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PERFUSION SYSTEM WITH CONTROL 
NETWORK 

BACKGROUND OF THE INVENTION 

The present invention is directed to a medical perfusion 
system adapted to handle the selective oxygenation, ?ltering 
and recirculation of blood in connection With various medi 
cal procedures. 
A conventional perfusion system may be used to 

oxygenate, ?lter, and/or recirculate the blood of a patient 
during a medical procedure. Such a perfusion system may 
have a ?uid conduit that removes blood from the patient 
during the medical procedure, a separate ?uid conduit that 
returns blood to the patient, one or more blood pumps that 
pump blood through the conduits, and a plurality of sensing 
devices, such as How sensors and/or level sensors associated 
With blood pumps. The perfusion system may also include 
air embolus sensors, temperature sensors, ?oW occluders, 
etc. 

Typically, a perfusion system is provided With a con?gu 
ration speci?cally designed to be used for a particular 
purpose. For example, one perfusion system may be spe 
ci?cally designed as a full-function heart/lung machine, 
While another perfusion system may be speci?cally designed 
as a ventricular-assist system. Although it may be possible to 
convert a perfusion system designed for one purpose to a 
perfusion system usable for a different purpose, such recon 
?guration is generally difficult and/or time-consuming. 

SUMMARY OF THE INVENTION 

The invention is directed to a medical perfusion system 
for use in connection With the medical treatment of a patient. 
In one form of the invention, the perfusion system includes 
a ?rst type of perfusion device in the form of a blood pump 
adapted to pump blood through a ?uid conduit connected to 
the patient and a second type of perfusion device in the form 
of a sensing device adapted to sense a condition and generate 
a sensing signal relating to the condition. The perfusion 
system has an electrical poWer netWork With an electrical 
poWer line, means for selectively connecting the perfusion 
devices to the electrical poWer netWork, and a controller 
With an input device for accepting control commands from 
an operator. 

The means for selectively connecting the perfusion 
devices to the electrical poWer netWork may include means 
for providing a relatively loW level of electrical current, 
means for providing a relatively high level of electrical 
current, and means for selectively providing either the loW 
level or high level of current. The selective connecting 
means may also include a poWer input, a poWer output, a 
sWitch coupled betWeen the poWer input and the poWer 
output, and resistive means coupled betWeen the poWer 
input and the poWer output. The perfusion system may 
include a data communications netWork for operatively 
interconnecting the perfusion devices and means for trans 
mitting messages in the form of digital data packets among 
the perfusion devices over the data communications net 
Work. 

In another aspect, the invention is directed to a perfusion 
system having a ?rst sensing device for sensing a ?rst 
condition and generating a ?rst sensing signal relating to the 
?rst condition, a second sensing device for sensing a second 
condition and generating a second sensing signal relating to 
the second condition, and a perfusion device in the form of 
a control device for controlling a physical action, such as the 
pumping of blood, based on only one of the sensing signals. 
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2 
The perfusion system has means for specifying Which one of 
the sensing signals is provided to the control device to 
control the physical action and a controller With an input 
device for accepting control commands from an operator. 
The control device could be, for example, a blood pump 
Which pumps blood through a ?uid conduit, and the sensing 
devices could be How sensors or level sensors. The speci 
fying means may be composed of message-discrimination 
data stored in a memory in the perfusion system. 
The perfusion system may also include a data communi 

cations netWork for operatively interconnecting the perfu 
sion devices and means for transmitting messages in the 
form of digital data packets among the perfusion devices 
over the data communications netWork. In that case, the 
specifying means could comprise means for comparing a 
portion of one of the sensing messages transmitted With the 
message-discrimination data stored in the memory. The 
messages could include sensing messages related to one of 
the sensing signals and non-sensing messages not related to 
one of the sensing signals, and the perfusion system could 
include means for assigning a relatively high priority to the 
sensing messages and a relatively loW priority to the non 
sensing messages. 

