directed at 
various seams and/or welds. In some exemplary embodi 
ments, such use of reflector shrouds 320, 322, 324, 326 may 
obviate a need to employ a cartridge 410 including Substan 
tially reflective portions to prevent absorption of IR energy 
in undesired locations. In some exemplary embodiments, 
directing a greater proportion of the IR energy towards 
desired positions on the cartridge 410 may increase the 
efficiency of the device. 
0215. In some exemplary embodiments, reflector shrouds 
including other shapes may be employed. For example, a 
reflector shroud having a parabolic shape in cross-section 
may be utilized, and an IR lamp may be located approxi 
mately at the focal point of the parabola, and the IR energy 
may be directed towards at least a portion of a cartridge. In 
Some exemplary embodiments, parabolic reflector shrouds 
may obviate a need to employ a cartridge 410 including 
substantially reflective portions to prevent absorption of IR 
energy in undesired locations (such as seams and/or welds). 
In some exemplary embodiments, directing a greater pro 
portion of the IR energy towards desired positions on the 
cartridge 410 may increase the efficiency of the device. 
0216. In an exemplary embodiment, reflector shrouds 
320, 322, 324, 326 may be constructed from aluminum 
and/or another reflective material. In some exemplary 
embodiments, reflector shrouds 320, 322, 324, 326 may 
include a polished surface. For example, reflector shrouds 
320, 322, 324, 326 may be constructed of aluminum and 
may include polished surfaces. In some exemplary embodi 
ments, reflector shrouds 320, 322,324, 326 may be plated or 
otherwise coated with a reflective material (such as gold or 
aluminum oxide). For example, a steel reflector may include 
a gold-plated reflective Surface. 
0217. In some exemplary embodiments, heater assembly 
309 may include one or more engagement features, such as 
ball detent 310A. Ball detent 310A may releasably engage 
notch 410A of rib 440, thereby releasably retaining cartridge 
410 in slot 310. Some exemplary embodiments may include 
one or more cartridge Switches 2046, which may open or 
shut when a cartridge 410 is fully installed in slot 310. 
0218 FIG. 20 is a schematic diagram of an exemplary 
power and control system 8 for an exemplary fluid manage 
ment system 10. It is to be understood that some exemplary 
embodiments may include various appropriate power Sup 
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plies, circuit breakers, fuses, terminal boards, and the like, as 
would be apparent to one of skill in the art. 
0219. In an exemplary embodiment, electrical power may 
be supplied to a fluid management system 10 via a detach 
able power cord 2010, a line filter 2012, and appropriate 
fuses and/or circuit breakers. One or more power Supply 
units may provide appropriate Voltages and currents to the 
various electrical loads. In some exemplary embodiments, 
Some components may receive power from more than one 
power Supply. For example, a component utilizing two 
Voltages may receive power from two power Supplies. 
0220. An exemplary embodiment may include one or 
more fans and/or blowers (such as blower 309A and/or 
chassis fan 2018), one or more IR lamps 312,314,316, 318 
(IR lamps 312, 314 may comprise a first group 313, and IR 
lamps 316, 318 may comprise a second group 317), a pump 
motor 2042 associated with pump 112, a printer 111, an 
isolation board 2034, and/or one or more remote display 
devices 2038 (such as a liquid crystal display, LED display, 
organic light-emitting diode display, and the like). For 
example, secondary display 106A may include a remote 
display 2038. Relays 2020, 2021, 2040 may selectively 
Supply power to one or more components. 
0221) An exemplary isolation board 2034 may provide 
control signals to one or more solid state relays 2076, 2078. 
which may selectively supply power to IR lamps 312, 314, 
316, 318, and/or controller 2074, which may be operatively 
coupled to pump motor 2042. In an exemplary embodiment, 
isolation board 2034 may include one or more digital-to 
analog (D/A) converters which may supply an analog con 
trol signal (such as a 0-5V control signal for controller 
2074). Isolation board 2034 may operate to isolate high 
Voltages Supplied to certain components (e.g., pump motor 
2042 and/or IR lamps 312, 314, 316, 318), which may 
improve patient safety. 
0222 An exemplary embodiment may include one or 
more interlocks associated with certain conditions that may 
be operative to allow or prevent operation of various com 
ponents of a fluid management unit 100. For example, a door 
switch 2044 may open if door 108 is opened, thereby cutting 
off power to IR lamps 312,314,316,318 and/or pump motor 
2042 via relays 2020, 2021, 2040. In some exemplary 
embodiments, door 108 may not be fully shut unless the 
cartridge 410 is properly installed, the tubing set is properly 
installed, and/or the pump head is properly shut. Thus, door 
108 may function as a primary safety device by only 
allowing door switch 2044 to shut when these conditions are 
satisfied. In an exemplary embodiment, switch 2044 may be 
integrated with one or more of latch component 118 and 
corresponding latch component 120. 
0223) In an exemplary embodiment, a cartridge switch 
2046 may shut when a cartridge 410 is fully inserted into 
heater assembly 309, thereby allowing relays 2020, 2021, 
2040 to supply power to IR lamps 312,314,316,318 and/or 
pump motor 2042. It is to be understood that in some 
exemplary embodiments, one or more switches 2044, 2046 
may be configured to open when a condition is satisfied. In 
an exemplary embodiment, thermal cut off sensor(s) 2048 
may open when a predetermined fluid temperature is 
exceeded, which may cause the cutting off of power to IR 
lamps 312, 314, 316, 318 and/or pump motor 2042. 
0224. An exemplary embodiment may include a main 
processor 2050, which may perform various functions (such 
as computing, calculation, control, interface, display, log 
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ging, and the like). Main processor 2050 may be operatively 
connected to one or more user interface components, such as 
touch screen 106 and/or remote display device 2038. An 
exemplary main processor 2050 may be operatively con 
nected to one or more speakers 2052 and/or one or more 
universal serial bus (“USB) devices 2054 via one or more 
USB interfaces 2056. In an exemplary embodiment, data 
Such as data pertaining to operations of the device and/or 
software updates may be transferred via the USB interface 
2056, for example. 
0225. Some exemplary embodiments may provide net 
work communication capabilities, such as by including an 
Ethernet port 2056A through which the device may be 
connected to a network, such as a local area network. Data 
transfer for any purpose may be accomplished via the 
network, Such as providing Software updates, transferring 
data pertaining to operations of the device, and/or transmit 
ting error codes, for example. 
0226. An exemplary embodiment may include an input/ 
output (I/O) board 2058 which may be operatively con 
nected to main processor 2050 and/or which may receive 
signals from one or more sensors, such as IR temperature 
sensors 338, 340, 342. I/O board 2058 may be operatively 
connected to one or more Switches associated with certain 
conditions, such as bubble detector 132 and/or leakage 
detector 2060, which may be associated with trough 309C. 
I/O board 2058 may receive signals from one or more 
sensors, such as load cells 142, 144, 206A, 206B, 206C, 
206D and/or pressure sensors 2068. 2070. 
0227 Some exemplary embodiments may include vari 
ous safety Switches. Such as cabinet over-temperature Switch 
2062A (which may detect a high temperature condition in 
fluid management unit 100), current sensor 2062B (which 
may sense whether electrical current is flowing to IR lamps 
312, 314, 316, 318), blower-on switch 2062C (which may 
sense whether blower 309A is running), canister connected 
switch 2062D (which may sense whether suction container 
hanger assembly 200 is present), and/or fan-on switch 
2062E (which may sense whether chassis fan 2018 is 
running). 
0228. In some exemplary embodiments, fluid manage 
ment unit 100 may be user selectable between a pressure 
control mode and a flow control mode. In an exemplary 
pressure control mode, pump 112 may be controlled (e.g., 
started, stopped, and its speed adjusted) to maintain a fluid 
pressure delivered to a Surgical site at about a target pressure 
and/or within a predetermined pressure band. In an exem 
plary flow control mode, pump 112 may be controlled (e.g., 
started, stopped, and its speed adjusted) to deliver fluid to a 
Surgical site at a about target flow rate and/or within a 
predetermined flow rate band. In both pressure and flow 
control modes, heater assembly 309 may be controlled (e.g., 
IR lamps 312,314,316, 318 may be energized, deemergized, 
and/or the power level supplied to IR lamps 312, 314, 316, 
318 may be adjusted) to maintain the temperature of the fluid 
delivered to the Surgical site at about a target temperature 
and/or within a predetermined temperature band if the fluid 
warming feature has been enabled by the user. 
0229 FIG. 21 is a schematic diagram of an exemplary 
equipment setup utilizing multi-stage heating. In an exem 
plary embodiment, one or more of IR lamps 312, 314, 316, 
318 may be controlled in association with one or more others 
of IR lamps 312,314,316,318. For example, IR lamps 312, 
314 may comprise a first group 313, and IR lamps 316, 318 
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may comprise a second group 317. In an exemplary embodi 
ment, fluid may flow past the IR lamps associated with one 
group prior to flowing past the IR lamps associated with a 
second group, and the first and second groups may be 
controlled independently. For example, the fluid flow path in 
cartridge 410 including channels 420, 432, 434, 422 (in that 
order) may direct fluid past lamps 312,314, 316,318 (in that 
order). 
0230. In an exemplary embodiment, the first group 313 
may be control based at least in part on a sensed inlet 
temperature (such as sensed by temperature sensor 338), and 
the second group 317 may be controlled based at least in part 
on a sensed temperature of the fluid between the first and 
second groups, which may be referred to as a midpoint 
temperature (such as sensed by temperature sensor 342), 
and/or a sensed outlet temperature (such as sensed by 
temperature sensor 340). An outlet temperature, which may 
be the temperature of the fluid after it has passed the second 
group (such as sensed by temperature sensor 340), may also 
be used to vary one or more power Scaling factors associated 
with the power applied to one or more groups of IR lamps. 
0231. In some exemplary embodiments, the amount of 
power applied to one or more stages (e.g., groups 313, 317) 
may be based at least partially on a flow rate of fluid through 
heater assembly 309. In some exemplary embodiments, a 
flow rate may be determined using a known flow rate per 
rotation of the pump 112 and the rotational speed of the 
pump 112, for example. In some other exemplary embodi 
ments including other types of positive displacement pumps, 
the flow rate may be determined in a similar manner. In some 
exemplary embodiments, a flow rate sensor may be utilized 
to measure a flow rate. 

