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(57) ABSTRACT 

A device for supporting and displaying interrelated medical 
components, such as cardiopulmonary bypass circuit com 
ponents. The device includes a rigid or ?exible chassis 
having openings therein for receiving the components. A 
plurality of retainers, such as straps, hooks, or tabs, are 
provided adjacent the openings for releasably securing the 
components therein. The chassis may be formed of a thin, 
?exible polymer sheet having tabs cut therein and adapted to 
be bent out of the plane of the sheet for securely retaining the 
various components. The pre-arrangement of the compo 
nents in close proximity greatly simpli?es the task of setting 
up a particular medical circuit, and reduces the potential for 
error. For cardiopulmonary bypass circuits, the support 
device enables the tubing lengths to be reduced, thus reduc 
ing the prime volume of the circuit. The chassis is provided 
With apertures for mounting on rods in the operating room, 
Which rods may extend from the operating table. Handles are 
also provided on the chassis for conveniently transporting 
the components or circuit. The compact nature of the chassis 
and components thereon simpli?es and reduces the cost of 
packaging and shipping. In addition, disposal of a used 
circuit is facilitated by the provision of a clean bag around 
the entire system. A pumpless cardioplegia delivery system 
is also provided. 



Patent Application Publication Aug. 28, 2003 Sheet 1 0f 13 US 2003/0163078 A1 



Patent Application Publication Aug. 28, 2003 Sheet 2 0f 13 US 2003/0163078 A1 

NNK 
Ow 

mob/‘E26 $8 @2256 1,13. 
mv 

X3 10.; 02250 . mm. 

923 BE 

2 “:25 551956 E8 @2250 K 

Wm. 

w 55 



Patent Application Publication Aug. 28, 2003 Sheet 3 0f 13 US 2003/0163078 A1 

"3 

Fig. 3 



Patent Application Publication Aug. 28, 2003 Sheet 4 0f 13 US 2003/0163078 A1 

72 

R ' 6 6 

2 \ I 

‘H 74 

60 
LJ 



Patent Application Publication Aug. 28, 2003 Sheet 5 0f 13 US 2003/0163078 A1 

EmEE OH 

2052?? may @6531 v E. 1 Egg? mm 

Wm 



Patent Application Publication Aug. 28, 2003 Sheet 6 0f 13 US 2003/0163078 A1 

Fig. 7 

140 

@142 

/ 

94 

8; $96 
W 

@757 
E7 

a 

9 w a 1 )1 
“05 

/u 0 @i 0‘ EM 
Q DD 0 we 

0 D :0 

U 

) 
136 



Patent Application Publication Aug. 28, 2003 Sheet 7 0f 13 US 2003/0163078 A1 

Hm 

@nvwhq E @ @Q E@ 

WEE @@ 

@@@E@ @@@@@ 

.QE 

\ R 3% 

0 

own 

12w 

§ 7 

m .mi. 



P tttttttt licati ooooo licati 0 n A u g . 28, 2003 Sheet 8 0f 13 US 2003/0163078 A1 



Patent Application Publication Aug. 28, 2003 Sheet 9 0f 13 US 2003/0163078 A1 

212 



Patent Application Publication Aug. 28, 2003 Sheet 10 0f 13 US 2003/0163078 A1 
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SUPPORT DEVICES FOR SURGICAL SYSTEMS 

RELATED APPLICATION 

[0001] The present application claims the bene?t of pri 
ority under 35 U.S.C. section 119 (e) from provisional 
application serial No. 60/100,852, ?led Sep. 18, 1998, 
entitled “SYSTEMS AND METHODS FOR PERFORM 
ING EXTRACORPOREAL BYPASS PROCEDURES”. 

FIELD OF THE APPLICATION 

[0002] The present invention relates to devices and meth 
ods for supporting operating room systems and, more typi 
cally, to devices and methods for supporting surgical circuits 
in a convenient and easily accessible format. The invention 
is particularly Well-suited to enable pre-assembling of car 
diopulmonary bypass circuits. 

BACKGROUND OF THE INVENTION 

[0003] Effective circulation and control of the patient’s 
blood are essential to successful heart surgery. This is of 
particular importance in procedures Where the patient is on 
cardiopulmonary bypass for a signi?cant period of time 
during surgery. In most modem bypass procedures, blood is 
oxygenated, treated, and recirculated through the patient by 
establishing an extracorporeal cardiopulmonary bypass 
(CPB) circuit in Which the blood is mechanically forced by 
a blood pump through a variety of processing or blood 
modifying components. A plurality of blood pumps are 
typically used throughout the CPB circuit to direct the floW 
of blood through the various CPB circuit components. 
Generally, the CPB circuit removes blood from the patient, 
oxygenates the blood, and then returns the blood to the 
patient. Critics of heart surgery techniques cite a number of 
draWbacks for procedures that rely on knoWn extracorporeal 
bypass platforms or circuits. 

