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(57) ABSTRACT 

An infusion system packaged in a light Weight nylon por 
table mesh container, Which is also the pump of the system, 

includes a removable therapy bag holding the RX to be 
infused into the patient. A bladder Within the pump is 
in?atable to provide pressure onto the therapy bag to aid in 
the discharge of the RX. When ?lling the therapy bag, the 
pharmacist, using his computer to comply With standards, 
simultaneously programs an EPROM With data specifying 
the RX as Well as instructions for dispensing the RX. In one 

embodiment of the invention, the EPROM ?ts into a docking 
receptacle in the pump, While in a second embodiment the 
EPROM is integral With the therapy bag. A microcomputer 
mounted in the pump is programmed to control the ?oW of 
the RX to the patient, reading the data from the EPROM in 
generating the control signals. The microcomputer cycli 
cally drives a ?uid control module Which outputs a ?xed 
amount of RX for each cycle of operation. Three ?uid control 
modules are disclosed; a cavity Which deliver a bolus of RX 
for each rotor rotation, or a shuttling longitudinally displace 
able “cork” positioned in the output connector of the therapy 
bag, or a squeezed tube. FloW is monitored, and alarm 
interrupts to the microcomputer are provided for ?oW failure 
generating appropriate alarms. An alarm shuts doWn system 
operation and alerts the patient by means of visual messages 
on the microcomputer display and by an audible alarm. A 
buffer memory in the pump stores data relevant to such a 
mishap for later examination to determine responsibility and 
cause. Data is tied to a real-time clock (date and time). 
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FIG. 2 
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APPARATUS AND METHOD OF INTRAVENOUS 
FLUID INFUSION 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates to administration of a 
medicinal ?uid to a patient and, in particular, to loW-cost, 
easy-to-use infusion systems for the intravenous dispensing 
of a ?uid prescription. 

[0003] 2. Description Relative to the Prior Art 

[0004] A Wide variety of infusion systems are presently 
knoWn in the medical art, particularly Within the ?eld of 
technology directed toWards therapies requiring the use of 
intravenous medication. The administration of medication 
by intravenous delivery as prescribed by a medical doctor 
may be dispensed to the patient by an infusion system for 
certain therapies. The prescribed therapeutic liquid is 
referred to as the prescription or “Rx”, and is usually 
supplied by a pharmacist in a container such as a disposable 
plastic bag for use With an infusion system. The plastic bags 
usually have attached to them various components or ele 
ments Which are useful in the infusion process such as 
various tubes and elements to secure the bag in place, to 
transport liquids (e.g., prescriptions, Water, nutritional 
supplements, analyZe solutions, etc.) With respect to the 
patient, to support the elements of the container, etc. This 
composite arrangement is usually referred to in the medical 
art as a “set”. The set is then loaded into a ?uid delivery 
device called the “pump” either by a nurse or by the patient 
himself. Once the pump is connected to the patient, the 
device pumps the Rx through the conveying tubes of the set 
to infuse the patient. 

[0005] The assembly of an infusion system, as presently 
knoWn in the art, requires a certain degree of skill and 
manual dexterity. In some conventional infusion systems, 
the tubing of the set must be loaded into the pump, the set 
cleared, the set tubing meshed betWeen rollers, and the roller 
gate closed. In a hospital setting, a nurse or medical tech 
nician is generally available to perform these dexterous steps 
and to instruct and/or supervise the patient in the loading and 
operation of the pump. It is also necessary for the physician, 
nurse or patient to program the rate of pump operation to 
control the ?uid ?oW rate of the medication to the patient. 
Written records of the infusion system parameters must be 
generated and maintained for various medical reporting 
reasons. In the present day medical setting, many ill people 
are out-patients Who must set up and operate their infusion 
system at home Without the services of a knowledgeable 
practitioner to oversee proper assembly and performance of 
the system. Some patients may have debilitating illnesses or 
impacted conditions of memory dysfunction Which leave 
them too Weak or too forgetful to carry through complex 
assembly and programming procedures. With a rapidly 
groWing aging population, many out-patient seniors may not 
have either the manual dexterity, physical strength, or men 
tal acuity needed to cope With the demands of setting up and 
using current infusion systems. Additionally, With the doWn 
Ward economic pressures on all medical costs, and espe 
cially those of Medicare and Medicaid, a need exists for 
reducing the costs of these therapeutically essential infusion 
systems and minimiZing the cost of technical assistance 
personnel. 

