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ABSTRACT 

Apparatus and methods for removing gas from a blood 
handling system. A ?lter apparatus for monitoring and 
removing gas is provided comprising of a gas removal/blood 
?lter, a sensor to sense the presence of gas, and a valve 
operably coupled to the sensor to evacuate gas from the 
apparatus When the sensor detects an accumulation of gas. 
When used With a previously knoWn blood handling system, 
the present ?lter apparatus facilitates priming and the addi 
tion of additional blood handling elements during operation 
of the blood handling system. 
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METHODS OF USE OFA BLOOD FILTER HAVING 
A SENSOR FOR ACTIVE GAS REMOVAL 

REFERENCE TO RELATED APPLICATIONS 

[0001] This application is a continuation-in-part of US. 
patent application Ser. No. 09/780,923, ?led Feb. 9, 2001, 
the entirety of Which is incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to apparatus and 
methods for monitoring and removing air or other gases 
from the blood. 

BACKGROUND OF THE INVENTION 

[0003] Each year hundreds of thousands of people are 
afflicted With vascular diseases, such as arteriosclerosis, that 
result in cardiac ischemia. For more than thirty years, such 
disease, especially of the coronary arteries, has been treated 
using open surgical procedures, such as coronary artery 
bypass grafting. During such bypass grafting procedures, a 
sternotomy is performed to gain access to the pericardial sac, 
the patient is put on cardiopulmonary bypass, and the heart 
is stopped using a cardioplegia solution. 

[0004] The development of minimally invasive techniques 
for cardiac bypass grafting, for example, by Heartport, Inc., 
RedWood City, Calif., and CardioThoracic Systems, Inc., 
Menlo Park, Calif., have placed a premium on reducing the 
siZe of equipment employed in the sterile ?eld. Some 
previously knoWn cardiopulmonary systems have attempted 
to miniaturiZe and integrate certain components of cardiop 
ulmonary systems. US. Pat. Nos. 5,266,265 and 5,270,005, 
both to Raible, describe an extracorporeal blood oxygen 
ation system having an integrated blood reservoir, an oxy 
genator formed from a static array of holloW ?bers, a heat 
exchanger, a pump and a pump motor that is controlled by 
cable connected to a control console. 

[0005] Concern over the entrainment of air in these, and 
conventional, blood handling systems led to the develop 
ment of ?ltration designs With air venting capabilities. The 
placement of a ?ltration apparatus in the circuit as the ?nal 
device to process the circulating blood before it is returned 
to the patient became the standard of care for cardiopulmo 
nary bypass. 

[0006] There exists a number of similar such ?ltration 
devices in clinical use. Many utiliZe a pleated element 
constructed of a Woven fabric of a speci?ed spacing to ?lter 
out particulate in a range of betWeen 20 and 50 microns. US. 
Pat. No. 4,919,802 by Katsuri describes a pleated design that 
both ?lters and removes air from blood. Particulate matter of 
a siZe that exceeds the openings in the Woven fabric is 
trapped and collected in the apparatus. The dimensions of 
the openings in the Weave are subject to change, depending 
upon the amount of material and the pressure differential 
applied across the ?lter element. 

[0007] The ?lter material of the Katsuri device is expected 
to de?ect entrained air that is ?oWing tangential to the ?lter 
material, and to ?lter out bubbles that are greater in siZe than 
the ?lter material openings. The device includes a vent in its 
upper surface that enables air collected in the device to be 
vented to a venous reservoir. Because the venous reservoir 

typically operates at a loWer pressure location in the circuit, 
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How from the vent location to the reservoir may be substan 
tially continuous. Accordingly, air that enters the ?ltration 
apparatus is returned to, and ultimately vented from, the 
venous reservoir. 

[0008] There are, hoWever, a number of draWbacks atten 
dant upon use of devices such as described in Katsuri. First, 
because the removal of air from the devices is through a vent 
either connected to a reservoir or alternative container, the 
pressure in the apparatus must be higher than the pressure in 
the reservoir or alternative container. Thus, it may be nec 
essary to position the ?lter apparatus on the doWnstream, 
positive pressure side of a pump in a blood handling system. 
In addition, if the vent line is connected to a venous 
reservoir, a continuous How of blood back to the reservoir is 
required to remove any air that may collect in the device. 
This return ?oW reduces or shunts the How supplied to the 
patient and increases exposure of the blood to the foreign 
surfaces in the circuit. If a vacuum is applied to the open-air 
interface in the venous reservoir, the shunt How is increased 
in proportion to the differential pressure. 