[0004] One Well-knoWn draWback of current CPB circuits 
is the hemolytic effect the multiple mechanical pumps and 
other instruments in the circuit may have on the blood. For 
example, a CPB circuit has as many as six pumps for arterial 
delivery, cardioplegia delivery, cardiotomy suction, left ven 
tricular or aortic root venting, assisted venous drainage, and 
hemoconcentration. These pumps are typically occlusive 
roller-type pumps Which sequentially pinch and release 
tubing to affect the desired ?oW. 

[0005] Another draWback With current CPB circuits is the 
potential for detrimental blood/air interfaces in the long 
segments of tubing used for cardiotomy suction and venting. 
Any time blood and air meet and are transported through 
tubing together, foaming may occur. This foaming results in 
destruction of clotting factors contained in Whole diluted 
blood circulated through the CPB circuit. This, in turn, 
results in the release of substances that initiate a cascade of 
events leading to further dysfunction of platelets, proteins, 
and eventually organ function in the form of an in?amma 
tory response. 

[0006] A further draWback of knoWn CPB circuits and 
procedures is the extended amount of time required by a 
cardiac perfusionist to set up the circuit prior to performing 
the procedure. The components of a bypass circuit are 
typically individually packaged, free-standing units Which 
need to be connected together prior to each surgical proce 
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dure. Speci?cally, the circuit elements must ?rst be located, 
assembled, and attached to appropriate steriliZed circuit 
tubing. Then, the entire circuit must be ?ushed out With an 
inert gas and then primed With a biocompatible ?uid, such 
as blood or saline. The time expenditure increases the cost 
associated With such surgeries. 

[0007] Additionally, perfusionists preferably use long 
lengths of tubing betWeen components to alloW for the 
exchange of bypass components should one of them fail. 
Furthermore, long lengths of tubing are required to connect 
venting cannulas and suction tips located in the operative 
?eld to blood pumps Which then propel the patient’s blood 
to the cardiotomy reservoir for processing and return to the 
patient. The excess tubing creates excess tubing volume that 
must be accounted for by using additional blood or saline 
When the system is being primed. HoWever, it is in the 
patient’s best interest to retain the maximum volume of 
blood Within the body, and excessive dilution of the blood 
can be harmful. Therefore, the need of the perfusionist for 
long tubing lengths may not be in the best interest of the 
patient. 
[0008] Because of the draWbacks associated With conven 
tional CPB circuits, there is a need for improved methods 
and apparatuses for performing extracorporeal bypass pro 
cedures. In particular, there is a need for an improved CPB 
circuit that reduces trauma to the blood being processed, 
reduces the time spent by a perfusionist during setup, 
provides for reliable access to the vasculature, minimiZes the 
risk of infection to the patient by reducing the number of 
handmade connections required during assembly and setup, 
and desirably requires only minor modi?cations to present 
procedures. 

SUMMARY OF THE INVENTION 

[0009] The present invention also provides improved sys 
tems, methods, and kits for creating and establishing a 
bypass circuit for use in a variety of extracorporeal proce 
dures such as cardiopulmonary bypass and the like. The 
improved system of the present invention advantageously 
alloWs a user to assemble the system prior to the bypass 
procedure With minimal setup time. In particular, the present 
invention provides methods and apparatuses that combine 
the advantages of putting a patient on cardiopulmonary 
bypass With the advantages of reduced blood damage (e.g., 
minimal hemodilution, minimal hemolysis, and preservation 
of clotting factors). 
[0010] Afurther aspect of the present invention is a system 
provided in a package that can be adapted to use traditional 
bypass circuit components. The system preferably reduces 
the total amount of blood and foreign surface contact, thus 
reducing the potential for foaming Which may destroy 
clotting factors in the blood. Although the present invention 
provides advantages in the context of practically all bypass 
procedures, the invention ?nds particular use With mini 
mally invasive surgical techniques to minimiZe patient 
trauma due to surgery and post-operative effects related to 
blood bypass. 

[0011] The present invention also lends itself Well in the 
role of a backup support system for “beating heart” coronary 
artery bypass procedures knoWn by the acronyms OP-CAB 
or MID-CAB. These procedures utiliZe extracorporeal 
bypass support only in the event of patient instability. The 
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circuit is made available in the operating room, but may not 
be used. This requires the perfusionist to set up the pump 
system and dedicate a bypass system prior to the patient 
need in the event bypass is required, Which increases the cost 
dramatically. Alternatively, the components are made avail 
able, and the perfusionist must rapidly connect them into a 
Working system under great pressure. The latter solution 
increases the patient risk and stress on the medical person 
nel. In contrast, the present invention permits the entire 
circuit to be made available in the operating room to be 
ready at a moments notice, but still remain in the original 
packaging so that if it is not needed, it is not eXpended. 

[0012] In one aspect, the present invention provides a 
support device for surgical systems including a chassis 
adapted to support and display in a predetermined arrange 
ment a plurality of interrelated surgical system components. 
The chassis may comprise a generally planar body having a 
plurality of openings therein for supporting and displaying 
the surgical system components. Preferably, the planar body 
is ?exible and includes a plurality of tabs formed by cuts 
therein. The tabs are bendable from the plane of the planar 
body and are adapted to releasably retain the surgical system 
components. 