Apr. 1, 2004 

[0006] US. Pat. No. 5,935,099 describes a menu driven 
reprogrammable drug pump is provided With a memory, 
such as ?ash memory, a display, a keyboard, and a commu 
nications port to alloW a generic pump to be programmed 
With a desired pump application (therapy) program and 
patient speci?c settings. Programming and data transfer With 
another pump or a computer to and from the patient pump 
is by the communications port that alloWs local and/or 
remote communications With the pump. Flash memory 
stores the pump application program during use. Patient 
safety is provided by a cassette identi?cation system, an 
occlusion detection system, and a latch/lock detection sys 
tem. Automated testing of the pump is by a closed loop 
testing system. This system does not provide for unique 
pump identi?cation, in combination With unique patient and 
therapy information. A limited range of pumping systems is 
also disclosed. 

[0007] The present invention alleviates problems present 
in the prior art by providing a simpli?ed, loW-cost infusion 
system adapted for use both by in-patients in hospitals and 
by out-patients at home. 

SUMMARY OF THE INVENTION 

[0008] A therapy infusion apparatus for delivery of 
medicinal ?uid to a patient may comprise: 

[0009] a) a ?exible therapy bag, 

[0010] b) a movable surface Which can apply force to 
an outside surface of the therapy bag to increase ?uid 
pressure Within said therapy bag, 

[0011] c) an exit port in the therapy bag Which Will 
alloW ?uid to exit in a delivery direction from the 
?exible therapy bag under ?uid pressure, 

[0012] d) an adjustable, ?uid control element located 
along the delivery direction, after the exit port. 

[0013] The therapy infusion apparatus may be constructed 
With the therapy bag having at least one major face Which 
comprises at least 25% of the total surface area of the 
therapy bag, and the movable surface can be moved into 
contact With the at least one major surface so that contact 
betWeen the at least one major surface and the movable 
surface covers at least 50% of the surface area of the at least 
one major surface by the time that the movable surface is 
fully extended. The therapy bag may comprise at least tWo 
?uid ?oW ports Within a ?uid control element, one of the 
ports comprising the exit port, and adjacent to at least one of 
the ports is an element Which has a storage area for a 
memory unit and access ports to the memory unit. The 
memory unit may comprise, for example, a chip (e.g., 
intelligence chip), and the access ports enable electronic 
connection from an outside memory reading or memory 
Writing apparatus to the chip. The chip may be present 
Within the storage area, and the chip preferably contains 
electronically readable information relating to at least tWo 
different topics selected from the group consisting of the 
prescription; the name of an active ingredient in the pre 
scription; the chemical name of a prescription carrier; addi 
tives in the prescription; volume of the prescription; expi 
ration date; name of a prescribing doctor; name of a private 
loader; name of a local supplier/manufacturer of ingredients 
of the prescription; source of at least some materials in the 
prescription; a name of a therapy bag manufacturer; a name 



US 2004/0064097 A1 

of a pharmacist; a patient name; patient information relating 
to at least one of age, allergies, address, frequency of 
prescription re?ll, Weight, chemical intolerances, instruc 
tions for a ?oW control module With respect to desired ?oW 
rates; intervals for delivery; rate and volume of delivery; and 
drip rate. 

[0014] The therapy infusion apparatus preferably provides 
the movable surface as an extendable bladder Which is 
expandable or in?atable by a ?uid (e.g., liquid or gas) to 
move a surface of the bladder against a surface of the 
therapy bag. 

[0015] A therapy bag for use in the infusion of liquids to 
a patient is described comprising a ?exible bag having a 
storage area and a delivery end, the delivery end comprising 
at least tWo ?uid ports, at least one port capable of alloWing 
?uid from Within said storage area When pressure is applied 
to liquid Within the storage area, and the delivery end also 
having a storage area for storage of a memory element, the 
storage area having access ports for electronically accessing 
the memory element. The storage area preferably contains a 
memory storing element such as a chip and there are 
electronic access ports oriented in the storage area to alloW 
external electronic access to the chip so that information on 
the chip may be accessed. The storage area may be asym 
metrically located along the delivery end. At least tWo liquid 
?oW ports may be located to one side of the asymmetrically 
located storage area. Abattery may be located on the same 
side or the other side of the ports as the storage area for the 
memory unit. The battery may provide poWer to any elec 
trical or electronic element on the pump or apparatus, such 
as at least one electrically poWered element on the therapy 
bag selected from the group consisting of a display panel on 
the pump, a chip, a ?uid rate control element, and an alarm 
(e.g., sound display, light display, vibration display, Radio 
Frequency signal, electronic signal With a connection to 
computer or communication system). 

