
United States Patent [19] 
Epstein et al. 

[11] E 

[45] Reissued Date of Patent: 

USO0RE36871E 

Re. 36,871 
Sep. 12, 2000 

Patent Number: 

[54] REMOTELY PROGRAMMABLE INFUSION 
SYSTEM 

[75] Inventors: Paul Epstein, Brookline; Harry 
Petschek, Lexington, both of Mass.; 
Eric LaWhite, South Royalton, Vt.; 
Clair Strohl, Norfolk, Mass.; Henry 
Coyne, Framingham, Mass.; Edward 
Kaleskas, Jefferson, Mass.; George 
Adaniya, SWampscott, Mass. 

[73] Assignee: Abbott Laboratories, Abbott Park, Ill. 

[21] Appl. No.2 08/401,339 

[22] Filed: Mar. 9, 1995 

Related US. Patent Documents 
Reissue of: 
[64] Patent No.: 5,100,380 

Issued: Mar. 31, 1992 
Appl. No.: 07/355,035 
Filed: May 16, 1989 

US. Applications: 
[63] Continuation of application No. 08/004,138, Jan. 13, 1993, 

abandoned, which is a continuation of application No. 
07/062,064, Jun. 11, 1987, abandoned, which is a continu 
ation of application No. 06/873,478, Jun. 11, 1986, Pat. No. 
4,696,671, which is a continuation of application No. 
06/578,180, Feb. 8, 1984, abandoned. 

[51] Int. Cl.7 .................................................. .. A61M 31/00 

[52] US. Cl. ................................... .. 604/67; 128/DIG. 12; 
128/DIG. 13 

[58] Field of Search .................. .. 128/DIG. 12, DIG. 13; 

604/65—67, 152, 258 

[56] References Cited 

U.S. PATENT DOCUMENTS 

1,853,811 4/1932 Hewitt. 
2,672,051 3/1954 Butler ...................................... .. 73/209 

2,767,277 10/1956 Wirth .......... .. 

2,880,909 4/1959 Clymer et al. .......................... .. 222/54 

(List continued on next page.) 

FOREIGN PATENT DOCUMENTS 

1110137 10/1981 Canada . 

2855713 6/1980 Germany ....................... .. 18/DIG. 13 
1268111 3/1972 United Kingdom .......... .. F04B 13/00 

OTHER PUBLICATIONS 

Edgerton, “Multiplexer Unit for Controlled Infusion of 
Fluids,” Medical Research, Aug.—Sep. 1969, pp. 17—19. 

(List continued on next page.) 

Primary Examiner—John P. Lacyk 
Attorney, Agent, or Firm—Neal D. Marcus; Ronald M. 
Anderson 

[57] ABSTRACT 

An infusion system for administering multiple infusates at 
individually programmable rates, volumes, and sequences in 
any order from any one or more of plural ?uid input ports 
through a patient output port and into the circulatory system 
of a patient. Infusates may be either continuously or time 
sequentially administered, and infusates may be either inter 
mittently administered at selectively regular intervals or in 
time overlap to administer a dilution. Various error condi 
tions are automatically detected and alarms generated in the 
event of con?icts betWeen infusates, to identify times of no 
infusions, and to identify system malfunctions. The system 
is selectively operable, among others, in a priming mode, a 
maintenance mode, a normal-on mode, and a manual over 
ride mode. The system is operative to adapt actual to desired 
?oW rates in normal operation. All ?uids ?oW through a 
unitary disposable cassette Without making any other system 
contact. Air bubbles in the ?uid line are automatically 
detected and disposed of. Fluid pressures are monitored and 
system operation adjusted as a function of such pressures. 
Infusates may be administered from syringes as Well as from 
standard bag or bottle containers. Infusate from a selected 
input port may be controllably pumped into a syringe for 
unsticking the syringe plunger. The system is selectively 
operable to adjust total ?uid volume and rate to beloW 
preselected values for patients Whose total ?uid intake must 
be restricted. The system is operable to maintain an accurate 
record of total infusion history. The system may be con 
trolled by a terminal or a computer located remotely from 
the patient location. The system may include auxiliary 
pumps in addition to a primary pump, all controlled by a 
single computer. 