[0013] In another aspect, the present invention provides a 
pre-assembled surgical system comprising a plurality of 
interrelated surgical system components and a chassis. The 
surgical system components are supported and displayed by 
the chassis in a predetermined arrangement. If the surgical 
system is a circuit, such as cardiopulmonary bypass circuit, 
the system further includes a plurality of tubes for intercon 
necting the system components. At least some of the tubes 
are initially disconnected in the pre-assembled system. The 
chassis desirably includes a plurality of openings for receiv 
ing the surgical system components, and a plurality of 
retainers provided on the chassis adjacent the openings for 
retaining the components in the openings. 

[0014] In a further aspect, a method of setting up a 
cardiopulmonary bypass circuit is provided by the present 
invention. The method includes a pre-assembled cardiopul 
monary bypass circuit including a plurality of bypass com 
ponents supported and displayed on a chassis. Aplurality of 
tubes interconnect the bypass circuit components, at least 
some of the tubes initially being disconnected in the pre 
assembled bypass circuit. The method includes intercon 
necting the bypass circuit components using the tubing. 

[0015] In a still further aspect, a method of disposing of a 
surgical circuit is disclosed by present invention. The 
method includes depositing a chassis having a plurality of 
used components mounted thereon in a clean bag, and 
transporting the bag to an infectious Waste disposal con 
tainer. 

[0016] According to a further aspect of the present inven 
tion, an apparatus for use in an eXtracorporeal bypass 
procedure comprises a cassette or chassis adapted to have a 
plurality of mounting elements on Which a plurality of 
bypass components can be af?Xed. The chassis may be 
molded from generally strong, lightWeight surgical grade 
materials such as plastic, polymers, and the like. The chassis, 
Which is generally rectangular in shape, Will preferably be 
oriented vertically during use. It should be understood, 
hoWever, that the chassis may be of different con?gurations 
and/or may be adapted for use in other orientations. The 
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chassis Will preferably alloW the bypass circuit to be primed 
With less than 1000 cc of ?uid, preferably about 800 cc of 
?uid. 

[0017] The chassis of the present invention Will preferably 
include a plurality of mounting elements, such as recesses, 
to Which the bypass components can be af?Xed. If recesses 
are used, the bypass components are ?tted Within the 
recesses. The recesses generally alloW for at least partial 
insertion of the component into the chassis so that some 
portion of the component remains outside the chassis. This 
facilitates visual inspection of the operation of these com 
ponents and also alloWs for handling, de-airing, and replace 
ment of components as desired. The mounting elements on 
the chassis alloW bypass components to be vertically stacked 
or otherWise arranged to promote the shortest connections 
betWeen components and also provide cascading or gravity 
assisted ?oW of ?uid. Additionally, the use of the chassis 
further reduces space occupied by equipment in an already 
croWded surgical environment. 

[0018] Channels molded into the chassis may be provided 
to facilitate the connection of components. The chassis may 
also come as a pre-assembled bypass circuit With bypass 
components such as the venous reservoir and tubing inte 
grally molded or formed Within the chassis. Problems 
related to the steriliZation process, such as heat-kinked lines 
or component shifting during transportation, Will be greatly 
reduced or eliminated through the use of the chassis accord 
ing to the present invention. The chassis may come pre 
steriliZed, assembled, and pre-connected to comprise a prim 
ing circuit or loop, thus reducing setup time from a 
traditional 20-40 minutes doWn to about 10 minutes or less, 
and more preferably about 5 minutes. This is particularly 
advantageous When rapid set-up of a CPB circuit may be 
needed to support “beating heart” procedures. 

[0019] According to a further aspect of the present inven 
tion, an apparatus for use in eXtracorporeal procedures 
comprises a blood circuit de?ning a ?oW path having at least 
one inlet from Which blood arrives from the patient, and at 
least one outlet Where oxygenated blood is return to the 
patient. The ?oW path is coupled to least one vacuum source 
adapted to remove blood from the patient. The ?oW path 
may contain a plurality of actuatable occluders to control 
positive and negative pressures betWeen speci?c compo 
nents coupled together by the ?oW path. 

[0020] In one aspect, the ?oW path comprises a plurality of 
inlet lines leading from the patient to a cardiotomy reservoir 
and a venous line leading from the patient to a venous 
reservoir. The cardiotomy reservoir, in turn, may be coupled 
to the venous reservoir as desired. In this embodiment, the 
venous reservoir is ?uidly coupled to an arterial pump Which 
is coupled to an oXygenator. The output of the oXygenator is 
typically forked to have an arterial line and cardioplegia line 
both leading to the patient. An arterial ?lter and an air 
detector device may be located along the arterial line. An 
additional pump and a cardioplegia heat exchanger may 
optionally be located Within the cardioplegia line. Prefer 
ably, a one-Way valve (retroguard) is located betWeen the 
venous reservoir and the arterial pump to prevent undesired 
back ?oW. Additionally, ?oWs to the cardiotomy reservoir 
and the venous reservoir are preferably independently con 
trolled by vacuum sources. By using a vacuum source 
instead of pumps, the level of hemolysis over the course of 
a surgery may be reduced. 
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[0021] Afurther understanding of the nature advantages of 
the invention Will become apparent by reference to the 
remaining portions of the speci?cation and draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1 is a perspective vieW of a cardiopulmonary 
bypass system including a component support device of the 
present invention; 