[0016] The infusion system of the invention is packaged in 
a structured support system, such metallic, polymeric, or 
other structural housing such as a light-Weight nylon mesh 
container Which houses basic components of the infusion 
device. The container, Which is the system pump, may be 
provided With elements to secure the container to a patient. 
These patient attachment elements include belts, straps, 
harnesses, hooks, and associated apparel (e. g., a shirt, jacket, 
girdle, side-pack, back pack or the like having the container 
secured to a portion thereof or in a pocket). A preferred 
support element comprises a loosely overlying garment such 
as a harness, shoulder belt, Waist belt, side-pack or back 
pack, such as one constructed of fabric, such as nylon straps, 
so the apparatus may be Worn by an ambulatory patient. The 
container alternatively may be suspended from a ?xed 
support for the patient immobiliZed in bed, in a chair or a 
vehicle. 

[0017] A?lled therapy bag containing the Rx to be infused 
into the patient is associated With the pump, causing a ?uid 
connection element betWeen the Rx and the pump as by 
insertion into the pump by the medical practitioner, such as 
by a physician, attendant, nurse or by the patient. With the 
therapy bag positioned in the pump, a movable (force 
providing) surface (such as an in?atable bladder or moving 
Wall element or moving plate located Within the Walls of the 
container, as for example With the therapy bag placed against 
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an element) moves Within the container Walls to increase 
pressure to the Rx Within the therapy bag. The pressure 
against the therapy bag may be provided by any element, 
especially any non-puncturing element adjacent to or com 
prising an interior Wall of the pump Which is in face-to-face 
(major surface or side-to-side) contact With the Rx ?lled 
plastic therapy bag. Force provided by against the in?ated 
bladder provides the pressure Within or on the prescription 
bag Which enables the ?oW of the medication through the 
set. 

[0018] An Electronic Control Unit (ECU), in the form of 
a semiconductor microcomputer, and its battery poWer sup 
ply are located Within the structural housing, preferably 
Within the pump’s assembly, as in a pocket, sleeve, housing, 
frame, pouch, lining or container of the pump. The ECU 
plugs into an element Which connects memory or circuitry to 
the infusion system or Within the set as With electrical Wires, 
cables, plugs, connectors or printed circuit cable Which 
electrically interconnects the various components of the 
system. The ECU has the potential to perform the functions 
of controlling the sequences of operation of the system and 
components, monitoring the performance of the system and 
individual components, and alerting the patient or a health 
supervisor of any noteWorthy condition or malfunction of 
the infusion system or any part thereof. The ECU may 
include a ROM containing the microcomputer’s operating 
system, as Well as operational programmed routines Which 
include displaying data relating to the system status by 
means of visual display unit, such as an LED, LCD or other 
visual display Which may be mounted on the pump, visible 
to the patient. The status data being stored in the ECU 
memory is also available for visual display on a monitor 
(CRT, LED, LCD, etc.) or later printout, even by means of 
a modem so that the information may be transmitted to a 
medical control station distant form the patient. 