0232 Some exemplary embodiments may be configured 
to account for one or more of the following conditions: 
variations in incoming fluid temperature during a procedure, 
variations in flow rate to maintain constant pressure, 
changes to temperature set point by the user, interruptions 
and/or changes in flow rate during a procedure caused by 
opening/closing of external valves (e.g., trumpet valves, 
valves in Surgical instruments, etc.), and/or resuming warm 
ing when stopped flow resumes. 
0233. In some exemplary embodiments, the first group 
313 may be powered based at least in part upon an estimated 
power requirement, which may be directly proportional to a 
total desired temperature change of the fluid (e.g., outlet 
temperature minus inlet temperature) and/or a flow rate of 
the fluid. In some example embodiments, the estimated 
power requirement may be multiplied by a load factor, 
which may determine a fraction of the estimate power that 
is to be delivered to the first group. In some exemplary 
embodiments, the first group may be deemergized whenever 
pump 112 is stopped. 
0234. In some exemplary embodiments, the second group 
317 may be powered based at least in part upon a propor 
tional control algorithm and/or an integral control algorithm. 
In an example proportional control algorithm, the estimated 
power may be multiplied by a proportional factor whose 
value varies with the temperature error (desired outlet tem 
perature-current outlet temperature). For example, the pro 
portional factor may be given by 

Jan. 5, 2017 

temperature error 
1.1 - 400 

In some exemplary embodiments, the constants may be 
selected such that the desired outlet temperature may be 
achieved reasonably quickly with limited overshoot. In 
addition, Some constants may be selected to at least partially 
compensate for older lamps that may have begun to exhibit 
performance degradation. In an exemplary embodiment, the 
value of 1.1 results in a power at the desired outlet tem 
perature that is about 10% above the estimated power. In an 
exemplary embodiment, the value of 400 (20) may be based 
on the notion that an expected initial error may be on the 
order of 20°C. which would result in proportional factor of 
2.1. 
0235. In an example integral control algorithm, the power 
applied to the second group 317 may be adjusted in small 
increments (e.g., about 1% per increment) based on the 
integral of the temperature error. For example, if the integral 
of the temperature error is less than a predetermined nega 
tive value (e.g., fluid temperature is high), the power applied 
to the second group may be reduced by one increment. 
Similarly, if the integral of the temperature error is greater 
than a predetermined positive value (e.g., fluid temperature 
is low), the power applied to the second group 317 may be 
increased by one increment. The predetermined negative 
value and the predetermined positive value may vary based 
at least in part upon the flow rate of the fluid. 
0236. Some example embodiments may provide a pres 
Sure curve override, which may reduce heating when the 
pump 112 is running but little or no fluid is flowing. For 
example, if the irrigation valve on a trumpet valve is rapidly 
shut, pump 112 may continue to run until the fluid reaches 
a predetermined maximum pressure. In Such a situation, it 
may be desirable to reduce the power supplied to the second 
group 317, or to deemergize the second group entirely. For 
example, if the sensed pressure increases at a rate in excess 
of 2 mmHg/second, the second group 317 may be deemer 
gized. 
0237 Algorithm selection may be based at least in part 
upon the current deviation from the desired outlet tempera 
ture. For example, when the current outlet temperature is 
substantially below the desired outlet temperature, the pro 
portional control algorithm may be used. As the current 
outlet temperature approaches the desired outlet tempera 
ture, integral control may be used. At some temperature 
deviations, a power reduction factor may be applied to 
reduce the power supplied to the second group 317 to 
prevent overshooting the desired outlet temperature. In some 
exemplary embodiments, the power reduction factor may 
vary from about 1.0 (no reduction) down to about 0 (no 
power applied) as the current outlet temperature reaches 
and/or exceeds the desired outlet temperature. 
0238. In an exemplary embodiment, pulse width modu 
lation may be employed to vary the power applied to one or 
more IR lamps 312, 314, 316, 318. For example, processor 
2050, via I/O board 2058 and/or isolation board 2034, may 
direct SSRs 2076, 2078 to selectively energize and deener 
gize first group 313 and/or second group 317. The duty cycle 
(e.g., the ratio of on time to the Sum of the on and off times 
in an on/off cycle) may be varied to deliver more or less 
power to the first group 313 and/or second group 317 as 
desired. More specifically, if it is desired to increase the 
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amount of power delivered to first group 313, the first 
group's duty cycle may be adjusted by causing SSR 2076 to 
increase the on time and reduce the off time in each on/off 
cycle. Similarly, if it is desired to reduce the amount of 
power delivered to the second group 317, the second group's 
duty cycle may be adjusted by causing SSR 2078 to reduce 
the on time and increase the off time in each on/off cycle. 
0239. Some exemplary embodiments may utilize pres 
Sure control modes for distention applications, and some 
pressure control modes may be referred to as distention 
modes although the fluid is likely being used for both 
distention (body cavity expansion) and irrigation (blood and 
debris removal) purposes. Some exemplary embodiments 
may utilize flow control modes for irrigation applications, 
and some flow control modes may be referred to as irrigation 
modes. 
0240 FIG. 22 is a schematic diagram of an exemplary 
equipment setup for use with a trumpet valve. In an exem 
plary embodiment, irrigation tubing 3013 may extend 
through pump 112 Such that pump 112 is operative to 
pressurize and/or propel liquid in irrigation tubing 3013. 
0241 FIG. 23 is a schematic diagram of an exemplary 
equipment setup for use with an electroSurgical device. In 
Some exemplary embodiments, an electroSurgical tip 3024 
may receive electrical power from an external power Source 
3036. Such as an electroSurgical generator. 
0242 FIG. 24 is a schematic diagram of an exemplary 
equipment setup for use with a tubing set including one or 
more connectors 3028, 3030 for connection to one or more 
surgical instruments 3032. For example, Luer connectors 
may be provided. Exemplary Surgical instruments which 
may be utilized with exemplary fluid management units 100 
may include arthroscopes, hysteroscopes, and/or cysto 
Scopes, and the like. Similar devices may be employed in 
other procedures, such as transurethral resection of the 
prostate (TURP). The present disclosure contemplates that 
other Surgical instruments known in the art may be utilized 
in connection with various exemplary embodiments. 
0243 Any tubing set and/or equipment setup used in 
connection with exemplary fluid management units 100 
according to the present disclosure may include one or more 
relief valves. For example, one or more relief valves 3013R 
may be fluidicly connected in and/or to irrigation line 3013 
downstream of pump 112. In such embodiments, if the fluid 
pressure downstream of pump 112 exceeds the set pressure 
of the relief valve 3013R for any reason, including a failure 
in fluid management system 100, the relief valve 3013R may 
discharge fluid until the fluid pressure falls below the re-seat 
pressure of the relief valve 3013R. Such a pressure relief 
valve 3013R may be completely independent of the micro 
processor-based control system for fluid management unit 
100 and, therefore, may comprise a substantially redundant 
safety mechanism. 
0244. Some exemplary embodiments may include one or 
more remote pressure sensors 2069A. For example, a remote 
pressure sensor 2069A may be placed at least partially in a 
body cavity 3052A being distended, such as a uterus or a 
bladder, and such remote pressure sensor 2069A may pro 
vide a pressure signal to fluid management unit 100. For 
example, a remote pressure sensor 2069A located in a body 
cavity being distended may provide an electrical (e.g., 
analog and/or digital) and/or pneumatic signal indicative of 
fluid pressure within the cavity. Such analog, digital, and/or 
pneumatic signal may be conveyed to fluid management unit 
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100 directly and/or via the heating cartridge 410. Fluid 
management unit 100 may use Such signal from remote 
pressure sensor 2069A indicating fluid pressure in the body 
cavity 3052A being distended in place of, or in addition to, 
the signal indicating fluid pressure in cartridge 410 to 
control fluid pressure at the desired level selected by the user 
and, if necessary, to trigger alarms or shut down the pump 
112 to prevent unsafe conditions. 
0245 FIG. 25 is a schematic diagram of an exemplary 
equipment setup for infusion. Such a device may be utilized 
with any fluids to be infused into a patient, including 
pharmaceuticals and/or blood components. Some exemplary 
embodiments may include one or more bubble detectors 132 
(FIG. 2) within unit 100 and/or one more bubble detectors 
3050 external to fluid management unit 100. In some exem 
plary embodiments, the fluid may be gravity fed, and the 
tubing may bypass pump 112. In some exemplary embodi 
ments, an in-line filter 3051 may be employed, such as when 
blood is being infused. Such tubing sets used for infusion 
may also include a pressure relief valve 3013R to reduce the 
likelihood of infusing fluids into a patient at excess pressures 
for any reason, including a failure of fluid management 
system 100. 
0246 FIGS. 26 and 27 illustrate an alternative example 
cartridge 2410. Cartridge 2410 may be generally similar to 
cartridge 410, except that cartridge 2410 may include a 
two-dimensional fluid flow path. Specifically, in some 
example embodiments, fluid may enter cartridge 2410 at an 
inlet fitting which may be generally similar to inlet fitting 
412, may flow past bubble trap 2416, and into lower fluid 
channel 2420. Then, fluid may generally reverse direction in 
turn section 2436 and may flow into upper fluid channel 
2434. Fluid may then flow past bubble trap 24.18 and out of 
cartridge 2410 via an outlet fitting which may be generally 
similar to outlet fitting 414. Cartridge 2410 may include any 
other features discussed herein with reference to cartridge 
410, such as fitting 2430. 
0247 Some example cartridges 2410 may comprise two 
sections 2410A, 2410B, which may be joined together using 
adhesive, solvent bonding, ultrasonic bonding, and/or RF 
welding, or the like. Sections 2410A, 2410B may be con 
structed by vacuum forming thin plastic to form the desired 
features. Unlike cartridge 410. Some exemplary cartridges 
2410 may not include a Substantially rigid center section. In 
Some exemplary embodiments, one section (e.g., section 
2410A) may be flat and/or flatter than another section (e.g., 
2410B). For example, certain fluid flow paths and/or fluid 
channels (lower fluid channel 2420 and/or upper fluid chan 
nel 2434) may be formed in one section (e.g., section 
2410B) while at least some of the other section (e.g., section 
2410A) may be substantially flat and/or configured to lie 
against section 2410B to form certain features. 
0248. An example cartridge 2410 may be configured for 
use in connection with heater assembly 309 described 
herein. Accordingly, fluid within cartridge 2410 may be 
warmed by IR lamps 312, 314, 316, 318. In some example 
embodiments, lower fluid channel 2420 may be warmed 
from one side by IR lamp 312 and from the opposite side by 
IR lamp 314. Similarly, upper fluid channel 2434 may be 
warmed from one side by IR lamp 318 and from the opposite 
side by IR lamp 316. 
0249 FIG. 28 illustrates an alternative example cartridge 
1410. Similar to cartridge 2410 described above, some 
example cartridges 1410 may comprise two sections 1410A, 
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1410B. In some exemplary embodiments, section 1410A 
may include bubble traps 1416, 1418, which may be gen 
erally similar to bubble traps 416, 418 described above. In 
Some exemplary embodiments, cartridge 1410 may include 
one or more fluid channels 1422 to which fluid may be 
Supplied to or discharged from via one or more fluid 
conduits 1422A. Some exemplary fluid conduits 1422A may 
be formed in one or more of sections 1410A, 1410B in a 
manner similar to fluid channel 1422. In some exemplary 
embodiments, fluid may enter cartridge 1410 through in 
inlet fitting generally similar to inlet fitting 412, flow 
through bubble trap 1416, flow through fluid conduit 1422A, 
flow through fluid channel 1422, flow through bubble trap 
1418, and/or may exit cartridge 1410 via an outlet fitting 
generally similar to outlet fitting 414. Some exemplary 
cartridges 1410 may include a pressure tap and/or fluid path 
generally similar to those of cartridge 410. 
0250 In some exemplary embodiments, only one or more 
IR lamps 312,314, 316, 318 may be used in connection with 
cartridge 1410. For example, upper lamps 316, 318 may be 
used in connection with cartridge 1410, while lower lamps 
312. 314 may remain deemergized. Some exemplary fluid 
management units 100 may be configured for Such opera 
tions by entry of a part number corresponding to the car 
tridge type by a user. 
0251 Some exemplary cartridges 1410 may have a lower 
internal volume that cartridge 410 described above, which 
may utilize a smaller Volume of fluid for priming than 
cartridge 410. Some exemplary cartridges 1410 may provide 
relatively lower fluid flow rates than some exemplary car 
tridges 410. Thus, some exemplary cartridges 1410 may be 
used in place of Some exemplary cartridges 410 in some 
procedures in which lower fluid flow rates may be expected. 
0252) Some exemplary embodiments may include a 
remote control device, such as a pneumatic remote control 
device. For example, a pneumatic signal may be produced 
by a pneumatic actuator (Such as a bulb, button, bellows, 
piston, or the like), which may be mounted near or on, or 
integrated with a hand piece and/or Surgical instrument. The 
pneumatic signal may be conveyed to the fluid management 
unit 100. For example, a the pneumatic signal may be 
conveyed via tubing extending from the pneumatic actuator 
to a fitting on a cartridge, through a passage in the cartridge, 
and to a pressure transducer (or other device capable of 
producing an electrical signal based at least partially upon 
the pneumatic signal) via a fitting which releasably engages 
a corresponding fitting in heater assembly 309. As another 
example, a pneumatic signal may be conveyed via tubing 
extending from the pneumatic actuator, to a fitting on fluid 
management unit 100, and to a pressure transducer (or other 
device capable of producing an electrical signal based at 
least partially upon the pneumatic signal). The pneumatic 
signal may be utilized to cause an adjustment in a desired 
pressure, flow rate, or other operating parameter, for 
example. Such an adjustment may be a momentary or a 
Sustained incremental adjustment, for example. 
0253) Some exemplary embodiments may provide a per 
foration alarm, which may be particularly useful in hystero 
scopic procedures and the like, for example. An exemplary 
perforation alarm may be based on an increased rate of 
change of the deficit. For example, an alarm may be trig 
gered when the deficit is increasing at a rate in excess of 200 
mL/min. In exemplary embodiments, the set point of one or 
more perforation alarms may be programmed by a user. 
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0254. Some exemplary embodiments may be capable of 
warming fluids from a storage temperature to an appropriate 
temperature for use without pre-warming in a warming 
cabinet, for example. 
0255. Some exemplary embodiments may include a user 
interface allowing a user to specify a particular type of 
tubing set that is being utilized. In some exemplary embodi 
ments, the device may automatically determine a particular 
type of tubing set that is being installed by, for example, 
using one or more bar codes (or other optical codes), 
radio-frequency identification (RFID) transponders, color 
coding, and the like. In some exemplary embodiments, 
default parameters may be automatically set based upon a 
sensed tubing set type. 
0256 Some exemplary embodiments may include a user 
configurable interface, which may be provided using touch 
screen 106. In exemplary embodiments, user may be able to 
specify the data (such as temperature, pressure, flow rate, 
deficit, etc.) that are displayed, and may be able specify a 
manner of display (e.g., numeric value, graphical represen 
tation of a single value or a value over time, etc.). In some 
exemplary embodiments, the user interface may be adapted 
to provide instructions (such as startup instructions, cleaning 
instructions, and/or operating instructions) to a user via 
touch screen 106, for example. In some exemplary embodi 
ments, a language used on a display may be user-selectable. 
In some exemplary embodiments, the touch screen interface 
may be configured to display error codes, conditions, and/or 
descriptions and may also be configured to display preven 
tative maintenance notifications. 
(0257 FIGS. 29-40 are screen shots of an exemplary 
touch screen 106. These screen shots are described with 
reference to “buttons,” which may comprise portions of 
touch screen 106 configured to appear like buttons and/or 
which may provide functionality similar to physical buttons. 
FIG. 29 illustrates an example setup screen, which may 
include a setup button 4002, a supervisor mode button 4004, 
and/or a date/time display 4006. Setup button 4002 may be 
used to initiate setup of fluid management unit 100 for a 
procedure, supervisor mode button 4004 may be used to 
enter a supervisor mode (which is discussed in detail below), 
and/or the date and/or time may be adjusted using date/time 
display 4006. 
0258 FIG. 30 illustrates an exemplary tubing set selec 
tion screen, which may include setup instructions 4008, a 
tubing set list 4010, and/or a continue button 4012. Tubing 
set list 4010 (which may include one or more tubing set 
types) and/or continue button 4012 may be used to specify 
a particular type of tubing set that will be used. 
0259 FIG. 31 illustrates an exemplary surgical discipline 
selection screen, which may include a discipline list 4014, a 
continue button 4016, and/or a back button 4018. Discipline 
list 4014 (which may include one or more surgical disci 
plines) and/or continue button 4016 may be used to specify 
a Surgical discipline associated with a desired procedure. 
Discipline list 4014 may be automatically populated based at 
least in part upon the previously selected type of tubing set. 
Back button 4018 may return the user to the tubing set 
selection screen. 
0260 FIG. 32 illustrates an exemplary procedure selec 
tion screen, which may include a procedure list 4020, a 
continue button 4022, and/or a backbutton 4024. Procedure 
list 4020 (which may include one or more procedures) 
and/or continue button 4022 may be used to specify a 
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desired surgical procedure. Procedure list 4020 may be 
automatically populated based at least in part upon the 
previously selected type of tubing set and/or the previously 
selected surgical discipline. Back button 4024 may return 
the user to the discipline selection screen. 
0261 FIG. 33 illustrates an exemplary physician selec 
tion screen, which may include a physician list 4026, an add 
button 4028, a delete button 4030, a move up button 4032, 
a move down button 4034, an edit button 4036, a continue 
button 4038, and/or a back button 4040. Physician list 4026 
(which may include one or more physicians) and/or continue 
button 4038 may be used to specify a physician. Physician 
names may be added to, deleted from, or reordered on 
physician list 4026 using the add button 4028, the delete 
button 4030, the move up button 4032, and/or the move 
down button 4034. Back button 4040 may return the user to 
the procedure selection screen. 
0262 FIG. 34 illustrates an exemplary operator selection 
screen, which may include an operator list 4042, an add 
button 4044, a delete button 4046, a move up button 4048, 
a move down button 4050, an edit button 4052, a continue 
button 4054, and/or a back button 4056. Operator list 4042 
(which may include one or more operators) and/or continue 
button 4054 may be used to specify a operator. Operator 
names may be added to, deleted from, or reordered on 
operator list 4042 using the add button 4044, the delete 
button 4046, the move up button 4048, and/or the move 
down button 4050. Back button 4056 may return the user to 
the procedure selection screen. 
0263 FIG. 35 illustrates an exemplary control mode 
selection screen. Pressure mode button 4058 and/or flow 
mode button 4060 may allow toggling between a pressure 
control mode and a flow control mode. Option buttons, such 
as deficit monitoring button 4062 and/or heater button 4064 
may allow selection of optional functions. Continue button 
4066 may advance the interface to the next screen. In some 
exemplary embodiments, the control mode (e.g., pressure or 
flow) and/or optional functions may be selected by default 
based at least in part upon previously entered information. 
For example, if the entered discipline and procedure utilize 
pressure mode, the system may assume that pressure mode, 
deficit monitoring, and/or heater should be enabled. Simi 
larly, if the entered discipline and procedure utilize flow 
mode, the system may assume that flow mode and/or heater 
should be enabled and/or that deficit monitoring should be 
disabled. These defaults may be accepted by pressing the 
continue button 4066, or the settings may be adjusted as 
desired prior to pressing the continue button 4066. 
0264 FIG. 36 illustrates an exemplary priming screen, 
which may include priming instructions 4068, and automatic 
prime button 4070, a manual prime button 4072, a remote 
button indicator button 4074, a continue button 4076, and a 
flow rate indicator 4078. In some exemplary embodiments, 
the automatic prime button 4070 may cause pump 112 to run 
for a predetermined time sufficient to prime tubing set 
assuming the user has opened the irrigation valve on the 
trumpet valve or Surgical instrument to vent air that would 
otherwise be trapped in the tubing set, where the predeter 
mined time may vary based upon the tubing set type selected 
previously. In some exemplary embodiments, the manual 
prime button 4072 may cause pump 112 to run while it is 
depressed and pump 112 may stop running when it is 
released. Manual prime button 4072 may be depressed until 
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fluid has substantially filled the tubing set. In some exem 
plary embodiments, flow rate indicator may display the 
current flow rate of fluid. 

