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(57) ABSTRACT 
A cassette is described including a housing, an inner reser 
voir located Within the housing, a valve coupled to the inner 
reservoir and coupled to the housing, and a delivery conduit 
coupled to the inner reservoir and emerging from the deliv 
ery opening of the cassette. The cassette also includes a 
dispensing apparatus that de?nes a passage and has a ?rst 
activating device that opens the valve of the cassette. The 
dispensing apparatus also has a second activating member 
capable of establishing ?uid communication With a medicant 
container. A method of mixing a powdered drug and a liquid 
includes establishing ?uid communication betWeen the res 
ervoir and the medicant container, dispensing at least a 
portion of the liquid into the medicant container, and trans 
ferring the mixed drug into the reservoir. Amethod of ?lling 
a cassette includes the steps of introducing the drug into the 
cassette, closing a ?rst access port, evacuating the inner 
reservoir through a second access port, and introducing the 
drug to ?ll the cassette through the ?rst access port. 
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FILLABLE CASSETTE APPARATUS AND 
METHOD 

FIELD OF THE INVENTION 

[0001] The present invention is directed to a cassette for 
use With a drug pump for administering drugs and a method 
for administering drugs, and more particularly to a cassette 
and method that allows improved ?lling of a cassette With a 
drug. 

BACKGROUND OF THE INVENTION 

[0002] Various ambulatory medical devices are knoWn for 
treating and/or monitoring patients at a remote site aWay 
from the caregiver’s or clinician’s office. One example of an 
ambulatory medical device is a drug delivery device, such as 
a drug pump, for providing periodic or continuous drug 
delivery to the patient When the patient is aWay from the 
caregiver’s of?ce. Ambulatory drug pumps are shoWn for 
example in US. Pat. Nos. 4,559,038, 5,531,697 and 5,695, 
473, the disclosures of Which are incorporated by reference. 

[0003] Certain drugs rarely achieve their maximum thera 
peutic action through conventional injection techniques. 
Many drugs reach their full potential only through precise 
delivery over an extended period of time. With controlled 
drug infusion through a drug pump, the drug can be given at 
a precise rate that Will keep the drug concentration Within the 
therapeutic margin and out of the toxic range. Ambulatory 
drug pumps can provide appropriate drug delivery to the 
patient at a controllable rate Which does not require frequent 
medical attention and Which alloWs the patient to leave the 
hospital or caregiver’s of?ce. 

[0004] Ambulatory drug pumps typically provide the 
patient With a drug or agent in liquid form, administering the 
liquid to the patient through a ?exible conduit. Some drugs 
are sold in a poWdered form. Examples of drugs on the 
market today that are sold in poWder form include ampicil 
lin, vancomycin hydrochloride, penicillin, nafcillin, and 
DesferalTM deferoxamine mesylate. Before poWdered drugs 
are administered, they must be mixed With a liquid agent. 
When poWdered drugs are dispensed at pharmacies, the 
pharmacist typically adds a liquid agent, such as a diluent, 
to the poWdered drug at the pharmacy and then gives the 
drug to the patient in a liquid form, for example, in a drug 
pump cassette. The patient could then use the liquid drug 
With an ambulatory drug pump. Examples of liquid agents 
that may be mixed With poWdered drugs are sterile Water, 
dextrose and saline. These mixing steps require signi?cant 
pharmacist time and may cause a long Wait for a patient Who 
is ?lling the prescription. Current ambulatory drug pump 
cassettes do not conveniently alloW the patient to perform 
the dilution or reconstitution of a poWdered drug, so the 
patient must visit the pharmacist. 

[0005] Certain types of drugs, such as ampicillin, have 
limited stability in liquid form. These drugs must be mixed 
With a liquid agent only a short period of time before they 
are administered to the patient. The short-lived stability of 
these drugs necessitates frequent trips by the patient to pick 
up the diluted drug or frequent deliveries of the diluted drug 
to the patient’s location. In the alternative, some patients are 
taught to mix drugs With a liquid agent at home. If knoWn 
drug cassette con?gurations are used, this process may be 
aWkWard and cumbersome for the patient. 

Aug. 2, 2001 

[0006] Another problem With ?lling cassettes for ambu 
latory drug pumps is the elimination of air from the reservoir 
Within the cassette. Typically, cassettes are ?lled by injecting 
?uid through a delivery conduit that is connected to the 
cassette reservoir. The delivery conduit is a tube that con 
nects the cassette to the patient for drug delivery. Pharma 
cists Will typically use a syringe or a pump to move the drug 
to be administered into the cassette reservoir. After the 
cassettes are ?lled, hoWever, trapped air may be present in 
the cassette reservoir. Typically, the pharmacist Will manu 
ally remove the trapped air from the cassette reservoir. 