These and other features of the present invention Will be 
apparent to those of ordinary skill in the art in vieW of the 
detailed description of the preferred embodiments, Which is 
made With reference to the draWings, a brief description of 
Which is provided beloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a preferred embodiment of 
a perfusion system in accordance With the invention; 

FIG. 2 is a perspective vieW of the main controller shoWn 
schematically in FIG. 1; 

FIG. 3 is a perspective vieW of one of the netWork 
extenders shoWn schematically in FIG. 1; 

FIG. 4 is a perspective vieW of one of the adapter pods 
shoWn schematically in FIG. 1; 

FIGS. 5—7 illustrate a number of connector con?gura 

tions; 
FIG. 8 is a perspective vieW of the main controller shoWn 

schematically in FIG. 1 With tWo netWork extenders and 
eight adapter pods plugged therein; 

FIG. 9 is a block diagram of the main controller shoWn 
schematically in FIG. 1; 

FIG. 10 is a block diagram of one of the extender 
controllers shoWn schematically in FIG. 1; 

FIG. 11 is a block diagram of one of the node controllers 
shoWn schematically in FIG. 1; 

FIG. 12 is a block diagram of one of the adapter pods 
shoWn schematically in FIG. 1; 

FIGS. 13A—13H are ?oWcharts illustrating the operation 
of the main controller shoWn in FIG. 1; 

FIGS. 14A—14B are exemplary illustrations of a pair of 
perfusion circuit images generated on the display device of 
FIG. 9 during operation of the perfusion system; 

FIGS. 15A—15C are ?oWcharts illustrating the operation 
of the extender controllers shoWn in FIG. 1; 

FIGS. 16A—16B are ?oWcharts illustrating the operation 
of the node controllers shoWn in FIG. 1; and 

FIGS. 17A—17D are ?oWcharts illustrating the operation 
of the adapter pods shoWn in FIG. 1. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

FIG. 1 illustrates a preferred embodiment of a medical 
perfusion system 10 in accordance With the invention. The 
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perfusion system 10 is adapted to handle the selective 
oxygenation, ?ltering and recirculation of blood in connec 
tion With a number of different medical procedures. The 
perfusion system 10 may be placed in a number of different 
con?gurations, each of Which corresponds to a different 
medical procedure. For example, the perfusion system 10 
may be con?gured as a full-function heart/lung machine, a 
ventricular assist system, or a single-pump system that can 
be used for various purposes, such as to perform blood 
aspiration or myocardial protection during surgery. 

Referring to FIG. 1, the main controller 20 is connected 
to a netWork extender 22a via a data/poWer bus 30a and to 
a netWork extender 22b via a data/poWer bus 30b. The 
netWork extender 22a includes an extender controller 32a 
connected to three node controllers 34a, 34b, 34c via a 
data/poWer bus 30c. The node controller 34a is connected 
via a data/poWer bus 30a' to an adapter pod 40a, Which is in 
turn connected to a perfusion device 50 in the form of a How 
sensor 50a via a bidirectional data/poWer line 52a. The node 
controller 34b is connected via a data/poWer bus 306 to an 
adapter pod 40b, Which is connected to an air embolus 
sensor 50b via a bidirectional line 52b. The node controller 
34c is connected via a data/poWer bus 30f to an adapter pod 
40c, Which is connected to a blood pump 50c via a bidirec 
tional line 52c. 

The netWork extender 22b includes an extender controller 
32b connected to three node controllers 34d, 34e, 34f via a 
data/poWer bus 30g. The node controller 34a' is connected 
via a data/poWer bus 30h to an adapter pod 40d, Which is 
connected to a pressure sensor 50d via a bidirectional line 
52d. The node controller 346 is connected via a data/poWer 
bus 30i to an adapter pod 406, Which is connected to a 
temperature sensor 506 via a bidirectional line 526. The node 
controller 34f is connected via a data/poWer bus 30j to an 
adapter pod 40f, Which is connected to a How occluder 50f 
via a bidirectional line 52]”. 