19 Claims, 14 Drawing Sheets 
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REMOTELY PROGRAMMABLE INFUSION 
SYSTEM 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

This application is a ?le wrapper continuation of appli 
cation Ser. No. 08/004,138, ?led Jan. 13, 1993,' which in turn 
is a reissue application of US. Pat. No. 5,100,380, issued 
Mar 31, 1992 and ?led as Ser. No. 355,035, ?led May 16, 
1989,‘ which is a continuation of application Ser. No. 07/062, 
064, ?led on Jun. 11, 1987, noW abandoned Which is a 
continuation of Ser. No. 06/873,478 ?led on Jun. 11, 1986, 
now US. Pat. No. 4,696,671, Which is a continuation of Ser. 
No. 06/578,180, ?led Feb. 8, 1984, noW abandoned. 

FIELD OF THE INVENTION 

This invention is directed to the ?eld of surgery, and more 
particularly, to a novel infusion system having plural ?uid 
input ports and at least one patient output port. 

BACKGROUND OF THE INVENTION 

Intravenous infusion therapy is prescribed Where it is 
desirable to administer medications and other ?uids directly 
into the circulatory system of a patient. It is estimated that 
approximately forty percent of US. hospital patients pres 
ently receive some form of infusion therapy and it is 
expected that the proportion Will groW in the future due to 
the improved health care that results from such therapy. 

For many clinical procedures, it is desirable to intrave 
nously administer several ?uids to a patient. Plural indepen 
dent gravity ?oW controllers and plural independent elec 
tronic pumps have heretofore been employed for this 
purpose. The plural gravity ?oW controllers, hoWever, are 
disadvantageous, among other things, due to the increased 
possibility of infection occasioned by multiple IV venipunc 
ture; due to the ?oW inaccuracies occasioned, among other 
things, by patient movement induced tube occlusion or 
tubing shape changes; due to the considerable labor and time 
required from a nurse or other health practioner to manually 
control the plural gravity ?oW controllers in accordance With 
a prescribed course of therapy; due to clutter around the 
patient; and due to the possibility of out-of-control infusion 
occasioned by a failure of one or more of the gravity ?oW 
controllers. The plural independent pumps are 
disadvantageous, among other things, due to the clutter 
around the patient occasioned by the use of plural pumps; 
due to the increased possibility of infection occasioned by 
multiple IV venipuncture; due to the comparatively high 
cost of procuring and maintaining several pumps for each 
such patient; due to the incapability of the heretofore knoWn 
pumps to administer more than tWo infusates in time 
sequence Without additional pumps; due to the incapability 
of the heretofore knoWn pumps to administer dilutions; due 
to the considerable time and labor required by the health 
practitioner to program and to supervise the plural indepen 
dent pumps; and due to the comparatively high cost incurred 
in maintaining an inventory of tubes and administration sets 
that must be replaced periodically to avoid infection for each 
pump, ?uid, and patient, often amounting on an annual basis 
to about one half the cost of the pumps themselves. 

SUMMARY OF THE INVENTION 

The novel infusion system of the present invention con 
templates means operable to controllably infuse preselected 
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2 
?uids from any one or more of plural ?uid input ports either 
simultaneously or in time sequence through at least one 
patient output port and into the circulatory system of a 
patient in a predetermined time sequence. Infusates may be 
administered from bag or bottle containers or from syringes. 
A small quantity of ?uid may be pumped into the syringe to 
unstick the syringe plunger. The infusion system of the 
present invention is operative to identify potentially con 
?icting infusions and to alert the system operator. The 
system operator may, among other things, either reschedule 
con?icting infusions or select an alarm and automatic shut 
doWn prior to the time When con?icting infusions are 
scheduled to commence. The infusion system of the present 
invention is operative to administer noncon?icting infusions 
at the same rate or different rates to provide either mixing of 
the infusates or dilution of the concentration of one of the 
infusates. 
The infusion system of the present invention is selectively 

operative in a maintenance mode to controllably administer 
a ?uid from a preselected ?uid input port to keep the vein of 
a patient open at such times When selected ?uids are not 
being infused in accordance With a particular course of 
infusion therapy. 
The infusion system is selectively operable in a priming 

mode to vent ?uid and air from a selected ?uid input port to 
prevent possible air embolism. 