[0007] In one technique for manually removing trapped 
air, the cassette is tapped until all the air bubbles have 
collected, and can be draWn out With a syringe. This process 
is repeated until all of the air bubbles have been removed. 
The method is time-consuming and labor-intensive for the 
pharmacist. 

[0008] There is a need for drug delivery systems and 
methods Which address the above-mentioned concerns, con 
cerns about drugs that require dilution and/or reconstitution 
before administration, and concerns about trapped air in the 
cassette reservoir. 

SUMMARY OF THE INVENTION 

[0009] The present invention concerns a drug pump cas 
sette, including a housing that de?nes a transfer opening and 
a delivery opening. The cassette also includes an inner 
reservoir located Within the housing. An access device, or 
valve, is also provided on the cassette. The valve has a ?rst 
portion coupled to the inner reservoir at a transfer port and 
has a second portion coupled to the housing at the transfer 
opening. The cassette also includes a delivery conduit 
coupled to the inner reservoir at a delivery port, and emerg 
ing from the delivery opening of the cassette. 

[0010] Preferably, the housing further includes a pressure 
plate supporting a portion of the delivery conduit. The 
pressure plate may be mounted to a control module of a 
pump. 

[0011] The drug cassette may also include a dispensing 
apparatus. The dispensing apparatus de?nes a passage and 
has a ?rst activating device and a second activating device. 
The ?rst activating device of the dispensing apparatus opens 
the valve of the cassette. The second activating device 
establishes ?uid communication With a medicant container. 
The second activating device may include a spike used to 
pierce a septum of the medicant container, and an air vent to 
the atmosphere. The air vent may be provided With a ?lter. 

[0012] In one method in accordance With the present 
invention, a liquid from a cassette is mixed With a poWdered 
drug in a medicant container and the mixture is transferred 
back to the cassette. In an alternative method, a liquid from 
a container is mixed With a poWdered drug in a cassette 
reservoir. 

[0013] In a method for ?lling a cassette in accordance With 
the present invention, the inner reservoir of the cassette is 
evacuated through a second access port before ?lling the 
inner reservoir With the drug through the ?rst access port, 
thereby providing a ?lled cassette With minimiZed trapped 
air. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a perspective vieW of one embodiment of 
a cassette for use With a drug, a dispensing apparatus, and a 
medicant container. 

[0015] FIG. 2 is a side vieW of the cassette of FIG. 1 
Where the components are connected. 

[0016] FIG. 3 is a side vieW of the connected cassette of 
FIG. 2, positioned so that liquid Within the cassette ?oWs 
into the medicant container. 

[0017] FIG. 4 is a side vieW of the connected cassette of 
FIG. 2 positioned so that the drug in the medicant container 
?oWs back into the inner ?uid reservoir of the cassette. 

[0018] FIG. 5A is a side vieW of a luer-activated valve that 
may be used With the cassette of FIG. 1. 

[0019] FIG. 5B is a cross-sectional side vieW of the 
luer-activated valve of FIG. 5A. 

[0020] FIG. 6A is a front vieW of a ?rst embodiment of a 
dispensing apparatus for use With the present invention. 

[0021] FIG. 6B is a side vieW of the dispensing apparatus 
of FIG. 6A. 

[0022] FIG. 6C is a cross-sectional side vieW of the 
dispensing apparatus of FIG. 6A. 

[0023] FIG. 7 is a cross-sectional side vieW of a ?rst 
portion of a second embodiment of a dispensing apparatus of 
the present invention. 

[0024] FIG. 8A is a front vieW of a second portion of the 
second embodiment of the dispensing apparatus of the 
present invention. 

[0025] FIG. 8B is a side vieW of the second portion of the 
dispensing apparatus of FIG. 8A. 

[0026] FIG. 8C is a cross-sectional side vieW of the 
second portion of the dispensing apparatus of FIG. 8A. 

[0027] FIG. 9 is a side vieW of an alternative embodiment 
of the cassette of the present invention Where the compo 
nents are connected in Which an inner reservoir contains a 
poWdered drug and a medicant container contains diluent 
liquid. 
[0028] FIG. 10 is a side vieW of an alternative embodi 
ment of a cassette for use When miXing a drug or When using 
a method of the present invention to ?ll the cassette While 
minimiZing trapped air. 

[0029] FIG. 11 is a perspective vieW of a drug pump 
control module. 