0265 FIG. 37 illustrates an exemplary secondary display 
and printer control screen. A secondary display control box 
4080 may allow a user to select parameters that will be 
displayed on secondary display 106A, such as temperature, 
pressure, volume, and/or deficit. A printer control box 4082 
may display information related to printer 111 (e.g., whether 
printer 111 is out of paper) and/or may allow a user to select 
information to be printed at the end of a procedure (e.g., 
temperature, pressure, Volume, deficit, and the like). Con 
tinue button 408.4 may be used to advance to the next screen. 
0266 FIG. 38 illustrates an exemplary run screen for a 
procedure requiring fluid pressure control, which may 
include a temperature section 4086, a pressure section 4088, 
a deficit monitoring section 4090, a flow section 4092, a 
fluid remaining indicator 4094 (which may indicate an 
approximate amount of fluid remaining in fluid bag 902), a 
fluid remaining indicator 4096 (which may indicate an 
approximate amount of fluid remaining in fluid bag 904), a 
start/stop button 4098, an end procedure button 5000, and/or 
a back button 5002. An exemplary temperature section 4086 
may include current temperature 5004, setpoint temperature 
5006 (e.g., target temperature), temperature alarm setpoint 
5008, and/or temperature alarm action settings 5010 (e.g., 
what actions, in addition to a visual alarm, will automati 
cally be taken upon actuation of the temperature alarm, Such 
as sounding an audio alarm and/or stopping fluid flow). An 
exemplary pressure section 4088 may include current pres 
sure 5012, setpoint pressure 5014 (e.g., a target pressure), 
pressure alarm setpoint 5016, pressure alarm action settings 
5018 (e.g., what actions, which may be in addition to a 
visual alarm, will automatically be taken upon actuation of 
the pressure alarm, such as Sounding an audio alarm and/or 
stopping flow), and/or a flow limit 5020 (e.g., a maximum 
allowable flow rate). An exemplary deficit monitoring sec 
tion 4090 may include current deficit 5022, deficit alarm 
limit 5024, perforation alarm limit 5026, and/or perforation 
alarm action settings 5028 (e.g., what actions will automati 
cally be taken upon actuation of the perforation alarm, Such 
as Sounding an audio alarm and/or stopping flow). Start/stop 
button 4098 may be used to start and/or stop the fluid 
management unit 100 without terminating the procedure, the 
end procedure button 5000 may be used to terminate the 
procedure, and/or backbutton 5002 may be used to return to 
the secondary display and printer control screen. 
0267 In some exemplary fluid pressure control embodi 
ments, default operating parameters (e.g., one or more of 
setpoint temperature 5006, temperature alarm setpoint 5008, 
temperature alarm action settings 5010, setpoint pressure 
5014, pressure alarm setpoint 5016, pressure alarm action 
settings 5018, flow limit 5020, deficit alarm limit 5024, 
perforation alarm limit5026, and/or perforation alarm action 
settings 5028) may be set based at least in part upon the 
selected discipline and/or selected procedure. In some exem 
plary embodiments, these operating parameters may be 
adjusted by touching the corresponding portion of the touch 
screen 106. Some exemplary embodiments may allow 
adjustment of these operating parameters up to predeter 
mined maximum limits, which may be associated with 
safety considerations. If a condition exceeds an operating 
parameter when the operating parameter is below its respec 
tive maximum limit, the resulting alarm may be overridden 
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and operation may continue provided that the maximum 
limit is not reached. Some exemplary embodiments may 
stop operation upon reaching a maximum limit, which may 
not be overridden. 
0268 FIG. 39 illustrates an exemplary summary screen, 
which may display procedure information 5030. A print 
button 5032 may cause printer 111 to print the procedure 
information 5030. A new procedure button 5034 may return 
the user to the setup screen described above to prepare fluid 
management unit 100 for use in a new procedure. 
0269 FIG. 40 illustrates an exemplary supervisor screen, 
which may include an input type selection section 5036. 
Input type selection section 5036 may allow a supervisor to 
select information that will be gathered during the setup 
process. For example, physician and/or operator identities 
may be gathered as described above. Similarly, patient 
identifying information and/or other information may be 
gathered in a similar fashion. An exemplary Supervisor 
screen may allow a Supervisor to perform other functions, 
such as calibrating one or more of load cells 142,144, 206A, 
206B, 206C, 206D via calibrate button 5038, resetting a 
password via password reset button 5040, and/or importing 
or exporting data via import/export button 5042. 
0270. An exemplary embodiment may be operated as 
follows. An operator may hang one or more fluid bags 902, 
904 on one or more of fluid bag hangers 102, 104. The 
operator may install one or more suction canisters 906, 908, 
910,912 into suction canister hanger 202. The operator may 
connect a tubing set (e.g., trumpet valve tubing set 3010) to 
the fluid bags 902, 904, load a section of tubing into pump 
112, load cartridge 410 into heater assembly 309, load a 
section of irrigation tubing 3013 into path 124, connect 
suction tubing 3027 to one or more suction canisters 906, 
908, 910, 912 and shut door 108. The operator may then 
utilize touch screen 106 to set up the fluid management unit 
100, which may include selecting the tubing set, a Surgical 
discipline, procedure type, set point fluid temperature, set 
point fluid pressure (in pressure control mode), set point 
fluid flow rate (in flow control), and/or other parameters 
(such as display content and/or arrangement, alarm set 
points and/or indications, and the like). 
0271 An exemplary embodiment may be operated in a 
pressure control mode. The pressure of the fluid may be 
sensed via a tap (which may be a fluid connection) in fluid 
communication with the fluid flow path (such as fitting 430) 
and/or via a pressure sensor located at or in the Surgical site 
(e.g., remote pressure sensor 2069A). In an exemplary 
embodiment where the fluid is sensed via a tap in fluid 
communication with the fluid flow path, the pressure of the 
fluid may be sensed by more than one pressure sensor 2068, 
2070 for redundancy purposes. 
0272 An exemplary pressure control mode may be con 
figured to pump fluid at about a flow rate that establishes and 
maintains the pressure within an acceptable range corre 
sponding to the set point established by the user. In an 
exemplary embodiment, the manner in which pressure is 
controlled is determined may be based at least in part on the 
relationship of actual pressure to the set point pressure. 
Accordingly, the system may determine if actual pressure is 
in Zone 0 (which may be defined as actual pressure between 
0 and the pressure at the lowest value of the set point 
tolerance band which may be referred to as Low Tolerance 
Level), Zone 1 (which may be defined as actual pressure 
between the Low Tolerance Level and the desired pressure 
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level which may be referred to as Set Point Level), Zone 2 
(which may be defined as actual pressure between the Set 
Point Level and the pressure at the highest value of the set 
point tolerance band which may be referred to as High 
Tolerance Level), Zone 3 (which may be defined as actual 
pressure between the High Tolerance Level and the pressure 
level that triggers alarms which may be referred to as the 
Alarm Level), and/or Zone 4 (which may be defined as 
pressure exceeding the Alarm Level). 
0273 Some example fluid management units 100 may be 
configured to employ multiple modes of pressure control. In 
an exemplary Slope mode, the desired minimum slope of 
pressure (rate of pressure increase) may be calculated and 
the fluid flow rate may be adjusted at least in part based on 
the actual slope of the pressure increase. In an exemplary 
Control mode, the fluid flow rate may be adjusted incre 
mentally (e.g., by about it 1 ml/min) based at least in part 
upon a sum of errors methodology. For example, an integral 
Control mode may include calculating an integral of a 
pressure error (e.g., set point pressure-actual pressure) over 
time and adjusting operation of the pump 112 to incremen 
tally adjust a fluid flow rate based at least in part upon the 
integral of the pressure error. In an exemplary Coast mode, 
pump speed may be substantially maintained. In an exem 
plary Reduction mode, the fluid flow rate may be monitored 
and left Substantially unchanged if actual pressure is 
decreasing, but may be aggressively reduced if pressure is 
not decreasing with the amount of the reduction based, at 
least in part, upon the deviation between actual pressure and 
Set Point Level. In an exemplary Reverse mode, pump 
rotation may be reversed (e.g., at a fluid flow rate of about 
130 ml/min) until actual pressure is reduced to the appro 
priate Zone. 
0274. In some exemplary embodiments, the control 
scheme employed at a particular time may depend on current 
and previous Zones of actual pressure as set forth in the 
following table: 