[0009] Moreover, in most pleated designs, the pleated 
material forms a vertically oriented cylindrical tube that is 
potted at either end. The potting isolates the How outside the 
pleated element from that inside of the pleated element. Air 
bubbles often become trapped underneath the upper potting, 
requiring the ?lter to be inverted to remove the bubbles, 
especially during the initial priming of the system. 

[0010] In vieW of the limitations of previously known 
?ltration systems, it Would be desirable to provide a ?lter 
apparatus that monitors and removes gas for use, and 
methods of use, With an extracorporeal blood handling 
system. 

[0011] It further Would be desirable to provide a ?lter 
apparatus that monitors and removes gas, and methods of 
use, that permit one or more additional blood processing 
components, such as a heat exchanger, to be added to an 
extracorporeal blood circuit Without having to prime the 
component prior to bringing that component online, thereby 
reducing disruption to operation of the blood handling 
system. 

[0012] It also Would be desirable to provide a ?lter appa 
ratus that is capable of venting gas from the blood being 
processed Without a shunt or loss of substantial blood from 
the How supplied to the patient. 

[0013] It still further Would be desirable to provide a ?lter 
apparatus for monitoring and removing gas that can be 
disposed on the venous side of the extracorporeal circuit, 
either in conjunction With, or in place of, the venous 
reservoir. 

SUMMARY OF THE INVENTION 

[0014] In vieW of the foregoing, it is an object of the 
present invention to provide an apparatus and methods for 
?ltering blood that monitors and removes air from an 
extracorporeal blood circuit to facilitate priming of the 
circuit and intraoperative use. 

[0015] It is another object of the present invention to 
provide a ?lter apparatus that monitors and removes gas, and 
methods of uses, that permit one or more blood processing 
components, such as a heat exchanger, to be added to an 
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eXtracorporeal blood circuit Without having to prime the 
component prior to bringing that component online, thereby 
reducing disruption to operation of the blood handling 
system. 

[0016] It is a further object of the present invention to 
provide a ?lter apparatus that is capable of venting gas from 
the blood being processed Without a shunt or loss of sub 
stantial blood from the How supplied to the patient. 

[0017] It is yet another object of the present invention to 
provide a ?lter apparatus for monitoring and removing gas 
that can be disposed on the venous side of the eXtracorporeal 
circuit, either in conjunction With, or in place of, the venous 
reservoir. 

[0018] These and other objects of the present invention are 
accomplished by providing a ?lter apparatus With a gas 
monitoring and removal system that removes air or other 
gases from the eXtracorporeal blood circuit. The apparatus of 
the present invention may be coupled to a conventional 
blood handling system, and may be initially primed With 
little or no saline or donor blood, With reduced risk of 
hemodilution. Moreover, additional components may be 
added to an existing eXtracorporeal circuit With little or no 
additional priming, and any air or other gases introduced 
into the system Will be evacuated With no substantial impact 
on operation of a blood handling system. 

[0019] In a preferred embodiment, a ?lter apparatus of the 
present invention monitors and removes gases from an 
eXtracorporeal blood circuit and comprises a housing having 
a gas collection plenum, a gas removal/blood ?lter, and a 
sensor positioned to sense gas Within the interior of the 
housing to selectively remove gas. The gas removal/blood 
?lter comprises a support structure that supports a screen 
like material having an effective pore siZe betWeen 20 and 
250 microns. Alternatively, the gas removal/blood ?lter 
element may comprise a pleated ?lter material. Blood is 
introduced into the gas collection plenum via the blood inlet 
in a direction substantially tangential to the gas removal/ 
blood ?lter to increase rotational velocity of the blood Within 
the gas collection plenum, thereby enhancing separation of 
entrained gas. 