[0030] FIG. 12 is a side vieW of the cassette of the present 
invention during a miXing step. 

[0031] FIG. 13 is a plan vieW of a cassette ?lling system 
of the present invention for minimiZing trapped air in the 
cassette. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0032] The present invention is applicable to a variety of 
systems and arrangements Which are used to miX drugs 
before administration or to ?ll a cassette While minimiZing 
trapped air before administration. The invention is advan 
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tageous in environments Where a drug requires dilution or 
reconstitution immediately before administration. A cassette 
is described herein that alloWs a person, such as a patient, to 
easily miX a poWdered drug With a liquid for administration 
With an ambulatory drug pump. The cassette of the present 
invention further enables the ?lling of the cassette so that 
trapped air is minimiZed. 

[0033] The cassette of the present invention includes an 
access mechanism that alloWs a user to empty at least a 
portion of liquid contents of the cassette into a medicant 
container to miX and/or dilute the drug in the container. The 
access mechanism then alloWs the user to transfer the miXed 
together contents of the container to the cassette for use With 
the drug pump. Alternatively, the access mechanism alloWs 
a user to add liquid to a poWdered drug in the cassette. The 
access mechanism further permits evacuation of an inner 
reservoir of the cassette so that trapped air in the inner 
reservoir and a delivery conduit can be reduced before ?lling 
With a liquid drug. 

[0034] Referring noW to FIGS. 1-12, a system 20 includ 
ing a cassette 100, a dispensing apparatus 102, and a 
medicant container 104 is shoWn according to one embodi 
ment of the present invention. The cassette 100 is designed 
for use With a drug pump (or control module) 164 as shoWn 
in FIG. 11. Apressure plate 106 of the cassette 100 mounts 
to the control module 164 With tWo hooks 166 and an anchor 
168, illustrated in FIG. 1. The tWo hooks 166 engage tWo 
pins 188. A latch 189 Within the control module engages the 
anchor 168. The cassette 100 further includes an inner 
reservoir 108, such as a ?eXible polymeric bag. During 
administration of a liquid drug to a patient, the inner ?uid 
reservoir 108 Will contain the liquid drug. The inner ?uid 
reservoir includes tWo openings: a delivery port 110 and a 
transfer port 112, illustrated in FIG. 2. 

[0035] The tWo ports 110, 112 of the inner reservoir 108 
each communicate With openings in a housing 114 of the 
cassette 100. The housing 114 de?nes a delivery opening 
116 and a transfer opening 118. At the delivery port 110 of 
the inner reservoir 108, the inner reservoir 108 is connected 
to a delivery conduit 120, such as a compressible polymeric 
tube that emerges from the delivery opening 116 of the 
housing 114. The delivery conduit 120 is supported by the 
pressure plate 106 of the cassette 100. The portion of the 
delivery conduit that is supported on the pressure plate 106 
is the pump portion 122 of the delivery conduit 120. In the 
illustrated embodiment, the pump portion 122 may be larger 
in siZe than the remainder of the delivery conduit 120. When 
the cassette 100 is mounted to the control module 164, a 
pumping mechanism 172 (FIG. 11) of the control module 
164 Will act on the pump portion 122 to draW the liquid drug 
out of the inner reservoir 108 and move it along the delivery 
conduit 120. The delivery conduit 120 is connected to a 
patient for drug delivery. A luer ?tting 109 or another type 
of connector and a cap 111 may be provided at the end of the 
delivery conduit 120. 

[0036] The cassette 100 also includes an access mecha 
nism for alloWing selective access to the interior of the inner 
reservoir 108. One preferred access mechanism includes a 
valve 124 capable of establishing ?uid communication With 
the inner reservoir 108 in order to alloW miXing With the 
contents of another container, such as the medicant container 
104. A dispensing apparatus 102 links the valve 124 of the 
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cassette 100 With the medicant container 104. The valve 124 
of the illustrated preferred embodiment includes a ?rst 
portion 126 that is operatively coupled to the inner ?uid 
reservoir 108 at port 112. The valve 124 further includes a 
second portion 128 that is attached to the housing 114 of the 
cassette 100 at transfer opening 118. The valve 124 is 
capable of establishing ?uid communication With the dis 
pensing apparatus 102 When activated by the dispensing 
apparatus 102. The valve 124 may be, for example, a 
luer-activated valve having a stopping member 152 that can 
be depressed by a luer ?tting to open a passage 154, as 
illustrated in FIGS. 5A and 5B. Abiasing member 162 holds 
the stopping member 152 into engagement With the interior 
neck portion of the valve 124. 