Current Previous 
Zone Zone Mode 

O Slope 
1 O Slope 
2 1 Control 
3 2 Reduction (if flow rate > 0); Otherwise Reverse 
4 3 Reduction (if flow rate > 0); Otherwise Reverse 
3 4 Reduction (if flow rate > 0); Otherwise Reverse 
2 3 or 4 Coast 
1 2 Control 
1 3 or 4 Slope 

0275. In some exemplary embodiments, an overpressure 
alarm may be delayed for a short period (e.g., 5 seconds) to 
allow reversal of pump 112 to correct an overpressure 
condition. 
0276 An exemplary embodiment may provide automatic 
and/or manual priming functions. For example, an exem 
plary automatic priming function may be initiated by a user 
after installing a tubing set and connecting the tubing set to 
one or more fluid bags 902, 904. An exemplary automatic 
priming sequence may include running pump 112 until 
liquid is detected by bubble detector 132, and may include 
continuing to run pump 112 after liquid is detected by bubble 
detector 132. For example, pump 112 may continue to run 
after liquid is detected by bubble detector 132 to deliver a 
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predetermined volume to fill the remainder of the tubing set 
provided the user has opened the irrigation valves in the 
downstream trumpet valve or Surgical instrument to vent air. 
In some exemplary embodiments, the predetermined volume 
pumped after liquid is detected by bubble detector 132 may 
vary depending on the type of tubing set being utilized. For 
example, the fluid management system 10 may be pro 
grammed to automatically prime certain known types of 
tubing sets. An exemplary manual priming function may 
include a user starting and stopping the pump 112 using a 
user interface, such as pressing and releasing a button on 
touch screen display 106. A user may employ the manual 
priming function to prime a tubing set for which the fluid 
management system 10 is not programmed for automatic 
priming, to perform additional priming Subsequent to auto 
matic priming, and/or whenever it is desired to manually 
prime a tubing set, for example. 
0277. In some exemplary embodiments, detection of fluid 
by bubble detector 132 during automatic and/or manual 
priming may result in initiation of fluid warming by heating 
assembly 309. In some exemplary embodiments, fluid may 
be warmed during priming Subsequent to detection of fluid 
by bubble detector 132 to reduce the amount of unwarmed 
fluid in the tubing set. In Such embodiments, overheating of 
cartridge 410 (Such as may occur if heating was initiated 
without fluid in cartridge 410) may be avoided by utilizing 
the detection of liquid by bubble detector 132 as an indica 
tion of proper priming. 
0278. An exemplary embodiment may be operated in a 
flow control mode. A flow rate may be determined using a 
known flow rate per rotation of the pump 112 and the 
rotational speed of the pump 112, for example. In some other 
exemplary embodiments including other types of positive 
displacement pumps, the flow rate may be determined in a 
similar manner. In some exemplary embodiments, a flow 
rate sensor may be utilized to measure a flow rate. In an 
exemplary flow control mode, the rotational speed (or 
equivalent for other types of pumps) may be increased or 
decreased to minimize or reduce a deviation between a set 
point flow rate and the flow rate determined from the pump 
speed, flow rate sensor, etc. An example flow control mode 
may employ pressure sensors 2068. 2070 to prevent an 
overpressure condition. For example, the user may select a 
maximum allowable pressure, which may be approximately 
3x the actual fluid pressure in the “open valve' configuration 
of the trumpet valve or Surgical instrument necessary to 
achieve the desired fluid flow rate and pump 112 may be 
operated to provide the desired flow rate, without exceeding 
the maximum allowable pressure. Thus, if fluid flow is 
obstructed (e.g., by shutting the irrigation valve on a trumpet 
valve), pump 112 will stop operating prior to reaching the 
maximum allowable pressure. Once the pressure is reduced 
(e.g., by opening the irrigation valve on the trumpet valve), 
pump 112 may resume operation to deliver the desired flow 
rate. 

0279. In some exemplary embodiments, fluid manage 
ment unit 100 may be operated in an infusion mode. An 
example infusion mode may be generally similar to the flow 
control mode described above. For example, an infusion 
mode may allow a user to input a desired flow rate. Such as 
by using touch screen 106. Similar to the flow control mode 
described above, an example infusion mode may include a 
maximum allowable pressure. Pump 112 may be stopped or 
slowed if the output pressure approaches and/or reaches the 
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maximum allowable pressure. In addition, as mentioned 
above, one or more bubble detectors 132 may monitor fluid 
being delivered to the patient. Pump 112 may be stopped if 
a bubble is detected by one or more bubble detectors 132. 
0280. In some example embodiments, fluid management 
unit 100 may be configured to perform a deficit monitoring 
function. In some example embodiments, deficit monitoring 
may be based at least partially upon an assumption that fluid 
may be one of four places: in the fluid Supply containers 
(e.g., fluid bags 902, 904), in the tubing set, in the patient, 
and/or in the fluid collection containers (e.g., canisters 906, 
908, 910, 912). Any fluid that is not in the fluid supply 
containers, the tubing set, or in the fluid collection contain 
ers is assumed to be in the patient. Thus, some example 
embodiments may utilize total system weights (e.g., the 
weight of the fluid supply containers plus the fluid collection 
containers) to calculate the amount of fluid that may be in 
the patient (e.g., the deficit). For example, after the tubing 
has been primed, an “initial total system reference weight' 
may be calculated from the initial weight of the fluid supply 
containers (e.g., fluid bags 902, 904), as determined by load 
cells 142, 144 and from the initial weight of the fluid 
collection containers (e.g., canisters 906, 908, 910, 912), as 
determined by load cells 206A, 206B, 206C, 206D. The 
“initial total system reference weight' may be determined 
(e.g., at the beginning of a procedure when the “run” button 
is pressed) by Summing the initial weight of the fluid Supply 
containers and the initial weight of the fluid collection 
containers. As the fluid management unit 100 operates, the 
weight of the fluid supply containers and the weight of the 
fluid collection containers are monitored by controller at 
periodic time intervals. At each time interval, a deficit may 
be calculated by subtracting the combined weights of the 
fluid Supply containers and the fluid collection canisters, as 
measured at that time, from the initial total system reference 
weight. In some exemplary embodiments, the periodic time 
intervals may be sufficiently short (e.g., a fraction of a 
second) such that the deficit is effectively continuously 
monitored (e.g., a plurality of times per second). The cal 
culated deficit is an indication of fluid that may be within the 
patient at the time the deficit is calculated. The calculated 
deficit at a time interval may be displayed on displays 106, 
106A when calculated by the controller for observation by a 
user of fluid management unit 100. 
0281. Some exemplary fluid management units may be 
configured to automatically detect fluid Supply container 
and/or fluid collection container replacements. For example, 
replacement of a fluid Supply container (e.g., an empty or 
near empty fluid supply container with a full fluid supply 
container) may be detected by observation of a substantial 
increase in the sensed weight of the fluid Supply containers. 
Similarly, replacement of a fluid collection container (e.g., a 
full or nearly full fluid collection container with an empty 
fluid collection container) may be detected by observation of 
a substantial decrease in the sensed weight of the fluid 
collection containers. Bumping or shaking of fluid manage 
ment unit 100 to may cause momentary weight errors, so 
Some example fluid management units 100 may be config 
ured to allow a period of time for any transient conditions to 
dissipate. Thus, transient weight errors may be automatically 
corrected when the transient ends. 