[0020] Blood entering the housing via the blood inlet 
?oWs through the gas collection plenum, and air or other 
gases entrained in the blood are separated from the blood 
and collect in the gas collection plenum. A sensor disposed 
in communication With the gas collection plenum senses a 
parameter indicative of a level or volume of gas collected in 
the plenum, and selectively evacuates the plenum by cou 
pling the plenum to a suction source, such as a standard 
operating room vacuum system. It is understood that if the 
placement of the ?lter apparatus is on the negative pressure 
side of the pump that the vacuum pressure must be regulated 
to be more negative than the pressure Within the ?lter 
apparatus. Alternatively, if the ?lter apparatus is placed on 
the positive pressure side of the pump, the plenum may be 
simply connected to a container at atmospheric pressure. 
Blood that has been ?ltered eXits the ?lter apparatus and 
passes to the rest of the blood handling system of the 
eXtracorporeal circuit. 

[0021] Methods of operating the ?lter apparatus With the 
active gas removal system of the present invention also are 
provided. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] The above and other objects and advantages of the 
present invention Will be apparent upon consideration of the 
folloWing detailed description, taken in conjunction With the 
accompanying draWings, in Which-like reference characters 
refer to like parts throughout, and in Which: 

[0023] FIG. 1 is a schematic depiction of an eXtracorpo 
real blood circuit using the ?lter apparatus of the present 
invention; 
[0024] FIGS. 2A and 2B are, respectively, cross-sectional 
vieWs of a gas removal/blood ?lter of the ?lter apparatus of 
the present invention; 

[0025] FIGS. 3A and 3B are, respectively, perspective 
and cross-sectional vieWs of a gas removal/blood ?lter 
element of the ?lter apparatus of the present invention; 

[0026] FIGS. 4A and 4B are, respectively, perspective 
and cross-sectional vieWs of a ?rst alternative gas removal/ 
blood ?lter element of the ?lter apparatus of the present 
invention; and 

[0027] FIGS. 5A and 5B are, respectively, perspective 
and cross-sectional vieWs of a second alternative gas 
removal/blood ?lter element of the ?lter apparatus of the 
present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0028] Referring to FIG. 1, eXtracorporeal blood circuit 
10, including ?lter apparatus 30 of the present invention, is 
described. In the description hereinafter, eXtracorporeal 
blood circuit 10 is designed for maintaining a patient on full 
or partial bypass support, for eXample, during a coronary 
artery bypass graft procedure or mitral valve repair proce 
dure. Accordingly, conventional blood processing unit 31 
may contain an eXtracorporeal blood oxygenation system 
having a blood reservoir, an oXygenator, a pump and a pump 
motor. Applicants note, hoWever, that ?lter apparatus 30 is 
not limited to use in bypass support, but also may be used 
in any application that requires gas removal from ?uids. 

[0029] EXtracorporeal blood circuit 10 includes venous 
line 11 that carries deoXygenated blood from patient P, and 
arterial line 12 that returns oXygenated blood to the patient. 
Each of venous line 11 and arterial line 12 are coupled to the 
patient through a suitable cannula, Which is per se knoWn. In 
accordance With knoWn methods, the venous and arterial 
cannulae may be positioned in any suitable vein or artery. 

[0030] Venous line 11 is coupled to inlet line 13 via lines 
14, 15 and 16. Line 14 preferably includes dynamic reser 
voir 17 that can be selectively added and removed from the 
circuit using valves 18 and 19. Dynamic reservoir 17, Which 
preferably is a ?exible storage bag, permits blood to be 
stored or supplied as necessary. Valves 18 and 19 control 
blood ?oW into and out of dynamic reservoir 17. One 
advantage of this arrangement of eXtracorporeal blood cir 
cuit 10 is that a pump of the blood processing component 31 
may be used to ?ll and evacuate the dynamic reservoir 17 
during operation by simply manipulating valves 18 and 19. 
Alternatively, a conventional venous storage reservoir may 
be used instead of dynamic reservoir 17. The valves 
described in FIGS. 1-2 may range from conventional valves 
to manual clamps placed on tubing. 
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[0031] Line 15 includes valve 20 Which may be activated 
to direct blood coming from the patient to either or both of 
lines 13 and 16. Line 16, Which may include additional 
valving (not shoWn) permits additional blood processing 
unit 21, such as an additional ?lter or heat exchanger, to be 
included in eXtracorporeal blood circuit 10. Optional recir 
culation line 22 includes valve 23, and permits a portion of 
the output of blood processing component 31 to be recircu 
lated to a point before gas removal element 40 in eXtracor 
poreal circuit 10, or used in administration of cardioplegia to 
the patient. Line 39 couples an output of gas removal 
element 40 of ?lter apparatus 30 to blood processing com 
ponent 31. 