[0037] For use With such a luer-activated valve, the ?rst 
activating member 130 of the dispensing apparatus 102 may 
be a luer ?tting that depresses the stopping member 152. 
Many luer-activated valves are commercially available that 
may vary from the valve shoWn in FIGS. 5A and 5B, but 
could be used With the present invention. 

[0038] Dilution of a drug, Where the concentration of an 
active material is reduced, may easily be practiced using the 
present invention. The present invention is useful Where tWo 
drug components must be mixed prior to administration to a 
patient using a cassette. Possible drug mixtures that could be 
carried out With the present invention include combining 
tWo liquids, or a solid and a liquid. 

[0039] In use, the cassette 100 is attached to the dispensing 
member 102, and ?uid communication is established 
betWeen the dispensing member 102 and the medicant 
container 104. In a preferred embodiment, the cassette 100 
Will initially contain a liquid diluent 107 to be mixed With a 
poWdered drug. Examples of diluents include sterile Water, 
saline, and dextrose. The cassette 100 may also initially 
contain another type of liquid agent for mixing With a 
poWdered drug. 

[0040] In the embodiment of FIG. 1, the medicant con 
tainer 104 initially contains a poWdered drug 105 to be 
administered to a patient. The dispensing apparatus 102 has 
a second activating member 132 for establishing ?uid com 
munication With the medicant container 104. The medicant 
container 104 may be a vial With a sealed, pierceable septum 
158. In this case, the second activating member is a spike 
134 that pierces the septum 158 and provides a passageWay 
to the valve 124. As discussed above, the dispensing appa 
ratus also has a ?rst activating member that is designed to 
open the valve 124, such as a luer ?tting if valve 124 is a 
luer-activated valve. 

[0041] In the embodiment illustrated in FIG. 1, the dis 
pensing apparatus 102 includes tWo parts, a vented dispens 
ing pin 138 and a male-to-male luer adapter 140. HoWever, 
a one piece dispersing apparatus 200 could be used in place 
of the tWo piece dispensing apparatus 102. The one piece 
dispensing apparatus is illustrated in FIGS. 6A-6C and is 
discussed further beloW. 

[0042] The tWo piece dispensing apparatus 102 is illus 
trated in FIG. 1. The venting dispensing pin 138 includes the 
second activating member, or spike, 134, as shoWn in FIGS. 
8A-8C. The male-to-male luer adapter 140 includes the ?rst 
activating member, a luer 136 for activating the valve 124 as 
shoWn in FIG. 7. The vented dispensing pin 138 includes a 
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luer lock that attaches to the opposite end of the male-to 
male luer adapter 140, providing a passage for ?uid com 
munication. 

[0043] The dispensing apparatus 102 may be provided 
With an air vent 142 to more easily enable the ?oW of liquid 
betWeen the cassette and the medicant container 104 by 
permitting displaced air or other gas to escape and alloWing 
air to enter the connected cassette assembly, speci?cally the 
medicant container 104. The air vent 142 is constructed 
according to knoWn methods for permitting the ?oW of gas, 
but preventing the ?oW of liquid. For example, the air vent 
142 may include a hydrophobic membrane that is penetrable 
by gases but not by ?uids. Vented dispensing pin 138 and 
male-to-male luer adapter 140 are commercially available as 
separate components. One example of a dispensing pin 138 
that could be used as a portion of the dispensing apparatus 
102 is the DP-lOOO Mini-Spike® dispensing pin assembly, 
manufactured by Burron OEM, a division of B. Braun 
Medical, Inc. 

[0044] Referring noW to FIG. 6A and FIG. 8A, the 
preferred air vents 142 and 208 are similarly constructed. In 
the preferred embodiment, the liquid does not typically ?oW 
out of the air vent during ?lling or mixing, because the ?uid 
tends to ?oW doWn the path of least resistance, therefore 
through the center passageWay of dispensing pin. Another 
factor Which prevents the air vent of the present invention 
from leaking ?uid is the capillary action of the small tip of 
the spike tip. This spike tip and its small passage discourages 
?oW toWard the vent opening. In addition, a half-shield 
structure 149 or 209 at the vent 142 or 208 blocks some ?uid 
?oW out of the vent 142 or 208. 