0282. Some example fluid management units 100 may 
automatically account for fluid Supply container replace 
ments by noting the change in fluid Supply container weight 
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when the replacement occurs. The change in weight may 
then be added to the system total reference weight to provide 
an updated total system reference weight for use in Subse 
quent deficit determinations. Similarly, Some example fluid 
management units 100 may automatically account for fluid 
collection container replacements by noting the change in 
fluid collection container weight when the replacement 
occurs. The change in weight may then be subtracted from 
the system total reference weight to provide an updated total 
system reference weight for use in Subsequent deficit deter 
minations. Some example systems may automatically 
account for a plurality of fluid Supply container replacement 
and/or fluid collection container replacement in this manner 
on an ongoing basis by updating the reference total system 
weight each time a replacement occurs. 
(0283 FIG. 41 illustrates an example method 4100 of 
operating a Surgical fluid management system. Operation 
4102 may include delivering fluid from a fluid supply 
container to a Surgical site via a tubing set. Operation 4104 
may include sensing a system fluid pressure in the tubing set 
between the fluid Supply container and the Surgical site. 
Operation 4106 may include sensing a Surgical site fluid 
pressure using a remote pressure sensor disposed approxi 
mate the surgical site. Operation 4108 may include control 
ling a pressure of the fluid delivered to the surgical site based 
at least in part upon at least one of the sensed system fluid 
pressure and the sensed Surgical site fluid pressure. 
0284 FIG. 42 illustrates an example method 4200 of 
operating a surgical fluid management system. Operation 
4202 may include delivering fluid to a Surgical site using a 
pump. Operation 4204 may include controlling operation of 
the pump based at least in part upon a pressure trend, the 
pressure trend including a current measured pressure as 
compared to a set point pressure and a previous measured 
pressure as compared to the set point pressure. 
0285 FIG. 43 illustrates an example method 4300 of 
operating a Surgical fluid management system. Operation 
4302 may include delivering fluid to a Surgical site using a 
pump. Operation 4304 may include controlling operation of 
the pump including selecting one of a plurality of pressure 
control modes based at least in part upon measured condi 
tions, and adjusting operation of the pump using the selected 
control mode. 

0286 FIG. 44 illustrates an example method 4400 of 
operating a Surgical fluid management system. Operation 
4402 may include delivering fluid to a Surgical site via a 
heater assembly, the heater assembly including at least a first 
heater and a second heater, the fluid flowing past the first 
heater and then flowing past the second heater. Operation 
4404 may include supplying power to the first heater based 
at least in part upon an estimated power requirement, the 
estimated power requirement being Substantially propor 
tional to a flow rate of the fluid and a total desired tempera 
ture change of the fluid. Operation 4406 may include Sup 
plying power to the second heater, including, if a current 
outlet temperature is less than a set point outlet temperature 
by greater than a predetermined threshold, Supplying power 
to the second heater based upon a first heater control 
algorithm, and if the current outlet temperature is less than 
the set point outlet temperature by less than a predetermined 
threshold, Supplying power to the second heater based upon 
a second heater control algorithm. 
(0287 FIG. 45 illustrates an example method 4500 of 
monitoring a fluid deficit in a Surgical fluid management 
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system. Operation 4502 may include measuring an initial 
weight held by a fluid supply container support, the fluid 
Supply container Support Supporting a first fluid Supply 
container. Operation 4504 may include measuring an initial 
weight held by a fluid collection container support, the fluid 
collection container Support Supporting a first fluid collec 
tion container. Operation 4506 may include calculating an 
initial reference total weight, the initial reference total 
weight including a sum of the initial fluid Supply container 
Support weight and the initial fluid collection container 
support weight. Operation 4508 may include supplying fluid 
from the first fluid Supply container to a Surgical site. 
Operation 4510 may include collecting at least some of the 
fluid from the surgical site into the first fluid collection 
container. Operation 4512 may include measuring a first 
current weight held by the fluid Supply container Support. 
Operation 4514 may include measuring a first current weight 
held by the fluid collection container support. Operation 
4516 may include calculating a first current total weight, the 
first current total weight including a sum of the first current 
weight held by the fluid supply container support and the 
first current weight held by the fluid collection container 
support. Operation 4518 may include calculating a first fluid 
deficit by subtracting the first current total weight from the 
initial reference total weight. 
(0288 FIG. 46 illustrates an example method 4600 of 
monitoring a fluid deficit in a Surgical fluid management 
system. Operation 4602 may include measuring an initial 
weight held by a fluid supply container support, the fluid 
Supply container Support Supporting at least one fluid Supply 
container. Operation 4604 may include measuring an initial 
weight held by a fluid collection container support, the fluid 
collection container Support Supporting at least one fluid 
collection container. Operation 4606 may include calculat 
ing an initial reference total weight, the initial reference total 
weight including a sum of the initial fluid Supply container 
Support weight and the initial fluid collection container 
support weight. Operation 4608 may include supplying fluid 
from the at least one fluid Supply container to a Surgical site. 
Operation 4610 may include collecting at least some of the 
fluid from the surgical site into the at least one fluid 
collection container. Operation 4612 may include monitor 
ing a current weight held by the fluid Supply container 
Support. Operation 4614 may include monitoring a current 
weight held by the fluid collection container support. Opera 
tion 4616 may include calculating a current total weight, the 
current total weight including a sum of the current weight 
held by the fluid supply container support and the current 
weight held by the fluid collection container support. Opera 
tion 4618 may include calculating a current fluid deficit by 
subtracting the current total weight from the initial reference 
total weight. 
(0289 FIG. 47 illustrates an example method 4700 of 
operating a Surgical fluid management system. Operation 
4702 may include calculating an initial reference total 
weight, the initial reference total weight including a sum of 
an initial weight of a fluid Supply container and an initial 
weight of a fluid collection container. Operation 4704 may 
include Supplying fluid from the fluid Supply container to a 
surgical site. Operation 4706 may include collecting at least 
some of the fluid from the surgical site into the fluid 
collection container. Operation 4708 may include calculat 
ing a current total weight, the current total weight including 
a Sum of a current weight of the fluid Supply container and 
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a current weight of the fluid collection container. Operation 
4710 may include calculating a deficit by subtracting the 
current total weight from the initial reference total weight. 
0290 FIG. 48 illustrates an example method 4800 of 
operating a multi-functional fluid management system. 
Operation 4802 may include receiving, via a user interface, 
at least one of a Surgical discipline selection and a Surgical 
procedure selection. Operation 4804 may include setting at 
least one default operating limit based at least in part upon 
the at least one of the Surgical discipline selection and the 
Surgical procedure selection. 
0291 FIG. 49 illustrates an example method 4900 of 
operating a Surgical fluid management system. Operation 
4902 may include receiving, via a user interface, identifi 
cation of information to be gathered by a Surgical fluid 
management system during a Surgical procedure. Operation 
4904 may include electronically storing the information 
during the surgical procedure. Operation 4906 may include 
receiving, via the user interface, an instruction pertaining to 
at least one of printing, storing, and electronically transmit 
ting the information. 
0292 FIG. 50 illustrates an example method 5000A of 
operating a multi-functional Surgical fluid management sys 
tem. Operation 5002A may include receiving, via a user 
interface, identification of at least one of a Surgical discipline 
and a surgical procedure. Operation 5004A may include 
setting default operating parameters based upon the at least 
one of the Surgical discipline and the Surgical procedure. 
Operation 5006A may include receiving, via a user interface, 
input to adjust the operating parameters. 
0293 FIG. 51 illustrates an example method 5100 of 
operating a Surgical fluid management system. Operation 
5102 may include receiving, via a user interface, preferred 
operating settings associated with at least one of a Surgical 
discipline and a Surgical procedure, the preferred operating 
settings also being associated with an identity of at least one 
of a surgeon and an operator. Operation 5104 may include 
setting operating parameters at the preferred operating set 
tings upon receiving an input, via a user interface, associated 
with at least one of the Surgeon and the operator and at least 
one of the Surgical discipline and the Surgical procedure. 
0294 FIG. 52 illustrates an example method 5200 of 
controlling a Surgical fluid management device. Operation 
5202 may include receiving, via a user input, identification 
of information which must be entered prior to operation of 
a Surgical fluid management device. Operation 5204 may 
include requesting entry of the information. Operation 5206 
may include if the information has not been entered, pre 
cluding operation of the of the Surgical fluid management 
device. Operation 5208 may include if the information has 
been entered, allowing operation of the Surgical fluid man 
agement device. 
0295. As has been described above, the present invention 

is directed to a fluid management system 10 for managing 
fluids used in connection with a wide variety of “medical 
procedures” that may be performed in connection with 
humans and animals. As should be apparent from the inven 
tion disclosure provided above, the term “medical proce 
dure” as used in the present application refers to procedures, 
including, but not limited to: Surgical procedures, irrigation 
procedures, and infusion procedures, said procedures per 
formed on humans or animals. It should be understood that 
a medical procedure may be comprised of multiple ele 
ments, wherein each element is an individual medical pro 
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cedure. In other words, a plurality of individual medical 
procedures may be carried out in Succession to complete a 
comprehensive medical procedure. Thus, “medical proce 
dure' may refer to an individual medical procedure or a 
comprehensive medical procedure comprised of a plurality 
of individual medical procedures. 
0296. The medical procedures may be associated with 
Such medical disciplines, including but not limited to: gyne 
cology, obstetrics, urology, orthopedics, general Surgery and 
trauma. Examples of medical procedures, include but are not 
limited to, hysteroscopy, cystoscopy, ureteroscopy, laparas 
copy, arthroscopy, and infusion. These medical procedures 
are identified in general or specific terms. 
0297. The medical procedures carried out with use of 
fluid management system 10 disclosed herein may involve 
one or more of the following fluid delivery functions, 
including but not limited to: fluid irrigation, distention of a 
body cavity, and fluid infusion into a patient. Fluid man 
agement system 10 of the present invention may also 
provide additional functions with respect to the medical 
procedures, including, but not limited to: fluid deficit moni 
toring associated with delivery and return of fluid to/from a 
site (wherein, the site is a Surgical site or a patient), fluid 
warming, fluid pulsation, and circulation of fluid (e.g., into 
and out of a body cavity). 
0298. Depending upon the selected medical procedure, 
fluid management system 10 operates in either a pressure 
control mode (wherein control system 8 controls pump 112 
to deliver fluid to the site at approximately a target pressure), 
or in a flow control mode (wherein control system 8 controls 
pump 112 to deliver fluid to the site at approximately a target 
flow rate). 
0299. In order to safely and effectively deliver fluid for 
carrying out the medical procedure, several “default” oper 
ating parameters are established in accordance with the 
medical procedure selected by the user. These default oper 
ating parameters include, but are not limited to, a target 
pressure and a target flow rate. A range of acceptable 
pressures and flow rates are respectively defined by mini 
mum and maximum pressures and minimum and maximum 
flow rates. By maintaining the pressure within the accept 
able pressure range and maintaining the flow rate within the 
acceptable flow rate range, fluid management system 10 of 
the present invention safely and effectively delivers fluid to 
the site in connection with the selected medical procedure. 
0300. Described below are additional features of the 
present invention. Certain aspects of these features have 
been described in the preceeding sections of the specifica 
tion. 