[0032] Filter apparatus 30 includes sensor 45 and valve 36 
adapted to be coupled to suction source 34 via line 35. 
Alternatively, if ?lter apparatus 30 is disposed on the posi 
tive pressure side of the pump, line 35 may be open to a 
container at atmospheric pressure. Valve 36 and sensor 45 
preferably are electrically coupled to controller 33 so that 
controller 33 can regulate operation of valve 36 responsive 
to an output of sensor 45. As explained in greater detail 
hereinafter, the ?lter apparatus of the present invention 
automatically removes air and other gases from eXtracorpo 
real blood circuit 10 and blood processing component 31 
during priming and operation of the bypass system. 

[0033] Referring noW to FIG. 2A, gas removal element 40 
in accordance With the present invention is described. Gas 
removal element 40 is intended for use With previously 
knoWn eXtracorporeal bypass systems. Gas removal element 
40 includes transparent housing 41 having blood inlet 42, 
blood outlet 43, gas removal port 44, and gas collection 
plenum 100. Housing 41 encloses gas removal/blood ?lter 
46, Which in turn comprises generally conical upper Wall 47, 
support structure 48 and ?lter material 49. Support structure 
48 is not required if ?lter material 49 is self supporting. 
Upper Wall 47, support structure 48 and ?lter material 49 
may be constructed as described With respect to the embodi 
ments of FIG. 3 or 4 set forth hereinafter. FIG. 2B is an 
alternative gas removal/blood ?lter element of the ?lter 
apparatus of the present invention in Which ?lter element 46 
is positioned entirely in gas collection plenum 100. 

[0034] Gas removal/blood ?lter 46 causes gas entrained in 
blood introduced into gas collection plenum 100 to separate 
and collect in the upper portions of gas collection plenum 
100. Blood inlet 42 is displaced tangentially relative to the 
centerline of housing 41, so that blood passing through 
blood inlet 42 into gas collection plenum 100 sWirls around 
upper Wall 47, Which is preferably ?uid impermeable. 

[0035] Upper Wall 47 also preferably includes a chamber 
having a central opening 101 through its upper surface, 
Which communicates With the upper portion of gas collec 
tion plenum 100. This con?guration alloWs any gas that 
passes through ?lter material 49 to escape through opening 
101 and be evacuated from gas collection plenum 100. 
Advantageously, this feature facilitates rapid and easy prim 
ing of blood processing component 31, as described here 
inafter. 

[0036] Filter material 49 comprises one or multiple layers 
of a screen-like material having an effective pore siZe of 
betWeen 20 and 250 microns, and is mounted to baf?ed 
support structure 48. Filter material 49 serves to eXclude 
bubbles from the blood ?oW by maintaining the sWirling 
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action of the blood for a sufficient time to alloW the bubbles 
to rise to the gas collection plenum. Because the blood 
circulates around the outside of gas removal/blood ?lter 46, 
bubbles impinge against ?lter material 49 tangentially, and 
thus “bounce off.” Filter material 0.49 also ?lters out par 
ticulate matter. 

[0037] As illustrated in FIGS. 3A and 3B, support struc 
ture 48 forms an open cage 60 having longitudinal struts 61 
and support rings 62. Struts 61 eXtend radially-inWard and 
preferably include radiused inner ends 63. Struts 61 serve as 
baf?es to reduce sWirling of blood that has passed through 
?lter material 49. In an alternative embodiment, shoWn in 
FIGS. 4A and 4B, struts 61 are further eXtended radially 
inWard to form ?uid impermeable cruciform structure 64. 

[0038] Rather than a screen-like ?lter material, gas 
removal/blood ?lter 46 may comprise a pleated structure 
102, as depicted in FIGS. 5A and 5B. In most pleated 
designs, the potting at the top of the ?lter element forms a 
closed conical feature that is intended to facilitate rotational 
?oW above the pleated element to concentrate air separated 
from blood to the vent location. The potting, hoWever, also 
serves to isolate the How outside the pleated element from 
that inside the pleated element. During priming, bubbles 
may become trapped underneath the upper potting com 
pound, requiring the ?lter to be inverted and to dislodge the 
bubbles. To address this problem, the present invention 
includes central opening 101 as described hereinabove. 
Previously, it Was thought that ?lters of such design Would 
alloW a shunt path to eXist around the ?lter element such that 
during use the How Would bypass the ?lter and reduce the 
?ltration ef?ciency. 