[0045] One example of a male-to-male luer adapter 140 
that could be used as part of the dispensing apparatus 102 is 
the male/male luer lock connector, Model No. B1000200, 
manufactured by Burron OEM, a division of B. Braun 
Medical, Inc. The male-to-male luer adapter may be con 
structed of polycarbonate ABS, polypropylene or other 
similar material and is shoWn in FIG. 7 in detail. The adapter 
140 de?nes a passage 190. The luer ?tting 136 of the adapter 
140 depresses the stopping member 152 of the valve 124 
When the adapter 140 is connected to the valve 124. A 
second luer ?tting 137 may also be included on the adapter 
140. A cap 144 may be used to protect the valve 124 before 
and after the mixing process and maintain aseptic condi 
tions. 

[0046] In an alternative embodiment, a dispensing appa 
ratus 200 could be made of only one piece as shoWn in FIG. 
6A-6C, having both a ?rst activating member 202 and a 
second activating member 204 on the same body connected 
in a permanent manner. In this embodiment there are feWer 
components for a user to connect. 

[0047] The one-piece dispensing apparatus 200 may 
include a luer ?tting as the ?rst activating member 202. The 
?rst activating member 202 is designed to establish ?uid 
communication With the valve 124. The ?rst activating 
member 202, or luer, may also include threads along the Wall 
205, for receiving and securing the luer-activated valve or 
other type of valve. The threads Would be similar to those 
illustrated in FIG. 7 near the activating members 136 and 
137. A second activating member 204 may be a spike to 
pierce the septum of the medicant vial. The one-piece 
dispensing apparatus 200 also de?nes a passage 206 through 
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its length. An air vent 208 may also be provided on the 
one-piece dispensing apparatus 200. 

[0048] Aspike guard 146 may be provided to protect users 
from the sharp spike that may serve as the second activating 
member. Another optional feature of the dispensing appa 
ratus 102 or 200 is an air inlet ?lter, not shoWn in the 
draWings. Such a ?lter may be useful to prevent particulates 
from blocking the air vent of the dispensing apparatus 102 
and to maintain aseptic conditions. The ?lter may be sepa 
rate from or combined With a hydrophobic membrane. 

[0049] FIG. 10 illustrates an alternate cassette 300 having 
an outer surface With a recessed portion 302. Avalve 304 is 
situated at the recessed portion of the cassette, reducing the 
likelihood that the valve or the valve connection to a 
container Will be bumped or damaged during handling. The 
valve at the transfer port can be located in many different 
locations on the housing of the cassette in addition to the 
positions illustrated in FIG. 1 and in FIG. 10. For example, 
the valve may be located near the pressure plate 106. 
Alternatively, the valve could be recessed into the cassette 
housing in many Ways. Any valve location that permits ?uid 
communication With the inner reservoir 108 is Within the 
scope of the present invention. 

[0050] In one method of the present invention, the cassette 
100 is provided to the patient ?lled With a liquid such as a 
diluent liquid. The ?exible conduit 120 is closed using a 
clamp 160, for example, that pinches the ?exible conduit 
120. The patient may then remove the cap 144 from the 
valve 124 on the cassette. The dispensing apparatus 102 or 
200 is coupled to the second portion 128 of the valve 124. 
The spike guard 146 is removed from the spike 134. The 
second activating member 132 or 204 is then used to pierce 
the septum 158, alloWing a passage to be open to the 
cassette. 

[0051] After the cassette 100, the dispensing apparatus 
102 or 200, and the medicant container 104 are connected in 
?uid communication, the system is positioned With the 
cassette 100 on top, so that at least some of the liquid Within 
the cassette 100 Will ?oW into the medicant container 104, 
as shoWn in FIG. 3. by arroW 148. The liquid is thereby 
mixed With the poWdered drug Within the medicant con 
tainer. The positioning of the system is then reversed so the 
medicant container 104 is on top, causing the mixed liquid 
drug Within the medicant container 104 to How through the 
dispensing apparatus 102 or 200 into the cassette 100 as 
indicated by arroW 150 in FIG. 4. The system may be tipped 
back and forth, as desired, to ensure complete mixing. Using 
this method, a user may easily and quickly reconstitute a 
poWdered drug With a liquid at a location remote from a 
caregiver’s office. 