[0023] FIG. 2 is a perspective vieW of one embodiment of 
a component support device of the present invention; 

[0024] FIG. 3 is a perspective vieW of another embodi 
ment of a component support device of the present invention 
and exemplary CPB components supported thereby; 

[0025] FIG. 4 is an elevational vieW of an exemplary 
bracket for use With the component support device of the 
present invention; 

[0026] FIG. 5 is a top plan vieW of the bracket of FIG. 4; 

[0027] FIG. 6 is a schematic vieW of various components 
and connecting tubing of a CPB circuit; 

[0028] FIG. 7 is a perspective vieW of a Workstation used 
in the system of FIG. 1; 

[0029] FIG. 8 is a perspective vieW of another Workstation 
used in the system of FIG. 1; 

[0030] FIGS. 9-12 are plan vieWs of various control panels 
of the Workstation shoWn in FIG. 7; 

[0031] FIG. 13 is a front perspective vieW of a cardiop 
ulmonary bypass circuit supported and displayed by a fur 
ther embodiment of the support device of the present inven 
tion including a ?exible, planar body; 

[0032] FIG. 14 is a rear perspective vieW of another 
embodiment of the support device including a ?exible, 
planar body shoWing a number of cardiopulmonary bypass 
circuit components received in openings therein; 

[0033] FIG. 15 is a front perspective vieW of the support 
device of FIG. 14 shoWing the bypass circuit components 
Without interconnecting tubes; 

[0034] FIG. 16 is an isolated perspective vieW of FIG. 15 
shoWing a cardioplegia heat exchanger releasably retained 
by tabs bent out of a planar body of support device; 

[0035] FIG. 17 is a plan vieW of an unassembled support 
device, seen assembled in FIGS. 14 and 15; 

[0036] FIG. 18 is a perspective vieW of cardiopulmonary 
bypass circuit mounted on the device of the present inven 
tion and enclosed Within a clean bag for easy disposal; 

[0037] FIG. 19 is a schematic diagram of a prior art CPB 
circuit With cardioplegia pumping; and 

[0038] FIG. 20 is a schematic diagram of a CPB circuit of 
the present invention With pump-less cardioplegia delivery. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0039] The present invention is related to improved meth 
ods, apparatuses, and kits for supporting a number of 
interconnected, or related, medical components in a conve 
nient and easily accessible manner. In particular, a compo 
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nent support device is disclosed on Which a plurality of 
related medical components may be mounted in close prox 
imity. The support device is especially useful for mounting 
components in a medical circuit, such as a cardiopulmonary 
bypass (CPB) circuit as illustrated. HoWever, the support 
device is also useful for mounting components in other 
circuits, such as for dialysis. Moreover, the support device is 
useful for mounting unconnected but related medical com 
ponents used in a single medical procedure. Therefore, the 
inventive aspects described herein should not be construed 
as applicable only in the context of CPB circuits, or circuits 
in general. 

[0040] In the context of CPB circuits, the present inven 
tion may be adapted to use a variety of safety devices such 
as arterial line air detection, venous reservoir level detection, 
over pressure alert/alarm systems, an arterial line retrograde 
?oW prevention valve, and vacuum relief valves for all vent 
and cardiotomy section lines. In other Words, the various 
components shoWn in described herein should not be con 
strued as the only type of components Which can be con 
veniently mounted on the support device of the present 
invention. Furthermore, the speci?c mounting features of the 
support device useful for mounting the speci?c components 
shoWn could be modi?ed to mount other components of the 
same type. For example, the mounting features for the 
particular oxygenator or reservoir shoWn could be modi?ed 
to receive other oxygenators or reservoirs. 

[0041] The terms “cassette,”“frame,” or ”chassis,” and 
other such terms are all used interchangeably herein to refer 
to any component support devices having the properties of 
supporting and displaying surgical components in a secure 
and convenient manner. For example, the chassis may be a 
backing plate having recessed cavities or openings in Which 
devices may be press-?t. Alternatively, the chassis may be an 
enclosure, cassette, or housing of some type in Which the 
medical components are internally mounted. The chassis 
may itself be coupled to a mounting bracket or other similar 
device to facilitate positioning Within the operating theater. 
Alternatively, the chassis may be a Wire grid or slat-like 
frame to Which the medical components may be attached by 
tying, or otherWise connecting them. 

[0042] Referring to FIG. 1, one embodiment of a CPB 
system 20 of the present invention includes a cassette or 
chassis 22 containing components of an exemplary bypass 
circuit 24. The system 20 also includes a control Workstation 
26 and an accessory Workstation 28 to provide required 
operational support elements and accessories for the com 
ponents of the bypass circuit 24 in the chassis 22. In other 
embodiments, these Workstations may be combined to fur 
ther reduce the siZe occupied by the system 20. 