[0039] HoWever, the velocity of blood How in upper 
plenum 100 around upper Wall 47 is higher than the How 
velocity at central opening 101. This creates a pressure 
differential such that the How does not bypass ?lter 46. 
Rather, a small amount of blood ?oWs through central 
opening 101 from the inner core of the gas removal/blood 
?lter 46 after having traversed through ?lter material 49. The 
How then merges With blood in gas collection plenum 100 
and is recirculated back to gas removal/blood ?lter 46. The 
recirculation ?oW increases the potential for gas that had not 
been previously removed by pleated ?lter 102, or alterna 
tively screen-like ?lter material 49, to be removed When the 
recirculation ?oW retraverses gas collection plenum 100 and 
gas removal/blood ?lter 46. The ability to remove gas from 
gas removal/blood ?lter 46 in this manner eliminates the 
need to invert the ?lter during priming, as is required for 
previously knoWn designs. 

[0040] In accordance With the present invention, ?lter 
apparatus 30 includes sensor 45 that monitors the level of 
gas or blood in gas collection plenum 100. Sensor 45 may 
sense a parameter indicative of a level or volume of air or 

other gas in gas collection plenum 100, or may simply detect 
the absence of blood, and may be any suitable sensor that 
preferably operates by a non-contact method. Suitable sen 
sor methods include electrical-charge based, optical and 
acoustic methods. A resistive contact method also could be 
employed, in Which a loW electrical current is passed 
betWeen adjacent electrodes only in the presence of blood. 

[0041] Sensor 45 preferably is of a capacitance type, per 
se knoWn in the art, that detects a change in electrical 
capacitance betWeen the bulk of a liquid (in this case, blood 
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or saline) and gas. Alternatively, sensor 45 may be optical in 
nature, and use a light source that has a Wavelength that is 
minimally attenuated by blood. In this case, the light source 
is directed, at an oblique angle, through the blood at the top 
of the gas collection plenum toWards a photodetector, and 
the sensor is positioned to detect the change in the refractive 
indeX of the blood (or saline prime) caused by the presence 
of air or other gases. In another alternative embodiment, 
sensor 45 may use an ultrasonic energy source and receiver 

to detect the presence of gas or absence of blood by the 
change in acoustic transmission characteristics. 

[0042] In accordance With the present invention, ?lter 
apparatus 30 also includes valve 36 that couples suction 
source 34 to gas removal element 40. Valve 36 is preferably 
a solenoid-controlled one-Way valve. The uni-directional 
characteristic of the valve prevents air from entering the 
?lter apparatus if the vacuum should stop and the valve 
should remain open. Of course, one skilled in the art Will 
recogniZe that an alternative valve that is electrically con 
trolled or actuated may also be used. 

[0043] In operation, deoXygenated blood from patient P is 
routed through one or more lines 14-16 to blood inlet 42 of 
gas removal element 40. Blood entering gas collection 
plenum 100 is induced to circulate around the exterior of 
upper Wall 47 and gas removal/blood ?lter 46 until air or 
other gases entrapped in the blood separate out of the blood 
and collect in the upper portion of gas collection plenum 
100. Responsive to the detection of the presence of a 
predetermined level or volume of gas by sensor 45, control 
ler 33 controls operation of valve 36 to evacuate the gas. 
Speci?cally, the output of sensor 45 is supplied to controller 
33 of ?lter apparatus 30 (see FIG. 1), Which in turn regulates 
valve 36. When sensor 45 outputs a signal indicating that gas 
is present in gas collection plenum 100, controller 33 opens 
valve 36, thereby coupling gas collection plenum 100 to 
suction source 34, such as a vacuum bottle, pump or 
standard operating room suction port, to evacuate the gas. 
Once the gas is evacuated, and the sensor detects blood at an 
appropriate level in gas collection plenum 100, the sensor 
changes its output. Correspondingly, controller 33 then 
closes valve 36. In this manner, gas is continuously moni 
tored and then automatically removed from the blood by 
?lter apparatus 30. As Will be understood by one of ordinary 
skill in the art, controller 33 may be a preprogrammed 
microprocessor or may comprise an ASIC, While valve 36 
may be coupled to a solenoid that is operable responsive to 
the signal generated by controller 33. 