[0052] The present invention has been described thus far 
by Way of example Where the poWdered drug is initially 
stored in the medicant container 104, and a liquid initially is 
stored in the cassette 100. HoWever, as shoWn in FIG. 9, it 
is also possible to provide a cassette 180 initially containing 
the poWdered drug. The cassette 180 is constructed in a 
similar manner as the cassette 100, noted above. In this case, 
a medicant container 182 Would contain a liquid, as shoWn 
in FIG. 9. The poWdered drug Would be mixed by connect 
ing a dispensing apparatus 186 With the valve 124 and the 
medicant container 182 in a similar manner as noted above. 
The system Would ?rst be positioned With the container 182 
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on top, alloWing the liquid to How into the inner reservoir 
183 as indicated by the arroW 184. A mechanism for 
alloWing the ?uid to How into the cassette is desirable With 
this type of arrangement. For example, an air vent may be 
provided on the connection betWeen the medicant container 
and the cassette. A syringe could also be attached to the 
delivery tube to draW ?uid from the medicant container into 
the cassette. A?exible medicant container could be used that 
could be squeeZed to force ?uid into the cassette. The 
dispensing apparatus 186 may then be disconnected from the 
cassette 180, and the cassette may be shaken to mix the 
poWdered drug With the liquid. 

[0053] The pumping mechanism 172 may be utiliZed in 
the method of the present invention to ensure that the 
reconstituted drug is thoroughly mixed, as illustrated in 
FIG. 12. The delivery conduit 120 may be connected using 
a luer ?tting 210 to the valve 124. If the delivery conduit 120 
is then acted upon by the pumping pads 172, the reconsti 
tuted drug 212 Will be circulated Within a closed system 
de?ned by the delivery conduit 120 and the inner reservoir 
108. The drug pump 164 may be programmed to perform 
this mixing function for a predetermined amount of time. 
The amount of time for Which mixing is performed in this 
manner may depend on the type of drug that is being 
reconstituted and its ability to dissolve Within the diluent. 

[0054] In another method of the present invention, the 
cassette 100 is ?lled With a liquid drug for administration to 
a patient and the transfer port 118 is utiliZed during the 
?lling process to prevent air from being trapped in the inner 
reservoir 108 or delivery conduit 120. One source of trapped 
air is residual air that is in the inner reservoir 108 before it 
is ?lled. In the method of the present invention, this trapped 
air may be removed by attaching a syringe or other vacuum 
source to a second opening in the cassette, such as the 
transfer port. According to the invention, a small amount, or 
a ?rst amount, of the drug is introduced into the cassette 100. 
The ?rst amount of drug may be introduced to the inner 
reservoir of the cassette through the delivery conduit. 
Enough drug is introduced so that the delivery conduit is 
full, pushing all air that previously Was in the delivery 
conduit into the inner reservoir. 

[0055] The introduction of the ?rst amount of drug into the 
cassette can take place in many different Ways. For example, 
as illustrated in FIG. 13 a pharmacist may have a bulk 
dispensing pump 220 that is designed to pump the drug 
from, for example, a bulk supply reservoir container 222, 
into the delivery conduit 120. A conduit 223 may be coupled 
to an opening on the bulk reservoir 222, pass through the 
dispensing pump 220, and then connect to the connector 109 
on the delivery conduit 120. The bulk dispensing pump 220 
acts With a pumping action that is the reverse of the pumping 
action used When delivering drug from the inner reservoir to 
a patient. Further, many devices other than a bulk dispensing 
pump may be used to introduce the ?rst amount of drug to 
the cassette, including a syringe, a pressuriZed supply or 
another pumping mechanism. 

[0056] Once the delivery conduit 120 is ?lled With the ?rst 
amount of drug, the delivery conduit 120 is clamped 
betWeen the cassette and the drug supply using clamp 224. 
At this point, the delivery conduit 120 betWeen the drug 
supply and the clamp 224 is ?lled With the drug and contains 
minimal, if any, trapped air. Then, a syringe 226 or vacuum 
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source attached to the transfer port may be activated. The 
syringe 226 or vacuum source may alternately be attached 
before the introduction of the drug into the delivery conduit 
120, if the tube 228 leading to the syringe 226 is clamped 
during introduction of the ?rst amount, using a clamp 230. 
After the syringe or other vacuum source has evacuated the 
inner reservoir 108 through the transfer port 112, or second 
access port, the inner reservoir 108 and delivery conduit 120 
up to the clamp 224 Will be mostly devoid of gas and the ?rst 
amount of drug. The valve at the transfer port 112 is then 
closed, or the clamp 230 is placed on the tube that leads 
aWay from the transfer port 112. 

[0057] Next, a second amount of the drug is introduced 
into the cassette through the ?rst access port 110. Preferably, 
the second amount of the drug is introduced into the inner 
reservoir 108 of the cassette 100 via the delivery conduit 
120. The second amount of drug enters the evacuated inner 
reservoir 108 and air is therefore not trapped inside the inner 
reservoir 108. Preferably, the second amount of drug ?lls the 
inner reservoir 108 With the amount of drug necessary for 
providing the cassette to the patient. 