0301 
0302) In accordance with one embodiment of the present 
invention, heater assembly 309 is disabled when pump 112 
is inactive (i.e., not rotating), unless fluid management 
system 10 is in an "idle' state. This disablement of heater 
assembly 309 prevents any dangerous conditions that could 
arise from heating stagnant fluid in cartridge 410. Control 
system 8 is programmed to deactivate pump 112 when a 
threshold fluid pressure (P) is detected by control 
system 8 (e.g., using pressure sensors 2068. 2070). The 
threshold fluid pressure (P) is typically achieved 
when a user closes an inflow or outflow valve on a Surgical 
instrument, or tubing downstream of cartridge 410 is inten 
tionally or unintentionally occluded. 

Heating Suspension 
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0303. However, it is recognized that if tubing located 
upstream of cartridge 410 is occluded or the fluid supply 
source (i.e., fluid supply container(s); fluid bags 902, 904) 
have become depleted, then pump 112 continues to be 
activated due to the fact that the threshold fluid pressure 
(P) cannot be achieved. As a result, heater assembly 
309 continues to be enabled (even though the fluid in 
cartridge 410 is stagnant). This situation may result in 
undesirable conditions, such as overheating of the fluid in 
cartridge 410. 
0304. According to an aspect of the present invention, 
control system 8 is programmed to monitor the weight of the 
fluid Supply source when pump 112 is in an activate state, 
and thereby determine whether or not fluid is “flowing.” As 
discussed above, one or more load cells 142, 144, may 
output electrical signals associated with the weight of the 
fluid Supply containers suspended from the fluid bag hang 
ers. Control system 8 determines whether the weight of the 
fluid supply source is decreasing. If the weight of the fluid 
Supply source is not decreasing, then control system 8 
determines that tubing upstream of cartridge 410 is 
occluded, or that the fluid Supply source has become 
depleted, and thus disables heater assembly 309 to prevent 
any further heating of the fluid. 
0305 If a user selects a medical procedure that allows 
fluid heating and the user has enabled the fluid heating 
function (e.g., by selecting heater button 4064 as shown in 
FIG. 35), then heater assembly 309 will continue to be 
enabled if (a) pump 112 is activated; (b) bubble detector 132 
is sensing the presence of fluid; and (c) the weight of the 
fluid Supply source is decreasing. If any one of the condi 
tions (a), (b) or (c) is not present, then heater assembly 309 
will be disabled to stop further heating of the fluid in 
cartridge 410. 
0306. In accordance with an alternative embodiment, 
control system 8 does not monitor the weight of the fluid 
Supply source, but instead, receives a signal from a flow 
sensor located along a fluid path upstream of cartridge 410 
indicative of whether fluid is flowing along the fluid path. 
0307 Manual Lost Fluid Estimator 
0308. In accordance with certain medical procedures 
(such as operative hysteroscopy), fluid absorption by a 
patient must be carefully monitored to guard against excess 
fluid absorption, which may result in complications. The 
amount of fluid that can be safely absorbed by the patient is 
dependent upon a number of factors, including the type of 
fluid being used. 
0309. In some fluid management systems, the fluid deficit 

is monitored by measuring the amount of fluid delivered to 
a site and the amount of fluid returned from the site (e.g., via 
Suction or gravity). Such fluid management systems may 
provide an alarm when the fluid deficit is approaching an 
unsafe level, and prevent any further fluid delivery to the site 
when the fluid deficit has reached an unsafe limit. However, 
Such fluid management systems are not able to measure the 
amount of fluid that is “lost including, but not limited to, 
fluid that has spilled onto the floor and/or has been absorbed 
by Surgical drapes, gowns, and/or blankets. As a result, Such 
“lost fluid is deemed by the fluid management system to 
have been absorbed by the patient, and thereby results in an 
artificially high fluid deficit. Consequently, the user may 
experience corresponding false fluid deficit alarms, proce 
dure interruptions, and/or premature terminations of proce 
dures. 
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0310. According to an aspect of the present invention, 
control system 8 is programmed to present the user with a 
data entry screen (via touch screen 106) that allows the user 
to manually enter a value that is an estimate of the amount 
of fluid “lost during a medical procedure. This value may 
be entered in units of volume or weight. 
0311 Control system 8 incorporates the “lost fluid esti 
mate into the fluid deficit calculations (such as those 
described in detail above), thus providing the user with a 
fluid deficit having greater accuracy. For example, the “lost 
fluid estimate may be incorporated into the fluid deficit 
calculations by subtracting the weight of the estimated “lost 
fluid from the initial total system weight, or by adding the 
weight of the estimated “lost fluid to the current total 
system weight. 
0312 To minimize the risk associated with “lost fluid 
estimates and to ensure accountability for users making and 
manually entering the “lost fluid estimates, control system 
8 may also be programmed to provide one or more of the 
following features: 

0313 1. Visually and/or audibly providing a warning 
(via touch screen 106 and/or speaker 2052) to the user 
against overestimating the “lost fluid due to inaccurate 
fluid deficit monitoring and corresponding adverse con 
sequences that could result from overestimations; 

0314 2. Visually and/or audibly providing a warning 
(via touch screen 106 and/or speaker 2052) to the user 
against entering “lost fluid estimates considered nomi 
nal in nature (e.g., less than 100 ml); 

0315 3. Providing a “lost' fluid estimate on a printed 
procedure summary that may be printed by printer 111 
at the completion of a medical procedure to provide a 
printed record of the medical procedure. Printer control 
box 4082 may provide a user with a selection for 
printing the “lost fluid estimate at the end of a medical 
procedure (see FIG. 37); and 

0316 4. Programming control system 8 to prohibit the 
“lost fluid estimate from being incorporated into fluid 
deficit calculations during the medical procedure in 
order to eliminate the possibility of a user manipulating 
or effectively raising the fluid deficit alarm limit by 
overestimating the amount of “lost fluid. In this case, 
the only purpose for manual entry of the “lost fluid 
estimate would be to have such estimate printed in the 
procedure Summary for a more accurate record of the 
fluid deficit occurring during the medical procedure. 

0317 Default Maximum Fluid Deficit by Fluid Type 
0318. As discussed above, the amount of fluid that can be 
safely absorbed by a patient is dependent upon a several 
factors, including the type of fluid being used. However, 
Some fluid management systems default to a fluid deficit 
alarm limit that is independent of the type of fluid being 
used, and thus allows a user to adjust the fluid deficit alarm 
limit within a range inclusive of all permissible levels of 
fluid absorption for all types of fluids that could be used 
during a medical procedure. As a result, a user may program 
the fluid management system with a fluid deficit alarm limit 
set to a high limit (e.g., 2500 ml) when the fluid management 
system is being used to Supply a fluid that requires a lower 
fluid deficit alarm limit (e.g., 1500 ml). 
0319. In accordance with an aspect of the present inven 
tion, where deficit monitoring is enabled, control system 8 is 
programmed to prompt a user to enter or select a “type of 
fluid to be used in connection with the medical procedure, 
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via touch screen 106. Control system 8 defaults to an 
appropriate/safe fluid deficit alarm limit for the entered or 
selected fluid “type' and allows the user to adjust such fluid 
deficit alarm limit within a range deemed safe for that 
particular “type' of fluid. The “type' of fluid indicated by 
the user, the fluid deficit alarm limit set by the user, and the 
total fluid deficit may be provided on a printed procedure 
Summary at the conclusion of the medical procedure. 
0320 Alternatively, control system 8 may default to a 
fluid deficit alarm limit deemed safe for all possible fluids 
and only prompt the user to enter or select the fluid “type' 
if the user desires to increase the fluid deficit alarm limit 
above the initial default fluid deficit alarm limit or other low 
fluid deficit alarm limit. 