[0043] Referring noW to Figures 1 and 2, the chassis 22 is 
typically constructed from strong, lightWeight materials 
such as plastic, ?berglass, or other similar expedient. As 
seen in FIG. 2, the chassis 22 is mounted in a bracket 30 
Which slidably receives the chassis and positions it near the 
control Workstation 26. It should be understood that the 
bracket 30 may be coupled to the chassis 22 using other 
techniques such as hooks, clips, or similar connectors. The 
bracket 30 may also be integrally formed With the chassis 22 
and mounted to the control Workstation 26 via arm 32. In a 
further embodiment, the chassis 22 may be adapted for 
mounting on the operating table to minimiZe tubing lengths 
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required to bring and return blood between the bypass circuit 
24 and the patient. The chassis 22 may initially be mounted 
near the control Workstation 26 to prepare the bypass circuit 
24, and then may be hooked onto the side, or on another 
location, of the operating table once bypass is desired. As the 
only connections betWeen the chassis 22 and control Work 
station 26 are typically just electrical and vacuum lines, such 
lines can be easily eXtended as desired Without signi?cantly 
effecting the operation of the system 20. 

[0044] Referring again to FIG. 2, in one embodiment the 
chassis 22 is a molded frame or template having a plurality 
of openings, recesses, and channels to hold individual com 
ponents of the bypass circuit 24. It should be understood that 
the location of components or component openings in the 
chassis 22 may be con?gured in many different Ways to suit 
the needs of a particular surgical situation, or medical 
circuit. Preferably, the openings or components of the chas 
sis 22 Will be located to minimiZe tubing lengths used, 
reduce ?oor space occupied by the bypass components, and 
minimiZe stagnant How in the bypass circuit 24. The open 
ings also act as an assembly template so that the risk of 
errors during assembly is reduced. The recesses and open 
ings further minimiZe manufacturing problems such as heat 
kinked lines during steriliZation or component shifting dur 
ing transportation, because the chassis 22 Will effectively 
secure the components relative to one other. In other Words, 
the spacing betWeen the components is maintained at all 
times such that the tubing lines are minimiZed and eXtend 
directly Without kinking betWeen the components. 

[0045] Due to the optimum and constant spacing betWeen 
components, the prime volume for a bypass circuit 24 using 
the chassis 22 is minimiZed. In one preferred embodiment, 
the prime volume is about 800 cubic centimeters (cc), 
signi?cantly loWer than the prime volume in conventional 
systems. 

[0046] The chassis 22, as shoWn in FIG. 2, has an opening 
34 for a venous reservoir, an opening 38 for an arterial 
pump, an opening 40 for an oXygenator, an opening 42 for 
an arterial ?lter, an opening 44 for a bubble or air detector, 
and an optional opening 46 for a cardioplegia pump. The 
openings may contain mounting elements such as hooks 48, 
or may be designed to be recesses into Which components 
can be press ?t. The openings may also contain connecting 
elements such as hook and loop fasteners, adhesives, and the 
like to secure components to the chassis 22. A plurality of 
channels 50 help de?ne a How path betWeen components as 
indicated by arroWs 52. The chassis 22 of FIG. 2 is 
optionally disposable once the bypass components have 
been removed. In a preferred embodiment, hoWever, as 
eXplained beloW, the entire assembly of the chassis 22 and 
the bypass components mounted thereon is disposable as a 
unit. 

[0047] As seen in FIG. 3, the bypass components may 
also be integrally formed into the chassis 22. This further 
simpli?es set up of the bypass circuit 24 since many of the 
desired components are prepackaged When removed from 
the boX. Integrally forming the chassis 22 and the bypass 
components also provides certain cost efficiencies because 
some components, such as various reservoirs, do not need to 
be separately molded. The integrated con?guration of FIG. 
3 may also eliminate the need for polyvinyl chloride (PVC) 
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tubing along most of the ?uid pathWay, eXcept for using 
tubing and quick disconnects to couple certain components 
to the bypass circuit 24. 

[0048] With reference to FIGS. 4 and 5, the bracket 30 
used to support the chassis 22 may also contain elements 
used in the bypass circuit 24. For eXample, the bracket 30 of 
FIG. 4 includes a venous occluder 60 and pinch clamp 
assembly 62 used to regulate ?oW into portions of the bypass 
circuit 24 in the chassis 22 When using various vacuum 
sources for blood drainage. In some embodiments, the 
bracket 30 may also have a support 64 for an air detector, a 
support 66 for a centrifugal driver, and a support 68 for a 
cardioplegia pump. Speci?cally, these certain elements on 
the chassis 22 Will be remotely driven by a driver or motor 
mounted on the bracket. For example, if a cardioplegia 
pump is utiliZed, it Will be remotely driven and the roller 
pump head or centrifugal pump driver assembly Will be 
mounted on the bracket 30. To attach the bracket 30 to the 
control Workstation 26, connectors 70 and Wire harnesses 72 
are provided With the bracket. As seen in the top vieW of 
FIG. 5, slots 74 de?ned by the bracket 30 slidably receive 
the chassis 22. 