[0019] A ?uid control module (FCM) may also be part of 
the set. The FCM comprises an inlet port, an outlet port and 
a frame. Its inlet port is to be connected to the therapy bag 
and its outlet port supplying medication to the patient is 
connected to intravenous tubing segment of the set by means 
of connectors such as male-female connectors, slidable 
inserts, clamped tubes, or hydraulic push-on connectors. 
Mounted in the FCM may be an electronically connectable 
source of information such as a chip, hardWare, softWare 
source or semiconductor plug-in EPROM having encoded 
Within it information such as information concerning the 
therapy medication, its dosage, rate of delivery, schedule of 
delivery, and other information Which may relate to the 
patient and treatment. The softWare Would be speci?cally 
designed for this operation, alloWing ready access to inser 
tion of therapy speci?c, patient speci?c, and pump speci?c 
information. Additional speci?c information may be 
accessed such as required storage conditions, actual storage 
conditions (e.g., a thermocouple could be read to shoW 
conditions during transit), and the like may also be 
addressed by the softWare. At the time of ?lling the pre 
scription, the pharmacist enters the information into the 
source of information such as the EPROM chip by Whatever 
information insertion means are available, such as by replac 
ing a chip, loading a chip from or With his computer. The 
address bus of the ECU may be interconnected With an 
EPROM via an electrical printed circuit cable so that the 
ECU has access to the data and instructions stored in the 
EPROM relating to the speci?c bag therapy. A data storage 
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element may be provided With a General Purpose Interface 
Buss (GPIB) for receiving and selection of appropriate data 
from the pharmacists required input. This information Will 
be loaded onto the chip resident in the ?uid control module. 
The information Will usually be loaded at the tome that the 
therapy bag is being ?lled. 
[0020] With the therapy bag and attached FCM loaded into 
the pump system, operation commences in one or tWo 
different manners. In one format, operation may start only 
after a security routine Within the system (either hardWare or 
softWare) checks to assure that a therapy code on the therapy 
bag and/or FCM matches a code in the pump. This assures 
that the therapy bag being loaded or inserted in or onto the 
pump is the proper therapy. After clearance by the security 
check, the operation may begin. An alarm or indicator may 
be provided to indicate an improper connection or record of 
misconduct in the use of the Wrong therapy in the bag. These 
events may also be recorded in the pump buffer. Another 
format Would begin operation When the “start” button is 
depressed or a timed signal initiates the operation (e.g., from 
data in the EPROM). The coding in the EPROM is read by 
the ECU and a signal is sent to the FCM locking it up so that 
?uid cannot ?oW until such direction is given or alloWed. 
Elements are provided to expand the bladder to a pressure 
level prescribed by pump logic so that contained 5 liquid 
may be put under pressure. The pressing of the bladder may 
be by a plate or surface coming into contact With the exterior 
of the bladder, a collar moving along a surface of the bladder 
or any element Which attempts to compact the space Within 
the bladder. For example, a small air compressor under 
control of the ECU supplies air to the bladder Whose 
pressure is monitored by a pressure transducer. The air 
compressor is cycled on and off by the microcomputer to 
maintain bladder pressure in accordance With the pressure 
value required by the Rx and encoded in the EPROM. A 
start-up program enables the user to bleed air out of the 
system When desired (even before ?uid is actually pumped), 
and a message may be provided on the display of the ECU 
Would then advise the user that the batteries are OK, and that 
the system may be connected to the patient’s body. With the 
intravenous connection made, the patient may then push the 
start button, and the programmed delivery is begun. Under 
control of the ECU, the FCM meters the ?oW of the 
medication by cyclically dispensing precise volumes of ?uid 
through its outlet port. Each cycle of the FCM generates a 
signal pulse Which is detected (e.g., simply by a counter, 
?oW-meter, pulse meter, or other sensor meter) or by a 
detector such as a Hall-effect sensor, a photodiode or the like 
and the sequence of events or pulses is monitored by the 
ECU. Any failure in ?oW Would cause an interruption of the 
stream of pulses from the Hall-effect sensor (or other sen 
sor), and result in a shutdoWn of the system (the interrup 
tions Were designated as suf?ciently extreme) and initiation 
of an alarm sequence by the ECU as Will be explained beloW. 
Also, When a system shutdoWn occurs, a check valve in the 
set line to the patient’s body may actuate to preclude any 
back leakage from the patient’s circulatory system into the 
infusion system. 

[0021] In the case of infusion of analgesics, a patient 
controlled analgesic (PCA) button on the ECU cooperates 
With the logic control loop to a) check With a buffer to see 
if patient controlled administration of the analgesic is per 
mitted; b) if PCA is permitted, at What delivery rate or 
amount, the number of PCA’s, etc.; c) permit the patient to 

Apr. 1, 2004 

enhance or beef-up the paint control or the rate of admin 
istration in accordance With the steps outlined above, and 
provide a con?rming signal (e.g., a sound signal); and d) in 
some cases, no Rx may be delivered, but the sound signal 
can be given as a placebo. 

[0022] The elements of the infusion system may be 
assembled and programmed to operate either open loop or 
closed loop. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] FIG. 1 is a draWing of a packaged infusion system 
Within the scope of the invention, 

[0024] FIG. 2 is a draWing of the infusion system of FIG. 
1 in the open position, 

[0025] FIG. 3a is a draWing of the therapy bag of the 
invention and associated interconnecting units, 

[0026] FIG. 3b is a draWing shoWing the location of 
electronic components of the invention, 

[0027] FIG. 3c is a draWing of a ?rst embodiment of a 
?uid control module of the invention, 

[0028] FIGS. 4a, 4b and 4c are draWings of additional 
vieWs of the ?uid control module of FIG. 3c, 

[0029] FIGS. 5a-5b are draWings shoWing the internal 
components of the ?uid control module of FIG. 3c, 

[0030] FIGS. 6a-6a' are schematic draWings illustrating 
successive positions of the magnets located Within the ?uid 
control module of FIG. 3c, 

[0031] FIG. 7 is a graph of the partial contours of the 
rotors Within the ?uid control module of FIG. 3c, 

[0032] FIG. 8 is a block diagram of the infusion system of 
the invention, 

[0033] FIG. 9 is a draWing of a second embodiment of the 
therapy bag of the invention, 

[0034] FIG. 10 is a draWing of the therapy bag of FIG. 9 
positioned for insertion in the infusion system of the inven 
tion, and 

[0035] FIGS. 11-14c are draWings of alternative embodi 
ments of a ?uid control module in accordance With the 
invention. 

[0036] FIG. 15 shoWs a schematic rendition of an ideal 
iZed association of a therapy bag and tubing With respect to 
the heart of a patient (not shoWn). 