0321) Deficit Monitoring by Type of Fluid Used and 
Purge Button 
0322. During certain medical procedures, including 
operative hysteroscopy having both hysteroscopic and lapa 
roscopic elements, it may be necessary to change the tubing 
set and the type of fluid being used during the procedure to 
accomplish the respective distention and/or irrigation func 
tions. For example, in the hysteroscopic element, an endo 
scopic tubing set and saline fluid may be used. In the 
laparoscopic element, a laparoscopic tubing set and a non 
conductive fluid (such as glycine) may be used in order to 
perform electrocautery. It may also be necessary to return to 
the hysteroscopic element (i.e., endoscopic tubing and 
saline) to complete the procedure. 
0323 Fluid management system 10 is operable in both 
pressure and flow control modes, and includes tubing sets 
that facilitate the transition between to two or more elements 
of a procedure (e.g. between hysteroscopic and laparoscopic 
elements). These tubing sets include a proximal portion that 
includes cartridge 410, and a distal portion downstream of 
cartridge 410 that terminates in a connector, such as a luer 
lock connector (e.g., for hysteroscopic use) or a Surgical 
instrument, Such as a trumpet valve (e.g., for laparoscopic 
use). For example, see FIGS. 9 and 24. It is contemplated 
that other types of connectors and instruments may be used 
in connection with the present invention. 
0324. In one embodiment of the present invention, the 
distal portion is adapted to be interchangeable, i.e., a distal 
portion terminating in a first type of connector (e.g., a luer 
lock connector) can be interchanged with a distal portion 
terminating a Surgical instrument (e.g., a trumpet valve) or 
a second type of connector. This allows a luer lock connector 
to be interchanged with a trumpet valve, thereby facilitating 
a transition between different medical procedures (e.g., 
laparoscopic and hysteroscopic procedures). Interchange 
able distal portions are discussed in detail below. 
0325 If the fluid used during a second element of a 
procedure is different from the fluid used during a first 
element of the procedure, then a user must ensure that the 
fluid used in the first element of the procedure is completely 
purged from fluid management system 10 prior to commenc 
ing the second element of the procedure. This requires the 
user to manually estimate the amount of fluid that must be 
pumped to completely purge the fluid used in the first 
element of a procedure. Moreover, the user must manually 
track the fluid deficit associated with the first element of the 
procedure and the fluid deficits associated with any subse 
quent elements of the procedure in order to have an accurate 
total fluid deficit. 
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0326 In accordance with another aspect of the present 
invention, control system 8 is programmed to present the 
user with a prompt or data entry screen (via touch screen 
106) that allows the user to indicate a transition from a first 
element of a procedure to a second element of the procedure 
(e.g., from a hysteroscopic element to a laparoscopic ele 
ment). Upon Such indication, control system 8 uses touch 
screen 106 to prompt the user to select the procedure 
associated with the second element; instruct the user to 
change the distal portion of tubing; and query the user 
whether a different fluid will be used for the second element 
of the procedure and, if so, prompts the user to enter or select 
the “new” fluid via touch screen 106. If the user indicates 
that a different fluid will be used for the second element of 
the procedure, control system 8 is programmed to display a 
"purge' button that, when pressed, causes control system 8 
to activate pump 112 in order to pump a sufficient volume of 
the “new” fluid to thereby completely purge the “old” fluid 
from the proximal portion of the tubing set before connect 
ing the new distal portion. 
0327 Control system 8 is further programmed to incor 
porate the above-described “purge' function into the fluid 
deficit monitoring calculations (described above) in order to 
avoid artificially high fluid deficit and corresponding false 
alarms, procedure interruptions, and/or early procedure ter 
minations. For example, the volume of "purged' fluid may 
be incorporated into the fluid deficit calculations by sub 
tracting the weight of the “purged fluid from the initial total 
system weight, or by adding the weight of the "purged fluid 
to the current total system weight. 
0328 Control system 8 is also programmed to present the 
user with the “purge' button if the user indicates to control 
system 8 that a fluid change is going to be made during a 
single element of the procedure (e.g., during a hysteroscopic 
element). In this situation the distal portion remains 
unchanged. As a result of selecting the "purge' button, 
control system 8 performs the fluid “purge' and adjusts the 
fluid deficit monitoring levels accordingly. 
0329 Control system 8 is further programmed to auto 
matically track and display (a) the fluid deficit associated 
with the “old” fluid used during the first element of the 
procedure; (b) the fluid deficit associated with the “new” 
fluid used during the second element of the procedure; and 
(c) the total fluid deficit for the entire procedure (i.e., all 
elements of the procedure). Furthermore, if there is a third 
(or Subsequent) element(s) of the procedure (e.g., hystero 
Scopic element changing to laparoscopic element changing 
back to hysteroscopic element), control system 8 is pro 
grammed to track and display the fluid deficits based on the 
fluid used during that element. 
0330 
0331 Fluid management unit 100 is capable of sensing a 
significant weight change indicative of the replacement of a 
fluid collection container. A user may be presented with a 
“change canister' button displayed on touch screen 106 to 
eliminate potential errors that can be caused by movement or 
vibration of fluid management unit 100 (e.g., shifting of fluid 
inside canisters 906, 908, 910, 912). However, if the user 
fails to press the “change canister' button, the volume of the 
fluid associated with the full fluid supply container that was 
removed is no longer accounted for and, therefore, deemed 
by control system 8 to have been absorbed by the patient. 
This situation can result in an artificially high fluid deficit 

Change Canister Prompt 
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calculation and display, as well as accompanying false 
alarms, procedure interruptions, or early procedure termi 
nations. 
0332. According to an aspect of the present invention, 
control system 8 is programmed to sense a large decrease in 
weight on load cell base 204 indicative of the removal of a 
full or substantially full fluid supply container, without the 
user having pressed the “canister change' button. Further 
more, control system 8 is programmed to store the weight 
determined prior to the significant weight change, and 
displays a query on touch screen 106 to request the user to 
confirm that a fluid Supply container has been removed (e.g., 
“Did you just remove a canister? If so, please press canister 
change button now'). As described above, the total weight 
supported by load cells 206A, 206B, 206C, 206D is about 
equal to the sum of the weight of Suction canister hanger 
202, the empty weights of canisters 906,908,910,912, and 
the weight of any contents of canisters 906, 908,910, 912. 
0333 Bolus Button 
0334. During certain medical procedures (e.g., ureteros 
copy), a user may need a bolus of higher pressure fluid to 
carry out a particular mechanical function (such as move 
kidney Stones, separate tissue, expand passageways, etc.). 
The bolus can be achieved via a syringe or bulb that is 
manually operated by the user. This approach may result in 
unsafe fluid pressure levels or Volumes, and often requires a 
separate tubing set which can be inefficient and costly. 
0335. In accordance with an aspect of the present inven 

tion, when a user selects a medical procedure where a 
“bolus' of fluid might be necessary (e.g., ureteroscopy), 
control system 8 is programmed to display (via touch screen 
106) a “bolus' button that can be selected by the user at any 
time during the procedure. Upon selection of the “bolus' 
button, control system 8 is programmed to provide a “bolus' 
of fluid. The user may set parameters associated with the 
“bolus' including, but not limited to, a desired fluid pressure 
level and a desired duration (in either time or fluid volume). 
It is also contemplated that control system 8 may be pro 
grammed to display numerous “bolus' buttons, wherein 
each button is associated with a specific pressure and 
duration combination. This feature enables the user to more 
efficiently employ the correct “bolus' without having to 
“reprogram” a single “bolus' button for different pressure 
and duration combinations. 
0336 Intra-Procedure Multi-Functionality 
0337. In the medical discipline of gynecology, the asso 
ciated procedures may involve both hysteroscopic and lapa 
roscopic elements of a procedure. Typically, these proce 
dures will commence with diagnostic or operative 
hysteroscopy and progress to gynecologic and/or abdominal 
laparoscopy. Fluid management systems that require the use 
of multiple devices and/or multiple tubing sets to complete 
Such types of multi-element procedures decrease efficiency, 
increases the costs associated with Such procedures, and 
might potentially adversely affect patient safety. 
0338. In hysteroscopy, irrigation fluid is circulated into 
and out of the uterine cavity at a pressure deemed optimal to 
maintain proper distention and to achieve good visualization 
by washing out blood and debris resulting from the proce 
dure. Due to the dangers associated with intravasation, the 
fluid deficit (i.e., the difference in volume between the 
amount of fluid delivered to a site and the amount of fluid 
returned from the site), must be closely monitored by the 
fluid management system. Also, due to procedural require 
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ments and/or the adverse outcomes associated with intraop 
erative hypothermia, warming of the irrigation fluid to 
approximately body temperature may be necessary or 
desired. 
0339. In laparoscopy, the irrigation fluid is delivered to 
the site at a flow rate deemed appropriate to clear the site of 
blood and debris and to maintain good visualization. Again, 
due to procedural purposes and/or the adverse outcomes 
associated with intraoperative hypothermia, warming of the 
irrigation fluid to approximately body temperature may be 
desired or necessary. 
0340. Due to functional limitations of certain existing 
fluid management systems, procedures that include multiple 
elements (e.g., hysteroscopic and laparoscopic elements) 
may require the use of multiple fluid management systems 
during Such procedures. These functional limitations, 
include, but are not limited to: Single operating mode (i.e., 
operable in a pressure control mode or a fluid control mode, 
but not both modes); lack of tubing sets that can be config 
ured for hysteroscopic and laparoscopic use (i.e., requiring 
the use of separate tubing sets for each element of a 
procedure); lack of automated deficit monitoring capabili 
ties; lack of user-selectable on-demand fluid warming capa 
bilities; and lack of trumpet valves with suction/irrigation 
and electrocautery capability. 
0341. According to an aspect of the present invention 
there is provided a “multi-functional fluid management 
system 10 that includes a fluid management unit 100 that 
operates in fluid pressure control mode or flow control mode 
depending upon a selected medical procedure, monitors 
fluid deficits, provides on-demand fluid warming; and pro 
vides a tubing set that is configurable for various different 
medical procedures. Such as hysteroscopy and laparoscopy 
(Suction/irrigation alone or in combination with electrocau 
tery). 
0342 FIG. 53A illustrates a trumpet valve tubing set 
3010 useable in connection with a first medical procedure 
(e.g., a laparoscopic procedure), while FIG. 53B illustrates 
aluer lock connector (single lumen) tubing set 3010"useable 
in connection with a second medical procedure (e.g., a 
hysteroscopic procedure). Each tubing set 3010, 3010' is 
comprised of a cartridge or proximal portion 3015 and a 
distal portion 3017, 3017". The proximal portion includes 
dual spikes 3014 with clamps 3016, 3018, a “Y” connector 
3020, a first section 3013A of tubing connecting “Y” con 
nector 3020 and a cartridge 410 (fluid inflow), cartridge 410. 
and a second section 3013C of tubing (with a clamp 3015B) 
that connects cartridge 410 and a connector 3015A (fluid 
outflow). 
(0343 Distal portions 3017,3017 are adapted for use with 
a particular medical procedure. In the illustrated embodi 
ment, distal portion 3017 provides a trumpet valve, while 
distal portion 3017 provides a single lumen terminating in 
a luer lock connection or other connection to a Surgical 
instrument. It is contemplated that the distal portion may be 
adapted for use with devices other than those illustrated 
herein. 
0344) Distal portion 3017 includes a tubing section 
3013D (irrigation line) and a connector 3017A for connec 
tion to proximal portion 3015 of tubing set 3010. In the 
illustrated embodiment, tubing section 3013D terminates at 
the distal end in a trumpet valve 3022 and a conjoined 
suction tubing or line 3027 that terminates in a standard 
suction connector 3026. 
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(0345 Distal portion 3017 includes a tubing section 
3013E (irrigation line) and a connector 3017A with an 
optional clamp 3017B for connection to proximal portion 
3015 of tubing set 3010'. In the illustrated embodiment, 
tubing section 3013E terminates at the distal end in a luer 
lock 3019 with a clamp 3019A 
0346 For example, fluid management system 10 may be 
configured for a hysteroscopy procedure by selecting the 
hysteroscopy procedure from a medical procedure menu 
(e.g., see FIG. 32), which automatically puts fluid manage 
ment system 10 in a pressure control mode. A user installs 
proximal portion 3015 of tubing set 3010" (FIG. 53B) that 
includes dual bag spikes 3014 and “y” connector 3020, a 
cartridge 410 that is inserted 410 into slot 310 (see FIG. 2), 
and a segment 3013C of tubing extending from cartridge 
410 to a male or female connector 3015A for enabling 
coupling to distal portion 3017" of tubing set 3010' outside 
of fluid management unit 100. Distal portion 3017" includes 
mating connector 3017A and segment 3013E of tubing for 
delivering fluid from fluid management unit 100 to the site. 
Segment 3013E of tubing terminates in luer lock connector 
3019 for coupling to a hysteroscope or other instrument. 
0347 Control system 8 facilitates transitions between 
two different elements of a procedure. For example, when 
the hysteroscopic element of the procedure is complete, or 
it becomes necessary to interrupt the hysteroscopic element 
of the procedure to perform a laparoscopic element, the user 
indicates to control system 8, via touch screen 106, a change 
in the medical procedure to laparoscopy. As a result, control 
System 8 automatically transitions the fluid management 
unit 100 to a flow control mode. 
0348. The user disconnects distal portion 3017 of the 
tubing used for hysteroscopy from proximal portion 3015, 
and connects distal portion 3017 (FIG. 53A) to proximal 
portion 3015. Proximal portion 3015 includes mating con 
nector 3015A that couples to connector 3017A of distal 
portion 3017. Distal portion 3017 includes segment 3013D 
of tubing that terminates in trumpet valve 3022, for deliv 
ering fluid from fluid management system 10 to the site. 
Trumpet valve 3022 has a standard suction/irrigation probe 
or a combination probe that includes suction/irrigation and 
electrocautery. When the distal portion substitution has been 
completed by the user, the user will indicate to control 
system 8 (via touch screen 106) that fluid management 
system 100 is properly configured to start the laparoscopic 
element of the procedure. If a different fluid is being used, 
then the "purge” function described above may be imple 
mented. 