The infusion system is selectively operable in a manually 
initiated override mode to controllably administer any one or 
more of plural ?uids during emergency or other situations. 
The infusion system having plural ?uid input ports and at 

least one patient output port of the present invention in 
preferred embodiment includes a processor. A memory is 
operatively coupled to the processor. Means coupled to the 
processor are provided for entering into the memory data 
representative both of the desired time sequence for and of 
a desired rate of ?oW of each of any one of a plurality of 
?uids to be infused in any order. A plurality of input valves 
are operatively connected to the processor for accessing the 
?oW of a corresponding one of the ?uid inputs. An output 
valve is operatively connected to the processor for control 
ling the ?uid ?oW out of the output port. Apumping chamber 
is operatively connected to the processor and is in ?uid 
communication With each of the input valves and the output 
valve along a common ?uid ?oW path. Means coupled to the 
processor and responsive to the data are provided for repeti 
tively actuating the input valves and concurrently expanding 
the pumping chamber in a time sequence selected to ?ll the 
pumping chamber With the corresponding ?uid to be infused 
and for repetitively actuating the output valve and concur 
rently contracting the pumping chamber at a rate selected to 
infuse the corresponding ?uid through the patient output line 
at the desired rate. The data entry means includes an operator 
interactive display and a keyboard. The processor includes a 
main control processor and a pump control processor slaved 
to the main control processor. The main control processor is 
operative to provide operator prompts on the operator inter 
active display, to provide system status information on the 
display, and to provide one of plural display templates 
representative of desired pumping mode and sequence. The 
pump control processor executes instructions representative 
of the desired pumping sequence and mode that are doWn 
loaded thereto by the main control processor for execution, 
generates and reports various error and alarm conditions to 
the main control processor, and generates several alarms 
including air in line, patient occlusion, and empty bottle. The 
pumping chamber and the input and output valves are 
provided in a sterile, disposable, cassette injection-molded 
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out of biologically inert medical-grade plastic. The cassette 
includes a longitudinally extending channel in ?uid com 
munication with the pumping chamber, a pressure chamber, 
a plurality of ?uid input ports, a patient output port, and a 
vent port. The cassette in preferred embodiment consists of 
a two part semi-rigid housing and a ?exible diaphragm 
consisting of silicone rubber that is sandwiched between the 
two parts of the housing. The diaphragm includes a plurality 
of resilient valve stops that individually project into a 
corresponding one of the ?uid input ports, output port, and 
vent port, and includes a ?exible drum that extends over the 
pressure chamber and a dome that extends over the pumping 
chamber. The cassette is oriented preferably at a forty-?ve 
degree angle to the vertical with the vent port and pressure 
chamber above the pumping chamber. Any slight quantity of 
air in the ?uid ?ow path rises above the pumping chamber 
and into the pressure chamber thereby preventing the pos 
sibility of air passing to the patient. A stepper-motor con 
trolled cam drives a corresponding spring-biased plunger 
associated with each input ?uid port and the output port for 
controlling the state of actuation of its associated resilient 
stop. The input and output port plungers are so driven that 
the patient output port is in a closed state whenever any one 
of the ?uid input ports are in an open state and are so driven 
that all of the input ports are closed whenever the output is 
open, to prevent unintended gravity ?ow infusion. Astepper 
motor controlled cam strokes a pumping piston associated 
with the pumping chamber to expand or contract the pump 
ing chamber for ?lling or expelling ?uid therefrom. A 
pressure transducer is coupled to the pressure chamber and 
operatively connected to the pump controller for providing 
pressure data during each pumping piston stroke represen 
tative of air-in-line, bottle head pressure, downstream 
occlusion, and of variation between actual and intended 
infusate volume. The system responds to the pressure data to 
vent ?uid and air from the line and to adjust operation in a 
pressure dependent manner. The system is selectively oper 
able in a controlled mode to allow ?uid to ?ow from any 
selected ?uid input to a selected output under gravity control 
without actuating the pumping piston whenever desirable. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other features and advantageous of the present invention 
will become apparent as the invention becomes better under 
stood by referring to the following exemplary and non 
limiting detailed description of the preferred embodiment, 
and to the drawings, wherein: 

FIG. 1 is a block diagram illustrating the novel infusion 
system having plural ?uid input ports and at least one patient 
output port according to the present invention; 