[0044] Importantly, suction source 34 is only necessary if 
?lter apparatus 30 is placed prior to blood processing unit 31 
on the venous side of eXtracorporeal circuit 10. If ?lter 
apparatus 30 is placed after unit 31 on the arterial side of 
circuit 10, the pressure of the pump Within blood processing 
unit 31 provides the driving force to remove gases from gas 
removal element 40. Without a suction source, the air level 
Would still be monitored With sensor 45 but air could be bled 
off into the atmosphere as it accumulates by opening valve 
36. Of course, a suction source could still be used even if 
?lter apparatus 30 is placed on the arterial side of circuit 10. 

[0045] The ?lter apparatus With active gas removal of the 
present invention provides a number of advantages. First, 
the system facilitates priming of a conventional blood han 
dling system With signi?cantly less saline or donor blood. As 
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is conventional, before initiating bypass support, the entire 
eXtracorporeal blood circuit must be primed With blood to 
purge all air. Applicants have observed in prototype designs 
that the ?lter apparatus of the present invention is capable of 
removing large amounts of air from the eXtracorporeal blood 
circuit during initial startup, thereby greatly reducing the 
amount of time and/or manipulation typically required for 
priming. In addition, controller 33 may be actuated Without 
the presence of air to displace priming solution, such as 
saline or donor blood, With the patient’s blood thus reducing 
the volume of priming solution returned to the patient. 
Advantageously, this feature facilitates rapid and easy set-up 
of the blood handling system, as Well as reduces the amount 
of priming solution delivered to the patient. 

[0046] Moreover, When priming the eXtracorporeal blood 
circuit, the patient’s oWn blood pressure may be used to ?ll 
venous lines 11, 14-16 and blood processing component 31. 
Advantageously, the ?lter apparatus may be used to actively 
remove air and draW blood into eXtracorporeal circuit 10. In 
particular, When the ?lter apparatus is turned on, sensor 45 
Will detect gas in the gas collection plenum 100 and Will then 
actively remove the gas as described hereinabove. In this 
manner, eXtracorporeal circuit 10 can be primed by opera 
tion of the ?lter apparatus With active gas removal. Once 
eXtracorporeal circuit 10 has been thus primed, a pump in 
blood processing component 31 may be operated together 
With the ?lter apparatus to purge air from the circuit. Blood 
may be recirculated through line 22 and valve 23 until all air 
has been purged from the eXtracorporeal circuit. 

[0047] Another advantage of the system of the present 
invention is that additional blood processing element 21 may 
be added to the eXtracorporeal circuit during operation, With 
the ?lter apparatus priming the neWly added device during 
operation. When such an element 21 is added to the circuit 
during operation, line 16 is temporarily clamped to isolate 
the location for neW element 21. Blood processing element 
21 then is connected, potentially unprimed, in line 16. The 
clamps then are opened, so that any air in neW element 21 
is removed automatically by the ?lter apparatus. The ?lter 
apparatus of the present invention therefore may be used to 
remove air While the blood handling system is delivering 
blood to the patient or When simply circulating the blood 
through line 22 until it is con?rmed that all air from neW 
element 21 has been removed. 

[0048] Yet another advantage of the present invention is 
the elimination of the need to place a gas removal apparatus 
doWnstream of a high pressure source, such as a pump. By 
use of a suction source, the present system eliminates the 
requirement that the pressure in the gas removal element be 
at a higher pressure than that of the reservoir to Which the 
gas escapes, thereby eliminating the need for a venous 
reservoir. Accordingly, the ?lter apparatus may be placed on 
the venous side of an eXtracorporeal circuit prior to a blood 
processing unit, rather than being placed immediately before 
the return of the processed blood back to the patient. 