0349. Although fluid deficit is less of a concern during 
laparoscopy, control system 8 is programmed to prompt the 
user (via touch screen 8) to indicate whether the user wants 
to continue fluid deficit monitoring. If the user elects to 
continue the deficit monitoring, control system 8 will regard 
the laparoscopy element as a continuation of the same 
procedure (i.e., the originally selected procedure) for pur 
poses of the deficit monitoring function. If the user elects to 
discontinue the deficit monitoring, control system 8 will 
regard the laparoscopy element as a “new” procedure. 
Accordingly, the deficit monitoring function of control sys 
tem 8 is adapted to facilitate changes between elements of a 
procedure. 
0350. When the laparoscopic element of the procedure is 
complete, or when it becomes necessary to interrupt the 
laparoscopic element to perform an additional hysteroscopic 
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element, the user indicates to control system 8, via touch 
screen 106, a change in the procedure to return back to 
hysteroscopy. As a result, control system 8 automatically 
transitions the fluid management unit 100 back to a pressure 
control mode. Fluid management unit 100 indicates, via 
touch screen 106, that the fluid deficit monitoring calcula 
tions from the previous hysteroscopic element of the pro 
cedure will be restored and comprise the basis for continuing 
the fluid deficit monitoring calculations. The user changes 
the distal portion of tubing from the laparoscopic tubing 
(FIG. 53A) to the hysteroscopic tubing (FIG. 53B), and then 
indicates to control system 8 (via touch screen 106), that 
fluid management system 100 is properly configured to 
return to the hysteroscopic element of the procedure. 
0351. It should be appreciated that the following features 
of fluid management system 10 enable performance of the 
functions described above: operates in a pressure control 
mode or a flow control mode depending on the selected 
procedure; tubing sets are configurable for different proce 
dures (e.g., hysteroscopic and laparoscopic procedures); 
microprocessor-based fluid deficit monitoring (for storing, 
recalling and computing fluid deficit calculations); select 
able on-demand fluid warming; and combination suction/ 
irrigation electrocautery trumpet valve probes. 
0352 Fluid management system 10 as described above 
has several advantages, including, but not limited to: 

0353 a. only one fluid management system is needed 
to perform a procedure involving multiple elements 
(e.g. hysteroscopic and laparoscopic elements), thereby 
saving time since only one fluid device has to be set up, 
reducing costs since only one device has to be acquired 
and maintained, and minimizing space requirements in 
the operating room (OR); 

0354) b. only one tubing set is needed, with appropriate 
accessories, thereby reducing costs over separate tub 
ing sets needed for hysteroscopic and laparoscopic 
elements; 

0355 c. the ability of fluid management system 10 to 
function for multiple elements (e.g., both hysteroscopy 
and laparoscopy elements) increases the efficiency of 
the procedure; 

0356 d. the ability of fluid management system 10 to 
store, retrieve, and build upon fluid deficit calculations 
from a first element (e.g., a hysteroscopic element) 
performed earlier in a procedure increases patient 
safety by reducing possible recording errors; 

0357 e. the "selectable' on-demand fluid warming 
feature of fluid management system 10 enables the use 
of fluid management system 10 in a variety of situa 
tions, i.e., when there are procedural requirements for 
fluid warming (such as the warm fluid indication in 
certain hysteroscopic sterilization procedures), when 
there are concerns with intraoperative hypothermia that 
require on-demand fluid warming, and when there are 
procedural requirements or other clinical issues that 
require room-temperature or cool irrigation fluid; and 

0358 f. the trumpet valve of fluid management system 
10 can receive a standard suction/irrigation probe or a 
combination suction/irrigation and electrocautery 
probe, thereby saving time and money, and eliminating 
the need for two separate ports into an insufflated 
Surgical site. 

0359 g. the purge function when transitioning from a 
first fluid to a second fluid. 
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0360 According to another embodiment of the present 
invention, fluid management system 10 includes an auto 
matic tubing detection feature and allows control system 8 
to automatically detect changes in tubing sets in use with 
fluid management system 10. In this regard, control system 
8 is programmed to automatically recognize a change 
between a distal portion 3017 of tubing set 3010" (e.g., used 
for hysteroscopy) and a distal portion 3017 of tubing set 
3010 (e.g., used for laparoscopy), and automatically respond 
to Such detected change by making a corresponding change 
to system operation, e.g., changing between pressure mode 
control and flow control mode, and adjusting alarm limits. 
The automatic recognition contemplated herein may be 
accomplished using detection technology well know in the 
art, including but not limited to RFID tagging, or a variety 
of other electrical (wired and wireless communication 
devices), mechanical, optical, or pneumatic means. An illus 
trated embodiment of the present invention will be described 
with reference to a fluid management system 10 that 
includes radio frequency identification device (RFID) tag 
ging as an electrical communication device. 
0361. As will be described in detail below, a readable 
memory such as an RFID is integral with the distal portion 
of the tube set. The RFID includes a memory that stores data 
identifying characteristics of the distal portion of the tube 
set. An interface unit reads the data in the RFID memory. 
Based on this data, the control system 8 then regulates 
operation of fluid management system 10 according to a 
pressure control mode or a flow control mode in accordance 
with the type of distal portion that has been detected using 
the RFID. 

0362 Control system 8 also controls pump 112 such that 
fluid, when required, is delivered at a pressure level or flow 
rate according to the data read out from the RFID memory. 
This data is also used by the control system 8 to regulate 
priming of pump 112 so that when fluid management system 
10 is initially setup, a head of irrigation fluid can be pumped 
close to the end of the hand piece tool from which the fluid 
is to be discharged. 
0363 Referring now to FIGS. 53A and 53B, respective 
distal portion 3017, 3017 of tube sets 3010, 3010' include an 
RFID 3142. RFID 3142 includes a memory in which data is 
stored that identifies characteristics of distal portion 3017. 
3.017" (e.g., which type(s) of medical procedure(s) use the 
distal portion, whether the distal portion is used in connec 
tion with a pressure control mode or a flow control mode, 
and associated pressure level or flow rate). RFID 3142 also 
includes the following components that facilitate the reading 
of data to and the writing of data from the memory: a coil, 
a signal modulator/demodulator; a processor; and a 
rechargeable power Supply. 
0364 With reference to FIG. 54, control system 8 is 
modified to include an RFID interface unit 3122 for com 
municating with RFID 3142. In this regard, interface unit 
3122 reads data from and writes data to RFID 3142. Inter 
face unit 3122 includes an antenna that is positioned Such 
that when the distal portion 3017 or 3017 is positioned for 
connection with proximal portion 3015, the antenna and the 
coil integral with RFID 3142 are close enough to facilitate 
inductive signal transfer therebetween. Interface unit 3122 
also includes a modulator/demodulator for encoding the 
signals for forwarding data to RFID 3142 and decoding 
received signals received from RFID 3142. Once a distal 
portion 3017 or 3017" is connected with proximal portion 
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3015, data is read out of the RFID memory. It should be 
appreciated that interface unit 3122 may alternatively be 
located at cartridge 410 and communicate with processor 
2050 via wireless or wired communications. 
0365. A manual process (as described above) may be 
used as the primary means for indicating to fluid manage 
ment unit 100 that a change in the type of procedure is 
occurring, and the automatic tubing detection feature serv 
ing as a secondary redundant safety check. For example, if 
the user manually indicates, via touch screen 106, that a 
change to a laparoscopy procedure was going to occur, but 
mistakenly couples a distal portion of tubing intended for a 
hysteroscopy procedure, control system 8 is programmed to 
identify this error, and notify the user of the mistake via the 
touch screen 106 and preclude operation of fluid manage 
ment system 10 until the correct distal portion of tubing is 
attached. 
0366. It should be further noted that a configurable tubing 
set allows for the use of specialized distal portions. For 
example, a distal portion with an integrated pressure relief 
valve may be used for patient safety to guard against 
overpressurization of the cavity during hysteroscopy, and a 
distal portion without a pressure relief valve may be used for 
laparoscopy. Inclusion of the pressure relief valve for lapa 
roscopy would involve unnecessary costs and could be 
problematic due to higher required fluid pressures needed to 
deliver the required flow rates for laparoscopy. 
0367. Apparatus and methods according to the present 
disclosure may be utilized in a wide variety of settings, such 
as Surgical and/or other procedures performed on humans 
and/or animals, dental Surgeries and/or other procedures, 
and/or any other medical and/or veterinary procedures, such 
as those involving irrigation, distention, and/or infusion. 
0368 While exemplary embodiments have been set forth 
above for the purpose of disclosure, modifications of the 
disclosed embodiments as well as other embodiments 
thereof may occur to those skilled in the art. Accordingly, it 
is to be understood that the disclosure is not limited to the 
above precise embodiments and that changes may be made 
without departing from the scope. Likewise, it is to be 
understood that it is not necessary to meet any or all of the 
stated advantages or objects disclosed herein to fall within 
the scope of the disclosure, since inherent and/or unforeseen 
advantages of the may exist even though they may not have 
been explicitly discussed herein. 

Having described the invention, the following is claimed: 
1. A fluid management system comprising: 
a pump configured to deliver a fluid from at least one fluid 

Supply container to a body cavity; 
a remote pressure sensor configured for placement in or 

proximate to a body cavity; and 
a control system operatively connected to the pump and 

the remote pressure sensor, the control system receiv 
ing from the remote pressure sensor a signal associated 
with a pressure of the fluid at the location of the remote 
pressure sensor, and adjusting a speed of the pump to 
maintain a desired fluid pressure based at least in part 
upon the signal received from the remote pressure 
SSO. 

2. The fluid management system of claim 1, wherein the 
control system receives at least one of a pneumatic signal 
and an electrical signal from the remote pressure sensor. 

3. The fluid management system of claim 1, wherein said 
fluid distends the body cavity. 
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4. A method for operating a fluid management system, the 
method comprising: 

delivering fluid from a fluid supply container to a body 
cavity via a tubing set; 

sensing a system fluid pressure in the tubing set at a 
location between the fluid supply container and the 
body cavity; 

sensing a site fluid pressure using a remote pressure 
sensor disposed in or proximate to a body cavity; and 

controlling a pressure of the fluid delivered to the body 
cavity based at least in part upon at least one of (i) the 
sensed system fluid pressure and (ii) the sensed site 
fluid pressure. 

5. The method of claim 4, wherein controlling the pres 
sure of the fluid delivered to the body cavity is based at least 
in part upon both (i) the sensed system fluid pressure and (ii) 
the sensed site fluid pressure. 

6. The method of claim 4, wherein said fluid delivered to 
the site via the tubing set distends the body cavity. 

7. The method of claim 4, wherein the tubing set com 
prises a disposable tubing set including a pressure relief 
valve. 