[0058] The system and method for ?lling and minimiZing 
entrapped air has thus far been described for use With a 
cassette 100 Where a delivery conduit 120 is attached to the 
drug supply and the valve 124 at the transfer port 118 is 
attached to a syringe or vacuum source. HoWever, it is also 

possible to utiliZe the method of the present invention Where 
the vacuum source is attached to the delivery conduit 120 
and a drug supply is attached to the valve 124 at the transfer 
port 118. The steps discussed above Would similarly be 
carried out in this scenario. One consideration When utiliZ 
ing this embodiment is that most luer-activated valves, and 
other types of valves, open When a spring-loaded plunger is 
depressed. It is possible, therefore, that the luer-activated 
valve may be opened by the pressure differential caused 
When the vacuum source is attached to the delivery conduit 

of the cassette. In this scenario, the luer-activated valve, or 
other valve used at the transfer port, Will be con?gured to 
require more force to open the valve than is applied by the 
vacuum source. 

[0059] A tamper-resistant cap, such as cap 144, may be 
supplied for the valve. The cap may be placed on the transfer 
port by a pharmacist or care provider after ?lling the cassette 
in order to offer additional security for the cassette. Tamper 
resistant caps and other security features are especially 
important in the area of pain control. Many locking mecha 
nisms to secure the cap 144 are Well-knoWn in the art, and 

may be used With the present invention. 

[0060] The various embodiments described above are pro 
vided by Way of illustration only and should not be con 
strued to limit the invention. Those skilled in the art Will 
readily recogniZe various modi?cations and changes Which 
may be made to the present invention Without strictly 
folloWing the exemplary embodiments and applications 
illustrated and described herein, and Without departing from 
the true spirit and scope of the present invention Which is set 
forth in the folloWing claims. 
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What is claimed is: 
1. Acassette for use With a drug administered using a drug 

pump, comprising: 

a housing de?ning a transfer opening and a delivery 
opening; 

an inner reservoir located Within the housing, the inner 
reservoir de?ning a delivery port and a transfer port; 

a valve having a ?rst portion and a second portion, the ?rst 
portion coupled to the inner reservoir at the transfer 
port, the second portion coupled to the housing at the 
transfer opening; and 

a delivery conduit coupled to the inner reservoir at the 
delivery port, the delivery conduit emerging from the 
delivery opening of the cassette. 

2. The cassette of claim 1, Wherein the delivery conduit 
comprises a pump portion and the housing comprises a 
pressure plate supporting the pump portion of the delivery 
conduit, the pressure plate including tWo hooks at one end 
of the pressure plate and an anchor at an opposite end. 

3. The cassette of claim 2, further comprising a pump 
control module engaging the tWo hooks and the anchor of 
the pressure plate to mount the housing to the pump control 
module, the pump control module comprising a pump 
mechanism for pumping ?uid through the pump portion of 
the delivery conduit. 

4. The cassette of claim 1, Wherein the valve includes a 
luer-activated valve. 

5. The cassette of claim 1, further comprising a dispensing 
apparatus de?ning a passage, the dispensing apparatus com 
prising a ?rst activating device that opens the valve of the 
cassette to alloW ?uid transfer and a second activating 
device capable of establishing ?uid communication With a 
medicant container. 

6. The cassette of claim 5, Wherein the ?rst activating 
device includes a luer ?tting. 

7. The cassette of claim 5, Wherein the second activating 
device includes a spike for piercing a septum of the medicant 
container. 

8. The cassette of claim 5, Wherein the dispensing appa 
ratus de?nes an air vent to the passage. 

9. The cassette of claim 1, further comprising a dispensing 
apparatus de?ning a passage and comprising: 

a dispensing pin having a luer-activated valve, an air vent 
to the passage, and a spike capable of establishing ?uid 
communication With a medicant container; and 

a male-to-male luer adapter having a ?rst luer and a 
second luer; 

Wherein the adapter and the dispensing pin are connect 
able to de?ne the passage. 

10. The cassette of claim 1, Wherein the inner reservoir 
comprises a ?eXible bag. 

11. The cassette of claim 1, Wherein the inner reservoir 
contains a liquid and further comprising a medicant con 
tainer containing a poWdered drug. 

12. The cassette of claim 11, Wherein the liquid is selected 
from the group consisting of saline, Water and a deXtrose 
solution. 

13. The cassette of claim 1, Wherein the inner reservoir 
contains a poWdered drug and further comprising a medicant 
container containing a liquid. 
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14. The cassette of claim 1, wherein the housing further 
de?nes a recessed portion, the delivery opening being 
located at the recessed portion. 