The main controller 20 is operatively coupled to a blood 
pump 50g via a bidirectional line 52g connected to an 
adapter pod 40g. The pod 40g is connected to the main 
controller 20 via a data/poWer bus 30k. The main controller 
20 is operatively coupled to a level sensor 50h via a 
bidirectional line 52h connected to an adapter pod 40h, 
Which is connected to the main controller 20 via a data/ 
poWer bus 30l. 
As used herein, the term “perfusion device” is a device 

designed to be used in a medical perfusion system, including 
but not limited to a blood pump such as a centrifugal or roller 

pump, a ?oW sensor, a pressure sensor, a temperature sensor, 
a level sensor, an air embolus sensor or an occluder. 

Mechanical Structure of Network Components 

FIG. 2 is a perspective vieW of a portion of one mechani 
cal embodiment of the main controller 20. Referring to FIG. 
2, the main controller 20 has four netWork connectors 60, 
Which are shoWn schematically. Each of the netWork con 
nectors 60 is identical and has the same connector con?gu 
ration. FIG. 5 illustrates the structure of the connectors 60. 
As shoWn in FIG. 5, each connector 60 may be, for example, 
a standard personal computer connector having nine con 
ductive pins 62 partially surround ed by an a symmetrical 
metal housing 64. 

FIG. 3 is a perspective vieW of one embodiment of the 
netWork extenders 22 shoWn schematically in FIG. 1. Each 
netWork extender 22 has a hexahedral housing 66 With one 
side 68 on Which three connectors 70 are disposed and an 
opposite side on Which a connector 72 is disposed. Each 
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connector 70 is identical to the connectors 60 and has the 
structure shoWn in FIG. 5. The connector 72, Which is shoWn 
in FIG. 6, has nine pin receptacles 74 formed in an asym 
metrical housing 76 composed of an insulating material such 
as plastic. The pin receptacles 74 are located to correspond 
to the positions of the nine pins 62 of the connector 60. 
Consequently, the connector 72 has the same connector 
con?guration as the connector 60 and thus can be plugged 
into the connector 60. 

FIG. 4 is a perspective vieW of the adapter pods 40 shoWn 
schematically in FIG. 1. Referring to FIG. 4, each adapter 
pod 40 has a hexahedral housing With one side 82 on Which 
a connector 84 is disposed and an opposite side on Which a 
connector 86 is disposed. The connector 86 is identical to the 
connectors 72 described above (and shoWn in FIG. 6). 
The connector 84 is adapted to be connected to a device 

connector (not shoWn) that is associated With one of the 
perfusion devices 50 described above. The connector 84 has 
a different connector con?guration than the connectors 60, 
70, 72, 86. One example of the structure of the connector 84 
is shoWn in FIG. 7 to include six conductive pins 88. Since 
each of the adapter pods 40 is adapted to be connected to a 
different type of perfusion device 50 (the pumps 50c, 50g 
may be different types of pumps, such as a roller pump or a 
centrifugal pump), the connector 84 disposed on each of the 
adapter pods 40 may have a different connector con?gura 
tion. 

Since the connectors 60 of the main controller 20 and the 
connectors 70 of the netWork extenders 22 have the same 
connector con?guration as the connector 86 of the adapter 
pods 40, it should be noted that any of the adapter pods 40 
may be plugged into any of the connectors 60, 70. As a 
result, any combination of perfusion devices 50 may be 
connected to the main controller 20. 

FIG. 8 illustrates the main controller 20 having the 
netWork extenders 22 and the adapter pods 40 connected to 
it. Each of the adapter pods 40 of FIG. 8 Would be connected 
to a respective one of the perfusion devices 50 shoWn in FIG. 
1 via a respective connector (not shoWn) attached to the 
perfusion device 50 by a cable. 

Although the form of the netWork extenders 22 shoWn in 
FIGS. 3 and 8 makes the resulting control unit compact, 
netWork extenders having different structures could be used. 
For example, instead of having the connector 72 ?xed on the 
housing 66, the connector 72 could be connected to the 
housing 66 via a cable. Alternatively, the housing 66 could 
be eliminated, and the connectors 70, 72 could be intercon 
nected via cables. 