[0037] FIGS. 16a, 16b and 16c shoW a perspective vieW 
of elements of the system of the invention as used in a series 
of steps engaging a ?uid control module. 

[0038] FIG. 17 shoWs a cut-aWay vieW of separate com 
ponents Which may be used in an example of a ?uid control 
valve assembly similar to that shoWn in FIG. 16. 

[0039] FIG. 18 shoWs a cut-aWay, side vieW of one of a 
number ?uid control valve assemblies useful in the practice 
of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0040] The use of prescription delivery bags or pouches 
for the dispensing of ?uid prescriptions or supplements 
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should entail a number of properties to be acceptable to the 
medical profession and to the user. The delivery system must 
provide dependable delivery of prescribed materials, the 
system should be capable of use With minimal potential for 
error, the system should enable patients rather than highly 
skilled medical personnel to connect and operate the system, 
the system itself should operate to minimiZe errors in the 
delivery of the correct prescription, and patients desire to 
have delivery systems Which are less conspicuous. The 
present invention is able to address some of these concerns 
and provide a dependable, easy to operate, inconspicuous 
prescription bag delivery system. 
[0041] There are four distinct areas of technology or 
components in the practice of the present invention Which 
operate together to form the delivery system of the present 
invention. Each of these components comprise inventions 
capable of independent as Well as system invention accord 
ing to the present invention. Those areas include 1) the 
pouch containing the liquid material to be delivered by 
infusion (e.g., intravenously) to a patient, 2) a ?uid control 
mechanism (FCM) (Which may be incorporated into or onto 
the pouch containing the liquid to be delivered, 3) an 
electronic control module (ECM), and 4) a housing for the 
pouch, FCM and ECM. 

[0042] The invention includes a therapy infusion appara 
tus for delivery of therapeutic ?uid to a patient, the apparatus 
comprising: 

[0043] 
[0044] b) a movable surface Which can apply force to 

an outside surface of the therapy bag to increase ?uid 
pressure Within the therapy bag, 

[0045] c) an exit port in the therapy bag Which Will 
alloW ?uid to exit in a delivery direction from the 
?exible therapy bag under pressure, 

a ?exible therapy bag, 

[0046] d) an adjustable, ?uid control element located 
along the deliver direction, after the exit port. 

[0047] The therapy bag of the infusion apparatus may 
have at least one major face With a movable surface Which 
movable surface comprises at least 25% of the total surface 
area of the therapy bag, and the movable surface can be 
moved into contact With the at least one major surface so that 
contact betWeen the at least one major surface and the 
movable surface covers at least 50% of the surface area of 
the at least one major surface by the time that the movable 
surface is fully extended. The movable surface preferably 
comprises an extendable bladder. The bladder may be 
expandable or in?atable by a ?uid (preferably a liquid) to 
move a surface of the bladder against a surface of the 
therapy bag. The therapy bag may, for example, comprise at 
least tWo ?uid ?oW ports Within a ?uid control element, one 
of the ports comprising the exit port, and adjacent to at least 
one of the ports is an element Which has a storage area for 
a memory unit and access ports for accessing information 
from a memory unit Within the storage area. The memory 
unit preferably comprises a chip, and the access ports enable 
electronic connection from an outside memory reading or 
memory Writing apparatus to the chip. The therapy infusion 
apparatus may have a chip present Within the storage area, 
and the chip Would contain electronically readable informa 
tion relating to at least tWo different topics of information 
selected from the group consisting of a prescription for the 
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therapeutic material; the name of an active ingredient in the 
prescription; the chemical name of a prescription carrier; 
additives in the prescription; volume of the prescription; 
expiration date; name of a prescribing doctor; name of a 
private loader; name of a local supplier/manufacturer of 
ingredients of the prescription; source of at least some 
materials in the prescription; a name of a therapy bag 
manufacturer; a name of a pharmacist; a patient name; 
patient information relating to at least one of age, allergies, 
address, frequency of prescription re?ll, Weight, chemical 
intolerances, instructions for a ?oW control module With 
respect to desired ?oW rates; intervals for delivery; rate and 
volume of delivery; and ?oW rate as a function of time (the 
prescription program). The system of the invention may 
have various elements, subelements, components and sub 
components that are disposable after a single use or a feW 
uses. The relative loW cost of the elements enables this 
disposability, just as the need to avoid cross-contamination 
betWeen patients and the need to prevent storage contami 
nation of components makes replacement desirable. 