FIG. 2 is a state diagram illustrating the operating states 
of the infusion system having plural ?uid input ports and at 
least one patient output port according to the present inven 
tion; 

FIG. 3 illustrates in FIG. 3A an isometric view of a 
preferred embodiment of a housing for, and illustrates in 
FIG. 3B a plan view of a preferred embodiment of a control 
panel for, the infusion system having plural ?uid input ports 
and at least one patient output port according to the present 
invention; 

FIG. 4A is a plan view illustrating one portion of a 
cassette of the infusion system having plural ?uid input ports 
and at least one patient output port according to the present 
invention; 

FIG. 4B is a plan view illustrating another portion of the 
cassette of the infusion system having plural ?uid input ports 
and at least one patient output port according to the present 
invention; 
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4 
FIG. 4C is a plan view illustrating a ?exible diaphragm of 

the cassette of the infusion system having plural ?uid input 
ports and at least one patient output port according to the 
present invention; 

FIGS. 4D and 4E are sectional views of the cassette taken 
along the lines D—D and E—E of FIGS. 4A—4C of the 
infusion system having plural ?uid inport ports and at least 
one patient output port according to the present invention; 

FIG. 5 is a partially exploded perspective view with the 
cover removed of a valve and pumping actuator of the 
infusion system having plural ?uid input ports and at least 
one patient output port according to the present invention; 

FIG. 6 is a side view of the valve and pumping actuator 
illustrating rotary position sensors of the infusion system 
having plural ?uid input ports and at least one patient output 
port according to the present invention; 

FIG. 7 is a rolled out view illustrating a position sensor for 
the valve actuator of the infusion system having plural ?uid 
input ports and at least one patient output port according to 
the present invention; 

FIG. 8 is a rolled out view illustrating a position sensor for 
the pumping actuator of the infusion system having plural 
?uid input ports and at least one patient output port accord 
ing to the present invention; 

FIG. 9 is a rolled out view illustrating the operation of the 
valve and pumping actuator and position sensors of the 
infusion system having plural ?uid input ports and at least 
one patient output port according to the present invention; 

FIG. 10 is a schematic diagram of the system controller of 
the infusion system having plural ?uid input ports and at 
least one patient output port according to the present inven 
tion; 

FIG. 11 is a diagram illustrating a data ?le of the main 
control processor of the main control processor of the 
infusion system having plural ?uid input ports and at least 
one patient output port according to the present invention; 

FIG. 12 is a diagram illustrating an instruction byte of the 
main control processor of the infusion system having plural 
?uid input ports and at least one patient output port accord 
ing to the present invention; 

FIG. 13 illustrates in FIG. 13A a status byte of the pump 
control processor and in FIG. 13B a communications pro 
tocol between the main control processor and the pump 
control processor of the infusion system having plural ?uid 
input ports and at least one patient output port according to 
the present invention; 

FIG. 14 illustrates the command bytes of the main control 
processor of the infusion system having plural ?uid input 
ports and at least one patient output port according to the 
present invention; 

FIG. 15 illustrates the data bytes of the pump control 
processor of the infusion system having plural ?uid input 
ports and at least one patient output port according to the 
present invention; 

FIG. 16 is a data ?ow chart illustrating the operation of the 
infusion system having plural patient input ports and at least 
one patient output port according to the present invention; 

FIG. 17 is a ?ow chart illustrating the operation of the 
main control processor of the infusion system having plural 
?uid input ports and at least one patient output port accord 
ing to the present invention; 

FIG. 18 is a ?ow chart illustrating one pumping sequence 
of the pump control processor of the infusion system having 
plural ?uid input ports and at least one patient output port 
according to the present invention; 
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FIG. 19 is a ?oW chart illustrating another pumping 
sequence of the pump control processor of the infusion 
system having plural ?uid input ports and at least one patient 
output port according to the present invention; 

FIG. 20 is a ?oW chart illustrating another pumping 
sequence of the pump control processor of the infusion 
system having plural ?uid ports and at least one patient 
output port according to the present invention; 

FIG. 21 is a ?oW chart illustrating another pumping 
sequence of the pump control processor of the infusion 
system having plural ?uid input ports and at least one patient 
output port according to the present invention; 

FIG. 22 is a ?oW chart illustrating another pumping 
sequence of pump control processor of the infusion system 
having plural ?uid input ports and at least one patient output 
port according to the present invention; and 