Electronics 

FIG. 9 is a block diagram of the main controller 20 shoWn 
schematically in FIG. 1. Referring to FIG. 9, the main 
controller 20 has a microprocessor (MP) 100, a random 
access memory (RAM) 102, a nonvolatile memory 104 such 
as a hard disk or a ?ash RAM, a netWork controller 106, a 
draWing controller 108, and an input/output (I/O) circuit 
110, all of Which are interconnected by an address/data bus 
112. The U0 circuit 110 is connected to a display device 114, 
such as a CRT or a ?at-panel display, and an input device 
116, such as a keyboard or electronic mouse or a touch 
screen on the display device 114. 
The main controller 20 also includes a poWer supply 

circuit 118 that is connected to an outside source of AC 
poWer and Which includes an internal transformer (not 
shoWn) that generates +5 volt and +24 volt DC poWer on a 
pair of electrical poWer lines relative to a ground line, Which 
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lines are schematically designated 120 in FIG. 9. The 
electrical power and ground lines 120 are provided to each 
of four node controllers 34g—34j via a data/poWer bus 30m 
and to the other node controllers 34 via the other portions of 
the netWork bus 30. The data/poWer bus 30m includes a 
number of data communication lines Which are connected to 
the netWork controller 106. FIG. 10 is a block diagram of the 
extender controller 32a shoWn schematically in FIG. 1 (the 
design of the extender controllers 32a, 32b is the same). 
Referring to FIG. 10, the extender controller 32a has a 
controller 130 and a sWitch 132, both of Which are connected 
to the data/poWer bus 30a. The extender controller 32a is 
connected to its parent node controller 34g via a bidirec 
tional signal line 133. As used herein, a “parent” device is a 
connected device that is closer to the netWork controller 106 
(FIG. 9) of the main controller 20. The node controller 34g 
transmits a unique physical address to the extender control 
ler 32a via the line 133, and the extender controller 32a 
includes a driver circuit 135 Which is used to periodically 
transmit a check-in code to the node controller 34g via the 
line 133. The check-in code and the physical address may be 
the same binary code. 

FIG. 11 illustrates a block diagram of the node controller 
34a shoWn schematically in FIG. 1 (the design of all the 
node controllers 34 is the same). Referring to FIG. 11, the 
node controller 34a has a controller 140 Which receives an 
enable signal or a disable signal from the extender controller 
32a via one of the lines 134 and a periodic check-in code 
from the adapter pod 40a via the line 133. The controller 140 
is connected to a code generator 144 via a multi-signal line 
146. The code generator 144 generates a predetermined 
multi-bit binary code that uniquely speci?es the physical 
address of the node controller 34a. The code generator 144 
may be, for example, a number of printed metal circuit lines, 
one line for each bit of the code, each line being selectively 
connected either to +5 volts (logic “1”) or to ground (logic 
“0”). 

The controller 140 selectively operates a sWitch 150 that 
either connects or disconnects a data bus 152, Which may be 
composed of tWo individual data lines, that is part of the 
data/poWer buses 30c, 30d (and the other buses 30 that make 
up the network) . When the sWitch 150 is open, the data 
buses 30c, 30d are disconnected, and When the sWitch 150 
is closed, the buses 30c, 30d are connected to enable data 
communications betWeen the adapter pod 40a and the other 
devices connected to the netWork 30. 

The controller 140 also operates a sWitch 154 that controls 
Whether +24 volt DC poWer (relative to a ground line 1206) 
on a electrical poWer line 120a is supplied to the adapter pod 
40a and a sWitch 158 that controls Whether +5 volt DC 
poWer on an electrical poWer line 120b is supplied to the 
adapter pod 40a. The electrical poWer lines 120a, 120b are 
part of the data/poWer buses 30c, 30d and the other buses 30 
that make up the netWork. A resistor 162 is connected in 
parallel With the sWitch 154, and a resistor 164 is connected 
in parallel With the sWitch 158. The resistors 162, 164 act as 
current-limiting resistors Which prevent large amounts of 
current from being draWn from the poWer lines 120a, 120b 
When the sWitches 154, 158 are open. The controller 140 is 
connected to a driver circuit 170 Which is used to transmit 
the physical address generated by the code generator 144 to 
the adapter pod 40a via the line 133. 