[0048] The therapy bag for use in the infusion of liquids to 
a patient may comprise a ?exible bag having a storage area 
and a delivery end, the delivery end comprising at least tWo 
?uid ports, at least one port capable of alloWing ?uid from 
Within the storage area When pressure is applied to liquid 
Within the storage area, and the delivery end also having a 
storage area for storage of a memory element, the storage 
area having access ports for electronically accessing the 
memory element. The storage area may be asymmetrically 
located along the delivery end. There may be at least tWo 
liquid ?oW ports are located to one side of the asymmetri 
cally located storage area. The pump may have a battery 
(preferably a replaceable battery) as an element therein. The 
battery is used at least to provide poWer at least to the chip 
(and any servomechanical or electromechanical or electrical 
elements Within the system). The battery may also provide 
poWer to at least one electrically poWered element on the 
pump or therapy bag selected from the group consisting of 
a display panel, a chip, a ?uid rate control element, and 
sound alarms. 

0049 The thera infusion a aratus ma further com PY PP y 
prise 

[0050] e) a ?uid ?oW detector that determines at least 
Whether therapeutic ?uid is ?oWing through, toWards 
or past the exit port; 

[0051] f) a meter measuring ?oW rates of the thera 
peutic liquid Within or out of the therapy infusion 
apparatus; and/or 

[0052] g) an alarm that activates upon malfunction 
ing or interruption of any de?ned function of the 
therapy infusion apparatus during loading of a 
therapy bag or delivery of therapeutic liquid to a 
patient or movement of therapeutic liquid Within the 
therapy infusion apparatus. 

[0053] The therapy infusion apparatus may further com 
prise a microcomputer for controlling at least one operating 
function of the infusion apparatus. 

[0054] The memory chip in the infusion therapy apparatus 
is programmable by an auxiliary computer external to the 
infusion apparatus, Whereby information may be entered for 
storage in the chip relating to the therapeutic ?uid. 
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[0055] The therapy infusion apparatus may also have a 
pump present Within the apparatus Which pump comprises: 

[0056] a) ?exible enclosure member Wherein the ele 
ments comprising the infusion apparatus are 
mounted, 

[0057] b) a bladder located in the pump, Wherein 
When the therapy bag is positioned in the pump the 
surfaces of the therapy bag are substantially in 
contact With the bladder, 

[0058] 
[0059] d) pressure transducer for measuring the air 

pressure in the bladder, and 

[0060] 
[0061] The apparatus may further comprise a meter mea 
suring quantities of therapeutic ?uid and the meter com 
prises: 

[0062] a) a shell having an interior cavity, the cavity 
having an input port for accepting the medicinal ?uid 
from the therapy bag and an output port for trans 
ferring the medicinal ?uid out to the patient, 

c) air compressor for in?ating the bladder, 

e) a vent for controllably venting the bladder. 

[0063] b) ?rst and second axles parallelly mounted in 
the cavity, 

[0064] 
rotors, 

c) ?rst and second longitudinally extending 

[0065] d) ?rst and second ?xed bar magnets mounted 
With the axes of the magnets directed along the 
longitudinal axis of the ?rst rotor, the ?rst rotor 
having a ?rst cycloidal contour, 

[0066] e) third and fourth ?xed bar magnets mounted 
With the axis of the magnets directed along the 
longitudinal axis of the second rotor, the second rotor 
having a second cycloidal contour, the ?rst and the 
second rotors rotatably mounted on the ?rst and the 
second axles, Wherein the longitudinal axis of the 
?rst rotor is perpendicular to the longitudinal axis of 
the second rotor, and a portion of the ?rst cycloidal 
contour is substantially in contact With a portion of 
the second cycloidal contour, 

[0067] g) the shell having an interior Wall in the 
shape of a continuous closed curved surface, 

[0068] h) the ?rst rotor having a portion of its contour 
in contact With the Wall, the second rotor having a 
portion of its contour in contact With the Wall, 
Wherein a ?rst chamber is formed bounded by the 
?rst rotor the second rotor and the Wall, and a second 
chamber is formed bounded by the ?rst rotor the 
second rotor and the Wall, the ?rst chamber contain 
ing the inlet port and the second chamber containing 
the outlet port, 

[0069] i) a reciprocating shuttle proximate the shell, 
the shuttle comprising movable ?fth and sixth mag 
nets, the ?fth magnet for interaction With the ?rst and 
second magnets When the shuttle is actuated to 
position the ?fth magnet to attract the ?rst or the 
second magnet alloWing rotation of the ?rst and the 
second rotors, and the sixth magnet for interaction 
With the third and the fourth magnets When the 
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shuttle is actuated to position the sixth magnet to 
attract the third or the fourth magnet alloWing rota 
tion of the ?rst and the second rotors, Whereby for 
each quarter rotation of the ?rst and the second rotors 
a ?xed quantity of medicinal ?uid is forced from the 
second chamber through the outlet port, and elec 
tromagnetic actuating means for alternately driving 
the shuttle back and forth, the electromagnetic actu 
ating means under control of the microcomputer. 