FIG. 23 is a diagram illustrating an exemplary operating 
sequence of the infusion system having plural ?uid input 
ports and at least one patient output port according to the 
present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring noW to FIG. 1, generally designated at 10 is a 
block diagram of the novel infusion system having plural 
?uid input ports and at least one patient output port accord 
ing to the present invention. The system 10 includes a 
disposable cassette generally designated 12 to be described 
having a ?uid channel 14. Aplurality of ?uid input ports 16, 
four (designated “A”, “B”, “C”, and “D”) being speci?cally 
illustrated, are connected to the ?uid ?oW channel 14 
through a corresponding one of a plurality of valves 18. 
Each ?uid input port 16 is directly connectable to a selected 
?uid to be infused, not shoWn. The cassette 12 includes a 
pumping chamber generally designated 20 connected to the 
?uid channel 14, and a pressure chamber generally desig 
nated 22 connected to the pumping chamber 20 via a ?uid 
?oW channel 24. A patient output port 26 is connected in a 
?uid ?oW path to the pressure chamber 22 via a valve 28, 
and a vent output port 30 is connected to the pressure 
chamber 22 in a ?uid ?oW path via a valve 32. The patient 
output port 26 is directly connectable to a patient via a 
patient output line, not shoWn. The vent output port 30 is 
directly connectable, for example, to a collection bag to be 
described or other ?uid sink. 
An input and output valve actuator 34 to be described is 

operatively connected to the plural ?uid input valves 18 and 
to the patient output valve 28. The actuator 34 is operative 
to select the “open” and the “closed” state of the valves 18, 
28, and thereWith to control ?uid ?oW from the correspond 
ing ?uid input ports 16 into the cassette 12 and to control 
?uid ?oW out of the cassette into the patient. The actuator 34 
is preferably operative to prevent the input and output valves 
from being simultaneously in the “open” condition to elimi 
nate the possibility of unintended gravity ?oW infusion. A 
separate rate actuator to be described is preferably connected 
to the output valve 28 to maintain the patient output port and 
any selected input port “open”. 
A vent valve actuator 36 to be described is operatively 

connected to the vent valve 32. The actuator 36 is operative 
to select the “open” and the “closed” state of the valve 32, 
and thereWith to control ?uid ?oW from the cassette 12 into 
the collection bag to remove air from the ?uid ?oW channel 
during initial setup and during operation of the infusion 
system. 
A cassette-locked-in-place sensor 38 is operative to pro 

vide a signal that represents that the cassette is in its intended 
operating position to prevent ?uid leakage and unintended 
infusion. 
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A pressure transducer 40 to be described is operatively 

connected to the pressure chamber 22. The pressure trans 
ducer 40 is operative to provide an analog signal represen 
tative of the pressure in the pressure chamber 22. An 
ampli?er 42 ampli?er the analog signal, and an analog to 
digital converter (ADC) 44 converts the ampli?ed analog 
signal into digital data. During preselected stages of a 
pumping sequence to be described, the digital data provides 
information representative of air in line, of actual infusion 
volume relative to nominal infusion volume, of patient 
output line occlusion, and of ?uid level remaining to be 
infused through corresponding ?uid input ports 16. 
A pumping actuator 46 to be described is operatively 

connected to the pump chamber 20. The pumping actuator 
46 is operative to controllably ?ll and pump ?uid from the 
pumping chamber 20 into either the patient output port 26 or 
the vent output port 30 in dependence on the state of 
actuation of the valves 28 and 32. The pumping actuator 46 
is operative to precisely administer an intended amount of 
?uid in an intended time interval from any one or more of 
the ?uid input ports 16 in any order either in time sequence 
or in time overlap to dilute the concentration of a selected 
infusate. 