[0049] With reference noW to FIGS. 1 and 6, an eXem 
plary embodiment of a bypass circuit 24 for use With the 
chassis 22 Will be described. As seen in FIG. 1, the inlets 
into the bypass circuit 24 include the venous drainage line 80 
and additional suction and vent lines 82. These lines 80 and 
82 bring blood from the patient into a venous reservoir 84 
and a cardiotomy reservoir 86. The drainage from the patient 
is assisted by least one vacuum source 88 (FIG. 6). In the 
embodiment of FIG. 1, the vacuum source has vacuum lines 
90 and 92 connected to the respective reservoirs to generate 
the desired pressure differential. The vacuum from each line 
90 and 92 is regulated by vacuum regulators 94 and 96 
(FIGS. 1 and 7). 

[0050] Occluders 98 and 100 provided on the drainage 
lines 80 and 82 control How from the patient. These occlud 
ers 98, 100 are preferably adjustable electronic occluders 
Which control How Where needed in both positive and 
negative pressure areas of the system 20. For eXample, a 
positive pressure occluder controls cardioplegia blood ?oW 
While a negative pressure control point Would regulate the 
aortic root (AO root) vent system. The use of these vacuum 
sources advantageously reduces the need for a centrifugal 
pump on the venous line and eliminates the need for three 
(3) roller pumps used in conventional pump systems for 
drainage of venting systems and cardiotomy suction. The 
vacuum sources do not have as much mechanical interaction 
With the blood and thus Will reduce hemolysis over conven 
tional systems. 

[0051] As illustrated in FIG. 6, a retroguard valve 102 
located betWeen the vacuum-assisted venous reservoir 84 
and an arterial centrifugal pump 104 (or as seen at 403 in 
FIG. 13) isolates the negative pressure in the venous res 
ervoir from an oXygenator 106. Aplurality of quick-discon 
nect devices 108 located along the tubing 110 alloWs for 
eXchange of bypass circuit components should one of them 
fail. The tubing is typically betWeen about 3/16 inches and 1/2 
inches in diameter and made from PVC or a polytetra?uo 
roethylene (PTFE) equivalent. The quick-disconnect devices 
108 are optionally straight connectors With ribs or barbs on 
each side With a positive locking/unlocking mechanism 
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enabling the device to be broken into its male and female 
components. Asealing O-ring is typically an integral part of 
the connection betWeen male and female components. The 
devices 108 may also be vieWed as adaptive hardware Which 
alloWs the present invention to be used With currently 
existing bypass equipment and pump hardWare. 

[0052] Blood exiting the oxygenator 106 may then ?oW to 
both an arterial ?lter 112 and a cardioplegia heat exchanger 
114 for delivery back to the patient. And optional cardiople 
gia pump 116 (FIG. 3) may also be installed to facilitate 
blood delivery. Typically, an arterial line 118 and cardiople 
gia delivery line 120 return blood back to the patient. 

[0053] A bypass circuit 24 of the present invention per 
forms Well at higher perfusion pressures generated during 
some minimally invasive surgical procedures. Antegrade 
cardioplegia ?oW effected by delivery of solutions through 
the coronary arteries is determined to some degree by 
arterial line pressure. For example, arterial line pressure of 
320 mmHg has an antegrade cardioplegia ?oW of 270 
ml/min, With a 90 mmHg aortic root pressure. Similarly, 
arterial line pressure of 150 mmHg has an antegrade car 
dioplegia ?oW of 65 ml/min, With a 100 mmHg aortic root 
pressure. For patients Who exhibit great ?oW rates at the 
loWer end of arterial line pressures, bypass circuit pressure 
could be arti?cially and temporarily increased during ante 
grade cardioplegia administration to optimiZe cardioplegia 
?oW. Retrograde cardioplegia ?oW, With maximum ?oWs in 
excess of 300 cc/min, seems unaffected by the arterial line 
pressure. 

[0054] Optionally, the cardiotomy reservoir 86, such as a 
Bentley CATR-3500 reservoir manufactured by Baxter 
International Inc., can be used for cardiotomy return and cell 
salvage, connected and intermittently drained to either the 
venous reservoir or the cell saver depending on the quality 
of the contents. At the end of the procedure, the cardiotomy 
reservoir 86 can be utiliZed as a chest drainage reservoir in 
the post-operative setting. This eliminates the current prac 
tice of acquiring a separate chest tube drainage reservoir at 
additional expense to the procedure. All reservoirs Will 
preferably utiliZe a pressure relief system, providing both 
positive and negative pressure limits. 

[0055] FIGS. 7 and 8 shoW preferred embodiments of the 
Workstations 26 and 28. Workstation 26 contains a console 
130 for arterial, centrifugal pump control and a console 132 
for cardioplegia roller pump or centrifugal pump control if 
desired. Left console panel 134 controls suction and vent 
occluder controls, and venous line variable occluder con 
trols. Right console panel 136 provides safety features such 
as level detection, alarm detection, CO2 ?ush control, and 
poWer source-battery indicator. Perfusion information is 
displayed on monitor 138. T.E.E. and DLP negative pressure 
transducer information are displayed on monitors 140 and 
142, respectively. Vacuum regulators 94 and 96 regulate 
venous return and cardiotomy suction and vents, respec 
tively. Sharps containers and the like are on Workstation 28 
(FIG. 8). FIGS. 9-12 illustrate the control panels discussed 
above. 