[0070] The outlet port may include a check valve opposing 
?uid ?oW back into the cavity, and the meter may comprise 
a rate of magnetic ?eld change electrical transducer. The 
alarm system may be activated by a microcomputer respon 
sive to a ?uid ?oWing through the meter. The infusion 
apparatus may also comprise either 

[0071] h) a display driven by the microcomputer, the 
display visually indicating any de?ned apparatus 
malfunction, or 

0072 b an audio s stem driven b the microcom y y 
puter aurally indicating any de?ned apparatus mal 
function. 

e t era in s1on a aratus ma rt er com 0073 Th h py'fu~ pp yfuh 
prise: 

[0074] d) alarm information available from the 
microcomputer as input to a modem for transmission 
over an external communication line. 

[0075] A method of infusing a medicinal ?uid to a patient 
may comprise the steps of: 

[0077] b) recording on a semiconductor EPROM the 
characteristics of the ?uid and the necessary infor 
mation related to infusing a patient With the ?uid, 

[0078] c) reading the information from the EPROM 
by a microcomputer, 

a) ?lling a therapy bag With the medicinal 

[0079] d) generating control signals in accordance 
With the information by the microcomputer, and 

[0080] e) activating a ?uid dispensing unit in 
response to the control signals, Whereby the ?uid 
dispensing unit infuses the patient With the medicinal 
?uid through set tubing in accordance With the 
recorded information. 

[0081] A relatively standard therapy bag or pouch 24 for 
the transportation of prescribed material to a patient for 
infusion is shoWn in FIG. 3a. The therapy bag 24 is shoWn 
With three ports, a ?ll port 32 (through Which the pharmacist 
or other medical personnel can ?ll the therapy bag), an 
access port 34 (from Which a liquid conductive lead or tube 
lead going to a patient is connected), and an optional testing 
port 39 from Which sample may be draWn for preliminary 
testing, if desired. On the other hand, FIG. 9 shoWs a 
therapy bag more consistent With the practice of the present 
invention. The therapy bag 24‘ still has a ?ll port 32‘ and an 
access port 34‘ leading to and from the storage area 33 of the 
therapy bag 24‘, but a ?uid control mechanism (FCM) 14‘ is 
shoWn associated With both the ?ll port 32‘ and the access 
port 34‘. The FCM 14‘ contains an accessible source of 
information such as a chip 44‘ or microchip or other infor 
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mation storage element Within the FCM 14‘. This accessible 
information is accessed by an electrical or electronic con 
nection to a device capable of reading the information (e.g., 
computer, CPU, circuit board, etc.). A?oW control valve 124 
or valve port 124 is also shoWn Within the access port 34‘. 
It is to be noted that the center of the space betWeen the tWo 
ports 34‘ and 32‘ are not symmetrical to the edge 31 of the 
therapy bag 24‘ to Which they are connected. This is a 
desirable, but optional, design feature that Will be explained 
later. A tip 42‘ or connection to tubing is shoWn on access 
port 34‘. The structural features 27 and 29 are merely 
convenient representations of one style of housing in the 
FCM 14‘. The relatively square features are matters of 
choice, not required function, although the rear portions 37‘ 
of the ?ush receiving grooves 35‘ may be ?tted so that these 
elements nest easily together. A central segment 35‘ of the 
FCM 14‘ houses the accessible source of information, here 
shoWn as a chip 44‘. Four pin access holes 37 (collectively) 
are shoWn on the end 39 of the central portion 35 of the FCM 
14‘. The pin holes 37 are engaged by pins (not shoWn) Which 
electronically or electrically connect the chip 44 to a device 
Which can read information from the chip 44‘. In the practice 
of the present invention, a small buffer memory or memory 
access unit (not shoWn in this ?gure) may be in another part 
of the system electrically connected to the chip 44‘ during 
operation of the system. The chip 44‘ may also be connected 
to a memory or device capable of reading the information on 
the chip 44‘ such as a personal computer or integrated home 
security system or telephone or cable connection Which may 
access a distant information reading system. For example, a 
modem may be available on a telephone Which can accept 
Wires from the pins 37 and transmit the information read 
from the chip 44‘ to a central location, as Well as connecting 
the pins 37 to a more local source Within the system or 
available for access by the system. 