A system controller generally designated 48 to be 
described is operatively connected to the input and output 
valve actuator 34, to the vent valve actuator 36, to the 
cassette-locked-in-place sensor 38, to the analog to digital 
converter 44, and to the pumping actuator 46. The system 
controller 48 is operative to provide control signals to the 
actuator 34 to “open” and “close” the valves 18 in an 
intended time sequence, to provide control signals to the 
actuator 46 to pump the chamber 20 at a rate selected to 
administer a preselected volume of infusate during a pre 
scribed time interval, and to provide control signals to the 
actuator 36 to eliminate air from the ?uid ?oW path during 
set-up and during infusion. 
An operator interactive display 50 is operatively con 

nected to the system controller 48. The display 50 is 
operative to display one of plural display templates to be 
described that individually correspond to the modes of 
operation of the system controller 48, to display system 
status information, to display operator prompts to assist the 
operator in selecting volume, rate, and time of infusion, and 
to display various error and alarm conditions. The modes 
includes a ?ush mode template, a prime mode template, an 
override mode template, a primary mode template, and a 
piggyback mode template. 

Operator data and function keys 52 to be described are 
operatively connected to the system controller 48. The data 
and function keys 52 are operative for selecting the rate, 
volume, and time of infusion; for selecting the state of 
operation of the infusion system including the override 
mode, the priming mode, and the normal-on mode; for 
controlling the operator interactive display; and for selecting 
maximum occlusion pressure, minimum infusion rate, and 
total ?uid volume to be administered. 

Status light emitting diodes (LED’s) 54 are operatively 
connected to the system controller 48. The LED’s 54 are 
operative to provide a visual indication of the various alarm 
conditions and of battery status. An audible alarm 56 is 
operatively connected to the system controller 48 to provide 
an audible indication of alarm condition. One or more slave 
interfaces 58 are operatively connected to the system con 
troller 48. Each slave interface 58 is connectable to an 
auXiliary pump to be described that may be slaved to the 
system controller 48 to administer the infusion of an incom 
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patible infusate. A universal asynchronous receiver trans 
mitter interface (UART) 60 is operatively connected to the 
system controller 48. The UART 60 may be connected to 
any suitable peripheral device such as a display terminal or 
a computeriZed central nurse station. 

Arecti?er and regulator 62 is connected to a source of AC 
poWer 64 such as a conventional hospital outlet via a fusible 
link 66. A regulator 67 is connected to the recti?er and 
regulator 62 via a sWitch 70. The recti?er and regulator 62 
and regulator 67 provide poWer to the infusion system in 
normal operation. Abattery 68 provides poWer to the infu 
sion system either in the event of a poWer failure or in the 
event that it is desirable to move the patient such as betWeen 
an intensive care unit and an operating room. The battery 68, 
the recti?er and regulator 62, and regulator 67 are opera 
tively connected to the ADC 44 designated “Voltage Inputs”. 
The system controller 48 is operative in response to a fall in 
the output of the converter signal from the regulators beloW 
a predetermined value to sWitch to the battery 68, and the 
controller 48 is operative to activate a corresponding status 
LED to provide a loW battery indication Whenever the level 
of the battery falls beloW a predetermined level. 

Referring noW to FIG. 2, generally designated at 72 is 
state diagram illustrating the principal operating states of the 
system controller 48 (FIG. 1). In an “off” state 74, the system 
controller 48 is Waiting, its clock is running, and no pumping 
is occurring. In a “programming” state 76, data is selectably 
input to specify the time, rate, and volume for ?uid to be 
administered from any one or more of the plural ?uid input 
ports 16 (FIG. 1), and data is selectably input to specify 
current time, KVO rate, maximum occlusion pressure, and 
total ?uid rate and volume. Data entered is selectably 
displayable in the “programming” state on the operator 
interactive display for operator revieW. In an “override” state 
78, the system controller 48 (FIG. 1) is operative in a manual 
override mode. In the state 78, data is selectably input to 
specify an emergency infusion rate from a selected one of 
the plural ?uid input ports and to pump the ?uid at the 
speci?ed emergency rate. In a “priming” state 80, data is 
selectably input to specify an input line as a priming line. 
The system controller is operative in the “priming” state to 
alloW ?uid to How by gravity from a selected input port 
through the cassette 12 (FIG. 1) and either into the collection 
bag to remove air from the cassette or through the output 
port and into the patient output line prior to venipuncture to 
remove air from the patient line. In the “priming” state, ?uid 
may also be primed by pumping. In an “auto-on” state 82, 
the system controller is operative to automatically pump 
?uid from the input ports at the rates, volumes, and times 
speci?ed in the “programming” state. The system controller 
in the “programming” state for a particular one of the plural 
?uid input ports may also be in the “auto-on” state 82 for the 
other ones of the plural ?uid input ports that may be being 
infused at a selected rate, volume, and time into the patient 
in accordance With a desired course of therapy. In a “history” 
state 84, the system controller is operative to display on the 
operator interactive display data representative of the total 
quantity of ?uid administered to a patient from the plural 
?uid input ports at a given time. Data accumulated in the 
history state 84 can advantageously be employed With a 
computeriZed hospital information system. In a “slave pump 
controller” mode 86, the system controller is operative to 
control one or more auXiliary pumps. The auXiliary pumps 
can advantageously be employed to control one or more 
additional infusions for the administration of an incompat 
ible drug Without losing the bene?t of integrated infusion 
control and data accumulation. 
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Referring noW to FIG. 3A, generally designated at 88 is 