FIG. 12 illustrates a block diagram of the adapter pod 40a 
shoWn schematically in FIG. 1. Referring to FIG. 12, the 
adapter pod 40a has a controller 180 Which is poWered by a 
poWer supply 182 connected to the electrical poWer lines 
120a, 120b. The controller 180 may transmit a check-in code 
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on the line 133 via a driver 184. The controller 180 receives 
netWork messages from the data bus 152 and transmits 
messages onto the data bus 152 via a transceiver 186. 

The controller 180 is connected to a memory 188 and to 
a device interface circuit 190. The device interface circuit 
190 has a plurality of data lines 192 and a plurality of 
electrical poWer lines 194 Which are connected to the 
perfusion device 50a via the connector 84 (FIG. 7). The 
controller 180 causes various types of data signals to be 
transmitted to the perfusion device 50a via the data lines 
192. 
Depending on the type of perfusion device 50 to Which an 

adapter pod 40 is connected, the signals on the data lines 192 
might include, for example, digital or analog signals (e.g. 
4—20 ma signals) relating to the control of the perfusion 
device 50, such as a desired pump speed or mode of 
operation. The number of data lines 192 used depends on the 
particular perfusion device 50 to Which the adapter pod 40 
is connected. 
The controller 180 also causes various types of electrical 

poWer to be transmitted to the perfusion device 50 via the 
poWer lines 194. These types of poWer include, for example, 
+5 volt DC poWer or +24 volt DC poWer. If poWer of another 
voltage level is necessary, the poWer supply circuit 182 may 
comprise a DC/DC converter. 

Con?guration and Display of Perfusion Circuit 

Prior to using the perfusion system 10 for a medical 
procedure, the operator connects the desired perfusion 
devices 50 to the main controller 20 by physically connect 
ing the desired adapter pods 40 and/or netWork extenders 22 
to the main controller 20, as shoWn in FIG. 8. 

Prior to the commencement of a medical procedure, the 
perfusion system 10 is con?gured during a con?guration 
process illustrated in FIG. 13A, Which is a ?oWchart of a 
con?guration computer program routine 200 executed by the 
main controller 20. Referring to FIG. 13A, at step 202 the 
program generates a visual prompt to the operator to request 
Whether a previous con?guration ?le should be loaded from 
the memory 104 of the main controller 20. A con?guration 
?le generally includes image data corresponding to an image 
of a perfusion circuit, Which may include an outline of the 
patient, images of a plurality of ?uid conduits connected to 
the patient, and images of the various perfusion devices 50 
used in the system 10. Each perfusion device 50 may be 
represented by a different image, depending upon the type of 
perfusion device. For example, pumps may be represented 
by a pump image, Whereas a How sensor may have a 
different image. 
The con?guration ?le may also include data relating to the 

perfusion devices 50, such as the manufacturer and model 
number of the device, the desired operational mode of the 
device, numeric limits at Which an alarm should be 
triggered, and identi?cation of any associated perfusion 
device. TWo perfusion devices may be “associated” if one 
device that is used to control a physical process, referred to 
herein as a control device, is to receive feedback from 
another perfusion device, referred to herein as a sensing 
device. 

For example, referring to FIG. 1, the pump 50g could be 
controlled based on feedback generated by either the level 
sensor 50h (Which Would generate a signal indicative of ?uid 
level Within a ?uid reservoir) or the How sensor 50a. In the 
former case, the pump 50g could be controlled to maintain 
a predetermined level of ?uid Within the reservoir, and in the 
latter case the pump 50g could be controlled to maintain a 
