[0056] With reference noW to FIGS. 13-18, one preferred 
embodiment of the present invention is disclosed. As men 
tioned above, the support device can be formed of molded 
plastic, a Wire grid, a rigid board With cutouts, or any number 
of constructions. In a preferred embodiment, a lightWeight, 
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?exible polymer sheet is used, With the various openings for 
surgical components formed by cutouts in the sheet. There 
are a number of bene?ts derived from using a polymer sheet, 
including a loW manufacturing cost, loW Weight, ease-of 
use, and design ?exibility. In one embodiment shoWn, the 
sheet is substantially planar With all the components been 
arrayed on one side. This provides the additional advantage 
of permitting the sheet to be assembled With the components 
facing one Way or the other. In other Words, the sheet is 
reversible to enable the components to be displayed in either 
a right- or -left-handed orientation, from the perspective of 
the perfusionist. 

[0057] In addition, those of skill in the art Will understand 
that the planar con?guration is only one possible construc 
tion. Alternatively, a planar sheet may be bent into three 
dimensional shapes, such as cylinders, for supporting and 
displaying surgical components to face in different direc 
tions. 

[0058] A cardiopulmonary bypass circuit 150 is shoWn in 
FIG. 13 supported and displayed on a component support 
chassis 152. The chassis 152 is formed of sheet material 
de?ning a planar body 154 having a plurality of openings, 
such as opening 156 for receiving the various bypass circuit 
components. The particular bypass circuit 150 shoWn 
includes a reservoir 160, an oxygenator 162, a cardioplegia 
heat exchanger 164, and an arterial ?lter 166. In the oper 
ating room, the cardiopulmonary bypass circuit 150 Will be 
connected to a blood pumping system, such as a centrifugal 
pump 170 (or roller pump system as previously shoWn). In 
addition, a source of cardioplegia solution 172 Will be 
connected to supply solution to the heat exchanger 164 via 
an intravenous pumping/metering device 174. Some of the 
tubing necessary for bypass is not shoWn in FIG. 13, such 
as the venous and cardiotomy drainage lines that Would 
connect to the upper portion of the reservoir 160. LikeWise, 
other components such as a separate cardiotomy reservoir 
may be present and supported on the chassis 152. The 
venous drainage may be by gravity, With the reservoir 160 
positioned beloW the level of the patient, or may be vacuum 
assisted, in Which case the height of the reservoir 160 
relative to the patient is not as important. 

[0059] The component support chassis 152 comprises the 
planar body 154 previously mentioned, and a plurality of 
bent outer ?anges, such as side ?ange 180, for stability. The 
assembled con?guration is someWhat like a vertically-ori 
ented tray. The ?anges may be bent so that the tray is 
rearWardly- or -forWardly-facing, depending on What side 
the components are displayed. Apair of angled slots 182 in 
the upper corners of the planar body 154 receive horiZontal 
support rods 184. The pair of angled slots 182 are spaced 
apart such that the support rods 184 are forced apart slightly 
after the chassis 152 is suspended therefrom. This helps 
maintain the chassis 152 in place through the friction 
betWeen the slots 182 and support rods 184. A loWer pair of 
apertures 186, Which may also be angled slots, is provided 
in the planar body 154 and receives a corresponding pair of 
horiZontal support rods 188. 

[0060] FIGS. 14 and 15 are front and rear perspective 
vieWs, respectively, of another embodiment of the compo 
nent support chassis 200 of the present invention. The 
chassis 200 is in many respects similar to the chassis 152 
seen in FIG. 13, although the reader Will see that the chassis 
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200 also includes an upper ?ange 202. The chassis 200 
further includes a loWer ?ange 204 and pair of side ?anges 
206 bent rearWardly from a planar body 208 along lines 210. 
The ?anges are coupled at their adjacent ends to form 
corners 212 of the chassis 200. More speci?cally, a coupling 
tab 214 is received in a coupling slot 216 at each corner 212. 
This box-shaped construction renders the assembled com 
ponent support chassis 200 relatively rigid, although it is 
desirably constructed of relatively thin and ?exible polymer 
sheet material. 

[0061] A preferred material for the component support 
chassis 200 seen in FIGS. 13-15 is sheet extruded high 
density polyethylene. The material is desirably formed to a 
thickness of betWeen 1.02-2.29 mm (0040-0090 in), and 
more preferably to a thickness of about 1.57 mm (0.062 in). 
If the material is formed too thick, bending of various tabs 
and ?anges might cause cracking, While the material must be 
thick enough to support the various surgical components 
When ?lled With ?uids. Other materials may also be used, 
including Te?on®, Delrin®, or other non-brittle, non-abra 
sive polymer. Non-brittle materials enable the tabs to be 
repeatedly bent Without cracking. The surgical components 
are typically constructed of a polycarbonate, and the chassis 
should be non-abrasive to avoid scuffing or possible forming 
particulates from vibratory contact With the components. 