[0082] As noted earlier, the spacing outside of the area 
covered by the FCM 14‘ access port 24‘ and input port 32‘ 
may be unequally distributed. As shoWn in FIG. 10, the 
areas 41‘ and 43‘ adjacent to the ?ush receiving grooves 35‘ 
are not of equal dimensions. Here it is shoWn (by Way of 
example) that the panel area 41‘ is bigger than panel area 43‘. 
The purpose for this is to enable the placement of additional 
components underneath the panels 41‘ and 43‘ With feWer 
restrictions in siZe. For example, a much larger (and there 
fore more likely to be a more longer lived) energy source 
may be placed under panel 41‘ than if panel 41‘ Were the 
same siZe as panel 43‘. Similarly, as motors may be small 
Without sacri?cing their ability to perform any necessary 
functions, they may be located under panel 43‘ While pre 
serving the larger space desirable for the energy source and 
other elements Which may be placed under panel area 41‘. 
The asymmetric location or formatting is also intended to 
prevent the inadvertent placement of the bag into the pump 
upside doWn. As shoWn in FIG. 10, a valve port 124 is 
shoWn receiving a rotatable stopper 122 Which can be driven 
by motor (not shoWn) under panel area 43‘ and poWered by 
a battery (not shoWn) under panel area 41‘. The motor may 
cause the rotatable stopper 122 to rotate to open or close the 
How or passage of liquids Within the access port 34‘. Upon 
appropriate signaling, as from the information stored on the 
chip 44‘ delivered to the motor. 

[0083] The chip 44‘ may be inserted into the central area 
35 (or an adjacent area With respect to either of the ports 32‘ 
and 34‘) and be secured by natural tension or pressure 

Apr. 1, 2004 

against the sides of the chip 44‘. Any other normal secure 
ment means, such as placing grooves on the side(s) of the 
chip Which slide along raised areas or snap into projections, 
clips, a ?ange may open to receive the chip and then snap 
into place to lock in the chip 44‘, posts Which slide through 
the shell of the central area 35 into holes in the chip, and the 
like may also be used. It is preferred that upon assembly of 
the unit and system and placement for use by (e.g., on) a 
patient, that the pin access holes 37 face in a doWnWard 
direction (meaning that the access port 34‘ also faces doWn 
Wardly. This alloWs gravity to assist the How of liquid Within 
the storage area 33 of the therapy bag 24‘ and to remove any 
air or other gases Which may be present Within the storage 
area 33 from the access port 43‘. It is also possible to use the 
How of liquid through the valve port 124 to control opening 
of the valve port in part by gravity although usually a tensive 
or tension producing element (e.g., spring, magnet, elastic 
element, etc.) may be used to keep the valve port 124 closed 
While ?uid pressure from a pump (not shoWn) forces the 
valve mechanism open. An example of a system With a 
magnet (to provide attractive force in a desired direction) 
and cork (to provide buoyancy forces) as such closure 
mechanisms for valve ports is shoWn in FIGS. 14a, b and c. 
As noted, such forces may readily be substituted by springs, 
electromagnetic forces, electrostatic forces, elastic elements, 
and the like. 

[0084] The chip inserted into the FCM may contain What 
ever information may be important or thought to be impor 
tant by the pharmacist, doctor and/or patient. The nature and 
content of the information placed onto the chip is also 
indicative of aspects of the present invention. For example, 
before insertion into the FMC (or after insertion, before, 
during or after loading of the therapy bag), information such 
as 1) the prescription, including the active ingredient (e.g., 
drug), carrier, additives, volume, expiration date, doctor, 
private loader (distal pharmacist), local supplier/manufac 
turer, laboratory source of materials, therapy bag manufac 
turer, pharmacist, patient name, patient information (e.g., 
age, allergies, address, frequency of prescription re?ll, 
Weight, chemical intolerances, and other information Which 
may even be automatically doWnloaded from a background 
source of patient information), instructions for a How control 
module (e.g., dependent upon the model and/or manufac 
turer, and even age of the unit) With respect to desired ?oW 
rates, intervals for delivery, rate and volume of delivery, drip 
rate, and the like. 

[0085] FIG. 10 also shoWs features of particular embodi 
ments of an FCM Which may be used in the practice of the 
present invention. For example, the FCM 14‘ is shoWn 
already inserted into the therapy bag 24‘ at the time that the 
therapy bag 24‘ and the FCM 14‘ are placed into the housing 
12‘ and nestled Within the ?ush receiving grooves 35‘. In this 
Way, the therapy bag 24‘ has been provided With the infor 
mation in the chip 44‘ from the point of delivery of the 
therapy bag 24‘ as opposed to attempting to separately 
supply the chips. The FCM and the bag from different 
sources. It is possible that the chip, FCM and bag may be 
shipped together and connected at the point of use (at home, 
of?ce, hospice, residence of care, or hospital), but this 
merely adds to the complexity of use, rather than reducing 
that complexity. 

[0086] It is Well knoWn Within the medical and pharma 
ceutical industry that mislabeling, misadministration, mis 
