15. A cassette for use With a drug administered using a 
drug pump, comprising: 

a housing mountable to a pump control module, the 
housing including a pressure plate for supporting a 
delivery conduit adjacent to a pump mechanism of the 
pump control module, the pressure plate including tWo 
hooks at one location on the pressure plate and a 
loop-shaped anchor at a second location spaced from 
the ?rst location, the tWo hooks and the anchor mount 
able to the pump control module; 

an inner reservoir located Within the housing, the inner 
reservoir including a ?exible bag for holding ?uid; 

a delivery conduit eXtending from the inner reservoir and 
supported by the pressure plate; and 

an access mechanism for selectively providing ?uid 
access to the inner reservoir from eXternal of the 
housing, separate from the delivery conduit. 

16. The cassette of claim 15, Wherein the access mecha 
nism includes a luer-activated valve mounted to the housing, 
and a dispensing apparatus connectable to the valve and 
connectable to a medicant container, Wherein the dispensing 
apparatus includes a reciprocal luer ?tting for activating the 
valve to permit ?uid communication With the inner reser 
voir. 

17. The cassette of claim 15, Wherein the access mecha 
nism includes a septum spike and an air vent to the atmo 
sphere. 

18. A method of miXing a drug for administration in a 
cassette, comprising: 

providing a cassette including an outer housing, an inner 
reservoir containing a liquid, and a delivery conduit 
connectable to a patient; 

establishing ?uid communication through a ?uid transfer 
connection separate from the delivery conduit betWeen 
the reservoir of the cassette and a medicant container 
containing a drug; 

dispensing at least a portion of the liquid from the cassette 
into the medicant container to reconstitute the drug; and 

transferring the reconstituted drug into the cassette. 
19. The method of claim 18, further comprising the steps 

of: 

connecting the delivery conduit to the ?uid transfer con 
nection so the inner reservoir and delivery conduit 
de?ne a closed system; and 

activating a pump mechanism on a portion of the delivery 
conduit to circulate the reconstituted drug Within the 
closed system of the inner reservoir, Whereby the 
reconstituted drug is further miXed. 

20. The method of claim 18, further comprising the step 
of providing a dispensing apparatus, and the step of estab 
lishing ?uid communication further comprising establishing 
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?uid communication betWeen the dispensing apparatus and 
the cassette, and betWeen the dispensing apparatus and the 
medicant container. 

21. The method of claim 18, Wherein the dispensing step 
includes positioning the cassette above the medicant con 
tainer. 

22. The method of claim 18, Wherein the transferring step 
includes positioning the medicant container above the cas 
sette. 

23. A method of miXing a drug for administration in a 
cassette, comprising of: 

providing a cassette including an outer housing, an inner 
reservoir containing a poWdered drug, and a delivery 
conduit connectable to a patient; 

establishing ?uid communication through a connection 
separate from the delivery conduit betWeen the inner 
reservoir of the cassette and a medicant container 
containing a liquid; and 

dispensing the liquid from the medicant container to be 
miXed With the drug. 

24. A method of ?lling a cassette With a drug for admin 
istration using a drug pump, comprising: 

providing a cassette including an inner reservoir in ?uid 
communication With a ?rst and second access port; 

evacuating the inner reservoir through the second access 
port; and 

introducing the drug into the cassette through the ?rst 
access port. 

25. The method of claim 24, further comprising the step 
of introducing an initial amount of the drug into the cassette 
before evacuating the inner reservoir. 

26. The method of claim 24, Wherein the cassette further 
includes a delivery conduit coupled to the ?rst access port, 
and the step of introducing an initial amount of drug into the 
cassette comprises introducing the initial amount of drug 
into the delivery conduit. 

27. The method of claim 26, further comprising the step 
of closing the delivery conduit before evacuating the inner 
reservoir. 

28. The method of claim 24, further comprising the step 
of closing the second access port before introducing the drug 
through the ?rst access port. 

29. The method of claim 24, Wherein the cassette further 
includes a delivery conduit coupled to the second access 
port, the step of evacuating the inner reservoir comprising 
evacuating the inner reservoir through the delivery conduit. 

30. The method of claim 29, further comprising the step 
of closing the second access port before introducing the drug 
into the cassette. 

31. The method of claim 24, Wherein the step of intro 
ducing comprises pumping the drug into the inner reservoir. 

32. The method of claim 24, Wherein introducing the drug 
comprises ?lling the inner reservoir. 