an isometric vieW illustrating a preferred embodiment of a 
housing of the infusion system having plural ?uid input 
ports and at least one patient output port according to the 
present invention. The housing 88 is mounted to a conven 
tional IV pole 92 such that its front panel generally desig 
nated 90 to be described is oriented at an angle selected to 
provide ease of operator access, preferably 45°. Adisposable 
cassette generally designated 94 to be described is slidably 
mounted in a channel generally designated 96 provided 
therefor on one side of the housing 88. The cassette 94 is 
oriented at the same angle of inclination to the vertical to 
alloW both pumping With slight quantities of air in the ?uid 
?oW path and the expeditious removal of air from the ?uid 
?oW path as appears more fully beloW. A locking lever 100 
having a safety mechanism 102 to be described is pivotally 
mounted to the housing 88. The lever 100 is operatively 
connected to a rod to be described that is mounted for 
reciprocating motion in the housing 88. By simultaneously 
releasing the locking mechanism 102 and pivoting the lever 
100, the rod is operate to removably retain the cassette 94 in 
the channel 96 on the side of the housing 88 in a manner to 
be described. The cassette 94 includes four ?uid input ports 
104, 106, 108, and 110, a patient output port 112, and a vent 
output port 114. Aplurality of ?uid containers are positioned 
a predetermined vertical distance above the housing 88 and 
directly connected to corresponding of the ?uid input ports, 
tWo such ?uid containers 116, 118 connected to the input 
ports 104, 106 being speci?cally illustrated. It Will be 
appreciated that tWo additional ?uid containers, bags, or 
syringes, not shoWn, may be directly connected to the ports 
108, 110. Aplurality of indicating lines 119 are provided on 
the side of the housing. A patient output line 120 is con 
nected to the output port 112, and a collection bag line 122 
is connected betWeen the vent output port 114 and a collec 
tion bag removably retained on the back of the housing 88, 
not shoWn. 

Referring noW to FIG. 3B, generally designated at 124 is 
a plan vieW of a preferred embodiment of the front panel of 
the housing of the infusion system having plural ?uid input 
ports and at least one patient output port according to the 
present invention. The front panel 124 includes an operator 
interactive display 126 for displaying one of a plurality of 
display templates to be described. The display 126 prefer 
ably is an 80 character LCD display commercially available, 
for example, from Epson. A plurality of display command 
keys designated by a dashed boX 128 are provided on the 
front panel 124. The display keys 128 include a clear entry 
key 130, a last entry key 132, a neXt entry key 134, and an 
enter key 136. The clear entry key 130 When pressed clears 
inadvertently or mistakenly entered data, the last entry key 
132 When pressed moves a display cursor to a previous ?eld 
of a display, the neXt entry key 134 When pressed moves a 
display cursor to the neXt ?eld of a display, and the enter key 
136 enters the data entered into the various ?elds of a display 
into system memory. 
A plurality of rate, volume, and time command keys 

designated by a dashed boX 138 are provided on the front 
panel 124. The rate, volume, and time command keys 138 
include a primary infusion key 140, a piggyback infusion 
key 142, a ?ush key 144, and a reset key 146. The primary 
infusion key 140 When pressed selects the programming 
state 76 (FIG. 2), and displays a primary infusion template 
for each ?uid input that alloWs selection of the rate, volume, 
and time sequence of infusion from any one or more of the 
plural ?uid input ports in any order to implement a pre 
scribed course of therapy that calls for the nonsimultaneous 




