[0049] Although preferred illustrative embodiments of the 
present invention are described above, it Will be evident to 
one skilled in the art that various changes and modi?cations 
may be made Without departing from the invention. It Will 
also be evident that the ?lter apparatus With active gas 
removal can be coupled With one or more blood processing 
elements, such as a pump and oXygenator as described 
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and/or a heat exchanger. It Will further be evident that the 
?lter apparatus With active gas removal can be used for 
applications other than cardiac surgery. The ?lter apparatus 
may be used for any application that requires the removal of 
gas and particulate matter from a liquid. It is intended in the 
appended claims to cover all such changes and modi?cations 
that fall Within the true spirit and scope of the invention. 

1-20. (Canceled) 
21. A method of priming a blood handling system, com 

prising: 
providing a ?lter having a sensor that detects the presence 

of gas, the sensor operably coupled to a valve that 
opens When gas is detected by the sensor to permit 
removal of the gas; 

coupling the ?lter to the blood handling system; 

providing a controller that regulates operation of the 
valve; 

priming the blood handling system With a priming solu 
tion to remove air from the blood handling system by 
activating the ?lter; 

connecting an arterial line to a patient using a cannula; 

actuating the controller to draW blood from the patient 
into the blood handling system and displace the prim 
ing solution While evacuating air entering the blood 
handling system; and 

connecting a venous line to the patient using a cannula; 

returning blood to the patient from the blood handling 
system substantially free of the priming solution. 

22. The method of claim 21, Wherein a suction source is 
coupled to the valve, the method further comprising aspi 
rating gas from the ?lter When the valve is open. 

23. A method of adding an additional blood processing 
element to a blood handling system during operation, com 
prising: 

providing a ?lter having a blood inlet and a sensor that 
detects the presence of gas, the sensor operably coupled 
to a valve that opens When gas is detected by the sensor 
to permit removal of the gas; 

coupling an additional blood processing element to the 
?lter; and 

removing air from the additional blood processing ele 
ment by activating the ?lter. 

24. The method of claim 23, Wherein the coupling step 
comprises coupling the additional blood processing element 
to the blood inlet of the ?lter. 

25. The method of claim 23, Wherein the valve comprises 
a solenoid-controlled one-Way valve. 

26. The method of claim 23, Wherein removing air com 
prises clamping the venous line to isolate a location for the 
additional blood processing element. 
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27. The method of claim 26, Wherein removing air further 
comprises unclamping the venous line to remove air present 
in the additional blood processing element using the ?lter. 

28. The method of claim 23, Wherein the ?lter comprises 
a cylindrical tube of ?lter material having an effective pore 
siZe betWeen 20 to 250 microns. 

29. The method of claim 28, Wherein the cylindrical tube 
further comprises a central opening through an upper surface 
that communicates With an upper portion of a gas collection 
plenum. 

30. The method of claim 29, further comprising recircu 
lating blood through the central opening from an interior of 
the cylindrical tube to an eXterior of the pleated structure. 

31. The method of claim 23, Wherein the ?lter comprises 
a pleated structure. 

32. The method of claim 31, Wherein the pleated structure 
further comprises a chamber having a central opening 
through an upper surface that communicates With an upper 
portion of a gas collection plenum. 

33. The method of claim 32, further comprising recircu 
lating blood through the central opening from an interior of 
the pleated structure to an eXterior of the pleated structure. 

34. The method of claim 23, further comprising locating 
the ?lter on a venous side of the blood handling system 
ahead of a blood processing unit. 

35. The method of claim 21, Wherein the valve comprises 
a solenoid-controlled one-Way valve. 

36. The method of claim 21, Wherein the ?lter comprises 
a cylindrical tube of ?lter material having an effective pore 
siZe betWeen 20 to 250 microns. 

37. The method of claim 36, Wherein the cylindrical tube 
further comprises a central opening through an upper surface 
that communicates With an upper portion of a gas collection 
plenum. 

38. The method of claim 37, further comprising recircu 
lating blood through the central opening from an interior of 
the cylindrical tube to an eXterior of the pleated structure. 

39. The method of claim 21, Wherein the ?lter apparatus 
comprises a pleated structure. 

40. The method of claim 39, Wherein the pleated structure 
further comprises a chamber having a central opening 
through an upper surface that communicates With an upper 
portion of a gas collection plenum. 

41. The method of claim 40, further comprising recircu 
lating blood through the central opening from an interior of 
the pleated structure to an eXterior of the pleated structure. 

42. The method of claim 21, further comprising locating 
the ?lter on a venous side of the blood handling system 
ahead of a blood processing unit. 