[0062] As With the earlier embodiment, the component 
support chassis 200 includes a plurality of openings for 
receiving and supporting various surgical components. With 
particular reference to FIGS. 14-15, the chassis 200 includes 
an opening 220 formed in upper right portion thereof (as 
seen from the front in FIG. 15) that receives a reservoir 222. 
A second opening 224 receives an oxygenator 226. A third 
opening 228 receives a cardioplegia heat exchanger 230, and 
a fourth opening 232 receives an arterial ?lter 234. Each of 
these openings receives at least a portion of the correspond 
ing surgical component and, in conjunction With a plurality 
of retainers formed adjacent the openings, supports the 
surgical components even When full. 

[0063] As mentioned, a plurality of retainers are provided 
in the chassis 200 adjacent the aforementioned openings to 
help support the surgical components. In a preferred 
embodiment, the retainers comprise tabs formed in speci?c 
shapes for mating With the corresponding architecture of 
each of the surgical components. The tabs are desirably 
formed by cut lines in the planar body 208 and are designed 
to bend outWard from the plane of the planar body and 
releasably couple With the surgical components. Therefore, 
those of skill in the art Will recogniZe that the preferred 
polymer sheet material enables a plurality of tabs to be cut 
therein and be bent along living hinge lines. HoWever, the 
invention should not be construed as limited to tabs pivoted 
about living hinges. That is, other arrangements Which rely 
on separate tabs hingedly coupled to the chassis 200 are 
contemplated. Furthermore, the openings themselves may 
be provided in the polymer sheet, and the surgical compo 
nents coupled to the chassis 200 by Way of straps, hooks, or 
other such expedients. In short, the illustrated chassis 200 is 
only one of a number of Ways of supporting and displaying 
interrelated medical components. 

[0064] With reference to the plan vieW of FIG. 17, in 
conjunction With the perspective vieWs of FIGS. 14-16, the 
various tabs for the medical components illustrated Will noW 
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be described. Beginning at the upper left portion of the 
planar body 208, an arterial ?lter tab 240 is formed adjacent 
the ?lter opening 232. An upper cardioplegia heat exchanger 
tab 242 is disposed directly beloW the ?lter tab 240. A loWer 
cardioplegia heat exchanger tab 244 is formed opposite the 
heat exchanger opening 228 from upper tab 242. Just beloW 
tab 244 is an upper oxygenator tab 250 adjacent the oxy 
genator opening 224. The oxygenator is also held in place by 
a pair of a loWer tabs 252. The right side tab 252 includes an 
elongated tubing release tab 254 Which can be partly sepa 
rated from the main tab portion along score line 256. Finally, 
the reservoir 222 is releasably held in place using an upper 
tab 260, pair of door tabs 262, and a loWer tab 264. 

[0065] A number of the illustrated tabs include small 
apertures therein for receiving ?uid inlet or outlet ports 
integrally formed With the respective surgical component, or 
for receiving tubing connected to such ports. In addition, 
several of the tabs are provided With apertures for receiving 
rigid mounting ?anges provided on the components. For 
example, upper oxygenator tab 250 includes a pair of 
apertures 270 for receiving mounting ?anges 272 on the 
oxygenator 226. Finally, some of the tabs include ?nger 
holes for grasping and bending the tabs from the plane of the 
body 208. For example, upper reservoir tab 260 includes 
?nger holes 274 and the upper heat exchanger tab 242 
includes a pair of ?nger holes 280. 

[0066] The tabs are designed to securely retain each of the 
components in its respective position on the chassis 220, 
While permitting easy release. During setup of a cardiopul 
monary bypass circuit, for example, the perfusionist often 
Wishes to manipulate various components to facilitate prim 
ing and remove air bubbles from Within. In one speci?c 
example, the upper heat exchanger tab 242 includes the 
?nger holes 280 and an elongated slot 282 for receiving an 
upper ?uid inlet port 284. By tilting the heat exchanger 230 
toWard the planar body 208 and grasping the ?nger holes 
280, the upper tab 242 can be pivoted toWard the planar 
body, thus releasing the heat exchanger 230 for manipula 
tion. LikeWise, as seen in FIG. 15, the tubing release tab 254 
can be pulled outWard from planar body 280, thus partly 
separating it along score line 256 from the loWer tab 252. 
The score line terminates in tubing aperture 290, Which 
permits the oxygenator 226 to be lifted free of the chassis 
220. 

[0067] A number of score lines are formed in the planar 
body 208 to enable various portions to be more easily bent 
and retain the bent position. So, for example, each of the 
peripheral ?anges bends With respect to the planar body 208 
about a score line 292. LikeWise, some of the tabs also bend 
about score lines, such as, for example, all of the tabs for 
retaining the reservoir 222. Some tabs, hoWever, are 
designed to ?ex out from the plane of the planar body 208, 
but exert a restoring force toWard the initial position. The 
upper and loWer cardioplegia heat exchanger tabs 242 and 
244, for example, are not scored and are biased back into the 
plane of the body 208. The arterial ?lter tab 240 is also not 
scored. These unscored tabs exert a force on the respective 
components that helps hold them in place With a minimum 
of material or interconnections. This minimal retaining 
structure thus facilitates easy manipulation or change out of 
components. 

[0068] It should be noted that the cut lines of some tabs are 
oriented to prevent any tears from propagating toWard one of 










